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of o3¢t A& AFE AEF G811 WX A& #Es5 &3k A
B (Advanced Driver Assistance System; ADAS)S o] &3l= A5S X348 4= Q).
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ZFF(VED) S A 7| A5 2F(Electric Vehicle, EV), sto]lB#]= X}&F(Hybrid Electric Vehicle, HEV), Z#291
stolB#]= 2}2E(Plug-in Hybrid Electric Vehicle, PHEV), & $4#A 7|2} (Fuel Cell Electric Vehicle,
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4= 2379 dF9 A /2 (80)= EA(2)Y AW AFdd vl o] AE(VEH) UF-9 42 Ee A8}
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w3k, AR (10)= ZFolth(Light Imaging Detection and Ranging; LIDAR), @ ©]th(Radio Detection and

Ranging; RADAR), Z&3 AlA, == AH|A MAMAMES £33t 4= g},

S X8 & v, Folth=, T0F(Time of Flight) WA e dlo]= 4

gholetiz dlolA 4 B,
0 ek, gtk Al A, FY Ei Sy dXsh: AT AA

3 E (phase-shift)
7] A& 2] ¢

doltt= HAg F4 g, 2 EES XY F vk dojve A3t Al dEd H2 #o|th(Pulse
Radar) W4 T 43 o]tk (Continuous Wave Radar) WAooz FdE 4 Qlt}. #ojthe d&3 ol v
2l Fol Als mtEo| ulg} FMCW(Frequency Modulated Continuous Wave)®2] @i FSK(Frequency Shift
Keyong) WAooz Fd€ 4= glvh. #olths xS viZlZ, TOF(Time of Flight) 2] Ti= o]z HZE
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289 AAE 289 $4 BE, £ BES TFF 5 Ak, 283 WML, 2908 V122 ANE 459
1, AE9 AAY A4, 22D AAskY A 2 g SES AT 5 Advh 239 ANE AP A
T m e AXsE AN AANY] A AP 9o AEG AA WAL F 9

A AL AelA $A BE, FA RES T3 5 Avh A94 AL, 498 B /22 AN 4
z3ln, 428 AAe 92, A% AAste A L YUl FES AT 5 Aok A AN AP A
U, FY EE Swel gXss AAE 2] g8 el @R WAE A,

T, AAME(10)= A= WE5S 98 £5 Ao WHES AMdste Bdola dHd A AA (Brake-pedal
Position Sensor; BPS), @ 7} #Hld €% AlA (Accelerator Position Sensor; APS)E X33t 4= git}.
Byelz Hg §A AMAE A= FuldE 2dola #Hde 59 4 =
2, BPS Az Byela Hde ol wl 0~1009 HelHE T 4 i, 09 #
o] 918 ALolH, 1009 e B oz Hge o] Hule ALY

e g 9A AAE A FolE ke Age] w9 gRdl u @ 5 vk Az, APS
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FEAR(0)E SR T, e A wE R sl FAS FAE 5 A
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78] %Al(Short range communication), GPS Al 1, 354, 4% 5544 2 ITS(Intelligent

Transport Systems) B4 7]5& 3 5 U},
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BEAR (200 EFHE2~(Bluetooth), RFID(Radio Frequency Identification), Z1&]X4 %Al(Infrared Data
Association; IrDA), UWB(Ultra Wideband), ZigBee, NFC(Near Field Communication), Wi-Fi(Wireless-
Fidelity), Wi-Fi Direct, Wireless USB(Wireless Universal Serial Bus) 7]& = Holx 3 }E o] &3lo], &

e S AL 5 Ao

AR 200 99x AHHE FE53r] 93 GPS(Global Positioning System) & X DGPS(Differential
Global Positioning System) &S X33 4= Qt}.

ma BEAR(20)E V2X B4 RES Z3}E ¢ ). V2X BAl RES AW (Vehicle to Infra; V21), E} =}
(Vehicle to Vehicle; V2V) Tx B3 x}F(Vehicle to Pedestrian; V2P)9le] #A4 EA TREFZS 93 RF 3=

