
Development of sensing technical textiles with fbg sensory elements for security fields 
 

Petr Munster1, Jiri Prinosil1, Radek Helan2, Radim Sifta2, Tomas Horvath1 

Faculty of Electrical Engineering – Brno University of Technology, the Czech Republic1 

Proficomms, the Czech Republic2 

munster@feec.vutbr.cz 

Abstract: Fiber optic sensors are increasingly widespread and used sensors in many areas of industry and defence. Sensors using fiber 

Bragg gratings are very accurate sensors of strain and temperature. In this paper we deal with the selection of suitable materials and 

structures for the implementation of optical fibers with fiber Bragg gratings. The whole process has several key stages - evaluating of 

adhesives on textile samples, selection of a suitable textile thickness, and design of a multilayer structure of a textile block. The resulting 

textile block was developed and its basic functional parameters were verified.   
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1. Introduction 

Fiber Bragg Grating (FBG) is a reflector created in a short segment 

of an optical fiber that reflects specific wavelengths of light and 

transmits all others. FBGs are widely used in telecommunication 

technologies, especially as narrowband filters, in optical 

multiplexers and demultiplexers or in Optical Add-Drop 

Multiplexers. In addition to telecommunications, FBG are also used 

as a very precise sensors to measure temperature and strain. 

Bragg gratings are formed by a special refractive index structure 

in the core of an optical fiber. This structure is periodic and consists 

of alternating layers of the refractive index of the core n1 and the 

increased refractive index denoted as n3, see Fig. 1. 

 

Fig. 1 The structure of the uniform Bragg grating in optical fiber. 

 

This Bragg wavelength is given by the period of changes Λ in 

the core refractive index of the optical fiber and the effective 

refractive index neff [1] 

𝜆𝐵 = 2𝑛𝑒𝑓𝑓Λ. 

The Bragg wavelength varies with temperature and pressure. 

The main advantages of optical sensors are intrinsic safety, high 

measurement accuracy, total number of measuring points using one 

fiber, and no need for power supply to the measuring points. These 

properties are in great demand especially in the security industry. In 

addition, the optical fiber material (silica) ensures that the sensors 

are not detectable. 

The rest of this paper is structured as follows. Section I 

introduces the paper and Section II describes concept of the system. 

In Section III design of textile blocks is described and in Section IV 

are results and discussion. Finally, Section V concludes the paper. 

 

2. Design of the overall system 

The whole concept is based on two basic elements – interrogation 

unit and measuring textile blocks with dimensions 1×1 m. Each 

block consists of four quadrants, as shown in Fig. 2. Partial 

quadrants have implemented one measuring FBG element for 

temperature measurement, or two FBG elements in the case of 

temperature and strain measurement (mechanical deformations) 

simultaneously. 

The interrogation unit has 4 physical channels and each physical 

channel can connect up to 16 sensor elements. One of the key part is 

design of FBG sensors and their spectral spacings between them to 

avoid mutual spectral overlap with neighboring sensors. The total 

spectral range of the evaluation unit (Complex unit from 

NETWORK GROUP [2]) is 40 nm for each physical channel, in the 

C-band range. 

 

Fig. 2 The overall concept of the system - temperature and strain. 

 

3. Design of textile blocks 

The design covers important steps such as the choice of adhesive, 

textile and layout structure itself.  

 

Choice of adhesive 

Different types of adhesives from different manufacturers were 

tested.  

       

Fig. 3 example of glued textiles. 

 

The main criteria were the strength of the connection,  

maximum value of the force that the textiles can withstand 

before they start peeling off each other, and also the final 

flexibility. Tab. 1 shows maximum force that the joint withstood 

before detaching. Fig. 3 shows the differences in the adhesives 

used. 
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Tab. 1 Table of some tested adhesives and maximum force they achieved. 

Adhesive Max 

force (N) 

Type 

DISPERCOLL D2 23 onecomponent polyvinyl 

acetate dispersion 

Uniflex V7510 21 dispersion 

Alkaprén 25 Plus 18 Toluene-free rubber 

LUKOPREN N 8200 8 Two-component high-

strength silicone rubber 

Choice of suitable textile and layer structure 

The aim is to assemble multilayer structures of a "sandwich" 

type. Two types of structures were chosen: three-layer – consisting 

of two layers of inelastic thin textile RONAN FIX with a metric 

weight of 160 g·m-2  and one layer of non-woven polyester textile 

weighing approximately 400 g·m-2  placed between them; and four-

layer – consisting of two layers of inelastic thin textile RONAN 

FIX with a metric weight of 160 g·m-2  and two layers of non-

woven polyester textile weighing approximately 100 g·m-2  placed 

between them. In Fig. 4 is depicted detail of 3D model showing 

four-layer structure and special robust connector. 

 

Fig. 4 Detail of the 4-layer textile showing special connector designed by 
Proficomms company. 

4. Results and discussion 

For evaluation of the functionality of the developed textile and test 

the effect of the strain, a special construction was developed, to 

which various weights have been attached, as shown in the Fig. 5. 

 

Fig. 5 Testing of the final textile for strain. 

 

The textile was hung in a testing construction and a weight was 

hung on the bottom. Weights weighing 2, 4, 6, 10 and 16 kg were 

tested. A total of 3 measurements were performed. 

Fig. 6 and 7 show graphs from FBG 1 and FBG 2, respectively. 

As can be seen from the graphs, the sensitivity to weights is 

different for each FBG. The reason is the suspension of the weight 

closer to the FBG 1 and impact also has a manual gluing of 

technical textiles, when the FBG could have been unevenly fixed to 

the textile. 

 

Fig. 6 Measurement results for FBG 1. 

 

 
Fig. 7 Measurement results for FBG 2. 

 

Conclusion 

For critical infrastructures protection we have designed and 

developed smart technical textile based on layer structure using 

FBG sensing elements for strain and temperature sensing. Important 

parts of the research included not only the design of the overall 

structure of the textile, but also the selection of a suitable adhesive. 

Dispersion based adhesive proved to be the best in laboratory 

conditions. Due to the uneven layer of gluing, the individual FBGs 

evaluated strains with different intensities. However, this can be 

post-calibrated. The measurements were stable for repeated 

measurements. 
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