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In this paper, we propose a wearable inductor channel for
the interface of blood pressure monitoring system in daily life.
The inductors are made by two ways - one is woven inductor
of conductive yarn [2], and the other is silkscreen inductor [8].
Since the substrates of both inductors are same as clothes, they
are suitable for high wearability in daily life. The rest of the
paper is organized as follows. In Section II, the design of
wearable inductor and inductive coupling channel will be
covered. Section III describes the dedicated inductive coupling
channel for blood pressure sensors and the system integration.
Finally, conclusions will be made in Section IV.

A. Woven Inductor
The woven inductors are made by sewing conductive yam

on a textile as shown in Figure 2. This conductive yarn is
already introduced in the previous work [2]. This yam is coated
by polyester, and its thickness is about 1OO~m. It successfully
passes washing tests several tens of times. So it can be

I. INTRODUCTION

The greater demand for continuous healthcare monitoring at
home instead of at hospitals shows up in these days. Diseases
like hypertension or atherosclerosis need to monitor one's
health continuously. Since they are not terminal diseases, the
patients do not need to stay in the hospital, but have to check
frequently their own body temperature, blood pressure, pulse
rate, or electrocardiogram (ECG) signal to prevent the progress
of the disease. They try to gather these bio-signals in their
everyday lives and consult a doctor on their states of health just
once in a while. For this reason, many ongoing researches try
to achieve wearable sensing, transmission, and processing
devices which are suitable for person's daily life [I] - [3]. As
shown in Figure 1, the home-care system consists of several
sensors and a portable unit (Base station). Among several
sensors, the wearable interfaces ofECG, body temperature, and
pulse rate sensor have been studied. However, the wearable
blood pressure sensor interface has not been studied yet.
Although RS-232 connection is used to transmit the bio-signal
data including blood pressure to the portable unit [4]-[5], it is
not suitable for daily life since it disturbs user's activity. And
some researches try to use Bluetooth as a wireless interface for
blood pressure sensor [6], but it consumes much more power
than measurement operation itself so that it dramatically
reduces the battery life. Therefore, a new interface with high
wearability and low power consumption is needed for blood
pressure monitoring system in daily life. Near Field
Communication (NFC) technology based on inductive coupling
is considered as a high potential technology for low-power
short-range connectivity in these days [7], but the inductive
coupling channel of NFC still has a wearability issue which is
not solved yet.

Abstract-This paper proposes a wearable inductor channel for
blood pressure monitoring system in daily life. To achieve high
wearability and low power consumption, inductive coupling
concept with textile-based inductors is introduced. Two types of
wearable inductors are proposed, and both of them are
demonstrated to have the possibility as a wearable inductor
channel for blood pressure sensors in daily life.
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integrated into clothes perfectly while the clothes are made in
the factory. One of the most strong points of this conductive
yarn and the woven inductor is that it is suitable for
implementing wireline network and also easy to connect
wireline network and inductor channels.

As shown in Figure 3, when more than two inductors are
closely placed, the magnetic field of one inductor induces the
current flow of the other inductors. This is the concept of
inductive coupling. In this case, the induced current magnitudes
of the other inductors are changed according to the number of
tum ratio and position relationship of the corresponding
inductors. To clarify the effect of the number of tum ratio and
position relationship on the induced current magnitude, we
define the channel gain as a ratio of the received voltage
magnitude over the transmitted voltage magnitude. For woven
inductors, the relationship between gain and the number of tum
ratio is represented as in (1):

Gain ex: N RX (1).
N TX

where, NRX is the number of turns of the receiver inductor and
NTX is the number of turns of the transmitter inductor [2]. And
the relationships between gain and position of two inductors
are measured as shown in Figure 4. The square inductors 10­
mm on a side with 10-tum are used for measurements.
According to the measurements, the distance between two
inductors becomes longer, and then the gain becomes smaller.
Also, if the inductors are not aligned with each other, the gain
becomes smaller. Since the length of each side of the inductor
is to-mm, gain of horizontally or vertically misaligned case is
smaller than that ofthe diagonally misaligned case over to-mm
misalignment. From these measurements, the fact that gain of
woven inductor channel is related on the cross-sectional area

Figure2. Woveninductors

Figure3. Conceptof inductivecoupling
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Figure4. Gain vs. (a) distance(b) alignmentin woveninductorchannel

Figure5. Silkscreeninductors

between two inductors is revealed.

B. SilkscreenInductor
The silkscreen inductors are made by silkscreen printing

method which is introduced in [8]. The silkscreen printing on a
textile uses a conductive ink to form electronic components and
circuits. The conductive ink is painted through the open areas
of a mesh-reinforced stencil onto the textile. After printing
process, the firing process is performed below 150°C for 10 ­
30 minutes to avoid the deformation of the textile substrate.
The minimum resolution of the silkscreen printing is 200~m,

and the thickness of the conductive ink is 1Oum, It also passes
washing tests successfully for several tens of times. The
silkscreen inductors with a variety of shapes are shown in
Figure 5. One merit of silkscreen printing method is that it can
make the same components or circuits repeatedly, resulting in
low cost and high productivity.

