A =TT =X ER LTS

BRAXRT BHEZBRL - TR - SHRE -
FRESIS - ALADEE - ILAREAN - FHEC

ISHBEEMEE [T7— 48 - FJERIC L 2 #igREmRE
D 7= DEIFBIFFITFHF |



& BLE - 553
WME, AV 7 7E I T 5 GEHEASES—H, BB T X NBEED
I T DIADPRIAEFNT WS, KERHERTIE, EBF7 VX NEEEITER

EEES L. ERESKRA. RERAFOBEGRUEBAEITL, 777 K nild
SIS B X TLDEREED TS,

FE +¥%émLtL% Ru3E
BB SR A

Ex%@i pall

/kb ﬁf” 1RA
fEHE ‘R D ER

77U HEE
https

(ICN)
ITHUEES, HERESE
/ = GoogleMap L7/ F—avERR

HRERN S —

hwwﬁ

LI = 5’7 : 0:.3 7
; ¢ . Ta;adaglobaba ’;};\7(1,"'W;seda Ljni;ersitvh[
Asagaya P o FEHE g O N[5y =N Qing 1
o w7 S Y
- e e e fa (LG P
g ’,"\?';% o D,: GD = s < o (%,) ; v . 1) ER 3
17— FEEKE 777 F:/XTA mrow,) Mmy mmc' Shinjuk
BH 7R AES RES) (BRI, 7 — 5% B S Wi g b



B=(1) 17 THEE

-

c A VT IHMBT AT LOKEN (H43) NEXCOR — F & A #—
« AV T TEMRICLDEHRSHER P TE
« INZTEIT, EXRED OERORBREBNREITINTWS
« LAL, SPAERBBHEICLZ2BREAREIISBLERAN NS
« O, HHFBBARNEET 2 EE TIEERNKE
« ¥/t RREBEBIIBEFEEREE T, SEBVCEEREETE IIURA

-

« BEEICLDLMAA v 7 THEY X T L DOFEE
. BEEHAAYRADE VBB KB TH AL
- X% - HE - BEMEABAT [RA~v— FEEE] O
o V7 THEFEUNDOBEGRINEY —EXR (BRERI. BMEERMN., &) ~
D & 5




E=02) BB X K

e Wy T UABEHLI-BEH X FNHEE
vV HRBETOEE TV X NBEEIZIVIANIADLD
(1993 YAMAHA PAS)
v HERIZ X e-bike & F L 5

v RO BEEHZITERNIEI005E TEm L TWLWBEA ., e-bike miE
I Z D6ETHIFIL AL, EF360HE8ICET S

vV ZTOBWTHKEZRIT 5 £2025F 121X FEE10005 5 (2FhE

(H#8) HIRXTECH 20184 8820H

(H#8) https://www.yamaha-motor.co.jp/pas/

. SITERZE X R e-bike DFHE

1. S.B.Eisenman et al.: ACM SenSys 2007. gty Y—%v b 7—7
2. Y.Kobana et al.: IWWISS 2014. HERE + RE >t — 12 & B EERA

S.B.Eisenman et al.: “The BikeNet Mobile Sensing System for Cyclist Experience Mapping,” ACM SenSys 2007.
Y.Kobana et al.: “Detection of Road Damage using Signals of Smartphone-Embedded Accelerometer while Cycling,” IWWISS 2014.



-

« HERE
i
« lRE6MLL DB Zk

BE=03)#E

Sy N =7

/ NBRUNZWEY Y FTIIER S IR

EANICHERER{TZE

X S

-
8] D g
6mbl _EERE BmE= ast
LERe | wmes | 28 o
= 33 33
m 284 226 510
Kl 09 439 15 463
st 326 665 15 ) 1006

FEXDEEDN25%

& BEREEDOES R

X DB ISE|R

—

MOV BRI B RS
¢ %ﬁﬁ ZGDEED E_g_r'%i
c FIBEXDEKIZIES
5.5mK iGN 76.5% % 5

e JEX - BEsEry b7 — 7 5B (2019FE ~2028F )

http://www.city.shinjuku.lg.jp/seikatsu/kotsu01_20190315.html.

