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(57) ABSTRACT

A sensing system for physiology measurements comprises a
transmission end including a measuring signal generating
module having at least one overshoot and undershoot wave
generating circuits and a transmitting antenna module having
at least one transmitting antenna; a receiving end having a
plurality of receiving antennae with each receiving antenna
receiving a reflected signal reflected by a target object; and a
plurality of signal analyzing modules to generate a plurality
of object active state signals by analyzing the reflected signal
from each receiving antenna and transmit the plurality of
object active state signals to a digital signal processor.
Wherein each overshoot and undershoot wave generating
circuit generates a measuring signal with overshoot and
undershoot waves according to an inputted Pulse Width
Modulation signal, and each transmitting antenna emits the
measuring signal to the target object.
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SENSING SYSTEM AND METHOD FOR
PHYSIOLOGY MEASUREMENTS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation-in-part (CIP) application of
U.S. application Ser. No. 13/743,319 filed on Jan. 16, 2013,
the US application claims the benefit of Taiwan application
Serial No. 101145184, filed on Nov. 30, 2012, the disclosure
of the CIP application is incorporated by reference herein in
its entirety. This is also a CIP application of U.S. application
Ser. No. 13/713,768 filed on Dec. 13, 2012. The CIP appli-
cation is also based on, and claims priority from, U.S. Provi-
sional Application No. 61/892,174 filed on Oct. 17, 2013, the
disclosure of which is hereby incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] The technical field generally relates to a sensing
system and a sensing method for physiology measurements.

BACKGROUND

[0003] In current blood pressure measuring devices, aus-
cultation and electron resonance, with a cuff, are widely
applied to measure the systolic and diastolic blood pressures
of an artery. Therefore, the cuff needs to be inflated and
deflated for indirectly measuring non-continuous blood pres-
sure. However, when measuring the continuous blood pres-
sure, the cuff needs to be setup correctly and be inflated and
deflated repetitively, which would cause a great inconve-
nience to the users, and as such, the feasibility and practicality
would be significantly less effective.

[0004] Sensor systems may be designed for physiology
measurement or monitoring or sensing activities of a target
such as wrist artery, chest artery, lung activity, and so on.

SUMMARY

[0005] The exemplary embodiments of the disclosure may
provide a sensing system for physiology measurements and a
sensing method thereof.

[0006] One exemplary embodiment relates to a sensing
system for physiology measurements. The sensing system for
physiology measurements may comprise a transmission end
including a measuring signal generating module having one
or more overshoot and undershoot wave generating circuits
with each overshoot and undershoot wave generating circuit
generating a measuring signal according to a Pulse Width
Modulation (PWM) signal, and a transmitting antenna mod-
ule having at least one transmitting antenna with each trans-
mitting antenna emitting the measuring signal to a target
object, wherein the measuring signal has a characteristics of
apulse wave, and overshoot and undershoot waves are also on
the pulse wave; a receiving end having a plurality of receiving
antennae with each receiving antenna receiving a reflected
signal reflected by the target object; and a plurality of signal
analyzing modules included in a plurality of sensors to gen-
erate a plurality of object active state signals by analyzing the
reflected signal from the each receiving antenna, and transmit
the plurality of object active state signals simultaneously or
non-simultaneously to a digital signal processing (DSP)
device.

[0007] Another exemplary embodiment relates to a sensing
method for physiology measurements. The sensing method
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for physiology measurements may comprise: at a transmis-
sion end, generating, with each of a plurality of overshoot and
undershoot wave generating circuits, a measuring signal
according to a Pulse Width Modulation (PWM) signal, and
emitting, with each of at least one transmitting antenna, the
measuring signal to a target object, wherein the measuring
signal has a characteristics of a pulse wave, and overshoot and
undershoot waves are also on the pulse wave; at a receiving
end, receiving, with each of a plurality of receiving antennae,
a reflected signal reflected by the target object; and generat-
ing, by a plurality of signal analyzing modules respectively
included in a plurality of sensors, a plurality of object active
state signals by analyzing the reflected signal from the each
receiving antenna, and transmitting the plurality of object
active state signals simultaneously or non-simultaneously to
a digital signal processing (DSP) device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A, FIG. 1B, and FIG. 1C show schematic
views of PWM signals PS, measuring signals with pulse
overshoot and undershoot, and reflected signals RFS, respec-
tively, according to an exemplary embodiment of the disclo-
sure.

[0009] FIG. 2 shows a schematic view of a sensing archi-
tecture that applies a multi-system integration, according to
one exemplary embodiment of the disclosure.

[0010] FIG. 3 shows a sensing system for physiology mea-
surements, according to one exemplary embodiment.

[0011] FIG. 4 shows a system structure for the sensing
system for physiology measurements, according to an exem-
plary embodiment.

