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I. Introduction

Particularly for babies, continuous monitoring of 

their physiological parameters enables applications for 

recognizing their health condition (Zhu et al., 2015). 

For example, the sensory baby vest for measuring elec-

trocardiography (ECG), respiration, temperature, and 

humidity (to detect excessive sweating), allows for the 

early detection of potential life-threatening events (Lin-

ti et al., 2006). The prototype belt that is made of the 

integrated conductive textile wires with sensors and 

soft bamboo fabrics with a negative temperature coef-

ficient (NTC) sensor enables temperature monitoring 

without the use of hard wires to improve the comfort 

of the baby (Chen et al., 2010). Another example is a 

wearable smart expandable jacket for infants that en-

ables ECG measurement via textile electrodes, several 

prototypes of which have been developed (Bouwstra, 

2009).

Traditionally hospitals' health monitoring systems 

for babies have typically required the dedicated super-

vision of clinicians and parents, and sometimes it is di-

fficult for clinicians and parents to recognize the baby's 

potential physiological condition. The traditional sen-

sors and medical instruments cannot be used for wear-

able physiological monitoring applications, as they are 

difficult to wear for long periods of time, and they also 

cause discomfort to the wearer. Because of the conti-
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nuous research and development for babies' wearable 

sensor systems in health monitoring, can provide an 

early indication of any change in a patients' health sta-

tus and thereby allow interventions and therapies to take 

place, which may be recorded, evaluated, and control-

led (Murković et al., 2003).

Ultimately, these monitoring systems for babies' he-

alth care should be capable of carefully, conveniently, 

and robustly monitoring babies in their daily activities 

(such as eating, sleeping, and natural communication 

with parents) without interfering significantly with the-

ir comfort. However, because of the limitations of te-

chnologies in sensors, wireless networks, energy sup-

ply, and so on, conventional wearable sensor systems 

are still generally inadequate for the robust, long-term, 

and comfortable monitoring of babies in real-life con-

ditions (McAdams et al., 2011).

Therefore, research on the application of integrated 

wearable sensor systems and consumer electronics te-

chnology has continued to investigate more efficient 

ways to minimize bio-sensing devices, intelligent tex-

tiles, microelectronics and wireless communication. 

With the intelligent textiles, which have textiles of elec-

tric conductivity like conductive yarns, sensors are now 

being integrated within textiles, or are securely atta-

ched to them. In particular, with increasing considera-

tion for babies' needs and clinical requirements, the 

monitoring systems and electronic technology are im-

proved constantly to ensure, from a commercial pers-

pective, their reliability and comfort with regard to ba-

bies' quality of life and long-term health prospects. 

Wearable electronics and textile electrodes effectively 

avoid the disturbance to babies caused by conventio-

nal sensor techniques, which may include skin irrita-

tion, hampering due to wires, interruption of sleep and 

daily activities (Lam Po Tang, 2007). The advantages 

of textile electrodes include the ability to perform long-

term measurement without irritating the skin, resis-

tance to abrasion, moisture absorption, and the fact that 

they are quick-drying, light, ductile, and washable (Ka-

rilainen et al., 2005). Smart wearable systems, which 

are comprised of smart textiles that are light weight, 

comfortable, durable, and energy efficient, and which 

allow for wireless communication, are applied for per-

sonalized services, especially for monitoring purposes. 

Compared to the 10 KΩ/cm2 impedance of the dispo-

sable Ag-AgCl electrodes, the textile electrodes have a 

1-5 MΩ/cm2 impedance (Catrysse et al., 2004). To de-

velop the high quality of textile electrodes, the conduc-

tive yarns were twisted or covered with polyester yarns 

and the coated conductive fiber with silver (Ag) or iron 

(Fe) and the textile electrodes were improved to have 

a 0.74 Ω/1-5 cm impedance which is used for the sen-

sing function of the integrated wearable electrodes 

(Song et al., 2016). However, textile electrodes with 

conductive fibers still have problems related to weak 

abrasion, wash-fastness and durability (Song et al., 2010).

