) J
r'V
> IING

B <=2V Bl Ta 774

8 —

°c &Y + <

z J o i
odJ)f &—
- A




A —

v L—2zAo
j=o

5 4k Ys 8 —

S%|8 —

1

IN

eV —e e -

Y8 Y8

A

-

o]

¥

| 8

F A 9

» D

IN




(@]

(@]

o

=

1. e 5
2. 9O ¥ o< — € 8
8 — il A A — g rrreeeeeeaen 8
8 — 4L A Vv Er- <o Al - o 10
s — g e 12
8 — </ 4 - #£zoRek' fi zfia~
- 9 e 14
8 Y A-” £ — — g eereeaenn 16
s G e e 17
B 19
s — il /A A — g rereeeens 19
.8 — 4k AV E- <o Al — o 20
s — g e 21
8 — </ 4 - #2zoRek' fizfia-
— O e 22
s Y A-” z — — g rrreeeeenn 23
s O e 25
..................................................................... 26
la.s — il LA A — g reeeeees 26
R = > fi - | < L
.......................................................................... 2 6
¢y fiwes bt ao0fivde"fir- | LI R
F e e e e 5 2
2b.s — AL A Vv Er <o Al - s 638
1 5o — n o T 6 8
LiDAZ/R”-JI-i LS T o 79
3C.s — G e 8 8
G N S S/ N S crertit ettt et e 8 8
v e kv e #fi= e 9 7
— A c @9 F :|.|| — e 108
4d. — </ 4 - #zoRek' fi sfia=
— G et e e 12 5
(AF) 20 e 12 5




- | — <SR eOK ' fi afi = «iiiininn
5e.s Ve A £ — — o creeees
. We o ¢« @ AL D T T - S

( Add) J N Y - P
6f .o O e




1. - 4
1.1. —
#—Level 4— - td v A~ |H #
0 n << L~ 4 4 A — -
fih' % < o Yo o —_fin!£ -
A - 0 Z ~od v E <t d | =fih'd 5
V/ —wafi b ' —L<g <14 A A % Ne
— | 23t r <of=m™{vVv E
<t d ] ==fih' Lodkfio z ow Ok . —
EZ] SO-"
A > 1 3 % —mmfi h' s ( )o — Y
)2
- ‘%%%ﬁ
fi R
y &g ?
B o
LR
w8573
?Kﬁ/(‘/ > | 3 £ — $Z)
? —
.I-H
e >
) ! - !
n J—
1.-Lemfih ' =1 & 1 < - -
/L2 £ | - - L o= .
A - - & == ™ <- | -
4 - % A | — 0 %17 oz
i 4 - n 4 A 5V | -
k=" lral o= - <o
] o2 — — -fi h 'L I — mmfi h
P Lle g < o Loodk fi o # o 4
AL sz R4V 4 - A{tor »ve s h i »vws
-fi ' 02 —«F* Y - A







Cs
ds —

€ s ¥

HERE B AE-

4 s &) — 9

| o8 Ja19  Ja20 |
bz MR iR
(a)~(e)

1 ISELRE-
iEAEE IR S

(a)

- BEAMESZHT LI X LORS RISy PmEoy

4/3‘7i§‘§l‘%&§ﬁﬁlﬁt§%ﬁ5§)\¥ﬂH?fi)ﬁaﬁ%

(b) o BB A R ;;.;gzgﬁm IR AR ;;;;:i;’;ﬁ‘:”
@ u—:zheﬁss/msﬁﬁ% HEE20% TEEOS%

EHRBEGNSS/INSI £ B B HEE MEOIm] O—IRFGNSS/INSIC & A i W01
(d)

NRTZV=U G BEHORR  mommmss sm AR AL BERESkm

(e)

TukOusDREEEER EFTUTRE: s#LLE

— i R R
(a-d) BEETIERER EO-H DR
(a) * wvai%E:%&msz%ﬁsﬁxwmwﬁ%ﬁﬂ
(e) vV FornvontoRi
RERE DR A1 035 HAEREORMR
-3 < ®* ©° DI




1

1\

1
1

2. ¥IJ) ¥ o< — <
8 — 4 Y8 a) — 9
- % ™= @F D 0 L e~ Nev 4 — 4L
- A 1 < % # Ned | 4 - % A
£ Ned -l 2 - £ — % t o4 = ™ 1
| ofi wo» ¢fiar | - 0 £ Nod 2 |
< <—vVv2l - | £ Neo | oo A& -V
Y Ir - 5= - - L A
% Ne| 4 | -ms L 0 - % t
= ™ | - - 4/ - - — o b fi = 0
- 0 s | © @Y F — =< o= 1L
- % ERd=my s L O
0 % 2 % L—— — Cce, — % %8 No
v BEo=— + - | £ Nod
% | — - %1 £ Neq s — o
1, - - H - e
to 2 — # t 9 = ™ —o o' & - — R A D fi
"< — o — Y |F L e <¢#
— 4 - BV — L A 0
O S R - 4= - £ Nod -
4% af L o= =i I V"
] - LA ap - a9 L Ay
# 0 L a v 0 % £ Ned / o #
21 < o= wmfi ' AL o A T B
" o 1L o= AL A o
- < wmfi By < — -V - AL -
I < # o L | vE-—vfioede-%|- =fih'
~=m= af
- »|d 2020 - L A
R =D fi - < R N -
120m




2019
95% 2020
120m 99%
V2l
2018
2019
2020
o yyfive pev~0fivde i~ | i e —
e L I R R T I
™ok —|feo — % 2| o™ — 4
= A | w 1 # - — < 4 A 1< %
2N 1+ —Jfeo - A Vv E eodk' > sfiad -V ¥
vfive pot=ao0fivde " fir |4 = # A |
K 0 — © 1 %00 — AL AL <

2018




BE B 3 V % 10 Y= - Y% 4= ™Mo ™ g L
Nef ¢+ < & <o
¢=0k' Do afi -4 vV ivfive bt aofivde " fir-|
¢ D A ¥ e % # Ned -~V 2 o< A o 2 fi 4
- ™M= ™ AL £ % # 10 d 1 - i
. — ¢ D a4y ey 4 A< | 2N 1+ —Jeo
== 2020 | 0 AL $D0 A< o= =81 |Fr
£ — L e <2 %— AL A
b. — AL A Vv E- < oA Al — 0
m
m
LiDAR
128
LiDAR
LiDAR
LiDAR

10




n 1 0] — n LI } Lk
0 oo | 100 £ Ned O we it % 1024x786—
50m - A — ¢t | 37H-¥i 70m -
A — ot | 27TH. ¥ s 1™ o3 oo’ | -
- L o={vE /- k4 L | Hfi s %n4d = “rd 1=
-3 e Y% Ned v 4 F— -~ <= 2020 | - o
» Dok =/ — - |4 200m 70m— — AL
I R R L N
T S
o LiDAR% |4 FT T o5~ %0
LiDAR
95%
LiDAR 50m
2018 LiDAR
LiDAR
2019
2020
200m 70m 90%

11



GNSS
LiDAR
GNSS INS
GNSS/INS LiDAR
GNSS/INS
GNSS/INS
»n|fd 2020
— 4L A
1 GNSS/INS-
GNSS/ NS # | - 0 AL — %
0 1. 5mNSS/ N L © @V — %
0 0. 3m =~ A s Q0 1. 5m - -V
L o GNS& ™==1 - = 0 < = GNSS
Doppt+ter & - - AL A L - z |
GNSS 4k - 0 — ©d> i — Ak A
1 <#vi R ed - — - |4 — 4k < A
] -~ 0. 3m — -V E — — - ™
=™ LAMBDA/ Rati o Tep - |4 % 9
2 o b e = L A | -
- 0 = AL <2 — LAMBDA/ Ratio Test
1%l 0 -+ oo o seod A k-
L 9 T e, ¥fin#. PeJ -~ 1. 5m 4k o= =

12



IN

(]

v

2020

ek v

AL

I=
o

E

= <

P oW fi -

GNSS/INS

Lz

LiDAR

2018

0. 3-m 4 AL =% -0 <
2018 # | — d AL
— Lk ™RTKGNSS FI X —
-V 3V 2019 # | L 5 0.
AL < o= t — - -V
t - 2020 # | g Ld %d -V
L e
GNSS/INS
2019 0.1m
GNSS/INS
o @vr - 4 —

13




2020

d. — </ 4~ zoRek ' fiafia=
9
( )
)
Al
(A1)
- »|d 220 - L A
n (A')l— £ 0 —_
4 o0z - 2 — -z2—|eo # A L
A £ Ne| - % ™= % 4k A |
— n > — < Y @ETM| r
t L %z % | 4 r < %ed)»" D%
=fq=mom™ L ay - % e=mfs
- | «= o < ™e |fean # Ned |
d oz — # Nod 4 r | - L i1 <00
- - 4 A <m™e fean 2N  —Jeo - % ™M=

14



N

IN
[

J
3

|I_
-

1

IN

Rek ' fi sfi~4%L AV Er| — A A
<o 7/ 1 # — 4k < o= - —
< == A v <2 AL -V - dL

AL A4 2020 | < i -V

T L e — - | tvfiws e
fiwdo T fid A 3§V - | 4 AL N
0 - | - <sReoek ' fi safia=

- %1 # - — L L

- e ™ - LT e i o et - AL <%
I Veo - - % o -mms |
AV E-] 1o - A % Ne| i r #
- - R :
| ™1 4 = (o -1 20" fi)% - a4 3V
%o e o - - Ly —fer  |o
L <o 1+ - z — z | — % Ne

% e=m) % o I
4 v % o0 +—vE 1 —|eo - ™ed> e-—
- - L «= 2—|er <= @r D u%

A —wl <o 7 v # z | —
2 R - Looay 4
I 7= k- - Lo EAE
5 Yo = - O 4L A

209 | 2018 -~ e — <«' = ~%1 {ed
L k=< L~ — < L A -
Fo— - v +— ST R p— L v 3V
- ST - Lo

z | A - ov i + o= ™y
£ — JRek ' fi afi~— L 3
t — Ls. okmsaf=-i!
4 - — 02 PO wmd %1 AL A

15



<

8 % A A £ — - °
(Al)
)
- »d 220 — LA
. We s - @ 4 oV ¢ P . P e
© ®@WF - % ™= - 4 m™& A R ek’ fi sf
- | %o 1 = % - A
1 ol - 2™ g %o - 4 ™+ a2y
/o oe= Y™ + - d - 02— Y™ L
- £ Nefl <4 fr o A 2] 1e =V
0 Lo b 2o "fishs # A Vv E- L
o — % A 26 P ). P e ¥ ed A ™
L k%e-a{ 7/ =1 —|fececrer. &~ o3 fi m A
AL 2/3“—J — - A-" ]/Sllf
LA E—e e e % 2 Ned % Ye— Lk 20109
_ — AL ae B " 2 Tfishy —

