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2.2. b.s — 4k AV E- <o Al — °

- -V oo’ —
100 1024x786
50m 37 70m
27 2018

FLIR GS3U3-123S6GC LM16FC
4096x3000
- H-47.6[deg],\-36.7[deg]

- :GBRG
FLIR GS3U3-123S6GC LM25FC
- 4096x3000
- H-31.5[deg], V-23.9[deg]
- :GBRG
HDR LFM _
- 1920x1080
- H-51[deg], V-30[deg]
4K 3) HD
HDR
FaceBoxes[1l] DCFPN[2] Faster RCNN[3],
YOLO v3[4]
FaceBoxes][ 1]
CPU Fast eCrNNR
Regi on Proposal Net wor k (FRaPcNg B o x e s

96



Rapliyd Di gested Convol uti onal Layers ( RD
Mul tipl e Scal
Convolutapa&CL) FaceBoxes
Anc hoeansi f isdataitemgy
Har d negative mi ning

| oss

-DCFPN][ 2]
2. 60GHePU 30FPBPU 250FFPS
DCFPNRapi &I gesCoendvol ut i onal Densr€shb(phCLl)e d

Convol utLiaoynearls ( DCCL) RDCL

FaceBolxes|[ 1 DCCL 2

mi ci mcepltayear s 75
235 recepftiieled FaceBoxes][ 1]

Anchor densification BPénsaéeegmwchor strategy

receptive field

Scadwaraemc hmat chs amlge me
400 |l ou O 0.5
400 0. 75
(16x16)

Fair L1 | os s

-Fast - «€mMNNR 3]

(Regi on ProposRRN)Net wor k

RPN Fas tC NR\

-YOL O
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YOLOv3[4]YOLOvV3YOLOV?Z2

Cityscapes datase
SI' P datasefCitysadapeaset
50

5000
2000 Cityscapes dat aset

Cityscapes

2.2:1(b)

(a) (b)
2.2:1 Cityscapes

SI P dat aset

200 m
20k m

130m 160m 2. 2:2
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(b)

2. 2-:2SI P dat aset

mAP(mean Average Precision) mAP
AveragePrecision(AP) AP

Precision Recall

Vi QWi Q&+

Precision Recall(r) Precision

0V 01 QOQIME ¢

Cityscape 2. 2-1
2. 232 I ntel (R)
7940X CPU@3 .1 0GHZz

Core(TM)
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[s]
FaceBoxes 1536 0.630
DCFPN 512 0.230
768 0.532
Faster RCNN 1000 10.4
416 6.03
YOLOV3 640 17.6
800 30.7
2.2:2Cityscapes AP
bike car person| traffic light
FaceBoxes 1536 0.300 0.622 0.143 0.049
DCFPN 768 0.310 0.617 0.311 0.107
Faster RCNN 1000 0.306 0.495 0.325 0.118
YOLOV3 640 0.303 0.644 0.466 0.277
2. 2-1 2. 2=:2 YOLOv 3

DCFPN YOLOV3

per stomaf f i c [

ghtyOLOV 3

CitysdapgasSeltP dat aset SI P dataset
2. 2-3 Cityscapes
YOLOvV3 YOLOV3
2. 2-3 2. 2-4
2. 2:3S|1 ®at aset AP
bike car person | traffic light
FaceBoxes 1536 0.112 0.763 0.161 0.486
DCFPN 768 0.147 0.856 0.442 0.588
Faster RCNN 1000 0.264 0.737 0.494 0.477
YOLOV3 640 0.495 0.869 0.833 0.752
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2.2-:3 YOLOv@i tyscapes

