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Abstract
The field of electronic textiles is still relatively new and extending due to technology  
miniaturisation. In this article, the integration of an ultrasonic sensor into a textile struc-
ture was realised and analysed in order to develop a system able to help visually impaired 
people. The performance of ultrasonic sensors was tested by means of five different conduc-
tive yarns used as transmission lines, in three different configurations for the purpose of 
detecting the eventual existing off disturbances and their values. Finally, the influence of 
the conductive yarn type on the performance of the ultrasonic sensor was discussed. The 
results highlighted that the linear resistance of conductive yarn has a strong influence on 
the sensor’s signal quality. 
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n Introduction
With the technology of miniaturisa-
tion, the field of e-textiles and wearable 
electronics is becoming more and more 
extensive due to new sensing elements, 
multifunctional fibres, flexible technolo-
gies, MEMS actuators, etc. According 
to the literature, e-textiles and wear-
able electronics are generally used for 
emergency detection, medical treatment 
and health care management. They not 
only allow long-term, continuous, and 
unobstructed monitoring of physiologi-
cal information, such as biopotential, 
photoplethysmogram (PPG), heart rate 
(HR) and respiration but also provide a 
more realistic indication of the patient’s 
health status, as well as information that 
is otherwise unobtainable in clinical set-
tings. Furthermore, apart from medical 
treatment and healthcare management, 
the use of e-textiles plays a great role in 
military and professional activities, ath-
letes’ performance and condition, public 
safety, space experiments, and wearable 
mobile information-entertainment infra-
structures [1 - 7]. Innovative e-textile 
products are generally developed by 
weaving or knitting yarn-like electron-
ics and/or by the integration of electron-
ics into textiles by coating or lamination. 
In these products, the yarn-like materials 
used are traditional yarns, conductive 
yarns, conventional yarns modified with 
various functional materials, optic fibres, 
conducting polymers, carbon nanotube 
fibres, piezoelectric materials, etc. [1, 8].  
For monitoring applications, knitted fab-
rics are generally preferred when stretch-
iness and deformation are necessary, 

ECG sensor shirt. In order to assess the 
influence of contact pressure and moisture 
on the signal quality, they firstly increased 
the contact pressure of their textile elec-
trodes, and secondly they moisturised 
their textile electrodes and reference elec-
trode alternately in order to get four dif-
ferent dry/wet combinations. To compare 
signal quality values, they used a signal to 
noise ratio calculation. The result of their 
study showed better signal quality with 
both the moisturised electrode and refer-
ence one [25]. Furthermore, in a study on 
the signal quality of textile electrodes, Pu-
urtinen et al. researched how the electrode 
size and preparation of the electrode (dry 
electrode/wet electrode/ electrode cov-
ered with a hydrogel membrane) affect 
the measurement of noise. To show the 
noise level of configurations, they made 
noise amplitude and power spectral den-
sity (PSD) calculations by processing the 
signals in MATLAB. Their results show 
that the noise level of dry textile elec-
trodes is notably higher than that of tex-
tile electrodes moistened with water and 
textile electrodes covered with hydrogel. 
Besides this they reported that there is no 
significant difference in the performance 
of wet textile electrodes and textile elec-
trodes covered with hydrogel [26]. 

Accordingly, we conducted a compre-
hensive study in order to investigate the 
effect of the behaviour of conductive 
yarns on the signal quality of an ultra-
sonic sensor integrated into a textile 
structure. Our further aim was to develop 
a garment for visually impaired people. 
Therefore, in order to detect obstacles 
in front of the wearer, ultrasonic sen-

whereas woven fabrics are preferred when 
dimensional stability is required [9 - 11]. 

The key factor when monitoring applica-
tions in a weaving or knitting structure is 
to form an electrical circuit network in 
the location of the garment desired, in-
cluding conductive tracks, electronic de-
vices and connections. In recent studies, 
it is generally seen that conductive silver-
coated yarns [14, 16, 20], stainless steel 
yarns [10, 12, 13, 15, 18, 19], copper core 
insulated yarns [17, 18, 20, 21], and car-
bon yarns [19, 22] have been widely used 
to create electrical circuits in woven or 
knitted fabrics. 

