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ABSTRACT 

 
In this article, the design, process and characterization 

of textile sensors for vital signals sensing are presented. 
Textile electrodes and piezoresistive sensors and respective 
interconnect plate for the monitoring of cardiac and 
pulmonary signals, were fully produced with a 6-head 
digital embroidery machine and electrically conductive 
commercial yarns. The waveforms were acquired via PC 
with a data acquisition module and Labview program.  The 
signal to noise ratio of textile electrodes having surfaces 
that were either textured or smooth accordingly with the 
embroidery pattern used, were analyzed with Matlab. The 
quantitative method indicated differences between the two 
types of textile electrodes but performances comparable to 
Ag/AgCl gel electrodes. The sensors and respective 
interconnect plate, all realized with textile fabrics and 
threads by means of an embroidery machine, have a 
compact design, are lightweight, washable and suitable for 
integration in clothing. The method of production only 
involves the embroidery stitching technique, and has great 
versatility in terms of sensor size, surface texture and 
integrating materials. 
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1. INTRODUCTION 
 
Wearable electronics combining low-power circuits, 

wireless transmission and advanced packaging have 
allowed important breakthroughs in medical applications 
[1] and smart clothing [2], [3] with functionalities to 
monitor and record vital signals in ubiquitous and non-
invasive ways. These were considered strategic to lower 
morbidity and health care costs associated to diseases of the 
circulatory system. Holter monitors (ambulatory 
electrocardiography devices) are currently used to capture a 
patient electrocardiogram (EKG) for one to three days, 
using standard gel electrodes (between three and ten) taped 
to patients’ skin.  The EKG data is analyzed afterwards by 
doctors to evaluate the patient´s cardiovascular condition. 
Although Holter systems are portable, the patients feel the 
cables connecting the electrodes to the electronic unit as 
intrusive and uncomfortable. 

Wearable technologies to monitor vital signals had a 
strong impulse around 2000 with public and private funded 
projects that produced important outcomes, such as the 
French VTAMN [4], the EU Wealthy [5] and MyHeart [6] 

and the American LifeShirt [7]. The Wealthy system 
consists of elastic garments made by seamless knitting 
technology, integrating knitted electrodes to capture EKG 
signals and piezoresistive sensors for pulmonary ventilation 
(PV) monitoring, realized with fabrics of lycra, coated with 
carbon-loaded rubber and a commercial electroconductive 
yarn [8]. The electrodes and interconnects were knitted with 
electrically conductive yarns, consisting of stainless steel 
surrounded by twisted cables of viscose. Hydrogel 
membranes placed between the knitted electrodes and the 
skin were necessary to improve signal to noise ratio (SNR) 
and minimize skin irritation [9]. A handheld electronic unit 
was used for signal conditioning, processing, storage and 
wireless GPRS cellular communication [8]. The LifeShirt 
used gel electrodes and embedded textile sensors for 
plethysmographic respiration monitoring and a small 
personal controller held in a pocket to capture signals and 
transmit data via Bluetooth [10]. The VTAM system also 
consisted of a T-shirt integrating smooth, dry ECG 
electrodes, with leads and treatment modules incorporated 
into textile woven fabrics. It used a motherboard, 
transmission module and power supply mounted on a belt 
that was connected to the VTAM T-shirt through a 
microconnector [11]. Screen printed silver paste has also 
been proposed to produce planar fashionable circuit board 
(P-FCB) electrodes and to perform wire bonding of 
electronic chips on fabric [12]. A flipChip on flex  
intermediate connection layer, having higher density than 
textiles can provide, was proposed to interconnect high 
density silicon chips to textile fabric [13].   More recently, 
an active belt integrating washable textile electrodes from 
TITV Greiz, and two cell-phone plugs (1.6cm x 2cm) for 
signal processing was proposed [14]. Nowadays Holter 
systems have very small dimensions, but connecting to 
Ag/AgCl gel electrodes through long cables hanging on the 
chest of the user, and efforts continue to improve the 
performance of textile sensors and interconnects, and the 
electronic systems integration in clothing, involving the 
interface electronics – textiles. A question often put forward 
is what are the main challenges to manufacture smart 
textiles? Large and small companies debating these 
questions, point out the difficulty to combine Textile and 
Electronic Manufacture processes. There is a dilemma 
concerning where to put the interface on technical level in 
the supply chain between the electronic manufacturing 
service and the textile manufacturing service [15].  Another 
challenge concerns availability of human resources with 
competences to deal with interface textile / electronics 
manufacturing. 
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a)                                                     

 
 b) 

 
 
Figure 1:.  a) Photo with pair of textile electrodes attached 
to interconnect plate through snap fasteners, commercial 
Ag/AgCl gel electrode and back side of textile electrode; 

         
 

a) 

 
b) 

 
 
Figure 2: Photo views of production process of textile 
electrodes (a) and PV sensor (b) with a 6-head embroidery 
digital machine. 

The embroidery technique has been proposed as a 
technique with great potential and versatility for smart 
textiles [16] and was used to produce soft electrodes for 
neonatal intensive care EEG monitoring [17].  

In this work we present a technique that may be suitable 
for large scale production, and that offers versatility in 
terms of materials and product design to costume demand. 

