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Abstract—Pneumatic actuation benefits soft robotics by
facilitating compliance, enabling large volume change, and
concentrating actuator weight away from the end-effector.
However, portability is compromised when pneumatic actuators
are tethered to cumbersome air and power supplies. While
there are existing options for portable pneumatic systems,
they are limited in dynamic capabilities, constraining their
applicability to low pressure and/or small-volume soft robots. In
this work, we propose a portable, high-flow pressure supply and
regulator (phloSAR) for use in untethered, weight-constrained,
dynamic soft robot applications. PhloSAR leverages high-
flow proportional valves, an integrated pressure reservoir, and
Venturi vacuum generation to achieve portability and dynamic
performance. We present a set of models that describe the
system dynamics, experimentally validate them on physical
hardware, and discuss the influence of design parameters
on system operation. Lastly, we integrate a proof-of-concept
prototype with a soft robot arm mounted on an aerial vehicle to
demonstrate the system’s applicability to mobile robotics. Our
system enables new opportunities in mobile soft robotics by
making untethered pneumatic supply and regulation available
to a wider range of soft robots.

I. INTRODUCTION

Soft robots exhibit passive adaptation to their environment,
enabling inherent safety and robustness. Pneumatic actuation
is a common choice for soft robots as it facilitates compliance
and large volume change while relocating actuator mass
away from the end-effector. However, pneumatic soft robots
(PSRs) require a method for pressure generation and regu-
lation, and many of these robots rely on pneumatic tubing
that tethers them to heavy air compressors [1]. Meanwhile,
untethered PSRs leverage methods such as micro pumps [2]—
[6], syringe displacement systems [7], CO, gas cartridges [8],
[9], and chemical reactions [10]. However, these untethered
solutions are intended for PSRs with smaller volumes or low-
flow requirements. While untethered pneumatic solutions
exist for larger PSRs [11], [12], this comes at the cost
of added size and weight, limiting their suitability in PSR
applications with stringent payload limits (e.g., soft aerial
manipulation).

In this work, we address the limitations of existing solu-
tions regarding performance and portability with a portable,
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Fig. 1. We present phloSAR, a portable high-flow pressure supply and

regulator to enable untethered operation of large pneumatic soft robots. (a)
PhloSAR prototype. (b) PhloSAR components and direction of airflow. (c)
The prototype is integrated with an aerial vehicle and actuates a soft “vine”
robot to demonstrate the phloSAR portability and that it can be used to
realize mobile soft robots. (d) Mass distribution (chart values in kg). “Flow
Control” includes the valves and Venturi pump, “Pneumatics” includes the
reservoir and pneumatic connections, “Structure” includes the chassis and
mounting hardware, and “Drone Integration” includes the vine robot and
additional mounting hardware. The phloSAR mass is 0.84 kg. The total
mass (phloSAR + soft robot) is 1.4 kg, which is within the drone payload
capacity (approximately 1.5 kg).

high-flow, pressure supply and regulator (phloSAR). It lever-
ages high-flow pneumatic components for high-speed pres-
sure regulation of large volumes, and it integrates a refillable
high-pressure air reservoir that enables untethered operation
of PSRs. This work provides the following contributions:

1) The design details of phloSAR, which uses high-flow
proportional valves, an integrated pressure reservoir,
and Venturi vacuum generation, enabling untethered
operation of large-volume pneumatic soft robots.

2) Models, verification, and guidelines that aid in the
design of future phloSARs for custom applications.

3) Implementation of a physical phloSAR prototype and a
demonstration on a mobile soft robot.

This work aims to be a design guide to aid in implement-
ing a phloSAR given a specific mobile PSR. As a motivat-
ing example, the phloSAR implemented in this work was
customized for an inflated-beam ‘““vine” robot [17]. These
continuum robots grow in length via tip eversion and often
feature pneumatic actuation for bending [18]. Traditional
vine robots operate from a base fixed in the environment and
require pneumatic tethering to heavy air compressors [14],
[19]. In this work, we demonstrate that a vine robot with a



TABLE I
COMPARISON OF EXISTING PRESSURE SOURCE AND/OR REGULATION SOLUTIONS*

Syringe
[71

Cartridge

Off-the-shelf

regulator
[13], [14]

Custom Regulator

via Flow Valves
[2]-[6], [11], [15], [16]

phloSAR

[8], [9] [this work]

Cost
Weight

Size

Customizability
Speed
Range/Resolution
Air Supply
Renewability

Form

Dynamics

Untethered

* Cells with darker shades correspond to higher quality

phloSAR can be made portable enough to operate onboard
an aerial vehicle, opening applications in aerial manipulation
not previously feasible for this class of soft robot (Fig. [I).

