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BLOOD OXYGEN SATURATION DETECTION
METHOD AND SYSTEM

TECHNICAL FIELD

[0001] The present application relates to the field of detec-
tion technology, in particular, it is directed to a method for
detecting blood oxygen saturation and a system for detecting
blood oxygen saturation.

BACKGROUND

[0002] Oxygen content: the amount of oxygen carried by
the hemoglobin in 100 ml of blood. The major portion is the
oxygen bound to hemoglobin, and there is very small amount
of oxygen dissolved in the blood plasma (only 0.3 ml %).
After binding oxygen the hemoglobin becomes oxyhemoglo-
bin (HbO,), and after the oxygen is released it becomes
reduced hemoglobin. The blood oxygen saturation (Sa0,)
refers to the percentage of the actual oxygen combined (by
hemoglobin) in the blood (oxygen content) in the maximum
amount of the oxygen can be combined (by the hemoglobin)
in the blood (oxygen capacity), therefore the blood oxygen
saturation can be defined as follows:

8805=C505/(C31305+Ciz)x 100%.

[0003] Blood oxygen saturation: the maximum amount of
oxygen can be bound by the hemoglobin in 100 ml blood
should be deemed as the oxygen capacity of the blood. The
amount of oxygen binding to the hemoglobin is named as
oxygen content, and the percentage of the oxygen content in
the oxygen capacity is referred as blood oxygen saturation.
[0004] Inthe process of carrying out the exiting techniques,
there are following technical problems in the prior art:
[0005] The existing method for detecting blood oxygen
saturation 1s carried out in an invasive way, and this method
has low efficiency and is harmful to the subject.

SUMMARY

[0006] The aim of the embodiments according the present
application is to provide a method for detecting the blood
oxygen saturation in the blood, so as to solve such technical
problems as low detection efficiency, and causing damage to
the user.

[0007] Theembodiments of the present application are car-
ried out as follows: a method for detecting oxygen saturation
in the blood comprising:

[0008] controlling two parallel light emitting diode to emit
a red light and an infrared light periodically to a finger to be
detected;

[0009] detecting the red light and infrared light passing
through the finger, and converting the red light and infrared
light passing through the finger into a red light electrical
signal and infrared light electrical signal respectively;
[0010] separating the pulsating components from the two
electrical signals to obtain a separated variation of red light in
one cycle and a separated variation of infrared light in one
cycle;

[0011] calculating the blood oxygen saturation based on the
variations of red light and infrared light;

[0012] amplifying and filtering the blood oxygen saturation
prior to converting the blood oxygen saturation into a digital
signal and showing the result by means of an analog-to-digital
converter (AD convertor).
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[0013] Alternatively, the above step of calculating the
blood oxygen saturation based on the variations of red light
and infrared light may particularly comprise:

ARED -\ N Formula 3

GIR= M) +.RED N < 100%

1
Sa0; = X In

[0014] wherein Sa0, is the blood oxygen saturation, K is
the light absorption coefficient of the blood, ,RED is the
variation of the red light in one cycle, ,IR is the variation of
the infrared light in one cycle, (N is the disturbance value of
the ambient light.

[0015] Alternatively, after the step of amplifying and filter-
ing the blood oxygen saturation and prior to converting the
blood oxygen saturation into a digital signal and showing the
result by means of an analog-to-digital converter, the above
method may further comprise:

[0016] calculating the pulse P according to the electrical
signals of red light and infrared light; in particular,

kpon* Coe i * O Formula 4
h /‘rlnlfn * Crlrﬁn kr’flin ® Cﬁxin '
[0017] whereink,,, ™ is the maximum value of the absorp-

tion coefficient of the infrared light, k ,,** is the minimum
value of the absorption coefficient of the infrared light;

[0018] K, *isthe maximum value of the absorption coef-

ficient of the red light, and k,, ¥ is minimum value of the
absorption coefficient of the red light;

[0019] C,, .. is the maximum value of the C;;, O, concen-
tration for infrared light, C, , *® is the minimum value of the

C,0, concentration for infrared light;

[0020] C, % is the maximum value of the C,,,0, concen-
tration for red light, C,,, ¥ is the mininmum value of the C,, O,

concentration for red light.