16



L v 1t - o b7 2 Tfishy - 2 M™M= L
™ 4 P ). P e — -4 A ™ n
4 o 4 P). P - % A -ofids L 1%~
-V 2020 #| eer. B e — o3 fi = A L L
dL ez o F* " 3 Tt L <=6 pPpr. P~ =0
C e — LA
0 (Al) £ oV & P . P e
- @y -%™M= Rek fi sfi~dL e Ne|t %50 k E
g vioi - L e c¥%eo®%| | =-
o3 fi- AT 21 4L - B <] £Nd / — ~ 0=
0 % EFEd] 7 vz Al - = 0 L =
1<%z %] fer-a - z 0] ffeoecer. e~ -
-= Al% # Nef %4 A 2020 | e es. 2<% 0
—o 3 fi—o k=" 2 T A - - |
4k A 26 P ). P oe— % Y A Vv E-
# A — < e EB. . =i oy
Pos 4 A - @v i & A 7V 4L — -
A L A evi L A
f. 8 0
a. e.
2 2
- A A < e=| 92w a.e.r¥HB™M= .
- o™= - %1 - %
L L £ ¢ fioed o L el =< <= % 0
L e <4 <AV E£EN{| gVedver -=| s L,/ L
- Loy L g gl L=y L 2| 2 -
b s s o=y
ECU
CAN(Controller Area Network) /
LiDAR(Light
Detection and Ranging)
GNSS(Global Navigation Satellite System) / INS(InertiMavigation System)
V2X ECU

17



2020
oV

1

X

= —+ A

F

A

2/3||_J
1l v @« F
<< L~

IN

IN

18




a. s - d % 0 - 0
n . R 2D i - | < T L
- 4 ==y -
4 3R % osod - -
N 4L oV /=
6z — % | - % A AL o= ™
{1 %<0 % - %1 0 % —v k
T T S S
| e ™ g4 v 1 —|er — — Yo |F
i A AL A1 <2 2020 — 2N 1220m — n 0
L ogou ¢ o1 <4 -V F 4 n
| + — % %™ <L -V v E — —
. — 0o by AL - —o 0 ' —
- 0 2 — Ak A Vv E- L 0
< o= eV
19 =fin Wl - r oy
4L A v E . o by 4L
= A R A I < o= 4 rq
1 % FqA % ™M= e fiv oD fi - %1 L
n 4 -
o . ¥yfiwes e otaofivde " fir | L R
v v five e et aofivdo " fic | L
- AL o= oV e ad s _ -
+ - AL v / - L my <z A £ %
4 t Y] s - A v <L -V 3V
- % |4 -fi ! - -t o= R
AL - L gy I Y e |
DeepLap V3 +HRNeltz > @< A v vfivs oot =o0fivd "
- = e | ResNetGhOlost meotbi | en®¢n¥vehzd e
< A A = e 4 F- 3 F3xi& -V HR N et
mo b ind te ~ } i e | 20H . ¥ — -
- = 97.2 80— #Nef v ¢ |Fr = A v s~ FS =
— L 98.9 60 2 t S L s %E BY © 1t # Q00D

19



d oz — z L 4 - 2% 1 <L oV #
o2 — -ty five b o ¥aofivde T i~ |4 4k
2 %0 ™MD @%Nef V
b. s — AL AV E- <o Al — 0
n 1 o0 — n 0o sy
N 0 0 62 10 %
t 4 = ™ — %l YOLO %4 - % # Ned
S %%l VO /L # — 4k 2 % | e O -z —
“mldees 0 — — L v 1 d-F4d 2o0m -
A 25H< ¥ i — 70m - A 484 i — —
% <oV # — - A | < |
o™ /oL g e— ™ - %1 4 -V /=
48 H « ¥ i — — | 65. 2Bl V —
L oow ~oqr-| — O mmz% 90H < ¢ ~od fe ¢
- O e it AL < % sod s HFHBIV
o . LiDAR% |4 F' " 25~ #£02
- < o= | - -V ¥fioah- > o' fi«
i o & AV Ere @i L - =i o —
L7V — F4 3 Li DAIR ™y —
- % ™= —eROD o1 L ev E-oo <—h* > o' fi %
# Nef 1 < & oV eYe 3 # - = 4k AV E-
oot - | - L zNef % s ez o fd=m
1 7102 co' -] R T R
- ¢ Ol Ak =V — 4 =V & 04l
Y% |t - A =% 4 A v <2 - o=
- L - L e -
v I — Y% S IRV VAR I
Vsr L L DARJ o o= L -
2020 -— £ N 200m — I 70m - L 9o —
L -

!

E|

L
P

20



C.

8 - o
n . GNSS/INS-
GNSS/ NS # | - ™ AL A v E~ 1.5m
— — 1 0.3m — AL o= ™ AL A
— L v 30 1. 5m - - e=| % #
30cm@771% 5m@90% # 30cm@5 7% 5 m@9%2 % # 2z %
1<d 2018 -~ v 2019 #| 0.3m — AL _
™ | — - AL oM — GNSS L my #
% £ 0.3m — — Y% 9 9 % #
% L =y
/ L# 2020 | 2019 -~ L [ v 0. 3m A A
L aLdwwlk s 4=mfcLas - L g
v - — Ak -V — %
- o feo % [kd 4 e cLAS i BvY =i
gk — L v 1 |- 202011 %[ t4Vv CLAS t 4
1 %17 - Af1s<c | - - L gy
/ - 7 L4 %%k t44 cLAas 4+ =V % £ —
-% ™= 0.3m — — % 99 % % % L v v
w0 o 0 s A - | 1 0.3m - —
% A L kv 7 —-vE % AL <% t
] - % ™M= | eafi ! v wvekwvoeufia — - |
] Lo oafvit- % rofrs%n 14

v ek v e Hfi= —

CmEgm r~ 2%™= | -7 2y =" . 33T, 304 < < -
Vw pkvoe wfiasi ol xp L (v wvekwvenfia= < o=
| 3 % — - % ™= o= %V wfik™ 2 v e #fi
-4 o il g dz o @< o= % | - 4L
A AL n -V -7 23— .337T¥%.3 42 0
©' wm ¥ fiO% - t =™y 1<% '.33T¥k.3 =
% o ko™ s —v E ~-" 2y —".33T¥.3
L ™= ¥ figed o -y e Hfi oV - % -
% =0 4.0 ™Mg M| Y Y% Ned / 1 # 2| ¢figeod
I R 2 L B B < < - - R o
dfi— %%l L EJsm™me gdlc- (1 06CE L7205 @05 -

21



v oh ¥ e — 4L o -V E ¢mpuy
~ Y, — I 2R 4w - ks o=
# Ne| m8pk £ Nef 1 <4 v 3V - %
™ = . 337) 3 o=y z L az2—"'"03 —
% < o # % - % %o od > @%
t4dv 7/ —Jeo -pms L -V L ™y i< =0
% | % o
o — % ev+ - 4 —
vouv # | — L — o8 - o8 <
- « fi ®, o — 3 - 1 % %mlFd v ekw
e fiar A — L7V
3 MNs — o — -]™ L A -—= ¢ fiogs< -
=| oco' 4L A /7 —v E 0000 & ™ ¢y fi v
e P vt =20fivdoe T fi 4 -— 4k -V /- Y o™
F2 =3 1 Yoo 9 = ™ F= Yo o™ % o0q < %
t 4 v
%5 - o8 < - « fi | ®. o — - |
— Y o LiDARL AV E 0 o LIDARL ™{ v e Kk v e H
fi =4 — AL -V /= < - « fi ) ®. %
™E> =3 4 % | [ %4 < %d=™| =2 wvekveufi-—
¥ ™ % oot <%yl V
d. s — </ 4~ #zoRek' fi afi- —
n (Al) - 0 -
— < o= % | - e | — -0
B % |- L 7V Yo |k — £ | o O fi
- =- — L - 2 % Ak -V z |
= - - L o AV e - - |
J = o D fi — % %o oq Vv E B oo™ Y
F— z | - - 090 oV o D fi 2 — 4L
z %] v E £ Nef V Yo |F — - % ™=
=afitzi - | - + -V /=
Yoo ™ 02— - A 4k A % No

22



i | L i feo AL AV s%zE%HY A

% - ms L 2N | < %%l VvV 3V —
- H -=me e S BT ST I
> — s |- £ % % -V /- d - | 3 m
Y% [k 5m Bk 4 v g L 1 A AL - 2 %V
g ™Y % | — | 9m < - 4V
Vo2 o0 ™ms 4 A — % # N ¢t < % %[ V
= - ™M%Nej v L A i LN -
Fo 0 L 8 % Nef
o - | — <Reoek ' fi afi-
-%1 | Rek ' fi afi ~— L AV E-
| — — o 24 == 0 - % ™M= @F
> w0 4 < =V — — z | 5 % - ==
™y Extended Obj ddct™MvIiracking < —
i s d vfigzl a0 a2 % e - = -
A — - 2%k ™M= — #
Ne| 5k ek -V - - # ™M=o0D)FP
p SR — 1L e 02 POI' wmyr — Ne
e ke = N
% A £ — d - - ™ z —
o2 — 2% ™= 03P wm)r — Ne
Ak -V
e. s % A A  — — o
.. Wee - @ AL -~V ¢ B ). P -
— < o= e A S N S S 7 A 5 -
o 0 fi & o 4 P). P~ - s - o 2% % L <o
| - 8 - o 0 1A ™M o MY < Me Z 9 mmk 1
L oy — k- == . We: - @ 4 — % wmk -
-= | o — (Al) &£ ™= ¢ ey, ¢« - AL
o[ Vv — 8 - o £ %] o mmk —@® B 2. B <o D fi —
0 | 0 - @yt %Mo =0 =L >M- A
o<t - t =™y L < E N /L2 vowvzE| e

23



P b. B oo - | ~ [ Nes = 4L o= A o< ™e
AL - @vrr 41 <2 ee. oeod A =i !
b & -V 0% L —fferd g o m™<| 4 -
iy i 4 ST ¢ 8. b« L 5 <% I
Yor = ™M= | % 2| Nof % Ned =1 1 £ | ¢ 2 du B e—n i
Vomr = - - = ™M= AL -V 3V YOy =
A T T T - TN N7 - %1
: ey 2 - :
ed> ®% A — %l ™M= | e B ). B . AL £z No
| < % S
o, (Al) 4L VAR - N
- %t L 9= eceo2. % 94 0fid
- Al- |F Y = - ¢ P). B — Y Ak
. -3 fi | 1) L - - % % %
v oo — L v fea-nofi 2)
3) - % % 4 L =
A o> fi 4) 5)
#FNed 1 F—c2fie A F " 2 i AL -
R I I S % Y =V 0% o 2fi-3kM™=
0 L v - >fi 3 5~ 3%m™= = A 4k
A v epo. b~ L e — 4k -V oD fi 1
2 42| e ey - L e — Ak %o %[V e P
P - L e Ak £ %V o D fi # | % 3 V| t
= %4 — s FNef Vv 44 eceor. e —
% 2 Nef v o D fi # | — % ™ 3 V| %
- = L % Ned| 0 #FNef v 4 F—- > fi#
oo B 2 T — A AV E- e R