However, when the literature is reviewed, 
most of the researches in e-textile field 
have concentrated on constructing sys-
tems and ensuring their simple function-
ing instead of monitoring performance, 
signal quality and accuracy. A literature 
survey revealed very few works on the 
monitoring performance, signal quality 
and accuracy of e-textiles. Hertleer et. al 
analysed the influence of relative humid-
ity on the performance of a textile antenna 
designed by them [23]. Dhawan et. al stud-
ied the signal crosstalk between neighbor-
ing conductive threads in woven electrical 
circuits. In their study, to minimise cross-
talk, they used coaxial and twisted pair 
copper threads. They showed that cross-
talk noise was reduced when coaxial and 
twisted pair copper threads were used for 
a woven electrical network instead of bare 
copper or insulated conductive threads 
[24]. In another study, Kim et. al inves-
tigated the effect of contact pressure and 
moisture on the signal quality of a textile 
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sors were integrated into a smart clothing 
system. Despite the main idea, it is also 
important to know the effect of the be-
haviour of conductive yarns on the work-
ing performance of the ultrasonic sensor 
that will be integrated into the garment. 
Therefore, in order to decide which con-
ductive yarn was more suitable for the 
planned smart clothing system regard-
ing its monitoring performance, signal 
quality and accuracy, five different con-
ductive yarns were used to integrate the 
ultrasonic sensor and construct electrical 
circuits in the woven fabric.

Thus, this paper not only demonstrates 
the integration of an ultrasonic sensor 
into a textile structure but also shows 
the influence of conductive yarn types 
on the monitoring performance of an ul-
trasonic sensor. Hence, the originality of 
the research is that for the first time in lit-
erature, the signal quality of an ultrasonic 
sensor integrated into a textile structure 
was compared by taking a variety of con-
ductive yarn types into consideration.
 
Possible applications of sonars integrated 
into textile structures are obstacle detec-
tion [27], object recognition, as well as 
real time mapping for military, police and 
security applications. 

To integrate the sensor into a textile 
structure, three electrical connection 
points: Ground, Feeding Voltage (Vcc) 
and Analogue Voltage (VAN-Signal Out-
put) were created using conductive yarns 
of specified dimensions. To prevent the 
formation of short circuits, the conduc-
tive yarns were hidden into the structure. 
The fabric structure was considered as a 
double-woven fabric, and the conductive 
yarns were placed in the middle layer 
of the structure. A double woven cloth 
containing weft stuffer yarns was woven 
with polyester yarns on an ARM loom. 
The set of warp yarns of the upper layer 
was linked to the set of weft yarns from 
the bottom layer, and thus the two lay-
ers were held together, making the weft 
stuffers secure inside the fabric. A four 
harness satin weave was chosen for both 
layers. Figure 2 shows a diagram repre-
senting the drawdown, threading and lift-
plan for the double-woven cloth with weft 
stuffers. The design process was created 
using Pointcarre Textile Software [29].

During the weaving process, some of the 
polyester weft stuffers were replaced with 
conductive yarns at distances required by 
the sonar devices technical data book 
[28]. The conductive yarns were posi-
tioned in the middle of the fabric, having 
a straight trajectory without undulation. 
Thus, in each sample the same conduc-
tive yarn was used three times in the weft 
direction at distances desired to satisfy 
the three electrical connection points. Fi-

n Experiments
Materials
In this study, to test the signal quality of 
an ultrasonic sensor, five different con-
ductive yarns with different linear re-
sistances were used to form electrical 
circuits in woven fabric samples. The 
linear resistance of a conductive yarn is 
a measure of its opposition to the passage 
of electric current in a specified length. 
The linear resistance of the conductive 
yarns was measured in ohm per meter 
(Ω/m) using a TTi 1906 computing mul-
timeter. Polyester yarn was used to form 
an insulating area in the structure. Details 
of these materials are listed in Table 1. 

As an ultrasonic sensor, LV-MaxSonar 
®-EZ3™ (MaxBotix), was chosen due to 
its small dimensions and low power re-
quirements, a 2.5 V to 5.5 V supply with 
a low (2 mA) typical current draw [28]. 
Figure 1 shows the ultrasonic sensor with 
its dimensions. Considering these dimen-
sions, the position of conductive yarns 
inside the woven fabric structure was de-
termined. This ultrasonic sensor enables 
the detection of objects or to measure the 
distance to an object through the use of 
reflected sound waves, and thus it gives 
information from 6 to 254 inches. 

