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RGB-D K% SOM-K-means 5y 3REUR L 47 BAE S
HEEILIR, %7715 24> Fonh B SR IE R B IR Fak
87.2%. Payne ZFMRH—FhIE T HLERALGE A0 = Ak
W77i%, FIFH RGB M YCbCr Beh 4 i) 43 I FI%E T 4R
BEB NS ETE, NERBRERPA R H T
KR, ZITER TR T R R SRR S A 2R
S IShY T 2 PRGN R 52 7 [ > p S BER R INTE Hough
SR, GRS A SRR ZEA 90.70% . Gong SR H
—PeadE i 8 I VEM GRS IR A R, BT RRRAHAT )
FEE T . Gong PR H — R 8 MW M I gmAD IR
B, AT HERAE R P R . Xu 2SR A ST
[ 6B B 5 B (Histogram of Oriented Gradient, HOG)
R TF 5 Frm &Nl (Support Vector Machine, SVM)
RIHGEERITE, FRERMEN 87%. WAL, &
A SRE . EESRR AT IR N, R e
R IIAE 90% e A7 o IR 7 VAR RS AR E . &L
HFLRRE 5 5 S 68 22 S R AIE 55 SRR IR B 22 R A 40 6 S
PR SZRR A, —HBRD ISR, ROkiERES .
PSR L AEARLRE e 1) T S S I L RN HE R 2R 2 R AIC. )
Gb, 18 RSN B AR BUN R SE, 2T 3 &5
RASFIERIBR S, TV 2 9T B 5~ RS H AR iR
BT,
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AR, B TR 5 R BE 5 S BORAE AL 45
Wz N, REGTREMZ (Deep Convolutional
Neural Networks, DCNN) 75 EE B el ™ 2 H B oK
fofrrt, BB NFR, —FZLL RCNNU, Fast
RCNN!™L, Faster RONNPPURAR RPN BE (two stage)
B ARG Ty, HAR R AR e 348 B b X e 2 LA
FE X IR BOHE FP b A7 02 o E AR A5 H Bt ) Faster
RCNN [ ZRFR 55 A AN [7] o 8 B AR 155 0 il R SR 52 1)
WRITTE, BONA EIRIL 81.4%, HEMIRIL 95.53%, Fl
{HIE 94.99%, WA N 0.2 s/5K, HAEARE & 24k
RE 7o, EPHEL (two stage) H BRI 7 VEA4E mlifs kX
WO SR KRR, R AR Mok
L SSD (Single Shot MultiBox Detector) ', YOLO (You
Only Look Once) PV ARE MBI B (one stage) HAx
or il 7y, HARE AR H bR BHE 5 7 B EAE [7]—
P24 5. B PR SO YOLOV3 4% iR
FE AN IRAEERLE P2 R B (mean Average Precision,
mAP) 9 95.7%, FHIEEMGALIFERS 15 ms, FfHX# 5
A2 RS R S AT A AR B RO . B oA &SP hE
I\ GloU I AE[R] 451 2K b8 HUFH , 4§ MobileNet-v2 17y
B[R B T2, Fid | BT 508 YOLOV3-LITE & &
PG, X R T EE. v R ™ H A ATE
BEATHONERL, 74 FIEE A EDN 93.69%, 1
BIREEAE N 91.13%, Tk 416x416 (B3 MBI F R
AESE A 16.9 ms, K HA# A YOLO S5 st 471451,
TECRUERR R PR e 2B L T, SR Ao ek A R
PIAT o 5 g P02,

RRRPE A IR T 2R R S RS/, PR,
TE 2 O R PR TR ) B, 42 S Y
YOLOV4-LITE s M4, {ERHIERA SR 51N
SEIURE /N B BRI R R, SR AR A, I
AT BURARAE AN 51 NIR BETT 73 B8 46 AR 45 1) T 4 X 465
IR B, (AR SR B B R S iR 2
BN 577 A ARG R, DU N 28 2 S PR RS #1501
RES%,