24



2019

vy I —
GNSS/INS-

1

J

—

~—~

>

-V 2 -
> — _
- %1
- %t
RERE
=V
L -~ 2020
4 -
=V
) SI1-Bd us
™= L o

=~ ™=

1 ’

z —

© ¢ -
2012

=

b -

IL

2 8k7mi 2

3

1

4

=V
® mm)

2425

25




4 ¥

2.1. a.s — O - 9
" R D i - |F < Y
- %1 Yo = -V 4k AV oE o+ O
i < ot AL my =i o 4 A —
—e L - - %1 AL AV E —
4k - AL =% #Ne| <%« d —
< — % | - —«fis ' @1 02 10 — AL
= A ool — Y A %N 1+ —Jfeo -
%1 -y = % iq=my | . -
- = 120m -— 99%— AL < - Y |- %
<o Lo okvesd /- wk o=fin' o4 % b
R I - - O
Ne Oai 4L oV n N
n n — + - -
n — L
n—ﬁh! AL ™ o/ —
A e o o
Nne Oai 4L oV n A
- H - o se= o 4 <o
Vv Er e 0ai i -V — %idgz- o t 4
= 254 [ 43] 2| 143 2~ o' < 1 e 0ai
AL . i oy A o= %V [4] 3 % - - =
% V R L 2. m-1- A ¢ @i L
-V - 0 | — 9 # Nef
(1) RO ¢ 0ai ypkd = _ Regi onoOf
I nterest, RO
(2) < = ROl — Ak A
(3) - o= =2
< ¢ @ - - < — 0 Ys |k
— — ROH o 4 0o < L ™= !
— 4 - ROH A{ - ROI - == —
- 4. - | P4 4™ 2t=is o
6cF L ™ < L = % Ned| v E ™ d —

26



o= # Ne %4 A

S

cY oo %%l 120m

4L = = A A
L A{hi HD-
10px — <
AL A
— < o=
4L o
A

> — - - = 4
144 -l erzano
— L =y s
= — L e
- Co s e b
= A e oA - t 4 v
1Yo %k — A A A
4L A He ¢ - 10
4 # == 60
— o ! AL my 100 m— |
O _ LI~
| o™ 7/ 1 # — S == ¢ 0al
- woa AV - -
[ 4] - 2| 112 .
d

n
— £Z)
Y
Ys T

l Input Image and Vehicle Pose l |

Map Database

|

A

|

ROI Image ( For Each Target Signal ﬁ

A

E | Search Target Traffic Lights and Compute ROI position

I <

IN

Generate Highlighted Image

—>

Hue Weight

Highlighted Image

A

Extract Candidate Objects &

Classify State
—>

Update Existence Probability

Arrow Detection

IN

27



5% - oy N N — -
%1 1 — L A - 4L
A s %— - ™ L ev E — — ey Lo
Al o< o= - = —onl oedadg < k= A | 2. 1-1
- . ¢ - L A ¢D2 | 233— oonl
0< o= n — — ¢ 0 Y| t 4 = ™
¢da— R DOFr | 42,6080 =% <o ROK
| 97, 9 825N
2. 1-1 — ¢ - A ¢ D o
Type Number o f [
RO | 46 , 818
2, 926
31, 529
212
3, 930
1, 847
2,566
None 8, 158
97, 985
o n' o 14 0
44
12
n 37
23 3
h™ o2+ 42 , 6 0 3
< o= | - A Fvaldie™ Ys | 3 # —
Li1om oS- 1= £ — — 4 A Voo TP
| F P| F N # Ne — ¢d - o=
150mg # — £ 10m o<~ Precisions;vaRéceald , F

AL

A

28




0i Qw"()i%&xgﬂ (2. 21)
YQ“’“’EW)YLOU (2. 12)
Voo €233 — - |4 — - z | - -
0= TP/ FPLFN -1 4 & o= - < o=3 < k=
A # | - 5 % M= L 2
n _ _
n _ _
N " i wo 0! - ||- -|| —
n _ _

- L 4 - % [r | |
ROV 4 - Lo oA % A eweo
wlk o— 2| : - %o 1 d=%nd N
"or M= L - - Ak - A z |

Y - wh oo - -
4k AL =% # N 7/ 1 # — <| -

# 4 A h™ 2F r - % Ne|
| - | + b
3 v # o= ™ z | — -

- ek =y S B I
L~ 53derg 4 = 2 7dedg . L. A |

o < = | # <o - ROk - =

- - af rowm 144 | - ROI &
A< ™e £ N 7/ — n 02— — L

1
< e=  2.1:2 2. 1:2r- ¢34~ A

d — L A £ | d
— < o' — — - ™ | o< — <
100md 120m — L =™

29



L0 —a L0 —= — ——% —3-
0.8 0.8
0.6 0.6
< 0.4 “ 0.4
0.2 0.2
—e— green —e— green
—— red —— red
0.0F _, — 00 o arrow
» «,w‘““ o0 o @00 9N e '\%ﬁ'\%ﬂ'\%\@ 90 0 08 0 00 9P W e R e e
distance from the vehicle (m) distance from the vehicle (m)
(a) 53deg ( b) 53deg
L0 L0 e——t———— — -
Ja
0.8 0.8
0.6 0.6
= 0.4 - 04
0.2 0.2
—e— green —e— green
—— red — red
00F o arrow o p— arrow
oo 00 0 90 0 %090R)D‘\QQ\QD'\\2\0‘\1\“10'\310'\&Sw'\ﬁo 0 00 o 0 “JQBQC)“‘\QD\@'\\S\“'\E\QE“'\fﬁn'\h&“’\@
distance from the vehicle (m) distance from the vehicle (m)
(c) 53deg+27 (d) 53deg+27
2. 1:2 e
2. 1:2 e
100 m 0. 989 0. 982 0. 933 0. 968
120 m 0. 984 0. 977 0. 908 0. 956
100 m 0. 998 0. 991 0. 976 0. 988
12 0 m 0. 996 0. 987 0. 960 0. 981
100 m 0. 986 0. 979 0. 937 0. 967
( ) |12 0 m 0. 984 0. 978 0. 928 0. 963
100 m 0. 998 0. 992 0. 983 0. 991
( ) |12 0 m 0. 997 0. 992 0. 982 0. 990

30




4 <% 4V
n # 4k A
n o ! & AL < #
n — # Tofiowd
% 0. 990 —
# AL s -
Voo £ 2
- — — J
N A R R
| <2 0 - z % |fe -
SENCIRE AL <2 —
2 %V 2. 1:4r — o
He i — L A 2. 14|
i % 10px <04 7-~10px-—
2| o™ <% F 4 t
o' & A < — L #
1px | pq = * -

Dist: 119
GT: RED:LEFT:STRAIGHT

2.m-3

Di st :

5O

Dist: 110
GT: RED:LEFT:STRAIGHT
RES:GREEN

LA

Dist: 97
GT: RED:LEFT:STRAIGHT
RES:RED

Dist: 83
GT: RED:LEFT:STRAIGHT
RES:RED:LEFT:STRAIGHT

< # — s
. — %
A1 <s# 120m -—
AL
J - —_— L =
.mM-3— |er — L A
— - |4 RO
o f V1<% # Nef 35V
% 2 % %= ™{ I < %
P o n —
4 90m =<ocx —H . ¥
- %L o afus|
4v - -= 112 o
%\/le/3|} — EZ]
%3 =e™s 4

31



70 ¢

50‘
50“
° 30 H
20, l,ﬁl
‘|i|‘°ll‘;‘ll 7
10 o 1 'u %| ‘]I ‘T‘ |L\
\pio 10}50 30'5‘0 o 56;60 g,();"“ qo;q’o .ag."?“qw-\,O"ag;\}‘lg,@1“1'0;\3?50;«,h°&0;\,6'°
distance[m] > > > i i
2. 1.4 co' - |H —H - ¥
- - L 2,13~ & SR B
% | Nef L —— z | z L og7%n — % |4 = %4
| 98. 5 %— % |Fd =™ <% - %
o= ™ | t = ™Mo ™ Yoo % | Neq % n —
2 — — % - < == ™ % Ned | < % t =™
1
1-3 n
10 0 m 0.999 0 995 0. 985 0. 993
12 0 m 0. 998 0. 994 0. 984 0. 992
10 0 m 0. 996 0. 987 0. 990 0. 991
12 0 m 0. 995 0. 987 0. 980 0. 987
n 10 0 m 1. 000 0. 987 1. 000 0. 996
12 0 m 1. 000 0. 991 0. 997 0. 996
n 10 0 m 0. 998 0. 987 0. 971 0. 985
12 0 m 0. 998 0. 987 0. 976 0. 987
- %1 2V z | < o= 120m -—
n L ogoy ¢ # Ne| 1 < % td v e%eo %
-} = | n 62— L i f=my - |

32




2 .

IN

15 a)|fe - ryqd  e=m™ -

= TM_I

4 02 —- D fi 2 -
# tq v oD fi - A o o D fi

X —

f 2 v 0 uml — AL t

o D fi # Ned 2. 1:5( a)r z [ =

% =% s —fFeo - |

/= L4 A= | <o 4%
d

%o A L-—/ - Ja==-

150mBIR A o EREFIA

v o D fi # Ned
e % 14
™ - _

g | o o' — Ys
Ned 5 V 2. 1:5(b)
| — h"™ 2%

4k - F %= ™

(a) Recognized Results

3 | eeevsen

traffic light ID
©

4 6
elapsed time[s]

(b) Velocity Profile

60/
gw
z
220
n0 2
O it @ziEs
b
(a) o0 fi — ()
2. 1-5 - o 2 fi —
x —<r or | -
L S B
1:6( a)|er # - Ne —
- % < o 4 <ot =% t
«r ©— R D fi & A1 sl 1 4 =
— = EZ) ¢J|| = TM-" ¥
OI ETM_”

4 6 8 10
elapsed time[s]

#=2 @ri=2 @riz2+%£m

o 2 fi # Nei
= |4 <o
v k- -

™ 2. 1-:6( b

I—Q-”S =

33



150mBLAH o FR AR SA

(a) Recognized Results

traffic light ID
5

elapsed time[s]

(b) Velocity Profile

0.0 25 5.0 75 10.0 125 15.0 17.5

60
- e SEATHE & DRI
é 20 \“\_ -

0.0 3
elapsed time([s]

(b) - -

o D3 fi —

- t 4 v o 3 fi # Ne

4 K' 202 — L 1 s by
= -0 %N 1o - S =
rod s % — d
v =™ v -feo z L -

Y Y

150m A A FREFA

(a) Recognized Results

5.0 75 10.0 125 15.0 17.5

Q@520 85 @riss @FES+5&m

3
a
g
EF] o6 See SEESIISIISIS  SISSSE 06 SHEISS  B0S BSE $45 G06 S S SE0 S @
=
g
I} oee cee oem on 0o on e oo cose cosesssscesse sessese oe secess ses
0 2 4 [ 8 10
elapsed time[s]
(b) Velocity Profile
60 — E— e - P
E 0
F
g
=20
5
2
0

4 8 10

[
elapsed time[s]