Design of the woven fabric structure 
and integration of sensor methodology
For a given ultrasonic sensor, the in-
terface output formats included are the 
pulse width output, analogue voltage 
output, and serial digital output. Ac-
cording to our study, only the analogue 
voltage output was used as a signal out-
put. The analogue voltage works with 
a scaling factor of (Vcc/512) per inch, 
which means that a supply of 5 V yields  
~ 9.8 mV/inch (5V/512 � 9.8 mV), 
whereas 3V (3V/512 � 5.8 mV) yields 
5.8 mV/inch [28]. In other words, if the 
distance of an obstacle to the sensor is 
2.54 cm then, with a power supply of 
5 volts, it is expected to obtain 9.8 mV as 
a signal output. 

Figure 1. Overview of the ultrasonic sensor 
and its dimensions; A - 19.9 mm, H - 2.54 
mm, B - 22.1 mm, J - 16.4 mm, C - 2.54 mm, 
K - 15.5 mm, D - 2.54 mm, L - 18.7 mm, E - 
17.0 mm, M - 1.7 mm, F - 12.6 mm, N - 1.0 
mm diameter,  G - 3.1 mm diameter, Weight, 
4.3 grams [28].

Table 1. Characteristics of yarns. 

Sample 
no Role of yarn in fabric Material type Yarn count, 

dtex
Linear resistance, 

ohm/m
Non-conductive Yarn Polyester Microfibre 330 -

1

Conductive Yarn

100% Stainless Steel 2600 2-ply < 15
2 Silver Plated Nylon 66-4 ply 312/34f 4-ply < 50
3 Silver Plated Nylon 66-2 ply 140/17f 2-ply < 230
4 Silver Plated Nylon 66 312/34f < 240
5 Insulated Copper Yarn 1440 < 10

Figure 2. Draft for double-woven cloth 
with weft stuffers and the position of con-
ductive yarn. 
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nally with five different conductive yarns, 
five different samples with the same fab-
ric design were produced. The lengths 
of the samples produced were 20 cm. 
Since the conductive yarns were inserted 
horizontally without any undulation in 

the structure, their lengths in the struc-
ture were approximately 20 cm as well. 

3D-graphical representations of the wo-
ven fabric structure (TexGen software 
[30]) and final sample showing the sen-
sor’s connection points are shown in Fig-
ures 3 and 4, respectively.

As seen in Figure 4, the conductive yarns 
are in a grey colour in the middle part 
of the fabric, whereas the non-conduc-
tive polyester microfibres are in white. 
Conductive yarns were placed in order 
to match the Ground, Feeding Voltage 
(Vcc) and Analogue Voltage (VAN-Signal 
Output) pins. Furthermore, to construct 
an electrical circuit and to connect the 
sensor to the fabric, loops were formed 
among the conductive yarns, and snap 
fasteners were sewn onto these loops. 

Measurement set up
The main function of an ultrasonic sensor 
is to detect obstacles and to measure the 
distance to an obstacle through the use 
of reflected sound waves. In sonar sys-
tems, an electrical impulse is converted 
into sound waves, and the echoes of re-
flected sound waves are picked up by the 

sonar equipment. Thus, in the ultrasonic 
sensor system the distance to an object 
is identified by measurement of the time 
from the transmission of a pulse to recep-
tion [31]. To control this system, a 5 volt 
power supply was attached to the Vcc 

Figure 3. 3D representation of the double-
woven cloth (TexGen software).

Figure 6. Measurement cases.

Figure 5. Electrical circuit of the integrat-
ed ultrasonic sensor. 

Table 2. Summary of measurement proce-
dure.

Cases Situation

I. Without a phone
-
-

II. With a phone in the 
vertical direction

Calling
No calling (standby)

III. With a phone in the 
horizontal direction

Calling
No calling (standby)

Figure 4. Sample overview. conductive yarns connected to the sensor ground, Vcc and analogue voltage output points.
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snap fastener, and the ground point was 
connected by a GND snap fastener. To 
evaluate the performance of the integrat-
ed sensor, a Textronix®TDS 210 scope 
was connected by a VAN (Signal output) 
snap fastener (Figure 5).

