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Abstract: Soft robots open many possibilities to embed in-
telligence within the structure of a robot. However, cen-
tral control of external valves and many control lines typifies
pneumatic soft robots. This study proposes a soft pneumatic
pattern generator to control the activation of two pneumatic
actuators simultaneously. The concept mimics biological lo-
comotive control, where nerve clusters distributed through-
out the body control the activation of muscle fibres rather
than a central brain. The brain sends out relatively simple
proportional signals, converted to more intricate patterns lo-
cally. Adapting this concept to soft robotics simplifies their
typical control requirements. The proposed pattern gener-
ator controls two actuators connected to a single pressure
supply, resulting in each actuator articulating out of phase
with the other. The pressure curves are similar for each
output, producing a balanced oscillation of the two actua-
tors. Increasing the supply pressure increases the frequency
of oscillation. This configuration is better suited to control
symmetric, biomimetic locomotors than previous realisable
pneumatic central pattern generators.

Additional keywords: Pattern Generator, Soft Robot,
Compliant Materials

1 Introduction

Whether monitoring coral on the Great Barrier Reef [1], pick-
ing peaches in the Americas [2] or empowering a person with
disabilities to care for themselves for a few more years [3],
the field of soft robotics is bridging the gap between the me-
chanical and biological worlds. Inspired by soft biological
organisms such as the octopus [4], worms [5], and caterpillars
[6], soft robots are fundamentally different from their more
traditional, hard-linked namesakes [7] and cannot necessarily
build upon the knowledge gathered from traditional robot de-
sign [8].

Although many of the shapes and behaviours observed in
soft robotics are biologically inspired, the inspiration does not
yet extend to the control of soft robots. Counter to the defining
characteristic of soft pneumatic robots, electronic control of
hard valves is the most common control method for soft robots
[9]. There are, as of yet, few soft control components. In part,
the extensive use of non-linear viscoelastic materials results in
a lack of predictable behaviour [10, 11, 12], and few sensors
can withstand the degree of deformation typical in soft robots
[13, 14, 15, 16].
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Soft robotics has much to learn from nature, where the
locomotive control system uses decentralised neural control
mechanisms. The study of neural mechanisms for locomotive
control in vertebrates introduces the concept of central pat-
tern generators [17]. The field today uses two common model
organisms, the lamprey and the salamander [18, 19, 20, 21].
Each has a simple nervous system that controls its locomotion,
with properties of interest to the soft robotics community. De-
centralised nerve clusters, known as Central Pattern Genera-
tors (CPG), step up simple neural signals to more complex lo-
cal signals, reduce neural load and signal complexity in small
vertebrates such as the salamander.

In biological systems, electric stimulation of the mesen-
cephalic locomotor region of the brain induces the locomo-
tion mode of the salamander to change [22, 23]. Low levels of
stimulation induce a trotting gait that increases in speed as the
stimulation strength increases. Once the level of stimulation
passes a threshold, it induces a swimming gait. In both loco-
motion modes, the frequency of movement is proportional to
stimulation strength. The CPG network runs along the entire
length of the spinal cord and is responsible for activating the
muscles along the spine. Separate CPGs work in conjunction
with each other to enable locomotion.

In 2007, Ijspeert and collaborators successfully replicated
this process in a conventional hard-linked robot salamander
[24]. A central high-level controller sends a proportional sig-
nal to a sequence of CPGs controlling each pair of legs. The
CPG provides an oscillating signal to each leg that is 90° out
of phase.

Faudzi and colleagues refer to the same salamander gait
changes while moving from walking to trotting to swimming
gait in their design of a soft amphibious robot [25]. This soft
robot successfully mimics the three locomotive gaits of the
salamander but does not use central pattern generators and re-
quires the active control of 16 independent actuators.

With soft robots, deformation in response to the loading of
the robot or actuator determines behaviour. Tuning the mor-
phology of a soft robot embeds the behaviour as an inher-
ent characteristic of a robot, a form of material intelligence
[9, 26]. Which, in some cases, acts as a partial substitute for
a central control system, reducing the control requirements of
soft robots [27] to yield robots better suited to unstructured en-
vironments [28]. The compliant material and design substitute
some of the traditional control loops [29], passively achieving
the desired behaviour [30].

