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Abstract—Untethered control of soft-bodied robots is attractive
for interactions in a variety of unstructured and dynamic environments. However, soft robotics systems are currently limited
in terms of wireless, selective, and scalable control of multiple
actuators. Therefore, we propose a method to wirelessly drive
multiple soft actuators by laser projection. A small amount of
low-boiling-point liquid inside a planar thin pouch can be heated
by a laser and evaporated to inflate the whole body. Laser
projection enables both wireless energy supply and the selection
of target actuators. Further, the low-boiling-point liquid serves as
an actuation source and as a receiver of laser irradiation. Thus,
we do not need additional components such as electric circuits
and batteries to achieve simple and scalable implementation of
multiple soft actuators. We evaluated the mechanical properties
and demonstrated that the system can wirelessly control the
gestures of fingers of a robot hand. We also verified that our
method can activate a group of mobile soft robots simultaneously
and individually while tracking the actuator positions. Our
approach contributes to the scalable deployment of soft robotic
systems by removing tethers for power and communication.
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Fig. 1. Structure and principle of a laser-powered liquid-to-gas phase change
soft actuator. (a) Structure of a film-based actuator. The actuator is composed
of a printed pouch with a low boiling point liquid (NovecTM 7000). (b)
Principle of phase change actuation by laser projection.

Index Terms—Soft sensors and actuators, soft robot materials
and design, hydraulic/pneumatic actuators.

I. INTRODUCTION

U

NTETHERED control of soft-bodied robots is essential
for robots working in unstructured and dynamic environments [1], [2]. Therefore, studies are intensively investigating novel, compliant, flexible actuators [3]. Nonetheless,
driving many wireless soft actuators in a scalable, repeatable,
and selective manner remains challenging. Morphing multiple
wirelessly powered soft matters could result in advances in
origami robots [4], [5], [6], 4D printing [7], [8], [9], swarm
robotics [10], and practical compliant interfaces with fully soft
bodies.
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Unfortunately, many conventional driving methods in soft
robotics are unsuitable for realizing the scalable and selective control of multiple soft actuators. Fluidic actuators,
including the most widely used pneumatic actuators (e.g.,
robotic hands with silicone pneumatic channels [11], McKibben actuators [12]), are inevitably tethered to bulky tubes
and pumps, and they become infeasible when the number of
actuators increases. Magnetic control of origami-based thin,
planar actuators [13], [14] has been well explored, especially
for use inside the human body. However, such mechanisms
intrinsically face issues in controlling selected actuators in
a system owing to the uniform distribution of the magnetic
field. Robots powered by deformable, chemical batteries (e.g.,
Octobot [15]) or monopropellant energy [16] need regular
replacement or refill of the power source, making them
impractical for application to scalable soft robotic systems.
Although wireless power transfer to conventional soft actuators
via electromagnetic antennas [17], [18], [19], [20], [21] can
be a promising solution, it requires additional receiver components to be installed at the actuator side, thereby impacting
scalability and the benefits of a soft, flexible nature of their
body. Owing to the abovementioned issues, a class of soft
actuators that enables wireless, scalable, and selective control
has not yet been developed.
To realize this new class of actuators, we propose a method
for driving multiple and selected planar fluidic actuators with-
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out any tethering. The Peano actuators created by Sanan et
al. [22] and the pouch motor created by Niiyama et al. [23],
[24] are both types of planar fluidic actuators. Peano actuators
originally comprised elastomeric bladders covered with a
fabric or textile and were therefore optically opaque. Pouch
motors are simply made of two sheets of polymer film, thereby
enabling the selection of a wide range of materials to control
the bladder transparency. Although Nakahara et al. [25],
Kellaris et al. [26], and Mitchell et al. [27] subsequently
developed methods to electrically drive planar fluidic actuators
by filling the bladders with a liquid, they still depended on
electric wiring.
We enhanced the method proposed by Nakahara et al. [25]
by wirelessly activating pouch motors with laser projection [28], [29], [30]. The projected laser is absorbed by and
heats the low-boiling-point liquid inside the actuators, thereby
inducing liquid-to-gas phase change (Fig. 1). The gas produced
by the evaporation of the liquid inflates the airtight pouch and
enables actuation in both the linear and the angular directions.
This combination of laser projection and a pouch motor with
a low-boiling-point liquid affords the synergetic benefits as
follows:
• The planar and transparent pouch motor can be activated
with an optical projector, thus simplifying the implementation and demonstration.
• The laser projection enables wireless energy supply as
well as selection of target actuators and additional components need not be attached to the pouch, resulting in
simple and scalable implementation of multiple actuators.
• The volume of the low-boiling-point liquid needed to
fully inflate the pouch is tiny compared to the total
volume of each pouch and does not interfere with the thin,
lightweight, flexible nature of the planar fluidic actuators,
and the wireless actuation mechanism does not require
any components on the side of each pouch.
II. METHOD
A. Overview
Figure 2 shows a schematic overview of the proposed
method. In the initial state, the target actuator is flat. When
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Fig. 3. Actual motion of actuators. Free actuators usually contract linearly in
the direction of short edges. The actuators can also perform angular motion
if one side is constrained by a substrate.

