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Blood Oxygen Saturation Detection Method And System  

 

Technical Field 

The present application relates to the field of detection technology, in 

particular, it is directed to a method for detecting blood oxygen saturation 

and a system for detecting blood oxygen saturation.  

 

Background 

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 oxyhemoglobin 

(HbO2), and after the oxygen is released it becomes reduced hemoglobin. 

The blood oxygen saturation (SaO2) 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:  

               SaO2 = CHbO2/(CHbO2+CHb) × 100%. 

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 
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oxygen content, and the percentage of the oxygen content in the oxygen 

capacity is referred as blood oxygen saturation.  

In the process of carrying out the exiting techniques, there are following 

technical problems in the prior art:  

The existing method for detecting blood oxygen saturation is carried out 

in an invasive way, and this method has low efficiency and is harmful to the 

subject.  

 

Summary 

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.  

The embodiments of the present application are carried out as follows: a 

method for detecting oxygen saturation in the blood comprising:  

controlling two parallel light emitting diode to 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 red light and infrared light passing through the finger into a 

red light electrical signal and infrared light electrical signal respectively;  

separating the pulsating components from the two electrical signals to 

obtain a separated variation of red light in one cycle and a separated variation 
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of infrared light in one cycle;  

calculating the blood oxygen saturation based on the variations of red 

light and infrared light;  

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).  

Alternatively, the above step of calculating the blood oxygen saturation 

based on the variations of red light and infrared light may particularly 

comprise:  

 

Formula 3;  

wherein SaO2 is the blood oxygen saturation, K is the light absorption 

coefficient of the blood, ΔRED is the variation of the red light in one cycle, 

ΔIR is the variation of the infrared light in one cycle, ΔN is the disturbance 

value of the ambient light.  

Alternatively, after the step of amplifying and filtering 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:  

calculating the pulse P according to the electrical signals of red light 

and infrared light; in particular,  
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wherein max

IRk
 is the maximum value of the absorption coefficient of 

the infrared light, min

IRk
 is the minimum value of the absorption coefficient 

of the infrared light;  

max

Rk
is the maximum value of the absorption coefficient of the red 

light, and min

Rk
 is the minimum value of the absorption coefficient of the 

red light;  

max

IRC
is the maximum value of the CHbO2 concentration for infrared 

light, min

IRC
 is the minimum value of the CHbO2 concentration for infrared 

light;  

max

RC
is the maximum value of the CHbO2 concentration for red light, 

min

RC
is the minimum value of the CHbO2 concentration for red light.  

On the other hand, a measurement system of oxygen saturation in the 

blood is provided, which comprises:  

a control unit for controlling two parallel light emitting diode to emit a 

red light and infrared light periodically to a finger to be detected;  

a detection unit for detecting the red light and infrared light passing 
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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;  

a separation unit for separating the pulsating components 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;  

a calculation unit for calculating the blood oxygen saturation according 

to the variations of red light and infrared light;  

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.  

Alternatively, the calculation unit is particularly used for  

 

Formula 3;  

wherein SaO2 is the blood oxygen saturation, K is the light absorption 

coefficient of the blood, ΔRED is the variation of the red light in one cycle, 

ΔIR is the variation of the infrared light in one cycle, ΔN is the disturbance 

value of the ambient light.  

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,  
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  Formula 4;  

wherein  is the maximum value of the absorption coefficient of 

the infrared light, and is the minimum value of the absorption 

coefficient of the infrared light;  

max

Rk
is the maximum value of the absorption coefficient of the red 

light, and  is the minimum value of the absorption coefficient of the 

red light;  

max

IRC
is the maximum value of the CHbO2 concentration for infrared 

light, and  is the minimum value of the CHbO2 concentration for 

infrared light;  

max

RC
is the maximum value of the CHbO2 concentration for red light, 

and  is the minimum value of the CHbO2 concentration for red light;  

Compared with the technical solutions in prior art, the embodiments of 

the present application have the following advantages: the oxygen content in 

the blood can be detected by means of the present technical solution in a 

noninvasive and real time way, therefore it has the advantages of 

noninvasive and real time measurement.  

