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Giulia D'Angelo is currently an MSCA Postdoctoral Fellow at the Czech Technical University in Prague, focusing on 

neuromorphic algorithms for active vision. She obtained a Bachelor's degree in Biomedical Engineering at The University of 

Genoa and a Master's degree in Neuroengineering, during which she developed a neuromorphic system for the egocentric 

representation of peripersonal visual space at King's College London. She earned her PhD in neuromorphic algorithms at the 

University of Manchester, in collaboration with the Event-Driven Perception for Robotics Laboratory at the Italian Institute of 

Technology, where she proposed a biologically plausible model for event-driven, saliency-based visual attention. 

She was recently awarded the Marie Skłodowska-Curie Fellowship, through which she explores sensorimotor contingency 

theories for neuromorphic active vision algorithms.

Vision is an exploratory behaviour that relies heavily on the dynamic relationship between actions and sensory feedback. 

For any agent—whether animal or robotic—processing visual sensory input efficiently is crucial for understanding and interacting 

with its environment. The key challenge lies in selectively filtering relevant information from the constant stream of complex sensory 

data. This process, known as selective attention, is also driven by the intricate interplay between bottom-up and top-down 

mechanisms, which together organize and interpret visual scenes.

I will explore how biologically plausible models for visual attention can enhance robotic interaction with the environment tr ying to 

understand the role of neuromorphic hardware in facilitating active vision and its limitations. 



Low power consumption
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Someone has already done it!

Low power consumption
Unconstrained environment

“It consumes a paltry 20 watts, much less than a typical 
incandescent lightbulb”

Furber, Steve. "To build a brain." IEEE spectrum 49.8 (2012): 44-49.
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Low latency



How do we define attention?
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How do we define attention?
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How do we define attention?

Yarbus, Alfred L. "Eye movements during perception of complex objects." Eye movements and vision. Springer, Boston, MA, 1967. 171-211.
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Itti, Laurent, Christof Koch, and Ernst Niebur. "A model of saliency-based visual attention for rapid scene analysis." IEEE Transactions on Pattern Analysis & Machine Intelligence 11 (1998): 1254-1259.

saliency map

What is a saliency map ?

image scan path

Cool, but feature extraction is not enough
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Cool, but feature extraction is not enough

How do we perceive items 
around us then?
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Gestalt Principlesclosure

similarity

proximity

figure-ground organisation
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Zhou, Hong, Howard S. Friedman, and Rüdiger Von Der Heydt. "Coding of border ownership in monkey visual cortex." Journal of Neuroscience 20.17 (2000): 6594-6611.

closure
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Border Ownership cellsclosure

Proto-object is an ‘object to be’
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Russell, Alexander F., et al. "A model of proto-object based saliency." Vision research 94 (2014): 1-15.

von Mises filter

13



iCub



How do we perceive?
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How do we perceive?

Visual Sensors
Auditory Sensors
Tactile Sensors
Proximity Sensors
Temperature Sensors
Force and Torque Sensors
Chemical Sensors 54 slides



How do we perceive?

time
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How do we perceive?

events

time

54 slides



event-drivenclock-driven
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Neuromorphic iCub



How does a neuromorphic camera work?
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Clock-Based Sampling — fixed Δt

Let’s start from a 
frame-based camera!

44 slides



Data-Driven Sampling — fixed Δf (or Δf/f)

event = e(x,y,t,p)

44 slides



microseconds latency
[milliwatts to a few watts] power consumption
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Bioinspired saliency-based attention model

Depth

MotionIntensity

Ghosh, S & D’Angelo, G., Glover, A., Iacono, M., Niebur, E., & Bartolozzi, C. (2022). Event-driven proto-object based saliency in 3D space to attract a robot’s attention. Scientific reports
Iacono, M., D’Angelo, G., Glover, A., Tikhanoff, V., Niebur, E., & Bartolozzi, C. (2019, November). Proto-object based saliency for event-driven cameras. In 2019 IEEE/RSJ International IROS

D’Angelo, G., Perrett, A., Iacono, M., Furber, S., & Bartolozzi, C. (2022). Event driven bio-inspired attentive system for the iCub humanoid robot on SpiNNaker. Neuromorphic Computing and Engineering
D’Angelo, G., Janotte, E., Schoepe, T., O’Keeffe, J., Milde, M. B., Chicca, E., & Bartolozzi, C. (2020). Event-based eccentric motion detection exploiting time difference encoding Front. Neuroscience
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Iacono, M., D’Angelo, G., Glover, A., Tikhanoff, V., Niebur, E., & Bartolozzi, C. (2019, November). Proto-object based saliency for event-driven cameras. In 2019 IEEE/RSJ International IROS

Intensity
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~100 ms

≈2000 px/s.