M EFS =
& E£3% F ok,

EAR-(20)= o]F SAE A% Vs EEE BT SAA wEl 75E ols AW oA ZIAS, 959
w4 AE S Aok et T AEE FAE F k. o E Bol, 417 (20)= GSM(Global System for
Mobile communication), CDMA(Code Division Multi Access), CDMA2000(Code Division Multi Access 2000),
EV-DO(Enhanced Voice-Data Optimized or Enhanced Voice-Data Only), WCDMA(Wideband CDMA), HSDPA(High
Speed Downlink Packet Access), HSUPA(High Speed Uplink Packet Access), LTE(Long Term Evolution), LTE-
A(Long Term Evolution-Advanced) 7]WFe.Z FAIS a3t & 9oy, 4 A= 24 3 A5, s B3 ©
A5 Ee B/ EE R E o] AR Failed whE thge FEe] dlolHE 23 4 qlth.

AFREDE ZRAN009 FAE AT FuelE 2 A 4E wde 43T 5 Ak APHEOE =
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]
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gxs=z =golB,  F¥A] dREe, EEPROM(Electrically erasable programmable read-only memory),
SRAM(Static RAM), FRAM (Ferro-electric RAM), PRAM (Phase-change RAM), MRAM(Magnetic RAM), DRAM(Dynamic
Random Access Memory), SDRAM(Synchronous Dynamic Random Access Memory), DDR-SDRAM(Double Date Rate-
SDRAM) &5 ©]&% + U},

Z2AM(100)= FHEEoe] 53 oA S HiReR AAE HAET & vk, olE A ZE2AA(100)=

o
=
= 3] BAE A PE 2D(2000S EFE 5 AT

AR HAE BH(200)2 M (1) 7 53 ouA & ugo® AAE A&7 HalA QIzke] ¥ Fx2& HF
B oA Bojsts A AATS 28 5 Ak, AA HAE: 2d(200)9 AAEEL Q17ke] 7 (neuron)
S BYdte 7MeAE ZAe 559 MEYT =258 X% & u. H49 HEYT REELS wdo] AW
Z(synapse) & &3 A3 E T P wdY AYE S5S BYSEE 747 A4 I wE dolHE Fa
whS 4 Qlth, AW AR BdoA HAek Jdyd EdS ¥ ¢ Q. g gy B H49] o
EQa wEELS AR gE dolojo XstHA AEFM(convolution) A A wt dlo]HE Fa WS
T Adrk. AW mdo] o= A= A4 (DNN, deep neural networks), A AlZA(CNN, convolutional

deep neural networks), <8 217" (RNN, Recurrent Boltzmann Machine), A3+ EZ=wut wAl(RBM, Restricted
Boltzmann Machine), A3 A% 217 s
st | Hd VIHES 8 4 9.
18, & o] A dofa AA HE HE(200)0] AAE A& 42 ZEAA(100)] s2o2 olsld
T ATk

S .
w3 ZRAA(100)E A AA
e 4 9o,

T TR G0 = AAE AEF Z2AAM(100)9] Aojel wet 4 B Ves A & Ao
7

o2
~~
S
=
=
o,
D
D
o
o
D
=
@
=
D
(£}
=
(e}
la
a
wm
N—
bl
of
T
=
[
0
o
S
D
D
o
N
Z
D
—t
=
(e}
=
=
z
e
o

[*]

1
=
oft
(o
f
N
02‘:',
-4

fi
4z
2
il
2
yo
IS
>
o
N
08(:"4
t
rlr
Ho
)
f
BN
N
olr
o

+H BE Uled AW AFHe &
ol

[e}
Collision Warning), % & 9%

T3, M B 7]5e AR oEA] M AAHEI(LKA, Lane Keeping Assist), XA 2] HZ A]~®l(Lane
Departure Warning System or Lane Keeping Assist System), ¥Z%W F&WA R Z(Blind-Spot Collision-
Avoidance Assist; BCA), ¢Fd &}x} ® Z(Safety Exit Assist; SEA), A%53d &= A BZE (Intelligent
Speed Limit Assist; ISLA), ZPIE ZFZ=(Smart Cruise Control;SCC), ZFH HZE A|2=E(Low Beam
Assist), 3sfolWl Hzx A|~®l(High Beam Assist), %=} ¢ A il(Driver Attention Warning; DAW), F5%

