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RESEARCH ON VEHICLE ENVIRONMENT PERCEPTION
METHOD BASED ON LIDAR AND VISION FUSION

ABSTRACT

With the rapid development of artificial intelligence and robotics, intelligent
driving technology has become a global research hotspot. Intelligent driving vehicles
aim at real-time, efficient and reliable perception of the environment around the
vehicle by carrying sensors such as LIDAR, millimeter wave radar, cameras, etc.,
which provides the basis for vehicle control and decision-making and realizes
autonomous driving of the vehicle. Target detection is an important means for
vehicles to perceive the surrounding environment, which is a prerequisite to ensure
the safe and stable operation of intelligent driving vehicles. Most of the traditional
target detection algorithms are based on a single sensor, and it is difficult to complete
the perception of the environment around the vehicle in complex road conditions or
bad weather conditions, which in turn affects the safe operation of intelligent driving
vehicles. For this reason, this paper adopts the scheme of fusion detection of LIDAR
and camera, and utilizes the complementary nature of signals collected by different
sensors to study the target detection algorithm of multimodal data fusion, and
improves a multimodal focus sparse convolution target detection algorithm. The main
work of this paper is as follows:

(1) Aiming at the problem of coordinate system conversion and alignment
between different types of sensors, the relationship of mutual conversion between
multiple coordinate systems is derived. Based on the rectangular checkerboard grid
calibration method, the internal and external parameters of the camera are obtained.
On this basis, the joint calibration of LiDAR and camera is carried out to lay the
foundation for sensor data fusion.

(2) Aiming at the problem that the multimodal focus sparse convolution target
detection algorithm has insufficient detection accuracy for small-size targets, the
multimodal focus sparse convolution target detection algorithm is improved. First, the
2D backbone network part of the algorithm is optimized, and a multi-scale feature

extraction network is proposed so that the algorithm can focus on small-size targets.
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Second, the principle of the traditional non-maximal suppression NMS algorithm is
analyzed and the Soft-NMS algorithm is introduced for the problem of insufficient
target frame screening accuracy of the multimodal focus sparse convolutional target
detection algorithm, and the confidence level is dynamically adjusted by using
Gaussian weighting coefficients. Then, to address the problem of a single
discriminative criterion of traditional target screening algorithms, combined with the
characteristics of 3D target detection frames, the 3D-loU pose estimation loss
function is introduced to improve the screening accuracy and efficiency of 3D target
frames. Finally, the algorithm before and after the improvement is trained and verified
in KITTI dataset, and the experimental results are visualized.

(3) Perform experimental validation. This experiment was conducted on the main
road of the campus to record LIDAR and camera packets. The packets are parsed in
the lab to obtain the LIDAR point cloud data and image data. The processed data were
fed into the improved multimodal focal sparse convolutional target detection
algorithm, the experimental results were visualized, and the results were analyzed.
The improved multimodal focus sparse convolution target detection algorithm has
good detection effect on small-sized targets at a long distance and heavily occluded

targets.

KEY WORDS:LIDAR, camera, Multimodal Focused Sparse Convolution, non-

maximal suppression, target frame screening
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WOL TR E LSS H5E
B 2-5 Rl G AL bR R R

HIP& 2-5 A7, RO R S SAHNLAR B RAEN A ) — Bk, 72X
O, — X Y. Z, MO, — XY Zo HEATH B ASEILAE EULAC . Fe i n T -

(1) tHFRARbR R T B S 72 () U S RO R 5210, P ORHERF 14 s R A% Sk
5 HAR RS2 MR A XA B R R, HO-XYZERIR.

(2) WO IEANR RS FRAE = 4E7 A R AR B IN P F B A PR &R, A0S
RIS HSNE A, WIEMIERT T OO E L x| MR IETT A BT ATy
HIKPmZER Ny fIETT ) S E R By z BhiETT A

(3) AHMLALHR F A2 F R FER AR UAL B AN T 17 AR AR &, FELARAR R AN

11



74 RN 2T e S AT

FPLEE ARty Xo SHIETT RSP AT s Yo IR DT RS B A R s Ze Bl 2240
RTHET5 17 o

(4) BB A bR 22 FRHE R B B R R AL B A bR &R, 3l UER L
O AR BRI A R BRI KT HO R A5 o X BIE Ty 1) W R
B gla T HaE B T oy Y By .

(5) GE A b AR AR R IR M T R R R AL B A bR &, T IR ]

B AT A RR IR 5, KT A uli I 75 1A) s 3 EL R vl IR 75 14 .

N
I

2-6 AR R AL

e (R HARR R

/ Up

BB AL bR

\ Yr
\ 4

Kl 2-7 B 514G = 2hr R

12
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2.2.2 BRI ARSH R RERR Z (B A0EE R

H T30 TR S8 I PO R A ) F AR AOE ROk, BOL R A H ARR
5 SR IR, el B S A RO, BRI =4ES M A 45 2, Tt Ak d
AL =R (AR R o PR RG E = 42 8] TR AR B R HEAT T A% 5 e i 5 A ik
KO Tk A8 bR 2R 5 T S AR AR 2R TB] AR e A

X X,
y|= R Yo
z 7,

Hrp, RN R e MERE, thEd B P m &, B(2-1)
AL, HBOL T IR ARAR ROXYLZLH A — s L(xLynzy), A tH 5L AR B & O-
XYZ 1 (1A b5 AT 2R 78 N (X,Y,Z) o

+t (2-1)

Z/

z
A

O 0

2-8 58 x e it o =

Y, =Y, cos@-Z, sing (2-2)
Z, =Y, sin0+Z coso (2-3)
HAERE AN
(11 o 0o X,
Y/ |=|0 cos@® -sind| Y, (2-4)
Z 0 sing cosé || Z,
[FIHE, Seyh Al z4h 2 G FE R RO
X! cosp 0 sing| X,
Y=l o 1 o0 |vY (2-5)
zZ -sing 0 cospg|l Z,

13
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X! cosa —sina 0] X,
Y/ |=|sina cosa O] Y, (2-6)
ZL

z! 0 0 1
W58 = AT 1) e B A9 B ) A 36 AT 45 21 99 = 4R AL bR 28 22 T8) R e B 5 P

cos g cosé —sindcos B sin g
R =| sin@sin fcosa +cos@sina  cos@cosa —sindsin fsina —sindcos S (2-7)
sin@sin o +cosdcos o cos cosésin Asina cos fFcosé

R@T)F AR R AR (2-8) %, Hro=[0 0 o] .

X X,
Yi_ RTIw (2-8)
z 0 1]z
1 1

223 NS IRE

TEXHHOE TR A AN LT BCA bR e I, o7 e BRI ALY P9 350 S B B
ASOR FOE T ik Al b R A AR R AR A e . PR REE, S
FEMLASRR Z2 15t FRARAR R 2 T R3O0 R, BRSO RN

(1) tHFRAFR 5 O — XYZ HAHALALAR 5 Oc — XcYoZe IR R

FEALAL AR 2RI AL bR 22 2 8] (5 406 2 5 01 T 1k Al b 2 A AR A
Z IRV 45 06 R R FH (R R MR AR e i PR S 0 B o B 1 tHE SR AR s R
[ — A PSS AR A (%Y, 2.0) , FERINLAL KRR F2 A 5 2 AR LA — AP, 155
UAHEA (%1 Yoo 200D o TR, ATAFAHBLALBR R 45 tH SR AR bR 2 2 1) ) 2% ) 4600 R
R .

X; X
R
yC — |: 1 t'l :| y (2_9)
Z, 0 1]z
1 1

K9, Ry 38 KRN IE SR, t PR

(aﬂﬁ%ﬁ%O—WZ%@%%ﬁ?Q—XYm%ﬁ%%
BALBRE K 2 SE R _ESE SR AN I S B R 00 — 451 T AR AR R S AHBLA 5 =

Y2 (B AR AR R Z T A R &R MR NLRR IR AR R R o e 23R
AR A, HAEARNUITTE =48 723 A AL bR & A AR TR A(Xc Vel Ze ),

14
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HAE PG ARAR 5 O — Xo Yy HIIARKR RN A B( XY ) o /NFLBUAR IR 05 S 3 ]
2-9 o, B | OAARPLE R .