[0021] On theother hand, a measurement system of oxygen
saturation in the blood is provided, which comprises:

[0022] acontrol unit for controlling two parallel light emit-
ting diode to emit a red light and infrared light periodically to
a finger to be detected,

[0023] adetection unit for detecting the red light and infra-
red light passing through the finger, and converting the red
light and infrared light passing through the finger into a red
light electrical signal and an infrared light electrical signal;

[0024] a separation unit for separating the pulsating com-
ponents from the two electrical signals respectively to obtain
a separated variation of red light in one cycle and a separated
variation of infrared light in one cycle;

[0025] a calculation unit for calculating the blood oxygen
saturation according to the variations of red light and infrared
light;

[0026] a conversion and transmission unit for converting
the blood oxygen saturation into a digital signal and showing
the result by means of an analog-to-digital converter after
amplifying and filtering of the blood oxygen saturation.
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[0027]
used for

Alternatively, the calculation unit is particularly

1 ARED -\ N Formula 3
Sa0; = —In

__ATETAY s 100%;
K "(AIR—aN)+2RED— N °

[0028] wherein SaO, is the blood oxygen saturation, K is
the light absorption coefficient of the blood, ,RED is the
variation of the red light in one cycle, ,IR is the variation of
the infrared light in one cycle, (N is the disturbance value of
the ambient light.

[0029] Alternatively, the calculation unit can be further
used for calculating the pulse P based on the electrical signals
of red light and infrared light; in particular,

ke ® Cong | Ko * o Formula 4
h /‘rlrﬁn * Clr’fin kr’;xin * Crfgu'n
[0030] whereink,,, ™ is the maximum value of the absorp-

tion coefficient of the infrared light, and k% is the mini-

mum value of the absorption coefficient of the infrared light;
[0031] Kk, is the maximum value of the absorption coef-

ficient of the red light, and k . ® is the minimum value of the
absorption coefficient of the red light;
[0032] C,, " isthe maximum value of the C,,,0, concen-

max
tration for infrared light, and C,,,”® is the minimum value of

the C,;, 0, concentration for infrared light;

[0033] C,,.%is the maximum value of the C,,,0, concen-
tration for red light, and C,, * is the minimum value of the
C;,0, concentration for red light;

[0034] Compared with the technical solutions in prior art,
the embodiments of the present application have the follow-
ing advantages: the oxygen content in the blood can be
detected by means of the present technical solution in a non-
invasive and real time way, therefore it has the advantages of
noninvasive and real time measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG.1 is flow chart of detection method of the blood
oxygen saturation according to an embodiment of the present
application.

[0036] FIG.2isaschematic structural diagram of the mea-
surement system of blood oxygen saturation according to the
present application.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Objects, technical solution and advantages of the
present application will be explained below in detail with
reference to the accompanying drawings and examples. How-
ever, it should be appreciated that the following description of
the embodiments is merely exemplary in nature and is in no
way intended to limit the application.

[0038] The principle of the present application is as fol-
lows: the method according to the present disclosure is simi-
lar to the measurement method of spectrophotometric tech-
nology, the present method is based on the absorption
spectrum characteristics of oxyhemoglobin (HbO,) and
reduced hemoglobin (Hb). When a beam of light shoots into
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a solution of a substance, the transmitted light intensity (1)
and the emitted light intensity (I,,) satisfy the following rela-
tionship:

[=T,e5 Formula 1

[0039] wherein the natural logarithm of the ratio value of T
to I, is named as light density D, accordingly formula 1 can
also be expressed as:

D=ln (I1,)=kCd;

[0040] wherein C is the concentration of a solution (such as
blood), d refers to the path of light passing through the blood,
k is the light absorption coefficient of the blood. If the path d
keeps constant, the concentration of blood will be propor-
tional to the light density D. HbO, and Hb in blood have
different absorption coefficients to lights with different wave
length, it has been proved by experiments that, in the region of
red light (RED) with 600 -700 nm wave length, the absorption
coefficient of Hb is much larger than that of HbO,; while in
the region of infrared light (IR) with 800-1000 nm wave
length, the absorption coefficient of Hb is smaller than that of
HbO,; and the isoabsorptive point is observed at the vicinity
of 805 nm.