& qle,

T 32 B dtgol AA oo o3 A HE ZdS UEhyE =Holtt
T 35 FEsi, B dhgol Ax] oo o3t AA HE Rde A AE UEYI(210), THAIY HEF
(220), =" w3 5(230), ¥ 54 Ay E7](240)& £ 5 o

AA A& MEAA(210)0E HE Y

23 (Backbone Network)(211), E&:AEW (Transformer)(213), 2 X~

A1 ZhA2HCD) WA

=
=
B YEQNAQIDE= 98 onAE wEeR S3gs F22 + v 47 oA
3L

16 7Felle}(C6)E Sl 53 A1 oW A (ING1) WA A6 oW A (IMG6) & 7 5= 3

A

EWAEH(213)E 48 AAAS AFPE < FAU (Transformer encoder) ¥ 8 AAAES &=E€s: tlzg
(Transformer decoder)E *38 = iy, EWNAEM(213)E 4A 22 (Anchor Box)E o]&3}#] ¢Fomnf wn
UEYI(2ID)EZFH AR EAQgs oz, odses Ao 94 Zr, 230 Au 9 54 d9HE &
H3 ot A FRE A= AAY] HxE ARE 2T 5 i, 230 FJHRE oANEE AA] 45
T Ey RS YERd 4 9l

Fos BRQBE AANE TR, AN AX % AA FHLE FHF 5 Ak, =@, Fos BF
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A)

(215)= vhed s &4

b
SE
g
)
[
b
i
tlo
i
v
i)
>
%0
o

THES A (2200 dAsk= ovAE e FHD o A

& THEG AEH(220)= Al ofn|
v E=E SIS AEF(220)= A2 ovA]
3 : | G3) ok A4 om A (ING4) & 7t
o] A3 FHIAS AT 7 Ao, A4 oJw A (IMG4) Sk A5 oA (INGS)E 3He] A4 THPAS ASE =+
AL, A5 oA (IMG5) <+ A6 oA (ING6)E 7+l #l5 $HEIS A& 5 Ao, A6 o v X (IMG6) 2+ A1
oA (INGL)E o] ATHIAE HEL + dvb. 4 oA 5N FHIY o9l 9 HFTHIGe=

gog & Q.

2™ WAF-(230)= AA HE UEAA(210)7F 2¥sks SA@S vtgez, THIGAA onAE 1t
Zolgt AAE BAD 4 3n. o 5o, ZHHL wAR-(230)= AL THFGOVD)ANAM AL o w =] (IMG1) 9]
Aolgtdt A1 -GG A2 olw A (IMG2) ] Zelgke] UAE BAT & vt

ol M, ZHHe WAHF(230)= THIGNA THEGNA A5E HadgE @S A5 vk
SS9 dadgy e A HE UMEAA(210)9] HE WEQAQID7E 98t SA#E Aoz 449 -
Ak, zEEe AR (230)= AL olm Aol it AL oA 5AQgk B 7] A2 ojuHe] gk A2 oA &
Aabe viAstel, WidE SRAEE Y o vk 2o e v (230)= 9E 2AY dololE ol&
sto] v SRkl e HWE 27D SA@ES g5y, WE 2L SARES MPLR AAE =FS

2L AR (230) = ZAE EFI V] A5 dadE f ko] fxtbel] gigste 2HES 23 &S
58 + vt

5% WE 3E7240) = THAGAA HAEE AA S} veHIdNA HEE AA ko] BA WE dAxE Y
T Ak, ol & flElA, 54 WY 7] (2400 AA HE WEZQI)ZHE AR s AR 99X
AEE o R, FHAGAA AEHE AAe 54 WES} nFHIFNA HAEE= 54 WE 1] HApol
Hals A BF S48 28T 5 k. dF 5o, 54 WEH WEY240)= FHAIGAA AEHE AA
of 54 dEe} nFH gl HEHE 5 WE 7t HAAF E45F & #oE s A BF &4
AR 4= k. AY BF 48 A4 AE UEYA(210)9] el o]&Ha, A4 HE WEAA(210)E= A
g BF &4E 2RSS FgEs AP 5 vk, 54 49y 3H7](240)= gradient reversal
layer (GRL)E o]&-3to] 84 + Urt.