The purpose of this study was to determine the opti-

mum design for the integrated textile electrode to mo-

nitor babies' body temperatures by using effective con-

ductive yarns, and to develop wearable sensor systems 

to monitor babies' body temperatures according to their 

movements to determine their health conditions. First, 

the high-quality conductive yarns were made for the 

textile electrodes through yarn processing, and five sam-

ples of textile electrodes were developed for wearable 

physiological monitoring. The sensing inner vest, which 

was integrated with the textile electrodes for monitor-

ing babies' body temperatures, was designed through 

a 3D digital fashion CAD using the CLO (CLO Virtual 

Fashion Inc., Korea) program. To develop durable tex-

tile-based electrodes, the textile electrode we produced 

was then tested to determine its conductivity, tensile 

strength, abrasion resistance, washing durability.

II. Experiment

1. Design of Textile Electrode

The textile electrode used in this study is based on 

a textile electrode, which developed through previous 

research to include the optimal sensing effect by ap-

plying conductive yarn (Lee et al., 2017). The conduc-

tive yarn (G) was comprised of the 650 denier of a co-

vering conductive yarn of 0.32 Ω/5 cm, which consis-

ted of a core fiber of 150 D/48 f polyester yarn and a sur-
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rounding fiber of 200 D/4 f silver (Ag) coated mono fi-

ber. Also, the conductive yarn (Y) was comprised of 

750 denier of covering conductive yarn of 0.26 Ω/5 cm, 

which surrounded the conductive yarn (Y) with 30 D/

48 f polyester yarn as in <Table 1> and <Fig. 1>.

As shown in the 3-dimensional image of the weave 

structure in <Fig. 2>, to design an effective woven de-

sign for the textile electrode, the weave structure con-

sisted of both a single- and double-layer cloth, which 

consisted of a ground weave part of the polyester yarn 

and an effective weave part of the silver conductive 

yarn in the two filling system. The silver conductive 

yarn was structured to the outside of the fabric in the 

weft direction. The woven textile electrode was made 

with the polyester filament of a warp (75 D/48 f), and 

the weft yarn consisted of the conductive silver yarn 

(650 D or 750 D covering yarn) as an effective weave, 

which was able to sense the bio-signals, and the poly-

ester filament (150 D/48 f) as a ground weave. The tex-

tile electrodes of the single or double layering system 

were woven by a Stabuli-JC5 jacquard loom with 192 

EPI (ends per inch), 60-64 PPI (picks per inch) in the 

single layer, and 80-84 PPI in the double layer fabric 

structure. The knit structure of the textile electrode con-

sisted of a plain stitch, which was a jersey structure, 

with a conductive silver yarn (650 D) of 8 wales as the 

effective knit and a polyester filament (150 D/ 48 f) as 

a ground knit in 28 gauge. The conductivity of all tex-

tile electrodes resulted in the range of 0.12 Ω/10 cm to 

0.99 Ω/10 cm. The single-layer woven textile electro-

de appeared to have a slightly higher conductivity than 

the double-layer one. Moreover, because of its higher 

No. Yarn specification

Sample G (650 D) Polyester DTY 150 D/48 f + Silver coated mono fiber 200 D/4 f with S & Z twist covering (700 TM)

Sample Y (750 D)
Polyester DTY 150 D/48 f + Silver coated mono fiber 200 D/4 f with S & Z twist covering + Polyester DTY 

30 D/48 f with S twist covering (700 TM)

Table 1. Specifications of conductive yarns

Fig. 1. SEM photographs (X 600) of conductive yarns.
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stretch ability on the knit than the weave structure, the 

knitted textile electrode showed a high resistance among 

those electrodes.

2. Integrated Textile Electrode in Baby's Sen- 

sing Vest

1) Structure of Sensing Module and Textile El- 

ectrode

As shown in the cross-sectional diagram of the wo-

ven textile electrode in <Fig. 3>, this woven textile elec-

trode was developed using a double sided fabric struc-

ture with the silver conductive yarn, which faced to the 

upper cloth in connecting to the temperature sensor of 

the snap button, and was connected to the textile elec-

trode of the silver covering yarns and the snap connec-

tor, which was the result of the previous research on tex-

tile electrodes (Song et al., 2010).