Where active control cannot be substituted, many contem-
porary pneumatically actuated soft robots use only binary
pressure control [31, 32, 33] involving only the opening and
closing of electronic or pressure-actuated valves [9, 11, 34].
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Often, the switchgear uses hard components placed externally.
Some alternative methods used to control soft robots include
magnets [35], microfluidics [36, 37, 38, 39, 40, 41], band-pass
valve [42], and soft check valves [43], each with its benefits
and drawbacks. Microfluidic controllers allow for complex
logic but require geometric balancing for each application and
provide a limited flow rate [44]. The band-pass valve allows
for the control of multiple actuators, but only in a predefined
sequence and with limited adaptability. Soft check valves are
simple and function well, but are limited to a single switching
pressure.

In 2018, Rothemund and coworkers addressed many of
the limits imposed by currently available soft-valve designs
by proposing a valve based on snap-through of a central di-
aphragm to hold the valve in one of two states and the choking
effect of a buckled tube to seal off the supply [45]. The valve
acts as a 2-position, 2-way valve with external pilot control.
When supplied with sufficient pressure, the valve switches
state. A second pilot line biases the switching pressure, allow-
ing it to be adjusted. This valve allows for binary switching,
and the bistability allows for latching of the valve.

A network of Rothmund valves can replicate many of the
features needed in a CPG producing N oscillating outputs
from a single pressure source using N valves [46]. The os-
cillation frequency is adjustable and depends on three tunable
system parameters. Producing an oscillating signal requires
an odd number of complete valves. Using this style of Preston
valve network, it is possible to produce a rhythmic control sig-
nal suitable for locomotion [47]. With further extension, the
work presented by Preston can be extended to a general digital
logic for soft devices [48].

To extend on the generalizability presented by Preston, Xu
and company present an elegantly simple normally-closed
valve with an external pilot that functions as a digital NOT
gate [49]. Combinations of the normally closed valve provide
the opportunity to create generalised soft pneumatic circuits
with scalable complexity. However, without the same level of
physical scalability as electronic transistors, the large number
of valves needed to implement practical control will limit their
utility.

This paper uses buckling tubes, a bi-stable diaphragm, and
internal pressure feedback to create an entirely soft, pneumatic
oscillator that uses a single constant pressure to generate two
out-of-phase output pressures autonomously. The frequency
of the oscillating pressure output depends on the input pres-
sure, the volume of air required to activate an attached ac-
tuator and the critical load of the buckling tubes. We then
demonstrate the use of the soft CPG on a simple two-actuator
test case.

This study aims to demonstrate that an adaptation of the
Rothemund bi-stable valve can autonomously control airflow
through a soft robot in a predictable, tunable way. The CPG
structure and switching capability are well-suited to design
and fabrication using the same tools and techniques used in
cast silicone robots. A reduced switching bias results from
an improved snap-through diaphragm. The practical example
of the alternating inflation of two soft actuators highlights the
utility of the new design.
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2  Representation of Related Work

The work presented by Rothemund, Preston, and Xu et al.
each contribute to the development of compliant mechanical
controllers for pneumatic soft robots. However, they use an
unconventional schematic representation for their pneumatic
circuits in presenting their work, making it difficult to com-
pare with other similar circuits. Framing their work in a more
conventional symbolic system allows better Comparison with
each other and existing control circuits.

The convention used in pneumatics shows a horizontal se-
quence of blocks containing the mapping of external ports in
each valve position. To the left and right of the mapping, the
method of actuation used to switch between positions. For ex-
ample, figure 1 shows the "not-gate" symbol used by Xu et al.
in contrast to the conventional representation of a pneumatic
2-position, 2-way, normally closed check valve with pilot con-
trol and spring return. The figure highlights the convention by
indicating the two positions of the valve in the centre and the
two activation methods. On the symbol’s right, a pilot pres-
sure switches the valve from position 1 to position 2. When
the pilot pressure is reduced, the valve returns to position 1
under the action of a spring.

P. Pout
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I:)out
L 1 F |
—_—— I —
[ = —

/\_ !_ T | ilot
Spring s X Activate
Return /_ PS _\ d

Position Position
1 2
(b)
Figure 1 A comparison of the logic symbol used by Xu et

al. and an equivalent standard pneumatic sym-
bol. a) Xu’s original digital ‘NOT-gate’ sym-
bol. When the activation signal P is low, the
output pressure Py is high and vice versa. b)
Xu’s circuit using standard pneumatic symbols.
Supply pressure Pg, switching pressure P, and
output pressure Py, are indicated. Additional
highlights have been added to the pneumatic di-
agram to explain the layout of the standard sym-
bol—specifically, the two valve positions and
the switching mechanisms.