0 2
O @520 #:2 @ Fis= @FKES+EM

(b) - -

- | o D fi —

34




0] X
— AL - t 4 v o 3 fi # Ned 2. 1:8( a)
~fe- 2 - % a2 = o
% -V % t 44 v - z | -V ~ Ne|
i - AL %z %hoo oV E 02— i
o= ™ 2.1-8(b)traffic 1% ght | H=2}V
2. 1.8 &)L %] |Fer # % - ™
™e o= ™ L o< L Ned d 4L < A o =
L - = TM_”
150mL}{|7<J o 6 Eﬂ%ﬁ}zﬁaﬁ&é (a) Recognized Results
B SATEIC & HIER
2, ——— i
%
0 20 i 60 80
= @ (b) Velocity Profile
-?_w T
O EE -~
gzﬁ
! 0 20 Imd " 60 80
elapsed time[s
O+t @50 =5 @FHiES @FES+EH
b — —
(a) o D fi — (b) ]
K
2 . 1 -.8 - ”— -|| o D fl -
— e~ n n n o2 — - % ™=
— - % ™M= % < o AL -V oY% eo %
— ~ 24 ™M= N | — 24 ™™ = 1
4 = 2 | £ Noq v E - 0 | o ™M<
T L " % o=
=L 2.1:8-]er~ t =™ - % Ned | < #
% <o - 4 - <o
<% 4] s-= - % s b
n - A==4 F %o ™ % A
n - - A==4 £ %o ™




1 - | - <odedfiozrzpm=1L -
| # N | < % £ %= ™| v E — | -
oms s b4 2 - =
e # Nod 2. 1:9Ca)|fe - - —
% = e%oo / — - L 1=y | sof -
Yo o0 % |2 — % t 4 =™ £ | < o 2
Iv - % id=mf s ul - -
£ Ned| % - L ;=L | = ™M ™My <% g |k
1 2.1-9(p-fe~ £ - gz - .
oV L - - ™M o=z |- L =%wt
A sl % Ne

£ - £ | - % .= % sof
< o= n n n n 0= —o D fi % o
- et oz- s % scf oo
- S S L O A -1
_ —_ [ AV k- — - d - =
Loa
S T B T T
A -V 2.1-:10- Afer oo 4 < —
0 k= - mwo ads a4 S
# < - % o= ™M < % % A v <2
2 A <V %[ = o o' n —z-Jli<soo'n

36



_Zle_OA ?/8 - I-NQ‘" - [l L T-"

2. 1:10a) «% <0 % | — % - — ~ Ned
% | — % — L kA <2 % #

IN
H

fooqn

% N Lt d v — % %o o' N

7 TRESE~OEEIIREL

—_—> WX T EEHEOFENY b —> AT - ESHOAANYT b
—D>  h AT - KBOFANRT b GRREZESHY) —_—> K5 - ESHEOBANYT L (RBUEFESHY)
------ > AXT - KBOBEARY ML (RREFELL) -----=> KB - ESEOBEANY b (RREREEL)
(a) - — (b) - -
2.1-10 c0' n noo' — - | n -

N 1
3 1

ESH26 % KiE

(5% EN)

37



- z | n 2 A A - # - A
t Yo % % S 200 ' L 1y = A
| 2m— 1 # — - — ; 5ms< ==
™ <od /1 # —o o' | —h. fis e' @
- af-%]oo ~ t%wfF  f e~ o= A
] < == tdvhTor L 2,14~ A n -
2 EE R - H o | efL-
- - == 200 - A k- b
4L A o % # A oo | — # -
= ™| HDR/ LHMgh Dynamic Range/ LED Fkizker Mit.i
co' < =% oo' - | 120 dzeNg|
2. 1:4 n — - %1
(LED) ¢ fik) (ED) ¢ fik)
243 232 1, 099 1, 128
24 8 28 2 89 6 97 4
41 0 400 1, 051 1, 047
+ 58 9 65 5 78 3 82 6
m¥ 1 5 m — m¥ 6 0 m —
il - ™ |H £ syt vl v
L % - = 0 Ak # % Y% # - %t
o wmz-fer o= mi-umL af - -
/ - = 4| A ™o o2 — AL s # -z — |
e o % o= ™| —yd A
— < o= < o —k. e 4L 2. 1:12 -
A 2. 1:12 # | 4k =V - 2% ™M= 1L
< -V 4k £3 < k= N 2. 1:12( a)d ( bpS -
| LED n' fik ~ N = # e= ™1 s%
4 v T ] 111 T
0 % t 4 v

38



LED

LAMP
— L] A |— A
) vay / /a Yoy
e [fpe ez e ¥
g g
- - ’ meast [I’;] : : ’ ’ east [Zr:ﬂ ) ) :
fitwh © EEEAE, LA E
e EERUE (RR) , &8 \RETAUMNE, KR REAELE
(a) LED (b)) fik
2. 1-12 —
3V — 0 L 2. 1:13~ A — — e~
% — - A - % A L2
<0 -” EZ] ! J|| v 3 v — — EZ) J|| v d
Yok 4V - Ne | 2 Nef 1 < L v Al VeV %[ =
— AL 1 -" | 3 N9=i — o t ¥
<o Yo A | Adeoco' —bmmabke-" fi @0 2 -
-= o % % | — - 5Wl10deg — - —
L 1 ewe s % t 9 v

39




KIBACE A SK DGR & KIBACE A SK PR &
R R BREE

KBUBENESHEAKEE KGAED RATER D HEEN
7% 556 R AT RE 8 TV BIHRIIRRATEE

(b ) A - %NQ-” |
2. 1-13 —

- |4 Z -V F% ™M= He ¥l T oz g -V <

% -2 —|eo % L[ =™ -5l A A —
O - 25 ™M= — | - 4
B o™ # 2 - ~ Ne| od A ™ <sod 7/ v #

- - -5 &z =/ k- n

_ — AL A - ™My 4 L 2. 1

40



14 4 2.1:5~ A 2. 1-:14 | - s A —
LED S (N L =24 A==- # Y
o= ™ £ No| 2. 1:14 -0 v | 4 0
g 0~ ot - F4 2 - 2 0 z Ne
L — — 4 — d 2. 1:5-
A - - A — - %% - % t 4 v
n — + - | LED/fi k - FEn —
0 #
n | A oo' - A % 2| 5w10deg
no— % o | - % - <
o] <o
no— N - %
O < - = Y5 89 %
iffE
de E .
= ," 0 60 120 180 240 300 360
@ ® 5 ®
© ® 22 |® @
1:14 — - %1
2. 15 — —
H a G H G G H
78.3 162.8 | 145.6 | 107.1 | 161.6 | 149.2 88.8
0.056 | 0.405 | 0.231 | 0.047 | 0.391 | 0.256 | 0.076
1.000 | 0.882 | 0.899 | 0.999 | 0.764 | 0.807 | 0.998

41




- - %1 — L < o= < -
<o —k. ey 2. 1:15~ A - %1
2.1-12 #| LEDN' fik ~ RN | £ Nef Vv —
= 2| ' fik % - = < o Yo t 4 v
2.1:6- AJe~- LED % | — - ==
Y td v N - e= | 0 # Nef
i k z | - F kN - 7 o h"™ Dk
% S Y — 0 L 2. 1:16- A 2. 1:16 | 4
- fik % | ~FFna==-"fik®%n  -=m™]
Yoa— | e - t 4 = %4 <ol <% £ % %
- kA - - - A% - {
LED - e='fik - A ez - % ™ML < %
t 4 v
LED LAMP
- v } — / ] LA
SEERL N N T S
2 /]
R “east [m] " east [m] 7
fiteh - PG AE, HEE LA

mm ESHAIE (RR)

)

(a) LED

B RAAARMIE, ke RERAELE

(b fi k
2. 1:15 —
2. 1:6 — 42 - %1 oh™ 2 —
LED ik

0% 95.2%
15.5% 84.7%
0% 76.7%

+ 0% 80.6%

42




Tt
o i
D [

0

S
_—
il

e
(3

ﬁ\

T
oy
Jo

oliixiil ol | ol ol
eiaiE
F
o 0 120 180 260 300 360
2. 1209 —
T - L Ayt -
- n N 4L A 2. 1-:7 2. 1:10 AL
A — z | o= My ™MD ) % — # o= ™
f%—Fer 44 % sd=mvosuz oz | o=
'"wml 0t #0600 N NN — -y — n n AL
-V b4 a0’ fik % | ~FED Y -
2 - 4 - L 5 a0 — n |
- - 4+ A1 <% t 4 v - n # n
- o % td o™ <% A -t — % <ofsm™
4 - == - —oPo L 4 4y —yL
n ez A % — n 2| —' - n
— | t 4 o ™mv E — | < o LED
I I N L p—— - <04 n 2
L R AR T T Lo <o
Y% -0 % | — - e= | - % - %0 0 ™I < %
tq v 2. 1:6- |1 ~»™= L | ED — #
£ %0 ™ % td V% - - % ™= — -
== % <ot <% - t 9 v

43



fi Kk LED
a H H H a H H H
11.¢ 40.|357./158./140.,114.]120. 119.6
0.590.470.630.370.1240.090.0¢ 0.096
0.710.8€¢0.820.490.88§0.8(00. 7¢ 0.797
1-8 — —

fi k LED
H 0 H H H a H H
173, 46 357./165.]110. 97 118. 116.4
0.600.4q0.610.370.090.14q0.0¢ 0.097
0.690.84g0.800.460.820.8(¢0. 7¢ 0.801
1-9 — —

ik LED
H H ¥ H H H ¥ H
172 37 354./166.]108.[112. 30 120.4
0.590.540.630.3€¢0.080.090. 149 0.094
0.690.77170.810.430.860.830. 8¢ 0.822
1-10 — —

i k LED
'H 'H a a 'H 'H a a
171. 38 354./157./107.]110. 34. | 132.0
0.600.5(0.6€¢60.440.10Q0.090. 13 0.140
0.660.840.820.490.820.8(¢0. 83 0.842

44




N - - E% = %
n — ' fi k
S N
n I - FEN Y ™
n / - - % o0 ™y k — %
n — LED
n S
n I kD %™
n / # - % Neq % — # - %t
0 % S Y
n — I S
Ldl g 2 — - 25 ™M= n o> — Lo _
Y AL <% td =™ 1 —eL | - i K —
- L 3% LED - A Yo £ Ned
- | LED fi k - o9 - - % t 4
- ™ L dL < o -0 o'
- % 419 < A 1 o= — L == =3 el <%
Neq| < 0 Yot oo ™ ez A A - | -
< - Y |- Al 1< % £ Nef % 4 - ko=
% kA1 c%N|VE 00! — - -V — % 99
Jrn % afsmegrzlom™ the idqzs o=w
v 7 — I 2. 1:17b ¥ e - W% i~ e =
- — S t =™ =V %[ = — -
||_ .” AL v Lk~ L oo — — A A '”l
< | # N 7/ o # z | 5ol - 24 M= _ Lo
ETM.” AL A-I-i.igr— 4L =V A N
S R e R I & A &
J AL "z 0 g A =i v mr<of =24 2. 1.18— |
er - = | - = - & <o
=m™] 3V 2. 1:18( a)|fe r % e= ™M ™ | ™
Z td v E - L omy <2 — — % —
L 1=y K < o

