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Select a section of a time domain signal corresponding to at least one
signal of red light and/or infrared light obtained by sampling, and S10
perform a time to frequency domain transform on the section of the /\
time domain signal to obtain a corresponding frequency domain signal
Select information of all rational frequency spectrum peaks from the
frequency domain signal, calculate energy information of the rational = S12

frequency spectrum peaks, and constitute frequency spectrum peak
energy ratio sequences of red light and infrared light
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Construct a stability coefficient according to the frequency spectrum ’
peak energy ratio sequences, and if the stability coefficient is relatively
low, construct a compensation coefficient by using the frequency
spectrum peak energy ratio sequences
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Use the compensation coefficient to compensate for at least one of the
time domain signal and/or the frequency domain signal, and obtain, by
means of calculation, a physiological parameter on the basis of the
compensated time domain signal and/or frequency domain signal

End
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Use the compensation coefficient to compensate for at least one of the
time domain signal and/or the frequency domain signal, and obtain, by
means of calculation, a physiological parameter on the basis of the
compensated time domain signal and/or frequency domain signal

End

Fig. 6



Patent Application Publication = May 9,2019 Sheet 5 of 15 US 2019/0133535 Al

VN
4
5

Select a section of a time domain signal corresponding to at least one
signal of red light and/or infrared light obtained by sampling, and | —~$3(0
perform a time to frequency domain transform on the section of the //
time domain signal to obtain at least one frequency domain signal
Select information of all rational frequency spectrum peaks from the $32
frequency domain signal, calculate energy and/or position information//\
of the rational frequency spectrum peaks, and form a frequency

spectrum peak energy ratio sequence and/or a frequency spectrum
peak position sequence

' 834
Construct a stability coefficient according to signal characteristic§|
of at least one of the sequences, and if the stability coefficient is
relatively low, construct a compensation coefficient by using the
signal characteristics of the at least one of the sequences

536
/|

Use the compensation coefficient to compensate for the time domain
signal and/or the frequency domain signal, and further obtain, by
means of calculation, a physiological parameter on the basis of the
compensated time domain signal and/or frequency domain signal

End
Fig. 7



Patent Application Publication

May 9, 2019 Sheet 6 of 15

1
7

Digital processor

—

Time to frequency domain
transform unit

/—

. f
Energy ratio sequence
construction unit

L~

Compensation coefficient
construction unit

/"

Compensation '

processing unit

11

12

13

14

Fig. 8

13

L~

Compensation coefficient
construction unit
130

Stability coefficient
construction subunit

131
/‘

Determining unit

132

Numerator and denominator
selecting unit

134

/"’

1

Calculation unit

Fig. 9

US 2019/0133535 Al



Patent Application Publication

May 9, 2019 Sheet 7 of 15

/1
{

Digital processor

/-11

Time to frequency domain
transform unit

/_15

T
Frequency spectrum peak
position sequence obtaining unit

/_16

Compensation coefficient
construction unit

Py

{
Compensation processing unit

Fig. 10

/_16

. . !
Compensation coefficient

construction unit 160

/

Cache unit

162

Frequency spectrum peak
information recording unit

164

—

Traversal processing unit

166
/

Compensation coefficient
obtaining unit

Fig 11

US 2019/0133535 Al



Patent Application Publication

May 9, 2019 Sheet 8 of 15

/1

Digital processor

/-ll

Time to frequency domain
transform unit

. i
Corresponding sequence

construction unit

] . I
Compensation coefficient
construction unit

7
Compensation processing unit

/'

-

/—

18

16

17

Fig. 12

17

L~

Compensation processing unit

170
/‘

1
Time domain compensation unit

172

—

Frequency domain
compensation unit

Fig. 13

US 2019/0133535 Al



Patent Application Publication = May 9, 2019 Sheet 9 of 15 US 2019/0133535 Al

Q

Ven 7T N, N o

A pulsation is generated in venous blood under interference,
and mixed with an arterial blood pulsation, resulting in a blood
oxygen value deviating from a blood gas value

Fig 14

BT

P .
" Maximum value . __
Yes ~_-minimum value > first threshold? >

\\., . /
T “\7"/ —
No
N 1 e,
—Yes L@ﬂe > second thicih@f;>
gt

No

—

Obtain a repetition factor, Obtain a mean value, and

.and a mean value a varliance

i
|

B A

e
S Wheﬁxermnmmmﬁf%%\\_\ N
—_— - hag a value exceeding the mesa value? . — 0
A YEIE Exoeding Tie howr v

T
Yes
v

" Interference mode: } l Normal mode:

-1

i
i
i
i
i

) v
Difference distribution feature:
Numerator = repetition factor
Denominator = mean value

\ 4

Difference distribution feature: Difference distribution feature:
Numerator = Mean value + variance Numerator = Mean value - variance
Denominator = mean value Denominator = mean value

| —

A

|

Formula
transformation

) A4 R
(Compensation’
\__ factor




Patent Application Publication = May 9,2019 Sheet 10 of 15  US 2019/0133535 Al

e [nfrared light

= Red light

9%

: PV 8§
R

B % Ry W . :
2 & = Ry R N i
Rl sl \Q&N\W\M\w HE

¥ 3
. g ¥ B
N

; 1.0 2.0 2.0 4.0 3.0
Fig. 16

G



Patent Application Publication = May 9,2019 Sheet 11 of 15 US 2019/0133535 Al

Start

Select a section of a
time domain signal

Transform a time domain signal
to a frequency domain signal

Calculate SpO2 values for
selected frequency spectrum peaks

Collecting and analyzing
an SpO?2 distribution sequence

Yes SpO2 deviation is great?

Calculate a No
compensation factor

Output an
SpO2 parameter

Compensate for the
time domain signal

Transform the time domain signal
to a frequency domain signal

Calculate SpO2 values for
selected frequency spectrum peaks

Fig. 17



Patent Application Publication = May 9,2019 Sheet 12 of 15  US 2019/0133535 Al

Start

v
Assume a fundamental
frequency peak

Assume a harmonic peak

Is 2 times the fundamental frequency peak?

Yes

Eliminate the selected Remain the frequency
frequency spectrum peaks spectrum peak

All the harmonic peaks have been screened?

Yes

| the fundamental frequency peaks have been

Yes
A 4

Select the frequency spectrum peaks
having the first three weights

Output the three frequency spectrum peaks

Fig. 18



Patent Application Publication = May 9,2019 Sheet 13 of 15  US 2019/0133535 Al

N

< Start >

N .

N

Y
‘Set a frequency spectrum peak
cache:
Position information
Position weight coefficient
Number information

A 4

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ Retrieve W
spectrum peaks

No

i

i
o~ " Isitarational T
— N@uﬂzﬂi@,neak/?—w —

s

Yes
Y

Il oy “\‘%' R
= —Record for the firt tme?_—————)
— |
No

—

" "Daes the freq U e

- - __peak already exist? RNy
I iy
|

Yes

; v
("~ Increment Addanew

/
i the position ! frequency
|

_weight coefficient spectrum peak

No Y
e —
= }Q reached 10 t/nﬂ?}\
—
Yes
- v -
Eliminate information of \
the harmonic peaks |

Pbtain the frequency spectrum
‘ peaks having the first three
\___ weight coefficients

No Y

S —_—
- Position weight coefTicient = 87 ==
Fosiie w287

T e
i

Yes

T T
" Iathenumberof -
— " frequency spectram peaks, having the .
T position weightcoefficent > 8,320 __—

\‘"\%,//" Yes

i o s
(_pulse ate value _ spectrum peak

,ﬁv .
</ Outputthe

pulse rate value /)

AN

Fig 19



Patent Application Publication

J Transform a time dornain signal to

< Start

Select a section of a
time domain signal

|

May 9, 2019 Sheet 14 of 15

US 2019/0133535 Al

’l a frequency domain signal "
No Refrieve frequency t
No spectrum peaks
\_/ fﬁ:lwmmﬁ:wcy —
T pectmmpeak?
Yey
S AN
ECalculate 8pO2 velues }
[ Collecting and anelyzing an l
Sp02 distribution sequence |
Record information of the frequency \l
specirun pesks for PSA {
T N [y e ol el end AMhpl\wd T
i ; — J— a pir cntalnd e —
*‘“\\H\a_’j;_m\md 1 ?E‘ESQ/«"* O =TT P{nqnmcy gronps ifmiied? - — e
| T
Yes Yes
. -_—'!———\ i Y ——
Eliminate information sbout | G by spm in the pair of | Emps mmea - NO e
the harmonic peaks —— ﬁ
P \ E Calculate a compensation
I Select rational frequency | i factor
spefmlfgs ) N Select a fundamental frequency
o "
l peak and a corresponding Sp02
— Toiagm mpak
—— T
e beencompumsate? — ¥
boon som ¢ )
No A Set a specific filter l
v Calculatea e,
d s—,——"
Ciloulsteapulse T pulse rate value No !
rate value \>~~I”’\esg?imﬁ?// L S
Yes
—_— o @0
, o ——
( Output the pulse Caleulate & pulse omt 8p02 an the pulse rate vm } te for tae time
rate vatue / _ mevilue domein signal J
- N

N T

Fig. 20



Patent Application Publication = May 9,2019 Sheet 15 of 15  US 2019/0133535 Al

Light emitting tuibe ——

- Red light signal Analog to
Human subject ~ <aiigds. > digiul
SRR [ Infrared light signal| COTIVETEEr

Receiving tube =
the result of a

Y physiological

] s \\ .
{ Digital ( | parameter » Display i
\ processor | / Output unit |
/Communication
Communic
ation unit

Fig 21



US 2019/0133535 Al

METHODS AND SYSTEMS FOR
CALCULATING PHYSIOLOGICAL
PARAMETERS

TECHNICAL FIELD

[0001] The present disclosure relates to the field of medi-
cal monitoring, in particular to methods and systems for
calculating physiological parameters.

BACKGROUND

[0002] The metabolic process of the human body is a
biological oxidation process. The oxygen required for the
metabolic process enters the human blood through the
respiratory system, where it is combined with reduced
hemoglobin (Hb) in the red blood cells of the blood to form
oxyhemoglobin (HbO2), which is then transported to tissue
cells of various parts of the human body. When there is an
imbalance between oxygen supply and oxygen consumption
in the body, the patient is experiences hypoxia, which has a
huge impact on the body. Accordingly, real-time monitoring
of arterial blood oxygen concentration is very important in
clinical care.

[0003] Blood oxygen saturation (SpO2) is the percentage
of oxyhemoglobin (HbO2) capacity to the total hemoglobin
(Hb+HbO2) capacity in the blood, i.e., the concentration of
blood oxygen in the blood. As an indirect reflection of
arterial blood oxygen saturation (Sa02), the blood oxygen
saturation (SpO2) is used by various applications because of
its non-invasiveness, simplicity, accuracy, and rapid calcu-
lation.

[0004] The application of pulse oximetry is so extensive
that the accuracy requirement for pulse oximeters is also
rising. As will be appreciated by those skilled in the art, there
are two key factors in evaluating the pros and cons of the
performance of the pulse oximetry: weak perfusion perfor-
mance and movement performance. If the patient being
tested has a poor weak perfusion performance or a poor
movement performance, the accuracy and stability require-
ments for the performance of the pulse oximetry are more
demanding.