[0041] Theblood in a human body flows through the lungs
under the systole and diastole of the heart, and a certain
amount of reduced hemoglobin (Hb) binds the oxygen taken
from the alveoli of lung and turns into oxyhemoglobin
(HbO,), about 98% of the oxygen combines with the hemo-
globin to form oxyhemoglobin then it entries the tissues. This
amount of oxygen reaches the blood capillaries along the
artery system, then the oxygen is released so as to maintain
the metabolism of the organizations. In one cardiac cycle, the
ventricular systole and diastole cause the cyclic pressure fluc-
tuation in the artery which makes the artery expand and
retract, as a result the artery vessels produce regular pulse.
[0042] The probe employed in the pulse blood oxygen
device according to the present application is set on the finger
in use. There are two parallel light emitting diodes (LED)
fixed onto the upper wall, the LEDs emit a red light of 660 nm
and an infrared light of 940 nm. There is a photodetector
disposed on the lower wall, which converts the red light and
the infrared light transmitting through the artery vessels of the
finger into electrical signals, the weaker the detected photo-
electric signal is, the more light has been absorbed by the
tissues, bone and blood when the light signal passes through
the probe place. Skin, muscle, fat, venous blood, pigment,
bones and the like have constant absorption coefficients to
these two types of light, respectively, therefore they only have
an impact on the value of DC component in the photoelectric
signal, but the concentrations of HbO, and Hb in the blood
change periodically with the function of blood pulse, there-
fore the light absorption thereof varies in a pulse-like way,
accordingly the signal strength output by the photodetector
changes in a pulse-like way with variation of concentration
ratio of HbO, to Hb in the blood. If denoted with light absorp-
tion, when the red light and infrared light play function, the
variation laws thereof are substantially the same, but the
amplitude of the pulsation component may be different from
each other. The emitting sequence of the two LEDs can be
controlled by a timing circuit, and the sequence can be: (1) red
light LED turns on; (2) red light LED turns off, and infrared
LED turns on; (3) both two LEDs turn off; this emitting
sequence runs repeatedly in a frequency of 400 times per
second (50 Hz AC), so the inhibition ability to the ambient
light can be enhanced. The red light and infrared light with

Formula 2
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different wave lengths pass through the part to be detected in
turns, and the pulsation components in these two signals are
separated respectively, after amplifving and filtering, the pul-
sation components are converted into digital signal by an A/D
convertor. The intensity of the received light varies with the
pulse, and the maximum value in the transmitted light inten-
sity received by a detector under red light wave length is
recorded as IRmax, and the minimum value is IRmin. IRmax
appears in the period of systole, which corresponds to the
time of maximum blood capacity of the artery, IRmin appears
in the period of diastole, which corresponds to the minimum
blood capacity of the artery.

[0043] Theembodiments ofthe present application provide
a method for detecting the oxygen saturation in blood. The
present method is carried out by a pulse blood oxygen device
comprising: two light emitting diodes, and one photodetector,
wherein one light emitting diode emits a red light of 660 nm
wave length and the other emits an infrared light of 940 nm.
The present method is shown in FIG. 1, which comprises the
following steps:

[0044] 101: controlling two parallel light emitting diodes to
emit red light and infrared light periodically to a finger to be
detected;

[0045] 102: detecting the red light and infrared light pass-
ing through the finger, and converting the transmitted red light
and infrared light into a red light electrical signal and infrared
light electrical signal,

[0046] 103: separating the pulsating components from the
two electrical signals to obtain a separated variation of red
light in one cycle and a separated variation of infrared light in
one cycle;

[0047] 104: calculating the blood oxygen saturation based
on the variations of red light and infrared light;

[0048] 105: amplifying and filtering the blood oxygen satu-
ration prior to converting the blood oxygen saturation into a
digital signal and showing the result by means of an analog-
to-digital converter (AD convertor).

[0049] Alternatively, the above cycle can be 0.02 second,
1.e. the frequency thereof is 50 Hz AC frequency. Of course
other frequencies can also be used for calculation.

[0050] Themethod for achieving the above step 104 can be:
Sa0n = 1 L ARED -z N 100%: Formula 3

A2 = M IR sN)+ sRED N 0%
[0051] wherein K is the light absorption coefficient of the

blood, ,RED is the variation of the red light in one cycle, ,IR
is the variation of the infrared light in one cycle, \N is the
disturbance value of the ambient light.

