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RESEARCH ON BLIND AREA MONITORING AND EARLY
WARNING OF INTERSECTION BASED ON VEHICLE-
ROAD COOPERATION

ABSTRACT

With the rapid development of urbanization, the complexity of roads
is increasing day by day. In the annual traffic accident statistics, the
accident rate of intersections occupies a high proportion. Due to the
existence of blind areas at intersections, drivers often cannot observe the
road in all directions, which increases the probability of traffic accidents.
Therefore, it is of great practical significance and application value to study
the blind area monitoring and early warning. This paper focuses on the
blind area of intersections, and constructs an intelligent monitoring and
early warning system based on vehicle-road cooperation, which can share
the status information of the road network and vehicles in real time,
improve the driver's ability to respond to the danger in the blind area, and
reduce the probability of intersection accidents. The main research contents
are as follows:

(1) By studying the traffic operation rules of intersections, comparing
the types and characteristics of unsignalized intersections between cities

and towns, this paper analyzes the causes of the conflict in the blind area
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of intersections, and puts forward measures to solve the conflict in the blind
area, and gives improvement methods according to the shortcomings of
each measure, Through comparison, this paper is more effective in using
vehicle-road cooperation technology to solve the conflict in the blind area
of the intersection.

(2) Aiming at the problems such as multiple types of traffic
participation targets in intersection environment and difficulty in accurate
identification, an improved YOLOvSs target detection algorithm is
designed. By replacing loss function, adding feature fusion module, and
introducing OTA of target detection framework, high-precision detection
of multiple targets at intersection is realized. The real-time monitoring and
distance warning of multiple targets at intersections are realized.

(3) PreScan simulation software was used to build the blind zone
scene of the intersection, and the interaction of vehicles at the intersection
under different road conditions and conflicting objects was accurately
simulated. Based on the simulation platform, a collision avoidance early
warning algorithm is designed, collision criteria and collision avoidance
strategy are proposed, and the effectiveness of the collision avoidance early
warning algorithm is verified through the collision avoidance simulation
experiment combined with PreScan and Simulink.

(4) A blind area monitoring and warning verification platform was

built. A parking lot intersection on campus was selected as the verification

v
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scene, and a system consisting of intelligent networked vehicles equipped
with LiDAR and monocular cameras, roadside equipment and cloud
platform was used for experiments. Experiments have proved that the
system can effectively monitor the blind area of the intersection, send
corresponding warning information to the vehicle in time for different
obstacles, conduct real-time early warning of collision risk, and remotely
view the monitoring information and vehicle status through the cloud
platform.

KEY WORDS: vehicle-road coordination, intersection blind area, monitoring

and early warning, intelligent networked vehicles, yolovss
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Fo & b BoR . A2 R BRI BRI A, AR S T OR AT g 2 A
ﬁ%ﬁ‘ﬁ%ﬁ&*&? EFHECAIWT AR, M A AR R A DRSS o

BSDE & M R %
K 2-5 BSD B A Millx & &
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Tkl £ 48 (PCS) i85 iA BHOE IR I I 450 5 FAb A B 2 5% BRI,
TRIAL 18 AR, AR LI TSR AU B s i, A 2-6 Fros. SR, 1%
ARG AR, A REfE IAEL ST b oo eAh, ERRRILT, RGTH]

SRAEIRA, SRR AR BLE L T .

K 2-6 PCS MillREE
360° 4 SRR AR Gt AL SN 52 I 240 R FE P A5 A 1, 65 B 2 30 7 B 4 0
WEIX, W 2-7 FoR. AW, ZRGHES RN 2GR, WTReSr#it
TER T BEAL, AEAL S il 4 B 21 25 R U, RAAR AR TE I v e 2 2 B2

K 2-7 3605 G ARG~ ERN

(2) sl

SO B LA LT AT DA VS B 1 B BRAS ) (AR T R AR
POa5 ) RIGRALET T B, AT S O 25 Sk 53 AN AT N BE S BE 77 1tOUL 58 32 it 1 (R 58
HTEIL . PRI, IXAN5 V5T BE 52 2T 23 A1 AS 2 PR, A2 N 1K 3 St X v g
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T e 5 i PR 2 SR B BT 3 A F A

