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Event cameras

• Silicon retina

• Pixel-level changes

• Asynchronous events (microsecond resolution)

– OFF events – encode decreasing brightness

– ON events – encode increasing brightness

• DVS – Dynamic Vision Sensor











DVS

• No redundant information 

• Low latency

• High dynamic range 

• No motion blur

• Reduced power consumption

• Paradigm shift 



• DVS128
(Dynamic Vision Sensor)

[3] P.Lichtsteiner, C. Posch and T. Delbruck. “A 128x128 120dB 15ꙡs latency asynchronous temporal contrast 
vision sensor”. JSSC 2008

http://inilabs.com/



• DAVIS240
(Dynamic and Active-pixel Vision Sensor)

[4] C. Brandli, R. Berner, M. Yang, S.C. Liu and T. Delbruck. “A 240x180 130dB 3ꙡs Latency Global Shutter 
Spatiotemporal Vision Sensor”. JSSC 2014

http://inilabs.com/



EMVS: Event-based Multi-View Stereo [1]

• Semi-dense 3D structure

• MVS – the problem of 3D structure estimation, of  a static 

scene, from a collection of images taken from known viewpoints



A Space-Sweep Approach to True Multi-Image 
Matching [5]

• Binary edge images   

[5] R.T. Collins. “A space-sweep approach to true multi-image matching”. CVPR 1996



Event-based Space-Sweep

1. Back-project event locations as rays through 
a defined volume of interest

2. Record the number of rays that pass through 
each voxel

3. Determine locations of 3D points



Frame-based vs. Event-based



Volume of interest - Disparity Space Image (DSI)





Camera positions

• Motorized linear slider

• Visual odometry algorithm – SVO [6]

[6] C. Forster, M. Pizzoli and D. Scaramuzza. “”SVO: Fast semi-direct monocular visual odometry”. ICRA 
2014









Simultaneous Optical Flow and Intensity 
Estimation from an Event Camera[2]



Optical flow

• Apparent motion of brightness patterns 



Problem formulation





Discretisation



Optimisation

• preconditioned primal-dual algorithm [7]
• Legendre-Fenchel transform [8]

[7] T.Pock and A. Chambolle. “Diagonal preconditioning for first order primal-dual algorithms in convex 
optimization”. ICCV 2011

[8] A. Handa, R. A. Newcombe, A. Angeli and A.J. Davison. “Applications of the Legendre-Fenchel
transformation to computer vision problems”



Experiments

• Benefits of simultaneous estimation



Experiments



Experiments

• High Dynamic Range



Experiments

• Rapid motion



Experiments



References

[1] H Rebecq, G. Gallego and D. Scaramuzza. “EMVS: Event-based Multi-View Stereo”, 
BMVC 2016

[2] P. Bardow, A.J. Davison and S. Leutenegger. “Simultaneous Optical Flow and 
Intensity Estimation from an Event Camera”, CVPR 2016

[3] P.Lichtsteiner, C. Posch and T. Delbruck. “A 128x128 120dB 15ꙡs latency 
asynchronous temporal contrast vision sensor”. JSSC 2008

[4] C. Brandli, R. Berner, M. Yang, S.C. Liu and T. Delbruck. “A 240x180 130dB 3ꙡs 
Latency Global Shutter Spatiotemporal Vision Sensor”. JSSC 2014

[5] R.T. Collins. “A space-sweep approach to true multi-image matching”. CVPR 1996

[6] C. Forster, M. Pizzoli and D. Scaramuzza. “”SVO: Fast semi-direct monocular visual 
odometry”. ICRA 2014

[7] T.Pock and A. Chambolle. “Diagonal preconditioning for first order primal-dual 
algorithms in convex optimization”. ICCV 2011

[8] A. Handa, R. A. Newcombe, A. Angeli and A.J. Davison. “Applications of the 
Legendre-Fenchel transformation to computer vision problems”