[0012] FIG. 5 shows a schematic view illustrating the mea-
suring signal generating module and the transmitting antenna
module are extended to become two sets, according to one
exemplary embodiment.

[0013] FIG. 6 shows a schematic view illustrating an appli-
cation scenario of a transmitting antenna sharing by two
receiving antennae in a sensing system, according to an exem-
plary embodiment.

[0014] FIG. 7 shows a schematic view illustrating a physi-
cal configuration of the sensing system for physiology mea-
surements, according to an exemplary embodiment.

[0015] FIG. 8A~FIG. 8D shows four exemplary kinds of an
asymmetric comb-shaped antenna module used as the trans-
mitting and receiving antennae, according to exemplary
embodiments.

[0016] FIG. 9 shows various variations regarding the asym-
metric comb-shaped antenna module, according to the exem-
plary embodiments.

[0017] FIG. 10 shows a schematic view illustrating an
application relation between physical circuits of the sensing
system and vein, according to an exemplary embodiment.
[0018] FIG. 11 shows signals received by sensor 1 and
sensor 2 in FIG. 10 after digital sampling, according to an
exemplary embodiment.

[0019] FIG. 12 shows obtained waveforms being accumu-
lated in the dotted blocks in FIG. 11, according to one exem-
plary embodiment.

[0020] FIG. 13 shows obtained information by accumulat-
ing and analyzing the waveforms received by the sensor 1 and
the sensor 2 during the diginal signal processing, according to
one exemplary embodiment.

[0021] FIG. 14 shows a sensing method for physiology
measurements, according to one exemplary embodiment.
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DETAILED DESCRIPTION OF THE DISCLOSED
EMBODIMENTS

[0022] Below, exemplary embodiments will be described
in detail with reference to accompanying drawings so as to be
easily realized by a person having ordinary knowledge in the
art. The inventive concept may be embodied in various forms
without being limited to the exemplary embodiments set forth
herein. Descriptions of well-known parts are omitted for clar-
ity, and like reference numerals refer to like elements
throughout.

[0023] The exemplary embodiments in the disclosure may
provide a sensing technique that may apply a Pulse Width
Modulation (PWM) technique to generate a series of measur-
ing signals with pulse overshoot and undershoot, and may
apply an asymmetric antenna module to transmit the measur-
ing signals to a target object and receive a plurality of
reflected signals reflected by the target object for the physi-
ology measurements. A PWM signal may be, but not limited
to a pulse with modulation signal generated by a PWM tech-
nique, or implemented by a pulse wave or a square wave with
a fixed cycle.

[0024] The feature of the PWM is to modulate the trans-
mission power in a time unit. The PWM signals may be
applied to generate a series of measuring signals with pulse
overshoot and undershoot. For example, when a jitter genera-
tor implemented by such as a NAND gate or an AND gate IC
is applied, the PWM signals may be transformed into a series
of measuring signals with pulse jitter. The asymmetric
antenna module may include one or more transmitting anten-
nae and a plurality of receiving antennae. The one or more
transmitting antennae may transmit the measuring signals to
a target object. The target object may be, but not limited to
such as a human body or one of various objects that may
reflect the measuring signals. The plurality of reflected sig-
nals are the measuring signals reflected by the target object.
[0025] FIG. 1A, FIG. 1B, and FIG. 1C show schematic
views of PWM signal PS, measuring signals with overshoot
and undershoot waves, and reflected signal RFS, respectively,
according to an exemplary embodiment of the disclosure.
Referring to FIG. 1A, when a value of the PWM signal PS
switches from a high value to a low value or switches from a
low value to a high value, the PWM signal PS soon stabilizes
because of the characteristics of the PWM technique itself.
Referring to FIG. 1B, when a value of the measuring signal
SS switches from a high value to a low value or switches from
a low value to a high value, the measuring signal SS first
undergoes a short shocking period. In this shocking period,
the value of the measuring signal SS fluctuates and forms a
waveform similar to a shock wave. After this shocking period,
the measuring signal SS becomes stable. Referring to FIG.
1C, since the reflected signal RFS is generated by the mea-
suring signal SS with the overshoot and undershoot pulses
hitting the target object and then being reflected back, the
reflected signal RFS that is generated by reflection also has a
similar shocking period. After this shocking period, the
reflected signal RFS becomes stable. In this way, the disclo-
sure more accurately senses and judges the active state of the
target object by analyzing the reflected signal that also has
overshoot and undershoot pulses.

[0026] Anexemplary architecture of this sensing technique
may be implemented by applying a multi-system integration,
as shown in FIG. 2. Wherein, the multi-system integration
200 may integrate a transmission end 210 and a receiving end
220, and a plurality of signal analyzing modules included in a
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plurality of sensors (such as sensor 1-sensor n), respectively.
One or more measuring signals (such as SS1-SSn) generated
by a measuring signal generating module 214 may be trans-
mitted to a target object (not shown) from the transmission
end 210, and one or more measuring signals reflected by the
target object (i.e. reflected signals RFS1-RFSn) may be
received by the receiving end 220 for further analyzing by the
plurality of signal analyzing modules of the plurality of sen-
sors. And then a plurality of object active state signals
231~23» outputted from the plurality of signal analyzing
modules are transmitted simultaneously or non-simulta-
neously to a digital signal processing (DSP) device for sub-
sequently processing.