45



(a)

46




in

E7Z)

fi

i

IN

low quality due to
image saturation

normal
quality
(a) Direct sunlight

(b) Reflected light of the building

probability 0.0 [ IE o

ok i

2. 1-18 - | -
AL vy _

- | o Y% %] L—— o
| R B B = | - oz
# L 3 v s%#E %o ™MV E - 0
/ —|Feo % - A 2|  wafi b
A % 3 ™ 3V % -

% - 94 4 % A A L o™ fi v
L —o" fiv e fi | — b fia | =
b w% o iswn o - H -
% Ne | vail o~ |y = — .
— 1 L <# ¢ fiar- |

-pms L 0 — % # Ned
1~ % ™= 2.1-19— |fe -~ L -V
T S R (5 - — - 2% ™= 0" fi v 0D
AL oV - 4 g2 - %
= ™ wmfi By L = — #
-4 gy

47



1

— 1
—_— o

| -

s, distance to stop line stop line

le
ﬁ deceleration
=——— >4 —_
T i
state: green state: yellow

(a) Intersection approaching without V2X communication

S,.,. distance to stop line stop line

s,.,+ driving distance until the state changes
ﬁl ﬁ deceleration

i 0
state: green state: yellow
(b) Intersection approaching with V2X communication
2.1. -19 L oy
z | <« . <« M
R R RS R T Y
- o4 - % e= % o
e — T - T —o ™ R
- . ot | 0 T Ys
= sd <oy =i Dok 2N VO E
L o= ™ AL o= A /L2
— # a) Y8 a) < o= =+ 7 D
- AL =V 2.1:20 a) <« L
l p— enad o 4 - -
— AL =V Voo 07 fiv sdfi g — -
— L AV oE- —  ~low>s ook
4 _ 2. 1:20 b) < o= #
# - Ad-ofi— —=-'thd A
R S NI %ok
AL =0 kY- o= ™ ez z %
# t 4 vV amfi B L ws _
Nef L v

48



1

50

40
§30-
>
8 20 A
L
10 -
0
5 -5 -10
Turn to yellow [sec]
A —W/ Prediction —W/O Prediction
I ©O0penStreetMap Contributors
(a) — <’ -
) (b) - | -
z 1 P
21'20 |—||--|| -i.i I F —
— Y S
o= ™p ™ A L c,:TM_" L A-” [ %
S T S
% | n — % t 4 = % 2. 1:21
Fe - — = Ne] a8 % Ned 2. 1:20 b -
e r — # - A — Ak AV E-]
- L AV Ee A e % — il
Jivs% 3 ™ %ol 2.1:21—|fe~ % 0
of=Ls | —33 < o0 Ys A | e
%0 o o -k fi~z % o= ™| - Lyge L |
—33 < ™[V 0 % A % Ne| — ¢ | A=
—o 2 fi # 2. 1:21— |fe o — %N gt # | 0o n
- - F<E2 HBo™ L A - Yo ™ |
< - el <% o Vv E o oy — % £ %
=V %[ = Y8 - «:»E| — r—”-_[E E7A
# % % A s ™a

49



IN

IN

60

50
Ty
& 40
6y 30
:HF —8— S KIRFDEK
oo 20 —— S/ NEH
o

0

10 15 20 25 30 35
ksl [sec]
2. 1-21 s —

202011 25 ( )-—11 30 10 35 —

J — - == 120m -— 99%-L
Ys |F % < o L bwme-aq o <4 < -
— — % | n n n n
dD - o= 99 % Ak - #| 15px
4 2 %= ™4 — % o £ -V 3
< o < o= - 2
] P e
£ Nedl v E + — | = 0 ™ <
- : - % s
- < o % 14de{ it s%n 4 %
2 # Nej v E d 1 =My ™ - Ak A A
% <o <%e-o%l| s = Y s ™
2 ™ = — L1 < o 0! wt # Lad.
of v af s —fec s H
— — - %t n
- s A | - - tdld 7202 Le s
o 4 — 0 . o0
co' 4+ a @ A Y
0 Ys |k AL <2 oo £ —
L EFwne-A] <% < o

50



YV mfif v |k - - 4 Lo oLy

O e 4L A v Er- £ ©o" fi v 2
fi = S RS
| L v pwo % osod % k4
| T AL oV 4L - o = 4 + -
o 2 0 i AL s % < oA
[1] N . Fairfield and C. Ur ms on, AiTraffic Ligh

ceedings of 2011 IEEE International Conference on Robotics and Automa
tion (ICRA2011), May, 2011.

[2] J . Levinson, J . Askel and J . Dol son and S.
g, Localization, ad St at e Detecti on for Aut onomous
ngs of 2011 IEEE International Conference on Robotics and Automation
(ICRA2011), May, 2011.

[3] V. John, K. Yoneda, Z . Liwu and S. Mi t a, f
he Convolutional Neural Network for Redllime Traffic Light Detection
Using Templ at e Mat chingo, | EEE Transacti or
Vol.1, No.3, pp.159173, 2015.

[4] K. Yoneda, A. Kuramoto, N. Suganuma, T. Asaka, M. Aldibaja, and R.

Yanase, A Robust Traffic l i ght alnndap Wit r ow d
h Spati al prior i nf ormati on for Aut omat ed
4, 2020.

[5] : : , 0 - %1 4 ITS L ™y e
T fi v ¢ fi #— — 0, , Vol.52, No.2, pp.

413-418, 2021.

51




0 ty fiwo o tao0fivde Tiir- | R

4 - % 4 = ™V 4 -1t F2 ™V 4 A 4
™ok —|eo — % 2| o™ — 4
AL A o 1 % - — < & A=
2N 1+ —Jfeo - A Vv E e-02Kk'>5sfi-d -
vfive b otao0fivde ™ fir |4 — AL # A |
vl - 4 0 — © 1t %00 — AL AL <
BE B 3 V % 10 Y= - oY% 4= ™Ma ™ z L #
Nef + <4 < o
2020 | 2019 - oV twvfivs et aofivd ' fir|
1 - i Doy & Y — L A L —< %

— — 4k A 7 - L l< - - == %oy i
vo Ppeetvapfivdos "L [ # oV ROl —
g & o= L e - | # S (Y

o AL A | — - ~= 999t < o=
— AL -
N tvfiwosee?aaofivde"fisc 4k -V

n — - %1 -
a L my _
n o= M=
2019 — e |- < ez tyfive Pt =~0fivdo !
fid ™y % - Ned 1 0o d % 4 = ™
— - # Ned 1 < & -V 2020 | v v fiws bt aof
vy Tfi — < L 5 FIV L e <¢#
=i e — L A tvfiws eect=ofivdo i
—2z D @< -= DeeplLab V3+[1k HRNetw48 V2[2}t - —
4L A A - ResNet50[3] GhostNef4] mobilenet V2[5]
DenseNet[63 o=/ 4 - 4 - 4k A
NyYvifiwseotaofivwde fir=m™=
vy fivo pevaofivdo " fil — --' ® AL
# Ned - p 4 = ™ -l e A - e—
~ # Ned d 02 ' e— L e A

52



< -= 2019 - % % DeepLab v3& ™| gV v - HRNetd
-V z L L e
DeeplLav v3+
DeeplLab v3+[1] 2. 1:1—|fer «fi ¢2 5N & ¢db—%tcpy:D
- L o=24 «fi «d2% ~ | Atrous Convolutiom & = ™
Atruous Convolution | TR L ecodti % o L o= 24
v b Frer= g oq A e 1| L
4 1 M~ receptive field: {1 < %=z% |4 ™ — L 4=
A1 <%# %4 3 v Xception: ¢ i — Max Poolingd Depthwise
Convolution~ % 44 1 <2 ¥ =0fivd. " fi— L | ==R'
0D o — A o= ™ & 2 b # | — L «fi « 2 b 2
=V v ek < At s-d oKove. { —¢¥~0fiv
> o T — % % %
e T
: (" [IxL Conv —»ﬁ\
image oon | (3559 ]
Atrous Conv
nRER R 3:;:?2\! _p@ >@—b
191 €5 'sN SN 5 l
%3 Conv
rate 18 _b@
m-g) 0
Low-Level Upsample |
Features @ ; Prediction
‘
1x1 Conv| —= @—-— ——@—» 3x3 Conv|—» Upsarzple —-
2. 1-:1Deeplab v3+
HRNet
Yy fiva o< ¥aofivdoe T fi— % | — v ek
L o=e Db 2 A1 <% ™ HRNet[2]] 2. 12— |fe
— ’VE’K”— Z AL e | < % ™ AL @=TM_||
o —oKEes: 24 2 o907 Loomo -
v p k4L A v <2 = A L eo Kt eJs: D
| ®ev> oo~ 4= ™y OKEeJ: D« % A <

53



wtofi £ EZ oV i

pkofik' fi-dL e

d o™ oy fi o <
1

e | e )y -
A4 HRNet—

5 P e ¥ a@fiwd o T i

v p k 4 —

fi £ 1 W o1 “= ™y £ .
| 1x1— 4 1 L[ Poum' 7
O i A v soefiacfik' fi-4dL
3x3 4 1 AL ™ v ek — O mmu it
| 2 e-r |4 o doe=m™] o fie

- t 4 v HRNet V2# | - 4 v

v ek~ g2
L

2 . 1-:2HRNet

=« e kaofik'fiadk m

A i

A0 0 A A 000
¢ .'t.'a.'s.':’A\‘%'s (i

A

n T BN
ty fiwe 2o ¥aofiwdo " fid my | 2. 13— |
er ¢wyfivoeecy¥aofivde ' firl|4 AL -
% Vo %A 4 g8 02" i ke :d .2 A d 2
Ne | — 2| vwvfivws eovaofivde " fi— - o=
v e- L —q & A - AL
2z ™ 4 %% 0w eV & - A /-
= V]| / - - <' e 1L e
| Stepl: {ES#MoOMH | - — — - - {Step2: FSWORREMR |- -

v TavY
CSA T a

3 A
N
N

2. 1-3%8 v fi o E-Q‘(DfiVD"?ﬁ'_”'-”

n ¢ D 2 8 P
- A A

¢ % ey |

¥ v fi 9o

P e ¥ =0 fi v>

54



- " fi ~ 580

— - 2237 344 ¥vfie-ce

¢ ao0fivde Tfi —eda— & 2 14~ A Ftyfive e ¥ a
ofivde T i e~ | < ™[ Y 4 #
3 N o0 % 34 vvfiws ecvaofivde finr
Ff=10-ocKove, ' or 4L A e - L e
— ¢ D o | - o= - % Ne
(ROI) % t4=™{ 1+ — ROI- | 4 — w1 #0090
- s o= % q=m™{ rROIL 54 ¢ > = — ROI-
L 2.1:5~ A ROI | 2. 1:5—-" 23— —|eo £ No

