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1. Introduction

There are many trials for measuring body signals for the
health-monitoring (for example, iPhone application) [1].
Technology is to enable doctors to see the patients’ signal
using the remote-sensing system [2]. The breathing is one
of the important signals for the health-monitoring and the
indispensable physiologic functions for keeping the bio-
logical activity. The breathing is characteristic because it is
also controlled consciously. Monitoring the breathing dur-
ing the exercising is important, since this shows the actual
lung function. Conventionally, the measurements are car-
ried out using the sensors with the masks and the thermal
sensitive resisters. These sensors are necessary to be fixed Fig. 1: Possible principle for measuring the
on the body being connected with cables or pipes. Since the breathing showing the change inside the body.
subjects are stressed, the breathing tends to be far from the
natural one. The sensor is expected not to disturb the sub-
ject’s exercising allowing the natural breathing.

The equipments for decreasing the stress of subjects are
reported. For measuring biopotential signals (electrocardi- electrode
ogram, electroencephalogram, electromyogram), some [ -----%
electrodes are prepared inside the cloth using the conduc-
tive textiles. Makikawa’s group measures the electrocardi-
ogram by detecting the minute voltage using the capaci-
tively coupled electrodes. The voltage-follower or the dif- o0— —o
ferential circuits are used [3]. The capacitive method is
useful without the mechanical contact for reducing the
stress against the subjects. Cheng et al. reports an on-body
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capacitive sensing to derive activity related information [4]. Fig. 2: Setup of breathing sensor using the elec-
Using conductive textile electrodes, the changes inside the trode pair fixed inside T-shirt.
human body are measured. Such changes are related to mo-
tions and shape changes of muscle, skin, and other tissues. 900 . . . — 0.2
In this study, the capacitive sensing is applied for =
measuring the breathing. The electrodes used are the con-  ~ 800 0.1 %
ductive textile realizing the wearable sensor. & 700 J 0 g
o) =
2. Principle and Preliminary Experiment % 600 ! -0.1 (>3
Figure 1 shows the possible principle of the capacitance G : E’,
change caused by the breathing. The material of the body is § 500 i 0.2 qu
mainly water, whose permittivity is about 80 and the con-  © 5 R g 053 _%
ductive electrolytic solution. Compared to this, the air hoot V17 T BB O %)
which flows into or out of the lung has the value of about 1 300 — -0.4
and non-conductive material. When the subject breathes, 0 30 60 90 120
the regions of body material and air will change inside. Time (s)
When the electrodes are fixed facing each other across the Fig. 3: Signals from capacitance sensor and spirometer
body, the capacitance value should reflect the change inside volume for three subjects. Since the capacitance data is
the body. Since the lung volume of the male adult is obtained from the movie image of the equipment dis-
2000-3000cc, the significant change is expected. play, the sampling rate is 2 Hz.

Figure 2 shows the setup for measuring the capacitance
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being constructed by the electrode pair placed at the front
abdomen and the backside. Here, the electrodes are con-
ductive textile (area: 160x160mm?) fixed inside T-shirt. Its
surface is covered by the tape for the water protection. In
this preliminary experiment, the electrodes are connected to
the capacitance meter (Yokogawa Hewlett Packard,
HP4718A). The measurement voltage is 1V, and the fre-
quency is 1MHz. Subjects shits on the chair. During 120s,
breathing patterns are tried consciously (quiet breathing for
0-25s, panting for 25-50s, apnea for 50-60s, deep breathing
for 60-90s, and quiet breathing for 90-120s). For compari-
son, subjects set the mask being connected to the standard
spirometer (Minato Medical Science Co. Ltd., RF-H).

Figure 3 shows typical data obtained from the capaci-
tance meter and the voltage signal proportional to the air
volume. The cyclic signal pitch and the signal magnitude
correspond well with those of the spirometer volume sig-
nal.

3. Wearable Sensor Setup

The small circuit can be designed for sensing the capac-
itance. Figure 4(a) shows the hand-made circuit. The circuit
consists of two boxes connected with a cable. Larger box
(170x120x75mm’) is the power supply. Smaller box
(90x60x50mm®) is C/V converter. The measurement volt-
age is 6V, and the frequency is 350-400 kHz. This convert-
er is connected to the electrodes on the shirt. Figure 4(b)
shows the shirt with the electrode underneath. The elec-
trode can slide on the skin without the fixation keeping the
comfortable condition. The C/V converter box can be fixed
on the belt of the trousers. The exercise is easy. The cable
is 7mm in diameter and has 4 lines for the power supply
and the signal connection to the larger box.

4. Results

Figure 5 shows measured capacitance signals obtained
from the circuits. Two independent circuits are included in
the same box for measuring the capacitances. One signal
measures at the abdomen which will correspond the ab-
dominal breathing. Another signal measures at the chest
which will correspond the costal breathing. The electrode
sizes are both 50x50mm®. Both signals show the breathing
cycle clearly. The increasing or decreasing of the signal is
opposite between two signals. The reason is not clear at
present but this indicates the sensor measures the change
inside the body. The detailed shape difference between
them will relate to the difference between the abdominal
and costal breathing.

5. Conclusions

The breathing signal is measured using the capacitance
constructed by the electrodes facing each other across the
body. The electrodes are fixed inside the cloth. Not only the
number of breathing but also the depth information can be
measured. The measurement is non-invasive and the sub-
ject condition is almost natural without the mental or phys-
ical stress.
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Fig. 4. Wearable sensor system using hand-made C/V
circuit and the electrode fixed on the shirt.
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Fig. 5: Obtained two sensor signals from the capaci-
tances at the abdomen and the chest. The frequency is
different each other. The sampling rate is 10Hz.
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