[0027] With the exemplary architecture and according an
exemplary embodiment, a sensing system for physiology
measurements shown in FIG. 3 may comprise the transmis-
sion end 210 and the receiving end 220, and a plurality of
signal analyzing modules included in a plurality of sensors
such as sensor 1~sensor n. Wherein the transmission end 210
may further include a transmitting antenna module 322, and
the measuring signal generating module 214 having one or
more overshoot and undershoot wave generating circuits. The
measuring signal generating module 214 may generate one or
more measuring signals with overshoot and undershoot
pulses, wherein each measuring signal SS is generated
according to an inputted PWM signal PS. In other words, the
measuring signal SS has a characteristics of a pulse wave, and
overshoot and undershoot waves are also on the pulse wave.
Each of the overshoot and undershoot wave generating cir-
cuits included in the measuring signal generating module 214
may generate a measuring signal SS. The transmitting
antenna module 322 may include at least one transmitting
antenna TX. Each transmitting antenna may transmit a mea-
suring signal SS to a target object. The receiving end 220 may
include a receiving antenna module 324 having a plurality of
receiving antennae. Each of the plurality of receiving anten-
nae may receive a RFS signal (a measuring signal reflected by
the target object) for further analyzing by a signal analyzing
module included in an associated sensor. After the analyzing,
each object active state signal BS outputted from each signal
analyzing module may be obtained, and then a plurality of
object active state signals outputted from the plurality of
signal analyzing modules are transmitted simultaneously or
non-simultaneously to a DSP device for subsequently pro-
cessing.

[0028] When the measuring measuring signal SS is con-
tinuously transmitted by the transmitting antenna module 322
in the form of radiation, the reflected signal RFS is continu-
ously reflected back once the measuring signal SS hits the
target object, and then the reflected signal RFS is continu-
ously received by the receiving antenna module 324. When an
active state or a movement state of the target object changes,
an angle and/or a hitting position at which the measuring
signal SS hits the target object also changes, thereby resulting
in a change in a frequency, a waveform or a receiving time of
the reflected signal RFS received by the receiving antenna
324. In other words, according to the exemplary embodi-
ments, real-time active state information of the target object
may be effectively obtained by analyzing these reflected sig-
nals RFS.

[0029] Inanapplication exemplar, the transmitting antenna
module may be implemented by one transmitting antenna. In
the application scenario, a plurality of reflected signals
received by the plurality of receiving antennae may be a
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plurality of measuring signals that are transmitted, by the one
transmitting antenna, to the target object and reflected by the
target object. In another application exemplar, the transmit-
ting antenna module may be implemented by a plurality of
transmitting antennae, and a plurality of reflected signals
received by the plurality of receiving antennae may be a
plurality of measuring signals that are transmitted respec-
tively by the plurality of transmitting antennae to the target
object and reflected by the target object.

[0030] In an application exemplar, the measuring signal
generating module 214 may be implemented by a plurality of
overshoot and undershoot wave generating circuits with the
each overshoot and undershoot wave generating circuit being
coupled to an associated signal analyzing module of the plu-
rality of sensors for generating the measuring signal used by
the associated sensor, respectively. In another application
exemplar, the measuring signal generating module may be
implemented by one overshoot and undershoot wave genet-
ating circuit coupled to the plurality of signal analyzing mod-
ules for generating a plurality of measuring signals according
to aseries of inputted PWM signals, and then the transmitting
antenna module transmits the plurality of measuring signals
to the target object.

[0031] Take twosensors (referred as Sensor 1and Sensor 2)
as an exemplar. FIG. 4 shows a system structure for the
sensing system for physiology measurements, according to
an exemplary embodiment. As shown in FIG. 4, the transmis-
sion end 210 may further include a PWM circuit module 412
coupled to the measuring signal generating module 214 to
generate the PWM signal PS according to a clock signal TS,
thereby providing the PWM signal PS to the measuring signal
generating module 214. At the receiving end 220, each sensor
may receive a reflected signal RFS from a receiving antenna
(referred as RX1 and RX2 for Sensor 1 and Sensor 2, respec-
tively), and include a delay circuit 116 and a signal analyzing
module. The signal analyzing module may further include a
mixer circuit 132, a signal amplifying circuit 134, a band pass
filtering circuit 136, and a sampling circuit 138. The delay
circuit 116 is coupled to the measuring signal generating
module 214 to generate a reference signal RS according to the
measuring signal SS. The mixer circuit 132 is coupled to the
receiving antenna module 324 and the delay circuit 116 to
mix the reflected signal RFS and the reference signal RS to be
a mixing signal MS. The signal amplifying circuit 134 is
coupled to the mixer circuit 132 to amplify the mixing signal
MS to be an amplified mixing signal AMS. The band pass
filtering circuit 136 is coupled to the signal amplifying circuit
134 to perform a filtering operation on the amplified mixing
signal AMS to generate a filtered signal FS. The sampling
circuit 138 is coupled to the band pass filtering circuit 136 to
perform a sampling operation on the filtered signal FS,
thereby obtaining the object active state signal BS. The signal
amplifying circuit 134, the band pass filtering circuit 136 and
the sampling circuit 138 may all be adjustable according to
practical or design requirements. These circuits are not the
focus of the disclosure, and the detailed descriptions thereof
are omitted herein.

