
R.B. Benosman, 
Eye and Ear Institute, 

BST-3, Rm 2046, 3501 Fifth Avenue
Pittsburgh, PA 15213
benosman@pitt.edu

1

Neuromorphic General Purpose Computation 
Using Precise Timing

mailto:benosman@pitt.edu


Omnidirectional Vision



• Invention of the camera obscura in 1544 (L. Da Vinci)
• The mother of all cameras
• A more realistic and fast depiction of reality

Origins of Imaging



Origins of Imaging

• Increasing painters profits: painting faster
• Evolution from portable models for travellers to current

digital cameras
• Evolving from canvas, to paper, to glass, to celluloid, to

pixels



Motion Picture: origins of video

• Early work in motion-picture projection
• known for his pioneering work on animal locomotion in 

1877 and 1878, which used multiple cameras to capture 
motion in stop-motion photographs

Eadweard Muybridge
(1830-1904)

http://en.wikipedia.org/wiki/Animal_locomotion
http://en.wikipedia.org/wiki/Motion_(physics)
http://en.wikipedia.org/wiki/Stop-motion


Neural acquisition

• Amplitude sampling
• Information is sent when it happens
• When nothing happens, nothing is sent or processed
• Sparse information coding
• Time is the most valuable information



Event-based Cameras

Insightness

• Event-based cameras have become a commodity



Data Space of Events



Why Event Based sensors?



• Data driven: only moving edges produce data
• Temporal edges, precisely timed

Conventional Camera Event based Camera

Why Event Based sensors?



Why Event Based sensors?



Why Event Based sensors?



What can not be Event based computation?

• Creating frames from events at the cost of heavy computation costs
• Using CNN and artificial binary frames 



What can not be Event based computation?
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Neuromorphic engineering

Physiology - Models
- Hardware

- Prosthetics
- Robotics
- Computation

• Makes of machine vision a science!
• Develop new bidirectional methodology to understand the brain
• Merging Computational and Biological Vision



• Matching binocular events only using the time of events
• Two events arriving at the same time and fulfilling geometric 

constraints are matched
16

Applications: Stereovision







Motion estimation: optical flow



Optical flow

• High temporal resolution allows to generate smooth space-time surface
• The slope of the local surface contains the orientation and amplitude of the 

optical flow

Motion estimation: optical flow



Visual Motion flow:

For an incoming event :

Form the surface (image of times):

We then have:



Motion estimation: optical flow



– Multichannel system 16*16 electrodes
– Visual stimulation frequency up to 1ms
– 20kHz recording precision of neural activities

microscope

electrodes
projection system







Rewriting the whole computer vision
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Dynamic Machine Learning: time surfaces
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HOTS: A Hierarchy Of event-based Time-Surfaces
HOTS: A Hierarchy Of event-based Time-Surfaces
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Von Neumann 
Architecture

Artificial Neural 
processors

Renaissance of Event-based computing



Neuromorphic Computing, an old story!

[1] W. S. McCulloch and W. Pitts, “A logical calculus of the 
ideas immanent in nervous activity,” Bull. Math. 
Biophysics, no. 5, pp. 115-133, 1943.

Warren McCulloch Walter Pitts



Perceptron: first neuromorphic engine

[1] F. Rosenblatt, “The perceptron: a 
probabilistic model for information storage and 
organization in the brain.,” Psychological
Review, vol. 65, no. 6, pp. 386-408, 1958.

(Robert Hecht-Nilsen: 
Neurocomputing, Addison-
Wesley, 1990)

Frank Rosenblatt



[1] M. L. Minsky and S. A. Papert, Perceptrons: 
An Introduction to Computational Geometry. 
The MIT Press, 1970.

The big depression of the 1970’s

Marvin Minsky & Seymour Papert

• Minsky an Papert’s book on Perceptrons is
seen by many as the cause of the drop in ANN 
research (the XOR problem)

Kunihiko Fukushima

[1] K. Fukushima, “Neocognitron: A self-
organizing neural network model for a 
mechanism of pattern recognition unaffected
by shift in position,” Biological Cybernetics, 
vol. 36, no. 4, pp. 193-202, 1980.



1980’s Neurocomputers...

• Siemens : MA-16 Chips (SYNAPSE-1 Machine)
– Synapse-1, neurocomputer with 8xM-A16 chips
– Synapse3-PC, PCI board with 2xMA-16 (1.28 Gpcs)

• Adaptive Solutions : CNAPS
– SIMD // machine based on a  64 PE chip.

• IBM : ZISC 
– Vector classifier engine

• Philips : L-Neuro (M. Duranton)
– 1st Gen 16PEs 26 MCps
– 2nd Gen 12 PEs 720 MCps

• + Intel (ETANN), AT&T (Anna), Hitachi (WSI), NEC, Thomson (now
THALES), etc…



How to encode numbers with neurons?

Necessity to find an alternative to binary
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How to encode numbers ?



elementary units

State evolution:
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Compute Maximum
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Storing information: an inverting Memory network
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Subtractor network
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Linear Combination network
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Non-linearities: exponential
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Non-linearities: logarithm
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Building a Multiplier network
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Integrating signals
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Computing a first-order ODE

118 neurons



Computing a second-order ODE

187 neurons



Simulating a Lorenz attractor

280 neurons







& much more...

Decision making: game theory
stock Market

Low power Online 
decoding and classification

Robotics

Autonomous driving

Always on sensing



• A paradigm shift in AI
• Operate on time rather than luminance information
• Several possible sensors
• Adapted to IOT and low power computation
• Low data bandwidth
• Outperforms conventional image based acquisition

Conclusions
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