US 20180338728A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2018/0338728 Al

LI et al. (43) Pub, Date: Nov. 29, 2018
(54) WEARABLE DEVICE, METHOD AND (52) US. CL
APPARATUS FOR ELIMINATING MOTION CPC ... A61B 5/721 (2013.01); A61B 5/02416
INTERFERENCE (2013.01); A61B 2562/0219 (2013.01); A61B
] 5/7225 (2013.01); A61B 5/7246 (2013.01);
(71) Apphcant: SHENZHEN GOODIX A61B 5/02438 (2013.01)
TECHOLOGY CO., LTD., Shenzhen
(CN)
(72) Inventors: Guoliang LI, Shenzhen (CN); Xinshan (7 ABSTRACT
WANG, Shenzhen (CN); Ke YANG,
Shenzhen (CN); Duan ZENG, e . .
Shenzhen (CN); Fahai CHEN, A methgd fqr ehn.nnat%ng mothn interference 1'ncl.udes:
Shenzhen (CN) p.erformmg dm}enspnahty redu.ctlon on .the mpltl-dlmen-
sional acceleration signal to obtain a one-dimensional accel-
(73) Assignee: SHENZHEN GOODIX eration signal that represents motion interference; mixing
TECHNOLOGY CO., LTD., Shenzhen the first signal and the second signal through a plurality of
(CN) preset coefficients r, respectively, so as to calculate a plu-
rality of mixed signals corresponding to the plurality of
(21)  Appl. No.: 16/049,075 preset coeflicients; calculating a correlation coeflicient
. between each of the mixed signals and the one-dimensional
(22) Filed: Jul. 30, 2018 acceleration signal; obtaining a preset coefficient corre-
Related U.S. Application Data sponding to the me}ximum correlation coemcient among the
correlation coeflicients and a preset coeflicient correspond-
(63) Continuation of application No. PCT/CN2017/  ing to the minimum correlation coefficient among the cor-
083846, filed on May 10. 2017. relation coefficients; and calculating a signal with motion
L. . interference being eliminated from the measurement signal
Publication Classification to be processed, according to the first signal, the second
(51) Imt. CL signal, the preset coefficient corresponding to the maximum
A61B 5/00 (2006.01) correlation coeflicient, and the preset coeflicient correspond-
A61B 5/024 (2006.01) ing to the minimum correlation coeflicient.
First S @) Second S @)
signal Aa signal Ab

Third signal D,




Patent Application Publication  Nov. 29,2018 Sheet 1 of 4 US 2018/0338728 A1

Performing dimensionality reduction on the multi-
dimensional acceleration signal to obtain a one-
dimensional acceleration signal that represents motion
interference

l 102

Mixing the first signal and the second signal through a
plurality of preset coefficients respectively, so as to
calculate a plurality of mixed signals corresponding to the
plurality of preset coefficients

l 103

Calculating a correlation coefficient between each of the
mixed signals and the one-dimensional acceleration signal

l 104

Obtaining a preset coefficient corresponding to the
maximum correlation coefficient among the correlation
coefficients and a preset coefficient corresponding to the
minimum correlation coefficient among the correlation
coefficients

101

105
y

Calculating a signal with motion interference being
eliminated from the measurement signal to be processed,
according to the first signal, the second signal, the preset

coefficient cotresponding to the maximum correlation
coefficient, and the preset coefficient corresponding to the
minimum correlation coefficient

End

FIG. 1



Patent Application Publication  Nov. 29,2018 Sheet 2 of 4 US 2018/0338728 A1

First
signal

Second [
signal

S,.(©) S,

ab

5
i o

£y




Patent Application Publication  Nov. 29,2018 Sheet 3 of 4 US 2018/0338728 A1

Start 01

2011
A 4 rJ

Calculating a covariance matrix of a multi-dimensional
acceleration matrix formed by the multi-dimensional
acceleration signal

2012
) ~
Calculating a plurality of eigenvalues and a plurality of
eigenvectors of the covariance matrix
2013

y

Identifying, according to the plurality of eigenvalues, an
eigenvector that includes a preset information weight from
the plurality of eigenvectors

2014
L 4 ~
Multiplying the eigenvector with the multi-dimensional
acceleration signal, so as to obtain the one-dimensional
acceleration signal
202
Y

Mixing the first signal and the second signal through a
plurality of preset coefficients respectively, so as to
calculate a plurality of mixed signals corresponding to the
plurality of preset coefficients

203

Caleulating a correlation coefficient between cach of the
mixed signals and the one-dimensional acceleration signal

Y
Obtaining a preset coefficient corresponding to the
maximum correlation coefficient among the correlation
coefficients and a preset coefficient corresponding to the
minimum correlation coefficient among the correlation
coefficients

Crtentarinrrsigmat Wiﬂ"ly
climinated from the measurement signal to be processed,
according to the first signal, the second signal, the preset

coefficient corresponding to the maximum correlation
coefficient, and the preset coefficient corresponding to the
minimum. correlation coetficient

FIG. 4



Patent Application Publication  Nov. 29,2018 Sheet 4 of 4

Dimensionality First calculation

reduction module 1 module 2

Second calculation
module 3

Identification
module 4

Third calculation
module b

FIG. 5

First sensor 6

Processor 9

Memory 8

Second sensor 7

FIG. 6

US 2018/0338728 A1



US 2018/0338728 Al

WEARABLE DEVICE, METHOD AND
APPARATUS FOR ELIMINATING MOTION
INTERFERENCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present disclosure is a continuation of intet-
national application No. PCT/CN2017/083846, filed on May
10, 2017, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of signal
processing technology, and more particularly to a wearable
device, a method and apparatus for eliminating motion
interference.