PR AR AT DU A TE A5 5 k7 B B ] e st i b iR, e gais ik
AP ECE EARAT R, F 2 B Gy SERTAIWrEAT S . 2R, XLk AT e
MRS WKEOE M B R &, FMELACR, iR, AR SRR
R RE A 2 i 1 B

2225 R OGBS AR 35 T DAAE R 8] BTG B B2 2 1 T 40 e 2 Bl xR 0
IR . 2RI, X AIhR S AL A ROCER TS 2 I RCRA R, Mo B3 2238 1 5 30 5
RIRLE RN, X AEHLBD A= ANAT NS i i Bdse b

FEMLESZ BRI Bse e i B2, m] DAFE B 3 03 RS E b
SR, T S IR HALA S PR, M AN N 5 I O AL H X s AERIA]
S RAFMTT (M%), BHKRCR S B SS, mHEsebaE .
(3) BTG

M AETCAE 5T A A S I T e B T, ) DASER A AR, e e IEAT %
fxthe SR, Jid s il e 2 PR IR REAT RCR , JCHAE I B n] g il i@
s, T HACI S 2 e ied Jaladk oty ml BEXT 2R A R A AT B R GG Al — € I

FEARZ S 5 BB B PRI ARE, n] DU R R 2 Bt G AT 3, (LR AT
REAFAE € RIFRTE, #7023 61 Al REA Sy, FERUA K25 KA, IR bR &
AT HPE S AR, SEmL SE PR .

AT FERI BB U A R e (V2XD & — PR e Sl HOR , i 424 (Vehicle)
L #.Itc (Roadside Units, RSUs) HJIEAE, SEILSEREEILE . XFEORLAE
R TRAZ S TV E AR R I RS TR B AL HAR R VELH 2 B4
(1) SERHEEIES, WAH R

V2X ZAGEIE I I s B P R AT AAARNLBI B, K
N RIUE XA el . Bl £5 KNG NSEARILE AT, 2RSS
[ 25 Bk 5 R VAR AR o (RTINS, 2R GEids REARIE 2 AP0 JSE A 5 7] 2545 J2 P i T £ 14
Filf 128 DA, I 7 3 BN A5 5 S A SR I 25 0 G R IDORE L5 i, 1 o 2 4 O
(2) CHFFe e, A

V2X REUEL R BE AT IR, S DS ST S s ARG ST,
WA FT5 T AR REEAT RER, AR08 B E X R E R . SRR, 44 iE
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fll

& (V2V) AISERf LRl EMpiE. B eaM Eu S BE, KRR HUR
So BEAh, EEATNEE (V2P @ AT A S AL b K g A, K
IS [ ZE 0 5 AR, DR B RV X A AT N, T — 22 B A
2, RIS E .
(3) @B EEH5E

V2X FRGUIE IR S DR IR XU T, e % 52 PR AT SR 11 el
Fl, JCHRAEMEZ R EUR B D . X T e BRI, V2X R4
REWS A R THEAT 2. AR, RERAE SATEHIRER SR, b HE X
IR T BRI A 22 L il S ZE AR B 5 AT /e s 1 R OE AT 2803, SR A I A 3
(4) MRBA 2R

AR AT @R, Pl AR AR I 6], V2X AR RS B i ZE A AT B 2K

e, N AR FE AR

2.5 KRB

AT R EARDE T TOAE T A S R S EAS AT R R FURR AR, B, TG
55X AT 438, P LAY TR A S I AIALARAS X% EI PR R A . 151
SRR X VA e B R 3 B 5 S R ) AS I I B 2 e ST BRI e A e

, VEAHIF IR T A8 SO A R, 3 PR L Btg 20 LA AT
BRIy A0 E XM RIS 4, R H T — RAEOR . Bt K R
SO, WA AR BB IR BB BT RS @R B . AEIENH
THEBMFA RS (V2X) TEMRRAS S IE M R N . V2X REG0E T sert

BILEMERHAME, 1REERE R RS, U sSlR, R cEzes
HES
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$3E R TXuHYOLOVSsHY3Z X B& M B im0 M B A5 53

