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Abstract 
 
This deliverable reports on the bandages fabrics that have been manufactured to embed various optical 
fibres for use as respiratory sensors. This document focuses on the bandages parameters that have to 
be optimised to obtain a good optical signal.  
 
This document comes together with a set of prototypes that were and will be distributed to the other 
partners. 
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Content 
 

1 - Introduction  

Optical losses in the optical fibre are function of the radius of the fibre bending. However, some 
optical fibres are less sensitive than other to macro bendings. We thus research a manner to embed 
optical fibre to obtain high optical power variations under mechanical strains which are applied to the 
textile and inducing increase of the fibre loop radius with a sufficient detected optical power. We 
intend to obtain the highest sinusoid period allowed by the textile machine while keeping a 
comfortable bandage. To reach the expected design, number of rubber threads and thickness of the 
textile thread are adjusted. Doubling of the bandage is suitable for increasing the fibre protection. The 
expected design of the fibre embedded into textile layout is then giving in Figure 1-1. 

 

Rubber threadOptical fibre

 
 

Figure 1-1: Schematic of the embedded fibre textile design 
 
 

2 - Fabrication of bandages fabrics 

The manufacturing (Figure 2-1) of narrow fabrics can be done through several techniques, each of 
them giving different product characteristics. Narrow fabrics can be woven, braided or knitted (Figure 
2-2).   
 
 

  
 

Figure 2-1: Manufacture process (ELASTA) 
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Crochet case Stitching case 

 

 

Woven fibre  
 

Figure 2-2: Various studied fabrics with embedded fibres 
 

2.1 - Textile thread  

Changing the thickness of the yarn in warp and weft gives a different composition, look and feel of the 
finished fabric. The thickness of the yarn defines the fabric hardness at equal tension and equal needles 
numbers in the fabric. The yarn thickness/diameter is expressed according to the international metric 
standards; “denier” is the denomination used for the linear mass density of polyester yarns and 
corresponds to the mass in grams per 9,000 metres. 
 

2.2 - Number of rubber thread 

 
The number of rubber threads in the narrow fabric characterizes the elasticity degree of the bandage. 
Increasing the number of rubber threads is detected as bandage rigidity amplification, which means 
that more force is needed for the textile extension. 
 
Keeping the optical fibre in a specific location requires a certain degree of elasticity, even if with an 
inferior number of rubber threads the bandage gives a softer feeling to the person wearing it. The 
challenge is thus to investigate the acceptable relation between comfort and technical requirements. 
 

2.3 - Optical fibre behaviour during process 

 
The behaviour of the optical fibre during the production process is related to the composition of the 
fibre and its coating. Certain optical fibres are more fragile and breakages occur during the fibre 
integration. For other ones, damages are cause shortly afterwards due to the bandage relaxation and a 
less textile flexibility.  
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In order to avoid fibre breakages, the bandage elasticity is studied. Several samples have been 
produced by acting on the rubber threads number and/or the yam thickness.  
 

2.4 - Samples characterisation 

2.4.1- Optical fibre sinusoid form 
 
The fibre insertion into the textile is realized during the production process, where the textile is 
maintained under mechanical tension. Mechanical relaxation of the bandage occurs thus a 
modification of the sinusoid form. The final design and the final fibre shape in the bandage are 
difficulty predictable. Different tests with modification of parameters as number of rubber threads or 
yam types are needed to fulfil the specifications. 

2.4.2- Optical results 
 
In parallel, optical aspects are studied to define the good design for the future respiratory sensor. 
Sensitivity and the dynamic of the sensor are related to the textile parameters. Moreover dependence to 
the used laser source is shown. 
 
The experimental set-up is: 
 

Optical Source

Power meter
Embedded fibre
with sinusoidal 
shape

Translation table

Elastic bandage

Computing data
 

 
Figure 2-3: Experimental set-up to characterize the bandage samples 

 
 
Mechanical strains are applied to the elastic bandage via a mechanical translation table. Several 
sources at different wavelengths and with different emission spectrums are tested in order to select the 
required source, the operating wavelength and the good elasticity to ensure a sufficient dynamic of the 
sensor. 

2.4.2.1 Thickness and number of the rubber threads 
 
The elasticity and the comfort of the bandage are related to the thickness and to the number of rubber 
threads. We have thus analysed the influence of these parameters on the sensor sensitivity. A trade-off 
between dynamic of the sensor and detected optical power (to be able to extract signal from noise) is 
to be found. 
Increasing the textile density has as consequence reduction of optical losses. Nevertheless, the 
sensitivity of the sensor is also reduced and we observe dead times. Due to the density of the fabric, 
more mechanical efforts are needed to open the fibre loops and to observe optical signal variations. 
 
For a same thickness, increasing the number of rubber threads reduces the textile elasticity and 
contributes to reduction of the fibre loop radius during the textile relaxation and increase of optical 
losses. For the same reasons as previouly, the sensitivity of the sensor is reduced. 
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2.4.2.2 Embedded fibre type 
 
The sensor behaviour depends on the fibre type (silicate, polymer, monomode or multimode). 
Regarding the rigidity and the coating of the fibre, the fabrication process is adapted to avoid 
breakages of the fibre and some samples with various configurations have been realized. 
Definitive deformations of the fibre after removing from the bandage are showed in the case of plastic 
fibres. Nevertheless, POF offers the possibility of use of non-magnetic connectors, commercially 
available, that has an interest for MRI applications. Moreover, with multimode laser emitters, the 
sensor response is more linear than for SMF with a Fabry-Perot laser diode. 
As example, we show in Figure 2-4, the response of the sensor constituted of a bandage with 
embedded POF, submitted to a linear mechanical strain up to a maximum and back to 0. 
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Figure 2-4: Intensity sensor response to mechanical strain for embedded POF, using different optical 
emitters 

 

3 - Samples distributed to OFSETH consortium 

4 - Summary 

 
Samples of embedded optical fibres in different bandages fabrics were produced to determine the 
better compromise between “Sensor Sensibility – optical power level – behaviour of the textile”. So, 
we modified different parameters as: 
 

- number of rubber thread 
- thickness of the textile thread 
- type of optical fibre 
 
- Samples realised showed that the technique of embedded optical fibres seems to be 

mastered (even if we observed in previous tests that some optical fibres coating are more 
solid than others) and that to obtain a bigger sinusoid period we must increase the 
thickness of the textile thread and decrease the number of rubber thread.  

 
By doubling the bandage a better protection of the optical fibre is ensured. Sensor performance with 
doubled bandages remains to be evaluated. 
 
From the various produced bandages, some prototypes of the respiratory motions sensor have been 
implemented as shown in Figure 4-1. 
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Figure 4-1: Example of a prototype of the respiratory motions sensor based on fabrics with optical fibre 

embedded 
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List of Abbreviations 
 
POF Polymer optical fibre 

SMF Single-mode fibre 

MMF Multimode fibre 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 
 