BACKGROUND

[0003] With the improvement of living standards, people
pay more and more attention to their own health. Heart rate
is the speed of the heartbeat measured by the number of
contractions of the heart per minute, and it is a very
important physiological indicator in clinical diagnosis. Tra-
ditional medical devices require users to be at rest while
measuring heart rate, and are not convenient to be carried.
Therefore, many manufacturers have already produced
wearable devices capable of performing heart rate measure-
ment, so that users can measure heart rate in daily life
occasions.

[0004] The existing most commonly used method for
measuring heart rate is Photoplethysmogram (PPG) method.
In this method, a LED is used to emit light of a specific
wavelength, the light is propagated, scattered, diffracted, and
reflected via human tissue, then returned, and a returned
optical signal is converted into an electrical signal, so as to
obtain a corresponding PPG signal. When light beams are
propagated through human tissues, intensity of light beams
is attenuvated due to the property of light absorbing by human
tissues. For example, a value of light absorbing by static
tissues such as skin, fat, muscle, etc. is a constant value.
However, light absorbing by blood undergoes periodic vol-
ume changes due to contraction and diastole of the heart,
thus the PPG signal shows a periodic waveform that is
consistent with the heartbeat. Accordingly, the heartbeat
frequency can be measured with the PPG signal. Further, the
PPG method is a non-invasive measurement method for
measuring heart rate.

[0005] The inventor has found that there are at least the
following problems: heart rate measurement on the wearable
device is more demanding on the PPG method because users
need to measure the heart rate in a motion state. However,
muscle and pressure will change in a motion state, which
results in that a propagation path of light beams changes.
Besides a pulse wave signal, a motion interference signal is
also superimposed on the PPG signal. Different motion
states produce different motion interference frequencies, and
a value of the motion frequency cannot be guaranteed to be
a constant value. For example, the motion frequency is in a
range of 0 Hz to 4 Hz in the state of walking, climbing and
running, and the human heart rate is also in a range of 0.5
Hz to 4 Hz. Therefore, motion interference with unknown
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frequencies cannot be filtered by traditional FIR (finite
impulse response), IIR (infinite impulse response) or wave-
let filtering.

[0006] There are two existing technical solutions for mea-
suring heart rate in a motion state: one is an adaptive noise
cancellation method based on an adaptive filter; and the
other is an oxygen saturation discrete saturation transform
(DST) method. However, a precondition for implementing
the adaptive noise cancellation method is that the motion
state has statistical stability, in this way, the adaptive filter is
continuously in a convergent state. But the motion state
cannot be kept stable in reality, such as up and down stairs.
A precondition for the DST method is that blood oxygen
saturation is relatively high, usually higher than 85%, thus
this method is not suitable for users with dyspnea (whose
blood oxygen saturation is relatively low). In addition, the
DST method is computationally intensive and difficult to be
implemented on wearable devices.

SUMMARY

[0007] The objective of some embodiments of the present
disclosure is to provide a wearable device, a method and
apparatus for eliminating motion interference, with which
interference in motion can be effectively eliminated, and
detection of signals with motion interference being elimi-
nated is suitable in various motion states, meanwhile com-
putational complexity is less, and implementation is easily
performed on the wearable device.

[0008] An embodiment of the present disclosure provides
a method for eliminating motion interference. The method is
applied to a wearable device capable of acquiring a multi-
dimensional acceleration signal and a measurement signal to
be processed of the wearable device, and the measurement
signal to be processed includes a first signal and a second
signal having different wavelengths. The method comprises:
performing dimensionality reduction on the multi-dimen-
sional acceleration signal to obtain a one-dimensional accel-
eration signal that represents motion interference; mixing
the first signal and the second signal through a plurality of
preset coeflicients respectively, so as to calculate a plurality
of mixed signals corresponding to the plurality of preset
coeflicients; calculating a correlation coeflicient between
each of the mixed signals and the one-dimensional accel-
eration signal; obtaining a preset coeflicient corresponding
to the maximum correlation coeflicient among the correla-
tion coeflicients and a preset coeflicient corresponding to the
minimum correlation coefficient among the correlation coef-
ficients; calculating a signal with motion interference being
eliminated from the measurement signal to be processed,
according to the first signal, the second signal, the preset
coeflicient corresponding to the maximum correlation coef-
ficient, and the preset coeflicient corresponding to the mini-
mum correlation coefficient.

[0009] An embodiment of the present disclosure further
provides an apparatus for eliminating motion interference.
The apparatus is applied to the method for eliminating
motion interference as described above. The apparatus com-
prises: a dimensionality reduction module configured to
perform dimensionality reduction on a multi-dimensional
acceleration signal to obtain a one-dimensional acceleration
signal that represents motion interference; a first calculation
module configured to mix a first signal and a second signal
through a plurality of preset coeflicients respectively, so as
to calculate a plurality of mixed signals corresponding to the
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plurality of preset coefficients; a second calculation module
configured to calculate a correlation coeflicient between
each of the mixed signals and the one-dimensional accel-
eration signal; an identification module configured to obtain
a preset coeflicient corresponding to the maximum correla-
tion coefficient among the correlation coefficients and a
preset coeflicient corresponding to the minimum correlation
coefficient among the correlation coefficients; and a third
calculation module configured to calculate a signal with
motion interference being eliminated from the measurement
signal to be processed, according to the first signal, the
second signal, the preset coeflicient corresponding to the
maximum correlation coeflicient, and the preset coeflicient
corresponding to the minimum correlation coeflicient.
[0010] An embodiment of the present disclosure further
provides a wearable device. The wearable device comprises
a first sensor, a second sensor, a memory, and a processor
connected to the first sensor and the second sensor. The first
sensor is configured to acquire a multi-dimensional accel-
eration signal of the wearable device. The second sensor is
configured to obtain a measurement signal to be processed,
and the measurement signal to be processed includes a first
signal and a second signal having different wavelengths. The
memory is configured to store a plurality of instructions. The
processor is configured to load the plurality of instructions
and perform the function of the apparatus for eliminating
motion interference as described above.