[0005] Masimo has quickly established its leading posi-
tion in the blood oxygen industry since pioneering a tech-
nique for an accurate measurement of patient blood oxygen
saturation under movement and weak perfusion in 1998. The
core idea of the technique is to establish coefficients Ra and
Rv, where Ra is related to an arterial blood oxygen satura-
tion and Rv is related to a venous blood oxygen saturation.
By means of the R coeflicients, infrared light and red light,
a reference signal may be constructed. The energy of the
reference signal is related to the coefficients. At the coeffi-
cients Ra and Rv, the maximum energy may be reached.
Therefore, the coeflicient of blood oxygen saturation from 0
to 100% is traversed, and the coefficients Ra and Rv are
found to calculate the arterial blood oxygen saturation. This
method requires a high amount of computation, and the
hardware cost of implementing the same is relatively high.
[0006] Based on Lambert-Bear’s law, the oxyhemoglobin
(HbO2) and deoxyhemoglobin (HB) have different absorp-
tion characteristics in different light bands, as shown in FIG.
1, which is an oxyhemoglobin and reduced hemoglobin
absorption spectrum curve; and the blood oxygen saturation
parameter may be further evaluated by using the absorption
characteristics.
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[0007] As shown in FIG. 2, which is a working diagram of
conventional blood oxygen measurement, a light emitting
tube is configured to emit two beams of light (for example,
red light and near-infrared light) for transmitting through
body tissues, and a receiving tube is configured to receive
light signals transmitted through the body tissues, so as to
obtain the amount of blood pulsating component alternating
current (AC) (for example, arterial blood) and the amount of
non-pulsating component direct current (DC) (for example,
venous blood, muscle, bone, skin, etc.). By using the amount
of alternating current (AC) and the amount of direct current
(DC) of red and near-infrared light respectively, the ratio of
the mapping curve to the arterial blood oxygen saturation
(Sa02), that is, a R coeflicient table (as shown in Equation
1) may be obtained. The infinite approximation of pulse
oxygen saturation (SpO2) of arterial blood oxygen satura-
tion (Sa02) may then be obtained based on a look-up table
method.

_ ACgea /DCrea
AC)red [DClred

Equation 1

[0008] where ACy, ~the amount of red light detected, i.e.,
the amount of alternating current; DCp, ,~the maximum
transmission amount of red light detected, i.e., the amount of
direct current; AC,,, ~the amount of infrared light detected;
and DC,,~the amount of direct current of infrared light
detected.

[0009] However, how to accurately identify the AC and
DC components in an acquired signal and obtain the accu-
rate R values is not easy. Two conventional techniques are
time domain technology and frequency domain technology.
[0010] The time domain technology has the characteristics
of fast response speed and clear phase information. Since the
time domain signal is a mixture of the useful signal and the
noise signal, the noise outside a physiological bandwidth
may be easily filtered by a high pass/low pass filter; whereas,
when the noise within the physiological bandwidth occurs,
due to the variability of the noise and lack of prior knowl-
edge, the time domain method has almost no way to perform
filtering processing on out this part of the noise. Therefore,
the time domain technology has natural defects in anti-
movement performance.

[0011] The frequency domain technology theoretically
may separate the frequency bands of noise and useful
signals, thereby achieving the purpose of distinguishing and
identifying real signals. According to the definition of digital
signal processing, any waveform is composed of multiple
sinusoidal waves, and the pulse wave of a physiological
parameter is no exception. Therefore, when the physiologi-
cal pulse wave signal is converted into a frequency domain
signal, the physiological parameter exhibits the fundamental
and multiplied frequency characteristics. When interference
occurs, the interference frequency spectrum and the funda-
mental and multiplied frequency spectrum of the physiologi-
cal parameter are aliased together, and it is very difficult to
identify which one is the true frequency spectrum. There-
fore, although the frequency domain technology has advan-
tages, it is also very difficult to accurately calculate the blood
oxygen related parameter under an interference condition.
[0012] According to Parseval’s theorem, the total energy
of the time domain is equal to the total energy of the
frequency domain of the signal. Therefore, Equation 1 is
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also applicable to the frequency domain signal, wherein the
AC amount corresponds to the energy change at each
frequency point. Under an ideal condition, after normaliza-
tion, the red and infrared frequency spectrum of the pulse
wave is as shown in FIG. 3, and the ratio of the main
frequency band and various multiplied frequency bands may
be regarded as the corresponding energy ratio in this fre-
quency band. The meaning of the energy ratio is completely
consistent with the meaning of the corresponding R values
in Equation 1, that is, it corresponds uniquely to the blood
oxygen saturation. In an ideal state without considering
noise, the ratio of each frequency band is the same, which
corresponds uniquely to the current blood oxygen saturation.
In theory, the blood oxygen saturation parameter may be
obtained in any frequency band.

[0013] Similarly, according to the composition theory of
the signal, the frequency at which the fundamental fre-
quency peak is located in FIG. 3 is the pulse rate value. The
method of routinely detecting the fundamental frequency
peak frequency may be obtained by identifying and screen-
ing the fundamental and multiplied frequency peaks, based
on the theory that the fundamental frequency peak and the
harmonic peak have a proportional relationship between
energy and frequency. The physiological pulse rate value
may be identified by means of this proportional relationship.
[0014] Insummary, the pulse rate parameter and the blood
oxygen parameter may be obtained by retrieving the position
information about the fundamental and multiplied frequency
peaks in the frequency domain signal and the energy ratios
of the red light and the infrared light. However, in the case
of interference, the information about the frequency spec-
trum peaks of the red light and the infrared light may be
confused and annihilated by the noise, and the pulse rate
may be incorrectly calculated due to the unrecognizable or
misidentified fundamental frequency peak frequency infor-
mation; and, at the same time, the energy ratios of the red
light and the infrared light also result in that the blood
oxygen calculation deviation is relatively large due to the
mixing of noise. FIG. 4 is an illustration of the frequency
spectrum distribution under interference is given. FIG. 4
shows that the frequency spectrum peak energy ratios of the
infrared light and the red light are suddenly large and small,
and the fundamental frequency peak is almost annihilated.
In this case, it is almost impossible to correctly identify the
frequency spectrum peak by using the existing time-fre-
quency domain technology and calculate the accurate blood
oxygen and pulse rate parameters.

SUMMARY

[0015] The embodiments of the present disclosure solve
the aforementioned problem, improving the calculation
accuracy for the physiological parameter (such as the pulse
rate value and the blood oxygen parameter) under weak
irrigation and movement conditions, while maintaining a
low computational complexity and a low demand for com-
puting resources.

[0016] Oneembodiment provides a method for calculating
a physiological parameter, including: selecting a section of
a time domain signal corresponding to at least one signal of
red light and infrared light obtained by sampling, and
performing a time-to-frequency domain transformation on
the section of the time domain signal to obtain a correspond-
ing frequency domain signal; selecting all rational frequency
spectrum peaks from the frequency domain signal, calcu-
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lating energy information of the selected rational frequency
spectrum peaks, and forming a frequency spectrum peak
energy ratio sequence; coustructing a stability coefficient
according to the frequency spectrum peak energy ratio
sequence, and if the stability coeflicient is relatively low,
constructing a compensation coeflicient by using the fre-
quency spectrum peak energy ratio sequence; and compen-
sating for at least one of the time domain signal and the
frequency domain signal by using the compensation coef-
ficient, and calculating the physiological parameter based on
at least one of the compensated time domain signal and
frequency domain signal.

[0017] In another aspect of the present disclosure, a sys-
tem for calculating a physiological parameter includes: a
sensor comprising at least one light emitting tube and at least
one receiving tube, the light emitting tube emitting at least
two optical signals of different wavelengths for transmitting
through a physiological tissue, and the receiving tube receiv-
ing the at least two optical signals transmitted through the
physiological tissue and converting the at least two optical
signals received into electrical signals; an analog to digital
converter connected to the sensor to convert the electrical
signals into digital signals, the digital signals include at least
some of the characteristics of the physiological tissue; a
digital processor connected to the analog to digital con-
verter.

[0018] Inoneembodiment, the digital processor: performs
a time-to-frequency domain transformation on a section of
the digital signal to obtain a corresponding frequency
domain signal; (b) selects all rational frequency spectrum
peaks from the frequency domain signal, calculates energy
information of the selected rational frequency spectrum
peaks, and forms a frequency spectrum peak energy ratio
sequence; (¢) constructs a stability coeflicient according to
the frequency spectrum peak energy ratio sequence, and if
the stability coeflicient is relatively low, constructs a com-
pensation coefficient by using the frequency spectrum peak
energy ratio sequence; and (d) compensates for at least one
of the time domain signal and the frequency domain signal
by using the compensation coefficient, and calculates the
physiological parameter based on at least one of the com-
pensated digital signal and frequency domain signal.

[0019] In one embodiment, a method for calculating a
physiological parameter includes: selecting a section of a
time domain signal corresponding to at least one signal of
red light and infrared light obtained by sampling, and
performing a time-to-frequency domain transformation on
the section of the time domain signal to obtain at least one
frequency domain signal; selecting all rational frequency
spectrum peaks from the frequency domain signal, calcu-
lating position information of the selected rational frequency
spectrum peaks, and forming a frequency spectrum peak
position sequence; constructing a time-varying array map
according to the frequency spectrum peak position
sequence, and constructing at least one stability factor for
each position point that varies over time to form a stability
factor array map; constructing a stability coeflicient based
on the stability factor array map, and if the stability coefi-
cient is relatively low, calculating a compensation coefficient
by using the stability factor array map; and compensating for
at least one of the time domain signal and the frequency
domain signal by using the compensation coeflicient, and
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calculating the physiological parameter based on at least one
of the compensated time domain signal and frequency
domain signal.

[0020] A system for calculating a physiological parameter
may include: a sensor comprising at least one light emitting
tube and at least one receiving tube, the light emitting tube
emitting at least two optical signals of different wavelengths
for transmitting through a physiological tissue, and the
receiving tube receiving the at least two optical signals
transmitted through the physiological tissue and converting
the at least two optical signals received into electrical
signals; an analog to digital converter connected to the
sensor to convert the electrical signals into digital signals,
the digital signals include at least some of the characteristics
of the physiological tissue; a digital processor connected to
the analog to digital converter. In one embodiment, the
digital processor performs the following processes: perform-
ing a time-to-frequency domain transformation on a section
of the digital signal to obtain a corresponding frequency
domain signal; selecting all rational frequency spectrum
peaks, calculating position information of the selected ratio-
nal frequency spectrum peaks, and forming a frequency
spectrum peak position sequence; constructing a time-vary-
ing array map according to the frequency spectrum peak
position sequence, and constructing at least one stability
factor for each position point that varies over time to form
a stability factor array map; constructing a stability coeffi-
cient based on the stability factor array map, and if the
stability coeflicient is relatively low, calculating a compen-
sation coeflicient by using the stability factor array map; and
compensating for at least one of the time domain signal and
the frequency domain signal by using the compensation
coeflicient, and calculating the physiological parameter
based on at least one of the compensated digital signal and
frequency domain signal.

[0021] In an aspect of the present disclosure, a method for
calculating a physiological parameter includes: selecting a
section of a time domain signal corresponding to at least one
signal of red light and infrared light obtained by sampling,
and performing a time-to-frequency domain transformation
on the section of the time domain signal to obtain at least one
frequency domain signal; selecting all rational frequency
spectrum peaks from the frequency domain signal, calcu-
lating at least one of energy and position information of the
selected rational frequency spectrum peaks, and forming at
least one of a frequency spectrum peak energy ratio
sequence and a frequency spectrum peak position sequence;
constructing a stability coeflicient according to at least one
of the frequency spectrum peak energy ratio sequence and
the frequency spectrum peak position sequence, and if the
stability coeflicient is relatively low, constructing a compen-
sation coeflicient by using at least one of the frequency
spectrum peak energy ratio sequence and the frequency
spectrum peak position sequence; and compensating for at
least one of the time domain signal and the frequency
domain signal by using the compensation coefficient, and
calculating the physiological parameter based on at least one
of the compensated time domain signal and frequency
domain signal.

[0022] In one embodiment, a system for calculating a
physiological parameter, includes: a sensor comprising at
least one light emitting tube and at least one receiving tube,
the light emitting tube emitting at least two optical signals of
different wavelengths for transmitting through a physiologi-
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cal tissue, and the receiving tube receiving the at least two
optical signals transmitted through the physiological tissue
and converting the at least two optical signals received into
electrical signals; an analog to digital converter connected to
the sensor to convert the electrical signals into digital
signals, the digital signals include at least some of the
characteristics of the physiological tissue; a digital processor
connected to the analog to digital converter. In one embodi-
ment, the digital processor performs the following pro-
cesses: performing a time-to-frequency domain transforma-
tion on a section of the digital signal to obtain a
corresponding frequency domain signal; selecting all ratio-
nal frequency spectrum peaks from the frequency domain
signal, calculating at least one of energy and position
information of the selected rational frequency spectrum
peaks, and forming at least one of a frequency spectrum
peak energy ratio sequence and a frequency spectrum peak
position sequence; constructing a stability coeflicient
according to at least one of the frequency spectrum peak
energy ratio sequence and the frequency spectrum peak
position sequence, and if the stability coeflicient is relatively
low, constructing a compensation coefficient by using at
least one of the frequency spectrum peak energy ratio
sequence and the frequency spectrum peak position
sequence; and compensating for at least one of the time
domain signal and the frequency domain signal by using the
compensation coefficient, and calculating the physiological
parameter based on at least one of the compensated digital
signal and frequency domain signal.