/8 ==

==



db B2

DS AN

A

& & 5.5ma< i
g £ 3.5mA i

HE)E

SRS

Z_ﬁb

PAN

71%
31%

X [&]

X ARIIBEFEIEIC

SIRD

Ny

=

A7

[

— -

i % YR Wk % B, WM ERK S NN R

% IE % B * * % =3

® B 19. 5m 13. Om 5. bm 5. bm 5. bm 3. bm 3. bm bR2)

~ ~ ~ e

il 2 [ 19. 5m | 13. Om At [ 5. 5m At RHER R
s 3 OB G 8,795.2 808.3 5,691.5 2,295.3 - 8,795.2 - - - -
— M BH & 55,637.4 1,181.4 6,886.7]  43,527.6 1,527.9]  53,123.6 327.2 1,369.5 817.2 144.4 2,513.8
A U OGE 129,666.6 1,130.8 4,980.1]  85,184.9]  13,349.1] 104,644.8 2,048.9]  12,234.1 10,738.8 1,678.7]  25,021.8
i W K E 1,029,787.3 759.9 4,632.6] 185,018.1] 417,947.8| 608,358.4 7,088.8|  48,935.1| 365,405.0] 140,322.5| 421,428.9
& i 1,223,886.5 3,880.4|  22,190.9] 316,025.9 8| 774,922.0 9,464.9 448,964.5

ez 28% ‘| 35% [ 63%

v

Hi 8t

[

—_

XE [E - # - XiETAhE

WL THEVLWERAZ L

=NV Fl-l_J
6



D e F

I L 70 E B IEIRALIE

L E2

=L

1. A<¥— k
2. FlERE T E

2%

D B
3. 7

7%

N R AT RT LADE




Ll

2~<— hE

YA,
IR R IE

~

Ll



(1) A~ — N=EINCE

(1) AX—F 75V

cF [
= '

Q

BET7 VA FBEE
(Panasonic XU1/XM1)

-
P A e



(2) A~ —

* Jetson TX2

Jetson TX2 MELCEl S HAFEV 22—V
I’C
It

VA Sk e g

M@ Y

(a) AR A1

Jetson TX2 Realsense D435i

(b) #E X112

= CI)r_L1ﬂj:

N ' B, E

K<

« BRFET/NA R

jJDJEr&/’\”/f a

RGBH X Sladei ol
HNERE .
Yy4A0 s
R = e
?‘
|
i | (dEBRE

360EH A S
(RICOH

N=—Fr-~u E|E|

: JRE AR
~ (Jetson TX2)

(2D)LIDAR
B CBIEE L )

RGB-D# X 7 (Intel RealSense)
. ERERH

offt Y — (INEE, Yv4 0
Ml R)

GPS

RGBH X 5

360 /1 X5 (RICOH Theta) .. RME&H
2D-LiDAR (JtF5EHE UST-10) ... BRERH
et Y — (MEE., v/ 0) .. BEKRA

X ARETEIMERIZTE/NNA LNy T ) &4t

10



BYAXY—FT7 4 DEES

B G ERTRAN T 7)) EITROHEEE S

_ Google Pixel 3 HTC U12+ Huawei Mate 20

=*1 61.1mAh 77.7mAh 59.6mAh

AccuBattery

%2 55.8mAh 47.9mAh 20.6mAh

e My FYRBEIEPT LECAD
BNy T UAREDHR X REEBHEEMTTZ LT A

EE) 7R FHEE

11



d

(4) Jetson TX2 DB E T S

Watts Up Pro

« \IRHE OALIERFE  « HEEBROKHRED

0.9

—Mode 3 (default) —Mode 0 Mode 1

0.8 035
0.7 1080 (2 1M D B R AL ER

(o] ) /

206 ~0.25

g 0.5 ?:_.:’ 0.2 7(

P ] LW (a) YoLOV3 (BBHERD)
— | | e |

803

e

£02
0.1

0 20 40 60 80
Elapsed time (sec)

yolo yolo-tiny yolo yolo-tiny yolo yolo-tiny
Mode 0 (1.30 GHz) Mode 1 (0.85 GHz) Mode 3 (1.12 GHz) —Mode 3 (default) —Mode 0 Mode 1
INA ST — 0—/87 — F7 4k 0.35