II. DESIGN CONSIDERATIONS AND PRIOR WORK

When considering pneumatic solutions for mobile soft
robots, three key design factors are its form, dynamic
performance, and amenability to untethered operation. For
form, we consider cost, weight, size, and customizability. For
dynamic performance, we consider speed of pressure change
and the output pressure range and resolution. For amenability
to untethered operation, we consider whether the solution
incorporates a portable pressure source, and whether it can
operate indefinitely without outside intervention (which we
term “renewability”’). An overview can be seen in Table

These design choices are inter-dependent, and the specific
balance of requirements will be informed by the PSR for
which the pneumatic system is intended.

A. Dynamic Performance Considerations

A PSR or pneumatic actuator can be considered as a
sealed volume requiring pressure regulation; this paper uses
the general term “control volume” (CV). To understand the
dynamics of pressurizing an arbitrary control volume, we
consider the ideal gas law in its derivative form:

PoVey = neyR, T — Pcv = %Qa (1
where P, is the rate of pressure increase of the CV, Q is the
standard volumetric flow rate into the CV, R, is the universal
gas constant, n,, is the number of gas moles in the CV, and p,
T, M, are the density, temperature, and molar mass of air at
standard conditions, respectively. From this relationship, we
see that high-speed CV pressurization requires a high-flow
(high Q) regulator. To understand the factors that determine
flow rate, we consider Ohm’s Law of fluid flow:

AP = OR,, 2)

where AP is pressure difference across a valve and R, is
the effective flow resistance across a valve. In the context
of pressure supply and regulation, a pneumatic system with
strong dynamic performance features a large pressure differ-
ence between the pressure supply and CV (AP) and operates
with a small flow resistance (Ry).

B. Untethered Pressure Sources

Untethered operation of a PSR is typically dependent on
having a portable pressure source. The two main options for
this are (1) devices that generate airflow, and (2) reservoirs.

A common device for generating airflow for untethered
PSRs is a micropump [2]-[6], [12]. These devices exist in
small, lightweight form factors and can continuously supply
pressure as long as they have battery power. However, their
flow rate drops as pressure accumulates at the outlet, and they
have limited maximum flow rates up to approximately 10
standard liters per minute (SLPM). While these limitations
do not preclude small-volume PSR applications, they are
impractical for large-volume, high-speed PSR applications. A
second option for generating airflow are syringe methods [7],
which similarly suffer from limited flow rates in addition to
having a small total capacity.

Air reservoirs can achieve higher pressure gradients but in-
herently have a limited operable duration. For a fixed mass of
air, choosing a reservoir involves a tradeoff between the size,
weight, and reservoir pressure. Single-use CO, cartridges are
compact options that contain pressures up to approximately
6000 kPa [8], [9]. However, this comes with practical
challenges such as having to manually replace the canister
after each use, sourcing components for the regulator that can
withstand such a high inlet pressure, and preventing regulator
“freeze up”. A lower-pressure or smaller reservoir can be
made viable by incorporating a portable air compressor [11]
that refills the reservoir, but using a compressor increases
system weight, size, and cost, and using a lower-pressure
reservoir reduces dynamic performance.

The phloSAR strikes a balance between these methods.
It features an air reservoir in a moderate pressure range,
which facilitates dynamic performance while offering enough
capacity to eliminate the need for an onboard compressor.

C. Methods for Pressure Regulation

Off-the-shelf pressure regulators make different trade-
offs in performance, portability, and cost. An off-the-shelf
regulator reduces complexity by handling feedback control
internally, but requires a pressure source that satisfies the
inlet specifications of the regulator.

Alternatively, a pressure regulator can be custom-built
by leveraging closed-loop control of flow valve arrays (bi-



nary solenoid valves and/or proportional valves) to achieve
pressure regulation. This is a common strategy in existing
untethered pneumatic systems [2]-[6], [11], [15]. Building
a custom regulator with flow valves provides flexibility in
that the designer selects regulator components jointly with
the pressure source. Additionally, flow valves tend to be less
bulky, heavy, and expensive than off-the-shelf pressure regu-
lators, and they can operate at higher inlet pressures, making
them amenable to use with high-pressure air supplies.