Already evident in the Comparison is the loss of informa-
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tion in the logic symbol, as it does not directly indicate that the
activation and output pressures are not directly connected, and
that a functional circuit needs an independent supply pressure.

Rothemund et al. use a similar unconventional schematic
representation for their pneumatic circuit. Figure 2 shows the
symbol created by Rothemund’s group next to an equivalent
pneumatic valve symbol. Using the conventional symbols, it
is clear that the valve proposed by Rothmunde is a 2-position,
3-way valve with two external pilot lines that can be biased
to switch the two positions. In position 1, the supply pressure
connects to the valve output, and in position 2, the output can
vent to the atmosphere.

Pout
Pout
P- D P
1T
PS F)atm
(b)
Figure 2 A comparison of a) the symbols used by Rothe-

mund and b) the conventional pneumatic equiv-
alent. Supply pressure Pg, atmospheric pressure
Paim, biasing pressures P, and P_, and output
pressure P, are each indicated.

The Rothemund symbol contains more information than the
Xu symbol in that it acknowledges both the need for supply
pressure and the ability to vent to the atmosphere. However, it
is clear when comparing the two pneumatic symbols that even
though the mechanical design and operation of the Xu and
Rothemund devices differ significantly, they are quite similar
control components.

Representing the Rothemund oscillator as a pneumatic cir-
cuit, Figure 3, shows the same 2-position valve with two ex-
ternal pilots and one spring return (resulting from the bi-stable
diaphragm). The valve connects a constant pressure supply to
an accumulator (or actuator) in position one. Figure 4 pro-
vides clarifying diagrams for the equivalent pneumatic com-
ponents. Over time, the accumulator pressure increases to a
point where the pressure is sufficient to switch a variable pres-
sure relief valve, internally charging the external pilot for the
2-position valve to the second position, allowing the accumu-
lator to vent to the atmosphere. As the pressure in the accu-
mulator decreases, so does the pressure to the pressure relief
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valve. When the pilot pressure is low enough, the relief valve
closes, and the valve returns to position one due to the spring
action of the bistable diaphragm. The second pilot is allowed
to vent to the atmosphere. This cycle repeats, resulting in the
observed oscillating behaviour.

Patm ]

(@)

I:Jatm /%

T1 T

PS Pal’tm
(b)
Figure 3 A comparison of a) the symbolic Rothemund os-
cillator with b) the equivalent pneumatic circuit.
Connections to supply pressure Ps and atmo-
spheric pressure Py, are indicated.
R = _?_ —
| —=
(@
(b)
Figure 4 a) and b) show the symbolic equivalents of two

additional components labelled "resistance" and
"variable capacitor" by Rothemund. As indi-
cated, these are physically represented by a pres-
sure relief valve and an accumulator.
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Preston et al. propose connecting an odd number of Ruthe-
mund valves in an inverter arrangement. Here, the output of
the first valve is the pilot for the second, and so on. When
connected to a supply, this leads to a switching cascade. Fig-
ure ?? shows the pneumatic circuit for the Preston oscillator
next to its Rothemund symbol equivalent.

(b)

Figure 5 A comparison of a) the symbolic Preston oscil-
lator with b) the equivalent pneumatic circuit.
Connections to supply pressure Pg and atmo-

spheric pressure Py, are indicated.

This paper presents a new configuration using a 2-position,
4-way valve rather than the 2-position, 3-way valve used by
Rothemund and Preston, and as such cannot be represented
using the Rothemund symbols. Unlike either Rothemund or
Preston, the proposed circuit controls two actuators with a sin-
gle valve. The implemented design further does away with the
required external pilot to bias the circuit, Figure 6.

A B
< | M
x I
L — —
A 4
PS |:)atm

Figure 6 The proposed pneumatic CPG circuit connected
to two accumulators (or actuators). Each ac-
cumulator connects to a variable pressure re-
lief valve, which activates one of two pilots to
switch the valve between two positions. Con-
nections to supply pressure Pg and atmospheric

pressure P, are indicated.
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3 Materials and Methods

Two elastomers were considered, Smooth-Sil 950 and
Mold Star 30, with a Shore hardness of 50A and 30A, re-
spectively. The fabrication of all parts makes use of casting
and 3D printed moulds. During assembly, Sil-Poxy is used to
bond the precast parts together. The files for 3D printing of
the moulds and the complete fabrication process are available
as supplemental materials.