T o4E B odge] AA oo o3k A AE UHS A9ysy] 98 SRt = 3 2 & 45 AR, #
W o] AA] oo o3t A AFE WS AWEd o 2o

S410°14, FHGS AEH(2200= THY : =
AL olm Aok A2 FhEH(C2)7F S57 A2 o|nA o] FHIAS A5 & U

sHEe WAE(280E ASE Oauee W 4% gy @ e B gRE wdd 2Hde 24
E4% £98 5 Y. A5 dodee] Yo IAE BES BAA 458 5 At 225 BEL A5
7] A4, ZHEe W80 WE MEGAEIDZE FHskE AL olAe] BF AL oA 54 o
A2 olulAe] e Az olvA SR MAsel AW EARE 44T + A aelm zede PR
(230 WE| 2AY delold olgstel, WA Skl e Wel 2AY SAUES A5, Pe| 2AY
SARES ARl BAE BES 44T 4 A

S$430°1 41, &4 9WE $E7](240)= T3 JYeA A

=g o =
54 W 7o AR Zo|EE A A52 AT 5 9

X
o0



[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]
[0103]

[0104]

[0105]
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54 9 #E7(2400E A4 AE WEAAC10)9 ENRAEH(213)ZNEH S FH, 9
HE S AlgwS 4 glth. 54 9 @d7)(240)= 54 HEHE vgeR, FHYGAM A=
Hejoh TGN AEE= AAe 54 wE] fAel] vlEshs A9 LF E4E FY
[e=]
-

S |
12 oX oM

VH &AL A4 AE UEYA(210)9] stk o] &HY, AA HE VEYA(210)E A AE A
7| 2% sh5s Ayge = 9

N

o, ¥ 3% % 48 wgoR A3 AA 4F PUe ATA B4 vuw e 2o

2 Agshe Edolth. E 5 Al AECD) 2 A2 A9 FHIIL
=

% 5% xS, AL AIECD) 2 A2 AehC)E A2 AR 9] onAE 553 4 gtk AL e
(C7F A5 AL oA (IGDE =] A A5H ovAY 5 Qa, A2 ek F5d A2 o v
(NG2)&= AFge] A oW 5 lek. AL AWl CDE AL S FVD Melel olnAE 550, A2 7
H2H(C2)= A2 sHZHFV2) 9] ]U]X]—E‘ 58 4 Avk. Al o]HA(IMGL) 2 A2 v R (IMG2)+= A1 8}
ZHEOVD T Al2 S2HEV2)e] FHEE AL FHIAOVDS ERT F 9

_‘_4

Z2AA(100)= w23 2ol [4284 1] WA [ 515 o] &ste] Al SHIFOVD)S HEE =+ .

A2 FHEHC2)7F 853 Al THAIG(OVD) o2 dAaEE 99 2D FFE+E XDf=[u, v]ezE 34 4 9
TRAAN100)E &) (4284 1]elA el el Al FHG AV 2D #Fo| Zolghs FIom A8l 3D
HEXDHE F5 5 U},

o4 1]

6
TY

X3Di=[u Xdoo, vX doo, (doo]

Z2AA(100)E &9 [8H4] 219 o], 3D FE(X3Df)o| 1S ZAT(concatenate)ste] 4D FHE(X4Df)E &

= =) 2
58 F 9

Xap=Xzof B 1

ZRAM(100)E theel [ 3]sk 2ol EOUDD ARVA(DE Fatol, szt Eel sFahi
4 el

, 4D %
4D HEE A7) T4 FHEKegol) 2 HEET 4 QUr).
Hegof=T - Xapf

AP H (TS T={T¢, Ty, . . ., Tort € 4X4 9} o] 4x4 FEY &

Z2AM100)= el [ 419k o], A7) T4 #HE(XegoDoll JAHHE Fate], Al 7zt &3t 3k
= s 5 gl

Keapfi=T-11 - Kegof

ZRAAL000E AL A 1 AEE G QIR OE thre], A2 AEkC) ) AEF AL e
(D9l x| FIT & e,

[s=et4) 5]

