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Abstract: We present an origami-inspired compliant robot leg design with three
degree of freedom compliance. Using the proposed leg, we created a full quadrupedal
robot that can walk robustly with adaption to non-flat terrains and external per-
turbations. We can reconfigure the design to change the stiffness. According to
systematic locomotion tests, we demonstrate unique advantages of the proposed
leg design over a rigid counterpart of the same dimension and weight in terms of
enhancing locomotion stability.

1 Introduction
Making legged robots walk and run like humans and animals has been a challeng-
ing task of robotics research. During walking and running, humans and animals
take advantage of compliance in their tendons and muscles to periodically store
and release energy so as to achieve stable and energy-efficient gaits. In this case,
stiffness is the key parameter that characterizes the bouncing motion by associating
the ground reaction force with leg compression.

Legged robot designs that similarly make use of elastic energy in this way have
demonstrated greater robustness and efficiency of locomotion [Saranli et al. 01, Li
et al. 12, Mintchev et al. 17] than their rigid counterparts. However, these designs
are often complex and take quite a bit of effort to produce. In contrast, origami-
inspired robots are able to naturally incorporate compliant mechanisms while being
relatively fast to fabricate. Furthermore, origami-inspired robots have unique ad-
vantages in terms of their lightness, low cost, and re-configurable features, which in
turn can make origami-inspired robots more accessible for prototyping and design
investigation [Rus and Sung 18].

Origami mechanisms are compliant mechanisms [Rommers et al. 17]. Origami
panels and hinges can store energy through deflection under external forces, result-
ing in spring forces that resist perturbations and restore from deformations [Green-
berg et al. 11]. Such energy restoration and release mechanisms offer the poten-
tial of improved locomotion stability. Unfortunately, among the to-date origami-
inspired legged robot research, the intrinsic compliance properties of origami have
been rarely incorporated into the dynamical capability of origami-inspired robots
in a systemic design approach. Existing work on achieving dynamical locomotion
capabilities such as crawling and jumping [Onal et al. 13, Zhakypov et al. 17, Noh
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Figure 1: Our origami-inspired quadruped robot design with the proposed compli-
ant legs (left) vs. rigid legs (right).

et al. 12] have focused on using shape-changing smart actuators, especially shape
memory alloys (SMA) actuators, on top of origami joints, i.e. hinges, to generate
elastic power and motions. Yet, among these studies, 1) origami joints are often
assumed as otherwise static and passive [Zhakypov and Paik 18]—that is, smart
actuators are considered as the major source of elastic energy; and 2) the char-
acterization of these shape-changing actuators involves complex factors including
multi-layer, multi-material compositions, heaters and geometry which in turn im-
poses challenges to design [Zhakypov and Paik 18].

At the same time, computational design and fabrication tools have shown promis-
ing progress in making origami-inspired robots with any form and kinematics [Soltero
et al. 13,Schulz et al. 17]. Using pattern composition algorithms for parameterized
origami joints [Sung and Rus 15] and bodies, origami-inspired robots with any
shape and movement can be composed and fabricated in a print-and-fold fashion.
However, progress in this area still relies on rigid body assumptions for kinematic
analysis and is limited in incorporating parameterized models of the compliance
properties of origami into computational tools.

1.1 Contributions
In this paper, we take advantage of the intrinsic compliance of origami to create a
leg design with enhanced locomotion stability. Inspired by a dynamical template
of animal’s running in [Holmes et al. 06], we have developed a compliant origami
robot leg with the following objectives: 1) The leg adapts to unforeseen physical
interactions and uneven terrains; 2) The adaption to physical collisions reduces
unexpected impacts in comparison to stiff legs; and 3) Nonexpert designers without
technical backgrounds can easily design and fabricate the legs for their robotics
applications. In this paper, we describe our leg design that satisfies these objectives,
and we present parameterized designs that allow users to specify body structure and
stiffness for their particular application. We integrate these designs into a fabricated
quadruped and show that the compliant legs increase stability and reduce impact
forces on the robot.