PhloSAR implements pressure regulation via flow control
but is intended for dynamic operation of large-volume PSRs,
which have higher flow requirements than many of the
systems in prior works.

III. DESIGN AND IMPLEMENTATION

We discuss design decisions for implementing a phloSAR
for a specific PSR, but the design is highly customizable in
that components can be readily swapped to achieve different
performance specifications as needed.

A. Flow Modulation

Airflow in and out of the CV is modulated with pro-
portional valves that have an affine relationship between
flow and input current (Clippard “EVP” EC-P-05-25-A0
and “DVP” DV-PM-10-670100-V). The use of proportional
valves, and the Clippard valves in particular, offers several
benefits. First, they offer large maximum flow rates (EVP:
23.5 SLPM; DVP: 67.0 SLPM), which enables dynamic per-
formance. Second, they allow the use of high inlet pressures
(up to 690 kPa for the chosen valves). This allows the use
of high-pressure reservoirs that are directly connected to the
valve inlet, eliminating the need for intermediate components
that would add weight and design complexity. Third, they are
small and lightweight (EVP: 52 mm, 77 g; DVP: 64 mm,
139 g), which is critical for portability.

B. Pressure Reservoir

A high-pressure air reservoir allows for higher flow rates
(Eq. ) and a longer operation time due to the increased
amount of air stored (ideal gas law). Larger reservoirs
similarly allow longer operations times but there exists a
trade off between portability and operation time. In the
implemented prototype, we use a 2-liter bottle made from
polyethylene terephthalate (PET). This reservoir choice is
lightweight (70 g), low-cost (<$1), and readily available (e.g.
2L soda bottle), and can withstand pressures over 900 kPa.
We integrate a pneumatic fitting with the reservoir cap for
routing tubing to the flow valves and to a manual on/off
valve for refilling. The reservoir is easily refilled by opening
the on/off valve and supplying compressed air. While it is
the largest component of the implemented prototype (30 cm
long), the large volume allows for more storage capacity.

C. Vacuum Source

Passive venting to atmosphere or the use of vacuum pumps
are simple solutions for decreasing CV pressure, but they
suffer from limited pressure gradients and flow rates that

reduce dynamic performance. Instead, the phloSAR design
generates a vacuum with a Venturi pump (Coval VR09f14)
that enables higher flow rates out of the CV. A Venturi pump
is also advantageous in that it is pneumatically driven by the
same pressure reservoir used for inflation. Specifically, high-
velocity flow through the Venturi pump, from the inlet to the
exhaust port, generates vacuum at a third port. This Venturi
effect is used to actively draw air from CV, which is also
released through the exhaust port.

D. Operation and Controls

The phloSAR controller coordinates commands to multi-
ple valves to modulate airflow for CV pressure regulation.
The first valve, the EVP, modulates flow from the reservoir
into the CV. The second valve, the DVP, modulates flow from
the reservoir into the Venturi pump. The third valve, a binary
solenoid valve (Shenzhen Huamei Technology Co.), enables
flow out of the CV and into the vacuum port of the Venturi
pump. During inflation, the phloSAR modulates flow into the
CV by actuating the EVP, and during deflation, the phloSAR
modulates flow out of the CV by coordinating actuation of
the DVP and solenoid valve. Actuating the solenoid valve
alone allows passive venting from the CV, and actuating the
DVP in tandem enables active deflation.

The valves are actuated with an L298N motor driver
with commands from a Teensy LC microcontroller. The
microcontroller uses pressure feedback from the CV
and pressure reservoir (Honeywell pressure sensors ABP-
DANNO30PGAAS and ABPDANNOISBGAAS) to deter-
mine the appropriate command. For low tracking errors, we
use a PID controller. For high tracking errors, an on-off con-
troller sends commands to maximize flow rate. The tracking
error cutoff used to select between the two controllers (1 kPa)
was determined empirically. During deflation, the phloSAR
selects between passive venting and active deflation, only
leveraging active deflation when additional speed is required.
This improves air-use efficiency.

IV. SYSTEM DYNAMICS

While we implement one example phloSAR, the design
is highly customizable and intended to be adapted for other
mobile PSRs. Here we provide models of system dynamics
that give insight into phloSAR performance that can be used
for designing other implementations of phloSAR.

