Neural Control for Locomotion of Walking Machines
From Biological Inspiration to Implementation on the Machines

Poramate Manoonpong, Bernd Porr,
Tomas Kulvicius, and Florentin Worgotter

BERNSTEIN CENTER

been  GorTinGEN

BERMNSTEIN CENTER e
GOTTINGEN

Presentation outline

« Biological locomotion control

« Sensor-driven neural control (CPG) of a six-legged walking machine

- Omnidirectional walking
- Versatile reactive behaviors

« Adaptive reflex neural control (reflex-based mechanism) of a biped
robot

- Fast dynamic walking
- Adaptive walking

- Conclusions
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Animal locomotion

Running
Climbing

Swimming
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Biological locomotion control
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Neural control:

« Central Pattern Generator (CPG)!

« Reflexes (local motor response to a local
sensation)?
o

Brain-lesioned
Cockroach
Incline 45 degrees

« Higher control centers (brain for e.g., posture?,
direction)
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Sensor—driven neural control of the six-legged walking machine AMOS

Modular design
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Sensor—driven neural control
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Modular neural network

‘The thoraco-coxal (TC-) joint enables forward (+) and backward (-) movements
Jevation (+) the log.

‘The femurtbia (FTH-) joint enables extension (+) and flexion (- of the tibia
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Neural oscillator network (CPG)'? ¢

=4 wp | 1 )
' ':' Hal 18 i \ }
¥ e at LS L 1
/7 “ FERVVIRS ||
Phase switching network (PSN)® [y B ow o
. J S oM™ Velocity regulating network (VRN)23
<3 y
X et
. Yot [
— 1y=0 5
[
i
My M i
Motor neurons
(1] Pasemann. F. .. Zahed: K S0 [ Berin g 104-151,2003.
2 Fcnar . o Garmany, 2004
{5 Manoospang. s Pasemann. . Woargoatr . os
Rbo1cs ani Adoncmoss Syems 11510161 roboL 007 O G0 Esevier So6nce, m res, 207

BERMNSTEIN CENTER e
GOTTINGEN

Neural parameters for generating different walking patterns

' ¢ At least 12 actions!!!
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Omnidiractional walking

Forwards
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Sensor—driven neural control

Sensors|| Neural Inputs Modular neural controller Actuators
preproc-
essors 11 VRNs
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Versatile reactive behaviors : Reflex, escape, obstacle avoidance and phototropism
behaviors
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Adaptive reflex neural control of the biped robot RunBot

Nested-loop design

Adaptive reflex neural control®

1] Manoanpong, . Geng, T Kuvicius, T Por, B Wergater, . (2007) A Publc Litrary
of Science Computaiona Biiogy (PLoS Compul Biol. 3(7), 8134 401 10,137 by 0030134
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Biomechanics (RunBot)!

Special features :

« Small, curved feet allowing
for rolling action;

+ Unactuated, hence light, ankles;

« Lightweight structure; e REEU] A

« Light and fast motors; A Coniar of mass

{2)
« Proper mass distribution of the limbs; M - &)
uac =g - =y
« Properly positioned mass center of the .
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‘The RunBot system has been originally developed by Dr. Tao Geng
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Spinal reflex (Reflexive neural network)
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Passive walking properties (Biomechanical design)
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Postural reflex (Learning control circuit (ISO-learning))-2
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Adaptive walking on different terrains (learning mechanism)

Learning to walk
up a ramp

Conclusions

« Sensor-driven neural control = Neural perprocessing unit + Modular
neural control unit (modular design)

-Neural oscillator network (CPG)

-Velocity regulating networks (spot turning, backward walking)

-Phase switching network (lateral movements)

« Adaptive reflex neural control (nested-loop design)
- Biomechanical level (passive walking properties)

- Spinal reflex level (fast walking)

- Postural reflex level (adaptive walking)

* Proposed neural control designs can be powerful techniques to
better understand and solve sensorimotor coordination problems of
many degrees-of-freedom systems.




