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Abstract— Event cameras are bio-inspired sensors that work radically different from traditional cameras. Instead of capturing images
at a fixed rate, they measure per-pixel brightness changes asynchronously. This results in a stream of events, which encode the time,
location and sign of the brightness changes. Event cameras posses outstanding properties compared to traditional cameras: very high
dynamic range (140 dB vs. 60 dB), high temporal resolution (in the order of us), low power consumption, and do not suffer from motion
blur. Hence, event cameras have a large potential for robotics and computer vision in challenging scenarios for traditional cameras,
such as high speed and high dynamic range. However, novel methods are required to process the unconventional output of these
sensors in order to unlock their potential. This paper provides a comprehensive overview of the emerging field of event-based vision,
with a focus on the applications and the algorithms developed to unlock the outstanding properties of event cameras. We present event
cameras from their working principle, the actual sensors that are available and the tasks that they have been used for, from low-level
vision (feature detection and tracking, optic flow, etc.) to high-level vision (reconstruction, segmentation, recognition). We also discuss
the techniques developed to process events, including learning-based techniques, as well as specialized processors for these novel
sensors, such as spiking neural networks. Additionally, we highlight the challenges that remain to be tackled and the opportunities that
lie ahead in the search for a more efficient, bio-inspired way for machines to perceive and interact with the world.

Index Terms—Event Cameras, Bio-Inspired Vision, Asynchronous Sensor, Low Latency, High Dynamic Range, Low Power.
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1 INTRODUCTION AND APPLICATIONS as well as new computer vision and robotic tasks. Sight is,
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1/ HE brain is imagination, and that was exciting to me; I by far, the dominant sense in humans to perceive the world,
wanted to build a chip L:hi?f could imagine @Gmf’thiﬁﬂl" and, together with the brain, learn new things. In recent
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that is how Misha Mahowald, a graduate student at Caltech years, this technology has attracted a lot of attention from
in 1986, started to work with Prof. Carver Mead on the both academia and industry. This is due to the availability

i : . . . . . of prototype event cameras and the advantages that these
stereo problem from a joint biological and engineering per- J .
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Open Challenges in Computer Vision

The past 60 years of research have been devoted to
frame-based cameraxX 6 dzi G KSé | NB y20 3

Dynamic Range

Event cameraslo not suffer from these problemg



What Is an event camera?

Novelsensorthat measurenly motion in the scene

First commercialized in 2008y T. Delbruck (UZH&ETH) u
the name of Dynamic Vision Sensor (DVS)

U Lowlatency(~ 1> R
U Nomotion blur %
U Highdynamicrange(140 dB instead of 60 B |m6f the solar eclipse
U Ultra-low power(mean: 1mW vs 1W) captured by a DVS
standard 0
Traditional vision output: |9
algorithms cannot ’ —
be usedbecause:
A Asynchronousixels event
A Nointensity information ¥ camera
(only binary intensity output:
change$ Video from herehttps:// youtu.be/LauQ6LWTkxM?t=30
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Camera vs Event Camera

A Atraditional cameraoutputs frames afixed time intervals

frame next frame
- , time
0 A

A By contrast, &V Soutputs asynchronous eventat microsecondesolution. Anevent is
generated each time a single pixkdtects an intensity changes value

events stream

, time
0 A §
event.<0h(om>h Qe 5
Timestamp(/79) J
Pixel coordinate

Event polarity (osign) (-1 or 1): increaseor decreasef brightness
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Lichtsteineret al., A 128x128 120 dB 15us Latency Asynchronous Temporal Contrast VisionlBEESO!
Journal of Solikbtate Circuits2008



Event cameras are inspired by the Human E
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Human retina:
U 130 millionphotoreceptors
U But only 2 millioraxond
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EventCamera Output with N&otion

Without motion, only background noise is output

StandardCamera EventCamerg ON OFFeventy

| ’pT:40ms



EventCamera Outpuivith Relative Motion

StandardCamera EventCamerg ON OFFeventy

nT =10ns



Event Camera Output with Relative Motiol

StandardCamera EventCamerg ON OFFeventy

nT = 4(}hs



Examples






robot

Conradt, Cook, Berner, Lichtsteiner, Douglas, Delbruck, A pencil balancing robot using a pair of
AER dynamic vision sensors, IEEE International Symposium on Circuits and Systems. 2009




Lowlight Sensitivity (night drive)

GoPro Hero 6 Event Camera by Prophesee
White = Positive events
Black = Negative events

Video courtesy of Propheseketips://www.prophesee.al




