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HIRERS . DRIAHE T P B 747 N SRR, 2RI 3
b SR B BEAS AR Rl R e 5. BT, A
TAO B N REAC I K e, 2R OGRS
Rl TR AT . HLAS AR AR A 5P, fE =
SM T, WSRO AR RS HAA MR AL 3, e L
TR IBAL AR R, IF H B R R AR SEi o
PLrHtkst. 51 g S s,

SR T [ i A R WU ZE AL 8 4 o S5 T H A A X —
FAES, LS H bkl 75 2N TR R I
B1G B bk I SRR G5 P R IR HE T
fLFN432%. 40 HOG (Histogram of Oriented Gradient)
SIFT (Scale-invariant feature transform) . SURF (Speeded
Up Robust Features) 1 Canny 25030, {H ALK (1 HER
B IR RIEAR & A FEYIR A E ST RFE
BTEHMERE R SR M 22 S5 B Al A% 4 E ARAS I 77 VAN T
& T AR B RGP MR S o B A T JLAF VR FE 5% 2] (Deep
Learning, DL) Bl & &, B EGR5
WA RE AW T, R TIREEB A2 W 2% 1) H bk
MEEEg) A, MRS E bR, IR
JEE 5 20 H BRI S50 1) 2 OB A 2 N R A
¥, Zid [ IINZRE AR A5 R, Rl 25 L 56 ks
By, AT AR B 0 P A A v A SR R 2
SIEHARA ISR, —REET X (Region
Proposal) [ H Frfeill, fAFMAIFILA : R-CNNI'ZL Fast
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R-CNNPL Faster-RCNNU, SPP-NET! 4%, 57— 5
T AP E bR, R (End to End) 1 EAH,
F BB IH— B S — KNG BRI — BRI W 4%
(Convolutional Neural Networks, CNN) 1 [=[ )55l H
RN AL BAE B KRR ER : YOLO (You
Only Look Once) "®'Z%|. SSD (Single Shot MultiBox
Detector) M"VE A&, EARIET X IR A H RG0S5
FERERAFE b5 — e AR, [R5k X ek i 3 B f A7
fETHE R, RS R R Rt s, 8
FF3X Fh BV T2 2 AV AL 2% A0 S B 1 H brAs I ) 75
Ko T YOLO FRF BRI F e YHEff 2 A0 A I FE 1
PLrie FREFRE A IR T 3AA, R 25 2 AR
SRR TS, REfE I A2 52 2% (1 S I BR 5 R RO LS A
I P RS I ) 3K

YOLOv1 HARKUIM % T 2016 4F B Redmon 214k
i, BEJE BRI v2 A V3 A H 7 A D BedtE Ho YOLOv2
MUK ETERPERT KRBT 19 2, &EET
Faster-RCNN [FJ4HE C(anchor) 7572 2RKid N A/ 56 A
[F RN B AR, R R SERS B T 1X1 1)
GARGER, AHAE A5 S #ER . T YOLOV3 {54 T
He %5 H (1) ResNet P RIB% 22 451y, 45 250 Uk 7 A 42 )
LRI ) B, R DR T A E G N 2] T
53 )=, [FIBIAEH 2 AN REERR K, A I i 2 5 A il
RO ERR| T — N Elg. BT YOLOv3 ekt 5 8 H
CEBE T AV RRE, SRR T HE R I
H, BRI A NG TRECE AR . Xppsgil
FENZEIS I MSRCR &858 757%, #& 1 YOLOV3
ET RSN BB IRS . sk EP2EE T Al AR R A,
{13 YOLOV3 K AR I 28 FERFAERAE AL BN RE % B8 H Fr
YN N AN = PR 5 G

Bochkovskiy %5 ®17F YOLOv3 fy3Efl E#2H T
YOLOv4A A%, HERMZEFIAS I B PR A9 33 Tt (H2
TER T AN AL N RSP RTIET, AE7E LR Bl X
RS H AR R A E AR . B SRR R, HE DL E

