US 20140114141A1

a9y United States

12) Patent Application Publication

(10) Pub. No.: US 2014/0114141 A1

WHAN (43) Pub. Date: Apr. 24,2014
(54) SYSTEM FOR PROCESSING DECAYING A61B 5/08 (2006.01)
PERIODIC PHYSIOLOGICAL SIGNALS AG6IB 5/0402 (2006.01)
) ) ) (52) US.CL
(71)  Applicant: Wen Jea WHAN, E1 Monte, CA (US) CPC v AGIB 5/7275 (2013.01); AG1B 5/4836
. . (2013.01); A61B 5/7246 (2013.01); A61B
(72) Inventor: Wen Jea WHAN, Fl Monte, CA aJS) 50402 (201301)’ A61B 5/7225 (201301)’
. A61B 5/024 (2013.01); A61B 5/08 (2013.01)
21) Appl. No.: 14/146,282 ’
(21) - Appl. No : USPC oo seseesanssseseses 600/300
(22) Filed: Jan. 2,2014
Related U.S. Application Data (57) ABSTRACT
63) Continuation-in-part of application No. 12/184,744, . . o . Lo
® filed on Aug. l,p2008, ngsv abandoned, which is a A system fqr processing decaying perlo(‘hc physmlp gical S8
continuation-in-part of application No. 10/855,839 nals comprises at least a sensor, a physiological signal-digi-
filed on May 28. 2004. now abandoned T tizing device, and a digital-signal processing unit to establish
e ’ ' aparameterized database according to 7, &/, the relationship
Publication Classification between P, and ¥, and the change with respect to time or
locations of the sensors on the human body for evaluating the
(51) Imt.ClL physiological or mental conditions. The system is applicable
A61B 5/00 (2006.01) to processing and utilizing the decaying periodic physiologi-
A61B 5/024 (2006.01) cal signals, such as heartbeats, respiration and ECG.

ﬁ -
|

20\

External Stimulator

23\

0

Digitized Signals 24\
99 939 Processing Unit
\ \\ First Calculating Parameterized

Physiological Signal Unit Database

Sensor :
-Digitizing Device Second Calculating
// Unit
234~ | [Third Calculating Evaluating
25/
Evaluating
Result




Patent Application Publication  Apr. 24,2014 Sheet 1 of 6 US 2014/0114141 A1

//\\ / \\ U
A N ) 7 N
oL/
S
~—P— —{ QRS |- - T——s
«G-T—]
P-R
- Q-T




US 2014/0114141 A1

Apr. 24,2014 Sheet 2 of 6

Patent Application Publication

1[ns9y
sutyenyeay

[

§ith|
surjenyeay

\\\lmm

3

aseqele(q
poz1IajoweIe]

31Uq
3urjenore) pATYL

114}
Suize[nole) puodas

901A5(q BUIZI}131Q-

///,wm

31U
surjenoie) 31siiyg

3TUf SUISS9201]
S1eusd1§ pez13131q

N

Jeusis 1eo130]01SAlqg

\\\\ﬁm

JI0SUDS

"~ z¢2 gz

///:mm

JIO1B[NWI]S [RUI9)IX]

///fcm

|
o @



Patent Application Publication  Apr. 24,2014 Sheet 3 of 6 US 2014/0114141 A1

Fig. 3

hE




US 2014/0114141 A1

Apr. 24,2014 Sheet 4 of 6

Patent Application Publication

109[qQ 23Tyl
SUOT]TPUO) PIILIYY]) —-—-—

SUOT1IpUO) POIBS ————-

(s)sumr],
81 6 8 L 9 g ¥ g 1
-~ ~ N ~
“ r, _w/ \/ _\/, / / /\ // “/,/ _7 “ /. N\./F
= "~ N s SN "~ ~. P
/ A NTY Y 7_/ Lr/; \“\/, VLISNCONY NN SRV
< = = («fQ\#\/Aa\/A‘n&T)ﬁ/.ﬂ
\ ! VT Y ) - N T AN
/ \ / ]
\/ \, v / /(\ \/ \/ \/ /L\ v