 
2. DESIGN, MATERIALS AND 

PRODUCTION 
 
For the monitoring of EKG, circular shape sensors, 

consisting of two layers of fabrics, were fully produced 
with a 6-head embroidery stitching machine. One fabric 
layer had defined a circular embroidery pattern produced 
with electrically conductive threads; the other fabric layer, 
the back side of the sensor, integrated a snap fastener 
applied by pressure with a matrix. The sensor and 
integrated electrode had diameters of 25 mm and 16 mm, 
respectively. Two types of embroidery patterns were 
produced, designated smooth and textured, corresponding 
to the morphology of the surface of the electrodes to 
address the adhesion and stability of the contact electrode – 
skin. The snap fasteners allowed to attach any kind of pair 

of electrodes to an interconnect plate, in an interchangeable 
manner, and to obtain a direct comparison of SNR 
performance between textile and gel electrodes. The 
interconnect plate was produced by layering a semi rigid 
foam between two fabrics, one of the fabrics having defined 
the interconnects between female snap fasteners that hold 
the textile electrodes and snap fasteners that connect to the 
electronic data acquisition module. The electrically 
conductive wires were protected and electrically  insulated 
with embroidery patterns made with traditional yarns of 
polyester. Fig. 1 are shown photos of textile and gel 
electrodes and respective interconnect plate.  

For the monitoring of pulmonary ventilation, a 
piezoresistive elastic thread was stitched to an elastic band 
in a sinusoidal-like pattern with the embroidery machine. 

The textile electrodes were made with electrically 
conductive yarns Silverpam 250 from the French 
manufacturer Tibetech. The gel electrodes were Ag/AgCl 
Cleartrace RTL – 1700C from ConMed, USA. The PV 
sensor was made with a piezoresistive elastic thread, Elitex 
HE, from the German manufacturer Imbut Gmbh. 

The production process is versatile and does not require 
intermediate steps in a clothing´s manufacture workshop. In 
Fig. 2 is shown a snapshot view of the production process 
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Figure 3: SNR ratio amplitude of textile and gel 
sensors. 
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Figure 4:  a) ECG waveforms obtained with gel and 
textiles sensors, where (a) gel electrodes, (b) textured 
electrodes, (c) smooth electrodes; b)  PV response to 
normal, deep and rapid breath rates. 
 

of the EKG and PV sensors with a SWF digital embroidery 
machine. 

 
3. EXPERIMENTAL 

 
An elastic and adjustable chest band made of neoprene 

and integrating the interconnect baseplate and the 
piezoresistive sensor was used with a male volunteer, seat 
motionless in a relaxed position. The interconnect baseplate 
was positioned on the left side of the thorax, in the region 
of the fifth  intercostal spaces, with the two electrodes 
spaced apart 4 cm from center to center.  

The two electrodes and the terminals of the PV sensor 
were connected to two differential analog inputs of a 
programmable data acquisition unit, NI-DAQ 6212, with 
PC/USB interface. A Labview program, using a band-stop 
Bessel filter of order 6 to remove the 50 Hz interference 
signal of the environment, allowed the displaying and 
recording of the waveforms. The PV sensor had a static 
resistance of 30 Ohms and was connected to a voltage 
divider circuit supplied with a 9V battery.  

The SNR of the textile and gel electrodes were obtained 
with a Matlab program. The program extracted from each 
experimental data file, 50 waveforms and applied a smooth 
function, with a span = 150, to remove any baseline 
distortion or shift and the P and T segments. From the raw 
and correspondent smooth data matrixes, the program 
calculated for each k experiment of a specific type of 
electrode, the mean values of signal amplitude, V s,k of the 
QRS complex, and noise amplitude, Vn,k, correspondent to 
the average absolute value of amplitude based on 100 
points of a segment away from the QRS complex, and 
described by the following equations: 
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The SNR is given by the ratio of the mean values of signal 
to noise, 
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For each type of textile electrodes, 20 sequential 
experiments were performed, by replacing the pair of the 
electrodes with another similar pair, and the mean SNR and 
respective standard deviation were calculated.  

In Fig. 3 is shown the mean SNR and standard 
deviation (error bars) that were obtained with the 
experimental method and the two types of textile EKG 
sensors and the gel electrodes. The textured electrodes 
exhibited a SNR performance very similar to that obtained 
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with the gel electrodes, followed closely by the smooth 
electrodes. The results suggest that the textured surface may 
provide better contact resistance between the electrodes and 
the skin. The SNR results presented in here  are 
considerably better than those reported by other authors, for 
both types of textile electrodes. In particular, our results are 
with gel electrodes are very similar those reported by other 
researcher, of 31.5 dB [12], but our textured electrodes, 
with a SNR ≅ 30 ± 0.5 dB, are considerable y better than 
those presented in the literature [12], [18].  

Raw ECG and VP waveforms are shown in In Fig. 4. 
In agreement with the SNR results, the textile electrodes 
show higher noise than gel electrodes. The PV sensor 
exhibits good signal amplitude, but further tests will be 
conducted in terms of robustness and signal stability. 

The textile electrodes and rectangular test structures 
having defined on fabric identical embroidery patterns  
were submitted to 20 washing cycles with a Linitest 
machine following the guidelines of the ISO 105 of 1978. 
The electrical resistance of the test structures was 
monitored between washing cycles and no variation was 
obtained. The textile electrodes also show identical SNR 
amplitudes to those un-washed. While the electrically 
conductive yarns are relatively fragile, the compact 
embroidery patterns provide the sensors with high 
robustness and good washing resistance. 
 

4. CONCLUSIONS 
 
The proposed embroidery method may be suitable for 

large scale production. The design, materials and 
embroidery method produced textile electrodes with good 
performance of SNR. The method offers high degree of 
versatility to produce costume sensors and interconnects to 
electronic modules for signal processing and wireless data 
transmission.  
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