[0032] According to an exemplary embodiment, the mea-
suring signal generating module 214 and the transmitting
antenna module 322 may be extended to become n sets, with
each set including an overshoot and undershoot wave gener-
ating circuit and a transmitting antenna and being provided to
each sensor of the sensor 1~sensor n, respectively, for use.
Take two sensors, such as sensor 1 and sensor 2, as an exem-
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plar. As shown in FIG. 5, the measuring signal generating
module 214 may include a first overshoot and undershoot
wave generating circuit 514 and a second overshoot and
undershoot wave generating circuit 524. The transmitting
antenna module 322 may include a first transmitting antenna
512 and a second transmitting antenna 522. A first set formed
by the first overshoot and undershoot wave generating circuit
514 and the first transmitting antenna 512 may be used by the
sensor 1, and a second set formed by the second overshoot and
undershoot wave generating circuit 524 and the second trans-
mitting antenna 522 may be used by the sensor 2, respectively,
foruse. In other words, each sensor uses respective overshoot
and undershoot wave generating circuit and respective trans-
mitting antenna, according to the exemplary embodiment. In
this exemplar, the sensor 1 and the sensor 2 share with the
PWM circuit module 412 that provides the inputted PWM
signals to both of the first overshoot and undershoot wave
generating circuit 514 and the second overshoot and under-
shoot wave generating circuit 524.

[0033] According to another exemplary embodiment, the
plurality of sensors may share with the transmitting antennae
in the transmitting antenna module 322. FIG. 6 shows a
schematic view illustrating an application scenario of a trans-
mitting antenna sharing by two receiving antennae in a sens-
ing system, according to an exemplary embodiment. Refer-
ring to the exemplar in FIG. 6, in the sensing system, there are
two receiving antennae referred as a first receiving antenna
RX1 and a second receiving antenna RX2 at the receiving
end, and one transmitting antenna 622 at the transmission
end. When the measuring measuring signal SS is continu-
ously transmitted by the transmitting antenna 622 in the form
of radiation, the reflected signal RFS is continuously reflected
back once the measuring signal SS hits a measuring point of
atarget object (not shown), and then the reflected signal RFS
is continuously received by one of the two receiving anten-
nae. For example, when a first measuring measuring signal
SS1 is transmitted by the transmitting antenna 622, a first
reflected signal RFS1 is reflected back once the measuring
signal SS1 hits a first measuring point 631 of the target object,
and then the first reflected signal RFS1 is received by the first
receiving antenna RX1. Similarly, when a second measuring
measuring signal SS2 is transmitted by the transmitting
antenna 622, a second reflected signal RFS2 is reflected back
once the measuring signal SS2 hits a second measuring point
632 of the target object, and then the second reflected signal
RFS2 is received by the second receiving antenna RX2. The
first receiving antenna and the second antenna could be
implemented by more than one antennae.

[0034] FIG. 7 shows a schematic view illustrating a physi-
cal configuration of the sensing system for physiology mea-
surements, according to an exemplary embodiment. Refer-
ring to FIG. 7, the sensing system may be configured into a
circuit area 710, and a plurality of antenna areas, such as two
receiving antenna areas 701 and 702 and a transmitting
antenna area 703. The measuring signal generating module
214 and the plurality of signal analyzing modules may be
configured in the circuit area 710. The plurality of receiving
antennae may be distributed in a plurality of receiving
antenna areas surrounding a transmitting antenna area. Take
two sensors as an exemplar. Two receiving antennae may be
configured in two receiving antenna areas 701 and 702,
respectively. The transmitting antenna module 322 may be
configured between the receiving antenna areas 701 and 702,
where D is a distance between the two receiving antennae. In
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other words, the sensing system for physiology measure-
ments may be further configured into a circuit area containing
the measuring signal generating module 214 and the plurality
of signal analyzing modules, and a plurality of antenna areas
containing the plurality of receiving antennae and the trans-
mitting antenna module 322 surrounded by the plurality of
receiving antennae.