4
{¢
4

e W

0 38811047
I



Patent Application Publication  Apr. 24,2014 Sheet 5 of 6 US 2014/0114141 A1




Patent Application Publication  Apr. 24,2014 Sheet 6 of 6 US 2014/0114141 A1

MCh=4; TMax2=6. 400E+01 ; TMax=6, 400E+01 ; VMax=4, 858E-08
C_TMax=4. 149E-01;X_TMax=T7. 916E-01;Z_TMax=9, 7T17E~01

MChN=4
:TMaxN=1. 000E+03; Viiax_N=-1. 999E-02

C_TMaxN=-2. 527E+00;X_TMaxN=8. 886E-01;Z_TMaxN=7. 222E-01

Total Positive B=1.121E-01;Total Negative B=-9. T40E+00
Total Negative B/Total Positive B=-8. 692E+01

Sr:-1, 0758-02 Si:0.000E+00 Pr:-3. 592E-02 Pi:0. 000E+00 )
Sr:3.282E-04 Si:-4, 489E-05 Pr:-1.338E-01 Pi:3. 450E+00
Sr:3. 282E-04 Si:4. 482E-05 Pr:-1.338E-01 Pi:-3, 4508+00
Sr:-1, 079E+00 Si:0. 000E+00 Pr:-2. 002E-01 Pi:0. 000E+00
Sr:1. 089E+00 Si:0. 000E+00 Pr:~2. 086E-01 Pi:0. 000E+00
Sr:-8. 317E-03 Si:5. 2656-03 Pr:-2. 120E-01 Pi:5.761E+00 [ 60
Sr:-8. 317E-03 Si:-5. 265E-03 Pr:-2. 120E-01 Pi:-5. T81E+00
Sr:2. 016E~02 Si:1. 428E-03 Pr:—2.839E-01 Pi:6. 009E+00
Sr:2. 016E-02 Si:-1.428-03 Pr:-2. 839E-01 Pi:-6. 009E+00
Sr:1.369E+01 Si:0. 000E+00 Pr:-8. 002E+00 Pi: 0. 000EH00

iLevel of Alert=4 |

f

/
61

Fig.6



US 2014/0114141 Al

SYSTEM FOR PROCESSING DECAYING
PERIODIC PHYSIOLOGICAL SIGNALS

CROSS-REFERENCE TO RELATED
DOCUMENTS

[0001] The present invention is a continuation in part (CIP)
to a U.S. patent application Ser. No. 12/184,744 entitled
“SYSTEM FOR PROCESSING DECAYING PERIODIC
PHYSIOLOGICAL SIGNALS” filed on Oct. 1, 2008; said
U.S. patent application Ser. No. 12/184,744 is a continuation
in part to a U.S. patent application Ser. No. 10/855,839
entitled “Method and system for processing periodic physi-
ological signals” filed on May 28, 2004.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention is related to a system utilizing
the decaying characteristics of periodic physiological signals
for decomposing the periodic decaying physiological signals
of a human body numerically into series of exponential
decays represented by poles P and residuals S as signatures of
the physiological and mental conditions of the human body.
The present invention is applicable to processing the decay-
ing periodic physiological signals, such as heartbeat, respira-
tion and ECG of a human body.

[0004] 2. Description of the Prior Art

[0005] A healthy human body will naturally have some
physiological phenomena, e.g. heartbeat, respiration and
pulses. Long ago, doctors have evaluated health conditions of
a person by the symptoms of these physiological phenomena
to prevent and cure the disease. Generally, the practitioner of
Chinese medicine by feeling the pulse and the doctor prac-
ticing western medicine by stethoscopes or hemadynamom-
eters observe the change of heartbeat, pulses and respiration.
In this modern time, doctors could collect these periodic
signals by electronic devices for primary evaluation.