1

(a) oo (b)
2.1-4%vfive peyt=0fivd. ' fi—v k- ¢ =
n -
¢ ©ai % Ne| |- Ak A v s# — 4k
t Y v s%Ewn|s 1 /7 — < o= |
. S ALERIER
o b S
% Ne - - o= Ywyfivae p o ¥aofivdo
TR AL AL A 7/ o= / — % - 3qs=

55



| A # - 3dqdo™ |
i A vd - - oS

™ _"

V twvfiwespeotaofivde " fir | - A % ™
Lo L s} <o
- Nelk %60 E s |- AL - / - -
Looa v - N e A
% £ Ned A 2 %
% | - L o™ - L 2.1
- A L2 — | 5598 # Neq | 2748
| 2218 / — | 632 z Ned| =i s |
DeeplLab v3+ ~ | ResNetsodt ™ 3 v AL Ne
. L Ne <o
T % | A - % 9
Y% 72.82%< ™ % | %
o= ™| % — / - — ¥ ™ / — |
v - Lo L= ozt 1=
# Ned < A A % Ne | 7 -
- % oo f =™ Ned - ¢y
fiwo £t =ao0fivde T fi— - e= AL DR
AL 2 %{vE /- -— A 2% 3V
— = r Yyt s bgm=vy 4~ |4 | 91.12%
< L 54 =m|
2. 1. — | 120m - 20H - ¢ i - o=
=V # Ned| 0 = — | 86.96% Ne+
4L ~of =™ Ne -
n4L == ™ 1 - s .= -z
# 0 - — | ¢ vfiwesbecyaofivdetiir| -
v — L — < o= = ™J{ 120m
- o= dtyfives ey aofivde i~ |4 L -
2 %= ™ Vv E 3 V| = % o= ™ Ne
| + Frtvfiwesreot=ofiwdo " fizg A
= £ %4 v E L % o 93.34% o f = ™4 14
-z Ned Lo

56



2. 1. — - | - [%]

o = Ne+ Ne+
( )
59.78 89.50 88.64
74.98 93.27 81.30
/ = 84.81 87.50 77.22
72.82 91.12 83.74
20H ~ 86.08 91.02 89.09
g i 96.94 96.73 84.78
/ = 84.81 87.50 77.22
86.96 93.34 85.58
n T R e
« i » ! 5+ < o= DeepLab v3k HRNet— L A
] ¢ D 2 2237 —e L ROl ~ A 4782 ¢#
Ne| — L 2.1:1% 4 2.1:2- A 14 |4 Deeplab
V3+— % 95.11 HRNet— | 98.39% o [ = %4
HRNet — ¥ =~ o fi v 2 = ' fi AL -V - Y% ™ £ Ne
I < % % % 3V — % 20 H . ¥ — —
Deeplab v3# 97.35% HRNet# 99.03%— £ N 20H < ¥ —
| A4 < 120m — # Ned|
2. 1: Deeplab v3+ [%]
94.88
97.83
95.11
(20H - ¥ i ) 97.17
(20H - ¥ i ) 100.0
20H - ¥ i 97.35

57




2. 1-2HRNet— [%]

98.35
98.92
98.39
(20H - % i ) 98.99
(20H - % ) 99.59
20H « ¥ i 99.03
2. 1-:6~ Deeplab v3« HRNet— — L A <
t 4 v | 2 =™ 2. 1:6(a)lfq HRNet| Deeplabv3+
== — Ak %= ™1 <%y 3V 2. 1:6()— |
e o —e 2 firza™= L oo AL %= ™ 14| -
-V —¢tyfiws by aofivde T fi—edar|
—¢2 a4l g=m|vE < — 0™ % 4= ™| <
N # 2. 1:6(c)# | — % - s o= % %=

™A ™ < Y% Y

58



Deeplabv3+—

HRNet—

2. 1-6 —

59




Deeplabv3+—

HRNet—

(b) -
2. 1:6 —

60




Deeplabv3+—

HRNet—

(c)

1-6

2 .

61




n J—

-~ DeepLab v3k HRNetz ¥ v fi vo ¢ < % =0fivde " fir|f =
1L i

o - o = e ez ¢ i - |
ResNet50[3] Ghostnet[4] mobilenet v2[5] Densenet[6{ ™= A |
¢ 2~ | 5039 -— % 34=™{ / —eL % 405
% 4904 — | # Ne| ~ | Recall( )y ™J DeepLabv3+
— ¢ ~o0fivdo T A =V L 2.1:33~ A 3V
HRNet — % =~ o fi # 2 o " fi AL -V L 2. 1.4+~
A 14 |4 Deeplabv3+— % 93 # N —~- <= HRNet—
% 96 <of =™{ |} = — % ™ HRNetlz 5 e
< e - % % ™I <% 3V -
% 20 H - ¥ i — - A | ResNetd v
97.41%< o [ = ™{  Mobilenet v2 & =V # L 97.28% N
Mobilenet v2— |} e ~ —- ¢ 1 4 -V -nms L ™
Lo gw=wf k- wml - L A
tyfiwe 2o ¥ao0fivde i | Ak t Yy L%
N A L
~of = | - % = o4 = % coao
I wlkos 444
2 . 1-:3 Deeplab v3+ [%]
Resnet50 Densenet Ghostnet Mobilenetv2
97.28 96.54 95.80 94.57
93.50 93.13 92.96 93.31
93.78 93.39 93.18 93.41
99.64 99.64 98.57 97.49
20H - ¥ i
95.78 95.49 95.18 95.68
20H - ¥ i
96.02 95.75 95.39 95.79
20H - ¥ i

62




2 . 1-:3HRNet [%]
Resnet50 Densenet Ghostnet Mobilenet v2
97.53 97.04 95.84 89.63
96.47 95.92 96.05 96.15
96.55 96.01 95.86 95.65
98.92 98.92 98.21 99.28
20H - ¢ i
97.31 96.81 96.62 97.14
20H - ¢ i
97.41 96.94 96.72 97.28
20H « ¥ i

(b)

63




2. 1-7
(a)
2. 17 (b)
2. 1-:7 (c)
2. 1:7(c)

(d)

2.

ROI

1 -7 (d)

64




n ™y
2. 1-:7(c) 2. 1-:7(d)
| D
ID
2. 1-5 1-6
Deeplab v3+ 96% HRNet
98% HRNet mobilenetv2
98.51% 20
Deeplabv3 HRNet 98%
HRNet mobilenet v2 98.96%
1-5 ( . Deeplab v34 [%]
Resnet50 Densenet Ghostnet Mobilenet v2

98.35 97.93 97.11 94.63
96.54 96.09 95.98 96.43
96.92 96.49 96.22 96.05
100.00 99.49 98.98 96.95

20H « § i
97.68 97.44 97.33 97.68

20H « ¥ i
98.11 97.83 97.64 97.54

20H « ¥ i

65




2. 1-6 ( : HRNet) [%]

Resnet50 Densenet Ghostnet Mobilenet v2
98.76 99.17 97.52 98.35
98.33 98.10 97.66 98.55
98.42 98.33 97.63 98.51
98.98 99.49 98.48 99.49
20H « ¥ i
98.72 98.72 98.26 98.84
20H « ¥ i
98.77 98.87 98.30 98.96
20H - ¥ i
1.7 2. 1-8 Deeplab v3+ HRNet
98% 20 99%
2. 1-:7( ¢)
e o — Lyosi ' fikcs e *> ®n >+ — L
< o
2. 1-7 (1 : Deeplab v34 [%]
Resnet50 Densenet Ghostnet Mobilenet v2
98.35 97.93 97.11 94.63
97.99 97.88 97.66 98.21
98.07 97.89 97.54 97.45
100.00 99.49 98.98 96.95
20H « ¥ i
98.61 98.72 98.37 98.95
20H -« ¥ i
98.87 98.87 98.49 98.58
20H -« ¥ i

66




2. 1-8 (1 - HRNet) [%]

Resnet50 Densenet Ghostnet Mobilenet v2
98.35 97.93 97.11 94.63
96.54 96.09 95.98 96.43
96.92 96.49 96.22 96.05
100.00 99.49 98.98 96.95
20H « ¥ i
97.68 97.44 97.33 97.68
20H « ¥ i
98.11 97.83 97.64 97.54
20H « ¥ i
n 3 <k
2020
99.03%
97.41%
98.96% 99%
[1] L.-C. Chen et a-Decqder iwvBEm AtmusSeaparable Convolution for
Semantic | mage Segmentationo, ECCV, 201 8.
[ 2] J . Wang et -RdsolytioniRepresgntadHdngliearning for Visual
Recogniti oo, CVPR, 20109.
[B] K. He etal.,iDeep Resi dual Learning for Il mage Rec
[4] K. Han etal.,i Ghost Net : More Features from Cheap (
[5] M. Sandler et al.,iMobi |l eNet V2: Il nverted Residual s a
CVPR , 2018.
[6] G.Huang etal.iDensely Connected Convolutional Net

67



o= @®F D 10 L eV kB~ | -
AL - AL s % < o - - % ™= | 4
- 21 £ ™ L = d
- - % ™M= - A AL - A %
] O weit % 1920x1080H « ¥ i — 70m - A
t | 48H - ¥i  200m - A | — ¢t | 24H.- ¥
1 ™ 2020 | — L e % |
1L e

IN

n LI ) % F =
R L S Y o 2]
0 [4] 3 V/ — 4k -= ™ o 2 -3V 0
0 |  You Only Look Once(YOLO)1]# Ne{ YOLO

IN
¢
1]

| 1 T A 2l i Eees:der L - - A
A -3 < k= A A o= %4 -o fi kB0 <
o [ = ™ -V - A | Lai py -
A I N [ — O - —-' o
sof k- L A< - =y
YOLO % - = YOLO < — — % 9 t 4 = ™
% YOLOLz > @< -V YOLOv24 YOLOV3[2] YOLOV4[3]% o

# Ned| YOLO | — YOLO — AL o= ™ -

| t o - A — % -4 { YoLOv4z |

O e — zo>es<sA{ 4 a2V i Ees:d. —

™y 1 1 # YOLOv— L 2.
n -1~ A YOL G | backbomee kead =— - Y%
4=™] backbojneCSPDar k[ N&k™e3t ¢ J : > « -
g8 2 ites o d w™m=mwm| cCcsPDarkMNet 53 1 #

=V v ek — LeHI o= — -~ A AL o= ™

— 02 %ot

1 neclk backbone =V v p kL& .= 7 1
™ ¥ P K O wmixdt = ™35 | —< % backb#onev

v ekdaeHd = A4 he atd| v e k— @D 2™
— L A viek— %td 10A]wr 2o
2 % 394 = oq.:

£ 10 - L o= ™

IN

68



1

= = 10 1/s||f Y% 0O

neck head

Y
.
'

feature maps feature maps detection result

input image
2. 2-:1YOL Ovw4

z | 2019 - T L ™ Feature
Pyramid Netork(FPN)4]% < —-P'fi @k ™ £ Nef
v YOLOV4 % t4v Vv E FPNs< YOLOvad =
v - # oV &2 ey L ™y D
4% el | 5747 — # t 4 = ™ ¢D ¥ e 2| 11.
®— <! L Nek%o ke wt Do T o= o 2| 2. m-1
- A”'el_ :—-! ®< o = v! ® < c»\/ -

|
e~ A{e>=a L& 2. m2- A

2. 2-1 ¢D A% e —<' @
¢ p s ="' oz Atz
Car
Bus
Truck
Pedestrian
Cyclist [——
()
()
( )