Iacono, M., D’Angelo, G., Glover, A., Tikhanoff, V., Niebur, E., & Bartolozzi, C. (2019, November). Proto-object based saliency for event-driven cameras. In 2019 IEEE/RSJ International IROS

Intensity
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~100 ms

Iacono, M., D’Angelo, G., Glover, A., Tikhanoff, V., Niebur, E., & Bartolozzi, C. (2019, November). Proto-object based saliency for event-driven cameras. In 2019 IEEE/RSJ International IROS

Intensity



`

Depth

Ghosh, S & D’Angelo, G., Glover, A., Iacono, M., Niebur, E., & Bartolozzi, C. (2022). Event-driven proto-object based saliency in 3D space to attract a robot’s attention. Scientific reports, 12(1), 1-14.



~100 ms ~170 ms

Input ED sal mapRGB sal map 3D fixationsDepth map
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Input RGB sal mapDepth map

Ghosh, S & D’Angelo, G., Glover, A., Iacono, M., Niebur, E., & Bartolozzi, C. (2022). Event-driven proto-object based saliency in 3D space to attract a robot’s attention. Scientific reports, 12(1), 1-14.
33

~100 ms ~170 ms



Intensity
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Intensity



How does a neuromorphic platform work?
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Let’s start from classic CPU!
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Let’s start from classic CPU!
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NON von Neumann architecture 

𝑒
−∆𝑇

𝞃  LIF neuron

Connections among neurons
• Exitatory and Inhibitory connections

DIGITAL: SpiNNaker (i.e. ARM cores; old 18 cores 1ms clock, new 256 Cortex 
M4 180 MHz; RISC)

ANALOG: DYNAP-SE (asynchronous analog circuits, NO global clock )

~mW power consumption (even less)

von Neumann architecture NON strictly von Neumann

Single core NO connections among 
cores 

CISC 1 to 3 GHz CISC 1.4 to 2.5 GHz

125 to 250 W 300 to 400 W

t

N1
N2
.
.
Nn
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~100 ms ~170 ms
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~100 ms ~16 ms~170 ms

(6 SpiNNaker boards )

Input ED sal map 3D fixations
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synthetic real-world

43

Motion

D'Angelo, G., Janotte, E., Schoepe, T., O'Keeffe, J., Milde, M. B., Chicca, E., & Bartolozzi, C. (2020). Event-based eccentric motion detection exploiting time difference encoding. Frontiers in 
neuroscience, 14, 451.

4 ms latency
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Is there any saliency map in the brain? 
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Is there any saliency map in the brain? 
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Is there any saliency map in the brain? 

Is the active interaction with the world the response?

Embodiment refers to the concept of 
experiencing the world through a 

physical body or form. 
46



Is there any saliency map in the brain? 
Is the active interaction with the world the response?

Sensorimotor contingencies

47

standard view sensorimotor view

Engel, Andreas K., et al. "Where's the action? The pragmatic turn in cognitive science." Trends in cognitive 

sciences 17.5 (2013): 202-209.

Maye, Alexander, and Andreas K. Engel. "A discrete computational model of sensorimotor contingencies 

for object perception and control of behavior." 2011 IEEE International Conference on Robotics and 

Automation. IEEE, 2011.
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D’Angelo, Giulia D., et al. "Wandering around: A bioinspired approach to visual attention through object motion sensitivity." arXiv preprint arXiv:2502.06747 (2025).



sOMS
OMS map

SNN Proto-object 
Saliency mapEvent map

sAC

Pan err population
Tilt err population

Pan Tilt Unit

…

Border Ownership

Grouping
-

center

surround

object motion sensitivity proto-object detection

visual attention

P(x,y)𝑢𝑝𝑎𝑛 , 𝑢𝑡𝑖𝑙𝑡 

fixational eye 
movements

salient point

fovea

saccade

D’Angelo, Giulia D., et al. "Wandering around: A bioinspired approach to visual attention through object motion sensitivity." arXiv preprint arXiv:2502.06747 (2025).



fovea
Salient point P(x,y)
𝑢𝑝𝑎𝑛 , 𝑢𝑡𝑖𝑙𝑡 Setup

Speck

FLIR PTU A

D’Angelo, Giulia D., et al. "Wandering around: A bioinspired approach to visual attention through object motion sensitivity." arXiv preprint arXiv:2502.06747 (2025).
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D’Angelo, Giulia D., et al. "Wandering around: A bioinspired approach to visual attention through object motion sensitivity." arXiv preprint arXiv:2502.06747 (2025).



A Benchmarking Framework for Embodied Neuromorphic Agents

Set of Tasks and Metrics for evaluation 
and benchmark

Co-designing “brain” and “body” unlocks new levels of 

efficiency, resilience, and adaptability

Giulia D’Angelo, Jens E. Pedersen, Taimoor Hassan, Matteo Cianchetti, Josh Bongard, Fumiya Iida, Giacomo Indiveri, 
Matej Hoffmann, Cecilia Laschi, Chiara De Luca, Chiara Bartolozzi, and Elisa Donati



Not only attention…
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Average consumption ∆T=20 ms is 0.3756 mW

35 slides 58
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Do you want to work with me? 
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