[0006] Taking heartbeat as an example, the heartbeat of a
human body has the feature of regular pattern and repeatedly
appearing. The status of these physiological signals can be
measured by sonography or electrocardiography (ECG).
Referring to FIG. 1, a standard ECG consisting of a serial
wave group is taken as an instance. Each wave group repre-
senting a heartbeat cycle includes the P-wave, QRS complex,
T-wave and U-wave, wherein:

[0007] (1) the P-wave is generated by depolarizing the
atrium and is the first wave of the periodic wave group and
shows the depolarization procedure of left and right atrium. In
addition, the individual periodic waveform has the charactet-
istics of decaying.

[0008] (2) The QRS complex includes three waves con-
nected closely, wherein the Q-wave is the first downward
wave, the R-wave is an upright high-tip wave after the
Q-wave, and the S-wave is downward after the R-wave. In
case the three waves are connected closely, they are called as
QRS complex and reflect the procedure of depolarizing ofleft
and right ventricles.

[0009] (3) The T-wave located behind the ST segment is a
low and long-duration wave and is generated by ventricular
repolarization.

[0010] (4) The U-wave located after the T-wave is lower
and smaller and is thought to relate to after-depolarization,
which interrupts or follows repolarization. Usually the
U-wave is neglected in the ECG waveforms.
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[0011] Generally the ECG waveforms of a normal human
body have clear and complete wave change. In case the body
has abnormal conditions or suffers stimulations, the ECG will
show a waveform that is different from the normal waveforms
and can be used to evaluate the health conditions of human
body. However, any figures of physiological signals have to
be judged by a doctor with professional training to have a
result. If one can know the health conditions without the
evaluation by the doctor, time will be saved. Further, the
physiological conditions of a person will depend on mental
conditions, such as excitement, nervousness, or fear. The
body will have the phenomena of increasing heartbeat rate,
sweating, and vasoconstriction. It is obvious that the mental
conditions can be evaluated by observing any physiological
conditions. Further more, every repeating signal decays with
respect to time and could be decomposed numerically into
poles and residuals. These parameters are proposed to be used
as a signature for the physical and mental condition of a
human. Similar technologies had been proposed as an
advanced weapon detection system which applies the decay
for the stimulated eddy current as the signature for different
metal weapons (U.S. Pat. No. 6,469,624 on “NON-OBTRU-
SIVE WEAPON DETECTION SYSTEM”, Inventors: Dr.
Wen J. Whan and Dr. George V. Keller; U.S. Pat. No. 5,552,
705 on “NON-OBTRUSIVE WEAPON DETECTION SYS-
TEM AND METHOD FOR DISCRIMINATING
BETWEEN A CONCEALED WEAPON AND OTHER
METAL OBIJECTS”, Inventor: Dr. George V. Keller.)

[0012] In view of this, the inventor provides a system for
processing physiological signals, which takes advantage of
characteristics of time decay and periodic performance of the
periodic physiological signals to obtain parameters (poles
and residual) as signatures of the diseases or abnormal mental
conditions.

SUMMARY OF THE INVENTION

[0013] The object of the present invention is to provide a
system for processing decaying periodic physiological sig-
nals to receive series of physiological signals with respect to
time or different sensor locations and to provide an evaluating
result via the comparison with a parameterized database to
evaluate the physiological and mental conditions of the
human body.

[0014] To achieve the above objects, a system for process-
ing decaying periodic physiological signals according to the
present invention 1s provided and comprises at least a sensor
for sensing the periodic physiological signals of a human
body and outputting the physiological signals, a physiologi-
cal signal-digitizing device for receiving and digitizing the
physiological signals to form digitized decaying periodic
physiological signals D, and a digital-signal processing unit
for decomposing the digitized decaying periodic signals D of
the human body into poles P and residuals S. A parameterized
database is then established according to P/, §/,, the relation-
ship between P, and &/, and the change with respect to time or
space (locations), and outputting an evaluating result by com-
paring the parameterized database with original data value to

judge the physiological or mental conditions of the human
body.