our system projects a laser with 10.6-µm wavelength, liquidto-gas phase change occurs inside the pouch and the gas
pneumatically inflates the whole body of the actuator. We
utilize the property of a low-boiling liquid (NovecTM 7000,
3M Company) that absorbs infrared light around 10-µm
wavelength (1000 cm−1 wavenumber) very well because the
molecular structure of the liquid has many the Carbon-Fluorine
bonds [31], [32].
This method affords the following advantages: (1) energy
transmission is performed wirelessly and (2) no additional
equipment need be attached to the actuator because the liquid
inside the actuator works as an actuation source and as
the receiver of laser irradiation. These characteristics enable
reducing the complexity and weight of the actuator.
In this study, we used pouch motors based on liquid-togas phase change for all experiments and applications. Their
fabrication processes, models, and characteristics have been
reported elsewhere [25]. Figure 1a and Figure 1b show the
structure and motion of the film-based actuators, respectively.
These actuators were made of 90-µm-thick, flexible, and
lightweight films. Nakahara et al. [25] drove each actuator
with an electrically controlled heater pasted on one side of the
pouch. By contrast, we wirelessly drove the actuators using a
laser. Owing to the removal of the sheet heater that otherwise
constrains actuation, our proposed actuator is capable of both
angular and linear operation (Fig. 3).
To efficiently and selectively transfer optical power for
actuation, we built a two-dimensional laser projection system
that scans the whole liquid area inside the pouch. It should be
noted that projecting the laser at a single point of the liquid
can cause overheating and breakage of the plastic films.
B. Laser Projection System

Actuators activated selectively

Fig. 2. Overview of the proposed method. A laser oscillator and galvo
scanners are placed on the upper board. A laser is irradiated horizontally
and reflected by rapidly rotating galvo mirrors to direct toward the lower
board. Target objects are localized using image capturing of the target plane,
and mirrors are rotated accordingly.

The laser projection system irradiates 10.6-µm wavelength
light on the two-dimensional region. The optical system was
elevated by 50 cm from the ground, and at most 5 W of optical
power was irradiated on an 18 cm × 18 cm lower planar
region. The system was controlled by frequently rotating two
axial mirrors controlled by galvo scanners to reflect the laser
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C-F bond
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Fig. 5. Molecular structure of 1-methoxyheptafluoropane, which is the main
component of NovecTM 7000. Its molecular formula is C3 F7 OCH3 . The
Carbon-Fluorine (C-F) bonds are indicated by red and the Carbon-Carbon
single (C-C) bonds by blue.

Fig. 4. Actual setup of the proposed laser projection system.

beam from the oscillator with a designated optical path. These
mirrors typically rotate at frequencies of tens of kilohertz; this
is sufficient to evenly irradiate a small planar region of the
pouch.
Figure 4 shows the actual setup of the proposed laser
projection system. We used L12 (Access Laser Company) as
a variable power CO2 laser oscillator with a maximum output
power of 12 W. During all the experiments and applications,
we set the output power of the laser to 5 W. To reflect the input
laser and irradiate the 2D target region, we used galvo scanners
(WONSUNG) with a max frequency of 30 kpps. A 7 mm by
11 mm wide mirror was fabricated by depositing 100-nm-thick
gold on a ready-made aluminum plate using an evaporator
(EX-200, ULVAC). These components were mounted on top of
a rectangular-shaped aluminum frame, and 2-mm-thick acrylic
boards covered every surface of the frame to keep the laser
from being directly incident on the user.
To implement efficient and safe heating of the actuators
using the proposed laser projection system, we implemented a
vision-based position detection of the projection area and the
actuators. We applied a web camera to the system for detecting
AR markers on the ground and the actuators. The proposed
system aligned the camera coordinate system with the world
coordinate system by detecting reference AR markers placed
in the projection area with the camera. The projection system
projected a visible raster pattern and obtained the projection
range in the world coordinate system by acquiring this pattern
with the camera. When the proposed system projects the
visible pattern, it used a visible laser coaxially placed with
the CO2 laser as a light source. In addition, the proposed
system obtained the positions of AR markers placed on the
actuators in the world coordinate system and uses this position
information to estimate the positions of the actuators to be
heated. The proposed system determines the projection area
from this estimation result and controls the rotation angles of
the galvo scanners so that this determined area is irradiated
with the laser.
During the study, we surrounded the projection area with
reflector boards to prevent the laser from being directly