[0023] The embodiments of the present disclosure have
several advantages.

[0024] First, embodiments of present disclosure are based
on the frequency domain technology combined with the time
domain technology, which may greatly improve the calcu-
lation accuracy of the physiological parameter under weak
perfusion and patient movement, greatly improving the
calculation accuracy the physiological parameter (such as
the blood oxygen parameter);

[0025] Second, the embodiments of present disclosure
combine the characteristics of time and frequency domain
signals with the characteristics of the human physiological
parameter, the venous oxygen compensation method and the
power spectrum array method are used in the case of
interference, so as to improve the accuracy of calculating the
physiological parameter (such as the pulse rate value and the
blood oxygen parameter) under weak irrigation and move-
ment conditions. The venous oxygen compensation method
may eliminate the measurement deviation of blood oxygen-
ation caused by interference, infinitely approach the true
physiological blood oxygen value, and greatly provide the
accuracy of the calculation of the blood oxygen parameter
under the interference condition. The power spectrum array
method may eliminate the measurement deviation of the
pulse rate caused by interference, may accurately identify
the physiological frequency spectrum information even
under the long-term interference condition, and greatly
provides the accuracy of the calculation of the pulse rate
parameter under the interference condition.

[0026] In addition, the methods provided in the embodi-
ments of the present disclosure have a low computational
complexity and low demand for computing resources.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a graph showing absorption spectra of
oxyhemoglobin and reduced hemoglobin:

[0028] FIG. 2 is a diagram of blood oxygen measurement;
[0029] FIG. 3 is a frequency spectrum distribution dia-
gram in the absence of interference;

[0030] FIG. 4 is a frequency spectrum distribution dia-
gram in the presence of interference;

[0031] FIG. 5 is a flow chart of a method for calculating
a physiological parameter;

[0032] FIG. 6 is a another flow chart of a method for
calculating a physiological parameter;

[0033] FIG. 7 is a yet another flow chart of a method for
calculating a physiological parameter;

[0034] FIG. 8 is a schematic structural diagram a digital
processor used in a system for calculating a physiological
parameter;,

[0035] FIG. 9 is a schematic structural diagram of a
compensation coefficient construction unit in FIG. 8;
[0036] FIG. 10 is a schematic structural diagram of a
digital processor used in a system for calculating a physi-
ological parameter;

[0037] FIG. 11 is a schematic structural diagram of a
compensation coeflicient construction unit in FIG. 10;
[0038] FIG. 12 is a schematic structural diagram of a a
digital processor used in a system for calculating a physi-
ological parameter;

[0039] FIG. 13 is a schematic structural diagram of a
compensation processing unit in FIG. 12;

[0040] FIG. 14 is graph of a venous blood pulsation
interfered with an arterial blood pulsation;

[0041] FIG. 15 is a flowchart of a process for calculating
a compensation coeflicient;

[0042] FIG. 16 is a graph of blood oxygen distribution in
a frequency spectrum band under an interference condition;
[0043] FIG. 17 is a flowchart of a venous oxygen com-
pensation method,;

[0044] FIG. 18 is a flowchart of a screening process of the
fundamental and multiplied frequencies;

[0045] FIG. 19 is flowchart of a power spectrum array
method;
[0046] FIG. 20 is a schematic diagram of a process using

both the venous oxygen compensation method and the
power spectrum artay method of an embodiment of the
present disclosure; and

[0047] FIG. 21 is a schematic structural diagram of a
system for calculating a physiological parameter.

DETAILED DESCRIPTION

[0048] The present disclosure is further illustrated in detail
below in conjunction with the accompanying drawings. It
should be understood that the particular embodiments
described herein are intended to be illustrative and not
limiting.

[0049] FIG. 5 is a flow chart of a method for calculating
the accuracy of a physiological parameter provided by the
present disclosure. In this embodiment, the compensation
process of a venous oxygen compensation (VOC) method is
shown including the following steps:

[0050] Step S10: Selecting a section of a time domain
signal corresponding to at least one signal of red light and
infrared light obtained by sampling, and performing a time-
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to-frequency domain transformation on the section of the
time domain signal to obtain a corresponding frequency
domain signal;

[0051] Step S12: Selecting information about all rational
frequency spectrum peaks from the frequency domain sig-
nal, calculating energy information of the selected rational
frequency spectrum peaks, and forming frequency spectrum
peak energy ratio sequences of red light and infrared light,
wherein the information about the rational frequency spec-
trum peaks satisfies at least one of a frequency spectrum
energy relationship (e.g., whether there is a fundamental and
multiplied frequency relationship), a frequency spectrum
amplitude relationship (e.g., whether the amplitude is not
lower than a fixed value), a frequency spectrum positional
relationship, a frequency spectrum peak morphological rela-
tionship (e.g., whether the shape of the frequency spectrum
peak is bilaterally symmetric about a frequency point) and
other factors; and

[0052] Step S14: Constructing a stability coeflicient
according to the frequency spectrum peak energy ratio
sequences, and if the stability coefficient is relatively low,
constructing a compensation coeflicient by using the fre-
quency spectrum peak energy ratio sequences, wherein the
stability coefficient is constructed based on deviation statis-
tics for energy ratios of the red light and the infrared light or
based on deviation statistics for blood oxygen parameter
values, or is an empirical coeflicient. The empirical coefli-
cient is abstracted according to the physiological state and
the signal-to-noise ratio characteristics. As an example,
when a movement interference is identified, the physiologi-
cal blood oxygen may not be too low; under long-term
movement, the physiological blood oxygen will have a
downward trend; and when the movement interference is
severe and the noise component is much larger than the
signal component, the blood oxygen approaches 80%, and
so on. Combined with the blood oxygen system, a digital
empirical coeflicient value may be formed. Specifically, the
stability coeflicient is compared with a set threshold to
determine whether the stability coeflicient is relatively low.
In one example, information about a mean value, a standard
deviation, a maximum value, and a minimum value of a
statistical spectrum peak energy ratio deviation sequence or
blood oxygen deviation sequence may be used to obtain the
stability coeflicient according to a specific algorithm.
[0053] As an example, the following method may be used
to construct the compensation coefficient:

[0054] selecting the mean value of the physiological
parameter (such as the blood oxygen parameter) to be the
denominator input source of a compensation coefficient
calculation formula; selecting (the mean value+the standard
deviation) or (the mean value-the standard deviation) to be
the numerator input source of the compensation coefficient
calculation formula; and

[0055] calculating the corresponding compensation coef-
ficient by substituting the numerator input source and the
denominator input source into the following compensation
coefficient calculation formula:

Factor, =tabR(Numerator)/tabR(Denomina-

compensation” |

tor)

[0056] where tabR(Numerator) is a R coeflicient value
obtained by looking up a mapping table of a predetermined
blood oxygen and R curve coefficient with the numerator
input source being the blood oxygen value, and tabR(De-
nominator) is a R coeflicient value obtained by looking up
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a mapping table of a predetermined blood oxygen and R
curve coefficient with the denominator input source being
the blood oxygen value; and Factor, ...,z 18 the comple-
ment coeflicient.

[0057] Step S16: Compensating for at least one of the time
domain signal and the frequency domain signal by using the
compensation coefficient, and calculating the physiological
parameter based on at least one of the compensated time
domain signal and frequency domain signal, wherein the
physiological parameter is at least one of blood oxygen,
pulse rate, waveform area, and perfusion index.

[0058] Taking the physiological parameter being the blood
oxygen saturation parameter as an example below, a further
detailed flowchart in FIG. 5 is illustrated.

[0059] First, in step S10, a section of a time domain signal
is selected, which corresponds to at least one signal of red
light and infrared light obtained by sampling, and a time-
to-frequency domain transformation is performed on the
section of the time domain signal to obtain a corresponding
frequency domain signal,

[0060] Next, in step S12, information about all rational
frequency spectrum peaks is selected from the frequency
domain signal, energy information about the selected ratio-
nal frequency spectrum peaks is calculated, and forms the
frequency spectrum peak energy ratio sequences of the red
light and the infrared light, specifically, the blood oxygen
distribution sequence is statistically analyzed according to
the blood oxygen saturation parameter of each of the rational
frequency spectrum peaks, to obtain a plurality of pieces of
characteristic information, and specifically, at least the mean
value vMean, the standard deviation vStd, the maximum
value vMax, and the minimum value vMin of the blood
oxygen saturation are calculated according to the blood
oxygen saturation parameter of each of the rational fre-
quency spectrum peaks; and

[0061] Finally, in step S14, a stability coefficient is con-
structed according to the frequency spectrum peak energy
ratio sequence, and if the stability coefficient is relatively
low, a compensation coeflicient is constructed by using the
frequency spectrum peak energy ratio sequences. Specifi-
cally, in the plurality of pieces of characteristic information
obtained in the foregoing step, a difference between the
maximum value and the minimum value is used as the
stability coefficient, and if the stable system is less than or
equal to a set first threshold, the stability coefficient is
determined to be relatively low, and there is a need to
construct a compensation coefficient.

[0062] In some embodiments, the process of constructing
the compensation coefficient may be obtained by the fol-
lowing method:

[0063] if the standard deviation vStd is less than a preset
second threshold at this point, selecting the mean value to be
the denominator input source of the compensation coefli-
cient calculation formula; if the number of blood oxygens
exceeding the mean value in the blood oxygen sequence
accounts for at least half of the total number of the sequence,
using the maximum value+the standard deviation as the
numerator input source of the compensation coefficient
calculation formula, otherwise using the maximum value-
the standard deviation as the numerator input source of the
compensation coeflicient calculation formula;

[0064] if the standard deviation is greater than the preset
second threshold value, obtaining a repetition factor is
obtained in a predetermined manner and using same as the
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numerator input source of the compensation coefficient
calculation formula, and using the mean value as the
denominator input source of the compensation coeflicient
calculation formula; and

[0065] calculating the corresponding compensation coef-
ficient by substituting the numerator input source and the
denominator input source into the following compensation
coefficient calculation formula:

Factor, ., mpensarion—taDR(Numerator)/tabR(Denomina-
tor) Formula 1
[0066] where tabR(Numerator) is a R coeflicient value

obtained by looking up a mapping table of a predetermined
blood oxygen and R curve coeflicient with the numerator
input source being the blood oxygen value, and tabR(De-
nominator) is a R coeflicient value obtained by looking up
a mapping table of a predetermined blood oxygen and R
curve coeflicient with the denominator input source being
the blood oxygen value; and Factor..,,,,,.,.c.z0 15 the comple-
ment coeflicient.

[0067] The step of obtaining the repetition factor in a
predetermined manner may include:

[0068] obtaining a maximum blood oxygen parameter set
satisfying a certain deviation value (e.g., +2%) in the sta-
tistical blood oxygen distribution sequence, and calculating
the mean value of the maximum blood oxygen parameter set
as the repetition factor; or

[0069] selecting a stable segment within a certain time
range (e.g., 4 s-8 s) in the historical trend of blood oxygen,
and calculating the mean value of the blood oxygen param-
eter set in the stable segment as the repetition factor; and
[0070] finally, in step S16, the compensation coefficient is
used to compensate for the time domain signal correspond-
ing to at least one of the red light and the infrared light, and
the physiological parameter is further calculated by using at
least one of the compensated time domain signal. The
physiological parameter is at least one of a blood oxygen
parameter, a pulse rate parameter, a waveform area param-
eter, and a perfusion index parameter. Specifically, the
following two methods may be used:

[0071] 1. according to the compensated time domain sig-
nal, the final blood oxygen saturation parameter and the
pulse rate value are calculated according to a time domain
algorithm; or

[0072] II. a time-to-frequency domain transformation is
performed on the compensated time domain signal to obtain
a frequency domain signal, and a rational frequency spec-
trum peak is selected from the frequency domain signal, and
the rational frequency spectrum peak is calculated according
to a frequency domain algorithm to obtain an accurate final
blood oxygen saturation parameter.