 

Brief Description of the Drawings  

Figure 1 is flow chart of detection method of the blood oxygen 
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saturation according to an embodiment of the present application.  

Figure 2 is a schematic structural diagram of the measurement system of 

blood oxygen saturation according to the present application.  

 

Detailed Description of the Invention  

Objects, technical solution and advantages of the present application 

will be explained below in detail with reference to the accompanying 

drawings and examples. However, 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 .  

The principle of the present application is as follows: the method 

according to the present disclosure is similar to the measurement method of 

spectrophotometric technology, the present method is based on the 

absorption spectrum characteristics of oxyhemoglobin (HbO2) and reduced 

hemoglobin (Hb). When a beam of light shoots into a solution of a substance, 

the transmitted light intensity (I) and the emitted light intensity (I0) satisfy 

the following relationship:  

0

KCdI I e   Formula 1  

wherein the natural logarithm of the ratio value of I to I0 is named as 

light density D, accordingly formula 1 can also be expressed as:  

D = ln (I/I0)= kCd;    Formula 2  

wherein C is the concentration of a solution (such as blood), d refers to 
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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 proportional to the light density D. HbO2 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 HbO2; while in the region of infrared light (IR) with 800 - 1000 nm 

wave length, the absorption coefficient of Hb is smaller than that of HbO2; 

and the isoabsorptive point is observed at the vicinity of 805 nm.  

The blood 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 (HbO2), about 98% of the oxygen combines with the 

hemoglobin 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 fluctuation in the artery which makes the artery expand and retract, 

as a result the artery vessels produce regular pulse.  

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 



9 
 

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 photoelectric 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 HbO2 and Hb in the blood 

change periodically with the function of blood pulse, therefore 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 HbO2 to Hb in the blood. If denoted with light 

absorption, 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 

different wave lengths pass through the part to be detected in turns, and the 
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pulsation components in these two signals are separated respectively, after 

amplifying and filtering, the pulsation 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 intensity 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.  

The embodiments of the 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 Figure 1, which comprises the following steps:  

101: controlling two parallel light emitting diodes to emit red light and 

infrared light periodically to a finger to be detected;  

102: 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 infrared light electrical signal;  

103: separating the pulsating components from the two electrical signals 

to obtain a separated variation of red light in one cycle and a separated 
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variation of infrared light in one cycle;  

104: calculating the blood oxygen saturation based on the variations of 

red light and infrared light;  

105: 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).  

Alternatively, the above cycle can be 0.02 second, i.e. the frequency 

thereof is 50 Hz AC frequency. Of course other frequencies can also be used 

for calculation.  

The method for achieving the above step 104 can be:  

Formula 3;  

wherein K is the light absorption coefficient of the blood, ΔRED is the 

variation of the red light in one cycle, ΔIR is the variation of the infrared light 

in one cycle, ΔN is the disturbance value of the ambient light.  

Alternatively, the above method can include the following step after 

step 105:  

calculating the pulse P according to the electrical signals of red light 

and infrared light; in particular,  
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  Formula 4;  
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wherein max

IRk
 is the maximum value of the absorption coefficient of 

the infrared light, and  is the minimum value of the absorption 

coefficient of the infrared light;  

max

Rk
is the maximum value of the absorption coefficient of the red 

light, and  is the minimum value of the absorption coefficient of the 

red light;  

max

IRC
is the maximum value of the CHbO2 concentration for infrared 

light, and  is the minimum value of the CHbO2 concentration for 

infrared light;  

max

RC
is the maximum value of the CHbO2 concentration for red light, 

and  is the minimum value of the CHbO2 concentration for red light.  

The embodiments according to the present application have the 

advantages of non-invasive real-time for detection of the blood oxygen 

saturation and pulse.  

The embodiments of the present application further provide a system for 

detecting the oxygen saturation in blood as shown in Figure 2, wherein the 

system comprises:  

a control unit 21 for controlling two parallel light emitting diode to emit 

a red light and infrared light periodically to a finger to be detected;  

a detection unit 22 for detecting the red light and infrared light passing 
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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;  

a separation unit 23 for 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;  

a calculation unit 24 for calculating the blood oxygen saturation 

according to the variations of red light and infrared light;  

a conversion 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.  