This paper is organized as follows. Section 2 introduces dynamic modeling
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Figure 2: (a) Lateral view of normal gait cycle: the center of mass is periodically
moving towards the stance foot (feet); (b) Perturbed center of mass dynamics due
to external pushes or collisions with obstacles can be approximated by a perturbed
inverted pendulum model.

behind running and walking gaits and the expected effect of compliance on these
behaviors. Section 3 describes our compliant origami leg design. Section 4 shows
an example of this leg design incorporated into a quadrupedal robot. Section 5 pro-
vides force and stability measurements on the resulting design. Section 6 concludes
with directions for future work.

2 Dynamic Model of Robot Locomotion
Understanding a legged robot’s three dimensional body dynamics during a gait
cycle is essential for practical considerations of leg design. A key question is how to
design the passive dynamics of compliant legs in a way that enhances the robustness
of locomotion to external perturbations. Existing literature has shown that spring-
like legs are essential for running in most animals [Blickhan and Full 93]. As
a result, the spring-loaded inverted pendulum model (SLIP) is a model [Holmes
et al. 06] commonly used to describe the normal body movement of a running
animal as a point mass bouncing on an elastic leg. Based on this model, we can
take advantage of elasticity and damping in the mechanical design of a robotic leg
for balanced locomotion against external disturbances.

In general, the full body dynamics of legged locomotion can be decomposed
into the sagittal (left-right) and lateral (back-front) directions. We first consider the
lateral direction. Fig. 2a depicts the lateral view of a rigid legged robot’s oscillation
as its feet periodically lift off and touch down. As swing and stance feet switch,
the center of mass (CoM) shifts periodically towards the current stance foot to
maintain balanced foot steps. Upon external perturbations as shown in Fig. 2b,
when a rigid robot is pushed or steps on obstacles, the perturbed CoM dynamics
can be approximated as a perturbed linear inverted pendulum (LIPM) regardless of
the number of legs. In such cases, the CoM rotates around the lowest contact edge
between the robot and the ground; this edge can be viewed as the pivot of a LIPM.

In general, the dynamical system of a one dimensional LIPM can be written as

χ̇ = Bχ,B =

[
0 1
C 0

]
(1)
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Figure 3: (a) perturbed dynamics of a LIPM visualized on phase plane: red (with
triangle markers) trajectory with lower constant orbital energy—before perturba-
tion; blue (with square markers) trajectory with higher orbital energy—after pertur-
bation; (b) orbital energy recovery through temporally augmented external control
(black dashed)

with C =
√

g/h ∈ R+andχ = (x, ẋ)T ∈ R2, where g is the gravity, h is the CoM
height, and x is the position of the CoM with respect to the pendulum pivot. Eqn. (1)
has the following time invariant property:

E0 = ẋ0
2−Cx2

0

= ẋt
2−Cx2

t

(2)

with χt = (xt , ẋt)
T = eBt χ0 for any initial state χ0 = (x0,x0)

T , t ∈ R. E0 is called
orbital energy.

Eqn. (2) states that for an unperturbed LIPM, its orbital energy will remain
constant in time. In other words, if a LIPM state is perturbed, the natural dynamics
of the LIPM can not recover the orbital energy (corresponding to an invariant set of
states satisfying eqn. (2) for a given E0) before the perturbation. We can visualize
the perturbation effect on the phase plane Fig. 3a, where the red line represents
the initial unperturbed trajectory and the blue line represents the trajectory after a
simulated instantaneous state modification of δ χ = (−0.08,−0.05)T . The light red
lines indicate equivalent energy stages

