Roombots
CPGs, Symmetries
and Online Learning
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Study of a special case : the
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® (Goal : get experienced with modular
_robotic locomotion.
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® Symmetries are a generality in animals. The most efficient

morphologies for modular robots have a symmetry. (Daniel
Marbach)
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Symmetries and
locomotion

® Symmetries are a generality in animals. The most efficient

morphologies for modular robots have a symmetry. (Daniel
Marbach)

. ad L . 3 i (80 ol % S ‘.') P L L .Sy ;
» % iy B ) e N 48 10 £XT d - > (G o e .
et s Ve OOFN s D ) ',’-‘é | | h ) R : N\ GO ]
sl ' -~ O = .-,‘._5[‘,.‘,.4 i y..n. i | .-:.-- Pl -2 Y R




Symmetries and
locomotion

® Symmetries are a generality in animals. The most efficient

morphologies for modular robots have a symmetry. (Daniel
Marbach)
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Design of the robot.

Try to find the most symmetric
structure.

Make the legs to have the same
motion.
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Design of the CPG

Neurons 1,2,3,4 : Legs joints
Neurons 5, 7 : Hips joints
Neuron 6 : Thorax joint
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Design of the CPG

Designed to provide a symmetrical trot.
Graft the central part of the neuron to synchronize with the leg part.

The central part offset is fixed to work around the starting posture,
and the synchronization is opened.

The leg parts of the structure have a fixed synchronization, but a free
offset.
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Problems : Servos limitation

value of the neuron 5 Output of the

neuron

FPosition of the
Servo

® Have a limited (slow)
speed : 25 tr.min"'

output {rad)

10 15
value of the neuron 7

® Should add some
constraints on the
search space.
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® Should add some

“control feedback’ in
the CPG.

output {rad)
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Choices we made for the quadruped :

Search for the most symmetrical robot.
Separate “leg” and “body” parts.

Set the central point of the body part neuron, in order to “play” with the
symmetry of the structure.
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Towards an automatic
designer for CPG

Choices we made for the quadruped :

Search for the most symmetrical robot.
Separate “leg” and “body” parts.

Set the central point of the body part neuron, in order to “play” with the
symmetry of the structure.
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Choices we made for the quadruped :

Search for the most symmetrical robot.

Separate “leg” and “body” parts.

Set the central point of the body part neuron, in order to “play” with the
symmetry of the structure.
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Towards an automatic
designer for CPG

Choices we made for the quadruped :

Search for the most symmetrical robot.
Separate “leg” and “body” parts.

Set the central point of the body part neuron, in order to “play” with the
symmetry of the structure.

Avoid to add neurons that command useless joints.
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Module Classification

® We forbid Cycles. The
Graph is a tree.

® We classify all the leaves
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Find the symmetries

Hierarchical vs Morphological




Estimating how much Morphologically
symmetric a structure Is.

For a given position of the servo, we have to check for all the
hierarchical symmetries, how much they are close to a spatial

symmetry between modules.

As a result of Graph Theory, this problem can be reduced to test
symmetries among several pairs of modules.
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Estimating how much two modules
are symmetric.

Thanks to the given servo position and the kinematics
models, we can compute the Rotational Matrix R from
one module to another .

® The two modules are symmetric when : R?=Id. (axial
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Questions ?




