20224 FH[st=lHz| iR == BZI[H| 2H

SEERIEE]

| — J ==—

C2 =3 OHX

- 2-input El21& J[Et Multi-task &

OlSHO{RICHEH D XEm4
LAl | 23| | 0140 OIJk! m4k

E
o



00 (]
=S2IHE &
=+ <3H O
o

HAE DEZ|EI(PM) OIEXI= 2lst

| -

MIE el O AJABIS FMIAIELICE.

Motivation
=R 2HE|
Al SgF 24

o

Proposed System

MIH A|AE

o

022

el 2 JIH =1t



N
Q
R
N
i
i
I
2]
>
&
o
I
I
0%
[
MO
oy
A
=
tot

20174 9&

0= 29 M=E2IHC ZaiE

[SEL e R | _—= A

‘Bird’ Al ZI2= MHIA JHAI

20184

=L 8dSZEE SRAHIL

211127 150LCH LHRIZ £[== JHAI

20194

Ol= LH =& 0t013= 2E2IEI
OlE2+ 19 30002 A =TIt

20224

SiTH M2 Al LH 1571 &,
£ 58 700004CHCl

=
SR USHAEE 2RE S

b |

y
o—>o



225

2018

2019

2020

1,735

2021

Zeet AP Qlst
LIoH

2018~2021& EHIDEKI

ESSHeIEENTINE]

TH AHIE

S= 2/HE 2 AL
LISl 2d=E

51.9%

HEl, 2= 22 &0l

2018~2021 &EINHK
Yol =421 Al 1,45821 S
He2l, 2= 22l Jolli= 756

[EX:ef= AHKR]



HMSHEE= RSIIEKREH S
=3 X2l XDEE 25km/h 016 XHHl S2F 30kg Olstel
THRIH OISEXI=E 2FE!.

MEIHC = NHHEZ2 ESHH0F 5H,
S REHEZ It AKX &S DM
= C2(XE) Q= JIERIE] 2

2JIERIEIRS SUE £ US.

NEIHE SLEK}=

= /=1y

Bz ZHl TEENSHE AIAE HMIB2Z0 [k
'SAE IFT SO| H= EHIZ &EGH010F &




20224 FH|st=lH=

01. 2L ALCO| =

OIZ XI2| £HH

St
=

89.8%

OIXD At
0|3} QIXI=

B =

2 AZIHe| &4 1]
=5k ELA]
OO L— 1
1X R ALS
1'I' e =

<PM O0IEX} LH& PM
JHOIE OISEA 2 B+ °._|IIEOH HIoH OIZXtCl &Xl

OHl

PN
=
202148 WE=2HKe
HE

—

13.2%

F4 0ISEXI 012Xt

OtFD A2 =

F XIZIX

%EH"M Al

QIX|E S Z=SHAIEH ZR AR Z1H0d| [T

==LH

l-ol—

ZAl SH2OE RISHE

7< [
=42

2 0{X3l

(=ia]
LIS A
<= T

(=)

=
.

N\

26.29%

TH R E4E



Hl, E= =l S
O= ZXlot CHA




02. M2 Al AE

215 OtXALLL OIS

AZXI = FHHIE

Input image

People Detect
Zgt SR} 24K

!

Head Pose Prediction
AF2XIO| Rt = A 0 SOl

L—_O T

Helmet Prediction

S AL O 2ol

velocity

b FA| S A = RA

velocity

siloi] Xt I £ X

5 km/hZ |t

Sidewalk Prediction
HE =8 0= S0l

input DEPTH image

—

Distance Estimation
Depth image 01
HaliXIoIO| Hel =3

velocity

) S5 QX

5 km/hZ H|gt

velocity

5 km/hZ |t

* S Higt




Train dataset HIAI

Test dataset GlIAl

M=%, il ZHed Aol M train datase g|
2| ot

Test dataset° train dataset of] TS| X| Q29
CIE A-Lfe| ZZHof|A A

£ 2= H|oJE 7l
°F15000%t9| train dataset 2=

|1 =
=
8 2L}

=

Overfitting 27| ¢/l Random Horizontal FlipS A2

data augmentation 7| Mg
Test dataset2 500% 7t &%

ro



SDLane
CIOIEAI GHIAL

Ol Ei5H Q1AL
SS HIOIEA 01IAI

Test dataset GIAl

0|2 Ci|o]E

1) ol Hl HAl 23 Cf|O|E{All (Al Hub X|S)

2) = At= =3 QI O|0|E{AllQl SDLane H|O|E{All(42dot A=)
2 0|23l 2F H/XI 2pEAsto] o5 o|o[EHAMl 1%

Test dataset2 =T A

& HlojE] =

o 2000& 2| train dataset 7=

Overfitting 27| 23 Random Horizontal Flip= At&%t
data augmentation 7| Mg

Test dataset2 100%} 712 7

10



-1 —
ImageNet GIOIE{AIOE A S15EI & CHIIX 2E JIEt fine-tunning 718! HB A1 st Transfer LearningQE aad Zigt,

