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O|H EF |2}, SXH|MMIM : Dynamic Vision Sensor (DVS)

(Neuromorphic camera)
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O|H EF |2}, SXH|MMIM : Dynamic Vision Sensor (DVS)

(Neuromorphic camera)

o M| D43 702} ( Bio-inspired camera )
» 2o| =0l R= GXlot= AlMZSl & MZ(Photoreceptor Cell) & 7HX| SF7F EXH.

« Color Vision, § M&= 2lAlI5H= HFEM|XE(Cones) - Standard Camera

e Monochromatic Vision, & tHMo| X E QlAISH= ZHYM|Z(Rods) - Event Camera

AZ M| E (FAM| ) ZHar M| =
Name Cones Rods
Number 6-7 million 75-150 million
Sensitivies AN EZE A2 R (OFZE A2
NN Related Standard Camera Event Camera (DVS)




HEFH2t, SZH|MMA| : Dynamic Vision Sensor (DVS)

Driving out of a tunnel

FEM|E(Cones

Reconstruction - Our Eyes



DVS Outputs

Standard Camera Event Camera (ON, OFF events)

AT =10 ms

Standard Camera Event Camera (ON, OFF events)

Tutorial on Event-based Cameras : Davide Scaramuzza



DVS Outputs




Motion blur Dynamic Range

Event cameras do not suffer from these problems!



Differences from standard camera
And advantages

- DO =3 40| S2HO0|H HIS7|HO0|Ct.

¢ =2 ZX W2 (HDR): Events > 90dB
 Time resolution : 200pus (0.0002= > 5000FPS)

* Low Power : <140mA @ 5 VDC (USB)

 Min. Latency : < 200us (full-event frame)

» High Temporal Resolution / No saturation : 20| [1E X{ = #45}7}

o) K=J
HA 3

/ No motion blur : EM=2{ 9



Different Output

7|1E 7H|2let= CHE S3U

® ® P events.txt

® Atraditional camera outputs frames at fixed time intervals: 0.000000000 33 39 1
0.000011001 158 145 1

frame next frame 0.000050000 88 143 0
time 0.000055000 174 154 0
0 A 0.000080001 112 139 1
0.000123000 136 171 0

0.000130001 173 90 0
® By contrast, a DVS outputs asynchronous events at microsecond resolut{ii’JRL 171" b 8c 3 1% 1% b S §% [0 ¥ 1% BN
generated each time a single pixel detects an intensity changes value 0.000148001 192 79 1
0.000191001 118 149 0

events stream 0.000223000 191 95 0

e Output : < AlZH QI%], 2(-1,1) >

. (dl(x,y)
event: t, (.x, y>, Slgn ( ) /
l l dt

Timestamp (us)
Pixel coordinates v

Event polarity (or sign) (-1 or 1): increase or decrease of brightness

[Lichtsteiner, Posch, Delbruck, A 128x128 120 dB 15us Latency Asynchronous Temporal Contrast Vision Sensor, 2008




-A-d(log/)/ _U— "O_}\I
>

log/ \ _L _OFFF

11 = — = = — / reset ;=
T o] 47| WIS HIS7 (Mo S5l BE k|

An event is triggered at a single pixel if photoreceptor  differencing  comparators

log I(x,t) —logl(x,t — At) = £C C = Contrast sensitivity
87| DIZte
logl(x,t)
ON ON
0 z‘
OFF OFF OFF OFF OFF OFF

Lichtsteiner et al., A 128x128 120 dB 15pus Latency Asynchronous Temporal Contrast Vision Sensor, IEEE Journal of Solid-State Circuits, 2008



O|HIE A|E2|0|E{ (ESIM: an Open Event Camera Simulator)

Ros : rosbag Lt = X7 2 X47}s.

@ rqt_image_view__ImageView - rqt

Smooth scaling ' »




Video to Events: Recycling Video Datasets for Event Cameras

Adaptive Upsampling : NVIDIA Super SIoI\/Io
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Data Augmentation

ZtH 0|0|X|
Data
Augmentation

3

-

Pretrained



Data Augmentation
B maf| it O A7 7|=238iC) = 2 A|ZHol| w2 w27|7} 7| 2L,

A ' (a) (b)
= (c)(d)

- O|O|X|7} &1 A= AIZFEHE
= | (a) 20t Ojo|aRE
. (b)4otOp0|32X

| (c) 8Tt Ojo|a =R

(d) 168t Oj0|3 2%




Yolo-v3 : You Only Look Once

Architecture
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Yolo-v3 : You Only Look Once