[0015] The present invention will be apparent after reading
the detailed description of the preferred embodiments thereof
in reference to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1isaschematic diagram of traditional standard
decaying periodic waveforms of ECG;

[0017] FIG. 2 is a schematic view of a system for process-
ing decaying periodic physiological signals of the present
invention;

[0018] FIG. 3 is a decaying periodic signal waveform dia-
gram recorded from an ultrasonic detector measuring the
heartbeat;

[0019] FIG. 4 is a decaying periodic signal waveform dia-
gram recording the relative flow rate of a blood vessel of a
thumb at different temperatures by alaser Doppler flowmeter;
[0020] FIG. 5 is a three dimension waveform diagram of
electromagnetic decaying signals measured by eight receiv-
ing coils on the vertical position of the main blood vessel,
which is exerted by external periodic electromagnetic waves;
and

[0021] FIG. 6is a schematic view of an embodiment of the
present invention of the poles PV, &/, and evaluating results,
where the poles are decomposed from the signals of FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] The system for processing decaying periodic physi-
ological signals is depicted in FIG. 2. The system includes at
least a sensor 21 for sensing the periodic decaying periodic
physiological signals of a human body, a physiological sig-
nal-digitizing device 22 for receiving and digitizing the
physiological signals to form digitized decaying periodic
physiological signals D, and a digital-signal processing unit
23 for decomposing the digitized decaying periodic physi-
ological signals D of the human body into poles P and residu-
als S, wherein the P represents the decay rate of signals, the S
represents the contribution value of the P. By taking j as the
serial number of signals, the IV is periodic signals with dif-
ferent characters, or the same periodic signals in different
measuring time or locations. The IV, P and S satisfy the
following formula:

D= sfet
i=1

Wherein m represents the maximum number of poles from
the decaying signals to be decomposed and is collected from
a human body. The value of P/, or &, can be used as the
signatures of the physiological or mental conditions of said
human body.

[0023] The parameterized database 24 is established
according to P/, &, from different human bodies, the rela-
tionship between P, and &/, and their change with respect to
time or space (locations) by the numerical method.

[0024] The digital signals processing unit 23 includes a
first, a second, and a third calculating unit 232, 234, 236. The
first calculating unit 232 is used for calculating ratios or
statistic patterns between PV, and &/, that can be used as sig-
natures of the physiological or mental conditions of said
human body. The second calculating unit 234 is used for
calculating the change with respect to time or locations for P,
or §, that can be used as signatures of the physiological or
mental conditions of said human body. The third calculating
unit 236 is used for calculating the change with respect to time
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or locations for ratio and statistical patterns of P, and &/, that
also can be used as signatures of the physiological or mental
conditions of said human body.

[0025] The system is also provided with an external stimu-
lator 20 for stimulating the human body to generate decaying
periodic physiological signals or change the human body’s
natural decaying periodic physiological signals. In other
words, the decaying periodic physiological signals are
obtained from said human body exerted by the external stimu-
lator 20 and then the decaying periodic physiological signals
can be collected and digitized. The external stimulation gen-
erated by said external stimulator 20 includes voltage, elec-
tromagnetic waves, ultrasonic waves, heat, or pressure.
[0026] Moreover, the system further comprises a compari-
son unit 25 and an evaluation unit 27. As depicted in FIG. 2,
the comparison unit 25 is used to compare the values of the
poles P/, and residuals & from a certain human body with
those stored in the parameterized database and output a com-
parison result 26. The comparison result 26 is received by the
evaluation unit 27. As a result, the evaluating unit 27 would
output an evaluation result 28 representing the physiological
or mental condition of that human body according to the
received comparison result 26.

[0027] Then take a specific physiological signal as an
embodiment of the present invention. Use an ultrasonic detec-
tor as the sensor 21 to measure a subject’s heartbeats to obtain
a heartbeat ultrasonic waveform diagram as shown in FIG. 3.
Setting the range of physiological signals from point (a) to
point (b), which shows five decaying signals and transferring
the signals between these two points to physiological signal-
digitizing device 22 to obtain digitized decaying periodic
physiological signals D. Then transferring the digitized sig-
nals to digital-signal processing unit 23 to decompose D into
the poles P and the residuals S by the numerical method and
the IV, P and S can satisfy the following formula:

[0028] Wherein m represents the maximum number of
poles from the decaying signals to be decomposed and is
collected from a human body. The P value is larger; the
decreasing rate is faster. Further calculating the relationship
between the P, and &/, or the relationship between the P/, and
Y, and the change with respect to time/locations by a calcu-
lating unit and comparing those with a pre-determined
parameterized database 24 by the comparison unit 25 to out-
put a comparison result 26 indicating the physiological or
mental conditions of a human body to show the subject’s
health conditions.