TARFE AR ERE . A FEIRA YOLOvS M4
g F A B AT gk, IR IE I R I I s A A S
R S ARG P | SR

1 REREBIRRIER

1.1 YOLOv4 BIArt&ME %

YOLOv4 HMeg gt fai gl 1 . ET M
CSPDarknet Hf CSPX AT CBM BLHLZE & S Inta i,
CSPX M5t 2a Fion, & MIEREBRHIER—0h
T a2t CBM A X ANMRZEAM (Res unit)
GHERIE, B B S5—3% Concat 456, 1 2b
i CBM i — NGB ZERE —/MILEIEN{L (Batch
Norm, BN) F#E#E—~ Mish 3% K EH %, 1 CBL %
5 CBM X GITETHUE RBUE A )52 Leaky Relus
2¢ H1f#] Res unit —#i7 25T 2 4> CBM fith, H5i&H
S AR AR N — W 34T Add E BB AE
CSPDarknet 7ERFEEIHER R T 1A B 1284, A 8othsik
THEM I8, BAERA TSR I R B R RE T
BEIHER R . S EhL (Spatial Pyramid Pooling,
SPP) R T EF MBI 45 & ik, e PER
Bl 2d B, K NREIE B 3 e s A i 75 S0AR AN
A RO RFE ], AR5 A AN ) R HARRAE (5 R R Pt
T Concat #AELE Ak . RAXA TR, MLTHE
HIE A ERE, BES T I M IS BUZ 2 B . IkAh,
YOLOv4 139050 N 45 B 1 A RRAE 4 F 35 M 4% (Feature
Pyramid Networks, FPN) JZ4, IE N T B5AEHE 58 M 4% (Path
Aggregation Network, PAN) #idk, W1 2e fii7, FPN ¥
T2 BAFAE BB I R RIS T 2 IRHE 42
ok, e TEEZHNRMEERE. HEREXSKER
IR ERZEE R, T AR KT A], 1 PAN JUA#
YT IXAN A, el N R R R RS S S REE,
85T SRR ML A TR, YOLOVA )% H Tl
gy bR T 45 2K ek B HE Bl K E 4 ) ( Non-Maximum
Suppression, NMS) 45 YOLOV3 frHF—F.

1A 2. EFMEE

Input Backbone network

F'_/

A AN #3A4

5

.lf—---CBMICSPSICBMJ—‘-{CBMEJSN[CBM——

3. BRI 2% 4. TR
Neck network Prediction output
R *54
LA *54
| Comn
. E5ZiN
N s

7E: Conv F/REF (Convolution) , CBM 7R~ Conv it & IEN (Batch Norm, BN) il Mish Ji% B & lifbibl, CSP FRIRFEM BG4 (Cross stage partial)

FIZEH, CBL %7 Conv Jill BN Jll Leaky relu i s $i& ifbith,  Concat #7n—FndE BUHIMFIRAERL S I7 20, IS M RRILAL R | A FIRE RIS A
Note: Conv represents convolution. CBM means the synthesis module includes convolution, batch norm and Mish activation function. CSP represents the structure of the
Cross stage partial. CBL synthesis module includes convolution, Batch norm and Leaky relu activation function. Concat represents a feature fusion of channel numbers.
The *i representation in the diagram should have i multiple of same module composition here.

B 1 YOLOv4 MHARIER
Fig.1 YOLOvV4 network framework

1.2 B YOLOv4 R EIRERS 44 MtE R
YOLOv4 MI1EE A4 T4 MS COCO #iE 4 Ll

S B WER RIS T 43.5%, H YOLOV3 3275 T 10%,
FHIEEWAR] T ETF, miE 452 Wifs, L YOLOvV3 R
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T 12%. /R YOLOv4 Rl R REAL K, SR e 48 H
] CSPDarknet = TS H &K, TEAFEFEI AR
FiFESHER K, TERNBKARE. BT AR

=

XA TR Z AL

a. CSPX i
a. CSPX module

R
¢vm

d. SPP ik
d. SPP module

E: CSPX FR Wb A X MREALFH CSP Kbk, Maxpool Fonfm Ktz
Note: CSPX represents a CSP module with X residual components inside.Maxpool represents the maximum pool layer.

B2 AL

Fig.2 Module components

L2.1 RET o 8 AR

Sandler Z:PU7E 2017 F4EH T H TFHMAXE S
W& 2 m A Mobilenetv2, W FriES IR NIRE
A] 43 % 45 1 ( Depthwise Separable Convolution) . 41/ 3

FiR o
y 2
l[)h
D,
a. hREGETR

a. Standard convolution

Dx

D,

N A
1 X
A M.
"o, &G I
D,
)

),
b, PREEF] 7 B AR

b. Depthwise separable convolution
T MR N G35 i N R G B D, A D, 43 e N B
JERIBESE s D NBERIZIIRSY: Dy R Dy 4350 o B (R AN 8
Note: M and N are the number of channels for input and output data; D, and D,
are the length and width of input data; Dy is the size of convolution kernel; D,,
and Dj,are the length and width of output data.