Alternatively, the calculation unit 24 is particularly used for  

Formula 3;  

wherein, SaO2 is the blood oxygen saturation, K is the light absorption 

coefficient of the blood, ΔRED is the variation of the red light in one period, 

ΔIR is the variation of the infrared light in one cycle, ΔN is the disturbance 

value of the ambient light.  

Alternatively, the above calculation unit 24 can be further used for 

calculating the pulse P according to the electrical signals of red light and 

infrared light; in particular,  
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  Formula 4;  

wherein max

IRk
 is the maximum value of the absorption coefficient of 

the infrared light, and  is the minimum value of the absorption 

coefficient of the infrared light;  

max

Rk
is the maximum value of the absorption coefficient of the red 

light, and  is the minimum value of the absorption coefficient of the 

red light;  

max

IRC
is the maximum value of the CHbO2 concentration for infrared 

light, and  is the minimum value of the CHbO2 concentration for 

infrared light;  

max

RC
is the maximum value of the CHbO2 concentration for red light, 

and  is the minimum value of the CHbO2 concentration for red light.  

It should be appreciated that, all the units in the above-mentioned 

embodiments are just divided by their functions, but it should not limited to 

the above-mentioned division, 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.  

In addition, one skilled in the art should appreciate all or a certain part 
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of the steps in each of the above embodiments 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.  

The embodiments above are merely the preferable embodiments of the 

present application and not intended to limit the present application. And all 

changes equivalent substitution and improvements which come within the 

meaning and range of equivalency of the present application are intended to 

be embraced therein.  



16 
 

I claim: 

1. A method for detecting oxygen saturation in a blood comprising:  

controlling two parallel light emitting diodes to respectively 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 variations 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,  

wherein the step of calculating the blood oxygen saturation based on the 

variations of red light and infrared light  comprises:  

Formula 3;  

wherein SaO2 is the blood oxygen saturation, K is a light absorption 

coefficient of a blood, ΔRED is a variation of the red light in one period, ΔIR 

is a variation of the infrared light in one cycle, and ΔN is a disturbance value 
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of an ambient light.  

2. 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,  

max max max max
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  Formula 4, 

wherein  is the maximum value of an absorption coefficient of 

the infrared light, and is the minimum value of an absorption 

coefficient of the infrared light;  

max

Rk
is the maximum value of an absorption coefficient of the red 

light, and  is the minimum value of an absorption coefficient of the 

red light;  

max

IRC
is the maximum value of a CHbO2 concentration for infrared light, 

and  is the minimum value of a CHbO2 concentration for infrared 

light;  

max

RC
is the maximum value of a CHbO2 concentration for red light, and 

 is the minimum value of a CHbO2 concentration for red light. 
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3. 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;  

a detection unit for 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;  

a separation 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 saturation according 

to the variations of red light and infrared light;  

a conversion 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,  

wherein the calculation unit is used for  

Formula 3;  

wherein SaO2 is the blood oxygen saturation, K is the light absorption 

coefficient of the blood, ΔRED is a variation of the red light in one period, 

ΔIR is a variation of the infrared light in one cycle, ΔN is a disturbance value 
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of an ambient light.  

4. The system of claim 3, 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,  

max max max max

min min min min
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  Formula 4;  

wherein  is the maximum value of an absorption coefficient of 

the infrared light, and is the minimum value of an absorption 

coefficient of the infrared light;  

max

Rk
is the maximum value of an absorption coefficient of the red 

light, and  is the minimum value of an absorption coefficient of the 

red light;  

max

IRC
is the maximum value of a CHbO2 concentration for infrared light, 

and  is the minimum value of a CHbO2 concentration for infrared 

light;  

max

RC
is the maximum value of a CHbO2 concentration for red light, and 

 is the minimum value of a CHbO2 concentration for red light. 

 

 