AKAR AR BRI D AR 5 R 2025

15 | AN Lo O D (b) YOLOV3-tiny (&53)

0.1 |f

0 10 20 30 40 50
Elapsed time (sec)

12



bt 2% 2

)

/7|</EE %jj 7% /3

RULIE

/

1L 723

=




2) [B{REVS

e 7/ F—3 5y R BEEGE

L. 1B

LBERE LTDT /) 7—> = > E2% £

;- ] = - Ele Edt view Help
s = 2 < X - . Box Labels
‘ ﬂ - “ ‘m_.g o 2
i
Use derast

Open
(24
bes2c.  SG06CHENS. ST OpenDir
124
hange Save DI

COBIONIB0.  ae0RAINAS..  AdSOZa0bh.  dO2BfSccd0fOsa.  AdScdeicd.. 203246602073

FREER1089M A b B FIE1E
B]1R 194 & 3 H

aiece

H
o

5%;‘ ;<§b]
Eo:

~

Damage Type Detail Class Name °
ot | 1 ok Longitudinal - Wheel mark part w

racl inear Cracl “onstruction joint part 1 — / — N DAY
e ol il DS 7T —> 3 "/ — )l Labellmg
Construction joint part DI
Alligator Crack Partial pavement, overall pavement D20
Rutting, bump, pothole. i D40 ﬂ:/ —t ﬂ:/ —t %
Other Corruption Cross walk blur Di3 Pascal VOC 7T (\:_ YOLOjiZ T
White line blur D44 ~
Source: Road Maintenance and Repair Guidebook 2013 TR A (2013) in Japan M\ g ’L:\ L T *H E ?ﬁl

E%J:?E'fﬁ D5 iﬁi“%

precision

recall

Precision

3
09
08
07
06
05 = original
o = +ours
03
0.2
01

o

DO DOl D0 DU DX D4 D44
Recall

09
08

m original
® +ours
D44

JETJI/GJE*““ EEELL

05

0.4

0.3

0.2

21T
o

D10 b1 D20

s

14



—_

A= T

 Road damage dataset +

Detection Challenge

— X

e KITTI dataset

@ 2020 [EEE Intemational Conferer X+

€ > C O @ rdd2020sekilabglobal *

IEEE
BigData
2020

Global Road Damage Detection Challenge 2020

Global Road Damage

Detection Challenge A Track in the IEEE Big Data 2020 Big Data Cup Challenge
20

IEEE BigData 2020

Atlanta, GA, USA

Overview

Submissions
Participants
Leaderboard

Organizers
Sponsors and Awards
Log In & Sign Up

Latest Updates

Apr 25, 2020: web site of the challenge opens, the task is revealed,

May 1, 2020: Training Data - releasing date has been postponed to May 10, 2020 due
to the ongoing pandemic COVID'19!

Sept 02, 2020: The article explaining the India-Japan-Czech datasets and our analysis
for the same, is now available(https://arxiv.org/abs/2008.13101).

Sept 10, 2020: Test2 has been released
(https://github.com/sekilab/RoadDamageDetector). the submission form for test2 is
opened. The final ranking is determined by the average scores of test1 and test2.

Sept 23, 2020: The link for submitting the source code has been enabled. Please check
the submission page.