1 MR5RE

1.1 RIS HHEIREN

A VRGP SR B 1 55 R T R 44 1 BH T 8 X R
W =N, AN 2021 4 3 H 19 H L4
10:00-12:00. 7E 1K FHAR KM N RE, RER, A
T D B S AHATLE 26 2 RS 20~80 em MIREESFAHE, A
BRI LA N RSB RS, AL A
fEA . AMIET AL 5 N ERY, HoREmRIE
L RIFIEEG 249 5k, ikt 214 5K, FrREXLRE
B KN 6 000x4 000 (BF) , PRI, .
HE, B ORGSR SEBR R S R R AR KA
ER . W= R 2 i 1 for, aTeUR I
X PR PUE R, ERIR .
1.2 IRy

TEVRPE 2 IR SRR B, B REE R 7

AT, BRI SR R 2, R R #4875 (Data
augmentation) " FEFEAKE . N RERHUE J I 5T
BRRAFIR ] BIR B Rh 22 M 2% 1, 7E Keras HEZE R 454
Opencv, ZeXREHIRH M ELE 416x416 (BF)
X MR EAT PR . BENLIER: . Bo B . KPR
SIENER LSRR - 50 G NI | P78 L S = W N
TP 55 204 (P 2 AR skt PR R AT B0 1 51 3 i s
LA53] 10 710 TREMGVEAEIE L

b. FARMRAELR
b. Contain immature
cherry tomatoes

a. RAELR
a. Ripe cherry
tomatoes

c. it
c. Natural light

e. LR
e. Long-range

d. JEFEES
d. Short-range

d. ¥
d. Backlight
Bl BEFRETHIR>ZLREML

Fig.1 Part of cherry tomatoe imayes in greenhouse

1.3 BiESEHES

{8 H Labellmg T H X EHG 2 L B SE#kAT F T
WHTEHE. FRyER, XT8R2 L R THIEAEN
MFEAT e, 5o 44 EOR: % 1) 26 2o R S B T BRI
T BEATH T AERRVE, 0 PG S H 3 40 R B 1) 26
WRIEEEDNT 10% 30T TohRvE A EE . FRiE 58515 2
% ground truth B).xml M, ZEHEHREILE 9 1
e &l oy, o 90%E0 7 Fi 4 9 1 4 I REERN G UE
B, FR 10%ERAMRE, HAFRISGE. WIEERM
MR AE R A BT 73 3 8 674 965, 1071 K.

2 BEEEXTRIARIMLE

2.1 YOLOv4 4giER]

AHX+F R-CNN. Fast R-CNN. Faster R-CNN [
Bt (two-stage) [ HFREMIJTi%, YOLOVAP U RZ diLi)
B BL (one-stage) VRBEIRIMNESHIRY, B HAE M 2% A4
RCFRI444 73 26 (Classification) 134 #4E ( Bounding
box) , MRAFEE T HARCIE A, HE5 MW E g 2 pr
Neo YOLOvV4 WZEBIR M 3 KEpAHk: =T Mk
(Backbone network) . F#EBM 2% (Neck network) + Skl
2% (Head network) o FTM %% N CSPDarknet53 RF{iE
PEHUN L%, B CSP1~CSPS 3% 5 AMHAL fl, BB
i CSPX #Hfl CBM 5{ CBL U .22 & HE & M L,
YOLOv4 fEET MR T CSPnet 4544, W& 2¢ fir
7N, TEFRZEBR X Res unit #EZE ) 5 —14%4 CMB 425 T
A KRIERZE, BE5R T CNN K% 31 HE /1. 1 CSPnet
gk 351\ Mish B0 R 50 AR Leaky Re LU B0 BR AL,
Mish BB HA L EF AT dERIH. BT HrESE,
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PSR, A B TR STELIE Ak R AR
fite Mish BEERIEAN
Mish = x - tan(In(1 + €)) Q)

A x AIN{E, tanh XU IEVIREL In HPAHEH e
NIRE X B R

25k CSPDarknet53 3 2515 5| 52x52x256 CRFAE
JZ P3) . 26x26x512 (KFE/Z P4) . 13x13x1 024 iX 3
SRR, Hodrwt 13x13x1 024 7 4F 2 AL 4% 18] - H
{k (Spatial Pyramid Pooling, SPP) 1435347 13x13,
9x9, 5x5, 1x1 PUANA A REE s KA b B, R f5 8
i Concatenate iz H 515 B4FE/Z PS5, SPP &5t K
Mt K AZEY, SR19 TR £ LN CRHE. P3. P4. PS5