incident on and therefore causing damage to the eyes [33].
We also wore laser safety glasses when the laser beam was
being emitted, although diffused laser light is safe to see
directly [34].
C. Liquid-to-gas Phase Change Pouch Motors
The basic fabrication method of liquid-to-gas phase change
pouch motor actuators was reported in Nakahara et al. [25].
We can describe the efficiency of activating a liquid-togas phase change pouch motor by laser irradiation by the
energy absorption characteristics of NovecTM 7000. 99.5% of
NovecTM 7000 is composed of 1-methoxyheptafluoropane, and
its molecular formula is C3 F7 OCH3 [31]. Figure 5 shows its
molecular structure. Because the Carbon-Fluorine (C-F) bond
is the most abundant molecular bond in this structure (shown in
red lines in Fig. 5), it is assumed that the C-F bond is the dominant factor in the energy-absorbing property of NovecTM 7000.
The energy absorption band of stretching vibration of the C-F
bond is typically observed from 1000 cm−1 to 1400 cm−1 in
wavenumber (from 7.14 µm to 10 µm in wavelength) [32].
This wavelength range is very close to the wavelength of the
CO2 laser (10.6 µm); thus, it is concluded that heating by the
CO2 laser can activate the liquid-to-gas phase change pouch
motor very efficiently.
III. EXPERIMENTS
A. Transmittance Spectrum of Laser-absorbing Liquid
To quantitatively validate the proposed laser wavelength, we
measured the infrared absorption spectrum of NovecTM 7000
in the liquid phase by Fourier-transform infrared spectroscopy
(FTIR) (FTIR-8200, JASCO). This condition corresponds with
the deactivated state of the actuator. For this measurement, a 2mm-thick spectroscopy cell was filled with NovecTM 7000 liquid and was set in a spectrum analyzer to measure the
transmittance, which is the attenuation ratio of the laser before
and after it went through the cell.
Figure 6 shows that the transmittance was relatively high
in the most of near-infrared region (>∼ 5000 cm−1 ). However, there is a “non-transparent” region (transmittance is
less than 0.1%) in the range from 910 cm−1 to 1610 cm−1 ,
which range includes 943 cm−1 (= 10.6 µm). While this
region completely encompasses the energy absorption band
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Fig. 6. Transmission spectrum for NovecTM 7000 in the liquid phase. Horizontal axis shows the wave number of incident light. The “non-transparent”
region (transmittance is less than 0.1%) is observed at the range from
910 cm−1 to 1610 cm−1 , which range includes 943 cm−1 (= 10.6-µm).
943 cm−1 is indicated by the red line.

of stretching vibration of the C-F bond (1000 cm−1 to
1400 cm−1 ), it also includes a region with larger wavenumbers (910 cm−1 to 1000 cm−1 ). It is concluded that this is
because 1-methoxyheptafluoropane (the main component of
NovecTM 7000) has the C-C single bonds (shown in blue
lines in Fig. 5) and the absorption of C-F stretching vibration
is observed more than 1000 cm−1 in such molecules [32].
Therefore, the CO2 laser with 10.6-µm wavelength is suitable
for efficiently supplying energy to the liquid inside the actuator, and this result is supported by the chemical composition
of NovecTM 7000. Of course, we can use all lasers with
wavelengths corresponding to the “non-transparent” region,
the benefit of using this wavelength is that this region of the
CO2 laser is widely used for many applications such as laser
cutting; this contributed to easier fabrication of our system.
B. Strength and Response of Actuator
We measured the time response of the proposed actuator
using the experimental setup shown in Fig. 7. One end of
the pouch was tied to a force gauge and the other end was
Actuator

To anchor

Force gauge

Fig. 8. Tension-time characteristics. Measurement results for both heat
sources, namely, laser projection and electrothermal heater. Translucent areas
indicate the standard deviation of each measurement (n = 3).