To meet the study objectives requires two experimental se-
tups: 1) determine the critical buckling length for elastomer
tubes and 2) test for oscillation. We used a simple carriage
and clamp device to determine the critical buckling length of
various elastomer tubes. The buckling carriage can test tubes
from 20 mm to 45 mm in a fixed-fixed end configuration, fig-
ure 7. After clamping a tube into the fixture with the desired
initial length (L), one end of the tube connects to a pressure-
regulated air supply (Ps). Applying a force (Fp) to the car-
riage slides it along a rail to compress and buckle the tube.
When the tube buckles, it pinches closed and stops the flow
through the tube. A mechanical vernier calliper with 0.02 mm
accuracy measures the comeressed length of the tube (L¢).

0
I |

FIXED

FIXED P

S

Figure 7 A schematic representation of the carriage and
clamp device that was used to determine var-
ious elastomer tubes’ critical buckling length.
The pressure line is connected to one stationary
fixed clamp and one sliding clamp with an initial
clamped length of Ly. Next, a source pressure
Pg is applied, and the sliding clamp is subjected
to a buckling load Fg. The critical length L¢
is determined at the point where air no longer

flows freely through the tube.

The soft CPG is itself tested on a pneumatic bench setup.
The CPG functions as a 2-position, 4-way, 4-port pneumatic
valve with internal pilot control switching each way. The
valve input is connected to a pressure-regulated air supply,
while the two outputs connect to an elastomer accumula-
tor. These elastomer accumulators are representative of a soft
robotic use case where air flows into an actuator, whose de-
gree of articulation depends on the pressure within. The pres-
sure is measured directly at the input (Ps) and the two output
ports (P5 and Pg). All pressure values are measured using
a Deltabar M PMDS55 (-5 to 50 kPa) pressure transducer and
recorded using an HBM QuantumX MX410B Universal Am-
plifier.

The data are detrended if required, and a single-term
Fourier fit was applied to the pressure over time data to es-
timate the amplitude, frequency and phase for each of the out-
put pressure oscillations. All time-series data were processed
using a subset rolling window.

The soft CPGs are composed of buckling tubes that func-
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tion as pinch valves, a bi-stable diaphragm, and two pres-
sure cavities. The proposed CPG comprises two antagonis-
tic diaphragm valves, such as those proposed by Rothemund,
which can oscillate between a constant pressure source (Ps)
and venting to the atmosphere. This is done by connecting
the output of the valve to the positive bias port and relying on
the hysteresis behaviour of the bi-stable diaphragm to switch
between inflation and deflation states.

Consider the case for two actuators with internal pressure
(P and Pp), and a single pressure source (Pg). Figure 8 shows
the configuration of the soft CPG. At the centre of the valve
is a conical bi-stable diaphragm, with a flat centre disk to fa-
cilitate pass-through of the buckling tubes. This design uses
three buckling tubes, two shorter tubes that connect the pres-
sure supply, and one longer tube allowing for venting. There
are six ports, two that vent to the atmosphere (Pyy), two that
connect to the pressure supply (Ps), and two output ports (Pa
and Pg). The design further calls for two pressurised cavities
separated by the diaphragm that, when charged, switch the
position of the diaphragm. The design of the buckling tubes,
diaphragm, and Ig)ressure cavities are dependent on each other.

A PS atm

End Cap
Cavity A
Body

Diaphragm
Center Disk

Cavity B

Buckling
Tubes

End Cap

Ps Pg

Patm

Figure 8 Soft CPG schematic and parts. The schematic
shows the CPG having a single cast body
forming the walls and diaphragm. Two end-
caps complete cavities A and B. Five supply
lines, supply pressure (Ps), atmospheric pres-
sure (Pam), pressure in cavity A (Pa), and pres-
sure in cavity B (Pp are indicated on each input

line.
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3.1 Buckling Tubes

Although it is possible to use a simple relationship to pre-
dict the load required to buckle a slender tube, no simple
relationship describes the point at which a tube inhibits air-
flow when used as a pinch valve. Therefore, a simple test is
conducted under fixed-fixed end conditions to determine the
buckled length of tubes at the point where the tube pinches
closed and prevent airflow. Five replicate tests are conducted
for tubes ranging from 20 to 40 mm long made from the two
candidate materials. Fitting a line to the results for each ma-
terial creates a useful design tool, with the correlation coeffi-
cients for the Mould Star 30 and Smooth-Sil 950 being 0.989
and 0.999, respectively. In a general application, the designer
needs to experiment with each tube diameter and thickness.
However, acknowledging the linear relationship between ini-
tial length and critical length for each tube can reduce the
number of experiments needed.