B3 AFEERERET 5B AR

Fig.3 Standard convolution and depthwise separable convolution

3a "PAREG R A I AR AR & T H A A RFE R S
HHSL PR 5 BUAZ AR AR R A 5 AR P-4t RP I A% b e
BRRIERTH R g N

q, = Di-M-N-DwDi (D

M 3b IR A 73 B BB S B ) — PSR R
YESBSA—A 3X3 [IREEF (Depthwise Convolution,
DWC) Fl—A~ 1X1 fiZ & (Pointwise Convolution,
PWC) WL, BRI R E ¢,

b. CBM L5 A1 CBL ik
b. CBM module and CBLmodule

RUE: 38+38

" R 58—
y | ? |
: 76%76
REA — > R 76%76

i N AE B RS AN A 7 A 5 v ) ST I DA ASE R i
JE, BT A AR SR gl S RO B AR AT

Res |8
B- G

c. FREMAF

c. Residual unit
JE: 19%19

RJE: 19%19 RJE: 19%19

> A
A I

|
RJE: 38+38
A

e

Leaky
B relu

\ RJE: 76%76
FPN PAN

4EfE: 608*608*3

e. FUHERZE

e. Neck network

q, = Di:Di-M -DwDi+M -N-Dw D (2)
55 e AT DAHE H R B 0T 3 B AR S bR S A 2 R T
BElEN
2:(M~Dw'Dh)'(Dk2+N) :L_}_L
q,  D*M-N-DwDs N D¢
FARER B ERGE, tEEMSH TRERE
SKI 1/4 fiAs, SRR eSOt A 0% S 25 M B A R P
1.2.2 #REMMF
YOLOvV4 AR 7 2 458) (Residual Unit) FR{ER T
e GA. HIRE ] 40 B BRI Residual Unit, 415
K454 (bottleneck) MIZE 1X1 PWC [#4EZ 0.25
THEIE UG AT 3X3 DWC, A 1X1 PWC BT
#R1M Depthwise Convolutions &5 A NS 5k/b, wnfsdt
TR YE R 48 FE3E1T 3 X3 1 DWC [iE, 253 g B ds
AEIt A, DTS2 M A UK 5 o IR b AT 50 R FH 30 0k 22 21
f# (Inverted Residual Unit, InvRes Unit) , H PWC F4i
Yk E 6 fFHRIERG T DWC FHEHRE, A PWC [
YE AR o X FE T UL I 200 11D 285 A6 o 4R AAE 4 BUAE vy 4
AT, ARTRICEZEERE, seBeR> S5 EN R
I DR FF R
1.2.3 B AR KB4 Sof t-DIoU-NMS Hik
TERE 2 B E LT, T RN 2 a4
VEZANE /NI TIAE, 7 AHE 70 R R R — N e
HO TR . JEA KAE I #] (Non-Maximum Suppression
NMS ) VI R A5 T 3t o o — A 30 0 000 HE ¢ 215 i
Ay, e o ARS8 AEERE, 25 700l SR
MIAE/ERS L (Intersection over Union, IoU) 5, K
TREBEM MR, DT ERERRE, FFREIER, N
MIABHEBRITTREEMNE L, KADEEEMENH
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). f£ YOLOv4 H {f H ) ( Distance-IoU-NMS ,
DIoU-NMS) JI& gt id k4%, DIoU-NMS B | % &
TRIHE 5 B X IR ToU #b, 55 5 7 AN TINAE HHCs £
Z A HIRE S, BRGSO RS IHE 1457 2 o i S50 1
)%, DIoU-NMS fit 8RN

&_{&, TIoU — Rowu(u, Bi) < &
0, IoU-Rowu(u,B)=¢

, t (4)
RDloU:&;bg)
C
A SONUTTRBM MBS 1S5, Rpwu N DloU 02K R
BRI, B R 41T 20 BT B LU B FIOAE,

Fm F A TIUIIAE A 15 R o i (A8 —/MAE, b 1 % 3R 2
ANTICAE [ MBS AARR S ¢ $8 IR P N TR HE 1) 4 b 42
HERINT G R KE, p RARMAFERE, ¢ KRN RRE
FIRME, —MEL 0.5,

{E2 A% e (1 AEAR A 1) 7 207 A W 5 % i LA
FIEPS PR S AEAEIRAS I I A, N, SRR
ISR n DA AV EAS BE AR IUAE . 0 5 4% IR 5k (1)
DIoU-NMS 7 AT 405, 1 ik o B P e vy 1) T
HE, FRAFAAMNELE J5 8210 DIoU thi st RN S 8
15 £ F e 110 TR0 AE (1 80 25 TR AP KT e M e, 368 RIGR A
IV Y02 St NS