[0029] If the parameterized database hasn’t been estab-
lished, following the above-mentioned method to measure
enough healthy subjects in statistics and analyzing the physi-
ological signals of the subjects to establish a parameterized
database 24. Store the database 24 in the system ofthe present
invention for the reference of evaluating the healthy condi-
tions. The database 24 can also be input and modified with
parameterized data, e.g. gender, heights or weight to raise the
accuracy of the database 24.

[0030] Besides, the system includes physiological signals
of different measuring conditions. For example, taking laser
Doppler flowmeter as a sensor 21 can measure the relative
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flow rate of the blood vessel of a thumb at different tempera-
tures and obtain a diagram shown in FIG. 4, wherein the
control is a white object. Measuring the physiological signals
in unheated conditions and in heated conditions respectively
and applying the digital-signal processing unit 23 to analyze
and resort the signals to further establish the physiological
reference data in different measuring conditions.

[0031] The present invention is suitable for evaluating
physiological signals with different characters. For example,
taking the electrocardiograph as a sensor 21 of the system to
detect heartbeat of a human body, and applying the system
mentioned above to digitize and decompose the physiological
signals to store the P/, §/, and time/locations in the digital-
signal processing unit 23 and compare those with the ultra-
sonic data of heartbeats mentioned above to further obtain the
physiological and mental conditions of a human body.
[0032] The present invention not only measure the physi-
ological signals from a human body under normal conditions,
but also can evaluate the health conditions when a human
body is exerted by an external stimulation from the external
stimulator 20. The external stimulation can generate decaying
periodic physiological signals or change the natural decaying
periodic physiological signals. The external stimulation can
be voltage, electromagnetic waves, ultrasonic waves, heat,
pressure, acupuncture, etc. Forexample, by stimulating exter-
nal periodic stepwise electromagnetic waves, the main blood
vessel is positioned with eight receiving coils. The decaying
signals of electromagnetic field generated by Eddy current
are shown in FIG. 5. The poles P/, and residuals &, decom-
posed from the signals D are shown in FIG. 6 and labeled as
60. Then comparing these values with the pre-determined
parameterized database 24 could obtain an evaluating result
of physiological or mental conditions of a human body. The
evaluation result shown in FIG. 6 and labeled as 61 can
indicate the health level of the tested person.

[0033] The foregoing description of the preferred embodi-
ments of this invention has been presented for purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form disclosed, and
obviously, many modifications and variations are possible.
Such modifications and variations that may be apparent to a
person skilled in the art are intended to be included within the
scope of this invention.

[0034] Thus, the present invention has following advan-
tages:
[0035] 1. The present invention not only can be used as

analysis of single physiological signals, but also can ana-
lyze composite physiological signals to raise the accuracy
of evaluation.

[0036] 2. By using the present invention to evaluate body
conditions, it is controlled by electronic devices without
judging by a doctor and is convenient for operating to
figure out the health conditions.

[0037] 3. Because the different measuring conditions will
result in different conclusions, operators can input param-
eters with different terms, e.g. heights, weights, external
stimulations or temperatures, and then the parameterized
database can make the results more accurate.

[0038] The system for processing decaying periodic physi-

ological signals not only offers the evaluation of physiologi-

cal conditions but also offers the evaluation of mental condi-
tions. The practitioner of Chinese medicine by feeling the
pulse and the doctor practicing western medicine by stetho-
scopes or hemadynamometers observe the change of heart-
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beat, pulses and respiration. In this modern time, doctors
could collect these periodic signals by electronic devices for
primary evaluation. By using this invention, the changes of
the decaying periodic signals will be presented in a scientific
and therefore more accurate way.

