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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



Image generation in the eye



Image generation in the eye



Photoreceptors: cones and rods



Photoreceptors: cones and rods



Photoreceptors: cones and rods



Photoreceptors: cones and rods



Photoreceptors: cones and rods



Photoreceptors: cones and rods



Distribution of photoreceptors in the 
retina



Sensitivity of photoreceptors in 
the retina





Receptive fields



Distribution of photoreceptors in the 
retina





Types of receptive fields of retinal ganglion cells



ON centre, OFF surround ganglion cell



ON centre, OFF surround ganglion cell







Color perception











Color perception



Color perception



Color perception



Projection in the brain



Projection in the Superior Colliculus (SC) and 
in the Lateral Geniculate Nucleus (LGN)
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Projection in the visual cortex





Simple cells



Complex cells



Motion perception



Eye movements

1. Saccades
2. Vergence
3. Pursuit
4. Vestibulo-Ocular Reflex (VOR)
5. Opto-Kinetic Response (OKR)



Eye movements

Eye Muscles



Saccades



Saccades

• Quick “jumps” that connect fixations
• Duration is typically between 30 and 120 ms 
• Very fast (up to 700 degrees/second) 
• Saccades are ballistic, i.e., the target of a saccade 

cannot be changed during the movement
• Vision is suppressed during saccades to allow stable 

perception of surroundings
• Saccades are used to move the fovea to the next 

object/region of interest



Example of 10° saccade 

(1000 samples per second)

The subject executes
a saccade 150 ms
after the target shift
and complete the 
saccadic movement in 
200 ms

Latency is about 150 ms and it is thought to be the time required by the CNS 

(Central Nervous System) to determine whether to execute the saccades, to 

calculate the shift and to transform the retinic error in muscle activity



Vergence



Vergence

• Slow, smooth movements changing the vergence 
angle (the angle between the two viewing axes)

• Used for changing gaze from a near to a far object or 
vice versa

• Can take up to 1 second
• Execution is often interrupted if no thorough 

inspection of the object is required



Smooth pursuit

• Smooth movement of the eyes for visually tracking a 
moving object

• Cannot be performed in static scenes 
(fixation/saccade behavior instead) 

→ prediction



VOR (Vestibulo-Ocular Reflex)



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)



OKR (OptoKinetic Response)



OKR (OptoKinetic Response)

• The optokinetic reflex allows the eye to follow 
objects in motion when the head remains stationary 

• The OKR is activated when the image of the world 
slips on a large part of the retina

• This reflex is based on the visual information
• The latency is longer than in VOR



Other Eye Movements

Torsional Eye Movements:

• Rotation of the eye around the viewing axis
• Stabilization of visual scene by compensating body 

rotation (up to about 15 degrees) 



Other Eye Movements

Fixations:

• The eye is almost motionless, for example,  while 
reading a single, short word

• The information from the scene is almost entirely 
acquired during fixation

• Duration varies from 100-1000 ms, typically between 
200-600 ms

• Typical fixation frequency is about 3 Hz
• Fixations are interspersed with saccades



Other Eye Movements

Tremor:

• Fast, low-amplitude (seconds of arc) eye-movement 
“jitter” 

• Improves the perception of high spatial frequencies
• Prevents the fading of static images during fixations



Summary

• Human vision is based on spatio-variant 
resolution images, formed by a non-uniform 
retina

• Retina-like images reduce data amount, by 
performing some early processing of images

• This strategy requires eye movements
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Basic principles of retina-like vision

Standard image Retina-like image

Log-polar projectionLog-polar image (magnified to 200% for display)



Building a retina-like image

Cartesian image Cutting in circles and 
slices

Computing the average 
value in each sector



Building a retina-like image

Copying the average value of a 
sector in a polar image

Resulting polar image
Cartesian image re-built 
from the polar image



The Retina-like Giotto 
cameras

• Technology: 0.35 micrometer CMOS
• Total Pixels: 33193
• Geometry:

• 110 rings with 252 pixels
• 42 rings with a number of pixels

decreasing toward the center with a 
"sunflower" arrangement

• Tessellation: pseudo-triangular
• Pixels: direct read-out with logarithmic

response
• Size of photosensitive area: 7.1mm 

diameter
• Constant resolution equivalent: 1090x1090
• On-chip processing: addressing, A/D, 

output amplifier



An example of pattern translation 



An example of pattern translation 



An example of simulated foveation

Object detection 

in the periphery

Object foveation Foveation of a 

point of interest 

(edge)



Kinematic structure of the SSSA Robot Head

Axis 0, 
Lower Pitch

Axis 3, 
Upper Pitch

Axis 1, Roll

Axis 2, Yaw

Axis 4, 
Eye Pitch

Axis 5, Right Eye Yaw Axis 6, Left Eye Yaw

◼ Eye Pitch Axis: 
+47°, 600°/s

◼ Eye R/L Yaw Axis: 
+45°, 1000°/s

◼ Yaw: +100°, 170°/s

◼ Roll: +30°, 25°/s

◼ Upper Pitch: +30°,
120°/s

◼ Lower Pitch: +25°, 20°/s



Head kinematic chain and
Denavit-Hartenberg parameters

 

Joint ai (mm) di (mm) i  (rad) 

J1 0 0 -/2 

J2 0 0 /2 

J3 0 195 -/2 

J4 137.5 0 0 

J5r 0 -30  -50 /2 

J5l 0 30  50 /2 

J6l a6l d6l 0 

J6r a6r d6r 0 

 



Comparison of performances 
between human and robotic head

Pitch: + 60°, 600°/s

Yaw:  + 30°, 600°/s
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[Hamill et al., 1995]

Neck:

60° 31°
41° 41°

Pitch: + 47°, 600°/s

Yaw:  + 45°, 1000°/s

30° 30°

Eye:

25°55°

80° 80°

100° 100°



The movements of the 7 dofs of the 
robotic head

Neck Movements Saccades, 400°/sec

head_performances.avi
saccade 300° sec.avi


Simulation of retina-like cameras and 
basic image processing

• Acquiring standard image
• Creating log-polar image from standard image
• Creating retina-like image from log-polar image

 



Thresholding of image based on RGB 
and HUE



Edge Detection 
(gradient based method)



Line detection
(Hough method) 

• Applied only to pixels belonging to the fovea



Line detection



Summary

• In robotics, retina-like vision can reduce 
image data amount and speed up image 
processing

• This strategy requires eye movements

-> active perception

• Image processing techniques are applied 
on a different geometry

• No difference for local techniques

• Most global techniques not applicable