TER R, H 2 IR A BN 1% 4R X ki
B EL RS B I BP0 Stk A e A, 3 o K R Ok
X5 EAE P A e R E A HE B 3 0 T A AR N AE 3 47 18
PR B A S W R I N 1 7 N 1 B e 22 I e
DIoU-NMS #%: (Soft-DIoU-NMS ) . 7EiZ&HEH, K
P EBEMER KT REME, mMERREMNnEEE, 5
350 B TRIUAE 0 B2 B B ey, LB M5 1 BRRAS e,
I B kAR . EAT B BRI, 0 SRS A Sk S
1] Soft-DIoU-NMS, # iz EBGEEHT, EFE &
e RIRT AR g, LR AR IUHE Ry AL HEAE, 220 58
— R, PHEEGEESS, R EEE SR
HE, FEK B EE R, 25 IREEE, 3R
BASERS, WM, BB EEEEARE, &l
LA TN EUAS BRAE R . B Soft-NMS JEA Rt %
ik 454 DloU J5%:45 8 Soft-DIoU-NMS [ AR

S - { Si IoU — Rowu(p, Bi) < & (s)

Si(1-ToU(y, Bi)), IoU— Rowu(u,Bi) = ¢

Soft-DIoU-NMS 5324 3 5 i ) NMS AH LE & 2% B2
JUFEA A, HadlRAEfE .

Uk E YOLOVA W48 BEAR AP A A8 4k, N A
Perh R EE W 9y BB HURE bR e G, Bk 2= A1
RNIFREAM. T NMS HiEHEE A Soft-DIoU-NMS
Hik.

2 RERESIRARE
2.1 REFEE

THEAML B & ZED missinl, 45 mER Y
A SDK 1 OpenCV J. iR AT 68— & IA

Intel i9-10900K CPU. 64 GB £7. NVIDIA GTX 2080TI
5 GPU i8N, %35H CUDAL0.0 A FFATIHHE
HEZLAT CUDNNY7.6 R A AR FE 2 3 s 7 o 7F Tensorflow
TRPE 22 SIHESE - SEBURE 7 YOLOv4 B AR AL 1)1
Zro W5 WE 4 s,

JEJE N — A E E AL BR B 1 DU 56 22 380 1) /N2, 53K
AARIE BT FH BT BRI RE Sk, SRR LR N AT 1
Tk R F X B A A AR I

B4 KEte
Fig.4 Experiment platform

2.2 A HIEERREFMIRE

ARG R SRR R T 7—9 H IR EIf
BRI R, Fretth s A6 TV 25 K A bl o ) — Ak S [
RIE WA R PR AREL 100 #R, &E 2~4 m,
AT IR AP ILA 15 e XTI oL 26T, RAEEIURHT,
ik 3 4 [ 2 1E R A BE RS, T 800 Ji 1% 3 MR A% &
AL T 2 000 KRG R, A 3 AR IERERSY):
BB AT AN B EUT A . RER I H brlEds
YRR o L mE . ST REIT ANER
SRIREER L. B, s, B, TESRESMA,
DN =€ TR S NEA = CNTITE 52 R 7 walll ko itk ol
CEAR

AT AN A R ] PASCAL VOC (5t S5 4% 2K,
& H Labelimg Ayt THAHEGK B B ARV I £ X80T
F THIEFREFTEAHE, 132 CHE ground truth FH T-1Z5.
ARG A5 E R IR N Tree, 17 NIFIARZ5N Person,
FLZR AT BT AT AIARZE N Pole. BIEEEFZIR 8 2 1 ¢ 1 F L
R RN GEAREE . TR EEE R SRS . AR
s PR I FE AR LS HER % (Precision, P) . ARIH
(Recall, R) . AFMNE F,. & (LA MB) . P.
R A Fy K590 08

Ty

P= x100% (6)
Tv+ Fp
R= i x100% @A)
pt+ N
Fi= 2PR €D)
P+R

b 7, Rom IEFA I BRP . AT NBHZAT I8, F,
FoR R A bR B SRR B, Fy FoRBE A E
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PR AR, F RN HERR P AT R R IR FISEYY
o 4 FBRET T 1 BB R AL R 4T
2.3 12BN

NGB RSN 608x608 152, N7 MR 1)
FHERE ST, TEVNSRR A T 2 A g s it /v, B
BENLEL BT . BENLERFSE . BEALRLM . BEMLCE. A3
T IASECON: LR 16, BhiE 097, PIhHSIR
0.001, FEREN 0.9,

HA £ P9 11 P P add RGO T B R AR 1Y 2 000
T HEE] T 4 000 [FS A T 455 I ZREE R PaE AR S,
TERIE T N T object365 Fi4E L 1 A TF FI 2k 24
FIEB ) BN GRS HUE R 5 R 2 4
#IR 4 YOLOvV4 B8 AR JE i H EiR VI 2R 2406 YOLOv4
TN A R AT I 5 R 2