ResNet 18

ResNet 34 ResNet 50

= st 200l S 215 28 MEY
221 Qfsh MESt DR




I
>
0
E
I¥
0
=
ol
I
0z
>

3 — Helmet

Prediction

feature map

—_— Forward
@ — % Prediction

feature map

l
l
®

( ) Forward
Prediction

feature map

2-Class Classification | 4-Class Classification

=) - olID-II II-.Q./

MEIZEA| o] Tt KBt 2k
% 47IRIS 3 2 oM 25

Helmet
Prediction
H
>
Forward
feature map Prediction

| Multi-feature® Classification

El)ﬂ II-.Q./I-II:II-IA| 0:||=|§

hn =)
2 backborn AI24l feature 37

=
S FCN 02 7 apy 27

()

*Lee, Michelle A, et al. "Making sense of vision and fouch: Self-supervised learning of multimodal representations for contact-rich tasks.” 2019 International Conference on Robotics and Automation (ICRA). IEEE, 2019

12



- ; eIV s 212
I' - *I- I- = E'-'-'“ E“J\E = Il_l- classification 22! classification 22!

EA0AM 2 BE 555F9| test imageAlE6t0{ HIAE ZId

=1

Train datasetit Ct

fIﬂJ

2-class 4-class Multi-feature

Acc(%) parameter #

(average) (each model) Acc(%) parameter # Acc(%) parameter #
ResNet 18 95.5 11,177,538 89.6 11,178,564 65.9 11,178,564
ResNet 34 94.3 21,285,698 88.3 21,286,724 72.5 21,286,724
ResNet 50 94.0 23,512,130 90.6 23,516,228 78.3 23,516,228
GoogLeNet 87.0 5,601,954 86.0 5,604,004 69.0 5,604,004
MobileNet V2 [} 81.4 2,228,996 71.5 2,228,996

2-class BHAO| MUIMOR =2 M3

X O™

ResNet 18 0| 7F2 45 EU2LL, stEf|of Anlof| HE 2

112{sl MobileNetV2E

[=1s]]

=
Grad-CAMS Sl M4t "A = 5} IEE*'0| M MHIE, B sto| RTiofAM Soy & .
mH a7 dodoz I¢|)| ot s ol SRS EHE =SS = 2-class &4|9= sk=El MobileNetv29)
HIAE 0I0IXI Grad-CAM




N
Q
R
N
MMy
i
e
Jot
[l
=
tot
ot
I
0%
I
MO
oM
[A
=
tot
[
HH

03
sk= 2801 - 12X = U HAE

=1
2-class D2 HIAE 24
HIAE o|n|x| He.lr.net. Fol:vyare! Average
55550—“ st 2zt parameter # clals‘iliu(:;t)lon da:il:l:;t)lon Acc (%)
ResNet 18 11,177,538 98.7 93.3 95.5
ResNet 34 21,285,698 97.3 91.4 94.3
ResNet 50 23,512,130 95.8 92.7 94.0
GoogLeNet 5,601,954 91.3 82.7 87.0
MobileNet V2 2,226,434 m m 88.2

2 AE0R ER DHo| HUMHOE £2 Hel
QEZ X2 |0|E| Grad-CAM O|A|S Sdlf T F=A| o5 gtol

S7{LE Af2o] Ofl CIE B2 87 BTists 29 o2FE.
ol 248 0f: ol D EE3t Wl B80] OfLl U HAO|LEf &2

SIS sy A1

classification 22! classification 22!

2-class 2AI0Z sE5EI MobileNehv29|
== HIAE 0|0IKl Grad-CAM

casel)
=
BlE=
[HRES
oot 2 H=2

AIgE!

case?2)
10l HIgH =
QoS H| |
220 =SRst
o2 ||

o=
[E—]

case3)
HiE oz =

14



sk 20} - == = ou HAE 213}

I &5 1000iE2l HIAE OIOIKl AH2510{ HIAE Ziel

sidewalk - road

HLEZRSH 0iR 2101 2fSt
MobileNetv29| HIAE O[OIK|
Acc(%) parameter # Grad-CAM

ResNet 18 92.7 11,177,538
Helixt=o1=2 Q|st
YOLO vB0| A2t detect Z1t
ResNet 34 92.7 21,285,698 = dep1h OlOIXI

aulip 0.9 M
m.gers°"{,=5ev.n 0.91

ResNet 50 96.4 23,512,130 N Qe I E
GooglLeNet 96.4 5,601,954

MobileNet V2 98.8 2,226,434

oI, Xt BRE 98t 571X 2 =
71 MEE £2 MobileNetV2E %= MeH

H¥x} detectionS $|8t REEE= YOLOVS 2EH AR




NVIDIA Jetson Nano 4GB

* Intel Realsense D435i
- (RGB) frame resolution 1920 x 1080, frame rate up to 30fps
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