Measurement procedure
Measurements were conducted for three 
different cases using an obstacle above 
the height of 20 cm, as seen in Figure 6. 
In the first case, the ultrasonic sensor in-
tegrated into the fabric sample was tested 
only using an obstacle. In the second and 
third cases, mobile phones were used in 
order to disturb measurements and simu-
late real conditions of sonar utilisation. 
Our further aim was to develop an intelli-
gent garment to be integrated with sonars. 
During the utilisation of the garment, the 
user can carry mobile phones in his/her 
pockets. Therefore, considering this real 
condition, mobile phones were only tak-
en into account as a type of disturbance. 
They were placed vertically and horizon-
tally, depending on the test sample, at the 

same distance of 10 cm. In the 2nd and 
3rd cases, to observe if there are any dif-
ferences between calling and non-calling 
situations, the phones were subjected to 
ringing. As a result, in order to present 
the performance of the ultrasonic sensor 
and show the effect of yarn type on the 
signal quality of the sensor, samples wo-
ven with five different conductive yarns 
were tested in three different cases, de-
tails of which are summarised in Table 2. 
All tests were carried out in laboratory 
conditions (20 °C and 65% RH). 

Determining the noise level
The noise level (unwanted signal) and 
noise amplitude were determined by 
signal processing in MATLAB. The first 
signals were recorded in MATLAB, and 
then the amplitudes of the signals were 
taken. The signal to noise ratio (SNR) can 
be estimated by calculating the ratio of 
signal power to noise power. Since the 
signal and noise were measured using 
the same impedance, the SNR was ob-
tained by calculating the square of the 

amplitude ratio, where A is the root mean 
square (RMS) amplitude:

,
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Generally, SNRs are expressed in the 
logarithmic decibel scale. Therefore, in 
order to quantify the signal quality of 
each sample, the SNRdB value of each 
sample was calculated using the follow-
ing equations [32].
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Figure 7. Signal recorded by sample 3, woven with silver-plated 
nylon 66-2 ply yarn, during sensor measurement with case I (with-
out a phone).

Figure 8. Comparison of signals during sensor measurement with 
case I (without a phone).

Figure 9. Comparison of SNRs during sensor measurement with 
case I (without a phone).

Figure 10. Comparison of distances calculated.  
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n Results
A random fluctuation in the electrical sig-
nal is called electronic noise. The level 
of noise, which is the level of unwanted 
alteration of the signal waveform, gives 
an idea about the signal quality [33]. In 
our case study, due to the material char-
acteristics, the conductive yarns, woven 
extremely close to each other, created 
an undesirable effect on one other when 
they were transmitting signals. Thus, 
they acted as sources of noise between 
each other, creating crosstalk [24]. For 
instance, in Figure 7 a noisy signal with 
a signal amplitude of 117 mV recorded 
by sample 3, woven with silver-plated 
nylon 66-2 ply yarn, can be easily seen.

Figures 8 and 9 show a comparison of 
signals and SNRs during the sensor meas-
urement without using mobile phones, 
respectively. Moreover, Figure 10 shows 
the distance values calculated. It is pos-
sible to notice that there is significant 
difference in the morphology of the sig-
nals. Samples woven with 100% stain-
less steel, silver plated nylon 66-4 ply 
yarn and insulated copper yarn, which 
have a linear resistance of < 15 ohm/m, 
< 50 ohm/m, < 10 ohm/m respectively, 
show better signal quality than those 
woven with silver plated nylon 66-2 ply 

yarn and silver plated nylon 66 yarn with 
a linear resistance of < 230 ohm/m and 
< 240 ohm/m, respectively (Figure 8). 

Furthermore, as seen in Figure 9, SNR 
values of samples woven with 100% 
stainless steel (29.11), silver plated nylon 

Table 3. Comparison of samples with respect to signal characteristics during calling. 