[0011] In the embodiments of the present disclosure,
dimensionality reduction is performed on the multi-dimen-
sional acceleration signal to obtain a one-dimensional accel-
eration signal that represents motion interference; the first
signal and the second signal are mixed through a plurality of
preset coeflicients respectively, and a plurality of mixed
signals corresponding to the plurality of preset coefficients
are calculated; a correlation coefficient between each of the
mixed signals and the one-dimensional acceleration signal is
calculated accordingly; then a preset coefficient correspond-
ing to the maximum correlation coefficient among the cor-
relation coeflicients and a preset coeflicient corresponding to
the minimum correlation coefficient among the correlation
coefficients are obtained; so that a signal with motion
interference being eliminated from the measurement signal
to be processed is calculated according to the first signal, the
second signal, the preset coefficient corresponding to the
maximum correlation coefficient, and the preset coeflicient
corresponding to the minimum correlation coeflicient. That
is, interference in motion is eliminated by using the corre-
lation between motion interference and the multi-dimen-
sional acceleration signal, and detection of signals with
motion interference being eliminated is suitable in various
motion states, meanwhile computational complexity is less,
and implementation is easily be performed on the wearable
device.

[0012] Further, in the method for eliminating motion inter-
ference, the mixed signal D, () is: D, (1)=5, (1)-r,S,,. =1, 2,
3, .. .3 S, (1) represents the first signal; S, represents the
second signal; r, represents an i-th preset coefficient, and a
traversal range of 1; 18 [£y0, Fignls Tsiows Tnign € a lower
limit and an upper limit of the traversal range, respectively.
This embodiment provides a specific method for calculating
the mixed signal D, (¢).

[0013] Further, in the method for eliminating motion inter-
ference, the signal with motion interference being elimi-
nated is expressed as:
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RS, 0 =1 $,)

(ra =)

S =ry-Sy,

ppg,, (1) = T

-or ppgy, (0 =

in which g, ()=r,ppg, (1), and ppg, (1) and ppg, (t) repre-
sents the signal with motion interference being eliminated,
r, represents the preset coeflicient corresponding to the
maximum correlation coeflicient, r, represents the preset
coeflicient corresponding to the minimum correlation coef-
ficient. This embodiment provides a specific formula for
calculating the signal with motion interference being elimi-
nated.

[0014] Further, in the method for eliminating motion inter-
ference, the correlation coefficient is a Pearson correlation
coeflicient. This embodiment provides a method for calcu-
lating the correlation coefficient.

[0015] Further, in the method for eliminating motion inter-
ference, performing dimensionality reduction on the multi-
dimensional acceleration signal to obtain a one-dimensional
acceleration signal that represents motion interference spe-
cifically comprises: calculating a covariance matrix of a
multi-dimensional acceleration matrix formed by the multi-
dimensional acceleration signal; calculating a plurality of
eigenvalues and a plurality of eigenvectors of the covariance
matrix, the plurality of eigenvalues corresponding to the
plurality of eigenvectors respectively: identifying, according
to the plurality of eigenvalues, an eigenvector that includes
a preset information weight from the plurality of eigenvec-
tors; and multiplying the eigenvector with the multi-dimen-
sional acceleration signal to obtain the one-dimensional
acceleration signal. This embodiment provides a specific
method of implementing dimensionality reduction process-
ing on the multi-dimensional acceleration signal.

[0016] Further, in the method for eliminating motion inter-
ference, the value of the plurality of preset coeflicients is
increased in an arithmetic progression manner.

[0017] Further, in the method for eliminating motion inter-
ference, the signal with motion interference being elimi-
nated is a PPG signal.

[0018] Further, in the wearable device, the second sensor
is a heart rate sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] One or more embodiments are exemplified by the
corresponding figures in the accompanying drawings, these
illustrative explanations are not intended to limit these
embodiments, elements with the same reference numbers in
the drawings indicate similar elements. The figures in the
accompany drawings do not present a proportional limit
unless specifically declared.

[0020] FIG. 1 is a detailed flowchart of a method for
eliminating motion interference according to a first embodi-
ment of the present disclosure;

[0021] FIG. 2 is a schematic diagram of calculating a
mixed signal according to the first embodiment of the
present disclosure;

[0022] FIG. 3 is a curve diagram of a correlation coeffi-
cient and a preset coefficient according to the first embodi-
ment of the present disclosure;

[0023] FIG. 4 is a detailed flowchart of a method for
eliminating motion interference according to a second
embodiment of the present disclosure;
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[0024] FIG. 5 is a schematic block diagram of an appa-
ratus for eliminating motion interference according to a third
embodiment of the present disclosure; and

[0025] FIG. 6 is a schematic block diagram of a wearable
device according to a fourth embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0026] In order to make a purpose, a technical solution,
and advantages of the present disclosure clearer, some
embodiments of the present disclosure will be described in
detail in accordance with the accompanying drawings. It
should be understood that, the specific embodiments
described herein are only used to explain the present dis-
closure, rather than to limit the present disclosure.

