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Figure 1: Proposed underwater display and wireless power transfer (WPT) method. (a) Prototyped underwater display control-
ling own buoyancy. (b) Overview of the entire system including the proposed WPT method. (c) Structure of each Submarine
LED equipped with a movable piston allowing the display to control its own buoyancy. (d) Submarine LED can change the
position by controlling its buoyancy. (e) Proposed WPT method can deliver mW-class power even to the mm3-scale LEDs.

ABSTRACT
This work proposes the wirelessly powered underwater display
that can control its position by changing its own buoyancy. The
proposed display is equippedwith amotor-based actuator to control
its effective volume for buoyancy control. The newly proposed
underwater AC wireless power transfer (WPT) function drives the
power-consuming OLED display and actuation motor. This work
confirmed that the proposed WPT function could deliver mW-class
power even to hundreds of mm3-class volume LEDs.

CCS CONCEPTS
• Hardware → Displays and imagers; Sensors and actuators;
Power networks.
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1 INTRODUCTION
Thanks to the improvement of the device implementation technol-
ogy, novel types of displays are emerging. These newly developed
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displays can present various information (e.g., force, temperature)
in addition to image information and sometimes alter the way in-
formation is presented to us. A self-moving display is one of the
displays that create a new Human-Computer-Interaction (HCI) by
changing the information presentation method. [Uno et al. 2018]
proposed “Luciola”, which is the wirelessly powered light-emitting
particle moving in mid-air. Luciola can change the position and
direction in which information is presented by taking advantage of
its ability to move. On the other hand, a large external ultrasonic
irradiation device is required to levitate only one Luciola. This is
because the buoyancy acting on the object in the air is too small.
[Koike et al. 2017] propose a method of controlling the position
of display objects in the water, where the buoyancy is more sig-
nificant. However, the system proposed by [Koike et al. 2017] also
requires an external device to float the object. The buoyancy con-
trol mechanism consumes a lot of power and cannot be embedded
into a small underwater display, in which the available energy is
highly limited. Wireless power transfer (WPT) is one of the solu-
tions to increase the energy available to the underwater display.
However, WPT methods that can supply sufficient power to many
small underwater devices from outside the aquarium have not been
developed [Zhang et al. 2018].

2 OUR APPROACH
Fig. 1(b) shows the overview of the entire proposed system. Two
electrodes connected to the external AC power supply (200V, 60Hz)
deliver the energy to each “submarine LED,” where the water is
used as a conducting medium. Each submarine LED is implemented
in the volume of 40mm × 40mm × 45mm. As shown in Fig. 1(c),
each submarine LED is equipped with a motor to control the piston
responsible for determining the volume, and the resultant buoyancy
acting on the submarine LED. As depicted in Fig. 1(d), when the
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Figure 2: Circuit model of the proposed underwater WPT.
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Figure 3: Simulation environment.

motor pulls the piston, the display volume decreases, and hence
the display descends to the bottom, and vice versa. Although the
motor is a power-consuming device (>200mW), the proposed WPT
method can deliver sufficient power to each submarine LED, which
will be explained in the next section.

3 UNDERWATERWPT
This section proposes the underwater WPT method that enables us
to deliver more than 800 mW power to each submarine LED.

3.1 Deliverable Power Analysis
Fig. 2 shows the circuit model of the proposed WPT method and its
equivalent circuit. Veq and Req are the equivalent voltage source
and output resistance in the Thevenin’s equivalent circuit, respec-
tively, and satisfy the following relationships:

Veq =
R22V1

R12 + R21 + R22
, Req =

(R12 + R21)R22
R12 + R21 + R22

. (1)

The deliverable power Pmax is expressed by Pmax = V 2
eq/Req

and values of Veq and Req vary according to the display size. The
following section evaluates the relationship between these values
and the display volume.

3.2 Evaluation
This section investigates the effect of display size on Veq and Req
with ANSYS Electronics 2021 R1 HFSS electromagnetic simulator.
Fig. 3 shows the simulation setup. The aquarium size is 200 mm ×

200 mm × 200 mm, and the display size is determined by wx ,wy
and wz . The center of the display is fixed to the position of (100
mm, 100 mm, 100 mm). In the simulation, one out of wx ,wy and
wz is swept from 10 mm to 100 mm and others are fixed to 10 mm.

Figs. 4 and 5 show the simulation results. In both Figs. 4 and 5, the
curves ofwx andwz are overlapped each other. Fig. 4 suggests that
the voltage received at the display node is proportional towy while

y = 0.005x + 0.0222
R² = 1

y = 0.0088ln(x) + 0.0508
R² = 0.9954
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Figure 4: Simulated voltage ratio (Veq/V1).
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Figure 5: Simulated equivalent output resistance.

the others do not impact significantly. On the other hand, Fig. 5
indicates that the equivalent resistance is reduced significantly
according towx andwz . The size of the prototyped submarine LED
is (wx ,wy ,wz ) =(40, 40, 45) [mm] and V1 = 200[V], and hence the
receivable power can be 820.1 mWwhen the impedance is correctly
matched. Moreover, even when the node size is reduced to 10 mm
× 10 mm × 10 mm, the receivable power remains 11.9 mW, still
sufficient for running a small actuator device.

4 CONCLUSION AND FUTUREWORK
This paper presented the wirelessly powered underwater display
that can control its position by changing its own buoyancy. To
enable the display to run the power-consuming motor, this work
proposed an underwater WPT method that can deliver several
hundreds of mW to the cm3-class display.

Our ultimate goal is to scale down the display to mm3 scale. We
already confirmed that our WPT method could deliver sufficient
power for mm3-volume LEDs as shown in Fig. 1(e). Our next step
is to actualize tiny mechanism to control the buoyancy.
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