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Summary of bioinspired approaches to 
robotics (in this course…)

Robot mechanics
and kinematics

Robot control

Robot vision

Robot behaviour

Robot sensors

Embodied Intelligence, 
Soft Robotics

Neurocontrollers

Predictive behaviour

Vestibular system

Robot navigation Bioinspired navigation, 
Soft locomotion

Bioinspired vision



The human vestibular system

• “Organ of balance”
• Sensitive to:
• head movements
• head position in space

• Measures:
• Angular velocities
• Linear accelerations

• Fundamental role in several motor functions:
• control of posture
• coordination of movements
• control of eye movements



The human vestibular system

SEMICIRCULAR CANALS 

 ANGULAR VELOCITIES

OTOLITHIC ORGANS 

LINEAR ACCELERATIONS



Semicircular
canals

15-20 mm

18-22 mm

12-15 mm

2/3 of a circle with 6.5-mm diameter
Inner diameter: 0.4 mm



Otolithic organs

OTOLITHIC ORGANS 

 LINEAR ACCELERATIONS



Otolithic organs



Vestibular receptors



Vestibular receptors



Vestibular receptors in the 
semicircular canals and in the 
otolithic organs

• Semicircular canals • Otolithic organs

http://en.wikipedia.org/wiki/Image:Crossection.jpg


Response mechanism of semicircular canals to head rotations



Human Vestibular System



Human Vestibular System



Human Vestibular System



Response mechanism of otolithic organs to head tilts



VOR (Vestibulo-Ocular Reflex)

• Reflex eye movement that stabilizes images on the retina 
during head movement by producing an eye movement in the 
direction opposite to head movement, thus preserving the 
image on the center of the visual field. 

• Since slight head movements are present all the time, the 
VOR is very important for stabilizing vision: patients whose
VOR is impaired cannot read, because they cannot stabilize
the eyes during small head tremors

• The VOR reflex does not depend on visual input and works
even in total darkness or when the eyes are closed

• Latency of 14 ms (time between the head and the eye
movement)



The Vestibulo-Ocular Reflex (VOR)

http://en.wikipedia.org/wiki/Image:ThreeNeuronArc.png


Vestibulo-ocular Reflex (VOR)



Vestibulo-ocular Reflex (VOR)



Vestibulo-ocular Reflex (VOR)