[0027] A first embodiment of the present disclosure pro-
vides a method for eliminating motion interference. The
method is applied to a wearable device, such as a watch, a
ring, a headband, an earphone, etc. The wearable device can
acquire a multi-dimensional acceleration signal and a mea-
surement signal to be processed of the wearable device. The
multi-dimensional acceleration signal represents an accel-
eration signal in different directions (that is, different dimen-
sions) generated in motion state of the wearable device.
[0028] A light-emitting diode in the wearable device emits
light of two different wavelengths, and an optical sensor
capable of collecting optical signals of different wavelengths
is disposed in the wearable device, therefore measurement
signals to be processed that includes a first signal and a
second signal having different wavelengths can be obtained.
A signal with motion interference being eliminated can be
obtained after eliminating motion interference in the mea-
surement signal to be processed. Frequencies of the signals
with motion interference being eliminated that are obtained
from the first signal or the second signal are the same, that
is, the wavelengths are the same. The signal with motion
interference being eliminated is, for example, a PPG signal,
and the measurement signal to be processed is actually a
PPG signal including motion interference, thus the signal
with motion interference being eliminated is obtained after
motion interference in the measurement signal to be pro-
cessed is eliminated.

[0029] This embodiment takes the measurement signal to
be processed that is a PPG signal with motion interference
as an example. The detailed process of the method for
eliminating motion interference is shown in FIG. 1.

[0030] Step 101, dimensionality reduction is performed on
the multi-dimensional acceleration signal to obtain a one-
dimensional acceleration signal that represents motion inter-
ference.

[0031] Specifically, a multi-dimensional acceleration sig-
nal of a wearable device usually is a three-axis acceleration
signal G(t), that includes acceleration signals in three direc-
tions of X-axis, Y-axis, and Z-axis (X-axis, Y-axis, and
Z-axis are a coordinate system determined by a current
direction of the wearable device). Dimensionality reduction
processing is performed on the three-axis acceleration signal
G(t), so that a one-dimensional acceleration signal Acc(t)
can be extracted from the three-axis acceleration signal G(t).
There is a strong correlation between the one-dimensional
acceleration signal Acc(t) and a motion interference com-
ponent in the measurement signal to be processed and there
is no correlation between the one-dimensional acceleration
signal Acc(t) and a pulse signal component in the measure-
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ment signal to be processed, thus the one-dimensional
acceleration signal Acc(t) can be used to represent the
motion interference.

[0032] Step 102, the first signal and the second signal are
mixed through a plurality of preset coeflicients respectively,
so as to calculate a plurality of mixed signals corresponding
to the plurality of preset coefficients.

[0033] Specifically, the first signal is a photoelectric signal
S, (1) with a wavelength of A, the second signal is a
phaotoelecm'c signal S, (t) with a wavelength of &, tis atime
window with a length of T, t=[t,, t,+T], the first signal S, _(t)
and the second signal S, (t) satisfy the following exprZ:s-
sions:

53, ()=ppgy (DM _(O+N, (1)
S (D)=PPE (DM, O+, (1)

[0034] Herein, ppg, (t) and ppg, (1) are pulse signal com-
ponents (that is, the signal with motion interference being
eliminated) in the first signal and the second signal, respec-
tively. M, (t) and M, (1) are motion interference components
in the first signal and the second signal, respectively. N, (t)
and N, (1) are noise components in the first signal and the
second signal, respectively. The pulse signal component, the
motion interference component, and the noise component in
each of'the first signal and the second signal are independent
of each other.

[0035] The first signal and the second signal are mixed
through a preset coefficient r,, as shown in FIG. 2, so that a
mixed signal D, (t) can be obtained. The mixed signal D, (t)
may be represented as:

D05, 01+, 151, 2,3, ...

[0036] Herein, r, represents an i-th preset coeflicient, and
a traversal range of t; 18 [Iy0,. Tyignls T a0d 1y, are a
lower limit and an upper limit of the traversal range,
respectively. Preferably, the value of the plurality of preset
coefficients r, is increased in an arithmetic progression

manner.

[0037] It needs to be noted that, FIG. 2 merely schemati-
cally provides a method for calculating the mixed signal, this
embodiment makes no limitations thereto, and specific set-
ting may be made according to a practical design scheme.

[0038] The pulse signal component and the motion inter-
ference component in the first signal are correlated to the
pulse signal component and the motion interference com-
ponent in the second signal, respectively, so that the follow-
ing expressions are satisfied:

PPE ()=F o PPG, (D)

M, (O=ry M, (D)

[0039] Herein, the mixed signal D, (t) is correlated to the
one-dimensional acceleration signal Acc(t), and there is a
correlation coefficient. r, represents an a-th preset coefli-
cient, that is the preset coefficient corresponding to the
correlation coeflicient that takes a maximum. r, represents a
v-th preset coefficient, that is the preset coefficient corre-
sponding to the correlation coefficient that takes a minimum.
r=r,.
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[0040] In view of the above, the mixed signal D, () may
be further represented as:

Dy (1) =S, (D) —ri- Sy,

=(ra_ri)'ppg/\b([)+ (rv _ri)'

My, (04 N()

[0041] Herein, N(1)=N, (t)-r,N, (1), it is the noise com-
ponent, and it is uncorrelated to ppg, (t) and M, (1).