3 HER5SSH

3.1 EENIZLER

R T BeUF SO I R i ) SRR (P8R .
S HERT A ) YOLOV4 57, YOLOV3. Faster-RCNN A
FERIN S EORBARESAT NG, 4 ORI 2Rttt
50 000 AR, FEVIZREE EAERG 2 000 JOEAUGRAESS IS I
MR 40P R AN G [, FORAF—RBAL . ARYE ISR
THIIZRH EE R ZEE, W 5 B,

' HlEEYOLOVA Improved YOLOv4

THER R
Average precision/%
3

5l #7 - EYOLOv4 Original YOLOv4
10+ b —= YOLOvV3
ob # T Faster-RCNN
0 10 000 20 000 30000 40 000 50 000
IER U H terations

a. FHIUER AL

a. Change of average precision

7 6] % Recall/%

0 10 000 20 000 30 000 40 000 50 000
JEAIX #terations

b. [ ZAZ A 2k
b. Change of recall
BS FHEAFRTEELLY

Fig.5 Change of average precision and recall

WZRTERE, R RS A A T
MRS ARG 8RS0, GitEE R 1 For.
Rt g R A, Mot YOLOv4 #5347 B e Fa h5 )
o M B 7E VB R R 5 T HE R YOLOv4 . YOLOW3 .
Faster-RCNN 735427 1 0.61. 4.18. 0.04 N /> s, 1
HIEE T, 2HEE T 0.68. 637, 0.11 NE A, [
i, Sudt 1 YOLOvV4 B S8 &E K45 T ) YOLOvV4 11

75%, . YOLOV3 /) 68.7%, Lt Faster-RCNN %/ T 81%.
TERGIEE 510, 2odk)E ) YOLOv4 EUJE YOLOv4 R
29.4%, k. YOLOV3 1 22.1%, Lt Faster-RCNN R 346%.
FIHSGE S YOLOv4 B BT IPERE

Fz1 TEMERGHENERELER

Table 1 Comparison of detection results among different models

LioRlBrYs it
— -
Tﬁgz P/% RI% Fo/% Detection Paralne'ters
Model speed quantity
(Mis™) /MB
k) YOLOvV4
Improved YOLOv4 96.92 91.43 94.09 58.5 35
J& YOLOv4
Original YOLOV4 96.31 90.75 93.44 452 140
YOLOvV3 92.74 85.06 88.73 479 112
Faster-RCNN 96.88 91.25 93.98 13.1 186

e PORHERRTR; ROVHIEIE; FiJy P AR IGAISME.
Note: P is precision; R is recall; F) is harmonic mean value of P and R.
3.2 A RIS TR EEENHER

STl v BR85S AR LA N RO BE AT 23
A HAR. PR EAR. ZEEE HAR. Kk e
P sE SRR SKIEES 1~5 m, HHPEES Hbre XOMEE
Bk 5~10 m, @wEEE HbrE OB Rk 10~
20mo S TAOHLA ANFSEPR TAER 2, X8 20m BLE
() HARANE S ST Y

N T VR MR EEAS R BR S TR S S AR b R A A
TR EE JI4R R, BOMER 100 FKAF THHREAIE T,
5K E RS AR FIFEES R 3 R SRl sS4 . 100 K & A
PN BN TR R 3 A el P s M R BB U 2 s

*2 TRESTAERXIMAEREE

Table 2 Number of test targets in different categories at different

distances
i 55 Distance B Tree 1T N\ Person 2L T Pole
i Close 87 283 30
1 Middle 46 39 15
& Far 65 107 28

AFIFERS NAEREA Py Ry FyHEFR R 3 IR

%= 3 AREETARRE SRR R
Table 3 Obstacle detection results of different models at different

distances
A & Distance FE 7 Model Pl% R/% Fi/%
G YOLOv4 97.13 90.76 93.84
i Close J& YOLOv4 96.89 90.53 93.60
YOLOV3 94.37 88.04 91.09
Faster-RCNN 97.05 91.12 93.99
M YOLOv4  92.25 88.78 90.48
i Middle Ji YOLOv4 92.23 88.44 90.29
YOLOV3 88.67 83.61 86.06
Faster-RCNN 91.32 87.97 89.61
G YOLOv4 81.10 74.62 77.73
i Far J# YOLOv4 83.75 75.90 79.63
YOLOV3 75.87 69.45 72.52
Faster-RCNN 80.44 74.28 77.24