Xt

s (887 %
v

2-9 /MLAUG R
HI AR AL = #7E 5E B AT 15 20(2-10):

X = fau
i (2-10)
etk
(2-10)F A FE R IE AN :
XC
X:] (f 000y,
Z|Y, |=|0 t 0 0f (2-11)
1] (o0 10)7

(3) B AR AR Op —UpVp AR A KR 2 Or — Xo Yy BRI 2R

EHBRET, BERLIER O —Upve FIEMER AR R O = XYy R E AR, H
fELhrd g, BT eEdREfamARE, SBPISERASEEES.
VU BT B R A br 2R BB R AR AR A 2B T RS RE R o

X,
Up Z&'f‘u
y (2-12)
vV, =—+V,
p dy

15
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R(2-12), IR AR R 1 AE AR 3R AR R PRI (U, V) , dx K5 dy Oy
BAMBERAE XY AR RN R B ST R ] RS

1

— 0 wu
dx 0
0

h=}

X;
Vo || Vi (2-13)

[35Y

1

< C
o
1
Il

dy
0 O

(4) B AAR AR Op —UpV, AT TR A BR 28 O — XYZ (R 2
R 2 (2-11) AN (2-13) i A3 H L AL bR &R 518 3 A b AR I e 2 0N

1
— 0 u
u] | o ) f 00 0"
Z.=|vl=|0o = v|o f o of’ (2-14)
dy Zc
1 0 010
0 0 1 1
I
- _
— 0 wu O
u dx Xe
Z.|Vv|= — v, 0 Ye (2-15)
1 dy Zc
0 0 1 o1

Al 0 u
dX
E R (2-15)"1, %FEA=| 0 dl v, | AHIFLI B . 3R (2-8) R A2k
0 0 1

(2-15)13 BT F Ak b R 5B Z A bR R Z IR HOC R -

f
— 0 wu O
ul | dx ! X
f R T|y
Zo|vi=|0 — v, O (2-16)
1 dy 0 1y
0O 0 1 0 A

FAHLA FB 2 B e 6 i 52 = 425 18] Al b B 4k BB AR BRI BERE KR &R, RN
FAHLLE T S AR b 28 o B R ARG B HLAN RS Bk e - AMLID N B 5 Ah 8 2 5

16
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el s AR LAR g I R 3RS

g 1E M LAR & 1P (Zhang's Camera Calibration Method) 2 ¢ WA AHAL
SRk, FAENUIA SN [F) R BEADAL BT AR T AR AR e A, A i) g
FEMURHIE RUE R, 8 A% 1 A8 SR BRI A A, AR A A% 1 52 R ok
/NI G P 3R R AR ALE 54 Bl 7 = 4 7 A AR bR R 5 R AL B 2R 2 T [ 0f O
I R IR AR 28 Hhoken i ) ) f ORI FEARBR ZR ook R L SEAR R
A B AREC IR ZE, SR NS BN S 4L

[autoware_camera_calibration]

camera matrix

520.528666 0.000000 315.779702
0.000000 519.256271 243.125909
0.000000 0.000000 1.000000

distortion
0.081500 -0.364745 -0.002034 -0.002670 0.290581

rectification

1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000

projection

513.128357 0.000000 313.731025 0.000000
0.000000 513.916626 242.237678 0.000000
0.000000 0.000000 1.000000 0.000000

K 2-11 ML TS5
ARG IR K IR 5Kk IE A NIAR i, @id 5T Ubuntul8.04 FHHIEY)
Autowarel4.0 & AT LN 4 S b5 DL R BEA R o 7ESEFR AR e i FE 7,

17
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TR ENCEE AN 1-2 KOCE, AR EWRKITT 5 A B ORIEAR & B AER
PE 5 SR b e AR I EBURE S TR N BTRE R A R R A R DA R O T T X A
P, BEEISRAILASIRE

BYAML:1.0

CamerakxtrinsicMat: !lopencv-matrix
rows: 4
cols: 4
dt: d
data: [ 6.9576710497410699%e-01, 3.5868986121855795e-02,
-7.1737127867690653e-01, -2.9575799578697864e-01,
7.1812018473029382e-01, -1.4514392878282933e-02,
6.9576772897447858e-01, 2.4075311383048165e-01,
1.4544274436307791e-02, -9.9925109368664922e-01,
-3.5856880053295015e-02, -1.7977480510191240e-01, 0., 0., 0., 1. ]
CameraMat: !!opencv-matrix
rows: 3
cols: 3
dt: d
data: [ 5.4440723976555569e+02, 0., 3.2653751827942790e+02, 0.,
5.4573816187229045e+02, 2.3976638758617850e+02, 0., 0., 1. ]
DistCoeff: !lopencv-matrix
rows: 5
cols: 1
dt: d
data: [ 1.4651644277141793e-01, -3.8404544036889604e-01,
-9.7166232890489999¢-05, 4.0055255836540689¢-03,
3.1941618047184644e-01 ]
ImageSize: [ 640, 480 ]
ReprojectionError: 2.91991889184819085e-081

2-12 FANLII SN2 b sE At

2.3 B ESHENKEIRE

BOCE IS 5 MHVLIA bR E £ 2SR TR A WA, Wi AR E
RERE IRAT IO T 08 5 AL B I 75 TR0 OG5, AT R % K il 42 21 1045 B2k 4T
A R4 A AP R Ab B

P R AR R — AL EAETLARER R 5 HOGTE B AR R TP A 5 20 B
(AR R T AR TR AR e SO e EAT AR e I, B e 7R B AR IR LA AR Z AN
WO IS AR Z W AH VTS B BLELAS /1 i, AT & 2 RIS SR E . RE,
RIFHHLAESEbr € SR A SRR, TR R s BRI R LR RN
It LR s A7 B o SEBRRAE I B AR s LEAR 2R AL bR R I AR AR T LAER R A (Uyv)
HRAE BRI R IR A (uv1) , FEBOE TR I8 A bR &R A0 A7 18 X oL 1Y) A5 1 AL A
(XLYLZ0), HRAs bR A (XLYLZ01), HRER-1)ERN:

18
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u X,
R TIY

s|v :A[ } - (2-17)
0 12,
1

R@-17) AN SR, R T 20BN R P 55 R

AR YR S5 R BT Ubuntu18.04 ¥ 7T Autoware 14.0 #f4-FCalibration Tool
Kithrg TH. FEABOLEE SN, 777 Autoware 14.0 ¥, i idROSBAGK
O B 5 S AL B E B 0 I OR A7

Quick Start | Setup Map Sensing Computing Interface Database Simulation Status Topics State

Map ( ] R_ef
sensing [ ] R_ef
Localization ( ] R_ef
Detection ( ] R_ef
Mission Planning ( ] R_ef
Motion Planning ( ] R_ef
Android Tablet Oculus Rift Vehicle Gateway Remote Control Cloud Data
Auto Pilot ROSBAG RViz RQT

0.5%

CPUOCPU1CPU2CPU3 CPU4CPUSCPUGCPU7CPUBCPUSCPUT0CPU11CPU12CPU13CPU1T4CPUISCPU16CPUT7CPU1BCPL

& A\utoware
¥ 2-13 Autoware 14.0

(1) #T7FCalibration Tool Kiths & T.H, F & Calibration Tool Kit, #K{XiEHL
limage_raw#llCamera>VelodynefF: Jy i BEAbR E R A, 5B 56 T A AL bR E A 52
RRSE 10%7 DL IE S TERIIA K 50mm, S NAHUARE RIS 3C1F, B AL
H

19
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¥

4

Load Save Refresh Grab | Remowe | Calbwate  Project

Pattern Sze (m) 0.05 x 005 Pattern Number 11 x7
Camera-> Velodyoe

CamerafxtrinsicMat  CameraMat  DistCoeff |+  06:4320:908 00:00:04201

1 ° 0 °
20 1 0 0
30 ° ' °

40 ° 0

ENCHLEN X NN ¥

Box Grid
ChessboardPose  ReprojectionEror

Chessboard Points  Chessboard Normals  Callbre - *

2-14 Calibration Tool Kit 7€ T. B
(2) FEBCRHIEIE AL, TS = B bR i O B TRR L, ER
ZUGHAT B R 58 bR E 5

02:10:29:053 00:00:02:538

«

Image_39 Image 40 Image 41 Image 42 Image 43  Image 44 Image_45 ¢

2-15 WOL T IE SN S AR E
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©ORIVEEES

2-16 WO T I SRS AR E LR

24 ZIRTSRB R R

SRS G ROR R B A RS WEIRRIGE T, AL 2 AR
A RRIFE 0 RIZRE R . 2R HEE AR & BOR BIAZ O AL T 0 AR 2 AT
ACEEANRL G, 1A R R B BOB O BRI 7 A B B o AR P 2 S AR,
2 PR A R B T R N = A SRR IR

B, BREG KAEARIGERRT, 5EB S AR RS REN G
B, WA, REmpEE - NENFEE . amibSdEs, ek
KBRS TN T (R

HK, FPAED S KBRS 5 R R RS R U AL HE AT it
o XAH B SCBEAE T IR I 5 > B s PO I BURFE 1 R S RERS BE IR %
Bl 2SR Z IR A SR R

BJa, REBRG RS E DGR )G, BB G X R R
RS . XA R IR IRl 015 R SURE NS 7800 25 L8 R MBI XRHE S5 U Tk, &
SR HERS . B ILR S R

21
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241 BIERmME

B & POV B R ARG, JETIRZ SRR G B Bk a2
REZAARIKEEFE R, RIEAT DI 02 F Y a5 W =5 2T RO AR
AR R AR T, kA 2 MG AR B &5 Wa, XeE)Em
Bl BEAT RFAE SR B, BRI SEIL H AR RSB . IXRh & 7 2CREBS A R0 it e e &
RIAE, EhERa Rl E AR MR . A, T EEAEESSE, =55
AR TR ERCR, A RGBT R

[ EEEL ||,
I X B
wo| o> [ ez | § || ®
i - > = )
% : e 1

—» [ HEREn || "

€] 2-17 % P IR A SR i 5 % R
242 FHERFE

AL R LR AE 2 A% IR A B A R R B — o ] R O SRS . RN E
Kb, B NSRBI AL SRS (0 SR 4 Bl o RS AIE ;s SRR, RS AR
R, TR LR LR AT B B RO TR SR Y SR B

AL & 70 8 A AR AL & 5 B ARRFE R & AR . BARIRZS AL & 3
THT 2 ARIREE R B AR, Hod R AR SE 2 AT TAL B DL Se B e, P85
HETZHMRAIRES KAl 1. HARFFIERL & ARRL = Bl 5 R0, AR
bR A TR AR R A AT EORRFAE AT ORI, R R R I SRR AL
] B HEAT O R A B 4L A