[0035] The following describes the antenna design. For the
transmitting antenna in the transmitting antenna module and
the receiving antennae at the receiving end, an asymmetric
comb-shaped antenna module may be used as the transmit-
ting and receiving antennae. FIG. 8A~FIG. 8D shows four
exemplary types of an asymmetric comb-shaped antenna
module used as the transmitting and receiving antennae,
according to exemplary embodiments. For each exemplary
asymmetric comb-shaped antenna module, assume that there
are two receiving antennae at the receiving end, and one
transmitting antenna in the transmitting antenna module.
FIG. 9 further shows various variations regarding the asym-
metric comb-shaped antenna module, according to the exem-
plary embodiments. According to the exemplary embodi-
ments in the disclosure, any antenna combinations of these
various variations regarding the asymmetric comb-shaped
antenna module shown in FIG. 9 may be used as the trans-
mitting and receiving antennae. In other words, the at least
one transmitting antenna of the transmitting antenna module
and the plurality of receiving antennae at the receiving end
may respectively have a comb-shaped structure.

[0036] According to the exemplary embodiments, the sens-
ing system may be applied to measure pressures of veins such
as but not be limited to the systolic and diastolic blood pres-
sures of an artery. FIG. 10 shows a schematic view illustrating
an application relation between physical circuits of the sens-
ing system and vein of a target object such as a human body,
according to an exemplary embodiment. In the exemplary
embodiment of FIG. 10, the physical circuits of the sensing
system may uses two sensors such as sensor 1 and sensor 2,
and two receiving antennae such as RX1 and RX2 and at least
one transmitting antenna such as TX to measure pressure 1
and pressure 2 of vein 1010 such as the systolic and diastolic
blood pressures of the artery. The measuring signal generat-
ing module of the sensing system may generate a first mea-
suring signal and a second measuring signal according to an
inputted Pulse Width Modulation (PWM) signal. The at least
onetransmitting antenna TX transmits the first and the second
measuring signals to the vein 1010 for being used by the
sensor 1 and the sensor 2, respectively. Each of the two
receiving antennae RX1 and RX2 may respectively receive a
reflected signal RFS reflected by the vein 1010 for being used
and analyzed by the sensor 1 and the sensor 2, respectively.
While a time difference t, is larger than a time difference t,
(i.e. receiving time of a first scattered pulse signal—emitting
time of a first radiated pulse signal), a pulse peak would occur,
wherein the time difference t, is a previous time difference to
the time difference t,, and Peak 1 corresponds to the pulse
peak received by the RX1 for sensor 1, Peak 2 corresponds to
the pulse peak received by the RX2 for sensor 2.

[0037] FIG. 11 further shows signals received by sensor 1
and sensor 2 after digital sampling, according to an exem-
plary embodiment. Referring to FIG. 11, as may be seen, a
time lapse AT, i.e. a pulse time difference of the first pulse
peak and the second pulse peak, exists between the signals
received by sensor 1 and sensor 2 because the pulse experi-
ences lagging during transmission. In other words, the time
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lapse AT may be obtained through two different generating
times of two different pulse peaks received by two different
antennae, as shown in the following formula for the case of
FIG. 11:

AT=generating time of the second pulse peak-gener-
ating time of the first pulse peak.

[0038] The following uses blood pressure measurement as
an exemplar to describe the computation of the systolic and
diastolic blood pressures. In processing signal, the receiving
time t; and t, of the pulses are used to calculate the pulse wave
velocity (PWV). For example, the PWV may be expressed as
a function of a distance D between two different receiving
antennae, and a time difference of two signals received by
different sensors, respectively. One of examples is, PWV=D/
AT. Inother words, the time lapse AT may be used as the time
difference. In the DSP, the waveform in the dotted blocks
shown in FIG. 11 may be accumulated to obtain the waveform
in the FIG. 12. According to the waveform transmission and
reflection theory, the pressure sensing waveform obtained by
awrist may be divided into two parts, wherein the first part of
the waveform is the pulse reaching the wrist by following the
path of a main artery (i.e. the waveform with a height a in the
FIG. 12); and the second part of the waveform is the pulse
reaching the micro-vascular of a hand and then reflected (i.e.
the waveform with a heightb in the FIG. 12) back to the wrist.

[0039] The time lapse At between the main wave and the
reflected wave (vascular stiffness index SI=At) and the height
ratio of the main wave and the reflected wave (vascular reflec-
tion index RI=a/b) may be used to compute the extent of
hardening of the artery, and may also be used to detect the
blood pressure. Based on the above method, according to an
exemplary embodiment, the waveforms received by the sen-
sor 1 and the sensor 2 are accumulated and analyzed during
the digital signal processing, and then the information shown
in FIG. 13 is obtained. In other words, applying the waveform
transmission and reflection theory such as Bernoulli’s theory,
a linear relation between the blood pressure (BP) and pulse
wave velocity (PWV) may be expressed as

BP=axPWV+b

wherein a and b are vascular parameters calculated by the
original pulse signal measured by a sensor, and the pulse wave
velocity (PWV) is a measure of a first measure point and a
second measure point of a target object such as an artery; a
and b are vascular parameters calculated by the original pulse
signal measured by the sensor.

