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Cucumber Disease Recognition Based on Improved YOLOV9

SHAO Jia-Hui, YAO Bai-Wei, TIAN Hong
(College of Rail Intelligent Engineering, Dalian Jiaotong University, Dalian 116052, China)

Abstract: To address the difficulty in identifying cucumber diseases caused by numerous varieties and similar symptoms,
this study proposes an improved YOLOV9 model for cucumber disease recognition, named BiFEL—%[OLOVC), to enhance
detection accuracy in natural backgrounds. Initially, a weighted bidirection‘al feature pyramid network module is
incorporated into critical network layers to enhance the model’s multi-scale featl!lre fusion capability. Following that, the
original RepNCSPELAN4 module is enhanced by integrating a feature enhancement module and a large selective kernel
block (LSKBlock) to obtain the RNFEL module, which improves the model’s feature representation capability and
robustness to complex backgrounds. Experimental results indicate that the BIFEL-YOLOvV9 model achieves an accuracy
0f 97.96%, a recall rate of 95.51%, and mearrrl average precision scores of 98.21% for mAP 0.5 and 95.12% for
mAP_0.5:0.95, all of whichsurpass the performance of the original YOLOv9 model. The proposed model effectively
accomplishes the detection and recognition of cucumber diseases.

Key words: YOLOV9; disease recognition; deep learning; feature extraction; object detection
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RNN! Faster R-CNN'LL & YOLO™ % %125 % F Jy
i Hodt, YOLO 51510k DL PR R otk ff A0
BTz B T A AE P9 T A AE P9 R g 5
# YL NP Bt YOLOVS 0 B8 BOR 51 N
KAWL, PR T 5 I e TR AR B, A 28 11 o
HRIEE] T 81.71%. ZRAES AR 7 —Fhgh &
WS YOLOVS H A A A, 75 3 I 3 1500k
(7 25K B I AEIL 2 T 80.9%. FrER4s AU i it 5] A
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(1 35 TR 25 998 B 0T A DS 2RY G HE i %2 15 3] 8843%.
IX LRI FUE B YOLO 241 5307 38 I S5 Al
2, @%#?ﬁﬁ%)ﬁﬁﬂi%ﬁ%ﬁ%%*H+H SEESER]
PV B 5 2P SR . R, 755 45 SR B
o DR AR R IAT A — TR PR AT 5
BEE Ead ie), ASCHRE H — R T YOLOVO!' iy
B TR 2R BB BiIFEL-YOLOVY. iZ AL i 5] A
BiFPN' AU [ FAIE 47 55 W0 2 A5 e, 3858 T %2 RS
FFERLE, $ETF T R4 T A HE A 7). 45 & RFfEsG 5
FEH R LSKBlock! 1K A% i 5 : E 25 F7 WLl %t S5 4 14
RepNCSPELAN4 8 3t 47 ek, 753 | RNFEL #3k,
B DR E TR R ARRAE R R AE ), P T A A
T SIS, SLIS S5 R W, BIFEL-YOLOV9 #4!
AR T B AR T IO S 1R R

1 BiFEL-YOLOV9 ¥ IV 75 5 jil #5 A
1.1 YOLOvY #&#! g ! .

YOLOV9 PAeiks BERTBRE A W B 77, e 2 b
FEF LU B8 B Al 25 % 07 5 1%
BRI 5] AN AT w206 {5 B, (programmable gradient
information, PGI) FliZ L = 502 B & 4% (generalized
efficient layer aggregation network, GELAN) 5t
AR, BERTE TR AT EAEOR. PGL BRI T
IRFERRZE W 28 AE VI ZRad R 25 5 LI 45 B 25 2R 1] .
GELAN U {45 o0 265 25 44) B 0 R 3% R i R0, REEZE TR FF
R G 1R[] T 3 3] B vy Y R i A

JSHE YOLOVY 1EA) A I P R FEE A i 52 7 T e 7w
TR R, ARLE AL 3 B A 1 SR R 4y 7 AR B AR )

SRS URG B AT AT B2 T 23 ).
1.2 BiFPN AR EI4HE & FIEM L%

N TR TE AR IR BRI RR, YOLOVY S T
FRIE 4 7 R 2% (FPN)!IRITER A2 R A R 2% (PANet)!'o),
FPN LT AR Z A& 22 ROEERFAE LR 1) % R
~FRO B AR, T PANet 3838 38 55 4R AE 2 8] (1045 848 ok
OB RHE AL . R XA & R e R 4 LRI R
I, ARz AR B A B L ST A SR BT T
. R ASCI N T BiFPN IIBUR AR GE 4 5 34 0 2
i JFA 1) FPN A1 PANet 4514, (50638 i 18 g A6 7 7
55 2% 5 T K Bk R LRI ATRE 7, $ TR R gk
PERE AN fLAES.

€ 1 &5 T FPN. PANet A1l BiFPN [ 1% % g
X, FPN SRR E BT T #4523, PANet 7E FPN
FIERE EXGIN T B R ERER S, 5 PANet AHLE, BiFPN
Y U Im) % 42 A S o] 25 A8 IR HE N 48 2, DU(E R4
B ARAE. W&l 1(c) From, BIFPN A% B T A T 35 X
& AR AR, B AL B S BRI LGE
Ao R R 32 2 AR 0L 1) 44 43 S B 40 AL 4 0 SO ) B R
.

