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Our goal…



Smart Autonomous Systems



 Event-Driven iCub
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 ED Sensors — Touch
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 ED Sensors — Touch

Caviglia et al. ISCAS 2016 



 iCub Touch

• Fingertips & Skin 

• Capacitive Sensors 

• ~4500 Sensors (taxels)



 ED Sensors — Touch
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 ED Sensors — Touch

Noise Threshold - θ 
Level Threshold  - Δ 
Fingertip - 12 taxels, #7 active



ED Sensors — iCub Vision 

Python CMOS

Spatial 
Res

1,3Mpxl 
1/2”

Temporal 
Res

42 fps 
(24ms)

AFOV 42°

Figura 24   Vista 3D del mini-obiettivo con le direzioni all’interno dell’AFOV in colore diverso 

  

Figura 25   Dettagli geometrici e tolleranze ottiche per il sistema 

Visione spazio-variante per robotica umanoide 

Un’altra importante attività ha interessato la progettazione di un obiettivo per l’occhio 

dell’umanoide iCub. Attualmente quest’ultimo impiega una lente grandangolare 

commerciale, accoppiata ad un sensore matriciale del formato 1/3”, con una Back Focal 

Length (BFL) molto bassa. Dal momento che si vogliono disporre due sensori dietro la stessa 

lente, occorre aumentare la BFL per accomodare un elemento di separazione (Beam-

Splitter, BS) del fronte d’onda (Fig. 26). 
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ED Sensors — Vision 

ATIS CMOS

Spatial 
Res

240x304 
2/3”

Temporal 
Res

1μs

AFOV 61°

No Image! No openCV! 

BUT 

Continuous Events Stream 

and Time!
Adapt Computer Vision to Events 

Exploit Temporal Information 

Biological Inspired Vision



ED Vision — Optical Flow



ED Vision — Optical Flow

Benosman et al. TNNLS 2014 



ED Vision — Corner Detection

Binary Image Patch 
- spatial derivatives      

ED Harris Score — R 
- flat: two small eigenvalues      

R small 
- edge: one small and one big                

R negative 
- corner: two large eigenvalues            

R big
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ED Vision — Corner Detection



ED Vision — Corner Detection
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Vasco et al. IROS 2016 





Vergence Control: 
Proportional Velocity

ED Vision — Disparity and Vergence
LEFT

 

RIGHT

    

 

Disparity: 
Phase-Shift  

Model





without normalization
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ED Vision — Vergence Control

Vasco et al. Humanoids 2016 



Event-Driven Vision — Ball Tracking & Gaze 
Control

Glover et al. IROS 2016 



Thanks!

Event-driven POSFET 
S. Caviglia  
M. Valle 
L. Pinna  
A. Abou

Event-driven iCub and Vision 
iCub Facility crew 
G. Metta 
H. Akolkar 
V. Vasco 
A. Glover 
F. Solari 
P. Motto Ros 
R. Benosman