SRR e 2 SRR 4 7 IE M 4% (Feature Pyramid

Networks, FPN) #E4TH T W L/ _FRFE (Upsample)
fie, {H FPN &k, mERHE AR, 479915

BN, K YOLOv4 it B2 A& M4 (Path

Aggregation Network , PANet ) @ i T K £
(Downsample) X 3 MRHIEE 58 H b a) T ) %421
s, KGR 15 SRR R AT, RN R H 1R ZERHAE 1)
K #E € 715 . - YOLOV4 ff F T Mosaic 24 1 55 . Label
Smoothing “F-¥§. CIOU [l 945 2 of 2 A1 2% 2] 2 42 7%0R
KL PRI YR BT

YOLOv4 HI R ER%EL Loss EL3E RIS %L Loss

(coord) . BSEMIKEKE Loss (conf) Fl4)2545 5k ki
Loss Ccls) » HURBEEAR T

Loss=Loss(coord)+Loss(conf)+Loss(cls) (2>
KxK M
Loss(coord) = Aoy O D 1 (2= w, xh)[ Loy ] (3D
i=0 j=0
Loss(conf)
Kk M A
=-3 > INC g€+ (1-C)lg-C)]
i=0 j=0
KxK M A A
ooy 2 CIgC+(1-C)lg=C)] (4
i=0  j=0
KxK . A
Loss(els) ==, ;" 3 [p,(0)lzp,(¢)
i=0 ceclasses
+(1=pi(c)1gd - p,(0))] (5

A K MRS, T3R8 feature map 128 i N,
FoRZITE T B EE j ANTOAE, w AT a2 AR
ground truth )58 BEAIE B, FHR obj Al noobj 73 7 %7~ 58
P AT . R, CnC 4RI BN ELSHE R

Kl p(c) AT EFREEE, p,(c) AR EIRH
BIEE, Aeoord T Anoobj NIEITREL, Leiou N bounding box
SOICIYEERENTIE

LN ¥ T 24
Input Backbone network Concatenate
Conv @
608 208 (CBL ) BN Add
104 | Leaky Relu = A
— g %2 2 s
etwork to modi
©sp) | (&py — Sel i | LB N Y
608 208 104 52 (CSP) % (csps) T 3Cs(cspay| I b. CBL
3 32 64 128 256 J512 1024 b. CBL module

1313 «—11{Conv*5 <—(T: < Coiws & CMB

Downsample Upsample Maxpool, 5
P4 Conv CMB
Head 26%26 «—+{Conv*5 j«——C Convs j«=C <t Maxpool, 9 | BN CMB) X Res unit
T ¢ C\ Mish CMB
Downsample Upsample Maxpool, 13
P3
52x52 < T Convx5 )« Co<f o
MB
S % A FPN+PANet SPP4 g I
—C
Head network 8 M 4% Neck network

a.YOLOv4 455244
a.YOLOvV4 network architecture

c. CPSX il Jz CMB #ik
¢. CPSX Module and CMB module

W: CSP FREEM B 4> (Cross stage partial) £5#4, Conv #/R%H ! (convolutional) , BN KRtk IE N4k (Batch Norm) , CBL 75~ Conv-+Hit i IENI{L (Batch
Norm, BN) +Leaky relu ¥ BRI & BfiEl, CBM £ /R Conv+itt & IEM{L (Batch Norm, BN) +Mish #UE R # & L, Maxpool FRiALIRAE .

Note: CSP stands for Cross stage partial structure, Conv stands for convolutional, BN stands for Batch Norm, and CBL stands for Conv+Batch Norm (BN)+Leaky relu
activation function synthesis module, CBM means Conv+Batch Norm (BN)+Mish activation function synthesis module, Maxpool represents the pooling operation.