Fig. 3b shows the orbit recovery in comparison to Fig. 3a, where the dashed
black line indicates a continuous state recovery effort from the perturbed (blue)
trajectory to the nominal (red) trajectory. The approach in orbit recovery shown
in Fig. 3a was detailed in [Deng and Lee 18], which added temporal augmented
dynamics to the passive dynamics of a LIPM. The form of the temporal dynamical
system can be written as

χ̇ = Bχ,B =

[
0 1

C−K(E) −D(E)

]
(3)

with K(E)<C,D(E) ∈R+
0 . If K > 0,D > 0, then the augmented temporal dynam-

ics correspond to a virtual damped harmonic oscillator system. That is, recovery
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Figure 4: Compliant leg. (a) Bending panels with folding structures to make com-
pliance reconfigurable; (b) bending structure with reconfigurable compliance added
to the proposed leg design; (b) side view of the leg

from perturbation is possible if the interactions between the CoM and stance leg
resembles a damped harmonic oscillator. In light of this conclusion, our goal is to
design spring and damper functionalities in compliant origami robotic legs in order
to achieve the dynamical resistance to perturbations in locomotion.

Note that although our analysis in this section is regarding the lateral dynamics,
similar analysis applies to the sagittal dynamics. This is because in either direction
we assume that when a rigid robot being pushed, its body will tilt about the lowest
foot edge that is in contact with the ground.

3 Origami Design
To embed damped harmonic oscillator dynamics into an origami leg design, we
target three objectives: elastic foot touch-down during normal gait, adaptation to
uneven terrains, and lateral and sagittal balancing against physical perturbations.
Fig. 4 and Fig. 5 show our final design. The leg consists of a compliant ankle and
foot with a bending lower leg, an attachable module for compliance control, and a
rigid upper leg. The diagram in Fig. 6 shows the types of deformations achievable
with this leg design. From a high level perspective, the designed actuations resem-
ble two common dynamical templates: a spring-loaded pendulum and a torsion
spring. The combined design allows automatic whole leg adjustments to physical
interactions at the foot or body while reducing impacts compared to a rigid leg.

Leg Stiffness. Our overall strategy to compliance is to use bending faces to
control the stiffness of our designs. Fig. 7 shows a cross-sectional view of our
joints (detailed in the following sections) in orange, with blue lines corresponding
to external bending components. The bent material results in a spring-like restoring
force that pushes the joint to its equilibrium position. The restoring force increases
with the magnitude of deflection, and the stiffness of these faces depends on their
length and material thickness. Joint stiffness can thus be adjusted by adjusting face
lengths during the design phase or through on-site active control.
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Figure 5: Fold pattern for compliant leg. Dashed lines are valley folds, dashed-
dotted lines are mountain folds, and solid lines are cuts. Shaded regions of the same
color are glued together when the leg is assembled. Letters indicate connected faces
and edges on the pattern.

3.1 Compliant foot

Ankle design and ankle stiffness are critical for human and animals in terms of
balancing and adaptation to uneven surfaces [Roy et al. 09]. At the same time,
compliance along the direction of foot touch-down is important for impact force
reduction as well as energy restoration prior to leg swing. Our foot design com-
bines these two considerations into a two degree-of-freedom foot design with both
translational and bending compliance. The bottom portion of Fig. 5(I) shows the
fold pattern for the compliant foot. Fig. 7a is the cross-sectional view of this design.
The yellow shaded region, the black dots and the green arrows correspond to the
interior of the joint, the fold lines, and the directions of spring forces, respectively.
The joint structure breaks down into two folded panels in parallel. Symmetric fold-
ing of the panels produces translational motion and linear restoring forces, similar
to a one-dimensional spring. Asymmetric folding of the panels produces a rota-
tional motion and a bending moment for foot tilt. The purple dot is the virtual axis
of rotation, which may move depending on the fold angles for the two panels.