A. Pressure Reservoir Discharge

Under constant operation, a pressure reservoir has a finite
operation time before depletion. We provide a simple model
based on the ideal gas law and Ohm’s fluid law in Eq. 2] to
capture reservoir pressure over time:

t

P.(t) = Pyoe s, 3)

where Tgs = R:XV’ and a = %. P, is the initial pressure, V,
is the reservoir volume, and R, is the flow resistance across
the reservoir outlet valve. The model assumes the reservoir
is discharging to atmosphere through a valve with constant

flow resistance. In practice, the reservoir discharges to a CV,



which is typically at a higher pressure than atmosphere, and
the flow resistance can be modulated, but this model can be
used to provide a conservative estimate of operation time
by setting the model resistance to the minimum value for
the implemented phloSAR. This model is also conservative
because during real operation reservoir discharge halts when
CV pressure stabilizes around the commanded pressure. In
addition, reservoir discharge during CV deflation is more ef-
ficient than CV inflation because the phloSAR leverages both
passive venting and active deflation, so the air discharged as
motive fluid for the Venturi pump is, on average, less than
the air vented from the CV.

B. Inflation Speed

The time-rate at which the CV’s pressure can be changed
serves as a benchmark for the dynamic performance of a par-
ticular phloSAR setup. Assuming a high-pressure reservoir
relative to the CV (P > F,,), we derive the following from

Eq. 1] and 2} . P
Py, = R Vr (4)
vvrcy

This model is intended to aid in component selection for
a phloSAR implementation. The size of the control volume
V., depends on the PSR application, but the reservoir
pressure (P.) and flow resistance (R,) can be adjusted
based on the choice of reservoir and proportional valve by
the designer. P, decreases as the reservoir is depleted; we
provide addition discussion in Sec.

C. Frequency Response

To model phloSAR frequency response, we consider a
sinusoidal command and compute the maximum derivative:

Pemd(t) =Asin(27ot)+¢  —  Pundmax = 2470, (5)

where A is the command amplitude and ¢ is a constant
offset. For a phloSAR with a maximum inflation speed,
Pcv,max, larger than Preq,max, the phloSAR tracks the command
with unity gain. If P, max is less than Pegmax, We make a
simplifying assumption that the phloSAR exhibits sinusoidal
behavior with a maximum slope Pcv,max. This can be used to
solve for the output gain. This yields the following model for
the phloSAR frequency response and cutoff frequency @,:

1 o<,
G((D)Z{ o et (6)
% 0>
Pcvmax
=— H 7
w0 =—" (Hz) (N

This model shows that phloSAR bandwidth is affected
by its PSR application. Specifically, A is influenced by the
magnitudes of pressure required by the PSR, and P., depends
on the CV and phloSAR setup used (Eq. [).

V. EXPERIMENTAL VERIFICATION

Here we verify each model presented in Sec. [[V]
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Fig. 2. Characterization of pressure reservoir discharge (singular trials)

through a valve with constant flow resistance. We compare experimental
data to the model presented in Sec. @ for different initial reservoir
pressures, reservoir sizes, and flow resistances. The tests shown represent the
conditions with shortest and longest duration and one intermediate example.

A. Pressure Reservoir Discharge Verification

Equation [3] is verified with discharge tests that use the
following procedure: fill a reservoir to an initial pressure,
open an outlet valve at constant flow resistance, and monitor
the reservoir pressure (P,) over time. We performed discharge
tests with varied initial reservoir pressure (P.p), reservoir
volumes (V,,), and flow resistances (R,), and compared the
measured and modeled pressures over time with the nRMSE
shown in Fig. 2] The nRMSE for the displayed tests are in
the range 4.1-5.7% (normalized with respect to P.(), which
suggests that reservoir discharge is captured well by Eq. 3]

B. Inflation Speed Verification

We verify Eq [ by analyzing the step response of the
phloSAR prototype. We model the response as a piece-wise
linear function, in which the pressure increases linearly ac-
cording to Eq.[d]and then remains constant after reaching the
target pressure. We collect experimental data for 3 different
test conditions (TC) to show varying inflation speeds:

TCl: AP, =69 kPa, V., = 0.5 L, P. = 689 kPa
TC2: AP, =34%kPa,V, =1L, P =689 kPa
TC3: AP, =21kPa, V., =1L, P. =345kPa

From Fig. 3] we see that a piecewise linear function for
the phloSAR step response captures the behavior well. The
nRMSE between the measured and modeled time series,
normalized by the commanded pressure, is 2.3%, 10.9%,
and 12.9%, for TC1, TC2, and TC3 respectively. For each
test, we also compute the average rate of pressure increase
and compare it to the rate of change given by Eq. d The
normalized errors for the three tests, normalized by the model
speed, are 0.24%, 44.8%, and 45.0%, for TC1, TC2, and TC3

Measured (TC1)
Model (TC1)
= = = Measured (TC2)
= = = Model (TC2)
------ Measured (TC3)
| e Model (TC3)
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oA B . ————
P

Control Volume
Pressure [P.,] (kPa)

Time (s)
Fig. 3. Comparing PhloSAR step response with the model (piecewise linear

with an initial inflation speed given by Eq. EI) The pressure command,
phloSAR reservoir pressure, and control volume size were varied (TC1,
TC2, TC3) to yield different inflation speeds.
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Fig. 4. Comparison of phloSAR closed-loop frequency response to the
model presented in Sec. Test condition TC4 is a phloSAR and control
volume within expected operating conditions, and test condition TC5 is a
more difficult condition (lower reservoir pressure, larger control volume, and
higher-amplitude pressure command). The frequency response of a baseline
(off-the-shelf pressure regulator) is overlaid. Baselines 1 and 2 correspond
to TC4 and TCS5, except the baseline regulator is supplied with its maximum
recommended inlet pressure in both cases. Error bars represent 1 standard
deviation, and bars not shown are within the bounds of the marker.

respectively. In future work, we will explore what causes
deviation from the model for larger control volumes.

C. Frequency Response Verification

We verify Eq. [f] by analyzing the phloSAR’s pressure
output in response to sinusoidal pressure commands with
offset ¢ such that Pemg, min = 0 kPa (Fig. [4). We consider
two test conditions, one with expected operating conditions
(TC4) and a second with more extreme conditions (TC5),
specifically, a higher amplitude pressure command, larger
CV, and lower pressure reservoir:

TC4: A =21kPa, V., =05L, P, = 689 kPa
TC5: A =34kPa,V, =1L, P.=345kPa

For each condition, we measure the phloSAR response for
a wide range of command frequencies. To compute the gain
for a given trial, a Fast Fourier Transform (FFT) is applied
to the phloSAR’s time response, and the magnitude at the
command frequency is isolated.

We compare the measured frequency response to the
model from Eq. |§|, using a measured value for Pcv,max. Both
test conditions show qualitative agreement between the mod-
eled and measured frequency response. Although the roll-
off rate deviates from the model for the highest frequencies
ranges, this is beyond the intended operating bandwidth as
these frequencies are much higher than the cutoff frequency.
The modeled and measured cutoff frequency for TC4 is 1.35
and 1.6 Hz, respectively, and the modeled and measured
cutoff frequency for TCS5 is 0.32 and 0.22 Hz, respectively.

Figure [ also provides a qualitative “baseline” comparison
with one of the off-the-shelf regulators from Table [[ (Pro-
portion Air QB3TANKKZP6PSG) commonly used to actuate
vine robots [14], [20]. However, the baseline regulator is not
suited for untethered operation because it does not have an
integrated pressure source. Baseline 1 and 2 correspond to
TC4 and TCS, except the parameter for reservoir pressure is
not applicable. Instead, the baseline regulator is supplied with

= 60
24; Command ——— phloSAR Output
= 40| =" phloSAR Output (Low F,) Baseline Regulator Output
s
2l
2
g
-3
>
©]
Time (s)
Fig. 5. Time series data for a 1.2 Hz pressure command. Comparison

of phloSAR output with a “baseline” off-the-shelf regulator, as well as
phloSAR output when the reservoir pressure is too low. The peak-to-peak
measure of the command is 34 kPa, and the approximate peak-to-peak
measure of the phloSAR, low P, phloSAR, and baseline is 32, 20, and
6 kPa, respectively, demonstrating the higher dynamic performance of the
phloSAR compared to the baseline.

the maximum recommended inlet pressure. The phloSAR has
better performance than the baseline at expected operating
conditions (TC4) and worse performance at more extreme
conditions (TCS5); this is expected when operating outside
intended conditions.