_ Xapa=Xeao [/ dx

ole} o] EZAA(100)= AL FHelEH(CLeF A2 7H2H(C2)7) o] A& Fe] THIG S 5T 5+ Aot

E 62 2 IHe] AA de g AHEe 24 E4S AWste myolal, & 72 B Wyl dA] o o
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T 68 Fxsd, T2AA(100)E = 52 vlg oz MdE ule) o], Al =HAEA WA A6 FHIGE O
k<l

5t ~H @2 A3(stereo matching)S F:38 e 4= Ut}

to
o
e
-
rlr
=
r
é
E
N}
—
z
N
NS
MN'
p‘L'
rlr
Jm
o,
)
tlo
o
=
oft

T 78 Hzxshd, B dgo] AA] de 9%k ~HE
o7 g2 (Disparity) S AALSE = 9itt.
Wi JEHIA(IDe Wi HEYAE ovA] E/FE A v Fd9 2dd 5 9on, EA%k(feature)
T ATk AA] def ok ME JELJI(21D) = 94F olHAE nEgez EF

3}
=
737 (Convolutional Neural Networks; CNN)& o]&3& <= 3dt}.

it 9
2 rL%Nv

oX, o

At Fhelekse] A5 oA e HE HEHACQID Asd 5 vk = 72 Al (D)7 d5

AL oA (IMG) B A2 ZhelEH(C2)7F 537 A2 oA (IMG2) = W vE (21D fdHH= AS

Alsar Atk

A1 o] A (IMG1) 2 A2 O]U]X](IMGZ = W=7 1/4% A1 &% (downsampl ing) Q‘HH Wl JESF9 g
)|

=
h
j o
i

olojEol d4¥d 4 sk, <E , AT oW A (IMGL) = A2 o m A (IMG2) 9] sid=7F [B, C, H, W A,
WxHe] sid=s 2t olvA= Xﬂl gdojojol AlEd ¢ aL, (W/2)x(H/2)9] ad=s 2= olnAl= A2
ojofel A& t}. o]} o] 7t

% &

2 g dom, (W4 XM/ sid=s 2k oluAl= #13 #Holold Algd 4 3
zke] gololE2 tE A7 AAEE e oHAE vEeE AR tE 2AU(scale)d] &

THDG hd S AL FheHC ek A2 7h2H(C2) 52 HE ' (tensor) o] FEHE &54 5 3t}

~Hd 2 wZA5(230)= dadgEgE o537 YA ~Hd 238 &4 (Stereo focal loss)& A 4 3

o

3 £ (focal loss)e @ 2Eo]® F=7](one-stage detector)® =d 2 °

st AA HEe AYZT WolA= A4S MAE ¢ du. 23 &4 A Zo] "EFs7] F12(Easy
o = 2= o)
5T = T

Negative)" Aol By} "E7F317] o]l (Hard Positive)" # o]0

ZHE e 23 42 g5 [ 6]3) o] x3dE & U,

A e onjela, e Aol YadEE dquig, o 241 AFAE o
3+ 5 9l z o A5 o 4E HadE REE o & . Ed, Ppd)E
gl (04 71045} Rol, alZE TadEsh A5 s ko] RS wMgew H5u sxeus
g] = fe)

[428F2) 7]elA dy = A5 v23]2] 8 (Ground-Truth disparity)& 7|3 5 St}

E 82 THIG g AdiA sFe ddets =it & 9% 54 HH #dre] 99 AAE Adstes
=l

=8 E = 9B FEshd, 2 IHe] A de o3 AA A Rde 54 Ay $dr] (24008 23 5 9
.