anchored to a constraint. We turned on a 5-W heat source (CO2
laser or electrothermal sheet heater) at t = 0 s and turned it
off at t = 15 s and measured the tension force during this
period. Measurements were repeated three times for each heat
source.
Nakahara et al. [25] noted that the actuator was fabricated
by heating using a soldering iron attached to a CNC machine
followed by manual liquid injection. We used a 45 mm ×
15 mm actuator filled with 0.1 ml of NovecTM 7000. All
measurements were performed at room temperature (21.4◦ C).
The electrothermal sheet heater (for control) was inkjet-printed
with silver nanoparticle ink on a 133-µm-thick PET film [35].
The weight of the actuator and the load was 0.1 g and 750 g,
respectively.
Figure 8 shows the result. The translucent areas in the
plot indicate the standard deviation; the measured values
were consistent among the tries for each condition. This
result indicates that actuation and recovery by laser heating
were always faster than those by electrothermal heating. This
means that direct laser heating without any additional heater
component helps the actuator activate and deactivate faster. It
is assumed that this is because natural cooling is hindered by
the amount of heat of an electrothermal sheet heater, whereas
natural cooling of only the pouch motor is more efficient in the
proposed method. Further, laser projection can generate almost
the same amount of tension force as the electrothermal heater.
These results demonstrated that the laser projection method
works better than the electrothermal heating method in terms
of untethered design freedom, weight, and speed as well as
the ability to maintain the same power as an actuator.

Heating methods
Laser projection heating

Electrothermal heating (for control)

Fig. 7. Experimental setup for strength and response measurement. Both ends
of the actuator are tied to a force gauge and the anchor, respectively. We turn
on a 5-W heat source (CO2 laser or electrothermal sheet heater) at t = 0
s and turn it off at t = 15 s, and we measure the tension force during this
period.

C. Reliability of Actuator
We tested the reliability of the proposed laser projection
method with two experiments.
First, we examined the failure of the pouch film owing to
laser overheating. We applied 5-W laser power to a planar
region having the same dimensions as the pouch. We used
10 samples of single pouches with different heating periods
and checked whether their surface shows any physical failure.
Figure 9 shows a plot of the ratio of the actuators that
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Fig. 9. The survival rate of the actuators against different irradiation periods
with a 5-W laser.

1 cm
Fig. 11. A robot hand moving without any wiring. Three fingers and one
joint folded to form a V sign (left), and two fingers and a joint folded to
perform a pick-up motion (right).

t=0s

t=4s

t = 12 s

t = 19 s

t = 29 s

t = 41 s

Fig. 10. The strain-time relationship from the beginning (the 5th to the 9th)
and from the end (the 75th to the 80th) activation cycles. The first and last
cycles of the fatigue test show almost no degradation in strain values.

retained their integrity after irradiation for different heating
periods. The graph shows that all samples worked perfectly
after irradiation when the projection period was less than 13.68
s; longer periods can cause film breakdown.
We also conducted a fatigue test for repeated actuation. One
end of the actuator was tied to a displacement sensor that
does not interfere with the pouch motion. The other end was
anchored to the constraint. We repeatedly applied 5-W laser
power with the same pattern as mentioned above to determine
whether the compressive strain deteriorates. First, the actuator
was heated for 10 s, and then, it was cooled for the next 70 s.
We repeated this cycle 80 times. Figure 10 shows the straintime relationship from the 5th to the 9th and from the 75th
to the 80th activation cycles. The results indicate almost no
degradation in strain value after all cycles.
IV. APPLICATIONS
A. Selective Actuation of Robot Fingers
To demonstrate that our proposed method can wirelessly and
selectively operate the actuators, we designed a robot hand that
can fold its fingers independently. The hand was made of a
thin PET substrate and the actuators, and the actuators were
pasted on several joints on the hand.

Fig. 12. Heat map of the robot hand when its fingers are heated from the
little finger to the thumb in sequence.

Figure 11 shows two examples of hand motions: V sign and
pick-up motion. The V sign motion involved folding three
fingers and one joint to show the V sign, and the pick-up
motion involved folding two fingers and a joint. This actuation
was validated by thermography imaging, as shown in Fig. 12.
The proposed system can control the hand motion by using
the acquired thermography images as feedback information.
B. Untethered Gait Robots
We regulated the rotation angle of galvo mirrors frequently
at the kilohertz order, and therefore, the proposed method can
activate multiple actuators simultaneously and independently.
To demonstrate this feature, we implemented simple gait
robots using the proposed actuators.
As shown in Fig. 13a and Fig. 13b, each robot comprised
a flexible frame, two actuators on both ends of the plane, and
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Fig. 15. Gait robots that locomote simultaneously and individually. Three
gait robots moved simultaneously by time-multiplexed laser projection.

