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Initial Idea and Objectives

Generic Locomotion Control Framework

Snapshots of evolved gaits for two quadruped robots built by Roombots modules.

Experiments and Results:
• Different morphologies including four different meta-modules, one
asymmetric robot with three modules and two quadruped shapes.
• Optimizing four different control structures (Oscillatory or Rotational) for each robot.
• Out-performance of the Hybrid control structure.
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Project Description:
• Locomorph project funded by FET Embodied Intelligence.
• Applying the concept of morphology and morphosis.
• Efficient and robust robotic locomotion with studying Selfstabilization, Energy Efficiency, Maneuverability, and Adaptivity.
Objectives:
• Adaptive sensory-motor control and learning strategies.
• Dealing with voluntary and involuntary morphosis.
• Understanding the interaction between morphology and control.
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b) Gait diversity: Table II shows the comparison between the different movement type experiments for gait
generation of the Quad6 robot. We consider four aspects; (i)
the best speed driven by each experiment (ii) the mean value
of the speed of the resulting gaits, (iii) the standard deviation
of the speed and (iv) the number of different combinations of
movement types which are used to generate the gaits. Results
in table II show that fully hybrid solutions not only result
in higher average speeds, but also allow the robot to derive
these solutions by using combinations of joint movements
(i.e. have a high “diversity”). Most of the combinations of
movement types are hard to imagine and design by hand,
because the locomotion behavior results from the complex
interactions of the movements of all the degrees of freedom.
One can imagine a situation where the algorithm provides an
initial selection of possible movement type conﬁgurations. A
human supervisor can then manually select a few of these
conﬁgurations, which are of some particular interest, and
further optimize the controller for these conﬁgurations.
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Fig. 3: Pictures of different robot shapes used for the experiments, and their
CPG networks: (a,b): four metamodule conﬁgurations; (c,d): one arbitrary,
asymmetric shape with three RB units (Arbit); (e,f,g): quadruped with
ﬁve units (Quad5); (h,i,j): quadruped with six units (Quad6). The network
mimics the physical topology by coupling neighbor oscillators. For the
quadrupeds oscillators in the spine are in green and hip joint oscillators
are shown in blue.

Robot Morphology
• Key point: easy-change of robots morphology (online and offline).
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• Modular robotics platform for morphology
exploration.
a) Fitness behaviour and automatic mode selection:
Fig. 5 shows the average and standard deviation of the speed
• Roombots: 3 DOF and diverse movements.
of the best evolved robot over ten optimizations with dif-

TABLE II: Gait generation results from the different experiments for Quad6

ESULTS AND

Mode
Pure Rotation
Hybrid Rotation
Pure Oscillation
Fully Hybrid

ISCUSSION

Best (m/s)
0.22
0.24
0.29
0.33

Mean (m/s)
0.17
0.21
0.26
0.27

Std %
3.1
1.4
3.0
3.9

# of conﬁg.
1
6
1
10

Experimental and Results:
c) Framework performance: Fig. 4 shows the ﬁtness
optimization for the best
fully hybrid solution
of the Quad6
•
Control
open
parameters:
amplitude,
offset
and
phase
lags.
robot. As discussed in section IV, the hybrid framework
Locomotion Control:
is capable of visiting different combinations of movement
types, or sub-swarms,
and
select the best solution amongopen parameters: No. of modules, inter-connections,
•
Morphological
them. These graphs are related to the sub-swarm with the best
• CPG-based Control (inspired from Central Pattern Generators).
speed. Fig. 4a shows the number of ﬁtness evaluations versus
connection types and No. of DOFs.
the number of iterations. It represents in which iterations
and how many times this sub-swarm has been explored. As
• Extended to both Oscillatory and Rotational output patterns.
a result of the mutation
probabilities (Fig.
4b), within the
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speed,
energy efficiency and smoothness of the gait.
ﬁrst 75 iterations, particles are divided into different subswarms exploring different possible solutions. After iteration
• Synchronized and Smooth control commands.
75, exploration stops •
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with
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the particles start to be attracted to the best sub-swarm
found in exploration phase. In other words, in the ﬁrst phase
Several
solutions for the shape and also locomotion
different solutions are•explored
to ﬁnd the interesting
best candidates
and in the second phase these solution spaces are attracting
more particles to optimize the open parameters. For instance,
patterns are generated which would be are hard to hand-design.
here particles ﬁrst come to this space in the iteration number
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ferent initial random population. The results illustrate three
interesting properties of this framework. (i) The capability of
combining different modes in the fully hybrid setting results
in ﬁnding solutions with higher values for both average
speed and variance in all robot structures, thus resulting in
faster and more diverse solutions in the same number of
simulations. (ii) Results from pure rotation show a drastic
reduction in the robot performance. In the worst case, no
viable gait (i.e. one without self-collision) could be found
for the Quad5 and Arbit robots. While in the hybrid rotation,
allowing the robot to lock some of its degrees of freedom,
when the others are in rotational mode, helps avoiding selfcollision during robot locomotion. The performance of this
mode is comparable in terms of characteristics with the
oscillation mode since both include locked joints (deﬁned
implicitly in oscillation mode due to zero amplitudes). (iii)
The results indicate that the performance of oscillation
and
Osc. 1
2
2
rotation
modes are strongly dependent on the robot Osc.
shape.
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outperforms
hybrid rotation. For PER, SRS, SRZ and Rot.
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63 and ﬁnd high velocities inside it. At the end of the
iteration 75, this space -as the globally best solution- starts
attracting other particles. The plot also shows that to prevent
self-collision, several solutions are being penalized by setting
ThisFig.
project
has
funding
their ﬁtness value to zero.
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Robot morphology and its corresponding CPG (left). Rhythmic patterns for
three coupled DOFs (right).

Gait Optimization:
• Stochastic optimization and Evolutionary Algorithms methods.
• Optimizing both the structure and parameters of CPG.
• Evolving both the Morphological and Control parameters.
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