
  

 

Abstract— To decrease the occurrence of newborn infant 

sudden death, and to lower the mental burden of nursery 

teachers, we aspired to develop a newborn infants monitoring 

system. For newborn baby, the most important portion is how to 

get ECG signal through baby’s skin, and only close electrode, 

comfortable to touch, dry contact, without binding and pressing 

had the possibility. In this study, we searched conductive 

electrode with required features, and considered preferable 

electrode cloth arrangement in men’s shirt, and made ECG 

electrode Polo shirts comfortable to wear. We performed 

several long time-measurements at initial and after washed 

status cloth. 

 

I. INTRODUCTION 

 In Japan, Mothers who have to work away from work 
leave their children in nursery schools’ care. It is a rising issue 
in Japan that the number of children nursery schools can 
accept is much smaller than the number of the children who 
have to be left in their care. Many children are waiting for 
nursery schools [1].  

For the sake of convenience to go to work, mothers prefer 
nursery schools located at the convenient place where land 
cost is very high, such as, near to train station. To decrease the 
waiting number of children for nursery school, much efforts 
were conducted by local administrations such as financial 
support for establishing a new nursery school, or changed 
regulation and made a new more mildly conditioned system, 
small-scale childcare room that can be operated in a one room 
of an apartment [1]. 

However, the number of waiting children is still large. This 
is due to the difficulty of hiring nursery school teachers. 
Although many related license holders are born every year, 
many of them do not work at nursery schools actually. As the 
reasons of this situation, their low salary and their heavy 
physical and mental burden were considered. 

Take care of children aged from 3 months to 5 years old for 
a long time, while their parents are working, is a work with big 
burden itself. Furthermore, there is a big problem, namely the 
sudden death of newborn infants [2,3]. It is an issue that once 
it happened, in a nursery school, it’s staff members are getting 
beaten up in public opinion in Japan. 
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Fear to the occurrence of newborn infants’ sudden death 
itself, and in related response of public opinion are the origin 
of big mental burden of nursery school teachers. To decrease 
the occurrence of such a sudden death, and to lower the mental 
burden felt by teachers, we aspired to develop a new born 
infants monitoring system. 

We had developed small-size and lighweight wearable 
ECG, acceleration and skin temperature measuring devices 
M-BIT (size: 40×39×8mm, weight: 14g, memory type) and 
R-BIT (size: 40×39×6mm, weight: 12g, radio type), and has 
investigated children's sleep behavior, physical activity, and 
autonomic nerve systems activity [4-7]. Since the causes of 
newborn infant's sudden death is thought to be respiratory 
standstill related to becoming prone position, etc.[7] or rapid 
increase of body temperature is related, in researcher's 
viewpoint, continuous monitoring of infants with R-BIT and 
alarming if necessary seems enough [8]. 

However, in the battle front of taking care of baby [9], how 
to get ECG signals from baby’s skin is important. Parents do 
not allow attaching ECG electrodes to their baby’s skin, since 
it affect badly to baby’s skin. As a result of several discussions 
with nursery school teachers [9], an allowable method is only 
conductive cloth electrodes that are comfortable for baby’s 
skin, with dry contact, and with no binding or no pressing by 
outer belt. Furthermore, for cost performance of school 
operation, cloth electrode, or baby cloth with electrode should 
be washable, and can be used after 100- times washing. For 
example, the conductive cloth provided by Gunze (Japan) [10, 
11] is rejected from the point of view of comfortableness. 

In this study, we first searched conductive cloth that has 
requested features discussed above. Then, we performed 
several test with this cloth to check our basic idea of electrode 
design and to get further insights. Based on these idea and 
insights, we made ECG Electrode Polo shirts, and repeated 
9-hour measurement test with our M-BIT. We obtained results 
of satisfying quality, and obtained insights for more advanced 
electrode shirts. 

II. MEASUREMENTS AND ANALYSIS 

A. Our Basic Idea 

At present, common conductive cloth electrode, which can 
be shown in exhibition, are belts inside them are consisted of 
conductive cloth and get electrical contact with skin by turning 
and bounding it on the body. Clothes are harder and not 
comfortable to touch. The sense of presence of belt is large 
and it is not suitable for long-time use. 

 

 

Comfortable and Washable ECG Electrode Baby Clothes for 

Newborn Infants Monitoring System to Decrease Their Sudden 

Death 

Yumeka Seno, Junko Urano, Etsuko Furutsu, Ryoko Nozaki, Kazuko Kawano, Shigenori Shirouzu, IEEE 

Member, and Hisanobu Sugano, IEEE Member 



  

 
Figure 1 Configuration of conductive cloth (Gray) of Polo Shirts trial 1. 

Size: 150mm×170mm, Separation: 110mm 
 

 
Figure 2 Real time measurement test with R-BIT. 