69




2,232 ¢dat et ' e-—

-l e ¢ D o
22,006
5,832
P om~ 291
) 3,405
) 3,328
() 171
423
- | mAP(mean Average Precisio#) < o= ™{ mAP
| -' @~ A { Average Precision(AR} - / - # Ne|
AP | 3 -V = L L <~ Precisions Recalld - |
er A
0i QoQi-Q¢ eﬁ]/' .
=V
Y Qo0& -V
¢
/ <= Precisiont A v Recallr)- %1 | Precisiond
v -2
o0 01 'Q&O"QiME ¢
¢Dd4¥eJ ~2%t4 FPN< YOLOV4— L 220 -
3~ A 2.m2-3F4 mAP| YOLOV4— % ™| < %g¥%{ 14
F 4 — - | yoLovad ™ < <A
2. 2-3 ¢D>a¥ e %14 mAP
¢ D 2 ¥ P FPN YOLOv4

0.627 0.649

70



n YOLOv4

_ AL A.||\/k._| < o= — £ <0
] — YOL O w4 — AL o= ™Mo ™ /) g
YOL Owv4 O i % | A — L e 2. -4r
o< — % | A — O mmud A
2. 2.4 o< — O wmz[He ¥0 ]
[m] 50 70 100 120 135 150 200
96 68 48 40 35 32 25
68 48 34 28 25 22 17
194 F4 200m - | 25H-3¥i 70m — | 484 - ¢
i g Ne| 1 F—O mmur AV E- Omeid 4167 H16
-3l %9927 Ho2y i ~ =V 3V @D i % A
Omeudt k=« fiocdRadfid 2% | 4 AL <AV E
1:11: 22 : 4 -/ — L E{ |}e -V
N YOLOv4
YOL Ow4f : o1 4 A - Nev 4 % | -
# oV edayesd ™My a5 | 16938 N
— L 2. m5~ A
2. 25 —
500,000
F AP E H O wa 64
0.001
R 400,0004 |F 4 450,000
n ¢Dd ¥ e - %1
! ©— 0 mmu (mA#£) 2. 2.6~ A 144 200m
- A 256 385« ¥i — - == MAPAO0. 377%/0m
- A 506 70H- ¢i — - == mMAPA4K 0. 184 %

Y8

™ _”

71



2. 2-6 ! ®— 0 mmx ( mMAP)

O i 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
P oume 0.010 0.033 0.138 0.371 0.456

< - e— L 2 m.7- A
2. 27 <! e—
-! ()
Hfi -

P omm
()
()
()

2. m-2 4 o= ™ d e |k 4 4 — L

72




2. 2-3% 200 m2 — 4k % %

I IEEERCE ETE I

™y s %

v 2. 2-4% | 70m= — L <o % %
v

73




2. 2% | — z L — d 4k % %
=™| 1 <%y 3V — L wo#%=™{ . <%3%

% c=m™| L 2 mEW%| 2.7~ A 11 # —
— 2 =™ 2.m2-6 |4 { ¢ — —
w1t % 4 =™ - £ %= ™Mo ™

74



ﬁ
Lo =y ™y ol N

o SR £ —
_ £ | AL Y - oo 2 fi d
Logv L memf ow f=mf
- o2 L < o= R IV
- %1 AL -V ¢ D | #
300 0-— L ™y 2.m-8- — 0 - — Ak
1 F4 70m — 484« ¥ -= ™= 65.2% % Ned
- <oq 684 ¥i # % 80 %30m —
90H - ¢ i # % 90%Ne{ 4 |4 — 4k
L oowma{ v k| O wad 2

o3 mms 4

IN
8
m

1

IN
D
=

75



80
<
S 60
40
20
0
0-20 20-40 40-60 60-80 80-100 all
He %1
2. 2 -8 = — ™ F — — 0 mm X
L 2. m-92% |- 2. m2:10- A 2. 29— |er
- — ™ - 24 ™= — AL 9 L -9 £ 5% = TM_"
# 2. 210 e~ z L % Fz ™ |
=1 < o= o= ™| »> @ Nej

(i3
i "A!.

s B -
- : : ; ZEREVR -
PR L oa
| E:glllllul!lmr- S
ETEREY g

R ——"

mim‘ ' % o lﬂylu.-. ').I:ﬂuf‘

bi¥;

76



IN

| — s i 0l sr < o= YOLOVAZ D> @
Owmuz|dE e 0. - L o™ - +
| # VvV 2 2 ¥ P J ~2™= 200m —

%4 7o0m - L 2% 1 < % %[V #
< == ™M< | 4o ™ e ™ -2
—_ — L [ v<i+ 70m  (48H- ¥i )—
™ = | 65.20& Nof V L oow ~aAqr|

% 90H « ¢ i o e 1 - Omud A

<o

77



(0] X

[11J . RedmotiYoeut Qnll.y, Look Onc-€i m&dnObjedtd ,  Betnébct
CVPR2016.

[2] J . Redmon et al ., AYol ov 3: An i ncrement al
[3] A. BorchkovskiOfh Oe 4 : md®Ipt Bpieed and Accuracy
Det ecot,i oanr Xi v, 2020.

[4] T. Lin, et al ., AFeature pyramid networKks
[6] C:Y. Wan g, @3 P Naelt.:, AR new backbone t hat can
capabil i toy, oafr XGNN 2019.

78




o LiDAR% |4 FT " o5+~ %0
- %1 — 4k
. A vE sfiah 20t fir- | - -V o
y Lo & A - | 3 Li DARR ™y
- - % ™= —eoROD o1 L eV E-roo <—h* 2 o' f
% # Nef 1 < & oV oY% e 3 # o= i AV
Lo ool - |} - b ENefiswn ose= -}
= ™.
| - -V — AL <AV E o'
2 A R SRR - -
o = L N S Al 3 v 112 =V
T e AL AV E- o= ™ ~% ™= 200m
— I 70m - — 904 AL =4 < -=
£ oo uq k- I - — Nef +
A
NLDARM c o' —h* 2> e fir~ |
Li DAR] i e 7 - — - o=
# A % £ Ned [1]- 25 ™= -
i 2" 5r #2N{ Real Adébo o-svt 4 o= ™| <% <o
%[ Li DAR % oo - 2. 2.1 4 A -
— d oo’ o2— ¥fins—h* 2o fi% <od 7/
| # — - % ™M= 2. 022—|fe- Li DAR o' — ¥ fioh
o ot fie i sl oy L .
Car Pedestrian  Bicyclist Pedestrian
3_5\53
10 (m) 50 (m)
2. 2-1 - A4 Li DAR

79



P, P, P, P; P,
_:-i P, i_"; P, = P, =2 P, &
‘; = R =
Segment data Py img P3img Track data
Segment : 17 L—LDYIKEEE
Track  : SegmentD B RINES
P, : Segment®D V7 5 AMEZE
P.img :ERDY S AFER
P, D BREER
220 -2 ¢fiah* 2 o' fi- | =i gy
1 yfiahs 20" fi- | =i by —
# vl
1. LiDAR — <! @a' fi -
2. LiDAR- | Segment — - ' ® AL
s o0 - H " | -k
4. Segmend — t  Segment 4L - o =
< t A
5. LiDAR/o o' h* 2 o fi Segment -« ' ® Lp
- 7 wmxhoe i | # AL A
—<w R AT -
-l e L AL <2 -F{h > etfid e
6. - h™ >+ — Segment
1 Tracke D> 2 — 4w < o= dL A
q
Nne ool 4 =V - |l -
—¢fiah” 20" fir~ | A e AL -
2] Y T
Li DAR roo0' — Lh 20" fia] - Nev 4 —
t o i - ~0 0 = | - A — AL A
1| 2%0™ — - % ™M= - - %
A e w4« T | — . A n 2 —

80



- tdq /12 2. 23— fer o oai s |- - 0
= 4L - # A= % L ROk -= o=/ —
- AL A | AL A DNNDeeNeural Nettwork
— AL N 0z — - | + O -t —
- O emn o= Y LA <% 2N 7/ —v &k A
O mmttr ' O wmi o= A —F o= t 4 v ROI i o
—r ! OwmuAd L <2 - % - %00 wm#
< o z | — < ROl — — —
4k AL <2 — 4k o= 0 — 2
R
T -V - | 4L AV EF —
d — — dL A-|| —
| — — 2. 2.3 # -
— < — [ A — | — dL
=|\/| — C)ETM_” < - = 24 AL A
< A - - AL < A -V %[
= D o - < — Y |- — 4L
< o
< = | Y |k -V ROI - == o -
# = A | ROI ROI < o=
— 1/ 2 1/ 3— # 4 eV -] Y Ov3{+ DINN
o i - DNN-— | 608x&ms| » od -
i -0 %[ DNN— - O -y A{vE ROI-

81



% 1 ™ME2 — L <A1 <00 <od o %

- ™My | 1, 96584
< o= < — o< - p 4l v —=-'thd 2. 2.

o -4~ A — 4 ROI L oA s -
A — % td =™ <% # %4 ROI AL
—1/V | 1/804 1 < ¢ £ N 200m — 4 70m
— — 4k AL =% tdv 3v 2.2-4(d)ROK-
L 1/ 3< V< %r tq v — H-%i 4L A
687 0m # I H. 1 % o= ™ % 4 | <!
. - < <- - | 7 - Fo-ioe
% oo —¢2 a4 ¥ o™y < ¢ |- — -
I T A s R G R
= %3%MNe{ % 100m— < «= 15 px 200 m— <
=  25px Ak o % td v v d - o=
<—h" >0 firpnm=sL — % t 4

82



500 —— Pedestrian 500 —— Pedestrian
—e— Vehicle —— Vehicle
400 400
2 ]
2 g,
a3 2
- 300 = 300
L 13
8 8
z 2
G G
2 200 2 200
2 2
E E
= =
A =
100 100
0 \‘\ g —o—* 0 < 1
A0 o0 O © NP f\Q o0 N D A0 P 0 A0 A0 420 0 0
P00 @0 0 W n‘\ o T e '7} 3V g o 009 KR np\\ga '\0’ %qw'm\um B0 ﬁ,w”ﬁ
dlbh.lm.e from the vehicle (m) distance from the vehicle (m)
( aRO | (b )RO | — 1 2
00 —e— Pedestrian —— Pedestrian
—e— \ehicle = 300 —e— Vehicle
:::E:'
400 =
” 2 250
3 ko]
< 300 S 200
2 =
Q W
=] —
L [7}
g 2150
5 200 3
£ =
E =3
g £ 100
=
100 &
g 50
g
0 0
A0 D A0 g0 WO 0 O g0 A0 450 0 90 Q 0 40 Q QO A0 N =0 A0 90
BT T e o e eV o g™ o e @V w\b'\u\ o \0"1& D et
distance from the vehicle (l’ﬂ] distance from the vehicle (m)
(c) ROI — 1/ 3 (d) —( c) He v
2. Q-4 %1 — NH- ¥
n —
- - - L a4 ay
| —_ - 231 -” - = — ™ £ — < o = 2
o -5 ~ A — [ A .” AL < o =
¢ D ad =V ¢ D A AL t YV #
< o n P oame N n = - |
- L t YA 10 - %t AL
# Ned| - ™ ¥ fioed o -
Li DAReddyne-128S-< Li DAR -~ | v