[0042] According to the above expression of the mixed
signal D, (1), the plurality of preset coefficients r, are tra-
versed within the traversal range [fy,, Iyl S0 as to
calculate a plurality of mixed signals D, (t) corresponding to
the plurality of preset coefficients. That is, each preset
coefficient r, corresponds to one mixed signal D, (t).

[0043] Step 103, a correlation coefficient between each
mixed signal and the one-dimensional acceleration signal is
calculated.

[0044] Specifically, the existing correlation coefficient cal-
culation methods include the Pearson correlation coefficient
calculation method and the cosine similarity calculation
method. This embodiment adopts the Pearson correlation
coefficient calculation method, the correlation coefficient is
a Pearson correlation coefficient. The Pearson correlation
coeflicient is irrelevant to amplitudes and baselines of the
mixed signal D,(t) and the one-dimensional acceleration
signal, and is only related to shapes of the mixed signal D, (1)
and the one-dimensional acceleration signal, thus a shefpe
similarity of the mixed signal D, (t) and the one-dimensional
acceleration signal can be measured accurately.

[0045] The Pearson correlation coeflicient calculation
method calculates a Pearson correlation coefficient (that is,
correlation coeflicient) p,, of each mixed signal D, (1) and the
one-dimensional acceleration signal Acc(t):

ccV(D,‘. . Acce)

Pr; =
! U—Dr‘. T ace

B ‘ E((Dy; - pp,, ) (Aee = pace))

TpUa

|ED,, - Acc) - E(D,,)- E(Acc)|

E(D2) - EX(D,;) | E(Acc?) - EX(Acc)

[0046] Herein, p,, represents a Pearson correlation coefli-
cient of the mixed signal D,(t) corresponding to the i-th
preset coefficient and the one-dimensional acceleration sig-
nal Acc(t). Since each mixed signal D, (t) has one Pearson
correlation coeflicient (that is, correlation coefficient) p,;,
and each mixed signal D, (1) corresponds to one preset
coeflicient r,, each Pearson correlation coeflicient p,; corre-
sponds to one preset coeflicient r,.

[0047] In this embodiment, Pearson correlation coeffi-
cients (that is, correlation coefficients) p,, of i mixed signals
D, (t) and the one-dimensional acceleration signal Acc(t) are
calculated respectively, that is, the i mixed signals D, (t) are
sequentially substituted into the above Pearson correlation
coeflicient (that is, correlation coefficient) calculation for-
mula, then 1 Pearson correlation coeflicients (that is, corre-
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lation coeflicients) p,, can be obtained. Referring to FIG. 3,
a curve of the correlation coefficient p,; and the preset
coeflicient r, is shown.

[0048] Step 104, a preset coeflicient corresponding to the
maximum correlation coefficient among the correlation
coeflicients and a preset coeflicient corresponding to the
minimum correlation coefficient among the correlation coef-
ficients are obtained.

[0049] Specifically, the maximum correlation coefficient
and the minimum correlation coeflicient are identified from
among the plurality of correlation coeflicients p,,, and it can
be known from the curve of the correlation coefficient p,
and the preset coeflicient r, in FIG. 3, the maximum corre-
lation coefficient is close to 1, and the minimum correlation
coeflicient is close to 0.

[0050] In addition, the mixed signal D, (O=(r,-r,)ppg,,
(O+(r,~r)' M, (O+N(t), from which the following can be
known:

[0051] Whenr,=r,, the mixed signal D, (0=(t,~r,) M, (D+
N(t). In this case, the mixed signal D,(t) and the one-
dimensional acceleration signal Acc(t) have a strong corre-
lation, and the correlation coeflicient p,, takes a maximum
value which is close to 1;

[0052] When r=r,, the mixed signal D, ()=(r,-r,)ppg;,
(t)+N(t). In this case, the mixed signal D, (t) and the one-
dimensional acceleration signal Acc(t) have a weak corre-
lation, and the correlation coeflicient p,, takes a minimum
value which is close to 0.

[0053] Therefore, when the correlation coefficient p,, takes
a maximum value which is close to 1, the correlation
coeflicient is r,, and when the correlation coeflicient p,, takes
a minimum value which is close to 0, the correlation
coeflicient is r,; that is, as shown in FIG. 3, the preset
coeflicient corresponding to the maximum correlation coef-
ficient is r,, which is 0.5, and a preset coeflicient corre-
sponding to the minimum correlation coefficient is r,, which
is 0.9.

[0054] Step 105, a signal with motion interference being
eliminated from the measurement signal to be processed is
calculated according to the first signal, the second signal, the
preset coeflicient corresponding to the maximum correlation
coeflicient, and the preset coeflicient corresponding to the
minimum correlation coeflicient.

[0055] Specifically, whenr/~r,, the mixed signal D, (t) and
the one-dimensional acceleration signal Acc(t) have a weak
correlation. In this case, the mixed signal D, (t) is:

D75, 01, Sy, =1, ) PP, (D+ND)

[0056] The D _(t) signal only includes the pulse signal
(that is, the signal with motion interface being eliminated)
and other small amount of noise, and the motion interference
component has been eliminated. However, the noise signal
1s small and negligible, so:

D, (075, (01,83, ) PP, (0)

[0057]  Accordingly, the signal ppg, (1) with motion inter-
ference being eliminated from the measurement signal to be
processed can be calculated as:

S0 =18,

P&y, 0= —



US 2018/0338728 Al

[0058] Herein, ppg,,(t) represents the signal with motion
interference being eliminated, r, represents the preset coef-
ficient corresponding to the maximum correlation coefi-
cient, r, represents the preset coeflicient cotresponding to the
minimum correlation coefficient.