The module design of the sensor was minimized and 

tightly connected with the textile electrode in a type of 

Fig. 2. Structure of textile electrode.

Adapted from Lee et al. (2017). p. 1142.

Fig. 3. Structure of textile electrode in sensing vest design.
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snap button. When the textile electrode was sensed th-

rough the body temperature sensor, the module control-

ler received the bio-signals and displayed temperature 

conditions using an LED light. Furthermore, the back 

of textile electrode was covered with a fabric sealing to 

protect the baby's skin and enhance its bodily comfort. 

In this study, an RTC (Real-Time-Clock) and flash me-

mory were used to store time and temperature data, and 

the stored data allowed the PC to monitor data transmis-

sion via Bluetooth based on ‒2.4 GHz short- range wire-

less communication. For programming, the Arduino 

bootloader was used to convert the quantized data to 

actual temperature through a linearization circuit, which 

was designed to turn on the red LED when the temper-

ature was higher than normal (36.5-37.5oC), the green 

LED when it was normal, and the blue LED when it 

was lower than normal (Lee et al., 2017). The module 

was 3 × 2.5 cm, with a 3.7 V lithium battery, and was 

designed to maintain a 3.3 V operating voltage through 

an internal regulator.

2) Sensing Vest Design of Integrated Textile 

Electrode

The experimental garment used in this study, which 

was a textile electrode integrated into a vest, consisted 

of 100% cotton knit fabrics as shown in the 3D simula-

tion and the 1st experimental garment of <Table 3>. 

The size of the experimental garment, as designed for 

two-year-old babies, was established based on the stan-

dard body measurement for Koreans. The garment de-

sign into which the textile electrode was integrated 

was used for 3-dimensional digital fashion CAD (CLO, 

Virtual Digital Fashion Inc., Korea), which is useful 

for modifying clothing details in simulation. For the 

attachment location of the textile electrode, which mo-

nitors the baby's body temperature by sensing its move-

ments, the lower part of the left arm was selected, as 

this is a good position for sensing the body temperature. 

The monitoring controller was then attached to the front 

of the clothes, and its LED lights alternate between a 

blue, green, and red light, according to range of tem-

peratures; the green light indicates a normal range of tem-

perature (36.4-38.0oC), the red light indicate a higher 

temperature, and the blue light indicate a lower tem-

perature. Importantly, moreover, the transferred data can 

be monitored via a mobile phone application.

3) Sensing Vest Design of Detachable Textile 

Electrode

In this study, various babywear apparel in the mar-

ket were investigated in advance to develop a baby gar-

ment that can sense the baby's body temperature. In 

particular, the M company's jumpsuit-style products 

are difficult to wear, and the bodice and hip parts are 

connected, so it was judged to be inadequate as a baby-

wear product during the rapid growth period. There-

fore, the item developed in this study aimed to improve 

this problem by developing a vest that is highly adap-

table and can thus accommodate the rapid growth of 

babies.

For the test garment making were used the anthro-

pometric measurements of the average two-year-old 

girl were obtained from the 6th Size Korea project (Ko-

rean Agency for Technology and Standards [KATS], 

2010). One subject with a size close to the average two-

year-old girl was selected. The subject was two years 

old and had a 54 cm bust circumference and back leng-

th of 20 cm.

The bodice pattern was made using the pattern dra-

fting method based on the chest ratio (Fig. 4). The roun-

ded fastening line used in this vest considering babies' 

clothes' size; however, it was difficult to secure the po-

sition of the module and electrode because of the small 

size of the product. The pattern alteration for the ex-

perimental garment is shown in <Fig. 5>, and the design 

and flat sketch of Vest I and Vest II are respectively sho-

wn in <Fig. 6>‒<Fig. 7>.