FRAERD S HOR T R S, 1538 THRHEZ B S RURHIE R IBOR, Befg
ARG SRS — Bk . RRIEZ RS A S PR N R B 72 MR, JCHAE
RS 73 AT AT B g AN [P % SR SR AL R 3 S5 P R 49 8 R LR

22
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e [ fEmEL [ [ EEEL | |,
i i
| [ e ] > [ feEme | > g | w
% . : Fil bl
[ EEEn | [ EEEa || O

P 2-18 A5 IRARF L il 5 s R

243 RERE

RIER G R T 2 A6 A5 DR G 00 2 RS, o8 SRy ) AE T30 Hdle
AT EBE RIS, A AT AT KRG RES R . RS EE
T PR BT E AR B B8 18] (AR A T R AR B3 s SEERFN ISR XE . FIiR RIS
SR EREERFE DL T R R R G BT R RS T, R TERE . BRG
PRI 25 R LA ] A% B TR SR S A 1

—> | fEEEE | e | RS | s
ks N
@ | R | > | fEEER | > g =
: =1 il
& I

—> | fEEEn | > | fEEEn | | T

] 2-19 2 A% R SRl 5 7 =

2.5 NE /24

A E R 7O R E AL BRI S HL S AR R A s B AR
E 25 B PR R U P A 3 . KBTI AR bR &R, HES THOG TR IB AR R
FANLAE AR 2 BB ARAR &R . R AR 2R LA AR R R Z I B G &R R
AT Autoware14.0 BRAFXS AHALREAT 1 heie, BRI T AHBLE P S BOERE,
FEUESE A EREAT T HOCERIEMMNLEEAT TEEARE, SR TSR E LS
AR T 2 IRBEE R G B =M, SR gE A R A DL S

I
= o
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FIFE ETERSERBRERNBRRNEE

SR8 6 2 T 2 A AP 1 S R 2 6 L BT ) B R 0 DR A 00 2 A A
IBAT RIS . A F P e 0 2 A A SR B A H AR S AE X N RS H AR
For RS AN R I 1) R, AE 2D EF L8874 th 7 —Fh 22 RO BRRFAE S E R 25
L RAE ot A 5 10 = Al R 0 1) B0 Ak 3 SRAE B L B IR RS RN AR 1) R, E 2D
loUZ FHHERE & 7 ik EEAE B, SIN T Sl inAl 2%, MR IoU 70 %, IR
B 40 T AR S A TR i IR R B SRR A A% 5 14 R 7 30 S0 ) 3 s
B, 454 3DHEARRIAER R, I T 3D-loUZA i v145 2% bf £ g2
Tt 3D HARMEM TR AR . e Ja B2 T KITTIE S 523047 H FRHE 1 97 1% ) 2%
s 5, ARG AL 45 SR AN HEAT 204

3.1 ZESESFERERN BN E L HE X RIE
3.1.1 #&HIRER

Wi G A e — B R RAE, W A T A PR R g B N B, EAL S
FIGAR AR, BRI R, W MIEHEIEEE. LAEREN
AR A N PR A% a5 A Bt AT, i R B AR R AR B B AT
Hlo PRI, XHAEARMI M SRS, ks i s =geR A, A5G
A&

HRR BRSPS — MR T BB A 2% MBS AR, @il — 282y
KALEG IR S S B RRRF IR o H RS 6 AR 0 2 A DR A R A 1
PEIC [R]85 R R T RE B N S U8R . 7 Bh T e B2 (9 1 B R
FRZACRES T, FFp A T G S . H R  J5 ¥ n] DLAE AR R AR R R BE 1
HIEE T, SR R AR I, SR m i B B R P T R, 1 o
XFREE RHE R ENRE /1. 18] 3-1 N MM G AR R =
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*(ﬁ'”/ ‘!’
ﬂ' 74 /2 output
L 17/ ](__T f 1 I 1 1

Kl 3-1 A b s AN =
fEngEZ R P, SRR E N X, R, BRI IR
By W e RO, TEMZFL I S AR b, KO =3, BB o LR
s

y = ZWk'ka (3-1)

kK ABERIZT ) ko PRTA BB, B = p+k X RIRFEN E, kA
XA E P HWEEEE I . X T M EE, KY(p,P)={k|p+keP, keK}HAM
i R RFAE 2 (B 43T R P AR, TP A i 508 [ 4 AR R T 7R

out

yP € Pout = Z Wk : Xﬁk (3'2)

keKq (. Pin)

bt K0 (p,P ) A ke BT A, BT n 42T eh R p AT A OB E 22 ]
P, TN

K*(p,R,) ={k| p+k e P,k eK?} (3-3)
WA A4 p R o WEOFTE T EACE, W R R A
Pout = pgp. P(p, Kd) (3_4)

Hr, Zp(p, KO ={p+k|keK I, R(E-3)EINEMMHRAE .

Mp —p i, REHTERFRILER, FRBEFBRETFREE L
JEBALRR R, IFAE AR R AT EARAE, SR LA BRI ER . FiR
TR i AL B [ S E A F, SRR TR, BT Wi EE M
DREZ (B HAE B AR A T &M U8R 2 i E %, R sad. S
. T EES . AR AR LT AR CREE AR L RS A e i
A B 32 fn N FiRE SRR ERE.
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"7

output

T—®
i

4
v

T
1

input

-
I

K 32 TIMERRE
FE AW s BE N — Mo R M s B, RERS AR S A\ Kt AN 1R #8201 2
EVEB oM, AR RE B RAE T HEN S = X, sha ia e f AL
B, IR R TR T A GRS o BRI RS AN BATE IR SO R T AR A
Wi B T SDYIARKC LS5 I BFT 5%, SkBLl /e 3D i = HiE It
U RER PRI . ] 3-3 MR B AR B AKX RSN

Pt = (pg P(p, Ki[rjn (P) Y Pim (3-5)
LA REE S 3 NMEENDIER, S REEMETN . A B

NIEFE. BhAHH IR
N7 B R AL B a2 A N SRR T B P Ak D TERL 5% i R R 1)
M, FOEE TR B AR Sigmoid R A SR I .
B BN E B Pin
Pn={pllg 27, peR} (3-6)
Horb, SEBMERMERITL 1P ERTHETHEANREWBE s, 20y 08 10,
AR IR RS PR ER B G . S8 H &R
K2 (p)={k| p+keP, IP <7,keK'} (3-7)
A RE IR K BB BT, IR 1P <z o
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7

output

K 3-3 R MG A R

3.1.2 HURRE

O R A PP A2 X 2 Hh S LT BN B i TR R AR PR RS DG R . I BN
JELR AR S, SRTHI LR 2 ) B IRRHIE I RE T . FE SR B ARG H bR I B
(1 25 Do 28 ok A AR T i o B RS R A, WG AR R A R TR
VAR, SR TEM S I ARLRVEL G RE T, B SRARFAE I RRIE R T, I HL3E B il e
ZOUI B TERE, WM THBAL M e . 7R A4 X 2% PR P R0 R S0 Re LU
Sigmoid%s.

(1) Sigmoid %%

Sigmoid ek HUE — A UG R B R ST AR L R 2 T0 R A H s 2
[0,1], BNt AR Lk Ve 4, 2T SE4F O AR Ve OB 7 A, AT
(4 B 2% S AT MR BT SR R AR o AR — P 829 B A AT 5 o ) R B
Sigmoid ek % IR BE AR R WIAR R, X AR TR b I ZRad AR AR R B R AR
T T8 G 4 B B ) 45

Sigmoid e& £ 1) 2~ X an X (3-8) s :

f(x)=

l+e™*

(3-8)

Sigmoid ik £ E & an 1 3-4 7 :
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1 —— .
=
0.9 1
0.8
0.7
0.6 [
0.5
0.4
0.3
0.2
0.17F
-
o _ .
-10 8 5 4 -2 0 2 4 6 8 10

3-4 Sigmoid &% K14

(2) ReLU %k

ReLU (Rectified Linear Unit) ek #aEH flr A (B 0, IEEUNEREEAAE
B FReLUBR B REK BT OB NAE N O FOdedE,  DRIKIE I {3 FH Re LU R 21 RE 1%
UGBS, A A R . ARG R, MEANER T ET
0 i, ReLUBRELMIBEEN 1, (E1FHE WETEREAT I In AL R 72 o RE A8 SE 471
R BEIE, A R0EE S T B AR SR BRI R I . RER R, S
NFHI BRSO, RUMA TR EAF TR, (4352014 2t ok
PR o

ReL U0 pR ) 2 i 50(3-9) i :

, x>0
R

ReL UiE e& B & w1 3-5 Flis

= = S} =] - o @ -~ @ 0
T T T T T T T T T

K] 3-5 ReLU i &4
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3.2 R RAFHERGD S ESIFELRR

3.2.1 REREFFERG

MU = A E B EE F R 2 3D A ARSI B E BAE 55 . EALFRHEOL =
MLBE B BRF AR, OHEAE T Un iy 43 RObeks IR an i s AL, LORS B3t e H A
Rrfibo [RIN, 367G B2 R N X SERF AR BEAT 9 Y, B DR E A 2 TR R A 5 2R
FEH R

oo RAR 5 A T U B SRR R RIS, BEAMA R S ool DALY
J5 G i B I — AN R AR, T DU N R B R B N SR an 4 . S
H— R, ERPIEAR L&A =4iskE, S5E&5H KRB EIE S .
3 IR A B BT A RFEREAT 2 A R A 25 B 1 v R RE A R R S
ML PR I R 5 A 5 5