Iy 4 FiRERL A A FE RS T A A g FAS: I RL
A KRR 6 Frn .
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o ey

i [ Tree 0.98

i IR 09RRG9 ¢ Poles 0.97
; -

i fH BEMiddle distance

a. Uk YOLOv4
a. Improved YOLOv4

26 F B Far distance

i i B Close distance r}1 fi B Middle distance

c. YOLOvV3

i B B Close distance

rh1 fH B Middle distance 6 fH B Far distance

b. J& YOLOv4
b. Original YOLOv4

Yo e PR

& ff B Far distance

i fH EEMiddle distance

d. Faster-RCNN

e BTPARZEN Tree FURIIHEARZ KL I BIH R, #5250 Person FIRTIMFEARZAT MBI KIT N, $R2ET9 Pole HIRLINHEARZAT DI 2 i) HLZAT -
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B 6 FRREAEEATREIES B AR R

Fig.6 Detection results of the different models for different distance targets

HTEH T Soft-DIoU-NMS £, Btk r i
TERS I B b 2 5 5 B DX I IR KMok, Fr ARk
G B R A Hp o R 2 _EAS I B AR 1 e 23S TR
PRI AR, 7Rl b, Suf/51 YOLOv4 [
KigE ST, 58T YOLOv3 Fl Faster-RCNN #%Y, {HEL
JR YOLOV4 BBITEAER R FAR T 2.65%. 1X 42 T ik
22 G5 R AT AEALAF XS /N H AR IR REAE B0 5 AR A BT
SRTLE SEBRAOVATLES N IR w378 A R B A5 A7 B 6 AL
FNTNEF) A Kl PR R ) () Lk e o 2> S Ak
HEH TR S B AR, RV ATLES A (138 B8 B — s
1, BT LUzE H A sl 58 0 55 %5 4O #8 A (1 ik )1,
P R o R O S5 R b T e S JE
YOLOv4 R B 3E £ 58 A AL 2% A X R [l e i 42 1)
AT 55

4 £ ®

1D ARFFSEH T — R 2 YOLOv4 H brtsill
R FH SR ] 2 P e S A I o R P R B AT 43 B A6 AR
R A FIARAES AN, HAT 3T W48 I ik 22 L EAR
B TR A R SRR RN
JESRI 1/4 KAy, BREN, PRI B % %
PREALER . A, ok T AR o E R =, R
Soft-DIoU-NMS K/ TUARME, o 58 H ARy ar kS B2
. R ER LA A fE T 2 AT IR

2) AR FEIE P RS, E T EEE
B AT HZRFFX 3 ZREBEAT I B EE 5 50 il
F oAl E YOLOV4 B bRt ad il Zr ik, It
SrRITEIE S H 3z H A F SRk R S R BYRT YOLOV3,
Faster-RCNN R BEAT 0 LB . 45 %M, oo a i

TR A 050 v () A f B AN SIZINT A, M S A0 [l R Gy
BIIER T 96.92%F1 91.43%, FLAI K K FEIA F] T
58.5 Wji/s, MM BHEA 35 MB. AHF7H it K
YOLOv4 TEF2TF TR MHEEE B OL R, KR el b 1 A
RS HcE, W5k 7 Semt . AR BT 7 20 iE
FF AP B 5 H AR RIS, i AL T AR B A
152 b N 37 5

(& % x #]

(11 RERSZ, EEH] L FEEAR LS5 RS
BRI, LTl Rl, 2020, 48(12): 226-231.
Zhao Xianli, Wang Zhiming. Application of machine
learning algorithm in agricultural machine vision system[J].
Jiangsu Agricultural Sciences, 2020, 48(12): 226-231. (in
Chinese with English abstract)

[2]  EME. HLEL SRR R b A 34k b i S T 5E D). It

e PEAWAURALREBT TR, 2011,
Wang Hui. Applied Research of Machine Vision In
Orchard Automation[D]. Beijing: Chinese Academy of
Agricultural Mechanization Sciences, 2011. (in Chinese
with English abstract)

(3] kgE, MUKW, TR ST R BEAS VIR AT 7E[T].

IEIR 5, 2019, 15(34): 185-187.
Zhang Shun, Hao Yongtao. Research on obstacle Detection
Based on Deep Learning[J]. Computer Knowledge and
Technology, 2019, 15(34): 185-187. (in Chinese with
English abstract)

[4]  XBBER. HET RO R AL AL ARG B SR )
BORBIFE[D]. Al AR, 2019.