Each of the folds can be modeled as a torsion spring [Dai and Cannella 08,Sung
and Rus 15] with some equilibrium fold angle. For small angles, the stiffness of
this hinge joint is proportional to the angular displacement from the nominal joint
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Figure 6: (a) Adding elasticity to the foot reduces touch-down impacts when the
CoM moves towards the new stance foot after perturbations; (b) Adding compliance
to leg produces hip torques counteracting external perturbations.

angle. However, relying on the compliance of the fold itself can be restrictive.
Due to repetitive rotations, the forces acting on a single fold line can easily cause
a decrease of stiffness of the rotational fold. The bending panels (blue lines) are
therefore added for practical considerations. The deformed ring can help the ankle
to gain extra supporting force from an uneven terrain. In addition, changing the
lengths of the bending panels allows finer control over the foot stiffness. Finally,
the bending panels help with fold fatigue by distributing the resistance forces to
other places on the ring.

Force analysis As [Dai and Cannella 08,Sung and Rus 15], we model the hinge
joints as torsion springs. Denote φ as the fold angle, φ 0

1 and φ 0
2 as angles of the two

folds at equilibrium state, φ1 and φ2 as the fold angle (ref. Fig. 7b) after twisting,
and k1 and k2 as the spring’s torsion coefficients. We approximate the torque of the
folds as

τhinge =−k1(φ1−φ
0
1 )− k2(φ2−φ

0
2 ) (4)

where the stiffness varies proportionally to the fold length and to the cube of mate-
rial thickness.

The bending panels also restoring forces. Similarly to [Faal et al. 16], we use
deflection equations of cantilever beams to approximate the forces as linear. Let
θ denote the deflection angle, the angle between the tangent line of a bending
panel at a chosen pivot and the horizontal line, θ0 be the deflection angle at the
equilibrium state before an external force is applied, θ1 be the deflection angle
after an external force is applied, L be the bending panel length, E be the elastic
modulus of the material, and I be the area moment of inertia of the bending panel
about the rotation axis. When the deflection (θ1−θ0) is small, the force produced
by one bending panel can be computed as:

F = 8EI sin(θ1)
(θ1−θ0)

L2
(5)

where I ∝ l f t3 where l f is the length of the fold and t is the material thickness.
Both of these forces contribute to translational restoring forces and rotational

restoring torques on the foot. We can compute the forces F1 and F2 acting on either
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Figure 7: (a) Two degree-of-freedom foot with prismatic and revolute compliance;
(b) Parameters for the foot

side of the joint. Then given the radius of each hinge joint r, a portion of the forces
contribute to rotation, and the torque due to bending is

τbend = τhinge +α

(
rF1 cos

φ1

2
− rF2 cos

φ2

2

)
(6)

where α = 1 if φ1 < φ2, α =−1 if φ1 > φ2 and α = 0 if φ1 = φ2
This net restoring torque is depending on the size of the joint, the lengths of

the bending panels, the thickness of the material, and the elastic modulus of the
material. Practically, the forces from the bending panels tend to dominate over the
forces from the folds. It is therefore possible to increase the stiffness of the foot by
increasing the thickness or shortening the lengths of the bending panels.

3.1.1 Bending leg for lateral balancing
During normal gait cycles, the center of pressure must periodically shift towards the
stance feet in order to ensure stable foot stepping in the sagittal direction. There-
fore, maintaining lateral balance is crucial for legged locomotion. Our compliant
leg design aims to achieve the following sub-objectives: 1) less CoM deviation un-
der the same amount of external disturbances in the lateral direction than the rigid
counterpart; 2) the compliant mechanism should automatically resist perturbations
to the CoM and re-balance the robot’s body once the external force is relaxed; and
3) the compliant mechanism should help maintain the contact area between the
stance foot and ground when the CoM is perturbed.

