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Abstract This study analyses the superior performance 
of gravitationally decoupled actuation in terms of en­
ergy efficiency, and hence autonomy. Based on the de­
coupling concept, a new design is presented for a 3 dof 
leg, and its performance is validated by including it 
in a 84kg hybrid locomotion robot. The proposed leg 
obtains a straight-line constant-velocity motion of the 
foot as only one of its 3 motors is operated at constant 
speed. This feature, together with the hybrid structure, 
increases the robot's efficiency and speed when operat­
ing on surfaces without obstacles, and drastically sim­
plifies the walking operation control. A series of simu­
lations have been done comparing the energy consump­
tion of the hybrid robot including traditional coupled 
legs, and including the proposed decoupled legs. They 
show a superior performance of the later one. A real 
prototype has been built including the proposed mech­
anism. It shows a similar performance to that obtained 
from simulation, and a natural gait in flat terrains, at 
speeds up to 0.9 m/s. 
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1 lntroduction 

Legged robots or, in general, walking machines have 
gained growing interest over recent years due to their 
superior terrain adaptability. They can move on soft 
or slippery terrains and overcome obstacles. However, 
their main drawback is their reduced autonomy derived 
from low energy efficiency and scarce load capacity. 
Most of the existing robots make an incomplete mimic 
of the human/ animal leg structure, based on sequenc­
ing links and joints. However, these simple mechanical 
structures impede the accomplishment of easy move­
ments without complex control operations and, what 
is more important, they lack an energetic optimization 
study, which greatly reduces their autonomy. 

Since existing technology cannot achieve a complete 
mimic of the locomotion structure of a medium-to-large 
animal, a deeper study must be done based on existing 
resources and released from partial copies of real ani­
mal legs, mainly when they correspond to animals with 
different characteristics (habitat, weight or capacities) 
to those assumed for the designed robot. For this pur­
pose, sorne ideas have arisen in the fields of walking and 
hybrid robots. 

The most successful ones come from studies made 
over biped robots, mainly the ones that develop the con­
cept of Passive Dynamic Walkers (PDW), introduced 
by McGeer (1990a,b). Collins et al (2005) show addi­
tional examples of PDW. These ideas have promoted 
PDW to be the most efficient walking robots measured 
in terms of their specific resistance. This term was first 
introduced by Gabrielli and von Karman (1950) as a 
figure to represent the energy efficiency during locomo­
tion and, with regard to walking robots, it is obtained 






