B2 YOLOv4 A% HARER
Fig.2 ' YOLOv4 network holistic framework

2.2 PR YOLOvA-LITE P4RHR AN T

YOLOV4 M2%44 CSPnet 2514 f#) CSPDarknet53 ¥
%, BT S8E, SR ERNEE, ERATHEA)
Bk, HHEBRZHNAZN. AFRRE—FETH
FRAS I (1) 5 B W 28BS, EAR 1Y) YOLOv4 [ 4% J:fith
I, ¥ MobileNet-V3 WLEAE ARHESRIE T M 4%, w5

YOLOVA-LITE 382 M 25455 . MobileNet /& —Ffi T
T gl AR N N2 )= R CNN B8, B R4,
TR F14F . MobileNet-V3 BE4k & T MobileNet-V1 [
IRE T B &R (depthwise separable convolutions) , X
Rl & 7 MobileNet-V2 [ HA LS AL 2= 454 (the
inverted residual with linear bottleneck) %544 4F &,
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MobileNet-V3 H £ block HEE i i, block ] bneck 45
e 3 fios, HARIRES 1x1. 3x3, 1x1 EFRTt
WIEHE . BATIR SRR 4EE . MobileNet-V3 7E
bottlenet £5#741 5] X SE (Squeeze and Excitation) 54 [f]
BERFERESINE], T MobileNet-V2 IZ5#): ¥k
ISP IZIEERER 32 BKE 16; fEEMET avg
pooling FHAHIEEIR/INH 7x7 B2 T 1x1, HH&EF TS
FETEI 3x3 F1 11 BIAEAR,  AEIRD TH AEIN [R] e [R]Isf A
RSB

T: FC NAEHEML: Pool Jyitifb.
Note: FC is a fully connected network; Pool is a pooling.

B 3 MobileNet-V3 #J bneck 454 &
Fig.3 The bneck structure diagram of MobileNet-V3

XL R RN B bR, HRESHAZER. ARMFE,
[l 1 9 3k 4481 B MobileNet-V3 B /0 2% FRAK A/ H kR 1
Kok B, @it FPN M4, WK 4 fix, M
YOLOV4-LITE 4% 5 2 41 28 I 4% (1] 3 - 4% MobileNet-V3
o, EH 13x13 (RRAEZE P5Y) L 26x26 (HFIEZE P4
52x52 (HREE P3') F1 104x104 CFRAEZE P2) 4 AR

B, PSUBAZBEFHECKIE & KRS BAstaill, P4'E &% H
AT, 7E P3JEAE BT FORAE, ARG P2 RRE)E G 3R
REFMRZEE, X/ B el s megu, S
AR ARSI . FERREAR IR ISR A 13x13 RUEHRHEEAT)
SREIT SPP S5 BIRFEZ PS', AR FUIGARFIEZ PS'
P4'. P3'All P2 1£ FPN &5t rfidiid b RAEBEAT AR 67 3
FNH Feature map 4ie, —MFEZE4 DBL M
Upsample #:EA 4, 3RG5 E—AMEREEAH R BRI
JHEEE, RJEZ40T Concatence 5 _F—AMFAEJE Rl A3k
545 B IN=E & i Feature map. AP IEMZE T IU4,
Xt FPN RRIERL S 55 H 1 4 NMRFEE T B HE,
BD¥% FPN i) 104x104 REEFHMEZEAF T YOLO
Head [ TE H , ELHE PANet Z5/4 0 FoRFE, TRtk
HEEVEARE T YOLO Head K 13x13. 26x26. 52x52
EARERSHEZ (P5". P4". P3") TRMHIH .

