
Activity-Driven, Event-Based Vision Sensors 

, 3,
1Inst. of Neuroinformatics,UNI ETH Zürich, Switzerland, Center for Microelectronics, Sevilla,

Dept. of Electrical Engineering, Yale Univ., Austria Inst. of Technology GmbH, Vienna

Abstract

1. RATIONALE
2. HISTORY

            address-eve
nts

X

Y

Rotating Dot
Stimulus

Space-Time Spike Events

X

Y

Time

200 rev/sec

5 
m

s

x

y

pixel
sensor

bus
 

Fig. 1 AER vision sensor concept. This example from the 
dynamic vision sensor [5] shows how a high speed 
stimulus generates a sparse, asynchronous digital stream 
of address-events which rapidly signify changes in scene 
reflectance. 
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3. TYPES OF AER VISION SENSORS

 Spatial contrast (SC) sensors
ratios

spatial difference (SD) sensors
differences

 Temporal contrast (TC) sensors
relative

temporal difference (TD) sensors
absolute

 Frame Event (FE) sensors

 Asynchronous Event (AE) sensors
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Table 1 Comparison between AER vision sensor devices. Pixel size is given both in lambda (the scaling parameter) and um units. Power 
consumption is at chip and not board or system level. Best metrics are in bold. (Extended from [5].) 

 Prior work This session 
Year 2001 2003 2005 2006 2008 2009 2010 2010 2010 

Source Zaghloul, 
Boahen [30] 

Rüedi et al. 
[16] 

Mallik et al.[9, 
32] 

Lichtsteiner et al. 
[5, 33] 

Massari et al. [27] Ruedi et 
al.[31] 

Posch et al. 2010 [34] Linares-
Barranco et 
al. [2] 

Culurciello et al. 
[3] 

Functionality  Asynchronous 
spatial and 
temporal 
contrast,  

Frame-based 
spatial 
contrast and 
gradient 
direction, 
ordered 
output 

Temporal 
frame-
difference 
intensity 
change 
detection APS 
imager 

Asynchronous 
temporal 
contrast dynamic 
vision sensor 
(DVS) 

Binary spatial and 
temporal contrast

Digital log 
pixel + RISC 
proc. 

Async. Time-based 
Image Sensor (ATIS) 

Async. 
Weber 
Contrast 
(SC), with 
either rate or 
TTFS coding 

Temporal intensity 
change or spatial 
difference can 
trigger readout 

Type (Sec.3) SC TD AE SC FE TD FE TC AE SD TD FE SC, 
embedded 

TC AE SC AE TD SD FE 

Gray picture output          
Pixel size um 
(lambda) 

34x40 
(170x200) 

69x69 
(276x276) 

25x25 
(100x100) 

40x40 
(200x200) 

26x26.5 
(130x130) 

14x14 
(311x311) 

30x30 (333x333) 80x80 
(400x400) 

16x21 (??) 

Fill factor (%) 14% 9% 17% 8.1%  20% 20% 10%(TC)/20%(gray) 2.5% 42% 
Fabrication process 0.35um 4M 2P 0.5um 3M 

2P 
0.5um 3M 2P 0.35um 4M 2P 0.35um 4M 2P 180nm 

1P6M 
180nm 4M 2P MIM 0.35um 4M 

2P 
180nm SiGe 
BiCMOS 7M 

Pixel complexity 
T=MOS,C=cap 

38T >50T, 1C 6T (NMOS) 
2C 

26T(14 anal), 
3C 

45T ~80T, 1C 77T, 4C, 2PD 131T, 2C 11T 

Array size 96x60 128x128 90x90 128x128 128x64 320x240 304x240 32x32 128x128 

Die size mm2 3.5x3.5 ~10x10 3x3 6x6.3 11 5.2x8.4 9.9x8.2 2.5x2.6 ?? 

Power 
consumption 

62.7mW @ 
3.3V 

300mW @ 
3.3V 

30mW @ 5V 
(50 fps) 

24mW @ 3.3V
 

100uW@2V, 
50fps 

80mW 
(11mW 
sensor) 

50-175mW 0.66-
6.6mW 

<1.4mW@3V 

Dynamic range ~50dB 120dB 51dB 120dB  
2lux to >100 
klux scene 

100dB 132dB 
6V/lux s 
39dB SNR 

143dB (static) 
125dB@30FPS 
56dB SNR 

100dB 
1lx to 100klx 

2V/s/(uW/cm2) 
@550nm. 
1.14uV/e- 

PD dark 
current@25C 

? 300fA ? 4fA 
(~10nA/cm2) 

NA 44mV/s 1.6nA/cm2 NA  

Response latency, 
frames/sec (fps), 
events/sec (eps) 

~10Meps < 2ms 
60 to 500 
fps 

< 5ms? 
200 fps? 

15μs @ 1 klux 
chip illumination
2Meps 

Max 4000fps 30fps 3.2us@1klux 
30Meps peak, 6Meps 
sustained 

100us 
@50klx 
66Meps 

200-800fps dep. 
on mode 
13Meps 

FPN matching 1-2 decades 2% contrast 0.5% of full 
scale, 2.1% 
TD change 

2.1% contrast 10% contrast 0.8%  
 

0.87% 
contrast 
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6. CONCLUSION
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