YU 1 B AR 50k BLARTE — e FEFE R REME I L SE AT SR, (HAEE AR L R
), JeHRTEL Hin. 2 REEF H AR BRSSPI AT, 3R FAAE— & R PR
YOLOV5 (You Only Look Once version 5) COWEA— @ & AR KM R, 76
RN B 2 (A 4R3) 1 RAFIFAT 5, A& H T 2 80 Bk liAE 55w . SR80,
H T AR /N H AR IR IZE 26 25 H bR I b i SR BT BT R sk, DRI, 7R A S 1
XA E J BB IR, YOLOVS B G A5 A 7E K B RS I 77 T 1 A 52
SR B AR R

AT HE T UHE ) YOLOVSs 5888, Wit —Fhae S 11 1 2% o H Aw ks il 5 PR 2
S5, IR AR BRE RE, FE 1T TE RS 24N/ H AR EAT I
5, DLHOR I 3R T LA 52 2858 )% 1 55 B R 5 SRR S8R, o ald B 4 2k
B4 EloU (Enhanced Intersection over Union) 5] A\ YOLOvS8 H ] C2f F{iE
G R, DL KSR SR AR 9 H AR AU HE VT S 529% OTA (Optimal Transport
Assignment) , CHEJE I FEAUR & TR B, YRR TS HVE L, A
FCREAE L S0 2 H AR AT S5 o SEEGIE 256 0 HABHLINEE B0, 13 R4
REAS SIS PPl B bR 5 8RS A EE B9, R R4 S5 SN S BAE R0 -, DT A 72 Bt
ST AL T I 1) fe B T

3.1 YOLOvS5 BHrtel B ARLA

3.1.1 BEAZiL

YOLOV5(You Only Look Once version 5) J&— G 1% B #2 M JE 4k FUE B
ST B bR RSN AN 5 A7 ) 3 38 s QR BB 2 ST, 125 VR T A AP 22 I 4 5
G IR0 AT RFAE 2 21 SR F 22 ROBE F000 5 WA Rl 23 AR 45 5 (R o) H A ik
AR g L. YOLOVS BB A T Hemndig 17, I B e R BB HE T
R o X P oRe I 815 B 7E AL 1 2 P G i O\ B B s AR R . B
YOLO(You Only Look Once) 5% H & w0 HAS i 1E H AR A, 24T YOLOv4,
TE 38 R AN AR P 7 T A AR K3

3.1.2 BEREIE
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fE YOLOvS BT ARRS FErh, TE 7 DUAMHA R H ARk gy, Ak
£345 YOLOvSs. YOLOvSm. YOLOVS! Fl YOLOvSx. 3 PUFjs R4 b2 (] ) 3=
TEFE AR TR AL VR FEAN B8 BE S 40, T E AT 10 I 4 S5 44 DU R FF — 3. 7E YOLOVS
RIS IHRFR LA, YOLOVSs A Sk (M 48 45 M Fis /MR RHE ] . e
SR RAEIX AN A bk — DR AN BE 1, B AR R R L B A A TR,
AH T TAE/Z L YOLOVSs BBUAFERK . YOLOVS (%8 14 Bpa) G045 A N\ o F
a6 )t o 45 R B0 T LA OSBRI 23, KU - i A\t (Input) < W 4% (Backbone )
FERM 2% (Neck) LALLM 4 (Head) -

(1D EEAERABTBL o BUGE s 3R 47 22 77 [ A s AL 2R I07), B S 4T
e S AAE TR 3 N E AR AR, AT SEIEE 1 2 FEAL AN HE (1 B R AL
SRR T A I R

(2) HFME (BackBone) FEM THHMEFHL, BHE Focus 45, CSPI®*]
Z5tt: O Focus £itt, RIXTJFORMEMGHAT 73 Fig i, 3 2IRHERT, SREHET
BRUZH, 15 EHFIE R . @7E YOLOVS M5, 5] N T CSP 4544 . L YOLOVSs
9, CSP1_X #He N H T F M 4% Backbone, CSP2_ X ARLH Ul 5 S8 E 25 05 /X 4%
Neck. JHITIXFIE CSP &5 BcTE, AMUARTE T INZE IR )y, A K
T EENAAEE AR, B PO BV RE

(3) #FEBMIZ% (Neck) ik — LIRTHFFAEMECMERE, TR T FPN+PAN A
S5EMTNE, EIFRLE 2 REEMRMERE R .

(4) ¥t (Head) , t2FIH 3 MAFE R Head FHT M %% (1%
i, AT 2 RZH .