[0059] Accordingly, the signal with motion interference
being eliminated may be represented by ppg; (t) or ppg; (1):

S =r,-S
ppg, (0 = W
Ta(Sa, (0 =1y Sy,)

Pp& D =12 ppgy, (O = oot

[0060] Herein, ppg, (t) and ppg, (1) both represent the
signal with motion interference being eliminated; r, repre-
sents the preset coeflicient corresponding to the maximum
correlation coeflicient, r, represents the preset coeflicient
corresponding to the minimum correlation coeflicient.
[0061] Subsequently, the pulse and other physiological
parameters can be accurately calculated by using the signal
ppg; (1) or ppg, (1) with motion interference being elimi-
nated and adopting the time domain waveform algorithm or
the frequency domain algorithm, according to needs.
[0062] It needs to be noted that, although ppg, (t) and
ppg,, (1) are the pulse signals extracted from the first signal
and the second signal with different wavelengths, frequen-
cies of the pulse signals (that is, the signals with motion
interference being eliminated) ppg;, (1) and ppg,, (1) are the
same, that is, they have the same wavelengths, thus, the
pulse and other physiological parameters calculated accord-
ing to the pulse signals (that is, the signals with motion
interference being eliminated) ppg,, (t) and ppg, (1) are the
same.

[0063] In this embodiment, dimensionality reduction is
performed on the multi-dimensional acceleration signal to
obtain a one-dimensional acceleration signal that represents
motion interference; the first signal and the second signal are
mixed through a plurality of preset coeflicients respectively,
and a plurality of mixed signals corresponding to the plu-
rality of preset coeflicients are calculated; a correlation
coeflicient between each of the mixed signals and the
one-dimensional acceleration signal is calculated accord-
ingly; then a preset coeflicient corresponding to the maxi-
mum correlation coeflicient among the correlation coeffi-
cients and a preset coeflicient corresponding to the minimum
correlation coefficient among the correlation coefficients are
obtained; so that a signal with motion interference being
eliminated from the measurement signal to be processed is
calculated according to the first signal, the second signal, the
preset coefficient corresponding to the maximum correlation
coeflicient, and the preset coeflicient corresponding to the
minimum correlation coefficient. That is, interference in
motion is eliminated by using the correlation between
motion interference and the multi-dimensional acceleration
signal, and detection of signals with motion interference
being eliminated is suitable in various motion states, mean-
while computational complexity is less, and implementation
is easily be performed on the wearable device.

[0064] A second embodiment of the present disclosure
provides a method for eliminating motion interference. This
embodiment is a refinement of the first embodiment, and the
main refinement lies in: detailed introduction is provided to
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step 101 of performing dimensionality reduction on the
multi-dimensional acceleration signal to obtain a one-di-
mensional acceleration signal that represents motion inter-
ference.

[0065] A specific flow of the method for eliminating
motion interference in this embodiment is shown in FIG. 2.
[0066] Herein, steps 202 to 205 are roughly the same as
steps 102 to 105, no more details are repeated here. The main
difference lies in: in this embodiment, step 201 of perform-
ing dimensionality reduction on the multi-dimensional
acceleration signal to obtain a one-dimensional acceleration
signal that represents motion interference comprises the
following sub-steps in details:

[0067] Sub-step 2011, a covariance matrix of a multi-
dimensional acceleration matrix formed by the multi-dimen-
sional acceleration signal is calculated.

[0068] Specifically, a multi-dimensional acceleration sig-
nal usually is a three-axis acceleration signal G(t). The
three-axis acceleration signal G(t) indicates the acceleration
signals in different directions in a three-dimensional space.
The three-dimensional data G(t)=[x(t), y(t), z(t)], x(t), y(1),
z(t) indicate the accelerations in three directions, respec-
tively, thus the covariance matrix C of the three-dimensional
data G(t) may be calculated as:

C=|eovy, 1) coviy.y) cov(y,2)

cov(x, x) cov(x,y) cov(x, z)]

cov(z, x) coviz, y) cov(z z)

[0069] Herein, coy represents calculating a covariance.
[0070] Sub-step 2012, a plurality of eigenvalues and a
plurality of eigenvectors of the covariance matrix are cal-
culated.

[0071] Specifically, the eigenvalues of the covariance
matrix C are A, and the eigenvectors corresponding to the
eigenvalues A, are v,, herein i=1, 2, 3; thus, the following
formula is satisfied:

Cvi=hyv;

[0072] Accordingly, the eigenvalues A, and the eigenvec-
tors v, corresponding thereto can be obtained, that is, the
plurality of eigenvalues correspond to the plurality of eigen-
vectors respectively.

[0073] Sub-step 2013, an eigenvector that includes a pre-
set information weight is identified from the plurality of
eigenvectors according to the plurality of eigenvalues.
[0074] Specifically, the plurality of eigenvalues A, are
sorted form maximum to minimum, and sequences of the
eigenvectors v, corresponding to the eigenvalues A, are
adjusted accordingly, the adjusted eigenvalues are repre-
sented by A, and the corresponding eigenvectors are repre-
sented by v; herein I=1, 2, 3.

[0075] The preset information weight represents a per-
centage of each eigenvector in all eigenvectors, expressed as
p %;
[0076]

When
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it indicates that the eigenvector v, corresponding to the
eigenvalues A, includes a preset information weight; herein
1=, 2, 3.

