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ABSTRACT 
The paper presents a 3D weaving technique which facilitates multiple textile layers to be 

combined with a resilient structure in one single weaving process. The healthcare field offers a 
multitude of situations where the combination of smart textiles and 3D weaving techniques can 
be applied. The present study was set up to test how the suggested 3D weaving technique 
facilitates long-term monitoring of brain activity through a textile-based system for 
multi-channel recording of EEG signals. The proposed 3D weaving technique benefits the 
manufacturing process by reducing currently necessary production steps and logistics, and has 
an overall economic and environmental potential for the textile industry. 

 
 
Keywords: textile structure, smart textile, 3D weaving, textile electrodes, EEG monitoring 
  
 
1. Introduction 
   A majority of today’s textile products are made of diverse materials that have been subjected 
to a variety of processes and finally assembled by means of one or more laminating or bonding 
techniques.  Each of these stages consumes time resources and often relies on the use of 
chemical substances. Therefore, there is a pressing need to develop efficient ways of 
manufacturing high-end textiles that are also responsive to demands from an environmental 
and sustainability perspective. Emerging three dimensional (3D) weaving techniques have the 
potential to radically change the way different materials can be combined into textile products 
and how these products can be manufactured in the future.   
 
In its half century of existence, 3D weaving structures has typically been applied as a 
replacement or support to heavier structures within the aerospace, military, and automotive 
industry [1]. This has usually been achieved using orthogonal or angle orthogonal multi-layer 
structures often stabilized by resin to I or H beams or sandwich structures [2]. 
Orthogonal multilayer structures are generally applied only with one type of material. However, 
by utilizing the different levels of the warp and weft systems available in 3D weaving, different 
materials providing different properties can be added to each layer of the final product. This 
feature of 3D/multi-layer weaving techniques is still to be taken advantage of on a larger scale. 
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This paper presents a novel 3D weaving technique which facilitates multiple textile layers to be 
combined with resilient structures in a single weaving process.  
 

Parallel to the development of 3D weaving techniques, new materials are offered as high tech 
fibres from advancements in material science. The textiles made from these fibres, often 
referred to as “smart” or “interactive” textiles, since they capitalize on the unique properties of 
the constituent fibres, enable a wide range of functionality to be integrated in textile products. 
Conductivity is a property of particular interest, as conductive yarns can be used to form textile 
electrodes. When incorporated in clothing, these can transmit electrophysiological signals from 
the body such as the ECG (electrocardiogram representing heart activity) [3], EEG 
(electroencephalogram representing brain activity) [4], and EMG (electromyogram 
representing muscle activity) [5].  
 
The healthcare field offers a multitude of situations where the combination of smart textiles 
and 3D weaving techniques can be applied. The result can improve the functionality or 
manufacturability of existing products or provide new solutions to clinical needs. 
 
The present study was set up to test how the suggested novel 3D weaving technique facilitates 
long-term monitoring of brain activity through a textile-based system for multi-channel 
recording of EEG signals. Evaluation of brain activity based on EEG signals is a 
well-established clinical practice in such areas as epilepsy, sleep studies, and intensive care. 
Long-term studies using EEG are demanding not only because of the high number of 
electrodes that need to be positioned at predetermined sites on the head according to the 10-20 
system [6], but also in order to maintain a high enough signal quality from all electrodes.  
 
One commercial solution to enable multi-channel EEG recording is to integrate the necessary 
array of electrodes in a cap. This approach is currently being used by neonatal intensive care 
units for EEG monitoring of newborn babies. However, the caps currently available in 
premature and infant sizes tend to cause excessive pressure to the skin at the site of each 
electrode, making them unsuitable for long-term use. The rationale for the present study is that 
a fully textile-based electrode system would be more comfortable to wear, while assuring that 
each electrode would be accurately positioned, thereby allowing a faster and simpler 
application of all the required electrodes.  
 
The aim of the present study is to a) describe key aspects of a novel 3D weaving technique, and 
b) explore how this technique can be applied to realize a textile system that satisfies the 
requirements for long-term recording of brain activity.  

 
2. Structure feature and manufacturing process 
   The main idea of the proposed novel 3D weaving method is to combine multiple textile 
layers and at least one resilient layer in the same weaving process. The resulting 3D resilient 
multilayer woven textile would comprise, in its simplest form, three parallel layers. A number 
of interconnecting, distancing, and resilient cross-sections between the upper and lower textile 
surfaces would be created by the 3D weaving technique by letting the warp of the 
interconnecting layer alternate between the adjacent upper and lower layers of the textile. The 
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cross sections can form triangular or rectangular cavities that are predefined in the weaving 
design [2]. This allows for individually chosen properties of material and weaving patterns in 
the weft and warp of each layer. Thus, the upper and lower surface design of the multilayer 
fabric may be composed of two different patterns. For example, one layer can comprise a plain 
weave while the other is sateen. Similarly, the interconnecting layer can be made of another 
weave design, e.g., twill or whatever structure that has the properties that are needed. Due to 
the flexibility and uniqueness of the weaving process, it is possible to select different kind of 
yarns for different linear planes, according to user requirements, and interlace them in a unique 
structure, as shown in the matrix representation of Table 1.  
 
Table 1. Schematic representation of various materials interwoven as described in text. 

3 Layer Weft 1 Weft 2 Weft 3 
Warp A 1/1     
Warp B  1/5 1/1  1/5 
 Warp C     1/1 

 
 
In the example, the matrixes describe the relationship between the different weft and yarns 
systems of the 3D weaving structure.   This way of illustrating increases the opportunities 
for creative discussion in multidisciplinary collaborative groups. 
This may assist in closing the gap experienced from the lack of a generic language with 
which to discuss how various yarn systems be combined to create the desired textile structure. 
By providing a way to communicate aspects of weaving techniques with professionals 
unfamiliar with weaving, a more creative environment for understanding how different 
systems may interact, visualized in terms of a generic matrix representation, can result, and the 
group can more easilyparticipate in the design process of the 3D textile system. One key to this 
may beputting the warp and weft systems into proportional units, relative to each other, so 
that weaving techniques can more easily be discussed and explained. 
 