Our leg design uses the elasticity properties in bending panels to meet the ob-
jectives above. The top portion of Fig. 5(I) shows the fold pattern for the compliant
leg. Fig 8a (left) shows the conceptual idea of the bending leg design: through
deflection, the leg produces resisting forces on the hip joint to counterbalance the
CoM while adapting the ankle angle to maintain foot contact area. The usage of
the hip joint for lateral balancing also aligns with existing studies in human bal-
ance during walking which has shown the dominant importance of hip for lateral
balancing based on observed joint torques [Winter 95, Matjačić et al. 01]. Fig. 8a
and Fig. 8b are the sagittal and lateral views, respectively, of the bending leg inte-
grated with the compliant foot.

Force analysis Given the deflection angle—the angle between the tangent line
of the bending leg at its hip pivot and the vertical is defined as θ , θ1 denotes the
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Figure 8: (a) Modeling of the bending leg (left) and sagittal view of the composition
of the bending leg and the compliant foot. (b) Lateral view of the bending leg and
compliant foot composition

deflection angle after external force applied, L the bending panel length, E the
elastic modulus of the material and I the area of moment inertia of the bending
panel about the rotation axis. The net force normal to the bending panel at the hip
joint can be computed as:

Fhip =
2θ1EI

L2
(7)

Therefore, similarly to the compliant foot, it is possible to increase the stiffness of
the leg by increasing its thickness or decreasing its length.

3.2 Augmented reconfigurable compliance

Finding optimal parameters for the compliant leg design is difficult because the per-
formance of the leg is inherently sensitive to modeling accuracy and the magnitude
of external disturbances. Due to the nonlinearity and complexity in the compliant
elements, it is valuable to add reconfigurability of the compliance in the fabricated
leg so that users can adjust the leg compliance in different real-world scenarios.

We therefore add a folding structures to the leg. The module consists of a ring
of bent material constrained inside a collapsible box. Fig. 5 (II) shows the folding
pattern of the reconfigurable compliant module, and Fig. 4 shows the folded state.
Changing the number of pleats on the ring changes its minimum stiffness. By
collapsing pleats on the side of the box, additional constraints on the allowable
deformation of the ring can increase effective stiffness.

3.3 Parameterized Patterns

Each of our patterns is parameterized to enable user-specified dimensions and stiff-
nesses. Key parameters include the bending leg height h, the foot width w, length
l and hinge joint radius r, all shown in Fig. 5. Fig. 9 shows some examples of
different legs achievable using this pattern.
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Figure 9: Front and isometric views of compliant legs with different design param-
eters. From left to right: original design, larger width, larger r, larger height, and
larger length separately from left to right.

4 Robot Fabrication
We incorporated our compliant leg design into a quadruped robot. Each of the legs
was constructed using the pattern shown in Fig 5. We constructed the legs out of
1 mm cardboard, which is low cost and accessible in most local convenience stores.
We used multiple layers to increase the stiffness of the bending leg and the rigidity
of the top and bottom surfaces of the foot. In Fig 5, layers with same labels overlap.

The feet and compliance modules were assembled using screws through mount-
ing holes at the top and bottom faces (labeled D and R in the diagram). By con-
necting an additional bending plate to the edges parallel to each of the hinge joints
at points C1-4, we achieve elasticity in both prismatic and rotational directions.
These two bending plates were made from 22 oz Vinyl Coated Polyester, which
had higher durability than the cardboard. To ensure the top and bottom surfaces of
the foot remain flat, we attached an additional card stock layer on each side.

Rigid upper legs were constructed from multiple layers of cardboard. The lay-
ers were glued together to enhance rigidity. Lower legs were attached to the upper
legs using servomotors mounted at M and connected by servohorns at G.

Four legs were attached to a cardboard base using an additional servomotor
connected at G to produce a quadruped robot. The total cost of these material
was approximately $2.12. The leg patterns took approximately 6 minutes to be
cut by a Vinyl cutter, and 27 minutes to be hand-folded and assembled together
into the designed 3D shape. All of the origami components except for the legs
were designed to be rigid. The dimensions of the compliant leg are 7.5x5x2.5 cm
(height, width, length), while the robot’s dimensions are 16.5x17x18.5 cm, with a
total mass of 210 g. An on-board micro-controller controlled the robot movement
using the gait shown in Fig. 10.