Calling situation and 
sample 

Amplitude, V
Oscillation type Average number of 

peaks/sSignalRMSS NoiseRMS

ho
riz

on
ta

l 

Sample 1 0.1026 0.00341 (1) high frequency oscillations with low amplitude -
Sample 2 0.1001 0.00327 (1) high frequency oscillations with low amplitude -
Sample 3 0.1183 0.00487 (2) randomly occurring peaks in a very small time interval 52
Sample 4 0.1177 0.00488 (2) randomly occurring peaks in a very small time interval 56
Sample 5 0.0968 0.00315 (1) high frequency oscillations with low amplitude -

ve
rti

ca
l 

Sample 1 0.1041 0.00416 (1) high frequency oscillations with low amplitude -
Sample 2 0.1000 0.00607 (3) randomly occurring peaks in a greater time interval 4

Sample 3 0.1172 0.00867 (3) randomly occurring peaks in a greater time interval 
(2) randomly occurring peaks in a very small time interval

8 
56

Sample 4 0.1204 0.0148 (3) randomly occurring peaks in a greater time interval 
(2) randomly occurring peaks in a very small time interval

8 
60

Sample 5 0.0984 0.00337 (1) high frequency oscillations with low amplitude -

Table 4. Comparison of samples with respect to signal characteristics during standby. 

Standby situation 
and sample 

Amplitude, V
Oscillation type Average number of 

peaks/sSignalRMSS NoiseRMS

ho
riz

on
ta

l 

Sample 1 0.1029 0.00357 (1) high frequency oscillations with low amplitude -
Sample 2 0.0999 0.00342 (1) high frequency oscillations with low amplitude -
Sample 3 0.1176 0.00469 (2) randomly occurring peaks in a very small time interval 56
Sample 4 0.1166 0.00472 (2) randomly occurring peaks in a very small time interval 56
Sample 5 0.0973 0.00321 (1) high frequency oscillations with low amplitude -

ve
rti

ca
l 

Sample 1 0.1034 0.00364 (1) high frequency oscillations with low amplitude -
Sample 2 0.0998 0.00352 (1) high frequency oscillations with low amplitude -
Sample 3 0.1176 0.00477 (2) randomly occurring peaks in a very small time interval 56
Sample 4 0.1165 0.00476 (2) randomly occurring peaks in a very small time interval 52
Sample 5 0.0978 0.00338 (1) high frequency oscillations with low amplitude -

Figure 11. Examples of the three types of oscillations obtained.

Figure 12. Different peaks obtained with samples 3 and 4 during calling in a vertical posi-
tion. 
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66-4 ply yarn (29.37) and insulated cop-
per yarn (29.38) are higher than those of 
samples woven with silver plated nylon 
66-2 ply yarn (27.77) and silver plated 
nylon 66 yarn (27.92). The SNR values 
of the samples also show that the signal 
quality of samples 1, 2 & 5 is better than 
that of samples 3 and 4. Additionally, ac-
cording to Figure 10, the distance values 
calculated generally increased with the 
linear resistance. It was also noted that 
samples 1, 2 and 5 detected the obstacle 
at around 25 cm, whereas for samples 
3 and 4 it was at around 30 cm. These 
differences in signal quality permit us to 
state that as the linear resistance of the 
yarn increases, the noise level also rises.
In order to check if the calling situation 
influences the performance of the sensor 
due to the direction, the phones were sub-
jected to ringing and placed in different 
positions according to the sensor range. 
Additionally, there were further tests 
on the samples in order to distinguish 
if there was any difference between the 
horizontal and vertical position during 
standby. Thus, when the three different 
situations were considered, three differ-
ent types of oscillations on the morpholo-
gy of the signals were noticed. Figure 11 
shows examples of the three oscillation 
types obtained on the morphology of the 
signals, namely (1) high frequency oscil-
lations with low amplitude, (2) randomly 
occurring peaks in a very small time in-
terval, and (3) randomly occurring peaks 