D*H*W

3-6 Mo RER %

FEMRRAFAE I A FE b, B 5 5 0 4 8 Y A B L s BEAT AR R R 7y, Bl
W 1 AR A O A R A% . FLGE IR A BEAT IR, KA
BT R E, BE TR A RS EIRNREE R . A)E
T LGE 3D ARBEAT TH AT BTN B AL T, RRAE A T AR R A 1 32
BURE,  DASZHFJa SRR S5 AL PE

(1) HziERRy

FERI 7 R R I, 7 2 = A = e R P RS Yl (D, H W) > &I
Ir IR R PR B RSN (v, vy vy) - R AR B4E 28 (D H W) - Fo,
D'=D/v,» H=Hlv,, w=Wly,-

(2) 73 HAIRF:
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s B = YR e P R AR, R A A R R NI 3 B R voxel Y EAT
R ES . BT R R B AT K AR o A AN ST =, e Rl
o LG R R S 0 AR 3k WA A AR S AR B A% o ST AR S AR A,
AR WS I KR, R RUE AR SRR N N S R & Z In .
L br o i, AR R B 5

(3) MRS

HE B TR MAR AR T SRR AL E AR st A ARG
EEEZE N EIAE S 1 SRV @i PR se S22 P 9P K R 1RS i EEIE S (Tl 1 L SR G U N 1]
FAE RGBS SRR NI IR . SRR AR #HER it
JZ UL ReLUE R BT B AERFIER S I, I T SRR R T
FOENE R ARIARIUR R G HRAL: R R R SR IE S R RF AT Pf%,
TR A R RFE . X P AR ZEAR 2R AR R iS5, IR m R M
RES e

° i ik % i
e e |H| i ||| i > i 'I});f‘
e o = P ||| Jz

3-7 R AL A

(4) His B 5K B
A P AR, - MARRF ISR, P IR gy

ik 5 F X AR IR N RS B AL B A ¢ R EEAR AL T L] — > ADF i 5k &=

JE PR MR R R 2 #GE 2. L, (8 F R i K R s e 3 n] LA A
e A% 3 TR A R AE

3.2.2 E&4HEIREY

PR AL S BUAE TH RN 5 UGS 2 50 s R o RPAE SR BT H 2
MIRGA EG P R B A RS S, BISADERTTRER, BT s
GRS, a2 Rl &,
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AT SRR B B REAT R G IR S R MR IR AT Al o DRl AR SR
SR FH 2 A I 3 22 T 2 3o A N FF) PR BEAT R A SR O RS T 2, PR ARFALE SR B
P unE 3-8 s, BAOKUL, WARBEGREE —NERZKNN 77, BKN
2 MR GIE, MItEBRERER, FERRE B R RS g 2] E R —F
HENEERZ )G, BB IEaad M RKIBHZ, KER T RER 14 2
PRI B SR B RHE . R A = DRI ZE SR, FRZER NP
3*3 HIEREAR, FNAERERmHRN—MEER A EMEeE S, M
TR SOANAR TH I 2% 1) ETE RE T o 3K LEHk 22 B ik 22 3 e 4 0 2% ) LR A
Mo IR PR R, S BRI R I RS A B ORI R R E B
NEG RS MERIE 8, DME R g s

\
BRUR
*F(x)
HRE
BﬁjCﬁJJCJ: JF'(X) + X
I »D
EAL% reiu 1'
K 3-8 G SE BN 4% K 3-9 B ZE 4R

PRI SR I 7 S 2 BRI E5 A s R B AN B 3-9 oo SR ZE 282 — Tt LA
BT RS S NSRRI 2 I 4, 8 O M DR TR 2 X 208 £ )1 o 36 38 R e P
THRANER BN E SR 1 AR S8 AOUR B 22 ST 22 I 28 AL B2 Ja T In AR 2 1k e
HpbiE, I BUE S E R R 15 22 R 2R i N AL 5 5 R A AL AT
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I, AEOR B R da A AE S W RN, 3 BEAE R 45 5 ) S N A g HH 2 TR 22 5, A
111727 > B A BRI OCR

3.3 EFMLK

ST RS M TSR B AR Rt 3DETMZEA 2DE T M
IRALFEVRAEAE R, SRTHRBCR NG . 3D T4 H i AR AR AL S ) )
(Ko GRS BB R R AT R s R R G AR EAT TR UURFIE SR L, 285K
g R AEREAT IR 46, 153 S I (Bird Eye View, BEV)RHIE, A 4 RFIE SR HL BE
FEFEA; 2DE T MZ0R BEVRFIEHEAT 2 R RFIESEIG,  hnasxt A [/ RUE A AR Y
IRBET

3.3.1 3DFEF ML

£ 3D H bk, KR AR AL T 2 S HEI , 3D A £ X 2 AR
ARHEEAT Al & IF AT RIS G, DRI & 3 & 2 M8 B R IER s, N
BESEAL T H AR I B0 75 R 2RI A 2

BT 2RISR SRS H ARSI L1 3D T M4 B 4 Rl S My
b5 EMRRFE AL, PR il & R ARG VR 2 AN TR A G AR 3R L
PRRFERR Z X AE B Bk, 3D M &R il 5 )5 1) 2 SRRy
YEJE RVRFIE RS, ARG AR SRS =, DU R AE R 22 () A BB AT T 5
e AR AR RS AR R A OGRS 2, FF RS 7R

_________________________________________________________________

3-10 3D LT ML
W 3-10 i, 3DETFT ML ILH 4 MR, HMERIEE
HENERE. EMESEY, ARBIERRA RGBS, Hribm g
RYPMIEEREL, SORRERMERGPE, HOFRRZHEEE MG
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ARG, ORI -SSR, NSRBI H BBt
BIRE-BIEREUZ 7 . MR 3x1600<1408>41, fE5 — 4
FAHUIVEF T 161600<1408>41 4EFE HHFIE, 23 58 AN B A Huf A AE
N 32>800>704>21, Zid 5 = ANEMTE fn H FIRFIE Y 64>400>3852x11, 225t
S PYAS AL I RRE N 6450017656, fit i 28 et s i - HA 25 3 i i e 45
) 3 W 45 [ H A 12852001502

I!II ¢ FrfE |
S—»  pr#m >

ElfgEE

ME i HEFE
2 uE

B 3-11 2 A Ak R 6 A i & DO 7

Bl 3-11 AZHAE ARG G A& SYUREE, B sRos BRFFIES
ST INBCRR R R &, 1FRORZR 5] WE 3-11 P £E Mt 4 AR i 6 S A
HITEEA 3 AKiE. 2 1 KRN KN DR EL G AR AT 2
KPR MGG R 5 2 2K R 2 R JE U B 1S 2IRGBYF
fib, FF5 R ERIEATREN T, ZF A MR R 4EE, a3 AR AT

Jr A A RATRV G, B R BVRF IR T RE A s ARG Al S ) F bR E
TR B, HE ARG RE SIS KR IEE R, 5 3 KL
A 2 R LB IUR FIRGBHFIE . S5 feid I INTBUR A7 0 3 2% A s
EHATRV G, 193N 5 E&REE S RRHIE.

2 AR SRS B TR T — RIS I R & B 7 VR 5 S M 5K
S E B EATRN G, TSR R = HE A E RS LSS, (3D H Aris il
BLVARE NS SO ) BRI R R = 417 55 . ARG, AR ORSF P RP B R E Y
B—BIHTR T, 8 o RARHE R 9 /5 ) ADF g 7K B 5 R R AE SR I 4

AR BATIEIE R, DLIRECE N 21 iR IR
B n NEERRAE T AN E, Ry o » F HRANMEIENREL S

W, W,» oo W, R TR I 2 1 ST B A
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=2 W-F (3-10)

A 3-12 FHEEIE it s s B

3.3.2 2DFEF MLk

HEHZ GG, FIEMUTFEN 3DEHE FHEHURFIE, ICE R m it b 22
IXBRFAE. JYLE, fE SDET- ML BB AT RIS U, R IR A v
5 ST RS, ARJa R R 2 M2 34T 2DRFIE SRR .

3D HARKTIN ST IE, IZFRAER IV X R RS H AR i REBUS B4 45 2R . H
FETERLAT NI BAT X2 R A s AR IR A IS Ol o BRI, AR SCEE X IR
U5 2 WS AR RO G AR H R I SRR AT it A2 SRR RS AR SR OB SR AL AL I
R T 2 RUZRAE SR 4, IR SR IE 22 S 2 A AR (] R AR S &, B
Fi 3 B AT I SRR AR . B 3-13 2 REERFIE SR IR 45 45 14 1] .

el 3-13 o, 1R 2 REERHMEIRIUN XA S 4 DR, Hihfig
PR EZ 2 ERE, FHAERNERRPIEEE T 2RELKN 4G H. F
P 1 — 4R BUEAT T R AT LASR B A\ B8l o AOARFAE [ A /N AR AL B 1
FOF, BRI RI R . BB M RER I, HR ) 4SRN R £
(D NP0 KA S R DK i S s B i e | W 2b vl e S S A R
BE R ) 2 HRFAE,  RENE TS B 28 ARSI R A0 5, AT A 0 4% BE T 2 =T £
ERRIRFIE . BRAh, FEREAT ERAFRERAERY, ESeiar 3 -G sm HRF ik
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H 0 BEATHATE, ARJEiERE e ST ERFERIE R AR B R R
W FE e R M AR S B AR AR Th BRI B R, SRR ST X A
A RSE B AR AR INRE BE o W3 L8 1R Ja B AE BEAT BRI L R AT, K5
L5105 RF AR A 5 o D IXAE RS, L RES EE MM S AR Y, AR
SRR TR B R, AR IS AL T 2 REERIRHIESS B .