83




= W

1

™ _”

# Ned

%1

> o |

1

¢ D A |

— ¢ D 9
4L 2 .92 -1~

-

7 8
350— Tr ae€ bk 2o

-

=g

A
/

# Ne|

-
1
St
=
|
1
{
i

RO H

T

raeh 2

Segment?24,
AL

¢ D A

¢ D 3 B ™M=

Segmen

200m

%4
t 240
265¢% |
oV L —2 Ne

% |-

8,

I

=V

A o<

A

A

#

EDEBHE

#Y25TE

2. 2-1 n ¢ D 9o — Li DAR

Train Dat a Te s t Dat a
- e Segment Tr ack Segment Tr ack

1, 426 16 4, 058 54

4, 9 4 2 24 6, 277 45

1, 726 28 6, 552 40

14 6 10 7, 378 211

82 40 78 24, 265 350

84




— - %3 ™= - A Fvalde ™| 3 #

— L i10m o<~ 1= £ — — 4k A
VI Qw Qlﬁe—gaﬁ (2.0 -1)
YO

Y'Q O £ . 2.0 -2
© 6 dF—ay ( )

g,t\)l QO OEHS A & o .3
W BG4 OB GG & & (2. )

Vo o TP F P| F N| # Ne ¢ o —
o< — Segmentd Li DARdI' — - L 2. ®2.6r
A 2.2-6-%™= ] mage olbjects |[[J = t v <

Li DAR Se g me nt T % -V L =™ F

{ ROI Ak A1 <2 Li DAR|A < < —

— ¥ 2 0 =I - — — 4 QA ¥ # Y%
1| 2. 2-6-3%™= 5@&100m -~ %1 — % o= ™
-" s £ % -" SZ J|| | # n % 0 A -"
vVoE# Ne ¢ D A B™Ms — % o ™y E 0 %

| Nei % = ™ # Ned - L -

2 Nof < ™a #| ROF - |4 N

% 11, 63RF 15, 874< 1. 36 -V
1.OF
BN LiDAR objects Image objects
5000 Image objects —e— Image objects (w/ ROI)
I Image objects (w/ ROI) 0.8f

2 4000 2
< 3000 E
2 2000 504
1000 ||| ’ \ I I 02

0 | I Illllullllnllll--- =

qp:@ &),50 o %Q‘) o AN o \“»S&Q \fbﬁ \’\Q%Q,\qﬂ FECE R \Qw\\e OQA«,Q \@'\"Q \60‘\’& \%w\ga
distance from the vehicle (m) distance from the vehicle (m)
(a) Segment (b) EE Y —
2. %2-6 ¢ - 2% o< — Segment

85




3V ¢ a4~ A L 2. 9.7 — - %1

] L 2. 2.2~ A 4 AL s
0 % - s—h oo fic|qdr ke o=
% %4 194 ~-Ff= Li DAR # | % - 09 % <
| — - == L a1 <2 % t 4 v
(3 — < e=™{ 200m - 1 70m - _

90 % td vV e%en % 2. 26 (aflt =™ |er
- — ¢ A% o= ™ L <% |4 - L=
— AL A v Er-| g —e¢2al k= ¢ D 3 —
% # Ned
1.0 LO’M
0.8 0.8
u 00 o 0.6
2 =
[ «
" i
= 0.4f 0.4
—— segment (LiIDAR) —— segment (LiDAR)
021 —«— tracking (LiDAR) 0.2F —+ tracking (LiDAR)
tracking (LiDAR w/ Image) tracking (LiDAR w/ Imagg)
0.0r —s— tracking (LiDAR w/ Image+ROI) 0.0r —— tracking (LiDAR w/ Image+ROI)
Q [A\) 10 Q 20 Q Q Q 0 Q Q Q Q
P 7 @ ? Qo-\\ o o N\ @'\'\ N 7 7 @ %09 N @‘\3 A bn-\'\ N
distance from the vehicle (m) distance from the vehicle (m)
(a) - (b) _
10 \/.\/-‘\/.
h \/\/\;\//
L 0.6
=
fad
T
0.4
—— segment (LiDAR)
02} —— tracking (LiDAR)
tracking (LIDAR w/ Image)
0.0p —e— tracking (LiDAR w/ Image+ROI)

Q Q Q \] Q Q N
,LQ?.\ n&b“" @,’\ o ) \QQ'\'\ o D \D‘Q,\'-» \bq,\’\ R A9

distance from the vehicle (m)

(c) -

86



2. %2-2

Ve hi c | Bi cycl Pedestr
20-2 00 m 20-1 00 m 20c-1 00 m
Segment 0. 853 0. 573 0. 710

0. 973 0. 9014 0. 8638

Tracking (LimBAagR 0. 973 0. 918 0. 920
0. 977 0. 922 0. 933

Tracking (LI D

Tracking (LI D

|l mage+ROI )

- c>\/ L < A ‘” \/ I= B ()] ! - ||- -” - 24
= AL

_.
<
I
<>
©
L
D
Y
>
==
>
—J_
=
I
1

-
1
0
<<
I=
>
=
“—
IN
W
I
I
I=

X
1
11l

H

=z

10
1 —
1l

_u

<L
.

-
[ H
=z
10
==

0

<.
I=

n
> -
== ¥
A Xx

-
=

I=
IN
D
= |
[3)

(S}
In
|=
.
|
S
In
D
—
S
R
T,
[
1

%1 JL AV Eer-- o T fipx 4 -V

[1] N. Suganuma, M. Yos hi ok a, K. Yomedead a@j eMc t
Classification for Aut on®Rm@aus oDr Jwiumgadn ot)r
Control, Automation and R®bgt i2d0s,7.Vol . 3, N o

[2]1 J . Redmon and A Far hadi |, AYOLOV3: An [
ar Xiv:1804. 02767Tr, 2018.

87




2.3. C.s

" GNSS/INS —
(1) 7 %-— 4L . < INS —
a GNSS/IN§ o GNSS

GNSS/INgt N < 0o GNSSINS— AL A A
L <% £ Ne| i r t 4 = ™{ GNSS/INSz | Kalman Filter
- S %V wml) b ommu < 2 %] h=1 2% t 4 A
% o / 4 — o' Ot wmur o= | o ko i oo z | Z
- ™ 3% # N ¢+ 1 # GNSS INS— - Lad < -

0 | V@ wm t wmz# No % — %1 - % B™M— | v i om
R @ - t Al ot Ot mmEN] L% =™ /s -V E
GNS$INS — - | vi WR ®F tA A he o % o™

4k - AL =% < o

7L %% t 4 = ™ (CLASH =V 4

A — RTK-GNS< o= - %BNe{ v E w0 m
R® —V: wm!/ | wmu# | o™ — Lt damw % Neq| 7/
— v k cLAsd eV — v i #R ®— 4 . 4
A% Lo | — INS £vi HR ©— Ak -dA™|e

- Loofisoiad % Ne| Ke ©Ve s # | ~ INS 4k
A v s < «= ™{ [1]V E cCLASLE -V | vi HR @—

| 4 ==L GNSS/INS # L e 2] 4 A
b CLASLIB— - | -

CLASE oV L ev E-| 4 0Ld %— L6E % | t4

—¢ 20 d [ Vea# Ak A %N 7/ 1 # K
. OVe # | Y | t 4 = ™{ CLASLIB[3]— L e Voo
2020 # t 4 = ™{ CLAS LIB ver0.72 # | 0 4k
-V %z D esof =™V E —fecvi ¥R @ #| o
h#es o % A YeNe{ / 1+ # CLASLIBL

A ~A{ 1 <# GNSS/INS- <V 4k - eV

Lo o# 2.3.1 -1(a)r —«2e0ed A | —D OrHB™
= — CLASLIB 0 2.3.1 -1(b) (c) <

% 2 %4 e - -V CLASLIB— 2.3.0 -1(d) —

L [V o £ | GNSS -~ Septentrio — npsaic-x54

=V 2.3.0 -1(b) (c)(d) - F4 CLASLIB— - |4 <

88



- FXx & -~== L GNSSINS~ =+ L k=™ <%
%

FIX Float
7 /
i
( \
| T L - ‘%'
a) «> e b) o c) — d) —
2.3.7 -1 CLAS LIB—

3 v 2.3.0 -2r — <sRat+o0od A | 1 #Rat]f BI X
— — FNed / — % ™pg> % % % %™
<d A 2.3.0 -2 4 —CLAS EIlB o %BNef V £ =
=L 4k «=™{ ~Rat¥%o%oo f[IFI X% [|d=™am™
% - |F4 LR X% |[Fd=™]! <% # %

CLASLIB | CLASLIB %#& L 7=CLASLIB |
S| (BRI v | (EESE) | (RESHE)
wen - BFU DI B,
OFIX ®FIX

. @FIX

55 Rato Factor for AR Vakdatan 55 Rato Factr for AR vakdaten

55 R Factor for AR Voldaton

s ' ;

» 1 4 1

5 W
. ,g‘hw
b 2% 002 00:30 00:31 00: %

5
2
Ratio >
FE 3 .
i & i »
S
=|| = st 3 M
< Loh '“.é \,: .
J1%, { ¥ ]
g"%,L"\L, ;-
00:33 0034 o 0N 00:%

2.3.7 -2 CLAS LIB— - - < Ratio

89




c CLAS =V GNSS —

CLASL =V — < o= A «D ) W%
o aNSSs o=t isw 4= oo k-

# % 0" z i — CNSS - % Fd=™{% / —|e
0 £ | % % CD ) % td=<3e % Ne
GNSS -~ ™= | £ % — | # Ned o 4 o
— % 2% 1<% 3 ™ / 1 # K. ©Ve # A4 GNSs

AL AV E — ONSS Trimble Alloy Ublox
FOP Septentrio — npsaic-x5# CLAS LIBL ™= L 7 v -
N

L L #  2.3.10 -3- L 1V i A 4 [ Vv 3= — GNSS

(Alloy : o mosaic -x5 F9P o ) |
/4 - 4 L1/L2/Ls— Ak # Ne| % o= ™ «2) % o
] - L o FOP| L2P/ L5~ | L oz ™My ™ Alloy
< nosaic-x5| L2P/L5- L o= ™ — # | L2G d =™
{ L - r<234v E FopPz -V L cLAs L e -
| S Y <o 2.3.0 -4 / —+ k - A e~ FIX
% - < - = o= ™| < a kqq 7 v # Ke © Vel
% | - 0 < o < « = nosaic-x54 -
GNSS/IN® — L e <-4

2.3.0 -3 CLAS LIB% A - | —

90