BiFPN {3 FHINABURRAE A& 7kt (1) fis, Hp
wilB N ReLU bR UHATRIAE f1, e & G U AN Fase
HI/NEE. BAEE 6 J2 81, 28 (2). (3) ik T BiFPN
{1 76 A b REAE . o, P%%%%WL?UF%EPW SFAIE,
PR H Tﬁﬁié‘]ffﬁtﬂfﬁﬁ. Resize #75 SRR R
FERRAE, wi B 258 S8 B0 B4, e w2 0.

1 Wi
/ 0= -I; 1
4 Zif"'z ]W] ! ( )
wi - P 4w, - Resize(PM)
Pt6Cl = Conv 6 ! )
wi+wy+e€

w - PP 4w’ . P94y . Resize(POY)
P(ﬁ)ut — Conv[ 1 6 2 6 3 5 (3)

w’1 + w’2 + w’3 +€

@it 5] N BiFPN £, YOLOvVY 45 #9753 1 it
1k, Bef% T R A& AN R 2 I RHAE, AN ER T T AR
T ARG UK 55 R A
1.3 RNFEL 13

BT IR AR T AR B 2R 5 N ARAIE SR HLAE ) AN 2 1 i)
B, ARSI I A R SR AR A LSK Block Y& /1#L
1, % E A K RepNCSPELAN4 B3k AT 1 i4eidk, AT
3% 7 RNFEL #Hk,
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3 Fr7n A LSKBlock 4544, A4E RAZ k4% 1
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Hf RNFEL #3cAl BiFPN BLHfl 4 5] YOLOvY ( ‘."_ - |
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2 O AR S AL Sk
2.1 HIRENMALE

SEIG A A EHE SR cucumber disease recognition
dataset! " #5 5 Tf 1280 5K BT E BE, 5 8 Fh
Fol, WAEIRIEG . MEMERZE . EER . &
i TR KRR B R T 4L
88 T (1 R 3 ok B B S, S TR INAE AR g%
T R RESE 32 0 % Bl TG 00, F8 7 R AR RE AR L 4] 6.

"
{2 ,ﬁ

Downy mildew ... X
e -

BRI

Anthracnose

2R

Bacterial wilt Belly rot

JEE B BEERE wreT PR
Pythium fruit rot Gummy stem blight ~ Fresh leaf Fresh cucumber

K6 &ho- e A

SRy v R Y A 1 RV A RE 7, o SRR BG4
WEEE . FEREUHEE . N R AR S H A K R AR, R
BEME RSN 640x640 B R, I G AR EILE
8402 5K fr, 3% 7:2:1 BB 43 AN ZREE . BRI
LRI LE.
2.2 =R

A SZIGF 4 5T Ubuntu 22.04 #:4F R4, BAEFF
15524 Python 3.8, R %% 2] HE4E )y PyTorch 2.3.0. GPU.
9 NVIDIA RTX 4080, CUDA FiiAJy 12.3. ’

S SRR B RN 640640, it it
Batch size J9 4, {142 >125'0.01, S8 5400 0.937,
U LN 0.000 53 B ALV Epoch 4 400,

3 AR50
3.1 N IERR

A VP AR AL 1 e, A SR RS %8 (precision,
P). HAIEI# (recall, R). “FI¥JH B (average precision,
AP). “FYJF5FES1E (mean average precision, mAP)
RER P AR AR, Hoh, P T E A R AR R
FREARMILLA]; R BT VR AR R 8% AR 1 L 1) S B i
FREA G BT A SEBR F A L) AP EAEREAN 2
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b SR A R[] At 2N TR P R AE, R T
RS AN [ T SRR BE S5 mAP T PPAL R Y
FE 30N 2 5090 T R IAE 55 v i) B AR e, R AR TSR
AR

TP

P=TpFp ©)
TP
R=Tp 7N )
1
AP=f0 PAR\\ )
L_V‘ 1";' .
L)L =l ©)
= i=1

] TP R ELAF K, BT TE R TN S99 2 O RE A

g, FP RoNERAESE, BV RLES 3R 00 0 5 1A A
Kk FN R 5028, BIBEAL A e A I 21 (1 52 bR 35
FEA &
3.2 HRASCLS

N T 36 AE BiFPN BRI RNFEL A5 Bk % 3 ST
o WU ASE 7Y 4 BB 1 DT R, AW 9T LA YOLOv9 A58y B fil
o 28 A 70 T P VY ik S 5, 32 B DL V) P 35 K P 1Y
TEAERVERIBRAE, 22 1 AL IR o 1.