[0040] Through further analysis on the measured wave and
vascular parameter analysis, the relation among the vascular
stiffness index (SI), vascular reflection index (RI) and heart
rate (HR) may be computed, and the blood pressure (BP) is a
function of the pulse wave velocity (PWV), vascular stiffness
index (SI), vascular reflection index (RI) and heart rate (HR),
i.e. BP=F(PWYV, SI, RI, HR). Therefore, the aforementioned
method may detect the blood pressure such as the systolic and
diastolic blood pressures, through combining the sensing sys-
tem of the disclosure and the blood flow velocity algorithm.
And, the systolic blood pressure BP, and the diastolic blood
pressure BP,,, of an artery may be obtained by using the
algoithm including the following formula.

BPg,,=a,xPWV+b,

BPp;,=a;xPWV+b,
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wherein the pulse wave velocity (PWV) may be calculated by
the formula PWV=D/AT, a, and b, are vascular parameters
calculated by the original pulse signal measured by the sensor
1, and a, and b, are vascular parameters calculated by the
original pulse signal measured by the sensor 2. Therefore, this
may improve the precision of the transformation from the
PWYV to the presure measurements, and the feasibility and
practicality will be significantly effective to the users.
[0041] If the regression analysis and comparison are per-
formed on the blood pressure measurements obtained by the
standard blood pressure meter with a cuff, obtained blood
pressure equations are:

systolic blood pressure SBP=0.00022318X2+0.
21107X+90.381,

diastolic blood pressure DBP=0.00044459X2+0.
20295X+38.33

And, the cuff needs to be inflated and deflated for indirectly
measuring non-continuous blood pressure. When measuring
continuous blood pressure, the cuff needs to be setup cor-
rectly and be inflated and deflated repetitively. In one exem-
plary embodiment,

c

SI 1 HR x SI
— X — XI
PWV AT RI

wherein C is a constant.

[0042] Accordingly, the sensing system may also be
applied to measure pressures, such as blood pressure mea-
surement of the main arteries of the chest, blood pressure
measurement of the carotid arteries of the neck (also appli-
cable to brain pressure measurement), blood pressure mea-
surement of the peripheral vascular, and so on. The sensing
system may further comprise a signal processing device
including a wireless module, and a microcontroller to calcu-
late pressures. The microcontroller may have a calculation
unit which has an algorithm such as the aforementioned blood
flow velocity algorithm. The signal processing device may
use the wireless module to communicate with the plurality of
sensors via a wireless protocol. The wireless protocol may be,
but not limited to a Bluetooth protocol. The calculation unit
may uses the algorithm to calculate the pressures such as the
aforementioned blood pressures. The algorithm may include
the aforementioned relation formula between the blood pres-
sure (BP) and pulse wave velocity (PWV).

[0043] FIG. 14 shows a sensing method for physiology
measurements, according to one exemplary embodiment.
Referring to FIG. 14, the sensing method for physiology
measurements may comprise: at a transmission end, generat-
ing, with each of a plurality of overshoot and undershoot wave
generating circuit, a measuring signal according to a Width
Modulation (PWM) signal (step 1410), and emitting, with
each of at least one transmitting antenna, the measuring signal
to a target object, wherein the measuring signal has a charac-
teristics of a pulse wave, and overshoot and undershoot waves
are also on the pulse wave (step 1412); at a receiving end,
receiving, with each of a plurality of receiving antennae, a
reflected signal reflected by the target object (step 1420); and
generating, by aplurality of signal analyzing modules respec-
tively included in a plurality sensors, a plurality of object
active state signals by analyzing the reflected signal from the
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each receiving antenna (step 1430), and transmitting the plu-
rality of object active state signals simultaneously or non-
simultaneously to a digital signal processing (DSP) device
(step 1432).

[0044] As aforementioned, the measuring signal may be
generated by generating the pulse width modulation signal
according to a clock signal, and modulating the pulse width
modulation signal to be the measuring signal with the over-
shoot and undershoot pulses by means of a digital signal
processing. As shown in the examples of FIG. 8 A~FIG. 8D
and F1G. 9, an asymmetric comb-shaped antenna module, or
various variations regarding the asymmetric comb-shaped
antennae module may be used as the at least one transmitting
antenna at the transmission end and the plurality of receiving
antennae at the receiving end. The detailed descriptions
thereof are omitted herein.