 

Our basic idea is quite different. The start point is that 
human's skin and the cloth of shirt touch at many places. We 
use flexible and comfortable - to - touch conductive cloth, and 
use wide area of them as electrodes and attach them inside 
shirts. If we wear this shirt, then its conductive cloth and our 
skin surface contact electrically at many points, and when we 
move the body, although contact points may move too, overall 
electrical contact is maintained. 

B. Conductive Cloth 

Hence the most important part of making ECG electrode 
clothes is to obtain flexible and comfortable conductive cloth. 
After several lines of searching, we reached Chang Fong 
Textile Technology’s Knitted Conductive Fabric. 

Their very soft and fine-knitted conductive fabric is made 
of 30% stainless staple, polyester, cotton and spondex. Its 
knitting density is 32G (32-stitch per square inch). When 
comparing with many other knitted conductive fabrics made 
of silver or copper filament, their product generally delivers 
better conductivity, air permeability, elasticity and torque.  

C. ECG electrode Polo Shirts 

In deciding electrode cloth arrangement, we cared two 
points: 1) the wider, the better, and 2) keep separation of two 

Fig.3 Results of measurement using Polo Shirts 8 times washed  



  

electrodes. As the first trial, we made Polo Shirts with 
electrode arrangement as shown below. 

D. ECG Measuring device 

The details of M-BIT were shown in previous papers [4-7]. 
R-BIT, our radio type device, has the same ECG and 
acceleration measuring function. However, instead of storing 
measured data to memory IC, R-BIT transfer measured data to 
a receiver attached to PC with nRF24L01 Single Chip 2.4GHz 
Transceiver IC(NORDIC, NO). 

E. The test of Washability 

      We washed test Polo Shirts per several measurements 

together with other daily clothes with commonly used 

washing machine and detergent. After drying it in the air, we 

inspected the condition of conductive cloth by visual 

inspection and touching them. Then we wore it and checked 

comfortableness and performed measurement. 
 

III. RESULTS AND DISCUSSION  

A. Real-time monitoring test with R-BIT 

We started from real-time monitoring test with R-BIT. 
Since we were able to observe very beautiful waveform for a 
long time, we finished test with R-BIT and started long-time 
monitoring test with M-BIT. 

 

B. Long-time monitoring tests with M-BIT 

We performed several long-time (up to 9 hours) 

measurements with M-BIT before first washing the Polo 

Shirts. From then, we have been repeating the set of several 

long-time measurements and  Some of them were 

imultaneous measurement with measurement using normal 

electrode. Examples of these measurements were shown in 

Figs 3, 4 and 5. 

In these figures, the top graph shows ECG, and 3axes 

accelerations, the second is RR intervals, the third is epoch 

(1minute) sympathetic and para-sympathetic nervous systems 

activity (SNS, PSNS), the fourth is epoch heart rate (HR) and 

instantaneous HR, the fifth is respiration frequency (RFRE) 

and width of variation of RFRE (VRFRE),  the sixth is skin 

temperature and physical  activity, the seventh is posture and 

the lowest is sleep/awake analysis based on body movements. 

In the lowest graph times are also shown. 

     In Fig. 3, this subject was awoke at before 4:00 and walked 

outside around 30 minutes, then he stuided at desk till around 

9:00. The Polo Shirts after 8 times washed was used in 

measurement. Although, qood quality of RR intervals were 

measured almost over the entire memasuring period, in the 

time area where subject’s posture was left lateral (around 

20minutes, 6:00) measurement was failed. 

In Figs. 4 and 5 the results of simultaneous measurements 

with the Polo Shirts and normal electrode are compared. In 

this measurement, the subject was working at desk in first part 

Fig.4 Simultaneous measurement with measurement using 
normal electrode (Polo Shirts) 

 

Fig.5 Simultaneous measurement with measurement using 
normal electrode (normal electrode) 

 



  

and he fell asllep around 14:50, and awoke 15:30, then he 

change his posture. 
As shown in Figs. 4 and 5, detailed behaviors of RR 

interval change were well agreed until he awoke and changed 
his posture to left lateral.  

Results shown in these three Figs. clearly suggest that the 
quality of RR intervals measurement with the Polo Shirts 
depend on subject’s posture. In some postures, the Polo Shirts 
gives very high quality RR intervals, and we can obtain PSNS, 
SNS, RFRE and VRFRE. Furthermore, as demonstrated in 
Figs. 4 and 5, even sleep onset detection based on VRFRE is 
possible. 

It is clear that the failure of measurements shown in Figs. 3 
and 4 was originated by the configuration of electrode cloth 
shown in Fig.1.With this configuration, when subject took 
fore posture, there is a possibility that the electrical contact 
between his skin and electrode cloth was broken. 

To avoid this broken, we have to extend conductive cloth 
to the back through body side and shoulder. Then the electrical 
contact between skin and conductive cloth may be maintained 
even if we are fore posture. 

We have just realized above concept in our electrode Polo 
Shirts Tryal2 (Polo Shirts). Figure 6 shows its electrode 
configuration. 
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Figure 6 Configuration of conductive cloth (Gray) of Polo Shirts trial 2. 

               (upper: front, lower: back) 