[0073] As shown in FIG. 6, which shows a schematic
diagram of a main process of another embodiment of a
method for calculating the accuracy of a physiological
parameter provided by the present disclosure, in this
embodiment, the compensation process of a power spectrum
array (PSA) method is shown including the following steps:
[0074] Step S20: Selecting a section of a time domain
signal corresponding to at least one signal of red light and
infrared light obtained by sampling, and performing a time-
to-frequency domain transformation on the section of the
time domain signal to obtain at least one frequency domain
signal,

[0075] Step S22: Selecting information about all rational
frequency spectrum peaks from the frequency domain sig-
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nal, calculating position information of the selected rational
frequency spectrum peaks, and forming a frequency spec-
trum peak position sequence, wherein the information about
the rational frequency spectrum peaks satisfies at least one
or more of a frequency spectrum energy relationship, a
frequency spectrum amplitude relationship, a frequency
spectrum positional relationship, and a frequency spectrum
peak morphological relationship;

[0076] Step S24: Constructing a stability coeflicient
according to the frequency spectrum peak position
sequence, and if the stability coefficient is relatively low,
constructing a time-varying array map according to the
frequency spectrum peak position sequence, and calculating
a compensation coeflicient by means of the array map,
wherein the stability coefficient is constructed based on at
least one of a frequency spectrum energy ratio deviation, a
frequency spectrum blood oxygen deviation, a state of a
fundamental and multiplied frequency group, and a number
of rational frequency spectrum peaks, and whether the
stability coefficient is relatively low may be determined
according to at least one of a number of stability factors and
weight values.

[0077] In an example, the stability coeflicient is deter-
mined according to the state of the fundamental and multi-
plied frequency group in the frequency spectrum peak
position sequence; for example, when a pair of fundamental
and multiplied frequency groups are not identified in the
frequency spectrum peak position sequence, the stability
coeflicient is considered to be relatively low.

[0078] Specifically, the step of constructing the time-
varying array map according to the frequency spectrum peak
position sequence, and calculating the compensation coef-
ficient by means of the array map includes: establishing a
cache to store information about the frequency spectrum
peaks, which information includes: each frequency spectrum
peak position information PeakArray; each frequency spec-
trum peak position weight information WeigtedArray; and
information about the number of frequency spectrum peaks
stored ArrayIndex;

[0079] Step S161: Screening a predetermined number of
frequency spectrum peaks in the frequency domain signal,
sequentially filling same into the cache, writing the position
information about each frequency spectrum peak into the
PeakArray, incrementing the corresponding position weight
in the WeigtedArray, and incrementing the total length
ArrayIndex, wherein, if the currently screened frequency
spectrum peak is the same as a frequency spectrum peak in
the cache, the position weight information WeigtedArray of
the frequency spectrum peak in the cache is directly incre-
mented.

[0080] Step S162: In the cache, assuming each frequency
spectrum peak as a suspected fundamental frequency peak,
traversing all the other frequency spectrum peaks, determin-
ing whether the other frequency spectrum peaks and the
suspected fundamental frequency peak satisfy a frequency
multiplication relationship, and if so, eliminating the infor-
mation about the multiplied frequency peaks in the cache,
and the position weight coeflicients of the multiplied fre-
quency peaks are converted according to the frequency
multipliers and added to the position weight coefficient of
the corresponding suspected fundamental frequency peak;
otherwise, remaining the information about the other fre-
quency spectrum peaks;
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[0081] Step S163: Selecting three frequency spectrum
peaks, position weight coefficients of which are ranked in
the front in the last suspected frequency spectrum peak,
determining one of them to be the final rational frequency
spectrum peak (in some examples, which may be considered
as a fundamental frequency peak), and obtaining the pulse
rate value according to the determined final frequency
spectrum peak: similarly, it may be understood that the
corresponding blood oxygen saturation may be obtained, by
means of energy calculation, according to the final rational
frequency spectrum peak.

[0082] Specifically, the step further includes: comparing
the position weight coefficient of each of the selected
frequency spectrum peaks with a predetermined third thresh-
old; if the number of frequency spectrum peaks, the position
weight coefficient of which is greater than the third thresh-
old, is one, determining the frequency spectrum peak to be
the final rational frequency spectrum peak; and if the num-
ber of frequency spectrum peaks, the position weight coef-
ficient of which is greater than the third threshold, is at least
two, determining one of the frequency spectrum peaks to be
the final rational frequency spectrum peak, and using infor-
mation about the later final rational frequency spectrum peak
as the compensation coeflicient.

[0083] Step S26: Compensating for at least one of the time
domain signal and the frequency domain signal by using the
compensation coefficient, and calculating the physiological
parameter based on at least one of the compensated time
domain signal and frequency domain signal, wherein the
physiological parameter is at least one of blood oxygen,
pulse rate, waveform area, and perfusion index, and wherein
in an example, the use of the compensation coeflicient to
compensate for at least one of the time domain signal and the
frequency domain signal may be specifically: constructing a
band pass filter according to the compensation coefficient,
and filtering at least one of the time domain signal and the
frequency domain signal to achieve compensation function.
[0084] FIG. 7 is a flowchart of a method for calculating the
accuracy of a physiological parameter. In this embodiment,
a venous oxygen compensation (VOC) method and a power
spectrum array (PSA) method are combined in the compen-
sation process. In one embodiment, the method includes the
following steps:

[0085] Step S30 Selecting a section of a time domain
signal corresponding to at least one signal of red light and
infrared light obtained by sampling, and performing a time-
to-frequency domain transformation on the section of the
time domain signal to obtain at least one frequency domain
signal;

[0086] Step S32: Selecting information about all rational
frequency spectrum peaks from the frequency domain sig-
nal, calculating at least one of energy and position informa-
tion of the selected rational frequency spectrum peaks, and
forming a frequency spectrum peak energy ratio sequence
and a frequency spectrum peak position sequence, wherein
the information about the rational frequency spectrum peaks
satisfies at least one or more of a frequency spectrum energy
relationship, a frequency spectrum amplitude relationship, a
frequency spectrum positional relationship, and a frequency
spectrum peak morphological relationship, and the process
of forming the frequency spectrum peak energy ratio
sequence and the frequency spectrum peak position
sequence may be respectively referred to the foregoing
description of Step S12 in FIG. 5 and Step S22 in FIG. 6;



US 2019/0133535 Al

[0087] Step S34: Constructing a stability coefficient
according to signal characteristics of at least one of the
frequency spectrum peak energy ratio sequence and the
frequency spectrum peak position sequence, and at the same
time, determining whether the stability coeflicient of at least
one of the sequences is relatively low, and if the stability
coeflicient is relatively low, constructing a compensation
coefficient by using the signal characteristics of the at least
one of the sequences, wherein the stability coeflicient is
constructed based on at least one of a frequency spectrum
energy ratio deviation, a frequency spectrum blood oxygen
deviation, a state of a fundamental and multiplied frequency
group, and a number of rational frequency spectrum peaks;
and the compensation coefficient is an energy ratio deviation
coeflicient or a blood oxygen deviation coeflicient calculated
based on the frequency spectrum peak energy ratio
sequence, or a position coefficient statistically obtained over
time based on the frequency spectrum peak position
sequence.

[0088] The specific process of constructing the stability
coeflicient according to the frequency spectrum peak energy
ratio sequence, and constructing the compensation coeffi-
cient may be referred to the foregoing description of step
S14 in FIG. 5; and the specific process of constructing the
stability coefficient according to the frequency spectrum
peak position sequence, and constructing the compensation
coeflicient may be referred to the foregoing description of
step S24in FIG. 6, so that they will not be described in detail
herein.

[0089] Step S36: Compensating for at least one of the time
domain signal and the frequency domain signal by using the
compensation coeflicient, and further calculating the physi-
ological parameter based on at least one of the compensated
time domain signal and frequency domain signal, wherein
the physiological parameter is at least one or more of blood
oxygen, pulse rate, waveform area, and perfusion index.
[0090] Specifically, the step includes at least one of the
following: using the compensation coefficient to perform a
gain processing on the selected time domain signal to
achieve compensation; or using the compensation coeffi-
cient to perform filtering processing on the selected fre-
quency domain signal to achieve compensation.

[0091] The present disclosure further provides a system
for calculating a physiological parameter.

[0092] It will be understood that the method for calculat-
ing a physiological parameter disclosed by the present
disclosure may be implemented by means of functional
modularization, and integrated as a plug-in into other aux-
iliary diagnostic devices (such as a monitoring device, a
defibrillator, an AED, an automatic resuscitation instrument,
an electrocardiograph, etc.), or may be made as a single-
parameter medical system for monitoring a related physi-
ological parameter, wherein the physiological parameter
includes at least one of a blood oxygen parameter, a pulse
rate parameter, a waveform area parameter, and a perfusion
index parameter.

[0093] FIG. 21 is a schematic structural diagram of a
single-parameter medical system disclosed in the present
disclosure including:

[0094] at least one blood oxygen sensor for measuring a
part of a human subject, such as a finger, a forehead, an
earlobe, a toe, and a sole. The blood oxygen sensor includes
at least a light emitting tube and a receiving tube, and the
light emitting tube is configured to emit at least two optical
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signals of different wavelengths for transmitting through a
body tissue of the human subject. In an example, the light
emitting tube may emit a red light signal and an infrared
light signal. The receiving tube receives the at least two
optical signals transmitted through the body tissue of the
human subject and converts same into at least two electrical
signals. In an example, the two electrical signals are a red
light signal and an infrared light signal;

[0095] an analog to digital converter connected to the
sensor to convert the electrical signals into digital signals,
the digital signals include at least some of the characteristics
of the physiological tissue;

[0096] a digital processor connected to the analog to
digital converter, the digital processor performing the fol-
lowing processes:

[0097] performing a time-to-frequency domain transfor-
mation on a section of the digital signal to obtain a corre-
sponding frequency domain signal,

[0098] selecting all rational frequency spectrum peaks
from the frequency domain signal, calculating energy infor-
mation of the selected rational frequency spectrum peaks,
and forming a frequency spectrum peak energy ratio
sequence;

[0099] constructing a stability coeflicient according to the
frequency spectrum peak energy ratio sequence, and if the
stability coeflicient is relatively low, constructing a compen-
sation coefficient by using the frequency spectrum peak
energy ratio sequence; and

[0100] compensating for at least one of the time domain
signal and the frequency domain signal by using the com-
pensation coeflicient, and calculating the physiological
parameter based on at least one of the compensated digital
signal and frequency domain signal.

[0101] Further, the system includes:

[0102] a display unit connected to the digital processor to
display the physiological parameter calculated by the digital
processor; and/or a communication unit connected to the
digital processor to send the physiological parameter calcu-
lated by the digital processor. The aforementioned units, as
well as the units described hereafter, may be implemented
using any suitable combination of hardware, software, and/
or firmware, and may contain custom or off-the-shelf com-
ponents that implement the described functionality. In some
embodiments, the units may be implemented, at least par-
tially, by a general purpose processor executing instructions
stored in a non-transitory computer-readable medium, such
as a memory device (e.g, RAM, ROM, hard drive).

[0103] The blood oxygen sensor may be transmissive
and/or reflective, and may be generally worn on a part of the
human subject, such as the finger, the forehead, the earlobe,
the toe and the sole, for measuring a physiological parameter
comprising at least one of a blood oxygen parameter, a pulse
rate parameter, a waveform area parameter, and a perfusion
index parameter. The display unit may be a local display unit
(e.g., computer monitor), or may be remotely communicated
to a remote display unit in a wired/wireless manner. The
display unit provides the user with a perceptible parameter
representation by means of characters, values, waveforms,
bar graphs, voice prompts, etc.