Unified, Real-Time Object Detection

* YOLOv3

—@)- RetinaNet-50
~0)— RetinaNet-101

Method mAP-50 time
B] SSD321 45.4 61
C] DSSD321 46.1 85
D] R-FCN 51.9 85
E] SSD513 504 125
F] DSSD513 53.3 156
'G] FPN FRCN 59.1 172
RetinaNet-50-500 50.9 73
RetinaNet-101-500 53.1 90
RetinaNet-101-800 57.5 198
YOLOv3-320 51.5 22
YOLOv3-416 55.3 29
YOLOv3-608 57.9 51
50 100 150 200 250

Inference time (ms)



Area of Overlap
loU =
Area of Union
loU: 0.4034 loU: 0.7330 loU: 0.9264
Poor Good Excellent

1.0

0.8 -

|

0.4 -

Precision

0.0 l . l .
0.0 0.2 0.4 0.6 0.

Recall

The area under this Precision-Recall curve gives you the “Average

Precision”.



Yolov3 0| 8t% (General vs Data Augmentation)
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Yolov3 0f] st& (mAP 12H= H|i)

-2 =— 4 — 8 16 =— Data Augmentation
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olr

OE!
>
FE

OpX|2) iteration A2 B+t lossgt | OFX|} iteration A|2] mAP st& & best mAP
28 00|32 X(General) 0.317746 88.7% 89.62%
40t 00| 3 =X 0.317564 34.6% 91.07%
8Tt 00| =2 =X 0.279849 85.1% 90.80%
168k O10|3 =X 0.211214 76.2% 17.37%
Data Augmentation 0.386162 93.9% 94.19%




0X
ofr
OE!
N
FE

(conf_thresh =0.25) precision recall F1-score MAP@0.50 Detect time
20 00|32 22X (General) 0.80 0.76 0.78 88.72% 25ms /image
40t OfO|3 =X 0.89 0.76 0.82 84.65% 25ms /image

8ot Oro|3AZ X 0.92 0.78 0.84 85.13% 25ms /image
162t O0|3ZX 0.78 0.74 0.76 76.18% 25ms /image
Data Augmentation 0.90 0.86 0.88 93.88% 25ms /image




Environment

2|F SSDOf| =5 A8 3.

e HEITZZ 20173 + & SSDO| (Ubuntu 16.04.3 LTS ) (ext4) format

« H|O|E{Al 7St A - NCloud ( Ubuntu 16.04.3 LTS)

« 1:8vCPU, 32GB Mem

e 2:GPU - Tesla V100, 32GB Mem with/ 8vCPU, 90GB Mem )
» ot52H4 : Colab Pro (Ubuntu 18.04.3 LTS)

e GPU - Tesla P100, 16GB

* 4 x Intel(R) Xeon(R) CPU @ 2.30GHz 32GB Mem



Result Work - Yolo-v3 weights

Application : OFZF HOFSO0l| A2 28| BFX].




Result Work - Yolo-v3 weights

« = IHE Sdll, HE2 &af 20| 7|E FHH2t2 250] 0|F0{X|7| e = 2H40|A O[HIE FIH2tE Sot 4
A&s= 715760 D2 Z2 er 80| Chet Yoks R =R 2M, One-stage 2| 2= ZE QI Yolo-v3
2SS 22510 HA[Zte 2 x| Q1A]0] 7tsStC= H0| SEO|Ct

« Yolo-v3: 2| 4= EES0HAM 4= £7t tHE One-stage 22 S0i[A] 2l|O|E A7} Of R Z2 HO|H, 4
sk oL, Xe| 2hE (CPU, H|2E|, feideld)ss 1e{ot0] N2 HEet BEO = Y210 e

« [|Ql OtO|C|0{7} Data Augmentation®! Bt=2, Z2 H|0|E{& O|Es5tE 2, 2 X2 22 fitHZ2 0| Zdl
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Future Work - Yolo-v3 weights

e =J}HO| —'?'——E—QEE, Yolo-v3 & X}tA|0|A O|Z(False Negative)=Lt False PositiveE Z0|= O[]
A= Stz 7| IE0| Application?] =L =X0| A, Loss functionS MAHA|510] ZH =2 M
O] 4(FN)= =0|= [0 =S HF0 /X ME AAIS Tl o o~ QUL
o QIERQIE RZO| OFRFE, Hetsh=0| A|Z10] O Z2[A| &1, O[HIE H|O|Ee] E84 O0| =X =&
of AZt ZdlisE 7HX[=H|, AiEFd XiSAF 20| 0 R = M?J L= AA|ZE B=0| 2ot Z<0f 2EEO
= = UL
#0i[, CNN L&l End-to-End 2221 SNN £ H35t0{ C|EES = ASA2=E 7|Chstar QUL