{AAE S FPN %5, 3871 104x 104 FHAEJZ 5t SR
/NEARTRIES, WA DR SRS N, R R N 45
BH R, £ PANet 45 5] NIRFE AT 40 55 46 1
( Depthwise separable convolution ) ¥ #% & M %%
Downsample "55@ ST T RAE, SCOLE BTN
TEE B H, AW HREMSEG FIRRE ]
SYEERATH E B 1x1 Filter B AT v & §i il iE
&, fERR TSP BRI RE], AR Tt ik
VERIERT, 7E158 WAETERERI RIS iR T AR DL,

—> SPP - " Convs » C » Conv<5 i
13x13x1 024 ¢ 13<13x512 13x13x1 024 13%13%512 13x13x512 C
13x13x256 ( DBL I Co “;;?a:e
26%26x256 | Upsample Depthwise separable convolution = 13x13x512 Dar\knetCon{}ZD
26x26x256 26x26x512 \ +BN-+>Leaky
261; s12 [ DBL ——>C———> Conws >IN gl 2l)64x”26X256 e cction.
o v 26700 T%Qwﬂz 20267236 s
= 26x26x128 ( DBL
% 52x52x128 | Upsample Depthwise separable convolution | 26x26x256
§ 52x52x128 52x52x%256 \
—P°_>/ DBL \*) C—>» Convs —— > C——»( Conv<5 —
52%52x%256 ¢ 52x52%128 52%52x%256 52:52<128 52x52x128
s2+52+64 (( DBL ) T
104x104>64 Upsamplé Depthwise separable convolution = 52x52x128
104x104x64 104x104<128
#'—P\ DBL \‘—b C——>{ Convs
104x104x128 10410464

iE: P5's P4'. P3'AI P2 yiilk FPN+PANet S5 I ANRHLIZ; PS". P4, P3" itk FPN+PANet S5 H41KHIE o
Note: P5',P4',P3',and P2 are the input feature layers of the improved FPN+PANet structure, and P5", P4", P3" are the output of the improved FPN+PANet structure.
B4 i) FPN+PANet 244 B

Fig.4

2.3 REINZGSNR
2.3.1 RKEF4

AHF 7544 F Tensorflow 1 Keras HE 423K Bii YOLOv4
W28 . ISR W 1 Fis.
2.3.2 FHWHEFZHRIAF] ML) %

TR B AR 2R FE B 5 FroR. @ikt
b BB AN [AAE B2 Ab IR AT R B RS, HEAEAH [R5

Improve FPN+PANet structure diagram

IESE RIIER R I ROR o B S R M BEAT TUAL B,
SRJEAE Labellmg T H F#ET AARE L R T LThnik, #rlk
I XoF P 530 7 L T A5 ) 2 2O R /N T 10% 00
BEATTCAREAC TR, X ARid i) BR B S5 00 R xml SO
[T REATH 38, JELL PASCALVOV Hii s X IRAE, 430l
SR RN ZAL L AN T 2R R () 505 T2k
T PSR AN SR, AP SR N I S 2R 25 30 2R A
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HWEZ, W2 R BRBHE RS S84 b,
FERIXER 73 W 2% 2 BN 2577 3, 3l Se itk 455050 12 Fa il vk
HIN 77 AT B RAERUE . BRLYIZRRS, SR Keras
SRR 15 Cearly stopping) $715, MR EE L
IR A AT FRERT, A5 1EIZE, AR Ed G .

x1 WXEHE

Table 1 Experimental environment

fic & Configuration 24 Parameter

CPU Intel(R) Xeon(R) Silver 4210R

GPU NVIDIA Quadro P2200 16 G
BIERS Windows10
pIpLEIN cudal0.0. CUDNN7.4.1.5
TG PyCharm

oAt Numpyl.17.4. Opencv3.4.1

U H R | N

J5 4 P R S

_____________ ‘
| EIAR ST
| fREAE

BESES

&

by
Gl YOLOVA
-LITE 5%

FAEMTEE ST

WA FE A
A5 FEZLREMNMBZALR

Fig.5 Flowchart for dense cherry tomatoes detection network

&N ELE . AEH TSR E YRR, 15
TSR ERFEA (batch size) &N 2, =R T
(Momentum) 4 0.9, BUEWILE>]% (learning rate) K
0.001, FEWRRHCH 0.000 5; AFFHFYIZALER, BRI
ZEEHSERERIIZ (epoch) N 50, HIFEAZE NS,
FERE TN 0.9, BUEHIERY: 220N 0.000 1, TEIHRARECH
0.000 5, fEFRGR4E e S HIERINGN 50, MAEA%
BAH2, HEFETH 0.9, BUEFILEFTEH 0.001, K
FH04 0.000 5, SARINZTY 100, 2 Fril 277 R H]
BN (batch normalization) 1E 4k 34T 2% 2 BUHE 587
& LT —RiIZR (epoch) TRAFE— KA E A,
FeA B H B SO I RN BSUE SR O e AE . 4R
TR AN UF PR M 28 W& 6 BT