[0104] In one embodiment, the at least some of the char-
acteristics of the physiological tissue is one or more of the
optical characteristics of oxygenated hemoglobin, deoxyhe-
moglobin, methemoglobin, total hemoglobin and carbon
monoxide in the blood.
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[0105] In one embodiment, the rational frequency spec-
trum peaks satisfy at least one of a frequency spectrum
energy relationship, a frequency spectrum amplitude rela-
tionship. a frequency spectrum positional relationship, and a
frequency spectrum peak morphological relationship.
[0106] In one embodiment, the stability coeflicient is
constructed based on deviation statistics for energy ratios of
the red light and the infrared light, or is an empirical
coefficient.

[0107] In one embodiment, the stability factor adjusts a
stability weight thereof over time according to at least one
of the characteristics of a fundamental and multiplied fre-
quency group and a frequency spectrum peak morphological
rationality.

[0108] In oneembodiment, the process of constructing, by
the digital processor, the compensation coeflicient by using
the frequency spectrum peak energy ratio sequence may
include: selecting the mean value and converting same by
means of a coeflicient table to a denominator of a compen-
sation coeflicient calculation formula, and selecting (the
mean value+the standard deviation) or (the mean value-the
standard deviation) and converting same by means of a
coeflicient table to a numerator of the compensation coef-
ficient calculation formula, and calculating a ratio of the
numerator to the denominator to obtain the compensation
coefficient.

[0109] In one embodiment, the physiological parameter is
at least one of blood oxygen, pulse rate, waveform area,
perfusion index, etc.

[0110] In order to better understand the function of the
digital processor in this embodiment, the following will be
described in conjunction with a specific example.

[0111] As shown in FIG. 8, which shows a schematic
structural diagram of an embodiment of a digital processor
used in a system for calculating a physiological parameter,
the digital processor uses a venous oxygen compensation
(VOC) method for compensation. Reference is also made to
FIG. 9, where the digital processor is illustrated as includ-
ing:

[0112] a time-to-frequency domain transformation unit 11
for selecting a section of a time domain signal corresponding
to at least one signal of red light and infrared light obtained
by sampling, and performing a time-to-frequency domain
transformation on the section of the time domain signal to
obtain a corresponding frequency domain signal;

[0113] an energy ratio sequence construction unit 12 for
selecting information about all rational frequency spectrum
peaks from the frequency domain signal, calculating energy
information of the selected rational frequency spectrum
peaks, and forming frequency spectrum peak energy ratio
sequences of red light and infrared light, wherein the infor-
mation about the rational frequency spectrum peaks satisfies
at least one of a frequency spectrum energy relationship, a
frequency spectrum amplitude relationship, a frequency
spectrum positional relationship, and a frequency spectrum
peak morphological relationship;

[0114] a compensation coeflicient construction unit 13 for
constructing a stability coeflicient according to the fre-
quency spectrum peak energy ratio sequences, and if the
stability coeflicient is relatively low, constructing a compen-
sation coefficient by using the frequency spectrum peak
energy ratio sequence, wherein the stability coeflicient is
constructed based on deviation statistics for energy ratios of
the red light and the infrared light or based on deviation
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statistics for blood oxygen parameter values, or is an empiri-
cal coefficient; and the stability coefficient is compared with
a set threshold to determine whether the stability coeflicient
is relatively low; and

[0115] a compensation processing unit 14 for using the
compensation coefficient to compensate for the time domain
signal corresponding to at least one of the red light and the
infrared light, and further calculating the physiological
parameter by using at least one of the compensated time
domain signal.

[0116] The compensation coefficient construction unit 13
may further include:

[0117] a stability coefficient construction subunit 130 for
using information about a mean value, a standard deviation,
a maximum value, and a minimum value of a statistical
spectrum peak energy ratio deviation sequence or blood
oxygen deviation sequence to obtain the stability coeflicient
according to a specific algorithm;

[0118] a determining unit 131 for determining whether the
stability coeflicient constructed by the stability coeflicient
construction subunit 130 is relatively low;

[0119] anumerator and denominator selecting unit 132 for
selecting the mean value of the physiological parameter
(such as the blood oxygen parameter) to be the denominator
input source of a compensation coeflicient calculation for-
mula; and selecting (the mean value+the standard deviation)
or (the mean value-the standard deviation) to be the numera-
tor input source of the compensation coefficient calculation
formula; and

[0120] a calculation unit 134 for calculating the corre-
sponding compensation coeflicient by substituting the
numerator input source and the denominator input source
selected by the numerator and denominator selecting unit
into the following compensation coeflicient calculation for-
mula:

Factor,

compensation

tor)

=tabR(Numerator)/tabR(Denomina-

[0121] where tabR(Numerator) is a R coeflicient value
obtained by looking up a mapping table of a predetermined
blood oxygen and R curve coefficient with the numerator
input source being the blood oxygen value, and tabR(De-
nominator) is a R coeflicient value obtained by looking up
a mapping table of a predetermined blood oxygen and R
curve coeflicient with the denominator input source being
the blood oxygen value; and Factor,., e, sazi0n 15 the comple-
ment coefficient.

[0122] For more details, reference may be made to the
aforementioned description of FIG. 5.

[0123] The present disclosure further provides a system
for calculating a physiological parameter, including:

[0124] a sensor comprising at least one light emitting tube
and at least one receiving tube, the light emitting tube
emitting at least two optical signals of different wavelengths
for transmitting through a physiological tissue, and the
receiving tube receiving the at least two optical signals
transmitted through the physiological tissue and converting
the at least two optical signals received into electrical
signals;

[0125] an analog to digital converter connected to the
sensor to convert the electrical signals into digital signals,
the digital signals include at least some of the characteristics
of the physiological tissue;
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[0126] a digital processor connected to the analog to
digital converter, wherein the digital processor executes the
following processes:

[0127] performing a time-to-frequency domain transfor-
mation on a section of the digital signal to obtain a corre-
sponding frequency domain signal,

[0128] selecting all rational frequency spectrum peaks
from the frequency domain signal, calculating position
information of the selected rational frequency spectrum
peaks, and forming a frequency spectrum peak position
sequence;

[0129] constructing a time-varying array map according to
the frequency spectrum peak position sequence, and con-
structing at least one stability factor for each position point
that varies over time to form a stability factor array map;
[0130] constructing a stability coeflicient based on the
stability factor array map, and if the stability coeflicient is
relatively low, calculating a compensation coefficient by
using the stability factor array map; and

[0131] compensating for at least one of the time domain
signal and the frequency domain signal by using the com-
pensation coeflicient, and calculating the physiological
parameter based on at least one of the compensated time
domain signal and frequency domain signal.

[0132] Further, the system includes: a display unit con-
nected to the digital processor to display the physiological
parameter calculatied by the digital processor; and/or a
communication unit connected to the digital processor to
send the physiological parameter calculated by the digital
processor.

[0133] In one embodiment, the two optical signals are red
light and infrared light.

[0134] In one embodiment, the at least some of the char-
acteristics of the physiological tissue is one or more of the
optical characteristics of oxygenated hemoglobin, deoxyhe-
moglobin, methemoglobin, total hemoglobin and carbon
monoxide in the blood.

[0135] In one embodiment, the rational frequency spec-
trum peaks satisfy at least one or more of a frequency
spectrum energy relationship, a frequency spectrum ampli-
tude relationship, a frequency spectrum positional relation-
ship, and a frequency spectrum peak morphological rela-
tionship.

[0136] In one embodiment, the stability coeflicient is
constructed based on at least one of a frequency spectrum
energy ratio deviation, a frequency spectrum blood oxygen
deviation, a state of a fundamental and multiplied frequency
group, a number of rational frequency spectrum peaks, and
a frequency spectrum peak morphological rationality.
[0137] In one embodiment, the stability factor adjusts a
stability weight thereof over time according to at least one
of the characteristics of a fundamental and multiplied fre-
quency group and a frequency spectrum peak morphological
rationality.

[0138] In one embodiment, whether the stability coeffi-
cient is stable is determined according to at least one of a
number of stability factors and weight values.

[0139] In one embodiment, the physiological parameter is
at least one of blood oxygen, pulse rate, waveform area,
perfusion index, etc.

[0140] For more details, reference may be made to the
aforementioned description of FIG. 21; and, at the same
time, in order to better understand the function and working

May 9, 2019

principle of the digital processor in this embodiment, the
following will be described in conjunction with a specific
example.

[0141] As shown in FIG. 10, which shows a schematic
structural diagram of a further embodiment of a digital
processor used in a system for calculating a physiological
parameter provided by the present disclosure, the digital
processor uses a power spectrum array method (PSA) for
compensation. Reference is also made to FIG. 11, in which
digital processor is illustrated as including:

[0142] a time-to-frequency domain transformation unit 11
for selecting a section of a time domain signal corresponding
to at least one signal of red light and infrared light obtained
by sampling, and performing a time-to-frequency domain
transformation on the section of the time domain signal to
obtain at least one frequency domain signal,

[0143] a frequency spectrum peak position sequence
obtaining unit 15 for selecting information about all rational
frequency spectrum peaks from the frequency domain sig-
nal, calculating position information of the selected rational
frequency spectrum peaks, and forming a frequency spec-
trum peak position sequence, wherein the information about
the rational frequency spectrum peaks satisfies at least one
or more of a frequency spectrum energy relationship, a
frequency spectrum amplitude relationship, a frequency
spectrum positional relationship, and a frequency spectrum
peak morphological relationship;

[0144] a compensation coeflicient construction unit 16 for
constructing a stability coeflicient according to the fre-
quency spectrum peak position sequence, and if the stability
coeflicient is relatively low, constructing a time-varying
array map according to the frequency spectrum peak posi-
tion sequence, and calculating a compensation coefficient by
means of the array map, wherein the stability coeflicient is
constructed based on at least one of a frequency spectrum
energy ratio deviation, a frequency spectrum blood oxygen
deviation, a state of a fundamental and multiplied frequency
group, and a number of rational frequency spectrum peaks;
[0145] a compensation processing unit 17 for compensat-
ing for at least one of the time domain signal and the
frequency domain signal by using the compensation coef-
ficient, and calculating the physiological parameter based on
at least one of the compensated time domain signal and
frequency domain signal, wherein the physiological param-
eter is at least one of blood oxygen, pulse rate, waveform
area, and perfusion index.

[0146] The compensation coefficient construction unit 16
may include:
[0147] a cache unit 160 for establishing a cache to store

information about the frequency spectrum peaks, which
information includes: each frequency spectrum peak posi-
tion information; each frequency spectrum peak position
weight information; and information about the number of
frequency spectrum peaks stored;

[0148] a frequency spectrum peak information recording
unit 162 for screening a predetermined number of frequency
spectrum peaks in the frequency domain signal, sequentially
filling same into the cache, writing the position information
about each frequency spectrum peak, incrementing the cor-
responding position weight, and incrementing the total
length quantity information;

[0149] a traversal processing unit 164 for, in the cache,
assuming each frequency spectrum peak as a suspected
fundamental frequency peak, traversing all the other fre-
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quency spectrum peaks, determining whether the other fre-
quency spectrum peaks and the suspected fundamental fre-
quency peak satisfy a frequency multiplication relationship,
and if so, eliminating the information about the multiplied
frequency peaks in the cache, and the position weight
coeflicients of the multiplied frequency peaks are converted
according to the frequency multipliers and added to the
position weight coefficient of the corresponding suspected
fundamental frequency peak; otherwise, remaining the
information about the other frequency spectrum peaks; and
[0150] a compensation coefficient obtaining unit 166 for
selecting three frequency spectrum peaks, position weight
coeflicients of which are ranked in the front in the last
suspected frequency spectrum peak, determining one of
them to be the final rational frequency spectrum peak, and
using the information about the rational frequency spectrum
peak as the compensation coefficient.

[0151] For more details, reference may be made to the
aforementioned description of FIG. 6.