Deng Qitian. Reasearch on Object Recognition Based on



42

Fk TREZAR Chttp://www.tcsae.org)

2021 4

[10]

[12]

[13]

[15]

Lidar and Camera Fusion[D]. Southeast
University, 2019. (in Chinese with English abstract)

WIEE, ISR, AT BT LA R A PG S
I REE SRR RG] MR, 2004, 40(3): 144-148.

Xiang Haitao, Zhen Jiagiang, Zhou Hongping. Real-time

Nanjing:

tree image acquisition and recognition system based on
machine vision[J]. Scientia Silvae Sinicae, 2004, 40(3):
144-148. (in Chinese with English abstract)

Dalal N, Triggs B . Histograms of oriented gradients for
human detection[C]// IEEE Computer Society Conference
on Computer Vision & Pattern Recognition. IEEE, 2005.

D G. Distinctive
Scale-Invariant Keypoints[J]. International Journal of
Computer Vision, 2004, 60(2): 91-110.

Bay H, Ess A, Tuytelaars T. Speeded-up robust features
(SURF)[J]. Computer Vision & Image Understanding,
2008, 110(3): 346-359.

Deriche R. Using Canny's criteria to derive a recursively
implemented optimal edge detector[J]. International
Journal of Computer Vision, 1987, 1(2): 167-187.

XUEL, sRALO, TRER, % BTk SSD AR IEAT A sk
ARSI V0], AU 2E], 2019, 50(4): 29-35, 101.
Liu Hui, Zhang Lishuai, Shen Yue. Real-time pedestrian
improved SSDI[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2019, 50(4): 29-35, 101. (in Chinese with
English abstract)

Sow, B MEIETXHMELS S YOLOV3 5%
B SR AT NS5 e 7 [T]. AR U244, 2020, 51(9):
34-39, 25.

Jing Liang, Wang Rui, Liu Hui. Orchard pedestrian

Lowe Image Features from

detection in orchard based on

detection and location based on binocular camera and
improved YOLOvV3 algorithm[J]. Transactions of the
Chinese Society for Agricultural Machinery,2020,
51(9):34-39, 25. (in Chinese with English abstract)
Girshick R, Donahue J, Darrell T, et al. Rich feature
hierarchies for accurate object detection and semantic
segmentation[C] // Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, 2014:
580-587.

Girshick R. Fast R-CNNJ[C]/ Proceedings of the IEEE
International Conference on Computer Vision, 2015:
1440-1448.

Ren S, He K, Girshick R, et al. Faster R-CNN: Towards
real-time object detection with region proposal networks|[J].
IEEE Transactions on Pattern Analysis & Machine
Intelligence, 2017, 39(6): 1137-1149.

He K, Zhang X, Ren S, et al. Spatial pyramid pooling in
deep convolutional networks for visual recognition[J].
IEEE Transactions on Pattern Analysis & Machine
Intelligence, 2014, 37(9):1904.

[16] Redmon J, Divvala S, Girshick R, et al. You only look once:

Unified, real-time object detection[C]// Computer Vision &

[17]

[18]

[19]

(21]

[23]

(24]

[26]

(27]

Pattern Recognition. IEEE, 2016.

Liu W, Anguelov D, Erhan D, et al.SSD: Single shot
multiBox detector[C]// European Conference on Computer
Vision. Springer International Publishing, 2016.
Redmon J, Farhadi A. YOLO9000: Better,
stronger[C]// IEEE Conference on Computer Vision &
Pattern Recognition. IEEE, 2017: 6517-6525.

He K, Zhang X, Ren S, et al. deep residual learning for

faster,

image recognition[C]// IEEE Conference on Computer
Vision & Pattern Recognition. IEEE, 2016.

BOEIE, KNS, FHE FET YOLOV3 SiER iHLml )
W G R T RR RIS T]. B0 5 N T8 RE, 2020,
33(10): 926-933.

Cai Fenghuang, Zhang Yuexin, Huang Jie. Bridge surface
crack detection algorithm based on YOLOvV3 and attention
mechanism[J]. Pattern Recognition and Artificial
Intelligence, 2020, 33(10):926-933. (in Chinese with
English abstract)

XIPE, 2, BFM. 2T YOLOV3 WIE 8 RA#MT
NZEVRITRERBET]. KEB TR BREEE
i, 2020, 43(6): 57-65.

Liu Yang, Jiang Tao, Duan Xuepeng. Research on
recognition method of pedestrian and vehicle under
complex weather conditions based on YOLOv3[J]. Journal
of Changchun University of Science and Technology:
Natural Science Edition, 2020, 43(6): 57-65. (in Chinese
with English abstract)

. BT oud YOLOV3 B SR BEAT AR AT 58 [D].
BUT: VTI5K%, 2020.