1 JHESLI LR (%)

=

%8 +BiFPN  +RNFEL  m4R 0.5  mAP_0.5:0.95
1 — — 79628 - 91.14

2 N . 96,52 91.82

3 = \ - 97.02 92.41

4 L )3 & 98.21 95.12

5 ~

<3 1 AT, N BiFPN IR [ 54 4 7 5
4&J5, mAP_0.5 Fl mAP_0.5:0.95 4 5l 17 0.24
0.68 N H 73 &L, REABIBILEXS H b 1R 3K BEA BT 1
. 5] N RNFEL B35, A1) mAP_0.5 F1 mAP_0.5:
0.95 B L ERI, /4 Am T 0.74 A1 1.27 NE AL
S H R AN [F] ROBE H AR IR RE 015 2 T 4R
1M BiFEL-YOLOV9 BVEAE T A fatr L#E 2] 1 &t
PEBE, mAP_0.5 F1 mAP_0.5:0.95 ¥84r427H T 1.93
4.0 N4> A, X F B BiFPN Al RNFEL BH ) 45 & A8
A5 T B R AE B I RE 7, IE 3 T R A TE A 4k
T 50T B IR P R A 1, Sk T e T AR
(R VA T eV LA R,

3.3 xftbscoe
NT P I UF AR ORI S, EAR R
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i H AR SN A

SEIG IR 5 A —HEE N, ] YOLO =5 It k6 I 45 74
YOLOV5. YOLOvV7. YOLOV9 54 it BiFEL-
YOLOV9 AT 28 SR, S2i6 45 B3 2 Frow.

K2 XTSRRI (%)

LT P R mAP_0.5  mAP_0.5:0.95
YOLOV5 96.87  94.95 98.09 85.42
YOLOv7 94.67  95.30 97.43 88.84
YOLOV9 96.11  93.38 96.28 91.14

BiFEL-YOLOV9  97.96  95.51 98.21 95.12

MR 2 W, £EX) 38 IO 5 AT IR I, BiFEL-
YOLOV9 #52Y [1 & T 48 b5 #4210, B0 4 R A 26
A Bl FFNF- 5K FE 3548 AP A LT YOLOV9, BiFEL-
YOLOVY 7E mAP_0.5 Fl mAP_0.5:0.95 sl & 2.03
A4 ANE 5y 4. 5 YOLOvT A1 YOLOvS Ml tL, BiFEL-
YOLOV9 #£ mAP_0.5 fl mAP_0.5:0.95 {f Lt 45 A [A]
FERERI$E . Y .

2% L fri®, BiFEL-YOLOVY AL it 45 & BiFPN
Fil RNFEL Bitk, AR 71 T B 7E 2 U S5 R AT
% FHIvERE.

3.4 SZiEEHxTEERIE

N T VSRR AS [ IR BE SR A N Iz A RE ), ik
£ cucumber Fl cucumber leaf disease Fj 4~ A T HIE &
AT T Sz HorR cucumber BT EN, B 3
P2 3754 5K 3 TUR E B4 cucumber leaf disease
A8 T H PSS, A0 5 A2 4000 7K 25 )0 3 4.

AR S5 E S5 T BIFEL-YOLOV9 5 YOLOV9
PP RE R I, SRIRZE Rk 3 FIZk 4 fos.

# 3 Cucumber FHRLEXT LL (%)

it P R mAP 0.5  mAP 0.5:0.95
YOLOV9 98.83  98.37 99.12 89.81
BiFEL-YOLOV9 ~ 99.86  99.79 99,50 ¢ 91.36

% 4 Cucumber leaf disease HHE N L (%)

P A P R mAP 0.5  mAP 0.5:0.95
YOLOV9 85.74  85.28 89.16 80.07
BiFEL-YOLOv9 8837  87.61 91.86 82.46

Spuh aE R B 7E cucumber $E 4 F, BiFEL-
YOLOVY ] mAP_0.5 E. YOLOV9 #&5 0.38 /N 43 A,
mAP_0.5:0.95 #& 15 1.55 1N H 73 &i. {E cucumber disease
leaf #(#5 4 I BiFEL-YOLOV9 £ mAP 0.5 fl mAP_

iX B BIFEL-YOLOvV9 ## B RAV 78 45 58 B s 5
RO, W HAENFERE X4 TR T HAr

ZALRE).

4 diwEESE

Bl B N SERR A ) 5 p e i R I 2 R T
4 i) 8 DA S B2 2% T S i), AR SCER M T b T e
YOLOVY 135 I 35 iR 5 8 BiFEL-YOLOVY. %45
A3 5S 51 N BiFPN XU [r] 4FAIE 45 7 2 o) 4% AL L i 1 A
RN 2 RBERHE R & BE /1, 5] IN 45 & R iE 1 s g i
A LSKBlock % & /4Ll % i 46 4 RepNCSPELAN4
AT B0 45 5] RNFEL Mgk, #5717 MO 5 (i
IR RE I 52 4 HE R M PR S0 4% B ), BIiFEL-
YOLOVY B EN/EREHfie . 7[RI UL mAP $5 45 13
HRFBA I YOLOVS. YOLOVT Al YOLOVO B
BiFEL-YOLOV9 #5&41 Jy 5 JTUp 35 PR o il A 1 1201
TRHEA RUR P TT B, BT AR AR = R AR 4
BA =N AN E.

S 3k

Rt TR . 55 0T il B BT 5 R ZE R R A B R
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