[0152] The present disclosure further provides a system
for calculating a physiological parameter, including:
[0153] a sensor comprising at least one light emitting tube
and at least one receiving tube, the light emitting tube
emitting at least two optical signals of different wavelengths
for transmitting through a physiological tissue, and the
receiving tube receiving the at least two optical signals
transmitted through the physiological tissue and converting
the at least two optical signals received into electrical
signals;

[0154] an analog to digital converter connected to the
sensor to convert the electrical signals into digital signals,
the digital signals include at least some of the characteristics
of the physiological tissue;

[0155] a digital processor connected to the analog to
digital converter, the digital processor performing the fol-
lowing processes:

[0156] performing a time-to-frequency domain transfor-
mation on a section of the digital signal to obtain a corre-
sponding frequency domain signal,

[0157] selecting all rational frequency spectrum peaks
from the frequency domain signal, calculating at least one of
energy and position information of the selected rational
frequency spectrum peaks, and forming at least one of a
frequency spectrum peak energy ratio sequence and a fre-
quency spectrum peak position sequence;

[0158] constructing a stability coefficient according to at
least one of the frequency spectrum peak energy ratio
sequence and the frequency spectrum peak position
sequence, and if the stability coeflicient is relatively low,
constructing a compensation coeflicient by using at least one
of the frequency spectrum peak energy ratio sequence and
the frequency spectrum peak position sequence; and
[0159] compensating for at least one of the time domain
signal and the frequency domain signal by using the com-
pensation coefficient, and calculating the physiological
parameter based on at least one of the compensated time
domain signal and frequency domain signal.

[0160] In one embodiment, the two optical signals are red
light and infrared light.

[0161] In one embodiment, the at least some of the char-
acteristics of the physiological tissue is one or more of the
optical characteristics of oxygenated hemoglobin, deoxyhe-
moglobin, methemoglobin, total hemoglobin and carbon
monoxide in the blood.
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[0162] In one embodiment, the rational frequency spec-
trum peaks satisfy at least one of a frequency spectrum
energy relationship, a frequency spectrum amplitude rela-
tionship, a frequency spectrum positional relationship, and a
frequency spectrum peak morphological relationship.
[0163] In one embodiment, the stability coeflicient is
constructed based on at least one of a frequency spectrum
energy ratio deviation, a frequency spectrum blood oxygen
deviation, a state of a fundamental and multiplied frequency
group, and a number of rational frequency spectrum peaks.
[0164] Inone embodiment, the compensation coeflicient is
an energy ratio deviation coeflicient calculated based on the
frequency spectrum peak energy ratio sequence, or a posi-
tion coefficient statistically obtained over time based on the
frequency spectrum peak position sequence.

[0165] In one embodiment, the process of compensating
for at least one of the time domain signal and the frequency
domain signal by using the compensation coefficient is
specifically:

[0166] using the compensation coeflicient to perform a
gain processing on the selected time domain signal to
achieve compensation; or

[0167] using the compensation coeflicient to perform fil-
tering processing on the selected frequency domain signal to
achieve compensation.

[0168] In one embodiment, the physiological parameter is
at least one of blood oxygen, pulse rate, waveform area,
perfusion index, etc.

[0169] For more details, reference may be made to the
aforementioned description of FIG. 21; and at the same time,
in order to better understand the function and working
principle of the digital processor in this embodiment, the
following will be described in conjunction with a specific
example.

[0170] As shown in FIG. 12, which shows a schematic
structural diagram of a further embodiment of a digital
processor used in a system for calculating a physiological
parameter provided by the present disclosure, the digital
processor uses a combined venous oxygen compensation
(VOC) method and power spectrum array method (PSA) for
compensation. Reference is also made to FIG. 13, specifi-
cally, in which the digital processor is illustrated to include:

[0171] a time-to-frequency domain transformation unit 11
for selecting a section of a time domain signal corresponding
to at least one signal of red light and infrared light obtained
by sampling, and performing a time-to-frequency domain
transformation on the section of the time domain signal to
obtain at least one frequency domain signal,

[0172] a corresponding sequence construction unit 18 for
selecting information about all rational frequency spectrum
peaks from the frequency domain signal, calculating at least
one of energy and position information of the selected
rational frequency spectrum peaks, and forming at least one
of a frequency spectrum peak energy ratio sequence and a
frequency spectrum peak position sequence, wherein the
information about the rational frequency spectrum peaks
satisfies at least one of a frequency spectrum energy rela-
tionship, a frequency spectrum amplitude relationship, a
frequency spectrum positional relationship, and a frequency
spectrum peak morphological relationship; and it will be
understood that the corresponding sequence construction
unit 18 has both the functions of the energy ratio sequence
construction unit 13 in FIG. 8 and the frequency spectrum
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peak position sequence obtaining unit 15 in FIG. 10, and the
specific details may be referred to the corresponding
description above;

[0173] a compensation coeflicient construction unit 16 for
constructing a stability coeflicient according to signal char-
acteristics of at least one of the sequences, and at the same
time, determining whether the stability coefficient of at least
one of the sequences is relatively low, and if the stability
coefficient is relatively low, constructing a compensation
coeflicient by using the signal characteristics of the at least
one of the sequences, wherein the stability coefficient is
constructed based on at least one of a frequency spectrum
energy ratio deviation, a frequency spectrum blood oxygen
deviation, a state of a fundamental and multiplied frequency
group, and a number of rational frequency spectrum peaks;
and the compensation coefficient construction unit 16 may
construct the compensation coefficient based on an energy
ratio deviation coefficient or a blood oxygen deviation
coeflicient calculated based on the frequency spectrum peak
energy ratio sequence, or a position coeflicient statistically
obtained over time based on the frequency spectrum peak
position sequence. It will be understood that the compensa-
tion coefficient construction unit 16 has both the functions of
the compensation coefficient construction unit 16 in FIG. 8
and the compensation coefficient construction unit 16 in
FIG. 10, and the specific details may be referred to the
corresponding description above; and

[0174] a compensation processing unit 17 for compensat-
ing for at least one of the time domain signal and the
frequency domain signal by using the compensation coef-
ficient, and further calculating the physiological parameter
based on at least one of the compensated time domain signal
and frequency domain signal, wherein the physiological
parameter is at least one of blood oxygen, pulse rate,
waveform area, and perfusion index.

[0175] The compensation processing unit 17 further
includes:
[0176] a time domain compensation unit 170 for using the

compensation coefficient to perform a gain processing on the
selected time domain signal to achieve compensation; or
[0177] a frequency domain compensation unit 172 for
using the compensation coeflicient to perform filtering pro-
cessing on the selected frequency domain signal to achieve
compensation.

[0178] For more details, reference may be made to the
aforementioned description of FIG. 7.

[0179] In order to facilitate a better understanding of the
present disclosure, the principles and implementation pro-
cesses of the venous oxygen compensation (VOC) and
power spectrum array (PSA) methods referred to in the
foregoing will be further explained in conjunction with
practical examples.

[0180] 1. Venous Oxygen Compensation (VOC)

[0181] Under a non-interference condition, venous blood
flows relatively slowly due to its physiological characteris-
tics and may be considered as part of the direct current (DC)
amount, and the venous blood oxygen saturation does not
have any effect on the normal blood oxygen measurement.
Under an interference condition, the venous blood is affected
by the interference, a venous pulsation is generated, and the
alternating current (AC) amount formed by the venous
pulsation will be mixed into the AC amount formed by the
arterial blood pulsation. According to Equation 1 described
above, the oxygen saturation calculated at this point must
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deviate from the true value; from the physiological point of
view, it will be understood that the venous blood oxygen
saturation is mixed in the arterial blood oxygen saturation,
resulting in that the final blood oxygen saturation deviates
from a blood gas value.

[0182] As shown in FIG. 14, a graph of a venous blood
pulsation interfered with an arterial blood pulsation is given.
In the case where random interference source characteristics
may not be obtained, the time domain algorithm has almost
no way to accurately calculate the blood oxygen saturation
value; in addition, it is very difficult to obtain the random
interference source characteristics.

[0183] Each frequency spectrum band in the frequency
domain signal uniquely corresponds to the blood oxygen
saturation. Theoretically, the blood oxygen saturation may
be calculated for each frequency spectrum band; and due to
the randomness of the venous interference, interferences
superimposed on different frequency bands also have dif-
ferent weights. The venous oxygen compensation (VOC)
method proposed in the present application is constructed
based on the two hypothetical models. When the blood
oxygen value deviation between the frequency spectrum
bands is relatively large, it indicates that the venous pulsa-
tion has interfered with the real blood oxygen result, and a
difference distribution feature is obtained by collecting and
analyzing the change in the blood oxygen value deviations
of the frequency spectrum bands, and based on this, the
compensation coeflicient is constructed to eliminate the
interference in a blood oxygen sampling signal, and finally
the parameter result infinitely approximating the true physi-
ological blood oxygen may be obtained by recalculating the
sampling signal with the interference eliminated.

[0184] Therefore, the process of the venous oxygen com-
pensation (VOC) method may be as follows.

[0185] First, after the time-to-frequency domain transfor-
mation is completed, the difference between the blood
oxygen saturations of the frequency spectrum bands in the
frequency domain signal is statistically analyzed, thereby
obtaining the difference distribution feature. That is, the
frequency spectrum peaks that satisfy the condition are
obtained from the frequency spectrum signal, and then the
oxygen saturation of each frequency spectrum peak is cal-
culated to obtain a blood oxygen saturation sequence. The
frequency spectrum peaks satisfying the condition means
that they are conform to the range of statistical analysis in
terms of the amplitude, energy, width, and morphology. The
determination criterion is established in accordance with the
characteristics of the physiological signal and the basic
method for processing a digital signal. Based on the blood
oxygen saturation sequence, the mean value (vMean), the
standard deviation (vStd), the maximum value (vMax), the
minimum value (vMin), etc. of the blood oxygen are statis-
tically obtained.

[0186] Second, the compensation coefficient calculation
formula is constructed, and the compensation coeflicient is
calculated based on the difference distribution feature.
[0187] As shown in FIG. 13, a calculation process for the
compensation coefficient is provided.

[0188] In a first step, the difference between vMax and
vMin is compared with a first threshold (Thresholdl), and
the vStd value is compared with a second threshold (Thresh-
o0ld2) to determine whether a normal mode or an interference
mode is selected. The first threshold and the second thresh-
old are selected to be empirical coefficients obtained accord-
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ing to the characteristics of the physiological parameter and
the characteristics of a blood oxygen system. For example,
in an example, the first threshold (Threshold1) may be 15%
of a blood oxygen deviation, and the second threshold
(Threshold2) may be 5% of the blood oxygen deviation.
[0189] In a second step, if the normal mode is selected, it
indicates that the fluctuation caused by the venous oxygen is
relatively small, and the mean value and the standard
deviation may be selected to be the input source of the
compensation coeflicient calculation formula. The mean
value is used as the denominator input source, if the number
of blood oxygens exceeding the mean value in the blood
oxygen sequence accounts for at least half of the total
number of the sequence, vMean+vStd is used as the numera-
tor, otherwise, vMean-vStd is used as the numerator.
[0190] In a third step, which is alternative to the second
step, if the abnormal mode is selected, it is necessary to
introduce a repetition factor. There are two sources of
repetition factors: 1) the maximum blood oxygen set, which
satisfies a certain value (e.g., +2%), in a blood oxygen
sequence is collected and analyzed, and the mean value of
the set is taken as the repetition factor, wherein 2% here is
an empirical coeflicient which may be adjusted according to
the actual change: and 2) a stable segment of the historical
trend of the blood oxygen is selected, for example, the stable
trend of 4 s-8 s, the mean value of the set is calculated as the
repetition factor, and the time period of 4 s-8 s is also an
empirical coefficient which may be adjusted according to the
actual change. This repetition factor is used as the numerator
input source, and the mean value is used as the denominator
input source.