Figure [5] provides time-cropped segments from trials with
a 1.2 Hz pressure command to visualize the difference
in performance for a phloSAR and the baseline regulator.
We also overlay the response of a phloSAR with low
reservoir pressure to show behavior when operating outside
of intended conditions. The peak-to-peak measure of the
command is 34 kPa, and the approximate peak-to-peak
measure of the phloSAR, low P, phloSAR, and baseline
is 32, 20, and 6 kPa, respectively. This demonstrates the
higher dynamic performance of the phloSAR compared to
the baseline. As a result, phloSAR exhibits the best tracking
performance, although when the reservoir pressure is too low
(Low P,), the inflation speed is not high enough to track the
command. The baseline suffers from slow response times and
low inflation speeds leading to poor tracking performance.

VI. INFLUENCE OF DESIGN PARAMETERS
ON SYSTEM OPERATION

Here we synthesize findings from our work to serve as a
guideline when implementing a phloSAR.

A. Designing for Performance

The high-level insights from Secs. [[V-B] and [[V-C] are
that maximizing phloSAR dynamic ability can be achieved
through:

1) Maximizing starting reservoir pressure (F.()

2) Minimizing minimum flow resistance (R, min) when

sourcing proportional flow valves

3) Minimizing volume (V,,) and pressure difference be-

tween “on” and “off” states (AF.,) of the CV (e.g. PSR
actuators).
However, this needs to be considered jointly with cost, size,
and weight considerations of the phloSAR, and performance
requirements of the PSR.

B. Designing for Operation Duration

The discharge model in Sec. [V-A| gives a sense of
operable duration, and we supplement this with a metric for



the number of CV inflation-deflation cycles (n¢ycles) that can
be achieved for a given phloSAR and setup.

Given a target inflation speed, P4, and the change in
pressure during inflation, AP,,, there is a threshold reservoir
pressure below which the phloSAR cannot satisfy the target
inflation speed (Eq. [)). For a specific reservoir volume and
initial pressure, we can compute the quantity of air that
can be supplied before reaching this threshold pressure.
Additionally, for a specific CV (V,,), we can compute the
quantity of air required per inflation-deflation cycle. These
quantities can be related to yield

1 (Pr,O _ Rv,minPc‘v,d> Vr (8)

Reyeles — =
cycles 2\ V., a APcv7

which gives the number of inflation-deflation cycles possible
while satisfying the PSR’s dynamic specification. For sim-
plicity, the model assumes the quantity of air required by the
Venturi pump during deflation is the same as the air required
by the CV during inflation.

VII. DEMONSTRATION

The aim of this work is to enable untethered operation of
soft robots. To demonstrate this, we integrate the phloSAR
prototype with a vine robot and an aerial vehicle as a proof-
of-concept “Flying Vine”. To the authors’ knowledge, this is
the first untethered vine robot operation onboard an aerial
vehicle. We envision that Flying Vines could be used in
hard-to-access areas at high altitude, for example in bridge
inspection [21] or canopy sampling [22].

Fig.[I]shows the proof-of-concept assembly in flight and a
visualization of mass distribution. The aerial vehicle features
a Lumenier QAV-PRO Frame with 12.7 cm propellors and
RaceSpec 2300kv brushless motors (RaceSpec RS2205).
The vehicle payload is approximately 1.5 kg and consumes
approximately 1-2 kW of power, whereas the phloSAR
weighs 0.84 kg and consumes 3 W. The phloSAR mass is
comparable to that of an off-the-shelf regulator. For example,
the QB3 regulator commonly used for vine robots is 0.68 kg,
but it does not include a pressure source or electronic
hardware for sending pressure commands.

VIII. CONCLUSION

We present a portable air supply and pressure regulator
that enables untethered operation of soft robots with high-
flow requirements. We provide models (verified on hardware)
that aid in selecting system components based soft robot
requirements. We implement a phloSAR for a “vine” robot,
and demonstrate that it is portable enough to be mounted
on an aerial vehicle. Our findings show that phloSARs can
enable untethered operation of pneumatic soft robots, which
can lead to novel applications for soft robots. In the future,
we plan to develop higher-fidelity dynamic models, both for
more accurate predictions during component specification
and for exploring model-based control schemes.
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