5 Experimental Results
To explore the effect of leg compliance on the quadruped locomotion, we conducted
a sequence of static and dynamic tests. Five inertial measurement units (IMU)
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t=1.53s t=1.83s

t=2.05s t=2.23s

Figure 10: (left) Snapshots showing the walking gait pattern in a sequential time
order. (right) Robot gait broken into sagittal (dx) and vertical (dz) movement for
each leg: right back (RB), right front (RF), left back (LB) and left front (LF); dx > 0
means step forward and dz > 0 means foot lift.

attached to the body and feet provided measurements of body and ankle orientation
as well as linear accelerations. We also designed rigid origami legs with the same
dimensions and mass as the compliant legs for comparison (ref. Fig. 1).

5.1 Lateral static perturbation tests
Uneven terrain or obstacles are common sources of perturbation to normal walk-
ing cycles. When a rigid robot steps on an unexpected obstacle, its body will tilt
around the lowest foot edges. The bending leg is designed to resist the body tilt-
ing. To check the resistance of the compliant leg against tilt, we used an IMU to
measure the body and ankle tilt of the robot when stepping on obstacles of different
sizes. Like Fig. 6b, we placed an obstacle underneath one foot, and we incremen-
tally adjusted the height of the obstacle from 0 to 12 cm. The difference between
the ankle and body roll angles provides an indication of the elastic force through
deflection; for rigid legs, the ankle and body roll angle are the same.

Fig. 11 shows comparisons of body and ankle roll angle for compliant legs,
compliant legs with the additional compliance module (labeled ‘stiffer’), and rigid
legs. With compliant legs, the robot’s body rolled less than with rigid legs. In
addition, for lower stiffnesses of the leg, both body and ankle roll less, showing that
more deformation of the leg occurs. In all cases, the ankles experienced lower roll
than the body. The difference between body and ankle roll is due to leg deflection
and can be used to approximate the resistive force on the hip for lateral balancing.

5.2 Lateral dynamic stability tests
To test the effect of leg compliance on lateral stability in dynamic locomotion, we
made the robot walk forward with a periodic gait. By synchronizing the motion
of feet on the same side of the robot, the robot constantly tilted towards the feet
with shorter vertical distance to the base. We expect that when the robot with the
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Figure 11: Body and ankle tilting due to an obstacle placed underneath one foot
for compliant legs vs. compliant legs with compliance attachment vs. rigid legs.
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Figure 12: (a) Comparisons of body roll angles at three different gait frequencies:
1 Hz, 2 Hz, and 3.5 Hz. Rigid body (RB) vs. compliant body (CB) vs. compliant
body with external load (CBL); (b) Comparisons of body/ankle roll deviations from
the rigid body roll. CA denotes ankle of the compliant robot, CAL denotes ankle of
compliant robot with load. Plotted data are mean values sampled from 10 trials.
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Figure 13: Comparisons of body pitch, rigid (RB) vs. compliant (CB) robot, during
the walking on inclined surfaces with 28, 31.5 and 35 degree of inclination. Data
plotted are mean values of data sampled from 10 trials of experiments.

compliant leg tilts sideways this way, its stance foot will maintain more contact
area with the ground and the stance leg will produce higher forces for balance.

In our experiments, we made the robot oscillate at three frequencies 1, 2 and
3.5 Hz. At each frequency, we tested the robot when it was compliant, compliant
with an extra load of 280 grams, and rigid without load. The extra load was heavier
than the robot’s own weight (210 grams) and was placed on top of the robot. We
observed the extra load caused the rigid legs to start bending and breaking even
at the lowest frequency due to excessive forces overloading the origami structure.
Therefore, we do not include roll angle measurements of rigid body with load.