[0191] In a fourth step, the numerator and denominator
parameters are input into Formula 2 below to calculate the
compensation coefficient. The calculation formula is as
follows, where tabR is a mapping table of blood oxygen and
R curve coeflicients (as described above), and the corre-
sponding R coeflicient values may be obtained by means of
inverse look-up according to the input blood oxygen value.
The compensation coeflicient is the ratio of the R coeflicient
value of the numerator blood oxygen to the R coefficient
value of the denominator blood oxygen.

Factor, gpensasion —tAbR(Numerator)/tabR(Denomina-
tor) Formula 2
[0192] where Factor,,, .0, 15 the compensation coef-

ficient, tabR(Numerator) is the R coefficient value obtained
by means of look-up after the numerator is used as the input
source and substituted into the mapping table of blood
oxygen and R curve coeflicients, and tabR(Denominator) is
the R coefficient value obtained by means of look-up after
the denominator is used as the input source and substituted
into the mapping table of blood oxygen and R curve coef-
ficients.

[0193] The following will be combined with a practical
example to illustrate how to calculate a compensation coef-
ficient in the venous oxygen compensation (VOC) method.
As shown in FIG. 16, a graph of blood oxygen distribution
in a frequency spectrum band under an interference condi-
tion 1s given, assuming that the frequency spectrum signal
has four frequency spectrum peaks A, B, C and D in a
physiological bandwidth of 0.3 Hz-5 Hz, and assuming that
the frequency spectrum signal is affected by a random
pulsation of venous oxygen, and the oxygen saturation
values of the frequency spectrum peaks obtained by con-
verting the ratio of infrared light to red light are 96%, 85%,
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90%, 87%, respectively. There is a deviation between the
calculated values of the four blood oxygen saturation values.
By collecting and analyzing the deviation distribution fea-
ture, the following may be respectively obtained:
vMean=88.3%, vStd=4.8%, vMax=96%, and vMin=85%. It
is determined that the deviation of vMax from vMin is less
than the first threshold (e.g., 15%), and vStd is less than the
second threshold (e.g., 5%), so the normal mode is selected.
At this point, the number of blood oxygens exceeding the
mean value is 2, accounting for 50% of the total blood
oxygen sequence, so the numerator is selected as vMean+
vStd=93.1%, and the denominator is vMean=88.3%. The R
values corresponding to the numerator and the denominator
are respectively obtained by looking up the mapping table of
blood oxygen and R curve coefficients, and are substituted
into Formula 2, so that a correction factor of about 1.172
may be calculated.

[0194] Again, the compensation coeflicient i1s used to
compensate for the loss of the time domain signal due to
interference (the frequency domain signal is obtained by
transforming this signal). That is, the time domain signal
used for the frequency domain transformation is multiplied
by the compensation coeflicient to obtain a compensation
signal. In an example of the present application, compen-
sation is only made for the red light signal, as an example.
However, in practical applications, the compensation coef-
ficient may also be divided to achieve compensation for each
signal.

[0195] Finally, the time domain signal that completes the
compensation is used to be transformed to the frequency
domain signal again, and then the frequency domain signal
is used to calculate the accurate parameter such as blood
oxygen. The embodiment of the present disclosure is an
example given based on a frequency domain algorithm. In
the actual application, the frequency domain method may
also be omitted, and a time domain algorithm is used to
obtain the accurate parameter such as blood oxygen based
on the compensated time domain signal.

[0196] As shown in FIG. 17, a flowchart of a venous
oxygen compensation (VOC) method is given. The process
may include: selecting a section of a time domain signal, and
performing a time-to-frequency domain transformation on
same to transform the time domain signal to a frequency
domain signal. The characteristics of the physiological sig-
nal and the basic knowledge of digital signal processing
(e.g., a physiological pulse wave frequency range, a funda-
mental and multiplied frequency principle, morphological
features, eftc.) are used, a rational frequency spectrum peak
is selected and the blood oxygen saturation parameter of the
frequency spectrum peak is calculated. According to the
foregoing steps, a series of characteristic information is
obtained by statistically analyzing a series of blood oxygen
distribution, and according to the characteristic information,
whether the blood oxygen saturations have a deviation (or a
small deviation) is determined. If not, the result of the blood
oxygen parameter is output; otherwise, the compensation
coefficient is calculated based on the characteristic informa-
tion and is compensated into the time domain signal. Finally,
the compensated time domain signal is then used to re-
perform a time-to-frequency domain transformation, the
rational frequency spectrum peak is selected based on the
new frequency domain signal, and the final blood oxygen
saturation parameter is calculated and output.
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[0197] It may be seen that the venous oxygen compensa-
tion (VOC) method may eliminate the measurement devia-
tion of blood oxygenation caused by interference, infinitely
approach the true physiological blood oxygen value, and
greatly provide the accuracy of the calculation of the blood
oxygen parameter under the interference condition.

[0198] II. Power Spectrum Array Method (PSA)

[0199] When interference exists and severely disturbs the
frequency spectrum signal, it is difficult to identify physi-
ological frequency spectrum information from the frequency
spectrum. For example, in the frequency spectrum diagram
shown in FIG. 4, there is no way to identify the information
about the fundamental peak based merely on the energy and
frequency relationships of the fundamental and multiplied
frequency principle. The task is to identify the physiological
frequency spectrum peak under an interference condition.
The present application proposes a hypothesis theory based
on the characteristics of random distribution of noise. Any
type of interference, such as weak perfusion, limb rubbing,
finger shaking, etc., is presented as a random interference
component in a blood oxygen sampling signal, and the
intensity of the interference is positively correlated with the
intensity of movement of the measuring end.

[0200] Considering the state of the physiological charac-
teristics, most of the interferences are presented as random
white noise distribution; and a few thereof are relatively
regular interferences (e.g., Parkinson’s disease), because of
the relatively low amplitude of vibration, the vibration
frequency is relatively high, but has no substantial effect on
the blood oxygen sampling signal, that is, does not affect the
measurement of the blood oxygen parameter. Although the
interference signal disturbs the frequency spectrum signal
such that the physiological frequency spectrum may not be
recognized, no matter how the interference signal changes,
the characteristics of the physiological frequency spectrum
peak always exist at a certain frequency point and will not
change or change slowly in a certain period of time (the
physiological characteristics); and at the same time, the
interference noise is randomly distributed, and the charac-
teristics of the frequency spectrum change over time.
[0201] By arranging the frequency spectrum at each
moment in chronological order and observing the charac-
teristics of the frequency spectrum signal longitudinally, it
may be found that when the amplitudes and positions of
most of the frequency spectrum peaks change, there is
always at least one frequency spectrum peak, the position of
which is relatively stable and does not shift. This frequency
spectrum peak is the physiological frequency spectrum peak
(fundamental frequency peak). If an identification algorithm
may be used to find the frequency spectrum peak, it means
that the correct pulse rate value is found. This is the core idea
of the power spectrum array method.

[0202] In the present application, the general process of
the power spectrum array (PSA) method is as follows.
[0203] First, a cache is established to store information
about the frequency spectrum peaks. For example, fre-
quency spectrum peak position information, that is, the
currently-located frequency point (PeakArray); frequency
spectrum peak position weight information (WeigtedArray);
and information about the number of frequency spectrum
peaks stored (ArrayIndex), wherein the position information
and the weight information share the number information. In
general, the number of frequency spectrum peaks examined
should not be too large. Too many frequency spectrum peaks
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will increase the complexity and computational complexity
of the algorithm identification. For example, 20 may be
selected as the upper limit by default, beyond which the
analysis would not be carried out. It will be understood that
in practical applications, the appropriate number of analysis
may also be selected according to the requirements of the
system.

[0204] Second, rational frequency spectrum peaks are
screened from the frequency domain signal and are filled
into the above cache. The criteria for screening are based on
a combination of information such as the energy, amplitude,
shape, and position of the frequency spectrum peak. When
recording the information, the position information about
the frequency spectrum peak is written into the Peak Array,
the corresponding position weight in the WeigtedArray is
incremented, and the total length ArrayIndex is incremented.
[0205] By analogy, all the frequency spectrum peaks iden-
tified by one calculation are added into the cache. If infor-
mation recording occurs 2 times, there is a need to consider
whether the frequency spectrum peak to be added is already
stored in the cache. If it exists, the corresponding position
weight of the WeigtedArray is incremented, otherwise the
new frequency spectrum peak is added in the conventional
manner. Assuming that each calculation interval is 2 S, the
cache needs to accumulate frequency spectrum information
for a certain period of time before the identification of the
physiological frequency spectrum peak may be initiated.
This time needs to be set according to the actual require-
ments of the system. For example, it may be set to 10 times
of calculations, that is, the time trend of 20 S. When 10 times
of information storage is satisfied, the relevant trend analysis
is started, and after the trend analysis is completed, the
earliest stored frequency spectrum information is reduced.
[0206] Again, the true physiological frequency spectrum
peak is identified according to the information about the
cache. According to the fundamental and multiplied fre-
quency principle, the multiplied frequency peaks in the
PeakArray are eliminated; at the same time, the weight
coeflicients of the multiplied frequency peaks are converted
according to the frequency multipliers and added to the
weight coefficient of the fundamental frequency peak (for
example, the fundamental frequency peak weight coefficient
is 3, the weight coefficient of a 2-multiplied frequency peak
is 2, the weight coefficient of 2 is divided by the frequency
multiplier of 2 to obtain the adjusted weight coefficient of 1,
which is added to the weight coeflicient of the fundamental
frequency peak, that is, the weight coeflicient of the funda-
mental frequency peak is adjusted to 4), and the information
about the multiplied frequency stored in the PeakArray and
WeigtedArray is eliminated, i.e., is initialized to O.

[0207] The detailed process is as shown in FIG. 18, at this
point, it may be assumed that each frequency spectrum peak
is the fundamental frequency peak, all the other frequency
spectrum peaks are traversed, and it is determined whether
the other frequency spectrum peaks and the assumed fun-
damental frequency peak satisfy a frequency multiplication
relationship, and if so, the information about the multiplied
frequency peaks is eliminated; otherwise, remaining the
information.

[0208] According to the characteristics of the energy
attenuation of the fundamental and multiplied frequencies,
and the physiological characteristics, in general, the influ-
ence of the multiplied frequency having a multiplier more
than 4 is relatively small, which may be selected and set
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according to the requirements of the system in practical
applications. Following a similar operation, each frequency
spectrum peak is traversed, to complete the elimination of
the information about the multiplied frequency peaks.
Finally, the peaks with the first three largest weight coefli-
cients are selected as the input information for the next step.
[0209] Finally, it is determined whether the maximum
weight coeflicient of the frequency spectrum peak is greater
than or equal to a set threshold (for example, the threshold
may be set to be 8, indicating that there is a stable frequency
spectrum peak for 16 s consecutively, which may be selected
and set according to the requirements of the system in
practical applications). If two or more frequency spectrum
peaks satisfy the weight coeflicient greater than or equal to
the set threshold, there is a need to further make a determi-
nation based on the physiological characteristics. For
example, under an interference condition, the physiological
pulse rate may not be too high and may not be relatively low.
The most rational frequency spectrum peak that satisfies the
set threshold is selected, the pulse rate parameter is calcu-
lated and output, and the weight coeflicients of the other
frequency spectrum peaks are optimized according to the
state at the same time.

[0210] As shown in FIG. 19, a flowchart of a power
spectrum array (PSA) method is given. It may be seen that
the frequency spectrum peak information cache is first
established, and the cache is filled in chronological order.
When the cache is filled up, the stored frequency spectrum
peaks are simplified according to the fundamental and
multiplied frequency principle, and the frequency spectrum
peaks that satisfy the set threshold are selected from the
simplified frequency spectrum peaks. If the number of
frequency spectrum peaks that satisfy the condition is
greater than or equal to two, an exclusion operation is
performed on same according to the criterion of converting
the physiological characteristics, and finally one rational
frequency spectrum peak is selected, and the pulse rate
parameter is calculated based on this frequency spectrum
peak. The power spectrum array (PSA) method may elimi-
nate the measurement deviation of the pulse rate caused by
interference, may accurately identify the physiological fre-
quency spectrum information even under the long-term
interference condition, and greatly provides the accuracy of
the calculation of the pulse rate parameter under the inter-
ference condition.