[0077] Accordingly, an eigenvector V=[v,, . . . v that
includes a preset information weight can be identified from
the plurality of eigenvectors.

[0078] Sub-step 2014, the eigenvector is multiplied with
the multi-dimensional acceleration signal, so as to obtain the
one-dimensional acceleration signal.

[0079] Specifically, the eigenvector V that includes a
preset information weight is multiplied with the three-axis
acceleration signal G(t) (that is, the multi-dimensional accel-
eration signal), to obtain the dimensionality-reduced three-
axis acceleration signal G'(t):

GH=Gnv

[0080] Herein, G'(t) represents the dimensionality-reduced
three-axis acceleration signal.

[0081] The dimensionality-reduced three-axis accelera-
tion signal G'(t) is a T*I-dimensional matrix, I=1, 2, 3, and
it may be further represented as:

GW=lg1); - - - &l

[0082] Accordingly, the one-dimensional acceleration sig-
nal Acc(t) can be obtained,

Acc(r)

&0

[0083] In comparison to the first embodiment, this
embodiment provides a specific mode of implementing
dimensionality reduction processing on the multi-dimen-
sional acceleration signal.

[0084] A third embodiment of the present disclosure pro-
vides an apparatus for eliminating motion interference,
which is applied to the method for eliminating motion
interference in any one of the first embodiment and the
second embodiment. In this embodiment, as shown in FIG,
5, the apparatus for eliminating motion interference includes
a dimensionality reduction module 1, a first calculation
module 2, a second calculation module 3, an identification
module 4, and a third calculation module 5.

[0085] The dimensionality reduction module 1 is config-
ured to perform dimensionality reduction on a multi-dimen-
sional acceleration signal to obtain a one-dimensional accel-
eration signal that represents motion interference.

[0086] The first calculation module 2 is configured to mix
a first signal and a second signal through a plurality of preset
coefficients respectively, so as to calculate a plurality of
mixed signals corresponding to the plurality of preset coef-
ficients.

[0087] The second calculation module 3 is configured to
calculate a correlation coefficient between each of the mixed
signals and the one-dimensional acceleration signal.
[0088] The identification module 4 is configured to obtain
a preset coeflicient corresponding to the maximum correla-
tion coefficient among the correlation coeflicients and a
preset coeflicient corresponding to the minimum correlation
coeflicient among the correlation coefficients.

[0089] The third calculation module 5 is configured to
calculate a signal with motion interference being eliminated
from the measurement signal to be processed, according to
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the first signal, the second signal, the preset coefficient
corresponding to the maximum correlation coeflicient, and
the preset coeflicient corresponding to the minimum corre-
lation coeficient.

[0090] In this embodiment, dimensionality reduction is
performed on the multi-dimensional acceleration signal to
obtain a one-dimensional acceleration signal that represents
motion interference; the first signal and the second signal are
mixed through a plurality of preset coeflicients respectively,
and a plurality of mixed signals corresponding to the plu-
rality of preset coeflicients are calculated; a correlation
coeflicient between each of the mixed signals and the
one-dimensional acceleration signal is calculated accord-
ingly; then a preset coeflicient corresponding to the maxi-
mum correlation coeflicient among the correlation coeffi-
cients and a preset coeflicient corresponding to the minimum
correlation coeflicient among the correlation coeflicients are
obtained; so that a signal with motion interference being
eliminated from the measurement signal to be processed is
calculated according to the first signal, the second signal, the
preset coeflicient corresponding to the maximum correlation
coeflicient, and the preset coeflicient corresponding to the
minimum correlation coefficient. That is, interference in
motion is eliminated by using the correlation between
motion interference and the multi-dimensional acceleration
signal, and detection of signals with motion interference
being eliminated is suitable in various motion states, mean-
while computational complexity is less, and implementation
is easily be performed on the wearable device.

[0091] A fourth embodiment of the present disclosure
provides a wearable device, which is any one of a watch, a
ring, a headband and an earphone. In this embodiment, as
shown in FIG. 6, the wearable device comprises a first
sensor 6, a second sensor 7, a memory 8, and a processor 9.
[0092] In this embodiment, the processor 9 is connected to
the first sensor 6 and the second sensor 7.

[0093] The first sensor 6 is configured to acquire a multi-
dimensional acceleration signal of the wearable device.
[0094] The second sensor 7 is configured to obtain a
measurement signal to be processed; and the measurement
signal to be processed includes a first signal and a second
signal having different wavelengths. Herein the second
sensor 7 may be a heart rate sensor.

[0095] The memory 8 is configured to store a plurality of
instructions.
[0096] The processor 9 is configured to load the plurality

of instructions and perform the function of the apparatus for
eliminating motion interference in the third embodiment.
[0097] This embodiment provides a wearable device
capable of eliminating motion interference.

[0098] It is understandable to those ordinary skilled in the
art that the above embodiments are specific examples in the
present disclosure, and in practical applications, various
changes can be made in form and in detail without deviating
from the spirit and scope of the present disclosure.