Two kinds of experimental vest were manufactured 

with the above designs, and one commercial product 

was obtained and used for comparative experiments; 

all three vests are shown below in <Table 2>. While the 

outer surface's design of the two experimental vests is 

the same, in the case of VEST I, a vinyl panel was fitted 

to the chest of the vest to form a detachable form, and 

the sensing device is designed to insert a pocket on the 

inner side. In the case of VEST II, the device is desig-
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ned to snap directly onto the vest, exposing the device 

to the surface. The physical property test results for the 

vest fabric developed in this study are shown in <Ta-

ble 3>.

VEST I and VEST II are the vests proposed in this 

study, and VEST M (a commercial garment) is a baby 

underwear product designed by the M Company in the 

U.S. VEST M is a jump-suit-style type, so it is difficult 

to adjust the size. On the contrary, VEST I is a device-

integrated-type, whereas VEST II is designed to be de-

tachable from the device.

4) Measuring Device

The device used in this experiment was NTC (Ne-

Fig. 5. Pattern alteration for the experimental garments.

Fig. 4. Block pattern of the experimental garments.
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gative Temperature Coefficient, NTSE-1, China), and 

it is intended to measure babies' body temperatures 

by sensing their movements. It indicated temperatures 

within the ranges of 30 to 45oC with 8.282 kΩ-4.854 kΩ, 

and then transmits its data wirelessly as shown in <Fig. 

7>. This experiment was a non-invasive study in which 

no such activities as drug administration or blood sam-

pling were involved, and it was approved by the IRB 

(Institutional Review Board) of Korea.

3. Usability Test for the Developed Baby Vest

To compare of the two developed vests and the com-

mercial vest, a total of 10 items were evaluated to de-

termine the completeness and functional quality of the 

vest and the device. All ratings were based on a five-

point Likert scale, and a panel of five apparel specia-

lists was evaluated at a university laboratory on Octo-

ber 5, 2018. The evaluation items are shown below in 

Fig. 7. Integrated vest (VEST II).

Fig. 6. Detachable vest (VEST I).
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<Table 4>.

In the literature review, no study has been conducted 

to evaluate baby vests.

It was judged that it was difficult for the parents to 

agree to evaluate the usability of the prototype for young 

babies, and it was difficult for the caregivers to eva-

luate the usability due to the lack of expertise in cloth-

ing. Therefore, in this study, usability evaluation was 

made up of five doctoral degree holders who majored 

in apparel construction. This test was conducted on Oc-

tober 5, 2018 using a children's dress form at the Ap-

parel Evaluation Laboratory at C University in Korea. 

Usability evaluation items were developed by the re-

search team and evaluated in random order.

Although the evaluation items cannot be found in 

previous studies, a total of 10 items were composed, 

which consisted of 5 items related to the best and 5 ite-

ms related to devices. Most were items for evaluating 

convenience, functionality, and aesthetic aspects.

In addition to its properties as a vest, the evaluation 

of its sensing functions such as for sensing body tem-

perature, is also important, and the ability to easily se-

parate the device from the vest when washing is requi-

red. Moreover, minimizing the size and thickness was 

considered necessary for babies who often rest on their 

back or stomach. The questions were organized to meet 

the characteristics of the prototypes through several 

meetings with the researchers.

The evaluation items were all rated on a 5-point Li-

kert scale, where the evaluation items were ‘1 point (very 

negative),’ ‘2 points (negative),’ ‘3 points (normal),’ 

‘4 points (positive),’ and ‘5 points (very positive)’.

VEST I VEST II VEST M

Front

(right side)

Front

(wrong side)

Table 2. Design of the experimental garments in the usability test
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4. Analysis Method

SPSS 20.0 for Windows was used for the analysis. 

For the significant difference of satisfaction according to 

the type of vest, a Friedman analysis, a non-parametric 

statistical method of three or more groups was performed.