[0211] In summary, the venous oxygen correction (VOC)
method may identify the interference of venous oxygen and
compensate for the blood oxygen deviation caused by the
interference, and the power spectrum array (PSA) method
may accurately identify the pulse rate information in a
continuous interference. Each of the two methods has the
ability to identify and process the interference. Therefore,
when the two methods are combined, the identification and
suppression of the interference may be significantly
improved, thereby obtaining the great improvement in the
accuracy of the calculation of the blood oxygen parameter
and the accuracy of the pulse rate parameter.

[0212] As shown in FIG. 20, an example of the combined
application of the two solutions in the method provided by
the present disclosure is shown. In practical applications,
these steps may be adaptively added, deleted, and adjusted
according to the requirements of the system.

[0213] The general process is as follows: selecting a
specified section of a time domain signal, performing a
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time-to-frequency transformation on same, and perform a
retrieval and identification on frequency spectrum peaks
based on the transformed frequency spectrum signal, and
calculating a blood oxygen value of each rational frequency
spectrum peak at the same time. The blood oxygen values of
the rational peaks are collected and analyzed to obtain
relevant statistical information to prepare for the VOC, and
the information about all the frequency spectrum peaks
obtained by the current calculation is also recorded to
prepared for the PSA.

[0214] If a pair of fundamental and multiplied frequency
groups are identified and the relative deviation of the blood
oxygen values of the frequency spectrum peaks is relatively
small, the fundamental frequency peak is directly selected to
calculate the pulse rate, and the finally resulting blood
oxygen and pulse rate values are output. If the pair of
fundamental and multiplied frequency groups is not satis-
fied, the PSA method is implemented, and the rational
frequency spectrum peak is calculated.

[0215] If the time domain signal with the noise/compen-
sated venous oxygen being eliminated is based, but the
blood oxygen value is unstable (for example, it does not
match the historical trend result), only the pulse rate param-
eter is calculated and output; otherwise, if the blood oxygen
value is stable, the pulse rate value is calculated, and the
finally resulting blood oxygen and pulse rate values are
output; if the first calculation is performed (the noise/
compensated venous oxygen is not eliminated from the time
domain signal) and the blood oxygen value is unstable, a
VOC identification branch is implemented.

[0216] A specific filter of the frequency spectrum peaks
obtained based on the PSA method is added to the VOC
identification branch. Combining the compensation coefli-
cient with the specific filter, the time domain signal is
compensated and the noise is eliminated, and then the
time-to-frequency domain transformation is performed
again and the relevant parameter is calculated.

[0217] In summary, the methods and the system provided
in the embodiments of the present disclosure have the
following beneficial effects.

[0218] First, the embodiments of the present disclosure are
based on the frequency domain technology combined with
the time domain technology, may greatly improve the cal-
culation accuracy of the blood oxygen and pulse rate param-
eters under weak perfusion and movement states, bring a
client an excellent clinical performance experience, and may
greatly improve the application and promotion of the blood
oXygen parameter;

[0219] Second, the present disclosure is implemented by
combining the characteristics of time and frequency domain
signals with the characteristics of the human physiological
parameter, the venous oxygen compensation method and the
power spectrum array method are used in the case of
interference, so as to improve the accuracy of calculating the
pulse rate value and the blood oxygen parameter under weak
irrigation and movement conditions. The venous oxygen
compensation method may eliminate the measurement
deviation of blood oxygenation caused by interference,
infinitely approach the true physiological blood oxygen
value, and greatly provide the accuracy of the calculation of
the blood oxygen parameter under the interference condi-
tion. The power spectrum array method may eliminate the
measurement deviation of the pulse rate caused by interfer-
ence, may accurately identify the physiological frequency
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spectrum information even under the long-term interference
condition, and greatly provides the accuracy of the calcula-
tion of the pulse rate parameter under the interference
condition.

[0220] In addition, the methods provided in the embodi-
ments of the present disclosure have low computational
complexity and low demand for computing resources.
[0221] Those skilled in the art may understand that the
implementation of all or part of the steps in the methods of
the above embodiments may be implemented by a program
to instruct related hardware. The program may be stored in
a computer readable storage medium, such as a ROM/RAM,
a magnetic disk, an optical disc, etc.

[0222] The above are only the preferred embodiments of
the present disclosure, and are not intended to limit the
present disclosure. Any modifications, equivalents, and
improvements made within the spirit and principles of the
present disclosure should be included in the scope of the
present disclosure.

What is claimed is:

1. A method for calculating a physiological parameter,
comprising:

selecting a section of a time domain signal corresponding

to at least one signal of red light and infrared light
obtained by sampling, and performing a time-to-fre-
quency domain transformation on the section of the
time domain signal to obtain a corresponding frequency
domain signal;

selecting all rational frequency spectrum peaks from the

frequency domain signal, calculating energy informa-
tion of the selected rational frequency spectrum peaks,
and forming a frequency spectrum peak energy ratio
sequence;

constructing a stability coefficient according to the fre-

quency spectrum peak energy ratio sequence, and if the
stability coefficient is relatively low, constructing a
compensation coeflicient by using the frequency spec-
trum peak energy ratio sequence; and

compensating for at least one of the time domain signal

and the frequency domain signal by using the compen-
sation coeflicient, and calculating the physiological
parameter based on at least one of the compensated
time domain signal and frequency domain signal.

2. The method of claim 1, wherein the rational frequency
spectrum peaks satisfy at least one of a frequency spectrum
energy relationship, a frequency spectrum amplitude rela-
tionship, a frequency spectrum positional relationship, and a
frequency spectrum peak morphological relationship.

3. The method of claim 1, wherein the stability coeflicient
is constructed based on deviation statistics for energy ratios
of the red light and the infrared light, or is an empirical
coefficient; and

if the stability coeflicient is less than or equal to a set

threshold, the stability coeflicient is determined to be
relatively low.

4. The method of claim 3, wherein the step of constructing
the stability coefficient according to the frequency spectrum
peak energy ratio sequence comprises: constructing the
stability coefficient according to a predetermined algorithm
by using information about a mean value, a standard devia-
tion, a maximum value, and a minimum value of a statistical
spectrum peak energy ratio deviation sequence.

5. The method of claim 4, wherein if the stability coef-
ficient is relatively low, the step of constructing the com-
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pensation coefficient by using the frequency spectrum peak
energy ratio sequence comprises:

selecting the mean value and converting same by means

of a coefficient table to a denominator of a compensa-
tion coeflicient calculation formula, and selecting (the
mean value+the standard deviation) or (the mean
value-the standard deviation) and converting same by
means of a coeflicient table to a numerator of the
compensation coeflicient calculation formula, and cal-
culating a ratio of the numerator to the denominator to
obtain the compensation coeflicient.

6. The method of claim 4, wherein the physiological
parameter is at least one of blood oxygen, pulse rate,
waveform area, and perfusion index.

7-15. (canceled)

16. A method for calculating a physiological parameter,
comprising:

selecting a section of a time domain signal corresponding

to at least one signal of red light and infrared light
obtained by sampling, and performing a time-to-fre-
quency domain transformation on the section of the
time domain signal to obtain at least one frequency
domain signal;

selecting all rational frequency spectrum peaks from the

frequency domain signal, calculating position informa-
tion of the selected rational frequency spectrum peaks,
and forming a frequency spectrum peak position
sequence;

constructing a time-varying array map according to the

frequency spectrum peak position sequence, and con-
structing at least one stability factor for each position
point that varies over time to form a stability factor
array map;

constructing a stability coefficient based on the stability

factor array map, and if the stability coeflicient is
relatively low, calculating a compensation coefficient
by using the stability factor array map; and
compensating for at least one of the time domain signal
and the frequency domain signal by using the compen-
sation coeflicient, and calculating the physiological
parameter based on at least one of the compensated
time domain signal and frequency domain signal.

17. The method of claim 16, wherein the rational fre-
quency spectrum peaks satisfy at least one or more of a
frequency spectrum energy relationship, a frequency spec-
trum amplitude relationship, a frequency spectrum posi-
tional relationship, and a frequency spectrum peak morpho-
logical relationship.

18. The method of claim 16, wherein the stability coef-
ficient is constructed based on at least one of a frequency
spectrum energy ratio deviation, a frequency spectrum blood
oxygen deviation, a state of a fundamental and multiplied
frequency group, a number of rational frequency spectrum
peaks, and a frequency spectrum peak morphological ratio-
nality.

19. The method of claim 16, wherein the stability factor
adjusts a stability weight thereof over time according to at
least one of the characteristics of a fundamental and multi-
plied frequency group and a frequency spectrum peak mor-
phological rationality.

20. The method of claim 19, further comprising deter-
mining whether the stability coeflicient is relatively low
according to at least one of a number of stability factors and
weight values.
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21. The method of claim 16, wherein at least one fre-
quency spectrum peak with the highest weight is selected
from the stability factors, and is combined with at least one
of frequency characteristics and frequency spectrum peak
morphological features to calculate the compensation coef-
ficient.
22. The method of claim 16, wherein the physiological
parameter is at least one of blood oxygen, pulse rate,
waveform area, and perfusion index.
23-37. (canceled)
38. A system for calculating a physiological parameter,
comptrising:
a sensor comprising at least one light emitting tube and at
least one receiving tube, the light emitting tube emit-
ting at least two optical signals of different wavelengths
for transmitting through a physiological tissue, and the
receiving tube receiving the at least two optical signals
transmitted through the physiological tissue and con-
verting the at least two optical signals received into
electrical signals;
an analog to digital converter connected to the sensor to
convert the electrical signals into digital signals, the
digital signals include at least some of the characteris-
tics of the physiological tissue;
a digital processor connected to the analog to digital
converter, the digital processor performing the follow-
ing processes:
performing a time-to-frequency domain transformation
on a section of the digital signal to obtain a corre-
sponding frequency domain signal,

selecting all rational frequency spectrum peaks from
the frequency domain signal, calculating at least one
of energy and position information of the selected
rational frequency spectrum peaks, and forming at
least one of a frequency spectrum peak energy ratio
sequence and a frequency spectrum peak position
sequence;

constructing a stability coeflicient according to at least
one of the frequency spectrum peak energy ratio
sequence and the frequency spectrum peak position
sequence, and if the stability coeflicient is relatively
low, constructing a compensation coefficient by
using at least one of the frequency spectrum peak
energy ratio sequence and the frequency spectrum
peak position sequence; and
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compensating for at least one of the time domain signal
and the frequency domain signal by using the com-
pensation coeflicient, and calculating the physiologi-
cal parameter based on at least one of the compen-
sated digital signal and frequency domain signal.

39. (canceled)

40. The system of claim 38, wherein the at least some of
the characteristics of the physiological tissue is one or more
of the optical characteristics of oxygenated hemoglobin,
deoxyhemoglobin, methemoglobin, total hemoglobin and
carbon monoxide in the blood.

41. The system of claim 38, wherein the rational fre-
quency spectrum peaks satisfy at least one of a frequency
spectrum energy relationship, a frequency spectrum ampli-
tude relationship, a frequency spectrum positional relation-
ship, and a frequency spectrum peak morphological rela-
tionship.

42. The system of claim 38, wherein the stability coefli-
cient is constructed based on at least one of a frequency
spectrum energy ratio deviation, a frequency spectrum blood
oxygen deviation, a state of a fundamental and multiplied
frequency group, and a number of rational frequency spec-
trum peaks.

43. The system of claim 38, wherein the compensation
coeflicient is an energy ratio deviation coeflicient calculated
based on the frequency spectrum peak energy ratio
sequence, or a position coeflicient statistically obtained over
time based on the frequency spectrum peak position
sequernce.

44. The system of claim 42, wherein the process of
compensating for at least one of the time domain signal and
the frequency domain signal by using the compensation
coeflicient comprises:

using the compensation coeflicient to perform a gain

processing on the selected time domain signal to
achieve compensation; or

using the compensation coefficient to perform filtering

processing on the selected frequency domain signal to
achieve compensation.

45. The system of claim 38, wherein the physiological
parameter is at least one of blood oxygen, pulse rate,
waveform area, and perfusion index.
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