The presented design needs five tubes in total, two output
tubes connected to P5 and Pg, two tubes connecting the sup-
ply pressure Pg to each of the internal cavities, and one tube
passing through the entire body to allow for venting to the
atmosphere P,,. Only the supply and venting tubes buckle
to act as pinch valves controlling airflow through cavities A
and B. The supply tubes each pass directly through the centre
of the conical diaphragm. When unbuckled, the supply tube
passing through cavity A allows flow through cavity B. When
the diaphragm switches, the tube in cavity A buckles and stops
supplying to cavity B. The reverse is valid for the supply tube
passing through cavity B.

The venting tube passes through both cavity A and B with
two holes punched through it on either side of the centre disk
of the diaphragm. When buckled, the portion of the venting
tube in cavity A prohibits venting from cavity A. When un-
buckled, venting is allowed.

3.2 Bi-stable Diaphram

A bi-stable diaphragm secures the buckling tubes, acting as
both a manifold for distributing the airflow internally and the
actuator, buckling the tubes. The bi-stable nature of the di-
aphragm holds the valve in one of two distinct states. Un-
like the Rothmund valves, the CPG makes use of a conical
diaphragm, Figure 9. This configuration provides a flat cen-
tre disk for the mounting and pass-through of buckling tubes,
and the addition of the dedicated "hinge’ regions means that
the snap-through characteristic of the diaphragm can be main-
tained with less dependence on the stiffness of the material
chosen. The design features for the diaphragm are the inner
disk diameter, diameter, thickness, and hinge undercuts.

The centre disk needs to be larger than twice the outer diam-
eter of the buckling tubes, with three tubes attaching directly
to this flat surface. The diameter is a compromise between
the stroke required to buckle the internal tubes and the coni-
cal angle. Deep cones have allowed for more stroke within a
narrower body but require higher pressures to switch between
positions. Shallow cones allow for less stroke at a given di-
ameter but require a lower switching pressure. A designer can
choose either the outer diameter of the diaphragm or the buck-
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Stroke

Wall Length——>

Center Disk

Figure 9 Detailed view of the central body of the CPG
containing the bi-stable diaphragm. Undercut

regions are highlighted in red circles.

ling tube length first, depending on the design priority. It is,
however, important that the stroke provided by articulating the
diaphragm exceeds the difference between the initial and criti-
cal length of the chosen buckling tube. The diaphragm and un-
dercut thickness are selected together. The undercut reduces
the diaphragm thickness to one-third. The hinge is responsi-
ble for the improved articulation of the diaphragm, allowing
for a thicker membrane than the Rothmund valves.

3.3 Pressure Cavities

The soft CPG requires two internal cavities to connect to the
pressure supply and vent to the atmosphere, depending on the
position of the diaphragm. The pressure cavities have three
design parameters: the wall length, diameter, and thickness,
Figure 9. The sum of the critical tube length, initial tube
length, and centre disk thickness determines the wall length.
Wall thickness needs to be sufficient to maintain the overall
shape of the CPG, and the diameter of the diaphragm defines
the internal diameter of the body.

4 Results
The fabricated CPG is connected to the pneumatic test bench
to evaluate whether both output ports produce oscillating pres-
sure. Figure 10 shows a sequence of images taken during op-
eration. Two accumulators are connected to the CPG, repre-
senting two pneumatic actuators to be controlled. Under reg-
ular operation, both accumulators inflate, and their inflation
is out of phase. However, when the input pressure exceeds a
critical level, both accumulators are inflated and remain static.
This gives the proposed CPG three modes of operation. First,
where both actuators are discharged and compliant. Second,
when each actuator is charged out of sync with the other, it
potentially forms a walking gait. Third, both actuators are
charged and rigid, potentially a swimming gait. In addition to
the alternating pressurisation we observed that when the input
pressure exceeds a critical value, both actuators inflate.