Test methods
Test results

VEST I VEST II

Fastness to washing (grade)1): 40 ± 2oC, 30 minutes, ECE detergent

Change in color 4-5 4-5

Staining (Cotton) 4-5 4-5

Staining (Wool) 4-5 4-5

Fastness to perspiration (grade)2): 37 ± 2oC, 4 hours

Acid

Change in color 4-5 4-5

Staining (Cotton) 4-5 4-5

Staining (Wool) 4-5 4-5

Alkali

Change in color 4-5 4-5

Staining (Cotton) 4-5 4-5

Staining (Wool) 4-5 4-5

Fastness to crocking (grade)3)

Dry 4-5 4-5

Wet 4-5 4-5

Density (stitch/5cm)4)

Wale 80.6 68.0

Course 89.4 74.2

Weight (g/m2)5)

216.3 271.9

Thickness (mm): vernier calipers method

1.03 1.89

Pilling (grade)6): pilling box method

14,400 revolutions 3-4 3-4

Tensile strength (N)7): grab method

Wale 349.4 268.4

Course 238.2 241.6

The distance between jaws (mm): 76

1): KS K ISO105-C06 (KATS, 2018c)

2): KS K ISO105-E04 (KATS, 2019c)

3): KS K 0650-1 (KATS, 2017a)

4): KS K 0415 (KATS, 2017d)

5): KS K 0514 (KATS, 2017b)

6): KS K ISO12945-1 (KATS, 2019b)

7): KS K 0642 (KATS, 2016)

Table 3. Material properties of the baby vest 
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III. Results and Discussion

1. Monitoring of Body Temperature in Ba- 

by's Vest

In this study, experimentation was done by conduc-

ting real-life body temperatures the smart clothing equ-

ipped with a module integrated with the conductive 

textile electrode. The smart clothing design of the inte-

grated textile electrode-module was completed by util-

izing CLO Digital Fashion (CLO, Virtual Digital Fa-

shion Inc., Korea), a virtual 3D digital clothing design 

program. The sensor that takes the body temperature 

measurement is located 2 cm below the left armpit, and 

the body temperature was monitored through the tem-

perature sensor of the textile electrode and sent to the 

module controller. This experiment was non-invasive 

in that it involved no such activities as drug administ-

ration or blood sampling and was approved by the IRB 

(Institutional Review Board). As in the sensing mea-

surement results of the previous study, shown in <Fig. 

8> (Lee et al., 2017), the device was able to measure 

even subtle changes in babies' body temperatures of 

0.1oC or less within the temperature range of 36oC to 

38oC, and it was possible to monitor body temperature 

changes according to body movement during 50-mi-

nute sleep-periods. Thus, it can be seen that minor chan-

ge in body temperature monitoring is possible through 

Fig. 8. Monitoring body temperature in baby's sensing vest.

Adapted from Lee et al. (2017). pp.1145‒1146.

Parts Evaluation items Parts Evaluation items

Vest

Design & aesthetics

Device

Convenience of device location

Material satisfaction Device performance

Size satisfaction Degree of device extrusion

Adaptability Degree of device coverage

Convenience of detachment Visibility of the lamp

Table 4. Evaluation items of the baby vest



Development and Usability Test of Baby Vest Prototypes with a Body Temperature Sensing Function

– 437 –

the integrated textile electrode.

2. Performance Evaluation of Textile Elec- 

trode

1) Evaluation of Mechanical Properties

The woven and knitted textile electrodes used in this 

experiment were evaluated based on conductivity, ten-

sile strength, elongation, abrasion resistance, bursting 

strength, tearing strength, pilling and colorfastness by 

the Korea Apparel Testing and Research Institute (KA-

TRI). All of the textile electrodes showed under 0.1 Ω/

cm in conductivity, which was sufficient for its com-

mercialization performance as a result of the evaluated 

mechanical properties of the textile electrodes, as sho-

wn in <Table 5>. In particular, the evaluation showed 

that woven textile electrodes had more durability than 

knitted textile electrodes, whereas knitted textile elec-

trodes had higher stretch-ability than woven textile 

electrodes because of their looped fabric structure.