SI'P dataset 3 4 K
T 0x09_0 0x09_ _HDR

H D (0x35) 2. 2-4 2. 2-4
YOLOv 3 4 K 0x09_0 4K

2 0x09 1 bi keamper son

traffic 510imght

Fast eCrNNR DCFPN HDR

HD (0x35) 4 K

YOLOvV 3

HD
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2. 2-4 AP

bike car person | traffic light
0x09_0 0.15 0.77 0.23 0.48
FaceBoxes 0x09_1 0.14 0.87 0.20 0.49
0x35 0.09 0.73 0.15 0.50
0x09_0 0.16 0.83 0.35 0.56
DCFPN 0x09_1 0.13 0.86 0.43 0.58
0x35 0.16 0.87 0.48 0.61
0x09_0 0.22 0.71 0.37 0.49
Faster R 0x09_1 0.19 0.85 0.50 0.50
CNN 0x35 0.30 0.70 0.53 0.47
0x09_0 0.67 0.89 0.84 0.73
YOLOvV3 0x09_1 0.61 0.88 0.93 0.64
0x35 0.38 0.86 0.80 0.79
T L T
[6]7]
[2][4]
Cityscapes[5] BDD 100K[8] JARI
SIP dataset Cityscapes BDD 100K SIP dataset
2. 2-5 BDD 100K
2. 2-5
train val test
Cityscapes 3000 500 1500
BDD100OK 70000 10000 20000
SIP dataset 800 400 -
2. 2-6 mAP 2. 2-7
2. 2:6
FPN
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0. 08 secGTX2080GPU
YOLO v 3 FPN
2 -6 ( mMAP)
Cityscapes SIP BDD |Cityscapes SIP BDD
( )| 100K )| 100K
YOLOV3[4] "H "H 0.485 0.715 0.227
"H "H "H 0.566 0.566 0.623
DCFPN[2] "H "H 0.320 0.508 | 0.133
"H "H "H 0.178 0.055 0.191
FPN[6] "H "H 0.542 0.728 | 0.261
"H "H "H 0.638 0.792 0.715
FCOS[7] "H "H 0.599 0.699 | 0.249
"H "H "H 0.571 0.629 0.653
2. 2-7
( GTX 2080Ti) [s]

YOLOvV3[1] 0.016

DCFPNJ[2] 0.045

FPN[3] 0.080

FCOS[4] 0.125

2. 2-8 2 2 -9
FPN
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bike car person traffic light
Cityscapes 0-25 123 434 653 821 2031
25-35 134 553 588 288 1563
35- 1067 3915 2734 552 8268
SIP -25 37 12 74 57 180
( ) 25-35 23 41 50 86 200
35- 130 298 309 414 1151
BDD100K -25 235 34096 4497 20826 59654
25-35 218 16073 2968 3677 22936
35- 1006 58194 6446 2382 68028
2. 2-9
DCFPN YOLOvV3 FPN
Cityscapes 0-25 0.000 0.124 0.163
25-35 0.038 0.195 0.235
35- 0.321 0.665 0.729
all 0.178 0.566 0.638
SIP 0-25 0.000 0.382 0.544
( ) 25-35 0.066 0.283 0.390
35- 0.186 0.649 0.795
all 0.055 0.636 0.792
BDD100K 0-25 0.061 0.308 0.390
25-35 0.105 0.324 0.365
35- 0.399 0.668 0.746
all 0.191 0.623 0.715
R ¢ D 94 ¥ P —
2020
5,747 11
2.2-10
2. 2-
11 2. 2-5
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2.2-10

Car
Bus
Truck
Pedestrian
Cyclist
()
()
( )
2.2-:11
22,006
5,832
291
() 3,405
() 3,328
() 171
423

YOLOvV3 YOLOv3

YOLOvV4[9] YOLOv3 YOLOv4
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2019

YOLOv4 FPN

Feature Pyramid Network(FPN)[4]

FPN YOLOv4 2. 2:12 2. 2=:12 mAP
YOLOvV4 YOLOv4
2. 2-:13 mA P
FPN YOLOv4
0.627 0.649
YOLOv4 4K YOLOV 4
2 2-:14
2-14 [ ]
[m] 50 70 100 120 135 150 200
96 68 48 40 35 32 25
68 48 34 28 25 22 17
200m 2 4 70m 4 8
4161 416 9921 992
1: 1 2:1
YOLOV 4
2 2-15

1

06



2.2:15
500,000
64
0.001
400,000 450,000
YOLOv 4 ( MAP) 2. 2:16
200m 25 35 mAP 0.
50 70 mAP 0. 134
2.2:16 ( MAP)
0-25 | 25-35 | 35-50 | 50-70 all
0.231 | 0.375 | 0.498 | 0.548 | 0.768
0.008 | 0.084 | 0.134 | 0.238 | 0.590
0.010 | 0.033 | 0.138 | 0.371 | 0.456
2. 2:6 2. 229
2.2:17
2. 2:17
()
()
()
2. 26

370 m
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70 m

200m

2 -7
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Audi(A2D2)

SynScapes

VirtualKITTI

Al LiDAR
2021
2. 2-:18 Waymo
-1 5 Cityscapes
2:16 KITTI
2. 2-18

Waymo Open
datasets[10]

ApolloScape[1l1]

A2D2[12]

BDD100K[8]

CityScapes][5]

SynScapes[14]

KITTI[13]

VirtualKITTI[15]

KITTI

VirtualKITTI2[16]
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