32 BUBRSEHEL
3.2.1 HEERHIEE

SEIRTF AR BCR A TT100K Sy SHHRAE, RO bR LA RERR R,
TRETX A E WG 2 Atsds, BATEHIEERGE: HdRdidt 2998 ik
B, AR, S RINRSE C(car) « A (taxi) « RE (truck) , A%
7 (bus) « 2CIEFE/RIE (sign) « 15547 (light) « 17 A (people) « %173 (rider) .
A% (microbus) , 41 3-1, PLFRAIEE T H 32 50 B 3% 5oh 1 K4 B

b, AT DMRGE AR T SEFR
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KI3-1 Hdhadk HArr 258

3.2.2 BURERIIRIE

KH Labelimg FIEERARE TH, XHEEIEFR) 2998 TREHR L AT IZTKAR
TE, PMETEISCHA xml #3, EHEST YOLOVS MR R, 77 B4 hrE
M xml AN oxe A% B BAT AR A, ¥ xml STHFFEAG
YOLOVS AT iR txt 4% BEJE, KBS EEE LRI AIIZRE (L7 2098
SRR RIBGAESE CRLE 900 5K A
3.2.3 BIREHIEE

FEVRPE 5 19U, FEASBUR G I8 2 R TS R PERE R L. AR, SEFR
L AR R TG P E B AR E A . A EZ . ST XEA MM,
W R T RESRE K R R e s DT B S b, 3@ i A
SRR BT RAVAL o X FhEE I B RAE — e 2 LRS- TR 1
VEFIZ AL RE T, 328 1T 0 AR Y 1) B AP E R R T

B T IE A R A, BT R A R & 2 g5, % R B IARAE E
G AT BE IS LR RS S5 AR Ak, TRIESR Y LA A 4 0 0 10 i 7 v ok
WSR2 AR . XSG, Eh i N S S BT RUZ %, g
e BRI E LA SHBR A, T DU RO R I 2R o X R T DAZE IR
IS4 S0 IR I (A2

Bl G AT 3L 2998 sk Fr, HrhlZrgE (2098 5kEF) , FiE&E (900 5K
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KR Bdatdom 53t 8612 sk A, HpIlgheE (5924 5KIE F) , WIELE (2688
KA .

3.3 YOLOVS A&

3.3.1 BH#YOLOVSIRKE

YOLOVS 0] H 3R H (14528 BR300 ToU: B AR AE K7 35 067 B R0 55 /IMEL IR 22 5
DloU: fid vH5510 FHE 5 3 F i 2 MR 3R R TR IR RS, IO -F 218
kMR . CloU /& DIoU [ISGERR, & 7E DIoU (B ARKERIAHI ) fSkat FinA
KBTS, ZO7VER T A ARHERIC S, 384 ToU AT GloU fE I ZRid 72
A RE LI AR E BOR B . CloU Loss A3:

2 gt
Loy =1-toU+ 2 ®LD oy G-

C

s, b—TAE F rpoC for B

be—FL AR LA

p— 193 0 U TR R IR PR R 28

c— I/ [ A A0 L SIGHE 1Y) fe /) P DX 3

o— B PR A

v— TR HE AN S SEAE Y 58 m B 22

CloU kR LR &5 1& | S XU e H bR bl sl 1) R DA K
T ZRER R AR, B THARXPE v AR K5 RARE, mEE
B B AV IR ZE 0, BRI, 78 SERR R A A4 S RS AR R F) v RUACAL
N, —EEF LT CloU, MHCTEH#EATHR 7>, - T EloU Loss, 5| A£E S
STEE R HE B AELE . BloU Bk A T

LElOU = I—IoU + I—dis + Lasp (3-2)

110y 20T plww?) P (hh)
C Cy C,
T, C&—TRUMIHE v] 4L B /NRE TR 1) 06 FEE
Ci—GT HERT ML 5 /N TR 1) v i
Lerou— TIHE 5 SIEBRAE 2 18] ) 528 B A 2
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LAY TRER AR 22 A1 3

Lais— 107 B FNAE 5 S BRAE Hh O 52 8] PR BE B 9225
Lasp— TIIIAE 55 52 R MEAE 58 FEE A0 e B A1) b 1) 22 e B R
EloU FiF#I - 9B CloU Rt 77vE, i B He e/ MA TR 15 52 B
TS8R B B 22 5, N S E M SoE 72 .
3.3.2 KIHYOLOVSHSERE A fE LR
SRR, TEBERAEZ NGRS Rk, /N BRI IR T A i,
N7 IR E/NBARIREE, KA YOLOVS H1i) C2f Rl & EEAL YOLOVS ) C3