1 cm
Fig. 13. Design of gait robots. (a) 3D design of the robot. The black parts
are made from the deformable material TangoBlack+, and the gray parts
are made from the elastic material VeroWhite. (b) A photo of the robot.
A printed actuator and markers are attached for locomotion and localization,
respectively.

Initial

Heating two actuators separately

Cooling

Fig. 14. Locomotion principle of a single gait robot. The laser is alternately
projected onto the right and then the left half of the body, resulting in
locomotion of the whole robot to the right.

two AR markers for localizing the robot in real time. A flexible
frame was fabricated using a multimaterial inkjet 3D printer
(Objet260 Connex3, Stratasys) that can combine soft and rigid
materials in one print. The black parts were made from the
soft and sticky material TangoBlack+, and the white parts were
made from the rigid and slippery material VeroWhite. AR
markers were read from the camera attached to the system
to give feedback on the position of the projection. Figure 14
shows the locomotion principle. The laser was alternately
projected onto the right and then the left half of the body.
When one half of the body was heated up, the other half was
cooled down by heat dissipation to air, resulting in locomotion
of the robot to the right. Inspired by Ta et al. [36], legs are
printed with the sticky material TangoBlack+; by contrast, the

tip of the right side (i.e., locomotion direction) of each leg
is covered with the slippery material VeroWhite to transfer
isotropic contraction motion into anisotropic locomotion.
Figure 15 shows that the robots locomoted simultaneously
and independently. Although we used only three robots for
demonstration, this method can theoretically scale the number
of robots if we adjust the laser power appropriately. In
addition, to performing quantitative evaluation of the robots,
we measured the locomotion speed of the untethered gait
robots using the video taken by the camera. As a result, the
locomotion speed of three robots was about 1 mm/s. This
locomotion speed is slow as compared to other soft actuators;
however, it is assumed that we can increase the speed by
improving the laser irradiation method, e.g., increasing the
laser power than the present (5 W).

C. Robotic Gripper
Owing to the feature of the proposed method that can
wirelessly and selectively operate the actuators, we can design
the robot system that is low-cost, disposable, and easily replaceable. To demonstrate this, we designed a robotic parallel
gripper that can lift a block object. As shown in Fig. 16, the
proposed actuator is mounted on the left side of the gripper,
and the gripper can be opened and closed by the actuator.
In this setup, the projection system heats the actuator by
irradiating a laser from the left side. We used Lego bricks (its
weight is 11 g) as an object and confirmed that the gripper
could grab and lift this object.