1. A method for eliminating motion interference, which is
applied to a wearable device capable of acquiring a multi-
dimensional acceleration signal and a measurement signal to
be processed of the wearable device, and the measurement
signal to be processed includes a first signal and a second
signal having different wavelengths; the method comprising:

performing dimensionality reduction on the multi-dimen-

sional acceleration signal to obtain a one-dimensional
acceleration signal that represents motion interference;
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mixing the first signal and the second signal through a
plurality of preset coeflicients respectively, so as to
calculate a plurality of mixed signals corresponding to
the plurality of preset coeflicients:

calculating a correlation coefficient between each of the
mixed signals and the one-dimensional acceleration
signal;

obtaining a preset coeflicient corresponding to the maxi-
mum correlation coefficient among the correlation
coeflicients and a preset coeflicient corresponding to
the minimum correlation coefficient among the corre-
lation coefficients; and

calculating a signal with motion interference being elimi-
nated from the measurement signal to be processed,
according to the first signal, the second signal, the
preset coeflicient corresponding to the maximum cor-
relation coeflicient, and the preset coeflicient corre-
sponding to the minimum correlation coefficient.

2. The method according to claim 1, wherein the mixed

signal D, (1) is:

D, (0)=5 (015, 171,2,3, .. .5

S, (1) represents the first signal; S, represents the second
signal; r, represents an i-th preset coeflicient, and a
traversal range of r; 18 [£ 4., Tep], Wherein ry,,., 1y,
are a lower limit and an upper limit of the traversal
range, respectively.

3. The method according to claim 2, wherein the signal

with motion interference being eliminated is expressed as:

raS, 0 =1y S,)

(ra_rv)

Sla(t)—rv-Skb

pp8y, (1) = T

s ot ppgy, (1) =

i

wherein g, (0)=r,ppg,,(t). and ppg,, (1) and ppg, (1) both
represent the signal with motion interference being
eliminated; r, represents the preset coefficient corre-
sponding to the maximum correlation coefficient, r,
represents the preset coefficient corresponding to the
minimum correlation coefficient.

4. The method according to claim 1, wherein the corre-
lation coeflicient comprises a Pearson correlation coefi-
cient.

5. The method according to claim 1, wherein performing
dimensionality reduction on the multi-dimensional accelera-
tion signal to obtain a one-dimensional acceleration signal
that represents motion interference specifically comprises:

calculating a covariance matrix of a multi-dimensional

acceleration matrix formed by the multi-dimensional
acceleration signal;

calculating a plurality of eigenvalues and a plurality of

eigenvectors of the covariance matrix; the plurality of
eigenvalues corresponding to the plurality of eigenvec-
tors respectively;

identifying, according to the plurality of eigenvalues, an

eigenvector that includes a preset information weight
from the plurality of eigenvectors; and

multiplying the eigenvector with the multi-dimensional

acceleration signal to obtain the one-dimensional accel-
eration signal.

6. The method according to claim 1, wherein the value of
the plurality of preset coeflicients is increased in an arith-
metic progression manner.
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7. The method according to claim 1, wherein the signal
with motion interference being eliminated comprises a PPG
signal.

8. An apparatus for eliminating motion interference,
which is applied to a wearable device capable of acquiring
a multi-dimensional acceleration signal and a measurement
signal to be processed of the wearable device, and the
measurement signal to be processed includes a first signal
and a second signal having different wavelengths, the appa-
ratus comprising:

a dimensionality reduction module configured to perform
dimensionality reduction on the multi-dimensional
acceleration signal to obtain a one-dimensional accel-
eration signal that represents motion interference;

a first calculation module configured to mix the first signal
and the second signal through a plurality of preset
coeflicients respectively, so as to calculate a plurality of
mixed signals corresponding to the plurality of preset
coeflicients;

a second calculation module configured to calculate a
correlation coeflicient between each of the mixed sig-
nals and the one-dimensional acceleration signal;

an identification module configured to obtain a preset
coeflicient corresponding to the maximum correlation
coeflicient among the correlation coefficients and a
preset coeflicient corresponding to the minimum cor-
relation coeflicient among the correlation coefficients;
and

a third calculation module configured to calculate a signal
with motion interference being eliminated from the
measurement signal to be processed, according to the
first signal, the second signal, the preset coefficient
corresponding to the maximum correlation coefficient,
and the preset coeflicient corresponding to the mini-
mum correlation coeflicient.

9. A wearable device comprising a first sensor, a second
sensor, a memory, and a processor connected to the first
sensor and the second sensor;

wherein the first sensor is configured to acquire a multi-
dimensional acceleration signal of the wearable device;

the second sensor is configured to obtain a measurement
signal to be processed; and the measurement signal to
be processed includes a first signal and a second signal
having different wavelengths;

the memory is configured to store a plurality of instruc-
tions; and

the processor is configured to load the plurality of instruc-
tions and perform the function of an apparatus for
eliminating motion interference, the apparatus com-
prises:

a dimensionality reduction module configured to perform
dimensionality reduction on the multi-dimensional
acceleration signal to obtain a one-dimensional accel-
eration signal that represents motion interference;

a first calculation module configured to mix the first signal
and the second signal through a plurality of preset
coeflicients respectively, so as to calculate a plurality of
mixed signals corresponding to the plurality of preset
coeflicients;

a second calculation module configured to calculate a
correlation coefficient between each of the mixed sig-
nals and the one-dimensional acceleration signal;

an identification module configured to obtain a preset
coeflicient corresponding to the maximum correlation
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coefficient among the correlation coefficients and a
preset coefficient corresponding to the minimum cot-
relation coeflicient among the correlation coeflicients;
and

a third calculation module configured to calculate a signal
with motion interference being eliminated from the
measurement signal to be processed, according to the
first signal, the second signal, the preset coefficient
corresponding to the maximum correlation coeflicient,
and the preset coeflicient corresponding to the mini-
mum correlation coefficient.

10. The wearable device according claim 9, wherein the

second sensor comprises a heart rate sensor.

® 0% % % %
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