EE e

45+ - = = - YIS K Training set loss
U8 AF #2457 2% Validation loss

0 10 20 30 40 50 60 70 80 90 100
%A Epoch
B6 MK ALK TIHE

Fig.6 Loss value change curve with epoch times

FERT 50 ACYIZRET 36 UF £ 2% BRE BT B HE 3008 3 (H i
T NES, IGREMRRFEE N E, 7258 50 A%k
B T AR R I R YIRS SR 2R
TEEE 50 RINGR G TSRS H 2R B9, I ZRBEA K
AW, HIS ISR A TR AR IE AR, JIZRER
TR BAFAR, BEALLSL.

2.3.3 ARAMK

R AT B AR 0 2 AR S A LI B AR R I R, A
FHRANI)ME F1 15 (Fl-score) « HAA#% (Recall) .
F (Precision) . WK SHE. BUEKPKFE
NG Rs, H o F1. Recall. Precision 1523040
AR (6) ~ (8) Fir.

_ 2xPrecision x Recall

F1 — (6)
Precision + Recall
Recall = TP x100% 7
TP +FN
Precision = x100% (8)
TP +FP

A TP NESEHIEFEASE, FP AR IER AL E,
FN NE BRI E. FIFSE (Average Precision,
AP) HE AKX (9) PR,

1
AP = IPrecision x Recalldr 9)
0

K r AR E, SR R SR R R AR AR 4
AP y PR (Precision-Recall) 125 A4 b4l Rl Bl AT T AR,
EAE 0~1 2|8, APsy NEZEF (Intersection Over
Union, 10U) =0.5 B AN[EE 4R T HRETIMH: APss
N 10U=0.75 I ANF) 2 42 28N fORG P 18 .

3 HBRES

NGRS B 2F 2 R E AR IR A SR e, A
T IRN TN G E IR 2535093 2 07 AU R B 1 41
HIE S EX LR B EMNSHOEE LT, ZExf
F2 ARSI ARY )38 o Sk 22 A kAT o) E ARG 20 A
3.1 BATINGNEHFFLEIT S ERRNER

PL YOLOV4-LITE W 4% A5t G 4, 43 73 5 gk AT
FA TN SR B 5 25 50 40 J2 U1 07 sORIAS A FH il 25
BCE M0 2 By AT 2R AN F TRUIZRAL
HEPLEZREE EXF T A S EGAT I IS5 8 F 7091 25
BUE FUR G550 2 2 1l 407 OB COCO ¥4 11
MobileNet-V3 #E, ¥IEHIZ4E4E YOLOV4-LITE H1[1)
MobileNet-V3 M2, Seillghja 0 Mgk, IR 50
RIG TR IR VR R G530 7 W4 2, AT A3 25 1R )1 25
2 BT 2 PSRRI A A .

RIGLE BRI, ML TAEHBINNGAE, £
Y2 A EE I 1 &5 36 4y J2 19 )11 4k 77 U7 10U=0.50 F1
10U=0.75 WP ERE BEAEIR A2 3 N E o, R IAIEY
TEFHER A A R FEFE e T o
3.2 AEIEFHIERBMERILLER

it B B A 2 SR LA N S ARG IR AN X
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Table 2 Comparison of training results in different ways