Fig. 16. Robotic parallel gripper for lifting an object. The gripper is opened
by heating the actuator and closed after heat release.
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V. D ISCUSSION
A. Laser Projection System
In our current setup, the laser is irradiated on an 18 cm
× 18 cm planar region. However, this might be insufficient
for larger-scale applications. The projection area could be
widened to the order of several square meters by spreading
the target plane by placing the projection system further from
the ground. When doing so, two issues need to be considered:
resolution and power of the laser. In our setup, the spatial
resolution of the projection is of the order of 0.01 mm. If we
enlarge the target area, the resolution increases. However, our
current target application is centimeter-scale robots. Therefore,
even if the projection area is expanded to the order of several
square meters, we can still achieve sufficient accuracy to
heat the actuators selectively. Further, the heating of each
pouch using laser power should decrease as we spread the
target region. However, our current applications uses 5-W laser
power. If we need a larger region, we can increase the laser
power up to 15 W depending on the target application.
Our laser projection system consists of a thermal projector
using galvo scanners, an RGB camera that estimates the
position of soft actuators using AR markers, and a thermography camera that measures the heat distribution of soft
actuators. In our current implementation, the simple on/off
of the laser is controlled based on the heat distribution of
actuators. However, since the laser used in the proposed system
supports the pulse width modulation (PWM) at 100 kHz, it is
suggested that the system can precisely control the heating
of the actuator by controlling the output power of the laser
using the PWM. In addition, we can theoretically develop a
precise temperature distribution control system of actuators
that uses the heat distribution of the actuators as feedback
information. Therefore, it is assumed that this temperature
distribution control allows for more precise actuation, such as
maintaining at a specific point or operating a long time while
suppressing film damage.
As the proposed system controls the actuators by laser
projection, if they go out of the region of laser projection,
the proposed system cannot control them. This out-of-control
can be prevent by setting the region for control smaller than
the region of laser projection and using this buffer region as
a buffer region for returning the actuators to the region for
control. As the projection area can be enlarged while achieving sufficient accuracy, the proposed system can maintain a
sufficient area of the region for robot control even if we set
the buffer region.
B. Energy Efficiency
We discuss the energy efficiency when the proposed system
drives the soft actuators based on the experimental conditions
in Section III-B. Due to the principle of the proposed actuator,
if the phase and temperature of the enclosed low boiling point
liquid (NovecTM 7000) are the same, the actuators continue to
exert a constant tension force. Once the actuator lifts a weight,
the energy required to lift it for one minute is equal to the
thermal energy required to maintain the actuator temperature
above 34 ◦ C (the boiling point of NovecTM 7000).
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The result of Section III-B revealed that the actuator is
capable of lifting a 0.75 kg weight with 15 seconds of 5W laser irradiation. The energy provided by this laser irradiation is used to raise the temperature and evaporate the
liquid, excluding energy loss such as absorption by the pouch.
According to the technical data sheet of NovecTM 7000 [31],
the latent heat of vaporization is 142 kJ/kg, and the specific
heat is 1.30 kJ/kg·K. As the room temperature is 21.4 ◦ C and
the boiling point of NovecTM 7000 is 34 ◦ C, the thermal energy
per unit weight required for heating the liquid to the boiling
point can be calculated as 1.30 × (34 - 21.4) = 16.38 kJ/kg.
The ratio of the energy used to increase the temperature of the
liquid to the energy given to the liquid by laser irradiation for
15 s is 16.38 / (142 + 16.38) = 0.10. From this ratio, it can be
estimated that if the laser is irradiated at an average power of
5 × 0.10 = 0.5 W, the actuator temperature can be maintained
above the boiling point even if the effect of natural cooling is
taken into account.
This energy efficiency is inferior to electrostatic actuators
such as Peano-HASEL actuator. This inferiority is because
the proposed system supplies energy to the actuators by
thermal energy, which is easily lost in projection space. On
the other hand, these electrostatic actuators require a voltage
of several kV for driving due to their operating principle.
By this requirement, the electrostatic actuators need a power
supply using electric wires. Even if we assumed to use
a wireless power transmission, receiving coils and voltage
booster circuits, which must be placed on an actuator side,
hinder the softness of actuators. The proposed system has the
advantage that it does not require any additional components
to be attached to soft actuators and does not compromise its
softness.
C. Safety
Our current implementation did not consider safety in
environments with humans. Long exposure of the laser beam
and its reflection to human eyes can be a strong stimulus [33].
To solve this problem, we can potentially detect humans
approaching and automatically turn off the laser. The current
setup already contains a camera to detect the actuator motion;
therefore, we can theoretically implement computer vision to
instantaneously detect human motion in the region.
If the proposed laser projection system unintentionally irradiates structures other than the pouch motors, for example,
objects held by a robotic gripper, it may have a harmful
effect on them. The proposed system avoided this unintended
irradiation by detecting the position of an object by the AR
marker tracking using a camera. In addition, the region of laser
projection can be calculated precisely from the driving range
of galvo scanners. We believe that this unintended irradiation
can also be avoided by estimating the region of laser projection
to the gripper and designing the structure of the gripper itself
that can protect objects from laser irradiation based on this
estimation.
VI. CONCLUSION
We introduce a method to wirelessly drive multiple and
selected planar fluidic actuators by laser projection. The laser
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projection enables wireless energy supply as well as the
selection of target actuators; it allows us to implement multiple
actuators as lightweight and scalable manner. We measured the
infrared absorbing spectrum of the low-boiling point liquid
(NovecTM 7000), and the result indicated that the liquid
absorbs the irradiation energy of the laser with an efficiency
of 99% or more. We also verified the strength, response,
and reliability of the actuator through several measurements
of mechanical properties. The applications of a robot hand,
mobile gait robots and a robotic gripper showed that our
system can activate multiple soft actuators selectively and
cooperatively.
With further development, such as widening the projection
range, the proposed method will enable us to exploit and
control many soft actuators simultaneously and selectively.
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