[0052] Alternatively, the above method can include the fol-
lowing step after step 105:

[0053] calculating the pulse P according to the electrical
signals of red light and infrared light; in particular,

iR IR R R
kmax * Cmax kmax * Cmax . Formula 4

TR CR ) K CR

min min min min

whereink . is the maximum value of the absorp-

[0054] ax
tion coefficient of the infrared light, and k,,,,”® is the mini-

mum value of the absorption coefficient of the infrared light;
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[0055] k. is the maximum value of the absorption coef-
ficient of the red light, and k,,,,,* is the minimum value of the
absorption coefficient of the red light;

[0056] C,, . isthe maximum value of the C,;, O, concen-
tration for infrared light, and C,,,”® is the minimum value of
the C;, 0, concentration for infrared light;

[0057] C, % isthe maximum value of the C,,, 0, concen-
tration for red light, and C,,,, % is the minimum value of the
C,,,0, concentration for red light.

[0058] The embodiments according to the present applica-
tion have the advantages of non-invasive real-time for detec-
tion of the blood oxygen saturation and pulse.

[0059] The embodiments of the present application further
provide a system for detecting the oxygen saturation in blood
as shown in FIG. 2, wherein the system comprises:

[0060] a control unit 21 for controlling two parallel light
emitting diode to emit a red light and infrared light periodi-
cally to a finger to be detected;

[0061] a detection unit 22 for detecting the red light and
infrared light passing through the finger and converting the
red light and infrared light passing through the finger into a
red light electrical signal and an infrared light electrical sig-
nal;

[0062] a separation unit 23 for separating the pulsating
components from the two electrical signals to obtain a sepa-
rated variation of red light in one cycle and a separated varia-
tion of infrared light in one cycle;

[0063] a calculation unit 24 for calculating the blood oxy-
gen saturation according to the variations of red light and
infrared light;

[0064] aconversion and transmission unit 25 for converting
the blood oxygen saturation into a digital signal and showing
the result by means of an analog-to-digital converter after
amplifying and filtering of the blood oxygen saturation.
[0065] Alternatively, the calculation unit 24 is particularly
used for

1 ARED -, N Formula 3
Sa0, = —In

- - - (A
KRN+ RED N < 10%

[0066] wherein, SaO, is the blood oxygen saturation, K is
the light absorption coefficient of the blood, ,RED is the
variation of the red light in one period, ,IR is the variation of
the infrared light in one cycle, N is the disturbance value of
the ambient light.

[0067] Alternatively, the above calculation unit 24 can be
further used for calculating the pulse P according to the elec-
trical signals of red light and infrared light; in particular,

_ kr’n’fm * Crlr’lfzx / kr’;ax # C:Exax . Formula 4
e N e
[0068] whereink, ™ is the maximum value of the absorp-

tion coefficient of the infrared light, and k., % is the mini-
mum value of the absorption coefficient of the infrared light;
[0069] Kk, isthe maximum value of the absorption coef-
ficient of the red light, and k% is the minimum value of the
absorption coefficient of the red light;

[0070] C, " isthe maximum value of the C;;, O, concen-
tration for infrared light, and C,,,”® is the minimum value of

the C,;, O, concentration for infrared light;
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[0071] C, % isthe maximum value of the C,,, 0, concen-
tration for red light, and C,, ® is the minimum value of the

C,, 0, concentration for red light.

[0072] It should be appreciated that, all the units in the
above-mentioned embodiments are just divided by their func-
tions, but it should not limited to the above-mentioned divi-
sion, if only the corresponding function can be achieved. On
the other hand, the specific name of each functional unit is
merely used to distinguish each other, but not used to limit the
protection scope of the present application.

[0073] In addition, one skilled in the art should appreciate
all or a certain part of the steps in each of the above embodi-
ments can be completed by programs instructing correlated
hardware, wherein the corresponding programs can be stored
in a computer-readable storage medium such as ROM/RAM,
disk, Compact Disc or the like.

[0074] The embodiments above are merely the preferable
embodiments of the present application and not intended to
limit the present application. And all changes equivalent sub-
stitution and improvements which come within the meaning
and range of equivalency of the present application are
intended to be embraced therein.