YOLOV4-LITE LA MobileNet Z 5182 k4 2 1 1 T 507 R A A P THORE e
4 20013 9B TR B E Ol 2 Training method and Intersection Average N
2%, BUEE R/ RGN S 5 R 19 2% 24 i‘%ﬂgﬁj(ﬂ]&l o, “ver Union value F1 score precision/% Precision/%
{H MobileNet-V1 #1 MobileNet-V2 1ENHEFMLK, 7& 1o R TN 2R L B FE A 0.50
I0U=0.50 #I1 IOU=0.75 i}, K#5r F1 6. AP, Recall I The Pre-traénlig% wgisggt isused 085 93.16 96.00
an =0.
. . S é ﬁ . _ )
Precision ig’fEEﬂiJE YOLOv4 M«%o 7!()% MOblleth V3 'f/]f oA FH TR 20 LB S e Ny
%%?W%, *%ﬂ?f F1 15\ AP F11 Precision TE‘*ﬂ:LﬁJﬁ N 0.50 N q 0.82 90.05 93.73
T traini ot is not ) ) .
AFFEEERIFR T, 76 T0U=0.50 &, HARR F 5 YOLOv4 U050
JIIAAE 10U=0.50 I, F1 {H#2TF 1 0.01, AP{EIETF [ {4 P N 46 L L AL AP 0.75
Vi Th -traini ight i d 0.50 43.94 47.81
LTUANE S, HERIRTE T 3.60 AN E 40, Ak e pre-ning weight s e
416x416 (B3 R AR IE =ik 2.78 ms/7k, AL R B 0E FLSE Fy
- O S B L 0.75
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Table 3 Comparison of detection results of different backbone networks
24 ARG OUMA P CPEEE AEE Mk RS I e
Network models  Backbone networks IOU score F1 score Average precision/% Recall/% Precision/%  Weight size/MB s i Il) etwor
(ms-5K™) parameter
YOLOv4 CSPDarkNet-53 0.50 0.84 o1.45 77:26 92.61 244.0 4.62 64 407 389
0.75 0.46 50.75 50.75 42.86
YOLOvV4-LITE MobileNet-V1 0.50 0.77 80.21 63.72 85.37 105.0 3.39 41005 757
0.75 0.43 22.45 45.37 30.76
YOLOv4-LITE MobileNet-V2 0.50 0.83 90.28 75.23 92.08 98.4 3.31 39 124 541
0.75 0.58 57.96 71.66 48.20
YOLOV4-LITE MobileNet-V3 0.50 0-85 93.16 75.72 96.30 102.0 2.78 40 043 389
0.75 0.50 43.94 52.52 47.81
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Table 4 Comparison of test results of different improved structures

. p ; - , A o) 28 2 5 e
ik 0UMS FIE SRS AEE R R P G
Algorithms IOU score F1 score Average precision/% Recall/% Precision/%  Weight size/MB i

/(ms-5K™) parameter

YOLOv4+®2) 0.50 0.98 99.74 97.10 99.16 248.0 4.89 65364 061
0.75 0.70 65.76 77.66 63.69

YOLOv4+D+®2) 0-50 098 99.70 97:46 98.87 103.0 3.60 41 000 061
0.75 0.63 65.72 75.08 52.04
YOLOv4+D+2)+@) 0.50 0.99 99.74 98.00 99.15

s 453 3.01 12 026 685
(R4 0.75 0.79 67.19 78.08 78.99

H: OFTM% i @oull FPN £54; @il PANet.

Note: @ Replace backbone network; @ Improve FPN structure; 3 Improve PANet.

7F YOLOv4 J:Ali F iodk FPN 254 Lt J5 YOLOV4 1] AP,
P 1 829 M AL, APy fEm 1 1501 NET AL, FLE
TEFIN TOU RE FAHRARTE T 0.14 F10.24, (HEBFEK
NBERDT 4 MB, RHERERS N T 0.27 ms/ik, MESEE
WnT 14.85%. 5 KR & H T M # (YOLOV4-LITE+

MobiletNet-V3)FLL, B TMESE -+t FPN Z5RI45,
APs 3275 7 6.58 NE 4N A, APysHm T 21.82 ME4M ., Fl
{EAEAHRI IOU BME FAHRAES T 0.13 A1 0.20, {HIEAH
K/ANEINT 146 MB, R EERGN T 2.11 ms/5k, &S5
T 63.23%. 38 YOLOV4 £l YOLOv4+ MobiletNet-V3
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Sample 1

il 2
Sample 2

a. Originalimage
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Note: The dark box is labeled as the algorithm's recognition result of the cherry tomatoes, and the yellow box and the light box are the artificial labels of the recognition

result image.
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b. YOLOv4processing results
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c. Improved YOLOV4-LITE processing results
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Fig.7 Recognition results of dense cherry tomatoes by different algorithms
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Recognition of dense cherry tomatoes based on improved YOLOvV4-LITE
lightweight neural network

Zhang Fu*3, Chen Zijun?, Bao Ruofei', Zhang Chaochen!, Wang Zhihao!