R, AR AN [ RURE AR A 1 R % s I E R
BEXF C3 8L, Wil 1 C3 Block, ZAEHLEE | CSPNet (/0B &, Il

& VRESHN BT B, E CSP 1030, SR BottleNeck HEBR T gk AR
Be, HEBHESEE NS n 26, Wk 3-2,

CBS.S=1.K=1

-
F3-2 Cafsest i IK

C2f B2 YOLOVS H 5| [ — R (R ik Al S A o 12 SRRl I 5 &A=
R ERRIEE AT GAR, FORAE, WIEERSEE, AR ] DUFRIN 315 5 2
(KBRS B AR HE R AR o XML R FRT DU AR A N | AR
PURE FARAARIN, 38 A AR DA FE Az AL e T Tl 3-3.

=
CBS.S=1K=1 | M

CBS.S=1.K=1

CBS.S=1.K=1

CBS.S=1.K=1

K3-3 C2ffbe 451K
C2f H 22 T C3 Al ELAN Wit #i2, B1E(E YOLOVS fERFFE 210K

RIS, SRICE v 8 WBE RS 2o T 1 et AT 5 et i F X 208 45 g JEI o B
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—-— Detect

—- Detect

I3-5 HHCt R [0 2% 45 44 1]
3.3.3 RAEMAERNHESR OTA

TEAE SR AARR I J5 kv, — RSS2 A FH ) 2 R B2k MDA G U HE 32E 47
VLT, 253k EAR s R, (BRI REEOR, WG i I [ g .

T RA T — M e S E 7515, OTA HykOGEaE T Rt 58 Bl 6t A6 I AE
ULEC, MEHmAIMTHEE. BAART S, OTA BN H bR 5 IHE 2 (8] i #E 25
e — MR AT, SR I B /MU 3 1Y) Wasserstein PR 25 1) 775 HEAT UL
XI5kl ks> Wasserstein PR ITHE R, TR THS IR, A FEAS T
XL ) 5 3K
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3.4 SLIRUNZRHE

3.4.1 WEERSHT

A 5286 R R F I CPU K Intel(R) Core(TM) 15-8300H CPU @ 2.30GHz , 4GB
A7, Windows 10, 64 {i#4FE &%, 1TB [E&MAE, HIEES A python, 3T
Pytorch {REE¥ 2IHESE, YOLOVS HIRAN 6.1, YIZRLEJNE T YOLOVSs.pt,
H A BRI ST N 640 X640, HEARFETKRECRE N 8, IIREEII N 300
o HTR&EZMA TR GPU %, MASZIIIRAH CPU #H T4

IR TFURTT, A& 0 2 H0k B RE AR 15 A% 25 R0 BT B I SR B ROR .
YOLOvVS B 7t =Ml Z W &N hyp.scratch-low.yaml . hyp.scratch-
med.yaml. hyp.scratch-high.yaml, 2 J& 2|15 2% 5% 4 IR S 4w £ R/, 16 H
hyp.scratch-low.yaml # ZEOCH T A28, HARRE MR 3-1.

*3-1 WSO A
S
Wt 5 ) 0.01 T 5 ) B & 08 EBREEMAEMNE 10
B4 )R 0.01 WHRMI %% 01 FKRIEFEARE 10

Z ¥ 5 & 0.937 ERISUR 0.05 i 2% 9 A 0.2
PUE L) A % 0.0005 G AR B 0.5 B A 2 05
T 2] & 3.0 IE AR AR E 1.0

SR S8 HARTESR Rk FE R RN, ZAESEEE R, SHOE N K%
HRIF I SEIR AR IEA T, g A&l R T8 2 (Mg AT FdH, W] LI E Aot
ToR o BT CALE OB AR 2 S A B2 e s B I Btk -, RTINS DG 1 SRR Y 5 Mt s Y
MZHE I, Wk 3-2.