in a greater time interval. By consider-
ing the oscillation types and numbers of 
peaks per time, the signal amplitudes and 
noise amplitudes of the samples were 
compared. Tables 3 and 4 show a com-
parison of signals during calling, as well 
as standby situations in the horizontal 
and vertical position, respectively. When 
the phones were placed in a vertical po-
sition (see Figure 6 case II), the calling 
situation presented a significant effect on 
the signal performance, whereas it had 
no significant effect when the phones 
were placed in a horizontal position (see 
Figure 6 case III). According to the re-
sults, randomly occurring peaks over a 
greater time interval were only noticed 
during calling in a vertical position (Ta-
bles 3 - 4). For instance, different peaks 
were clearly obtained with samples 3 
and 4 during calling in a vertical position 
(Figure 12). Moreover, as seen in Table 
3, the amplitude of noise increased with 
the calling situation in a vertical position, 
which can be attributed to the randomly 
occurring peaks, over a greater time in-
terval, affecting the signal quality nega-
tively. Furthermore, the SNR value of 
each sample decreases during calling in 
a vertical position (Figure 13.a), which 
can be linked to the working range of the 
sensor. Therefore, it should be outlined 
that if the working range of the sensor is 
parallel to the position of the calling situ-
ation, it may cause a decrease in signal 
quality. Despite this phenomenon, the 

sample woven with insulated copper yarn 
showed good signal quality once again. 
According to Table 4, it can be said that 
the standby situation of phones has no 
considerable effect on the signal quality 
of the sensor due to the direction. Even if 
the morphology of signals presented sim-
ilar results for both the vertical and hori-
zontal directions, a slight decrease was 
seen in the SNR value of each sample 
when the phones were placed in a verti-
cal direction as compared to that in the 
horizontal direction (see Figure 13.b). 
Hence, this proves that if the working 
range of the sensor is parallel to the posi-
tion of standby, it may also cause a slight 
decrease in signal quality.

Figure 14 shows the change in SNRs ac-
cording to the situations. In this figure, 
the codes are arranged according to the 
details of the cases. “wp” indicates with 
a phone, “H” indicates a horizontal po-
sition, “V” indicates a vertical position 
and “woutp” indicates without a phone. 
As seen in the figure, a change apparent-
ly occurs in the vertical position during 
calling. It was found that the change in 
the SNR value of sample 4 (silver plated 
nylon 66 yarn with a linear resistance 
of < 240 ohm/m) was extremely high, 
whereas the change in the SNR value of 
sample 5 (insulated copper yarn with a 
linear resistance of < 10 ohm/m) was low 
in a vertical position during calling. The 
changes in rank from highest to lowest 
are sample 4, sample 3, sample 2, sam-
ple 1 and sample 5, respectively, which 
can be attributed to the conductivity of 
yarns and working range of the sensors, 
as mentioned above. From Figure 14, it 
is possible to notice that when the linear 
resistance increases, the change in SNRs 
also increases. Therefore, it can be con-
cluded that the change in SNRs is pro-
portional to the linear resistance of yarns, 
which means that when the conductivity 
of the yarn increases, the noise level de-
creases, resulting in better signal quality.

Figure 13. Comparison of SNRs during sensor measurement with cases II and III (with the phone in a horizontal and vertical direction 
during: calling - a and standby - b).

a) b)

Figure 14. Change 
in SNRs according 
to the situations.
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n	Conclusion
The innovative approach of this work is 
based on the successful implementation 
of ultrasonic sensor in a textile structure. 
Moreover, the performance of the ultra-
sonic sensor integrated into the textile 
structure using five different conductive 
yarns was analysed. In order to measure 
the signal quality of the ultrasonic sensor, 
measurements were performed for three 
different configurations of disturbances: 
without using phones, with phones in a 
vertical and horizontal direction, and dur-
ing calling and standby.

The results reported in this work show 
that the linear resistance of conductive 
yarns affects the signal quality of sen-
sors. It was found that when the linear 
resistance increases, the noise level rises, 
and the signal quality decreases. Accord-
ing to our results, insulated copper yarn 
showed the best signal quality. Neverthe-
less, our experiences showed that silver 
plated nylon 66-4 ply yarn achieves the 
best compromise between signal qual-
ity and preserving textile properties e.g. 
handle, stable and elastic, easy to weave, 
easy to integrate a sensor etc. Another 
result issuing from this study is that the 
direction of the calling and standby situa-
tion has an important effect on the signal 
quality of the sensor, giving us an idea 
about their working range. Therefore, it 
should be noted that the working range of 
the sensor is sensitive to noise. 
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