[0039] As stated in the above disclosed, the present inven-
tion can surely achieve its expected objects to provide a
system for processing decaying periodic physiological sig-
nals for the public or the medical personnel to evaluate the
health conditions. It has its industrial practical value.

1. A system for processing decaying periodic physiological

signals including:

at least a sensor, for sensing decaying periodic physiologi-
cal signals from a human body;

a physiological signal-digitizing device, for receiving and
digitizing the decaying periodic physiological signals to
form digitized decaying periodic physiological signals
D; and

a digital-signal processing unit, for decomposing the digi-
tized decaying periodic physiological signals D into
poles Pand residuals S, wherein the poles P represent the
decay rate of signals, the residuals S represent the con-
tribution value of the P, and by taking j as the serial
number of signals, I represent different signals or the
same signal measured at different time points or loca-
tions, and IV, P and S satisfy the following formula:

pi=Yslet
i=1

wherein m represents the maximum number of poles
from the decaying periodic physiological signals to be
decomposed and is collected from a human body, P,
represents the i” pole of the j* periodic human signals
or i location of the sensor, and &, represents the
contribution value or residual value of the pole; thus,
obtaining the values of the poles P/, and residuals &,
by decomposing the decaying periodic physiological
signals by using a numerical method.

2. The system for processing decaying periodic physiologi-
cal signals according to claim 1, further comprising an exter-
nal stimulator for stimulating the human body to generate
decaying periodic physiological signals or change the human
body’s natural decaying periodic physiological signals,
wherein the decaying periodic physiological signals obtained
from said human body exerted by the external stimulator are
digitized by the physiological signal-digitizing device.

3. The system for processing decaying periodic physiologi-
cal signals according to claim 2, further comprising:

a parameterized database, established according to the val-
ues P/, &, from different human bodies, the relationship
between the P/, and &/, and their change with respect to
time or locations by the numerical method; and

a comparison unit, used for comparing the values of the
poles P/, and residuals & from the human body with the
data in the parameterized database and outputting a
comparison result.

4. The system for processing decaying periodic physiologi-
cal signals according to claim 3, wherein the digital-signal
processing unit further comprises a first calculating unit for
calculating ratios or statistic patterns between P/, and /..
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5. The system for processing decaying periodic physiologi-
cal signals according to claim 3, wherein the digital-signal
processing unit further comprises a second calculating unit
for calculating the change with respect to time or locations for
P,or¥,

6. The system for processing decaying periodic physiologi-
cal signals according to claim 3, wherein the digital-signal
processing unit further comprises a third calculating unit for
calculating the change with respect to time or locations for
ratio and statistical patterns of Y, and ¥,

7. The system for processing decaying periodic physiologi-
cal signals according to claim 2, further comprising:

an evaluating unit, used for outputting an evaluating result
according to the comparison result from the comparison
unit.

8. The system for processing decaying periodic physiologi-
cal signals according to claim 1, further comprising:

aparameterized database, established according to the val-
ves P/, §/, from different human bodies, the relationship
between the P/, and &, and their change with respect to
time or locations by the numerical method; and
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a comparison unit, used for comparing the values of the
poles P, and residuals & from the human body with the
data in the parameterized database and outputting a
comparison result.

9. The system for processing decaying periodic physiologi-
cal signals according to claim 8, wherein the digital-signal
processing unit further comprises a first calculating unit for
calculating ratios or statistic patterns between P/, and /..

10. The system for processing decaying periodic physi-
ological signals according to claim 8, wherein the digital-
signal processing unit further comprises a second calculating
unit for calculating the change with respect to time or loca-
tions for P, or &

11. The system for processing decaying periodic physi-
ological signals according to claim 8, wherein the digital-
signal processing unit further comprises a third calculating
unit for calculating the change with respect to time or loca-
tions for ratio and statistical patterns of' and &/,.

12. The system for processing decaying periodic physi-
ological signals according to claim 1, further comprising:

an evaluating unit, for outputting an evaluating result

according to the comparison result from the comparison
unit.
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