To verify the possibility as a wearable inductor channel,
some measurements about inductive coupling of silkscreen
inductors were performed. As shown in Figure 6, the gain of
silkscreen inductor channel is changed according to the
distance and alignment of two inductors. The octagon inductors
30-mm on an outermost side with 8-turn are used for
measurements. This inductor has 2~H inductance on average,
which is similar value to the woven inductor in Section II-A.



C. Comparison

In Section II, two types of the wearable inductor were
shown. Table I shows the comparison between the woven
inductor and the silkscreen inductor in terms of DC resistance,

However, by comparing Figure 4 (a) and Figure 6 (a), the gain
of silkscreen inductor channel is smaller than that of the woven
inductor channel. This difference is caused by the number of
turn ratio between the transmitter inductor and the receiver
inductor; NRX,woven is 3 times NTX,woven, whereas NRX,screen is
equal as NTX,screen' For silkscreen inductor channel, the
maximum number of turns for an inductor is limited by the
physical size of it since each line cannot be overlapped each
other. To solve this problem, the multi-layer inductor structure
is proposed in this work which will be described in section III.
According to the measurement in Figure 6 (b), the gain of
horizontally or vertically misaligned case and diagonally
misaligned case is similar. This is because the shape of the
inductor is octagon which is almost same as circle, so the
radius in any direction is very similar.
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inductance, durability, wearability and mass production. As
shown in Table I, the electrical characteristic like DC resistance
or inductance of the woven inductor is little bit better than the
silkscreen inductor. However, the productivity of the silkscreen
inductor is much better than the woven inductor. Both types of
inductors are possible as a wearable inductor channel on a case
by case basis.

III. DEDICATED CHANNEL FOR BLOOD PRESSURE SENSORS

A. Multi-layer Inductor Structure

In consideration of the forearm size, the typical dimension
ofthe wearable device on the forearm would be smaller than 60
x 50mm2 [9]. In case of silkscreen inductors with this size, the
inductance is limited to 3.21lH. In some cases such that the
distance between inductors is increased than usual, the receiver
inductor may need larger inductance to compensate the gain.
As shown in Figure 7, the multi-layer inductor structure is
proposed in this paper to increase the inductance of the
inductor without any physical size extension. In this structure,
more than two silkscreen inductors are piled up, and they are
connected to each other with same current direction. The
measurement result of multi-layer inductor structure is shown
in figure 8. The impedance, i.e. inductance, is proportional to
the number of inductor layers, and the self-resonant frequency
is inversely proportional to it. Hence the gain of channel is
enhanced when the number of layer for the receiver inductor is
increased. Since the data rate of blood pressure sensors are
below a few kbps, the reduction of self-resonant frequency
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Figure 6. Gain vs. (a) distance (b) alignment in silkscreen inductor
channel

Figure 7. Multi-layer inductor structure

Woven inductor Silkscreen Inductor

DC Resistance 6Qfm 13.35Qfm

Inductance* 2.3IlH 21lH

Durability High High

Wearability High High

Mass production Hard Easy

TABLE). COMPARISON BETWEEN TWO TYPES OF INDUCTORS

,. Inductance is measuredusing the inductors in section II.
Frequency [Hz]

Figure 8. Frequenc y characteristic for variety of inductor layers
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is attached on the blood pressure sensor and the receiver
inductor is placed at the clothes. By putting on the blood
pressure sensor on a wrist and measuring as usual, the blood
pressure data can be transmitted to the portable unit (Base
station) which is placed on the pocket of the jacket. The system
can achieve high wearability and low power consumption, so it
is very suitable for blood pressure monitoring in daily life.

IV. CONCLUSION

Two types of wearable inductor channels for blood pressure
monitoring system in daily life are proposed and developed. To
maximize the wearability and achieve low power consumption,
inductive coupling concept with textile-based inductors is
introduced. And the manufacture process and channel gain
characteristics of each type of inductors are explained. Both
woven inductors and silkscreen inductors show high
wearability so that they are suitable for blood pressure
monitoring in daily life. These channels can be expected to
function effectively when a total blood pressure monitoring
system is developed in the near future.
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C. System Integration

System integration between the channel and the blood
pressure sensor is shown in Figure 10. The transmitter inductor

Status

B. Bending Effects

In case that the physical size of the inductor is similar to the
maximum area of a forearm, the fabric substrate of the inductor
is bent so that the inductance and the gain are changed.
Therefore, the variance of the gain should be checked in order
to apply this channel to the blood pressure monitoring system.
Figure 9 shows the bending effect of the channel. Each type of
the inductor is used to measure the channel gain in case that the
inductor is bent in several forms. The channel gains are
decreased for both cases, but the extent of the gain reduction
can be compensated by increasing the inductance of the
receiver as shown in Figure 8.

does not affect the data transmission.
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Figure 10. Blood pressure sensor and wearable channel integration
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