S 1) 22 FUBEARF A i B 10X 245 o A5 X 2 Y% 2 PO 98 T 1 SRS 2 VR 2 Il AL, ik
IR X 2547 G URFAE . i, R — R s it E N EMReLU
T PR KB M TN 8 R 5 e el R PRV B 2 L, ]I B RE S T I 5 Y AR e 1R
BREST o

Blockl: Block3:
Conv2D(236.64.3.1.1) Conv2D(128.128.3.2.1)
Conv2D(64,64,3.1.1)*3 Block2: Conv2D(128,128.3,1,1)*3

256 61 Conv2D(64.128,3.2.1) Blockd:

Conv2D(128,128,3,1.1)*3 Conv2D(128.256,3.2.1)

ADI256.25 %5 384
{557 Conv2D(256.256.3.L.1)"3
256
o o H/4 ? H/E | wrg H/2
W4 Deconv 2D (256.64.4.4.0)
W W Deconv 2D (128.64.22.0) ] ‘

Deconv 2D (128,12822.0)

Decont 2D (64.128.1.1,0)

K] 3-13 2 RUBERFAESR B 25

Pt i 2 RO RFAE SR B P 25 30 o0 g NP AEREAT 1B T RAE R 1/8 3 W,
A0 2% B8 AN [R] RUZE EARBURFAE, [ I 2%t 7] LSRR BRURFAE JR) B 40 19 15 2
BeAh, 8 Y SCEARHEAT B _ECRAR AT, R I R T 2 I 2% 1) K g
MTTASE PR 288 3 25 O AL A 8 5 IR 2 R AEAS BARSE &, 90RO AR R AL 35
KREST . ESEPRIg s, HARTTREDRI PR B . A P AN 44 55 DR 25 tH AN [R] i RUBE
Al . 2 ROEEHFAL S B 25 Be g i L IX A AR, SR TR I 525060 AN ] FRUBE R/
PRI RE T o X5 T AR IAE S5 R, 22 ROBERF AL SR HUBE R TH IR AR SRR AE
=03 775=a ok R AN NG E R AN 0
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3.4 FEHAREHIFINMS

FEAR G 00 DX W 4 o, AR ORI 1) 53 A ) 2 B B AL AL 2 AN [ 5E 1
JEHIRAE N ZRAIAE IR B . AEHEFR R By, S8 B E AT BE o iR VR4S A AT AR 4k
7 SRR AR, X M TSP 50K B2 1 2 B0 PT e S S b il 3d 7t
HERT IS HOR T . NMSTE H Ak il vh g2 G S VE R, B H s me B A I Fr) RBR 153,
EARRTIAE S5, it B2 S8 B FAE FE 0t Fodb A7 40 28 i AR e . B Anks
Mz R EAN I AL TE, WAL FAEZ E TR HZE . NMS
1 FH A A R v o B I FAE R B 6 20 BUOBAIR 3L FAE BEAT 04, A7
AR IS R b BoR . NMSII ORISR

Input:B = {(Bn,Sn)}n=1t0 N, Where Snis the score of B, D = &

Step 1:Select the maximum score box D in B
Step 2:Add G and its score to D and remove G and its score for B
Step 3:
For Biin B
If IoU(G,B) > NMS threshold
Then
Remove Bj and B'score in B
End if
End for
Step 4:
Repeat Step 1-3 until B =@
Output:D

Horb, SAVIGEWNEBEE: BNATEVIGL FHER A G Femm
WFHE; D&M 4 H . WIENMSHFE 18 0 &om L FHEG, 5 GHE
S L FAEE L loUMT R . K IoURE K T XK BIMER, 5GHES ML FES
Amd], RZWSHRE . RGERINMSTIRESIERG, IRKMGIRINED, A5
KrGMBHHFR: 7EBH, S5GHI0UK T His ) B E i SAE £ ik NMS
s HEE FIRPREEBENTES, HamiligikD. WiE LR KINMSHIE,
E SR NI RE o i 2 BN T i) e«

Q) R ES: —KEG P HIEAI BN Y R ESE, 50N
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NMSELEAE LR A . Wil 3-14 P, PERSNIAEIR S E &N, 2B2WAT
FHE. I FHEMERERN 0.9, OLFHEMERFE N 0.8, MU NLFIE
B 2 TR T PR ) BREL I, A% G O NMS BT 25 N B A5 BN i T
HE, AT BRI BE AR

,fﬁﬁﬁ%#fﬂxypt*ﬂ -

B 3-14 AR RAE I B R B 15 L
(2) TAE: FEB A M6 N AT B AR U, H bR FAE < IR

MG UERHITE DL, I ML FHE S/ — > sz b Wi 3-15 for.

P 3-15 AR AR 00 ) G532 T A e
(3) BRI FEGEIONMSSIE DUE (BN LR, LA (R B (3
SEBUR R FAE . TR, VRUMHER 3 5 R AE 2 ] 8 T L 2 1
FRATIK R, W 3-16 Fias, L FoAE i B (3 A e e R
HEBI.
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8
&

Pl 3-16 R AL IR S b Bt
3.5 BFRMETHIEMIL

3.5.1 2D-lIoUB R RIERM & 574

FE AR AR S5, 388 R AR T 14 FURE R AE G B AR AL &, RN FHHE
5 7T AR BT RERIRAAREEE . B, #EFIRIHELE H Frxt H
FRASIIAT 55 /2 AF 3 EE . 28 I Eb (Intersection over Union, loU)/2& H Frfa il 4
I i F B A B AN 1 A S S A P PR FR bR, @ T RN FRE ST AR
T AR5 N0 FHEFF AR A AR A ELE A 2. 1oURITHE a0 8 3-17 B

loU = ——

i B
B 3-17 2SR LTS 7 o A

MRYENOUAE RIS, AT LUK P AN S 22 T8 (1 2 8 50 R dEAT Il . T AR
loU M/ T80 BRME 25 Rl i MBS, ORI SE RA &L, AT Rl G AL,
2 NoU R ELAE 25 7€ R BRI DX TN, A O3 FREAS I 2 )2 Al — S HAw, - BB, X
PN FAEREAT R, DREE PN TR A B A T R I 5 2R 10U
(B R T B0 BREL 22 18] A e R ARLINY S DA 5 A IO F) 5 (/] — A H b, BRI RS

NLFHERFFEAEFT R A R . K 3-18 Jy 2DI FHERL S s
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| : | : | :
| | |

AR | : ! | | |
| ' | ' | '
| | | | | |
L L | L
I ________ I _______ il I ________
| S
! | L P b=

AEE | A AN
| | R i b
| ' | ' | '
L L | L

] 3-18 2D I FHERL SR
3.5.2 3D-loUtR 5k iR 31

G RINMS LI AE Ab P L B 7 FHE I A7 A — BB R L, Qe 8 R 7 VR 4R
I RE,  RUEAE PR B H bepe il &5, ol gt Bl — e jia AR A L 5 . B
X A% 48 A NS S92 1) A BT s #HE R I L 50— AT e s — S8 E 5 RE sy 1) 3 AT T
BRI, Qiu S5 NP3 i FEARCAS I B (0 SIS M R A ST R o
A, BARRXMO A TS HERRE L, (HAE AR AR 2% 1] B 2R A T 2y
B BAHMAI X IR, B0 7L FAERIECE, L FHE LA X 7. AR
P2 R 1 xS HARRIR A RE T, I T IULHE . g Bt
H 7 L5 2D HARERI I T 58, (H2 3D H bn A AT H LA =y FEAN 7 [l 4
N EE R IARAE, AR ER a2 s R BRI . BN
BEAOCSCHR G, RIER MBI T, 3DE N HESHES BARARITEL . At
i % PR T B AT B BT i 22 A sl e 8 8 225 S 4 M R ek EL ) TR A B 1)
TPk, 5 2D FAERI PR bR E— A, 3DIA FAE RIFER HIoU/E D H ARKE B PP
Prbmitee AT EETIR I A SR B AR IR S b fe— g 1)L, 454 3DH

FRACIAE I, MAESE 2D-1oUR) M FE AT . 4248 2D-10URT AR an 1 -
:|BarwB°|

loU (3-11)
|B* UB°|
| B* mB°|
L., =1- 3-12
1oV |B* UB®| (3-12)

PLEPIH, B2 ONASIINHE, BC NESIHE, LloUA#ikkE. MIOUMME N
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0 i, BWRERIMNES LSCREZ WA ESHD, MEMZmEas. £iX
FEOLT, 10U H R AR BE I B3 E A7 H b xs R L, LA 5
%, WERIKEEE . 2R RS, WIRRMEEREIRGER, RN EAS
RRFW, SEREMAENAERETREAROME] . AL, ToUTEbriE )
—PE S EC LA, U R B A R . i, B PYSHELE A
EHwZE, EHEfTRoUET TR, XaIBUHRIRGEE N, KoyloUX
AR BINEZ 18] )M W% . W&l 3-19 B