The resilient property of the interconnecting bridges will give the structure a supportive and a 
stabilizing function. It will also allow the textile to provide softness to the material, an aspect 
often sought in smart textiles. The springiness in the structure will vary due to the warp density 
and the yarn number.  
 
Since the intermediate structure will be covered by adjacent layers of textile, the material in the 
intermediate layer can be shielded from the external surroundings and, therefore, be used as a 
protected path. Specifically, when using conductive yarns in the intermediate structure, the 
adjacent layers can provide isolation to avoid short circuit and protect from wear.  
Moreover, by changing the cover factor or the area density in combination with the weave 
pattern in different layers, stiffness, stability, porosity, and abrasion resistance [7] can be 
adapted in relation to the requirements of a specific application.  
 
In theory, the above examples can be extended to an unlimited number of layers in different 
yarn systems. However, the means of weaving the 3D structure set a practical limit. 
Nevertheless, for each layer incorporated by the weaving technique, a certain value can be 
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added to the textile system. Since the layers of the textiles described above and in Table 2 are 
designed and woven independently yet simultaneously, a textile with (for example) five layers, 
manufactured in a single weaving process is possible. A five-layer application of the 3D 
weaving technique has been demonstrated as a fully textile implemented capacitive structure 
comprising two conducting and two isolating layers with the intermediate structure defining 
the distance between the two conductive layers [8]. 

 

Table 2. Interlacement material at different layers in a 5 layer structure. 
Warp  Weft 1 Weft 2 Weft 3 
A 1/10   1/1 
B 1/1     
C   1/1 1/5 
D 1/1     
E 1/10   1/1 

   
The EEG Application 
 
Several concept loops were performed with the aim to apply the 3D weaving technique in the 
design of a textile system suitable for long term monitoring of EEG signals. The first step was 
to categorize the optimal textile surface for the textile electrode. The best electrode surface was 
chosen out of four different surfaces knitted or woven in different patterns. Each surface was 
compared to standard EEG electrodes. The textile electrodes were made from the same 
material, as described in Table 3. After measuring, both according to Beckman [9] and tried 
under realistic conditions on a human, the textile electrode recordings were compared to 
recordings using the standard procedure. A woven 8 shafted sateen, was identified as the most 
favorable surface design of the four tested and chosen to pursue with in this project. 
 
Table 3. Materials used for the textile electrodes 

Material Textile Specification 
1 Warpknitted spacer textile 10mm 
2 Shieldex 235/34  dtex 2-ply HC.   100 Ω/m 
3 Lamination web   

 
During the tests it was shown that a resilient cushion improved the contact between the 
electrode surface and the skin compared to a non-protruding structure. 
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Figure 1 Illustrates how four different warp systems has been arranged in order to create the four 

specific layers (from top to bottom); electrode surface, isolating and moisture supplying layer, 
intermediate protruding/resilient layer, protecting layer. 

 

A further requirement was to dispense the use of contacting gel, which patients perceive as 
an uncomfortable and might cause skin irritation. The tests showed that good quality EEG 
signals were obtained when pure physiological saline solution was added to the electrodes. For 
this purpose a moisture keeping structure should be provided next to the electrode surface as 
shown in Figure 1. The matrix representation of this 3D structure is presented in Table 4. 
 

Table 4. Illustrates the interlacement of the materials in the electrode part. 

 Weft 1 Weft 2 Weft 3 Weft 4 Weft 5 
Warp A 1/1 1/4     1/3 
Warp B   1/1     1/3 
Warp C   1/5 1/1 1/5  1/4 
Warp D       1/1   

 

Preliminary results show that a) it is possible to record high quality EEG signals using textile 
electrodes and b) the proposed 3D weaving technique can contribute to the design of a 
multi-channel textile EEG recording system. The outcome of this project is a woven structure 
where protruding and resilient electrodes are integrated in a plain woven ribbon according to 
the 10-20 system as shown in Figure 2. The structure can be manufactured in one single 
weaving process using the proposed 3D weaving technique. 
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Figure 2 Schematic picture of the ribbon with woven protruding textile electrodes. 

 

Apart from the obvious benefit, especially in neonatal care or other patients with need for long 
term EEG monitoring, using the more comfortable textile electrodes, the possibility of 
integrating textile electrodes in a supportive textile structure for easy application and proper 
positioning opens up the current use of EEG to also include (self-administered) EEG 
monitoring outside the clinic.  
 
 
3. Conclusions  
 
This project has demonstrated a 3D woven structure where conductive and nonconductive 
materials are integrated in a textile structure to appear at certain predetermined and confined 
areas.  By utilizing the possibilities of combining various materials in different planes of the 3D 
textile structure and inherent in the presented 3D weaving technique, different properties and 
requirements, which proved necessary to EEG monitoring, can be integrated in one single 
manufacturing process without the need of laborious laminating or bonding processes. 
 
The 3D weaving technique described in this paper has been successfully applied to realise a 
first prototype of a textile system meeting the demands identified in long-term EEG recording 
procedures. It incorporates a conductive surface for electrodes, isolating material, resilient 
distancing layer, and moisture holding capacity including a layer which reduce evaporation. 
 
The proposed 3D weaving technique benefits the manufacturing process by reducing currently 
necessary production steps and logistics, and has an overall economic and environmental 
potential for the textile industry. 
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