Zhang Jian. Research on Orchard Pedestrian Detection
Method Based on Improved YOLOvV3[D]. Zhenjiang:
Jiangsu University, 2020. (in Chinese with English
abstract)

Bochkovskiy A, Wang C Y, Liao H Y M. YOLOv4:
Optimal speed and accuracy of object detection[J]. arXiv
preprint arXiv:2004.10934,2020.

Sandler M, Howard A, Zhu M L, et al
MobileNetV2:Inverted residuals and linear bottlenecks[C]
//Proc of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition, 2018: 4510-4520.

Neubeck A, Van Gool L. Efficient Non-Maximum
Suppression[C]//International
recognition, 2006:850-855.
DIRE. B BRI R E AT NI SA[D]. 20
Hp R R, 2019.

Tang Qinwen. Intensive Pedestrian Detection Algorithm
Optimized With Exclusion Loss[D].
University of Science and Technology, 2019. (in Chinese
with English abstract)

Bodla N, Singh B, Chellappa R, et al. Soft-NMS improving
object detection with one line of code[C]//2017 IEEE
International ~ Conference  on
2017:5561-5569.

Conference on Pattern

Wuhan: Huazhong

Computer  Vision.



%52 ZREPPAE: BET uEE A YOLOVA [ 5 el B A5 47 S I R U 77 vk 43

Real-time detection methodology for obstacles in orchards using
improved YOLOv4

Cai Shuping, Sun Zhongming, Liu Hui™, Wu Hongxuan, Zhuang Zhenzhen
(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: China is one of the countries with the largest cultivation area of the orchards in the world. The traditional orchard
planting is quite time-consuming and laborious. An orchard robot can be expected as an important artificial intelligence (AI)
tool to replace the manual labor in orchard management. However, the robot can encounter various obstacles in the actual
operation, due to the complex and changeable environment of an orchard. It is necessary for the agricultural robots to real-time
detect obstacles during operation. In recent years, various target detection systems have been widely used for agricultural robot
avoidance, such as YOLOv4, YOLOvV3, and Faster-RCNN, particularly with the rise of intelligent deep learning. Generally,
there were some problems, including the unsatisfactory detection accuracy, a large number of parameters required in the
models, low real-time performance, and difficulty in detecting densely overlapping target areas. In this study, an improved
YOLOv4-based model of target detection was proposed with the help of the latest vision sensor technology to realize that the
agricultural robots can quickly and accurately identify and classify the obstacles in the orchard. A deep separable convolution
was utilized to reduce the number of parameters, and further improve the detection speed. An Inverted Residual Unit was
selected to replace the Residual Unit in the core network CSP-Darknet in the previous model. In addition, a Soft
DIoU-Non-Maximum Suppression (Soft-DIoU-NMS) algorithm was employed to detect the dense areas. Three common
obstacles, including pedestrians, fruit trees, and telegraph poles, in the orchards were selected as the detection objects to
generate an image dataset. The improved model was trained on the Tensorflow deep learning framework, and then the test
images were input into the trained model to detect target obstacles at different distances. Under the same evaluation index, an
evaluation was made on the improved YOLOVA4, the original YOLOv4, YOLOV3, and Faster-RCNN. The results showed that
the improved YOLOv4-based detection model for orchard obstacles achieved an average accuracy rate of 96.92%, 0.61 percent
point higher than that of the original YOLOv4 model, 4.18 percent point higher than that of the YOLOvV3 model, and
0.04 percent point higher than that of Faster-RCNN model. The recall rate of the proposed model reached 96.31%, 0.68 percent
point higher than that of the original YOLOv4, 6.37 percent point higher than that of YOLOV3, and 0.18 percent point higher
than that of Faster-RCNN. The detection speed in the improved YOLOv4-based video stream was 58.5 frames/s, 29.4% faster
than that in the original YOLOvV4, 22.1% faster than that in YOLOvV3, and 346% faster than that in Faster-RCNN. The number
of parameters in the improved YOLOv4-based model was reduced by 75%, compared with the original YOLOv4 model,
68.7% less than that of the YOLOvV3 model, and 81% less than that of the Fasters-RCNN model. In general, the proposed
model can greatly reduce its size without losing accuracy, and thereby enhance the real-time performance and robustness in the
actual orchard environment. The improved YOLOv4-based model achieved ideal effects in different distance tests, indicating
better performance for the obstacle detection in the orchard environment. The findings can provide a strong guarantee for the

obstacle avoidance of intelligent robots in orchards.
Keywords: agriculture; robots; object detection; deep learning; depthwise separable convolution; inverted residual unit;
Soft-DIoU-NMS
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