[0045] The sensing method may also be applied to measure
pressures of the target object, such as but not be limited to the
systolic blood pressure BP,  and the diastolic blood pressure
BP,,,, ofanartery, as described in F1G. 10. In the digital signal
processing, the calculation of a pressure measurement of the
target object may include: calculating a pulse time difference
of a first pulse peak and a second pulse peak, wherein the first
pulse peak and the second pulse peak are received by two
different antennae of the plurality of antennae; calculating a
pulse wave velocity (PWV) by using the pulse time difference
and a distance between the first pulse peak and the second
pulse peak; calculating each pressure of one or more pres-
sures, by expressing a linear relation between the pressure
and the pulse wave velocity. As shown in the aforementioned
examples and descriptions, the pressure measurement may be
chosen from one or more combinations of a blood pressure
measurement of a plurality of main arteries of a chest, a blood
pressure measurement of a plurality of carotid arteries of a
neck, a brain pressure measurement, a blood pressure mea-
surement of a peripheral vascular. The detailed descriptions
thereof are omitted herein.

[0046] According to another exemplary embodiment of the
present disclosure, there is provided a chip for physiology
measurements. The chip for physiology measurements may
integrate at least one transmitting antenna, a plurality of
receiving antennae, and an integrated circuit. The integrated
circuit may further include one or more overshoot and undet-
shoot wave generating circuits and a plurality of sensors.
Each overshoot and undershoot wave generating circuit and
each circuit in each sensor are configured to perform their
associated acts described in the above embodiments. An
exemplary physical configuration of the chip for physiology
measurements may be configured into a circuit area and a
plurality of antenna areas, similar to that of the FIG. 7. In
other words, the sensing system for physiology measure-
ments may be implemented by a chip, and the chip may
integrate at least one transmitting antenna, a plurality of
receiving antennae, and an integrated circuit having one or
more overshoot and undershoot wave generating circuits and
a plurality of sensors.

[0047] Theexemplary embodiments have at least following
features: (1) The sensing technique for physiology measure-
ments, such as for blood pressure, may be realized with
PWM, overshoot and downshoot pulses, and an asymmetric
comb-shaped antenna module or various variations thereof;
(2) the outputs, such as the plurality of object active state
signals from the sensors are transmitted simultaneously or
non-simultaneously to a digital signal processor for further
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processing and/or analyzing; (3) the measuring signal gener-
ating module and the transmitting antenna module may be
extended to become n sets, with each set including an over-
shoot and undershoot wave generating circuit and a transmit-
ting antenna and being provided to each sensor of the n
sensors, respectively; and (4) each pressure of one or more
pressures may be calculated by expressing a linear relation
between the pressure and a pulse wave velocity.

[0048] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. A sensing system for physiology measurements, com-
prising:

atransmission end including a measuring signal generating
module having one or more overshoot and undershoot
wave generating circuits with each overshoot and under-
shoot wave generating circuit generating a measuring
signal according to a Pulse Width Modulation (PWM)
signal, and a transmitting antenna module having at least
one transmitting antenna with each transmitting antenna
emitting the measuring signal to a target object, wherein
the measuring signal has a characteristics of a pulse
wave, and overshoot and undershoot waves are also on
the pulse wave;

a receiving end having a plurality of receiving antennae
with each receiving antenna receiving a reflected signal
reflected by the target object; and

a plurality of signal analyzing modules included in a plu-
rality of sensors to generate a plurality of object active
state signals by analyzing the reflected signal from the
each receiving antenna, then transmit the plurality of
object active state signals simultaneously or non-simul-
taneously to a digital signal processor.

2. The sensing system as claimed in claim 1, wherein the
transmitting antenna module is implemented by one transmit-
ting antenna, and a plurality of reflected signals received by
the plurality of receiving antennae are a plurality of measur-
ing signals that are transmitted by said one transmitting
antenna to the target object and reflected by the target object.

3. The sensing system as claimed in claim 1, wherein the
transmitting antenna module is implemented by a plurality of
transmitting antennae, and a plurality of reflected signals
received by the plurality of receiving antennae are a plurality
of measuring signals that are transmitted respectively by said
plurality of transmitting antennae to the target object and
reflected by the target object.

4. The sensing system as claimed in claim 1, wherein the
measuring signal generating module is implemented by a
plurality of overshoot and undershoot wave generating cir-
cuits with the each overshoot and undershoot wave generat-
ing circuit being coupled to an associated sensor of the plu-
rality of sensors for generating the measuring signal used by
the associated sensor, respectively.

5. The sensing system as claimed in claim 1, wherein the
measuring signal generating module is implemented by one
overshoot and undershoot wave generating circuit coupled to
the plurality of sensors for generating a plurality of measuring
signals according to a series of inputted PWM signals, and
then the transmitting antenna module transmits the plurality
of measuring signals to the target object.
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6. The sensing system as claimed in claim 1, wherein the
transmission end further include a PWM circuit module
coupled to the measuring signal generating module to genet-
ate the PWM signal according to a clock signal.