3. Usability Test for the Developed Baby Vest

The Friedman test evaluated three types of test gar-

ments and demonstrated the superiority of the design 

and function of the proposed the vests, in particular, 

VEST I. In the case of the commercial products, it was 

more difficult to put on and take off the combination 

suit type. In addition, there was no problem in the size 

control function according to the age of the baby. In 

the case of the sensor devices, the sensor cover of VE-

ST M was found to be very large and protruding. On 

the other hand, both of the newly developed products 

were thin and small, so their satisfaction scores were 

high.

Through the usability test in <Table 6>, the two pro-

totypes were made of the integrated conductive textile 

with high sensors for monitoring body temperature ac-

cording to babies' movements. However, there was no 

statistical difference in the body temperature sensing 

function between the detachable (VEST I) and integra-

ted textile electrodes (VEST II) vest prototypes.

Of the total 10 items, 7 items showed statistically sig-

nificant difference, and the superiority of VEST I de-

veloped in 4 items in the double vest was proved, and 

in 3 out of the 5 items in the usability evaluation. There-

fore, VEST I proven to be the best. In particular, the si-

ze, thickness, and visibility of the device were superior 

Evaluation factor Spec. Woven textile electrode Knitted textile electrode Evaluation method

Conductivity Ω/cm under 0.1 under 0.1 KS K 0180

Tensile strength N 840/460 200/138
KS K 0642

KS K 0520

Elongation % 37/13 97/127
KS K 0642

KS K 0520

Abrasion resistance times 10000-12000 8000-20000 KS K ISO12947-2

Bursting strength kPa - 799 KS K ISO13938-1

Tearing strength N 2.0-2.5 3-4 KS K 0536

Pilling grade 4-5 4-5
KS K ISO12945-1

KS K 0501

Colorfastness to rubbing grade 4-5 4-5 KS K 0650

Colorfastness to laundering grade 4 4 KS K ISO105-C10

Colorfastness to light grade 4 4 KS K ISO105-B02

KS K 0180 (KATS, 2015b); KS K 0642 (KATS, 2016); KS K 0520 (KATS, 2017c); KS K ISO12947-2 (KATS, 2015c); KS K 

ISO13938-1 (KATS, 2018b); KS K 0536 (KATS, 2019a); KS K ISO12945-1 (KATS, 2019b); KS K 0501 (KATS, 2018a); KS K 

0650 (KATS, 2015d); KS K ISO105-C10 (KATS, 2015e); KS K ISO105-B02 (KATS, 2015a)

Table 5. Evaluation results of mechanical properties on textile electrodes
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to VEST M, and its size adaptability, detachability, and 

design were also excellent.