& 3-19 loU {EAH A 22 Fft H ARHE BB 15 150

Wk 3-19 Fros =ik HARMER oUEAI R, (HENIGIOURIE AN, ARARH
eia kK, ERRARESE RN, GloU(Generalized Intersection over Union)
s AR T IoUR) BARK T R bR, & AE 08 5 I S B B ARAE 18] () S
B R RAE HFFEA SR ESHIELT, GloUZE 1 HFRHE TR BL S AL
BZERRR, METAESGR U, BAEGFREREMEMEEE. Bk, Glou
HE 6 AE T M S Bk 0 YN AEFE AR AE R A G 0 TSR, ATIAE — R E
FW HARHEAR B A 1 1E L. SRR B GIoU R K IR AL, BRAE7ESE R
PRI _EFEAR 2D H ARt A 255 1 )

15 AFAE— N TIIIAE B A — AL SEAE BY 5 Jd I TH 5K HH AR 5 FL SEAE )
/NS, RIDRE AN AE 0 B R ) B MR HEQ. #E— D+ SR Q e AL & TN AE
55 LS R84y T QRITHI AR ELAE, AR5 FH PIINAE 5 5 SHE R loU I3 253X A LU AE
32 R A

loU = : Ea a EC : (3-13)
|\
GloU = loU —% (3-14)
~1-GloU (3-15)
loU

£ 2D HARK I RE A, BEFINAE B2 AIARAR N B =04, 7, %5, Y5) » FLSEAE B
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HIAR R B = (0, Y1, %6, Y5) » HXG >x7,y5 >y o AT BLSK H BUIAE B= 5 HSEAHE
B FRITHI AR 73 A 9 -

A =(x —x)x(y; = Y1) (3-16)
A= (% —x))x (Y, = Y1) (3-17)

R F3k 242 2T RASK H FROIAE 5 5 SGHE 1) 3 2 3040 TRAR A0 R B
x| =max(&3, x), Xy =min(&3, x5) (3-18)
Yy =max(y7,¥;), Y, =min(§3, y;) (3-19)
|=¥@‘@)§”‘”5 X > X, Y5 > Y, (3-20)

DAL ] AT 5 R T 5 L SIAE PR i/ PR B IR AR B 9 -

X2 = max(%, %), X3 = max(%3, ;) (3-21)
y2 =max(¥;, y5), y5 = max(¥3,Y;) (3-22)

/N AL BR B THI AR 9 -
A = (x5 =x7)x (Y5 = ¥7) (3-23)

A DLSR H e AR N
%WZLAMAHJ+M_€$N_I (3-24)

5 2D A ARt IAHLE, 3D H AnAil el S AR E R 2 . T SDATIIAE
gt 7 N5 A E CRIREIE, Lo FHEIASEUIE XM 32 2R . L7k
3D NHE A2 A FH 3775 22 8] s ) I T8 iRy EAT RO i) o R, SR R 8]
FTIAERSE BT AL, FFHARMETAMAER . 0k 3-20 JE 1 =Fli Al
9 S5 ARSI AE 2 B 7V o

Cs Cr Cs Cr Cs Cr
Cs Cs Cs Ce Cs Cs
‘:,‘04 Cs ' Ch Cs (7 Cs
& ¢ o C2 & C
£ 4
(@) (b) (©)

] 3-20 = Fof L Y (¥ S 75 A R ARE G ) 772
fERE 3-20(a) I ST AR BRI B A A AL B, I PRI Y
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77 i 7 [0 2 I . SRT, OV B T SO AR IR LT, B
U TUARE . 72 3-20(0), It 5Ly AR Ah R AN 5 AL T
FODC R, 2 A DX 4k P A7 26 ¢ [ DSRS0 (e [0 00 ) 3647 0. 3
7 i AR RE R AR B TUAR B4, (B TR S AR M o 8 T4 11 97
ik, AR EIA RIS . Sid BRI HIRGE & ST RN MR,
AN 3D-IoUSEE. Wi 3-20(c) T, FIFHSLIT AT 4 ANTH A AL L
T 55 PRI 8 B R 3 LA #0 BE 1Y) SDRIAE .
H4E 1k 2D FAMERHE S R 3D H ARRE R 4eiY /73t T 3D ECSEAE
(R Be, » W4 SDTMIAE B2, ({18 bz nl LA A
B, = (€7, €5.5,¢5, M7 09, B, = (¢, €55, €5, b ) (3-25)
HRE iR AR T LK i SDBUAE B, 1AL A, 15 3DILIHE BY, (1A A,
DEZCF
Ao = (65 —cf)x (e —c) = (hs —hp) (3-26)
Ao = (65 —¢)x (e —c)x (hs —hY) (3-27)
FR bk AR AT ARt SDFAE BS, 15 3DILYLAE B, I B A A (o BT %
A

¢/ =max(€],c;),¢; =min(€3,c5) (3-28)
¢, =max(€},€f),¢; =min(€5, ¢;) (3-29)
I:{(C3—Cl)x(C4—CZ)><(h§0—hlg) C3 >X%,6 >C (3-30)

WA AL SDTMIHEN 3DILSEHER e/ SDHERI AR Ay, AT
RN N

o =min(¢,c}),c; =max(€3,c;) (3-31)
¢y =max(C:,E5),c; =max(E:,¢) (3-32)
b =0 = x)x(y5 —y)x (h — ) (3-33)
A DASK H 2 A% AR Rl A 1Y) 3D H FRHERS I SRE3E B 4 2K R N -
—1_ I A'JQD_A??D+A1§,:D_I _
Lip-owu =1 AL AL + ASQD (3-34)
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3.5.3 S EFMXAYSoft-NMS

76 H ARG IR, H BT X 38k 3 LR 4% (Region Proposal Network,RPN)ZE
RO B B RIEHE, SRMH A KE /TRt S His ook, SECOHEERRE N, N
M REAR 1 BRI T SO B2 . AR B RS, AR TNMS 7%, 51 A Soft-
NMSHLZ,  FEiE I & i R Eon BAS BT, ARG 2 1R s & 5 E
BRI BB, ST 1 R R A 2 ) 2 s BT, O AR A A B

Input: B ={b1,b2,bs.......bnLS = {51,%,53......sn}, NuD = @

Stepl: Screening the detection frame by vanishing point detection method;
Step2: Calculate the area of all detection frames in set B;
Step3: Merge all bounding boxes and sort them from low to high according
to the score S;
Step4:
Forj=12....n-1

S
iou(G,B))=—=2

s, «—iou(G,B))
End
Output: B',S'
HABAIA KA MRS &, SOUR AR XTI (1 EAS B, NUINMSEIH .
Stepl, H:T U722 FEATAHBLZ Bk TS HIHE B0 A2 B AR, IFARYETH
R RHIL B RS I A R B O, AT TG Y 7 &
Step2, Fr AR AR R IIHE T AR AT AR R Y :

X =x+l
y,-y, +1

Step3, L S ETINALH) 7 2O B AR FEBEAT I RE, ST S RS I HE 22 A FY)
SEO, HFRIEESKER, AHE = TTMBCRE, 4 Hr R HE 2 BORT
HIEEE B, WFAEE o o er I AE $2 HEE 20 Bk e -

G =sort(B',S) (3-36)

Step4, K B’ HEIR IAE 12 845 7 m AR BT BEAT HEZY,  JFiH S M IAE
55 H At RS IIAE ) Tou(G, BY) -

S (3-35)
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S e = (Max[x,x, |=min[x, x ) x (max[y,y, | -min[y,y;]) (3-37)

Sy S, .
iou(G,B)) =—"% = el (3-38)
SBiuB SBi +SB _SBimB

IR AT LU fou(G, B) AT AU, £ =i R B BRI, il
HE 7590 7] AR TR 09

_iou(G by)®

S=5% ¢ (3-39)
T8 a8 T RO ARSI AE 1 23 B AT R G, S T SR AR U AE AR D A

21 H AR AE
S4

N |
O loU

K] 3-21 BG4S 1oU R 28

3.6 B ETHIE M SRAVIEIE 51)I15k

7EOpenPCDetHEZE P IiC & SEIR A, LI~V 6 W EH I T & 3-1 Pir.
K31 FAERE

A S Iic &
BIER S Ubuntu 18.04
WA 16 GB
GPU NVIDIA RTX3090
GPUNIE %5 CUDA 10.2 CUDNNS.0
IREE 7 S HESE PyTorch 1.10
MAEE S Python 3.6

BRI 22 RO AE PR B X 4% =5 4 8 R 0k B AR SRE I 2D ET-M4% T, IH4E
HERE ESINT 3D-loUS E A Soft-NMS B, 42 7 f 200 B hnka il fx
Y. ORI Z RS SR EAERN H ARSI S EAELL an P 3-22 AR
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R RS PR FAE S I

3D T M 4%

A 4

A

2D$¥FM,%
(Z RN ERHMEFEHL
D)

A 4

[X 35 1 45 RPN

3D ROI

A 4

= AL Soft-NMS
3D-loU Loss

] 3-22 et () 2 AR AR S R G AR H A S AE 2

3.7 MRS Nt

N TSRS I S Rl B, EKITTIRRUESE EXHI SR MRl AT T
M, FsEd T RO 7 SRR A R . K 3-28 JEoR TAEKITTIEWESE L, X
z 3DEIMBEV EIEATHELE 1 m] AL A A I 45 R
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(a) Ut J5 7 5% 1 BRI 25 2R (b)ebeizk AT 5t 1 UG Rl 285 2R