F23-2 EOH RSB S HO0M B

B 2 FRIBHE
i) 270 7043902 16.0
ot 5 266 7699262 16.5

YOLOv5s B 728 &£y 720 73, MK 32 B 0K, BRSNS
ZERRANK, AR AT, ) AAS B it 75 9% n] DU PR IE s B3 A

SR RN 5 ks L
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Xt IR 5 ek SR AR R P AR R A8, BE% 2% AR LA S 5B L 23 il 25

N :|: —
300 %, MEUIZREE RIS EIFR.
107 ——
|, —— = ar — q@r
‘ — taxi — lad
/ — truck —
— bus — bus
08 sign — sign
— light — fght
people people
— rider — fidet
06 —— MircoBus 05 — NircoBus
5 ’ =3Il classes 1.00 at 0.944 & =31l classes 1.00 at 0.964
5 §
v @
v
4 g
a [}
0.4 04
0.2 0.2 ‘
0.0+ r T T 0.0 . . - - {
00 02 04 0.6 03 10 00 02 04 06 08 10
Confidence Confidence
SH- Ry W o o Y SHe eyl > Nle K7
Kl 3-6 JEABALI SRk E I 3-7 DHERY I Z5KS E 1E
1.0 10
— ¢ar0932 ‘ 09
taxi 0.918 taxi 0.9%4
— truck 0.941 — truck 0.9%4
— bus 0.969 — bus 0.99¢
0.8 — sign 0.957 084 $ign 0,992
— light 0.895 light 0,994
people 0.830 pecole 0.962
—— rider 0.898 — rider 0.991
- MircoBus 0.945 - MircoBus 0.994
& w— 3|l classes 0.920 mAP@O. w— 3l 25555 0.992 MAPEO.S
H 5
» ]
5 8
a £
04 044
0.2 024
0.0 T T ﬂ 0.0 T T T
0.0 0.2 0.4 0.6 0.8 10 0.0 02 04 06 08 10
Recall Becall

K3-8 AR P-RAHZE K

KI3-9 ol AP-Rith £k

FH E13-6 R 13-77] LA HH el 5 A 20 L SRS B B ARG T 2 112 % FH &I 3-8 11
PeI3-90] LA H JFURBE R AN et Je AR R Y P-R H 2R 2 BEAR U O BEAE A, it
Ja IR R HARIIZRNE B2 5 A [l R R 51k 2198% L L

Sk R AR AL I ZREE S, RV AR, B3k s U BR AT IOURSh, K
AR S map EHIFD EAREE TR, W& 3-10 i,
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train/box_loss train/obj_loss frain/cls_loss metrics/precision metrics/recall
. 0.05 1.0 1.0
008 —a— [esuits
0.025 0.04 0.9 09
038
006 0,020 003 o8
- 0.7 07
0.04 0.015 '
0.6 06
0.01
05
0.02 0.010 05
0.00 04
0 200 0 200 0 200 0 200 0 200
vallbox_loss val/obj_loss vallcls_loss metrics/mAP_0.5 metrics/mAP_0.5:0.95
1.0
0.05
0.014 0.030
09 0.8
0.04 0.012 0025 08
0.020 b7 06
0.010 -
0.03 0.015
0.008 9 0.4
> 0.010 5
e 0.005 ’
0.006 . 04 -
0.000 :
0 200 0 200 0 200 0 200 0 200

KI3-10 HudbAs A i)l 2 s R I
HY _FaR SEge 45 B LUAC AT AN, 0 JE B AL ZEAS B2 07 T A P, I HAEH
[ TERE AR 77 1 5 A AT, E N ZRad P o it 22~ A LR BB i RS FE, H LT
DAY DATE SE R s sk BRI Bk U A5R
3.4.2 SERRFINXTEE

2 JF R e BERE RN R 5 SRR, 20 )R 45 B BB best.pt ORI, AT
BRADL S il i 3 o5 P () E RS o S HE A I AT B B B A A — LA 37 A
Z AR, SRJEHS best.pt SCAFESARINAE detect.py SCfFAH, RIEH RS
BEEK S, [RILUF AR,

KI3-11 JEBRLF 45 2R K
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truck 0.90 s |
scar O.BQ.EL |

0.93 e - :
= rider 0.91

FI3-12 plradh A 2R i) 2% SR 1]