IV. Conclusions

In this study, the optimum design of the integrated 

textile electrode for monitoring the babies' body tem-

peratures was found to be the following. The high-con-

ductivity silver yarns with silver-coated and polyester 

fiber were processed in the 650-750 denier covering 

conductive yarn with 0.26-0.32 Ω/5 cm. The woven 

structure of the textile electrode was made with the po-

lyester filament of a warp (75 D/48 f), and the weft yarn 

consisted of the conductive silver yarn (650 D or 750 D 

covering yarn) as the effective weave, which was able 

to sense the bio-signals and the polyester filament (150 

D/48 f) as a ground weave. The conductivity of all five 

textile electrodes used in this study ranged from 0.12 

Ω/10 cm to 0.99 Ω/10 cm, and the single-layer woven 

textile electrode appeared to have a slightly higher con-

ductivity than the double-layer one. Because the single-

layer woven textile electrode was more durable than 

the double-layer and knitted electrodes for monitoring 

the babies' body temperature sensing, the single-layer 

woven textile electrode was integrated into the bio-sig-

nal smart wearable clothing in this study. For the at-

tachment location of the textile electrode used to mo-

nitor body temperature sensing, the lower part of the left 

armpit was selected because it is a good position for 

detecting body temperature. Then, the monitoring con-

troller was attached to the front of the clothes, and its 

LED lights would either shine a blue, green, or red li-

ght, depending the range of temperatures; a green light 

indicates a normal temperature (36.4-38.0oC), a red li-

ght indicates a higher temperature, and a blue light in-

dicates a lower temperature. The device was able to 

measure even a subtle change in babies' body temper-

ature of 0.1oC or less, within the temperature range of 

36oC to 38oC, and the experiment results were found to 

be useful for monitoring the body temperature change 

according to body movement. All of the woven and 

knitted textile electrodes used in this study were eva-

luated based on their conductivity, tensile strength, elon-

gation, abrasion resistance, bursting strength, tearing 

strength, pilling and colorfastness by the Korea Appa-

rel Testing and Research Institute (KATRI). The tex-

tile electrodes were shown to have had under 0.1 Ω/cm 

in conductivity, and the physical properties of the elec-

trodes were found to be higher than grade 5 for their 

commercial use. In particular, the woven textile elec-

trodes had more durability than the knitted textile elec-

trodes, whereas the knitted textile electrodes had higher 

stretch-ability than the woven textile electrodes beca-

use of their looped fabric structure. Also, all of the in-

Evaluation items
Mean (S.D.)

Friedman χ2

VEST I VEST II VEST M 

Vest

Design & aesthetics 3.50 (0.58) 3.33 (0.82) 3.83 (0.98) 11.250**

Material satisfaction 3.83 (0.45) 2.67 (1.21) 2.67 (1.25) 07.054**

Size satisfaction 4.10 (0.56) 3.67 (1.21) 2.67 (1.13) 10.067**

Movement adaptability 4.00 (0.00) 2.83 (1.17) 2.50 (0.54) 13.140**

Convenience of detachment 3.67 (0.57) 2.50 (0.84) 2.67 (1.21) 10.756**

Device

Convenience of device location 3.83 (0.41) 2.83 (0.75) 2.50 (0.84) 14.063**

Device performance 4.00 (0.63) 4.02 (1.17) 4.00 (1.35) 06.429**

Degree of device extrusion 3.83 (0.41) 2.62 (0.33) 2.33 (1.03) 10.188**

Degree of device coverage 3.80 (0.99) 4.00 (0.00) 3.80 (1.10) 08.760**

Visibility of the lamp 4.00 (0.00) 3.00 (0.99) 2.67 (1.27) 07.924**

*p<.05, **p<.01

Table 6. Results of the baby vests' usability evaluations N=6
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tegrated textile electrodes used in this study had con-

ductivities between 0.46 Ω/10 cm and 0.9 Ω/10 cm after 

8 repetitions of the machine washing method, and the 

textile electrodes of the woven single-layer showed 

higher electrical conductivity compared to the woven 

double-layer and knitted textile electrodes.

The evaluation of the usability of the two developed 

vests and the commercial garments proved the superi-

ority of the newly developed vests in almost all items. 

In other words, the one-piece design of the device and 

the vest received a better evaluation, and the satisfac-

tion of the single jersey was higher than the double we-

ave, especially in terms of the thickness of the material. 

As for the device, the smaller the thickness and size, 

the higher the satisfaction.

The prototype is made of an integrated highly con-

ductive textile with sensors for monitoring body tem-

perature according to the baby's movements. It was also 

proven that the prototype developed in the usability 

tests is superior to conventional commercial garments. 

In addition, since the device is made of a flexible pro-

duct rather than a rigid plastic product, as shown in this 

study, it will be helpful for the operation and comfort 

of babies.

In particular, unlike existing products, it is consi-

dered that the integrated product not only has excellent 

temperature sensing performance, but also has excel-

lent usability and does not deteriorate its performance 

even when washing. Especially, the sensor has a thin 

thickness that does not interfere with babies' move-

ment. It is thought to be excellent in comfort. In order 

to enable mobile-based ubiquitous health management, 

we intend to demonstrate the superiority of the proto-

type again by developing an app that can transmit bio 

signals such as the baby's body temperature, pulse, and 

electrocardiogram to both caregivers and hospital staff 

in the near future.
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