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Abstract 
 
 
This report consists on the design of the SpO2 sensor. State of the art is studied in order to define the 
specifications of the sensor in the frame of the OFSETH project. One particularity of our sensor is to 
operate in MRI environment. 
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Content 
 
 

1 - Introduction  

Pulse oximetry is a non-invasive method which allows health care providers to monitor the 
oxygenation of patient’s blood. Oxygenation, or oxygen saturation, is the percent of haemoglobin 
molecules bound with oxygen molecules.  
The principle of pulse oxymetry is based on the measurement of the red and infrared light absorption. 
Infrared is absorbed by oxygenated haemoglobin and red transmitted, by opposition to the 
deoxygenated cells. 
At high saturation, the tissue’s cycling blood volume has less influence on the detected red signal than 
on the infrared signal. At low saturation, the situation is reversed. 
 

 
 
By computing the red to infrared pulse ratio (R), we have the possibility to determine efficiently the 
oxygen saturation of a patient. 
 
Commercially oxymeters are available and consist on a NIRS measurement device which is composed 
of a red and infrared diodes coupled with a single photodetector.  For OFSETH, the standard technique 
is used with the main following improvements: 
 

�  Remote illumination and interrogation through optical fibre to process in MRI environment 
(no metallic equipment, no conductive cable and no electronic device which could interfere 
with the MRI instrument) 

�  Measurement in reflection allowing multiple measurement area locations on the patient 
�  Multi or array sensing improving sensitivity and reliability 

 

2 - NIRS sensor design 

 
Two LEDs, one in the infrared domain and the other emitting in the red, are coupled into an optical 
fibre and transmitted to the side-emitting sensing tip of the fibre. The reflected light is then collected 
by a photodetector. A signal processing device provides the saturation values at every heart beat.  
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Figure 2-1: Schematic of the NIRS sensor principle 

 
 

2.1 - Specifications for remote illuminating head: 

 
The development starts by a complete study of commercial sensors to determine the optical 
requirements and to provide a statement of the work: 
 
 

 
Figure 2-2: Pictures of commercial Sp02 sensors 

 
 

Optical wavelength 
600 nm to 700 nm (Red) 
850 nm to 1000 nm (IR) 

Spot diameter 5 mm to 6 mm 
Emitter / detector distance ~1 cm 
 
The molecules absorption is strongly dependent on the optical wavelength. A calibration procedure is 
needed for computing of the correct SpO2 value from the R ratio measurement. 
 

2.2 - Sensor best location 

 
As in transmission, the measurement accuracy results on the sensor location. In reflection, emitter and 
receptor are aligned on the skin surface and the signal to analyse comes from reflection on the skin. 
The accuracy of the measurement depends thus on the sensor placement.  
 
Several location tests have been performed with commercial sensor for choosing the best one (Figure 
2-3). For each test, the pulse rate is compared to the Sp02 value.  
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Figure 2-3: Potential locations for Sp02 measurements 

 
(2) and (3) seem to be the best ones to take Sp02 on an adult. About new born, due to the new born 
finger, Sp02 measurement on the foot is preferable. 
 

2.3 - Data treatment: 

 
The Sp02 value is obtained by measuring the absorption of the red and infrared by the cells. An 
electronic device allows extraction of the ambient light and separation between the detected red light 
and the detected infrared light, which are collected on the same photodectector. Both pulsed and DC 
signals are detected. The electronic device includes a digitalization step to transfer signals to a 
computer for a post data treatment. Software calculates the pulse rate, the pulsation index and the 
saturation value for each cycle. 
 
To compute the saturation, the monitor calculates the ratio R: 

DCIR
ACIR

DCR
ACR

R

-
-

-
-

=  

 
where AC/ DC correspond to the alternative/continuous signals, which are detected at each wavelength 
(R for the red and IR for Infrared). The ratio value is then compared to a “look-up” table (giving SpO2 
vs. R, from empirical formulas) to obtain the SpO2 value.  
 
Figure 2-4 resumes the different steps of the data treatment, from acquisition to SpO2 value 
calculation, which are performed via the sensor monitor under-development (Figure X). 
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Figure 2-4: Block diagram of SpO2 data treatment 

 
 

  
 

Figure 2-5: Pictures of the Sp02 monitoring system 

 
The sensor head, developed by Fiberware and BAM is tested and validated with a commercial 
monitor. 
 

2.4 - MRI compatibility 

 
One of the objectives of OFSETH is to operate in MRI environment. All developed equipments have 
to answer to requirements in terms of safety for the patient and not to corrupt MRI acquisition. Each 
component is then tested with a low magnetic field MRI device (0.2 Tesla). Image of a reference 
object is compared to the image of the same object, coupled to one part of equipment of the sensor. 
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As example, we show two MRI images of fibre connectors. Metallic or magnetic material, taking part 
of the connector, degrades the image of the reference object. For the connector N°.1, no information 
can be extract from the MRI analysis due to a complete perturbation of the image. 
 

 
 

Reference object (plastic jar) 

 

 

Connector N°.1 

  

Connector N°.2 

 

 

 

Figure 2-6: MRI images of several samples of optical connectors 

 
 

2.5 - Fibre bundle 

 
For the SpO2 sensor, the application of fibre bundles is suggested for its flexibility vs. single fibres. 
Different solution for the manufacture of side-emitting fibres is studied. Different prototypes of side-
emitting fibres in single and bundle configuration have been realized. The following table resumes the 
suitable solutions. 
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Figure 2-7: Example of an optical fibre bundle 

 
Configuration Schematic 
Bevelled single fibre 

 
Bevelled fibre including 
sending and receiving fibre 

 
Bevelled fibre bundle 

 
Bended fibre bundle 

 
 
Two configurations are most suitable:  

- fibre bundles fixed by adhesion in a capillary glass, beveled at a 45° angle 
- fibre bundles fixed by adhesion in a bended capillary glass 

Two sensor tips, one for illumination and one for detection are preferred due to the lower optical 
attenuation and the adjustable distance between the two fibre bundles. 
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3 - Manufacture of the sensor 

 
Figure 3-1: Schematic of the Sp02 fibre sensor 

 

4 - Conclusion 

From these considerations, several fibre SpO2 sensors have been prototyped. Test and characterization 
started. A monitoring system, which is the aim of a next technical report, has also been achieved. 
Some drawbacks are identified. The next step is thus: 

- sensor optimization (optoelectronic device + monitoring system) 
- integration into textile 
- tests in real conditions 
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List of Abbreviations 
 
IR Infra-Red 

MRI Magnetic Resonance Imaging 

NIRS Near Infrared Spectroscopy 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 