54 WE $Er(240)= GG HsHG AAe 54 HEge] AR gold 5SS ndse= Ae
AAste], FHIANM A4 HAE FAHo] HITHIAANA AA HE A A 2o FRE 7 UEH

B4 Wy 87](240) = o9 (8] 8]F o], A9 #7F & (classification loss)(Lr)S o]&3te &
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[0144]

[0145]
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[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]
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[0155]
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a9 5 9,
(534 8]

Lr=Eq,yr ~Dd[ > r ERyrlogfd(q)r]
oo 54 9y 3E71(240)9 28#S IHE = duk. Eq,yr~DE 4 oA 9 dHeoly EX(Dd)AA F=
H AZol gigk 7digks v = Q. olE 59, & EWRAEH(213)7F &

vie 54 #WEH fAgS o = 9la, 0 BE 182 2E F vk odE B0, yI Al oA (IMG1) ]
57 WEo AXgE ond 4= vk, 1E]an AL oW X (INGL) <k A2 o] A (IMG2) 2] TH DA yl1&
5

il

v
LO‘E
rir
I
o
£
e,
"
%0,
v

% v

12 449 4 93, AL ouA (G A2 ol (MG2)e] FAGNA y1& 002 449 4 it

57 WE 8724005 EAXEE(213)7 FEett SAge] FU9Y Et 2ADY olele] Joo] Sk
Aol we FYx% PRAES FAd 5 A,

Asgom, B owel A4 oﬂoﬂ SO A AE MENLCIOE BE (£ 1A eel, B &

Ltotal= AclsLcls + AboxLbox + AdLd ArLr

A G5 gud ok Lde ZEEe 24

Lels & 2382 &4 348 9n|skal, Lbox o
o . Acls, Abox, Ad, @ Ar & dlojH o

,
E4E AT + a, Lre A9 BF

2=
2} €] (hyperparameter )= ov]& 4= ).

102 & g o] AA] oo 9§ A HE A4S Ak =Holt,

ki

=102 F=xs
1=

_,d
)
e

(2
oL
o

o
>
2
o
o
%
12
)
o
i
A
o
o
jincs
E
o
=
>

[
o
O
i)
£
z
f
=
[
10
I
N}
—
)
N
N

Edazr213)e W ENICIDZE 33 SA%E nEeR 59 944 dr % s50E 9 #
ATt
e EH71215)E ERAEN(213)9] E8E ol&ate], AAE AET + At

YA(210)= 2HdQ Wi E(230)2HE o 2HYQ 23 &0 A LR 55 A oY)

E
o, TGN zlolgh HApel 2% AA AE Aeol AstHe= Ae MAE 5 Ao,

T3, A4 A UEYA(2100E 54 WE 7] (240)25E 9] A B7 o] HAstHLEE Sh5H A
o7l miiell, FHPAANAL AA &7 =S FIANE F A

R, & 10004 B wpep gho], o] AA] oo o AA AE A FHIY AEN(220), 2HHUL

’ ’ = 1= =
g H-(230) 2 O5F WY #d7](240)9] FFe] wHA @S 4 Avk. wEkd, A HE UEYAQRI0)=
71Ee] AA HE SE5E fAsEA, AA dE des FEAAE 5 o

olat, & wHel AA ol o AA HE FAE ol&F AA HE des A¥Ed vE3 2o

-

olgle] [3% 1] 2 [ 2]= AA A& A5 H7IE Ueldl= A2 =2, nuScenes validation/test datag A&
AE A3g YehdlE Xold. NDS 2 mAPES H7HA R IS EEN, =&55 A HE ATl £ A

] O
=
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[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]
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# 1
Model Mono|Multi  Backbone NDS(1) mAP(T)
CenterNet [53) Mono DLA34 0328  0.306
FCOS3D [44) Mono  ResNet101 0415  0.343
PGD [43] Mono ResNet101 0.428 0.369
DETR3D [47] Multi ResNet101 0.425 0.346
DETR3D 1 [47] Multi ResNet101 0.431  0.349
Ours Multi ResNet101 0.441  0.364
=z 2
Model Mono|Multi Backbone NDS(1) mAP(1)
FCOS3D [44] Mono ResNet101 0.428  0.358
PGD [43) Mono ResNet101 0.448 0.386
DD3D = [31] Mono V2-99 0.477 0.418
DETR3D § [47] Multi V2-99 0.479 0.412
BEVDet 1 [17] Multi V2-99 0.482 0.422
Ours 1 Multi V2-99 0.489 0.423

