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I. SELF-ADAPTIVE ROBOTIC LEG

Fully actuated robotic legs usually rely on a large number of actuators
with high dynamic performance complemented with a fast control
scheme itself supported by high bandwidth sensors. This requirement
for high performance systems stems from the necessity of an efficient
adaptation the intrinsically variable terrains of the real world and
makes the robot very expensive. On the other hand, simpler robots
with compliant legs also exist but they have a limited capability
to overcome obstacles and their pose depends on the load they
are transporting. The authors have previously introduced a possible
solution to these issues consisting of a multi degree-of-freedom
(DOF) leg driven by a single actuator. A proof of concept prototype
has been proposed in [1, 2] and is composed of a two-DOF planar
linkage where the rotation of a single actuator creates an efficient gait
on a flat terrain but, as soon as an obstacle is encountered, the second
DOF of the leg triggers and causes the leg to have a motion designed
to overcome the obstacle. This adaptation to unexpected collisions
and triggering of the second DOF is realized purely mechanically
without using any additional actuators or sensors. The proposed
linkage is based on the Chebyshev-Pantograph architecture, in which
a pantograph amplifies the free-space trajectory generated by a four-
bar linkage, and is altered to allow the leg endpoint to depart from
the free-space trajectory by the addition of the second DOF [4].
This design was inspired by underactuated robotic fingers in which a
single actuator creates an enveloping motion of the phalanges. In the
case presented here, only the main DOF θ1 of the present linkage
is actuated, while the second mobility θ2 is kept passive using a
preloaded compliant element (a spring). This DOF is triggered by the
variation of the internal forces due to a collision with an obstacle.
Both the free-space trajectory and the adaptation to a 60◦ obstacle
are illustrated in Fig. 1. The triggering of the compliant DOF is
prevented during the support phase of the trajectory to prevent the
robot from collapsing under its own weight. The leg is thus compliant
during the swing of the free-space trajectory but stiff during the
support combining the best of both aspects. The solution proposed
is therefore a purely mechanical counterpart to designs making use
of local elevator reflex generation [3] for the reactive overcoming of
obstacles.

II. POTENTIAL ENERGY FIELD ANALYSIS

For this poster, the authors wish to highlight the interesting analysis
of the potential energy stored by the leg when adapting to an
obstacle. The contribution of this passive triggered DOF to the motion
of the mechanism endpoint is graphically illustrated as a potential
energy field (PEF) of which the free-space trajectory is the minimal
equipotential (see Fig. 2a). When considering a collision with an
obstacle, the localization of the leg endpoint at the end of the sliding
motion in the PEF allows to directly compute the work required from
the actuated main DOF to perform the adaptation. Since the trajectory
of the leg endpoint following a collision can be decomposed into
components δ1 and δ2, respectively due to rotations ∆θ1 and ∆θ2, the

(a) Free-space trajectory (b) Trajectory with obstacle

Fig. 1: Possible motion of the adaptive prototype, from [1]
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Fig. 2: Endpoint trajectory in the PEF as components of each DOF

average input torque during the sliding motion τin can be estimated
with the energy balance equation τin∆θ1 = 1

2
k∆θ22 , where k is

the angular stiffness of the preloaded spring. Decreasing the input
torque required for the adaptation can therefore be achieved either
by lowering k, which compromises or at least slows the return to
the free-space trajectory, or by designing the linkage to optimize the
displacements δ1 and δ2 during the sliding motion.
As illustrated in Fig. 2b for the adaptation to the same obstacle,
requiring a similar total displacement in the PEF, the leg requires
less torque with this optimized geometry since the total energy is
provided over a bigger angular displacement of θ1. This analysis can
also be extended to the instantaneous domain, rather than considering
average values, based on the principle of virtual work, having derived
the direct kinematics of the mechanism, namely v = Jθ̇, where
v is the endpoint velocity, J is the Jacobian of the linkage, and
θ̇ =

[
θ̇1 θ̇2

]T
.
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