(1. College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China; 2. Key
Laboratory of Modern Agricultural Equipment and Technology of Ministry of Education, Jiangsu University, Zhenjiang 212013,China;
3. Collaborative Innovation Center of Advanced Manufacturing of Machinery and Equipment of Henan Province, Luoyang 471003, China)

Abstract: Small and hidden conditions of dense cherry tomatoes have posed a great challenge to the rapid identification and
positioning of fruits. New key technology with strong robustness is highly demanding to improve the efficiency and yield
prediction of cherry tomatoes in the facility agriculture environment. In this study, a novel recognition method was proposed to
locate the dense cherry tomatoes using an improved YOLOvV4-LITE lightweight neutral network. A mobile Net-v3 easy
migration to mobile terminals was selected as the feature extraction network of the model to construct a YOLOv4-LITE for a
higher detection speed of cherry tomatoes. A feature pyramid network was set as the modified (FPN) + Path Aggregation
Network (PANet) structure, in order to avoid replacing the backbone network to reduce the detection accuracy. Specifically, a
104x104 Future map was introduced to achieve fine-grained detection for the small targets. More importantly, a deep separable
convolution was used in the PANet structure to reduce the number of model calculations. The new network was more
lightweight, where the generalization ability of the model was improved by loading pre-training weights and freezing partial
layer training. A comparison was made on the recognition effect of YOLOv4, F1, and AP on the test set with the same degree
of occlusion or adhesion, further to evaluate the difference between the models. The test results show that the improved FPN
structure on the basis of YOLOv4 was higher than the APs, of the original YOLOv4 AP;s increased by 15.00 percentage points,
and the F1 increased by 0.14 and 0.24 under the corresponding IOU threshold. However, the weight increased by 4 MB, while
the detection speed increased to 0.27 ms/sheet, and the number of network parameters increased by 14.85%. The improved
FPN structure on the basis of YOLOv4+MobiletNet-V3, APs, increased by 6.58 percentage points, AP;s increased by
21.82 percentage points, F1 value increased by 0.13 and 0.20 under the corresponding IOU threshold, indicating that YOLOv4
and YOLOv4+MobiletNet-V3 lacked small goals. Fortunately, the Future map of small targets was added to improve the
fine-grained detection of the model, but the number of model parameters and weights increased accordingly. As such, the
PANet structure was improved to introduce a deep separable convolutional network, while ensuring high F1, AP, Recall and
Precision.Optimal performance was achieved, where the model weight was compressed to 45.3 MB, the detection speed was
3.01 ms/sheet, and the network parameters were 12 026 685. Specifically, the new network was reduced by 198.7MB,
compared with the original YOLOv4. The data indicated that the improved PANet strategy presented similar accuracy under
such circumstances, while effectively reduced memory consumption, and the number of model parameters, but accelerated the
speed of model recognition. The F1, APs, and recall of the proposed recognition model for the dense cherry tree on all test sets
were 0.99, 99.74%, and 99.15%, respectively. The improved YOLOv4 increased by 0.15, 8.29, and 6.55 percentage points,
respectively, and the weight size was 45.3MB, about 1/5 of YOLOv4. Additionally, the detection of a single 416x416 image
reached a speed of 3.01ms/frame on the GPU. Therefore, the recognition model of dense cherry tomatoes behaved a higher
speed of recognition, a higher accuracy, and lighter weight than before. The finding can provide strong support to the efficient
production forecast of cherry tomatoes in the facility agriculture environment.

Keywords: computer vision; models; YOLO; deep learning; image recognition; target detection
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