[ 1] © [ 2]9A, Ourst & @go] AA] oo o3 A3 AxE Yehfa o).
(¥ 1] 2 [X 2]0M B npel o], B o) AA] oo 93 A4 AF e e A4 #HE ZdE9
HlEte =2 ATS YElde AS 39E 4= .

obgle] [ 3] DETR3D EHo| dujgt =8 A HE A5UP)E YeEl+= 2=, nuScenes
validation/test data® AF&3sF Ad 2

Model Car  Truck Bus  Trailer CV  Ped. Motor, Bicyele T.C  Barrier mAP

DETR3D [47] 0.603 0.333 0.290 0358 0.170 0455 0.413 0.308  0.627  0.565 0412
Ours 0.609 0.338 0.323 0.347 0.174 0.467 0.420 0.311 0.649 0.589 0.423

[Z 3]dlA], "C.V'E 74 xS onlslm, "Motor."E HEJALo]EFE omlstar, "T.C"E E#T E(Traffic
Cone)S 9m|g 4= 9lt}.

[ 319, B uvpe} o], B wbmo] AA]l oo o8 A 71EF mde DETRID Zdxcl A3 A& As(A

POl £ AL FAT 5 qduh,

ofgfo] [E 4]+ F3HGHelA DETR3D ==l uinjgt =¥ A HAE: ASUP)E Yee Zo=,
nuScenes validation/test data® AFE3H A3 ZA3E Yepdls #olth. [ 419141, mATE, mASE, mAOE, mAVE,
9 mAAEES 4 H7HA R ZeiHE 9v]sha,

mATEE H A% o2 (Average Translation Error)E v|dtar, mASEx= Hd =AY o2 (Average Scale
Error)E vl mAOEE H Wk o2 (Average Orientation Error)E 2w|slal, mAVEE Hd £& oy
(Average Velocity Error)E 2v]slH | mAAEE it £ o 2] (Average Attribute Error)E 9m|sk 4= it}
mATE, mASE, mAOE, mAVE, % mAAEES W45 A4 HE: ool Foe A4S vl Axd 5 .
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[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]
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X 4

Model Mono|Multi NDS (1) mAP (1) mATE (1) mASE (1) mAOE (1) mAVE (1) mAAE (1)
FCOS3D [41] Mono 0.317 0.213 0.841 0.276 0.604 1.122 0.173

DETR3D [44]  Multi 0.356  0.231 0.825 0.280 0.400 0.863 0.223
Ours Multi 0.405 0.261 0.676 0.284 0.364 0.751 0.183

(% 4lolA B wlel o], 2w
i

= US‘ =
HE AepP)o] =2 Ae YT + 3.

=1 oWA = 12 2 Rl A del o A HE s AFE AdE vEhe =deld. = 11 ¥
= 1294 6T AS ElelEE oW 4 9lar, "DEIRSD"E HlaL ool ok AA HE EdS v 5
AL, "Ours"i= & el A o oF AA HE mES ud & vt

T 118 & 12004 BRI 4= 9l wpeh o], i kel Al oo ofdk A HE mEE FHAGAA HE
of AA FHE Ae AAT F A

T 132 & el AA] o] o AA HE TS HolFe =dolt

E=O13ellA & 5 e wbs o], o] AA] ool ofahd, DETR3D P TUY HE SEE FAGHHA
mAP 3L NDS A E7F A vEhte s & 5 9l

Y, 2w AA] dol ok, BEDet REEG AA] HE S B A A& deol B FdE s &
il

H
—
>
a3
e
)
o,
{0
1o
11
>,
2
ey
rlru
zthl
o,
>

>,
it}
fllo
H
>,
ot
i

T 145 FzIE, AFE A2E(1000) H2(120005 3 dZ2FE o= sl T2 A4(1100), #EE
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