(0) ekt JE3m 5t 2 skl 2 ()3t AT 37 5% 2 Al 2
FE] 3-23 B T i A 2 SRt b
g 3-23 fiir, (3). (b). (©)« (d)FIE). (B (9). (&R NFFE ST A
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o5 UG SO A JE R 2 SR E L. AL 3-23(a) I (c) Hh 41t i Sk i v AR il
AE Sy S0E I AR SR U ARG RV A s TR I s ACIRL 3-23(e) M (F) H 41 (i
S 7 R RUIHE S SOk R R B RS S R A R AT A R R . it s i) B
e I V5 A 0 AR AR AIAT NS 9 L i sz A ) /N RS, FBIE I T B
BEJ5 ) E BRI SE BE 08 S THSE A0 /N RS B Bmsr P PRI A B2

& 3-2 XL Y MR SR G Ik 5IA SO 5 FRAE “car” ZEA I
[ ~F ¥ 45 B (Average Precision, AP)fE, #* 3-3 LLAR T it vk 5 HAh LA
“Pedestrians” 28 il far Il I AP, T2 3-4 MR EE T ook 50k 5 HoAh SRk A
“Cyclist” 2 A I - i APE

# 3-2 WA LSRG BEEKITTIEGE £ LX) “car” a6 45 FLAPIE XS

3D BEV
Method Easy Mod Hard Easy Mod Hard
MV3D 71.09 62.35 55.12 86.02 76.90 68.49
F-PointNet 81.20 70.39 62.19 88.70 84.00 75.33
AVOD 73.59 65.78 58.38 86.80 85.44 77.73
AVOD-FPN 81.94 71.88 66.38 88.53 83.79 77.90
UberATG-

ContFuse 82.54 66.22 64.04 88.81 85.83 77.33
RoarNet 83.71 73.04 59.16 N/A N/A N/A
3D-CVF 89.20 80.05 73.11 N/A N/A N/A

Focals Conv-F 92.26 85.32 82.95 N/A N/A N/A
Ours 92.78 85.45 85.30 95.82 91.11 91.00

IR 3-2 FREEE AT R, A O T ) 2 S AR R B S AR H AR e
MEE, ot 5 RV “car” RGPS, £ “Easy” Al “Mod” HEE _FAPIY
Ae9HETr, (BAE “Hard” M LIRTF T 2.35%. SMVIDEIEMLL, ASCHr
BOEE R SRR “car” FEHEATRIIN, Z5 W], 1R = 4R ARG EE (APsp) A1 S E]
- I KE B2 (APsev) LI IR ISR T, ~FIYIRTIREIZ 72009 24.99%. 15.5%. 5
UberATG-ContFuse 5iE AR L, ATl S0 “car” RkATaill, 455R%
W, fEAPsp. APgey L [FAIFEA B R AR TE, “FIHTHEE N 16.9%. 15.5%.
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X 3-3 MU E VLR KITTI R4 B X “Pedestrians” 2 B G I 45 52 AP B L

3D BEV

Method
Easy Mod Hard Easy Mod Hard
PointPillars 50.42 44.57 40.73 54.70 49.67 46.03
PartA2 60.75 53.75 49.43 63.36 57.93 53.15
PointRCNN 64.50 55.41 51.55 65.82 60.43 53.84
PointRCNN2 63.33 56.24 51.24 64.90 60.66 54.10
Focals Conv-F 68.93 62.15 59.25 70.32 66.20 64.35
Ours 69.50 64.71 60.51 73.31 67.46 64.58

TE3R 3-3 Hh, FRATIERE SO AT 5 I FIEXT “Pedestrians™ 21 (A RS
WA — R T . SEGRT R, SO S R EVE AP E = A
FE T 3 0.57%. 2.56%. 1.26%, “FI3THT 1.46%; 76 —=FpHEfE 1)
APge $2TH 50 A 2.99%. 1.26%. 0.23%, T#$2T+ 7T 1.49%. 5PointRCNN2
BOEA L, ASCHGE VLS “Pedestrians” 8K, 45 5 R R E APsp AT APgey
EXE RS, SPIERTIREE SR 7.97%. 8.56%.

2 3-4 SCHEEFAE KITTI $dE 5 EXF “Cyclist” 2851 Al 45 5 AP {EXTEL

3D BEV
Method
Easy Mod Hard Easy Mod Hard
F-PointNet 71.96 56.77 50.39 75.38 61.96 54.68
AVOD 60.11 44.90 38.80 63.66 47.74 46.55
AVOD-FPN 59.97 46.12 42.36 62.39 52.02 47.87
VoxelNet
) 61.22 48.36 44.37 66.70 54.76 50.55
(LiDAR)
SECOND 70.51 53.85 46.90 73.67 56.04 48.78
Focals Conv-F 86.62 70.87 68.22 87.47 72.83 70.51
Ours 87.11 73.02 70.93 88.18 76.96 73.12

SR 3-4 HIHHE AT, T LLE H SO AT IS R EVETEXT “Cyclist” 8514
DK FEBA — B FEFE IR T o 50 )5 IR S5 APap £E = Bk B2 E 142 7+ 43 il
0.49%. 2.15%. 2.71%, V42T 1.78%; APge st —FiXfEEE _FHE T2 51 A
0.71%. 4.13%. 2.61%, ~F¥J3&T+ 7 #27+ 1 2.48%. SSECONDELIEAHXSEL, A&
SCHUGE R BEEAEXS “Cyclist” JEdHATRIIN, 4553, TEAPspHIAPsey [35H B
RRT, SFIERTIR LYY 19.9%.
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DL BB EE X T VR, A SCHGE VA TEKITTISE &£ EMHE T
A 2 A Rl SRR AN B — 1) i S A I SR A A T R R I 25 R, U2
X “Pedestrians” ZEA1 “Cyclist” A IR E _E 8T, FRIHA S 2+

L RS AR AR E AR H ARSI S R A BRI N RS B AR AR L
# 3-5 Yt A JA 5% ) mAP(3D) L AL

Method Car Pedestrians Cyclist
Focals Conv-F 86.84 63.44 75.24
Ours 87.84 64.91 77.02

IR 3-5 XS E SR B o b, RIS FALEXS “car” R KL
WS8R B 5 TR GG AR LU mAPEEFH T 1%, 7EXT “Pedestrians” A1 “Cyclist”
XA B AR FEHIMAPS AR T T 1.41%. 1.73%. X3RSk G I HVEAMY
REFETH X H ARSI RIS B2, (RIS AR T 1 5% /N B FR 2  AROAS RS B

3.8 KRE /g

RE A 7T 2RSSR H R R R G R B . K
TR T R AL RS A DL R BRI SR IO e . R T 2 RS A
B H PRI S, JRER 0 BARR IR EEAS 2 B ), SR T A2 RE
FRAESRIUA 2% o SR BT H PR HE SR e R AN 00 o) @, i 3 51N s i ASU#: 5
TR EERE, HRYE EE XIS mARZ A0 s A RS PR S R H ARAE
T SRR AR B — L, SIN T — A 3D-loUZs s fili v K ki £ T+ 3D
H R AE G738 (RS FE AR . e B KITT I 46 b oot Bleask w10 S03E 204743
P, JERTAAL 7RSS IR o R Bk O BEE S SO R SEE AT AR SR L
RO R AT T Bl B, SEER 85 AR, ol SRR AEXS “car”. “Pedestrians”
A “Cyclist” X = HErEHMPIMAPH HHEH T 1%, 1.41%. 1.73%, iE#HK
BE )G H ARSI SR BE A RER TR N RS H bs A IS L
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BAE LW IWESERTH

A B E R T S B A AN, P T IR REAT T SE . AEAL I
T8 Bl EATHLSE RAEROG TR IS AL B, ARSI 5 A B AT
FEEHT o R AR BT S R ECE T IR E SOt A 1 2 S AR SR G AR AR B
XA [FL 755 T AN 45 AT 1AL, JFARE AT AL B 45 R AT T

4.1 LGB HE S

411 FENE

WK 4-1 P A BIRRI R Gk 4, SKIR P I s AR C-16 Hot
WAL BEFOUHHL. AR EAHLEE.

RO dik HHEALE I WIPE R 2 B B THSCAE, M Ah B Jox e 24 it
It 7E EAZHLN R ZIROS, JfidEid Autoware 14.0 BRI O B & FARAL
BEAT SR Hidf R A

A4-1 I IERN R G S0 4
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4.1.2 ROSTs =% it

ROS(Robot Operating System) & — > R & PR AHELE, BERHLEE N JfE
EHGE ML T HAES M AR AES RGBS, e, FIFHROSHE
BT T A A E IR ARG EAE IR R R 5

ROSIREZ BN R HM A B R 7 (DA AR EEE AR 1T i (2P
M. BT A S5RGBT PR FAAEZER, A SCSEL B 3 30
RISIKIPAFNEFRD 10 W, AHHIKEUA N REED 30 Wi A 5 SEILPI & HdE i
RGBT AT AL B

(1) LIRS 3 E 1T

B TR RS e H T A MG AT B, B, AT AL
A R 23 B RE A T e R R T T A R S AR LA bR R0 55 S8 R FE
[F1) 8 [ 25 Rosbsg H 14 s 2 5080 A AR 2040

(2) PRI A

NHOR S Z B RS B P B MR b, RS 25 R AR HE S HT)
AL . K 2B EAR S H br R 5% B 28 O FROS TS £, I ROS
TH SR LR R 2 i AR B e NG 2 b, SEEL O T A 5 A0 0 Rl

BT R
ROS Master
i \
L wtniEE TR s R
~ “4
™\ 4
[ AT A PRI A }
ROS i1
v
] 4-2 ROS KA 1T ik s =
P
4.2 HRE

