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IMS team of LISSI (Intelligent Machines & Systems) 
works on exploitation of bio-inspired mechanisms in  
order to realize and implement  « intelligent artificial 
systems »: application to Real-World problems.

Privileged areas & applications are: 
complex information processing
“industrial” &  “Real-World” problems
modeling & implantation of complex
systems (Humanoid robots, Collective & Socials Systems, 
Self-Organizing Systems, etc…). 

IMS Team of LISSI Lab.



The robots’ (and machines’) autonomy is one of primary 
challenges of the present decade.

Such robots have to be self-sufficient enough in order to 
be able to operate in cooperation with users who have no 

a-prior technical skills.

Among vital capabilities for such robot:
understanding its environment
deciding (& modifying) actions regarding its 
environment 

Introduction



Cognition 

“Cognition”: refers to the ability for the processing of 
information applying knowledge. 

In the field of computer science: often intends the 
artificial intellectual activities and processes relating 
the “machine awareness” realized knowledge-based 
“intelligent” artificial functions.

However, “awareness” & “knowledge construction”
require ability to perceive information from 

surrounding environment.



Thus, “Cognition” and “Perception” remain 
inseparable ingredients toward autonomous 

machines (robots…)

Inspired from human’s “early-ages cognitive 
skills” development:

Multi-layer cognitive “Perception-Motion”
architecture for autonomous robots

Cognition-Perception



“Early-ages” Human’s Walking
Skills Development

The “human’s walking” ability is not an automatic 
process but a cognitive development since the early ages.

(Dr. Marianne Barbu-Roth : CNRS – Univ. Paris Descartes)






Cognitive Perception-Motion Scheme
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Cognitive level & Elementary Functions
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“flat-ground walking” UCF
AEC 
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Unconscious Cognitive Function
Example 

• IF VM is Very-Small THEN Y = o1
• IF VM is Small THEN Y = o2
• IF VM is Medium THEN Y = o3
• IF VM is Big THEN Y = o4
• IF VM is Very-Big THEN Y = o5

VM (m/s) q0 (°) q1j (°) q2j (°) Lstep (m) 

CMAC1 0.4 20 -7 3.5 0.23

CMAC2 0.5 25 -10 3 0.28

CMAC3 0.6 30 -15 2.5 0.31

CMAC4 0.7 35 -20 8 0.36

CMAC5 0.8 40 -25 8 0.40



Unconscious Cognitive Function
Example 




Emergent Behavior



Generalization: Same structure

 

0 

1 
BigPositive Positive Zero Negative BigNegative 

µ 

Slope (°) - 2 0.0 2 4 - 4 

• IF Slope is Big-Negative THEN Y = o1
• IF Slope is Small-Negative THEN Y = o2
• IF Slope is Zero THEN Y = o3
• IF Slope is Small-Positive THEN Y = o4
• IF Slope is Big-Positive THEN Y = o5




Perception (Vision) Scheme
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We define “Luminance Saliency” as:
),(),( yxIIyxS YhcYY ωµ −=

We define “Chromatic Saliency” as:
),(),( yxIIyxS CChcCCCC ωµ −=

in YCrCb color space: “Y” for Y channel and “CC”
for Cr & Cb channels.

Salient objects detection

Let                   be the image &                    be the 
Gaussian blurred  image 

),( yxI hcωµ),( yxI



Final Saliency: Neighborhood 

( )pixels-eighboursN,,),( CCYfinal SSfyxS =

Salient objects detection

Original image (left), Salient map example (middle), salient objects (right)



Salient Objects’ Finding

Original image (left), Salient region detection (middle), segmentation (right)

Examples of salient objects’ detection



Learning & Knowledge Construction



Classifier

A combination of 4 classifiers:  
Each classifying a fragment “F” as “belonging” or “not 

belonging” to a certain class

{ }4321 ,,, wwww



Some Results

Examples of objects’ detection in current environment.



Examples of objects’ detection in current environment.

Conscious Cognitive Function
Example 



Implementation on NAO Robot

Conscious Cognitive Function
Example 




Implementation on NAO Robot









Final Words

Probably a promising aspect is related to “Emergent 
behaviour”: part of “intelligent skill”

Machine intelligence Architecture based on :        
“Cognition-Perception” duality

- obtained results show viability of the proposed 
architecture

- obtained results show also the pertinence of the 
used methods
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