7. The sensing system as claimed in claim 1, wherein the
sensing system is further configured into a circuit area con-
taining the measuring signal generating module and the plu-
rality of sensors, and a plurality of antenna areas containing
the plurality of receiving antennae and the transmitting
antenna module surrounded by the plurality of receiving
antennae.

8. The sensing system as claimed in claim 1, wherein for
the at least one transmitting antenna of the transmitting
antenna module and the plurality of receiving antennae at the
receiving end respectively have a comb-shaped structure.

9. The sensing system as claimed in claim 1, wherein each
sensor of the plurality sensors further includes a delay circuit
and a signal analyzing module of the plurality of signal ana-
lyzing modules, and the delay circuit generates a reference
signal according to the measuring signal.

10. The sensing system as claimed in claim 9, wherein the
signal analyzing module included in the sensor further
includes:

a mixer circuit coupled to the delay circuit and one of the
plurality of receiving antenna, and mixing the reflected
signal and the reference signal to be a mixing signal;

asignal amplifying circuit coupled to the mixer circuit, and
amplifying the mixing signal to be an amplified mixing
signal;

a band pass filtering circuit coupled to the signal amplify-
ing circuit and performing a filtering operation on the
amplified mixing signal to generate a filtered signal; and

a sampling circuit coupled to the band pass filtering circuit
and performing a sampling operation on the filtered
signal to obtain an object active state signal.

11. The sensing system as claimed in claim 1, wherein the
sensing system is implemented by a chip, and the chip inte-
grates the at least one transmitting antenna, the plurality of
receiving antennae, and an integrated circuit having the one or
more overshoot and undershoot wave generating circuits and
the plurality of sensors.

12. The sensing system as claimed in claim 1, wherein the
sensing system further includes a signal processing device,
and the signal processing device further includes:

a wireless module that communicates with the plurality of

sensors; and

amicrocontroller that applies a calculation unit to calculate
one or more pressures of the target object.

13. The sensing system as claimed in claim 12, wherein the
calculation unit uses an algorithm to calculate one or more
blood pressures, and the algorithm includes a relation formula
between the one or more pressures and a pulse wave velocity
(PWV), and the PWV is a measure for two measure points of
the target object.

14. The sensing system as claimed in claim 13, wherein the
PWYV is expressed as a function of a distance between two
different receiving antennae of the plurality of antennae, and
a time difference of two signals received by two different
sensors of the plurality of sensors, respectively.

15. The sensing system as claimed in claim 14, wherein the
time difference is a time lapse obtained through two different
generating times of two different pulse peaks received by the
two different antennae.
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16. A sensing method for physiology measurements, com-
prising:

atatransmission end, generating, with each of a plurality of

overshoot and undershoot wave generating circuits, a
measuring signal according to a Pulse Width Modula-
tion (PWM) signal, and emitting, with each of at least
one transmitting antenna, the measuring signal to a tar-
get object, wherein the measuring signal has a charac-
teristics of a pulse wave, and overshoot and undershoot
waves are also on the pulse wave;

at a receiving end, receiving, with each of a plurality of

receiving antennae, a reflected signal reflected by the
target object;
generating, by a plurality of signal analyzing modules
respectively included in a plurality of sensors, a plurality
of object active state signals by analyzing the reflected
signal from the each receiving antenna; and

transmitting the plurality of object active state signals
simultaneously or non-simultaneously to a digital signal
processing device.

17. The sensing method as claimed in claim 16, wherein the
measuring signal is generated by generating the PWM signal
according to a clock signal, and modulating the PWM signal
to be the measuring signal with the overshoot and undershoot
pulses by means of a digital signal processing.

18. The sensing method as claimed in claim 16, wherein an
asymmetric comb-shaped antenna module, or various varia-
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tions regarding the asymmetric comb-shaped antenna module
is used as at least one transmitting antenna of a transmitting
antenna module and the plurality of receiving antennae at the
receiving end.

19. The sensing method as claimed in claim 16, the sensing
method further performs a calculation of a pressure measure-
ment of the target object, and the calculation of the pressure
measurement includes:

calculating a pulse time difference of a first pulse peak and
asecond pulse peak, wherein the first pulse peak and the
second pulse peak are received by two different receiv-
ing antennae of the plurality of receiving antennae;

calculating a pulse wave velocity (PWV) by using the pulse
time difference and a distance between the first pulse
peak and the second pulse peak; and

calculating each pressure of one or more pressures, by
expressing a linear relation between the pressure and the
pulse wave velocity.

20. The sensing method as claimed in claim 19, wherein the
pressure measurement is chosen from one or more combina-
tions of a blood pressure measurement of a plurality of main
arteries of a chest, a blood pressure measurement of a plural-
ity of carotid arteries of'a neck, a brain pressure measurement,
a blood pressure measurement of a peripheral vascular.
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