H A8 [ R R & JE B T 2 e 0B 3 = FH S [ BORWIT 7 P 3 [R] A A1 iR KITT 14
&, HETHA 2 E bR EONEOR 25050 B 3072 BRI 1% 1R X B Hois 5
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PO XA HR AR R AE AR I SR IR AR G BN, IRERLR T 2
IMERKZE, AIEGPS/INSHERI SRS —4 64 ZRBOLTRHHG LW
ERABRGIE OGSk, WE 4-3 PR, XA DR E s,
191 G 3 e 7 2k AT LB A RS ) =4 S s e, AL AT DL 4 R R
GPS/INS £ 4t A] AR ) A B AN AME B o I X ALK 3, KITTIH 4
A LLR G Z MR A s, GRS, M. GPSAEFRSG. B4t T —
EEFFEIH T IO S AR BIE, IR AT 0y 3w SO - N
RIS, BOFEERAL T TR, ALK IR s HEH SO R R 3 i bag U AR X
ETHPER . Bboh, BT ESAE TARNL N S &AL 28 Z RS S5 € 45 R
D7 P AT R A BRI T K

Velodyne HDL-64E Laserscanner

K 4-3 KITTI B RAESL T &
4.3 TN IE IR

P E BT A 48 B 0 #E B 2 (Precision, P). 7 [n] & (Recall, R) 1T 35 4 fF
(Average Precision, AP) &1 A L 25 I B bR i, NEIEVEREIRIE TR
FFAG1T, X Leda b R 6 2 W VT A SRR AR 55

PRI RN ZE SRy, T IR R AT 5 A B SRS e d
R s L BIREA KL, WIPAT LASE SUA -

Precision =

«100% (4-1)
TP +FP
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R@4-1)H, TPEREPHM:(True Positives), B4 IE AR 5 4 IE51 FIRE A HL
FP KRB FHYE (False Positives), RIS R IRAIAIEG FIFEAS . REZTE EMfIN

S B AR B AR S E e RIARATBARIR AN
TP
P+FN

Horp, FNRIR BB (False Negatives), BRIV 5 5 5 W7 S 7 81 RO RE AR 3

FEVHL 3D H b I PERERS, & H A B AP APeevo IXPAMERS
S S TP AL FAE B N 25 2R FCSCAE 22 TB] B DL FC TS DUR T 5 o X 28 PRAY
AR EKITTISE SR R P 2 M, A5t 17— M el 2% vk se 1077 K,
I H AR T B bRAE =42 8] b R DL AT T v

£ B AR IS5, BAS EBEAM SO LB E A A RETE S8, T
PIAS I (30 SRS 5 o LS P B B AR A S A AE B AR (AR
EREE, RA [ FEN > E0m T s RAER, 42 gioniEdl; kz, N
MR o SR IG5 B D TR FAE AN SEBR H bl FAER B SRR, RA 4l
FHETXBIPT ) 0 BORME B AR ERS, A 2R . BV RS, EEHE
DU o0 FL AR 0 5 B930S4 BRI AN IE M E iL AR /27
SAEA T, B R IR B O T SR, i AR IR IR YT
[IiL FHAE

recall =

x100% (4-2)

AR A-4 KA PRy Wb v

2 Sl ERR T
TP H H
FP H &
TN {54 {54
FN {54 H

4.4 LG EE R AL

SETE SR MR R AR AL P B B BT RN RS PRR SRR S AR,
Rulfie 2 PR B EGR . AR s. SCRBdRRET S K 4-4 s,
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K] 4-4 SR HAR R4 3

N T AP SRR VERE, AR SR C A, ERRE
ArfiEtr, 4k 4-5 Fros yRosbag b e X B G Bt anl&l 4-6 frzs JyRosbag i
Ja B 5 s Bl

e b B B B B B B B B

HHHHMMHHHH
Idl-lldldl.dldl-lldl-ll-l
HHHHHHMI—II—II—!
HHHHHHHMHHV

HHHHHHHI—!MH‘

P 4-5 Rosbag i b7 J& 1 MG i

] 4-6 Rosbag fi# b7 i i £l 2= Hdls

0T i dE i

R AT I P Kl i N SO I ) 20 B 2 R U 2 AP TN B R AT IO

XF 45 RAEAT 1A . SIS AT R A R A 4-7 P
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(b7 5 1 Skl 45 2R

‘;-'}
\s
(©) st 2 B G 25
o s o iy |
bR i
‘ AT AR

(A7 5 2 Fak il 4 R

@b 3 ERE AR (Dbh i 3 15 Kol R
B 4-7 S 2R S g Aar il 25 SR

M 4-7 B, @FI(b)s (QFI(d)s ()RR B =R 5 F % 5 5
ZHTATRALLE B M 4-7(a)FIb) AT LAt 35 20T L3 7 7 B4R B
HEL T, A SO 2 RS B R A D b U 4 B T 4 52 € D
B . M 4-7(c) () AT B H 32 b 0 3 7 R R RO 2E 0B
A SO I RS B SR R B R SR R e M 4-7(e) ()
AT LI, oA A AE BT R TR, % A R B
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G AR EERIER . EREEE 4-7 @A LIEH, Baibf i Nk
AR, X EER BT T EOCHE B A REE, FER 4-2
AT IR AT S

R A2 I AER R IR IR R

M sEhrEAE AL, REEC EmRINE eR. REER RIIER R

1 7 0 7 0% 100%
2 9 0 9 0% 100%
3 5 0 5 0% 100%

MELE R RTAAL S R ch mT PG, Bt e i 2 RS MR s E A H AR
FS I R0 A 0 BB B ) /N RS B AR DA RGBS ™ B (1 H B 20 R B RS T AR

45 KRE N
7B %of S BT R (R A R R AT T VRGN A, R A B T MRS FE
Bio ARG I R B8 0 S0 06 5 & HE AT 5 TR AR ML O B0 3 1), R E 92 5 L

YE AT AT o e FRAT Jm ORI X S0t Jm 1) 2 A S R R G AR H AR A 5
BT, FIAAL T SREREE IR, FRXAN[F g 5T BRI S Rk AT T A
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$58 BESRE

ENE R AR OBARZ —, MR EZEEA TG . H AR 2
RS BIA B RN ) BT B, SR EE T B LA IR AR I H BRI B AR
e HIGES SO T BB B rERe, (HRAE B A ER LA 95 1 RS
AT RBCR RATHr . N 7 e T B R G R R, T
EZ 8 Ei T eIl malll K RFS a e TR SR 2 A€ T e AP S A SR N (s
HILFs, PSR B SN 4 T AN AE B A A5 S, BRI $2 T8 e 25 B 4= P4 8 SR
B AT A FEE . AR SOR TG B A AMARBLEL S AT 75 %, A R4
RS RIENE TR TAME, X 2R E R A& 1 B AR SR BE T 7, oot
T MRS E ARG H bR S . A EETAEAEM T

(1) EEMTIFHE | 2L RS ETT 5, IHES 7L RS AR R IR
Mo R EERIEERL L, SRATKIE AR @ik MU AT AR e, SRBGH ML)
WANSE. Hk, FIFFEAutoware 14.0 RS HILAEOE B A BT BE A AR E
PAF T WO IS SN AR E JG RN AP R A6 R, ORAFER G € o 1 31

(2) HATVEAEI LA 7 2SR M G AR H AR I R0R R SR . ok
Bt RS SR ELE R B bRk SR N RS B AR AA AR A v @, 7E 2D
T ML FEA ESE T — A 2 R R IE SR AR 2% o SR )5 BT 0 SR B0 H AR AE
7106 K BE AR ) R, A% G AR OB AP | BIANMSHEAT OCAL,  5IN T =i in
WABOHREEAEE, FERIEE S RS S E &I B2 8. BARE
B A% GE ) B ARG SR A b e B — B 1, 455 3D HAnRrAE A1k, 5l
AT 3D-loUZZS At A e B 32 71 3D H ARME A e b BEAI R . S AEKITTI
B A Lo O JE B AT VNSRRI SRAE, FTARAL T SEIR 25 . seat gl R,
MO BIEAEXT “car”. “Pedestrians” F1 “Cyclist” iX =4~ H A58 5 (I mAP %3 5
BIT 1%, 1.41%. 1.73%.

(3) fEA I £ T3 Fadk AT H R4, it Autoware i fF sk BE AL, AESLES
RN s B dE, I NS e M BEAT IR, S SERREE R, 4
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KRB, Bt e i 2 RS MR ARG AR B ARSI SR AR B B O 1) RS H
i DL R A ™ 1) AR AT R4 B I OR

5.2 R

ASCEIRNS BT SR G AR A S B ARSI AT 1S, X/ A AR
R IS RS IR IS DU AT BT o (BTSSR AEAE 0 4 ) R 5 2 it «

(1) ASCHG ) 2 A FE S T AR B A e I S0 BB BLUAAE KIT T
5 EREAT VIR, A Ja ) DUR A H A S S et i) 2 S AR AR G AR H A
R A AT RAE,  DASRT SR M i .

(2) ATt i 2 SR SRS AR A AR SRS B 1 X 4R
PERSYIE L, A SEIU PG P B S AR, AE4 IR RIBIE IT rp /5 AT it

(3) ASCHESE A SRIRIA T IR BEATREAG R se i A, AUOURER T = A
BAE, RIS T et i) 2 S A R e AT T IRE, )R
WIS AR, FE TSGR (R PRSI
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