K13-13 JEBARL T 45 2R K

KI3-14 SO ARSI 25 SR 1A
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H P RT R AESE B 37 5 H ARSI o, MG AR b U TR HE PR B A
Ferb AL A I AR BE A e A, AR RERE v, AR HH SERR I 2K
N T B v SRS T AR T AL SRR . SEAA LY ARSI A AT
SO, 235K Faster R-cnn SEVONT YOLOV3 U3 AH A i £t 4k
BEAT ISR, VM RS 45 O L a3 3-3 .
#3-3 THREbSLIAE RN

B2 P/% mAP@0.5/% GFLOPs
Faster R-cnn 82.6 86.9 1834

YOLOV3 86.1 89.2 154.7

YOLOV5 94.4 92.0 16.0
B YOLOVS 96.4 99.2 16.5

H 2 3-3 A1, Bt YOLOVS 532 LR YOLOVS SLiZpE FE #2 51 2%, mAP@0.5
5 7.2%, FRaEEIRE 0.5; MUt YOLOVS EiEAB T15 4 ) Faster R-cnn
HEA YOLOV3 BRI Kieie s, nTUEHSmEES TS, 65FE
KA

3.5 IMABEBEHUNEEETgE

N TSI NS, HANAF S BLSE, £ SO MR 12 Ai BN B H ARHLEY
DRSS, VARAPAZ it 11 T8 6 H A e 00 IRF A i 265 — MR AT, AT BE 8 T2 00 ARy 6
JIT M U B U BEAT oM, S B 2 ek O3 X S T % H A S A SO

F3-15 FHAHNL

R34 HINICES K

B %
R AR R 1/2.7" Progressive Scan CMOS
B RO 2.8/4/6 mm: M12 8mm: M16
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B:323-4 M EZH

A=A ¥
B R TGREEL F1.0
SIRVE 2.8mm: 1.7 m~o
N B B AIA 30 m
ISYNCLEYNT 1920 <1080
H A s =X H R M H 2 i D46

AR FRR R BIRE (IFIR, SEBLAHK I R0 BE B0 . SR 50

1 (UL ARE T, SRR 24 S I R R B 28 ELAR LIS 24 5L
F-wW
==

D (3-3)

A, D—HREHHEHLRIEEE

F— IR HLFERE

W— H AR 58 B Bl e

P— B bR G AT S AR

T SEAE AT SUEK LA RN SR PR LA IR — BOLAI, SR 5K IE Ak g k0, xf 4
AR ) TS A RUATER AR AL P A B, e V8 £ R A B o e FA 48 5 P AR M
B, Wl 3-16 fin. sa M ARNLARE S JE I EEARAD distance.py SO HLHE T #% 15
RUAREAT T o

K3-16 frE BARER

AR 3-17, FEAE TIN5 TR PR B U AR P AR 25—t A2 DRAIE R E R AR G S5
IR, 390 1 8 B ARHLSS — A S AT B AR AR RS S AR, R Xt B =K B
P H) E AR B BN H AR AE , 25 558 DR e S A FRO ARSI A 5 5 W i i 15 9% 5 FLA I

B F bR BE R, AT B 25 0 B3 B I O S B A8t S
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K3-17 &2 H AR 5 R ER A

3.6 RENG

AE N YOLOVS HFsk SR HIBERTHG, AN 2H T YOLOVS M 25 45
5 TAEJEFE, 7 YOLOvSs. YOLOvSm. YOLOVSI Al YOLOvSx VUi pi g
L iR T YOLOVSs #5548 pidR i A AR M e S5 A B 72, oM 5 200
PRVE S BRI SRR S SN M S G P R . R s R RIS B, 4R
EEX; YOLOvVS fsudt iy %8, Wi E Mk, AR ERI SR, RATE R
(1 H AR IIHESE (OTA 5ik) =HMirik.

AR A VA R T il YOLOvSs B8 Il gk 5 b 2 . @ id 5 5an
YOLOv5s BRI EL oA, ehoidk i iR A AEAG RS FE AN 4 [ml 3R 2548 AR _EIAS 1
W RAETE, [FIRHREE T RARMITHE 7. Bhah, A B xef gk A 2L 48 5 bR i i 1)
S IR R M REREAT BE— AP BOIE, X HAR G S (A0 Faster R-CNN A1 YOLOV3),
it 5 1K) YOLOVSs A5 AL 704G IR FE AIE AT 2800 5 T R BUE It €, S e sc il
RO A A A 30 S B T A ISR, e SR E Y IR ST B e
Hht
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