I claim:

1. A method for detecting oxygen saturation in a blood
comprising:
controlling two parallel light emitting diodes to respec-
tively emit a red light and an infrared light periodically
to a finger to be detected;

detecting the red light and infrared light passing through
the finger, and converting the transmitted red light and
infrared light into a red light electrical signal and an
infrared light electrical signal respectively;

separating pulsating components from the two electrical
signals to obtain a separated variation of red light in one
cycle and a separated variation of infrared light in one
cycle;

calculating the blood oxygen saturation based on the varia-
tions of red light and infrared light;

amplifying and filtering the blood oxygen saturation prior
to converting the blood oxygen saturation into a digital
signal by means of an analog-to-digital converter.

2. The method of claim 1, wherein the step of calculating
the blood oxygen saturation based on the variations of red
light and infrared light comprises:

1 ARED — s\ N Formula 3
Sa0, = —In

_ATTTAY s 100%;
K (IR = sN)+ oRED — 4N o

wherein Sa0, is the blood oxygen saturation, K is a light
absorption coefficient of a blood, ,RED is a variation of
the red light in one period, ,IR is a variation of the
infrared light in one cycle, and 4N is a disturbance value
of an ambient light.

3. The method of claim 1, wherein the step of amplifying
and filtering the blood oxygen saturation prior to converting
the blood oxygen saturation into a digital signal by means of
an analog-to-digital converter further comprises:

calculating the pulse P according to the electrical signals of
red light and infrared light; in particular,
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kr’n’fzx * C,’,ﬁ,, / kﬁax # Cfmx Formula 4

h /‘rlnlfn * Crlrﬁn kr’flin * C’Su'n ’
wherein kmaxIR is the maximum value of an absorption

coefficient of the infrared light, and k., ”® is the mini-

mum value of an absorption coefficient of the infrared
light;

k..~ is the maximum value of an absorption coefficient of
the red light, and k,,* is the minimum value of an
absorption coefficient of the red light;

C,,.. 7} is the maximum value of a C,,, O, concentration for
infrared light, and C,,,*® is the minimum value of a
C,;,0, concentration for infrared light;

C, ..Fis the maximum value of a C,,0, concentration for
red light, and C,,,,® is the minimum value of a C, O,
concentration for red light.

4. A system for detecting oxygen saturation in a blood

comprising:

a control unit for controlling two parallel light emitting
diodes to respectively emit a red light and infrared light
periodically to a finger to be detected;

adetection unit for detecting the red light and infrared light
passing through the finger, and converting the transmit-
ted red light and infrared light into a red light electrical
signal and an infrared light electrical signal respectively;

aseparation unit for separating pulsating components from
the two electrical signals to obtain a separated variation
of red light in one cycle and a separated variation of
infrared light in one cycle;

a calculation unit for calculating the blood oxygen satura-
tion according to the variations of red light and infrared
light;

aconversion and transmission unit for converting the blood
oxygen saturation into a digital signal by means of an
analog-to-digital converter after amplifying and filtering
of the blood oxygen saturation.

5. The system of claim 4, wherein the calculation unit is

used for

1 ARED -\ N Formula 3
Sa0, = —In

A TAY 009
K "(AIR=aN)+ ,RED— N 7

wherein Sa0, is the blood oxygen saturation, K is the light
absorption coefficient of the blood, ,RED is a variation
of the red light in one period, ,IR is a variation of the
infrared light in one cycle, (N is a disturbance value of

an ambient light.
6. The system of claim 4, wherein the calculation unit can
be further used for calculating the pulse P according to the
electrical signals of red light and infrared light; in particular,

IR IR (R R
_ kmax # Copax kmax # Conae . Formula 4
/‘rlrﬁn * Cr’rﬁn kr’flin * C;Sxin
wherein k" is the maximum value of an absorption

coefficient of the infrared light, and k., is the mini-

mum value of an absorption coefficient of the infrared

light;
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k.. is the maximum value of an absorption coefficient of

max

the red light, and k,,® is the minimum value of an

absorption coefficient of the red light;
C,,.. 2 is the maximum value of a C,,0, concentration for
infrared light, and C,,”® is the minimum value of a
C.,0, concentration for infrared light;
C,,..~is the maximum value of a C,;, 0, concentration for

red light, and C,, % is the minimum value of a C; 0,
concentration for red light.

® 0% % % %
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