We measured the tilting (roll angle) of the body and all ankles during this mo-
tion. Fig. 12a shows comparisons of body roll angles (rigid vs. compliant vs.
compliant with load) for each frequency, while Fig. 12b compares the deviations of
roll angles (compliant body, compliant ankle, compliant body with load, and com-
pliant ankle with load) from the roll of the rigid body. Due to space limitations,
in terms of ankle roll data, we only showed measurements of the right-back (RB)
ankle; however, all ankle measurements showed the same trend.

We observe that: 1) at all frequencies, the compliant body tilted less than the
rigid body regardless of the external load; 2) at all frequencies, the differences
between the rigid body roll and the compliant ankle roll were significantly larger
than the differences between the rigid body roll and the compliant body roll, which
means the compliant leg deformed and generated spring forces to maintain stability;
3) with an extra load, the robot was more unstable, with the body tilting further from
its normal oscillation than without the load; 4) but despite the increased body mass,
the robot with compliant legs still outperformed the rigid legs without load. These
observations match the expected effect of the origami legs. Compliance in the
panels allows them to bend and produce stabler locomotion with greater resistance
to body roll. These results are consistent over different gait frequencies.



DENG, SUNG

0 50 100 150 200 250 300 350

Phase (0-360 deg.)

0

0.2

0.4

0.6

0.8

1

1.2

F
o

rc
e

 (
N

e
w

to
n

)

Touch-down FSR readings

Rigid Compliant

Figure 14: Mean (solid) impact forces for rigid vs compliant origami leg over mul-
tiple experimental trials (dashed).

5.3 Sagittal dynamic stability tests
To quantitatively measure the resistance to perturbations in the sagittal direction
during the normal gait, we made the robot walk over inclined surfaces and com-
pared the differences in terms of body and ankle pitch deviations. We made the
robot walk on a flat surface with 28, 31.5, and 35 degrees of inclination. The ex-
perimental results are shown in Fig. 13. On the surface with lower inclinations,
we observe subtle differences in terms of body and ankle oscillations between the
robot with compliant legs and the one with rigid legs. As the angle of inclination
increases, these differences increase, creating notable pitch differences between the
robot with rigid legs and the one with compliant legs in the last 1/4 of the gait cycle.
As the inclination increased up to 35 degrees, the rigid robot became unstable, re-
peatedly falling backwards, while the compliant one maintains robust locomotion.

5.3.1 Touch-down impacts
To quantitatively understand how the proposed origami leg can reduce impacts, we
measured the contact forces for a foot coming into contact with an object when a
single leg executes periodic lift-up and step-down motions. The hip was attached
to a fixed position while the object was placed right below the hip. When the leg
was fully stretched, the foot and obstacle collided. Since we also used the rigid
leg for comparisons, in order to prevent damage due to collision, the object we
chose was a foam mat. We attached force sensing resistors (FSR) to measure the
contact forces between the foot and the fixed object. Compared to the rigid leg of
the same design, impact forces between the foot and the ground were reduced by
approximately a factor of 3.1 (ref. Fig. 14).

6 Conclusions
In this work, we present our design of an origami-inspired compliant robot leg
for stable and robust locomotion. Our proposed leg design consists of multiple
elements that combine to produce a leg with three degrees of freedom. The leg
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leverages material bending and the geometry of the fold pattern to control its com-
pliance. We have integrated this leg into a quadruped robot that can be fabricated
and assembled in less than an hour through a cut-and-fold procedure. Our experi-
ments show that the proposed compliant leg design provides enhanced robustness
against static perturbations and in dynamic locomotion, as well as reduced foot
touch-down impacts, as compared to an equivalent robot with rigid legs.

Future work includes leveraging our reconfigurable compliance module for on-
site compliance adaptation. In addition, our dynamical model (ref. sec. 2) indi-
cates we need damping. We would like to include reconfigurable origami-inspired
damper for greater robustness of locomotion.
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