Sept 25, 2020: Deadline for submitting the source code & the solutions, End of the
competition

Oct 06, 2020: 13 teams have been shortlisted for paper submission! Please check your

mails!

https://rdd2020.sekilab.global/

O The KITTI Vision Benchmark Suite X 4

€ C O A RESHTWEWER | cviibsnet/datasets/kitti/ * T 09D AN

Aproject of Karlsruhe Institute of Technology
and Toyota Technological Institute at Chicago GrcAc> Karlsruhe Institute of Technology

The KITTI Vision = P ‘(IT
Benchmark Suite & gx/ &

home setup stereo flow sceneflow depth odometry object tracking road semantics rawdata submit results

Andreas Geiger (MPI Tiibingen) | Philip Lenz (KIT) | Christoph Stiller (KIT) | Raquel Urtasun (University of Toronto)

KITTI-36

http:// libs.net/datasets/kitti-36!

Welcome to the KITTI Vision Benchmark Suite!

| We take-advantage o our aulEomots drivnd dlationn Ammieway!to developrovel chelienging 460" Velodye Laserscan
real-world computer vision benchmarks. Our tasks of interest are: stereo, optical flow, visual
odometry, 3D object detection and 3D tracking. For this purpose, we equipped a standard station
wagon with two high-resolution color and grayscale video cameras. Accurate ground truth is
provided by a Velodyne laser scanner and a GPS localization system. Our datsets are captured by
driving around the mid-size city of Karlsruhe, in rural areas and on highways. Up to 15 cars and
30 pedestrians are vsible per mage. Besides providing all data n raw format, we extract
benchmarks for each task. For each of our benchmarks, we also provide an evaluation metric and
this evaluation website. Preliminary experiments show that methods ranking high on established
benchmarks such as Middlebury perform below average when being moved outside the laboratory
to the real world. Our goal is to reduce this bias and complement existing benchmarks by
providing real-world benchmarks with novel difficulies to the community.

Sterco Camera Rig

GPS

The KITTIVISIO!

http://www.cvlibs.net/datasets/kitti/ 15
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Road Damage Dataset

SSD+MobileNet

XER[2] B EREEY) R-FCN

GINI Dataset

R3] B L BEEY)

collected from StreetView

YiRRHE (NiEE) YOLO-tiny YOLO

COCO Dataset

g (AR HE) OpenPose
2018F K% (BS L85+ SSD+MobileNet

B FEZEY) YOLO-tiny

2019 % (B LiBE+ YOLO-tiny YOLO, YOLO-tiny
PR EEEY+ ARE)  (SSD+MobileNet)  (SSD+Inception)

SSD+Inception
SSD+MobileNet

R-CNN
NXENEICEG B EEFE
YOLO -
;;%% ETBEORA :
e XY — b7 # 2:YOLO-tiny
* Jetson: YOLO-tiny or YOLO
ooy . 5% F:Y0LO
(SSD+Inception) )

[1] H.Maeda et al: Compute Aided Civil and Infrastructure Engineering, No.33, pp.1127-1141 (2018).
[2] Spotgarbage-GINI: https://github.com/spotgarbage/spotgarbage-GINI.

[3] Litter-detection-tensorflow: https://github.com/isaychris/litter-detection-tensorflow.
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Session

+ id: string
+ device_unique: string

+ device_info: string

Image

+ sensor_orientation: int
+ created_at: timestamp

+ updated_at: timestamp

v’ Session: v > a3 VIEHR
v’ Image: Iz B

v Detect: BIRAEELT

v' Bbox: SLIEFER

+id: sfring

+ session_id: string
+ width: int

+ height: int

+ latitude: float

+ created_at: timestamp

+ updated_at: timestamp

A —< v k&

\

1H

Detect

+id: sfring

+image_id: string

+ model: string

+ created_at: timestamp

+ updated_at: timestamp

i)l

BBox

+id: sfring

+ detect_id: string

+x1: float

+y1: float

+x2: float

+y2: float

+ label_id: int

+ label_name: string

+ score: float

+ created_at: timestamp
+ created_at: timestamp

+ updated_at: timestamp
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