A numerical optimiser using a least-squares performance
measure results is used to fit a single-term Fourier series to
the recorded line pressure of accumulators A and B. Each ac-
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Soft CPG connected to the pneumatic test
bench, accumulator ‘A’ left and accumulator ‘B’
right. a) Both accumulators start the test de-
flated. b) Accumulator ‘A’ inflates while accu-
mulator ‘B’ remains deflated. When accumu-
lator A reaches full inflation, the pressure in it
triggers the bi-stable diaphragm to switch, c)
allowing accumulator A to vent to the atmo-
sphere while accumulator B inflates. d) Accu-
mulator ‘A’ continues to deflate to atmospheric
pressure while accumulator ‘B’ reaches full in-
flation, triggering the diaphragm to switch.

Figure 10

cumulator undergoes a pressure oscillation that is out of phase
with the other when connected to a regulated supply. The
pressure data is first detrended before determining the fre-
quency and phase angle of the pressure oscillation. A 30-
second rolling window is applied to the data and analysed
with a Fast Fourier Transform (FFT). The Fourier fit and FFT
show accumulator A pulses with an amplitude of 4.5 kPa and
10.0 kPa offset, while accumulator B pulses with an amplitude
of 5.4 kPa and 8.5 kPa offset when subjected to a regulated
supply at 20 kPa. The oscillation frequency is 0.099 Hz, and
actuator B lags actuator A by 183 degrees. It is important to
note that the purpose of the FFT here is not to determine the
exact shape of the pressure pulse but rather the overall perfor-
mance measures of frequency and amplitude.

Increasing the input pressure from 20 kPa, 24 kPa to 28 kPa
shows the dependence of oscillation frequency on input pres-
sure. Ten replicate tests were conducted at each pressure. The
increased supply pressure increases the frequency of oscil-
lation from 0.10 Hz, to 0.14 Hz and 0.24 Hz, respectively.
Figure 11 shows no overlap in the measured data for each of
the three pressures. When the input pressure exceeds a crit-
ical value, the oscillating output ceases, and both actuators
become statically pressurised.

5 Conclusion

This paper presents a design concept and fabrication process
for a soft central pattern generator. The soft CPG converts a
constant pressure input to two oscillating outputs within a sin-
gle valve. The more compliant bi-stable diaphragm mecha-
nism design reduced the dependence on material properties in
determining the switching pressure. It allowed the two output
lines to pulse with similar maximum and nominal pressures.
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Figure 11  Accumulator oscillation frequency with increas-
ing supply pressure. The thicker centre line indi-
cates the mean value, the box is the inter-quartile
range, and the whiskers indicate the minimum

and maximum values.

As a result, the output of each line is out of phase, producing
a rhythmic switching between pressurising two actuators. In
addition, changes in the input pressure adjust the oscillation
frequency between the two output channels.

The proposed CPG allows for effective decentralised, au-
tonomous control of paired actuators, capable of alternately
pressurising two actuators. This capability is well-suited to
controlling rthythmically actuated antagonistic pairs of actua-
tors standard in biomimetic locomotion. In the case of mim-
icking the three salamander gaits, the consolidation of antago-
nistic pairs of actuators alone will reduce the required degree
of control from 16 independent actuators to 8 pairs, each con-
nected to a single universal supply and control line. Further,
changing the supply pressure controls the speed of locomo-
tion. Changing gaits are facilitated by the static pressurisation
of actuator pairs when the supply pressure exceeds the critical
pressure for a CPG.

The proposed design produces a functioning soft central
pattern generator that 1) autonomously produces a pair of os-
cillating outputs 2) that are out of phase 3) from a single con-
stant input, 4) with adjustable frequency, and 5) a non-linear
switch from dynamic motion to static inflation. In practice,
this allows a designer to control the locomotion speed of a
simple quadruped robot, such as the ‘multigait’ robot, by in-
creasing the single control pressure and changing gait by ex-
ceeding a critical pressure.

Fabrication of this CPG is relatively simple to achieve us-
ing methods familiar to the soft robotics community. Casting
into 3D printed moulds produces the individual components,
which are manually assembled and glued into place; however,
access to 3D elastomer printers may simplify this process.

The soft central pattern generator reduces the number of
control signals needed to actuate a soft robot and allows for
decentralised control without electronic control. The device is
suited to the employment of cycled antagonistic actuators that
experience significant bending, compressive or tensile strain.
The design does not rely on rigid components. It functions
well in wet environments or those with strong magnetic or ra-
diative fields, and the decentralised control contributes mean-

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

ingfully to the robustness of soft robots.

This research was funded by the National Research Foun-
dation of South Africa grant number 129381.
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