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Grape leaf disease detection based on improved RT-DETR
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Abstract: To address the challenges of low identification rates for grape leaf diseases with similar symptoms appearances
and the difficulty in detecting minor diseases, an improved real-time detection transformer(RT-DETR) network-based
method for grape leaf disease detection was proposed. First, the coordinate attention(CA) mechanism was employed to
enhance the deformable convolutional network v2(DCNv2) module, resulting in the DCNv2_CA module to strengthen
target feature extraction capabilities. This module was integrated into the model’s backbone feature extraction layer to
improve the model’s ability to extract deep-level key features of plant diseases. Second, the model incorporated the
high-low frequency feature interactions(HiLo) attention mechanism within its feature interaction module, which enabled
the model to simultaneously focus on both high-frequency and low-frequency feature information, thereby enhancing its
ability to detect minor grape diseases. Finally, the cross-layer fusion network of the model was restructured by using the

gather-and-distribute mechanism to enable more comprehensive integration of information across different layers, thereby
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further enhancing the model’s performance in identifying diseases with similar symptoms appearances. The results

indicated that the improved RT-DETR model achieved disease detection accuracy, recall, and mean average precision of

90.8%, 89.5%, and 93.4%, respectively. Compared to the initial model, these metrics improved by 5.4, 3.9 and 5.6

percentage points, respectively, and also demonstrated significant advantages over other models. The improved RT-DETR

model could accurately detect grape leaf diseases.

Keywords: grape leaves; object detection; disease detection; RT-DETR; attention mechanism; deformable convolution

network; high-low frequency feature interactions; gather-and-distribute mechanism

FERA SR AR, R e S B N
WA AR SR, A R E RS L Hg
Ba%, BHN T LR HIRT AN TAEA LT
Tl RN ER B 5 o AN, Xy A AE AR 1R
BORAL . TR AGEEULT, B0 AR E 1
ANGEHERA TS, TR Rt SRR L. R,
WFFE AR 1 Re A U A F 2

UTAERe, TREE=ASIRER, L H R LIS R 2
2% (CNN)Fl Transformer W AUR AL, 7ETHSEHLAN
BEIRIAT T 2 AN, ARG E AR
=24 R A EIRUIBT FAF G AR GBS, 47
NS fif s T A LASE S A &,
G AL PRSI B AN AT, B 2T
RAEPRE A E RG] ATEEHE FMobilenetV3 M £ |
CBAMIF & 1L . CARAFE | RAEF T K CloU
2 BRBAEYOLOVSBERY , SEEE T X A5 B2 il
Ao BN EEIXTYOLOV3BE R SE AT el it , S8 T X
KRS BRI . B AE LT YOLOVSEL RS, 5|
ABIFPNZEM | fil AEMA B AL Al FHECToU
545 PRESIE B AR 6T 3 70 4 28 P o 2 P ARG 0 R
J1o kAR EE DO T FBiFormerid: & S ML |
BiFPNZ5 4 LA K A YOLOV 7 FRAS: I S35 43 #x A SPD
S 7 1 BE Y OL OV 7 1A A 2835 5 A Jr s, 52
BT 2 A A A I e T A I, K R SO
FEFYOLOVSEEAY, 5] AGhostNetV2 3 THFEHEHL
M4 . SPPFCSPC4: T4k . GAM-AttentionF &
JIML B i FFocal-EToUAE A2k sR %L, SEBLT X3
Fha e T 0 e FMEERE I R AU AR A D24
BT — R 22 2% LAY | PEResNetSOF/SEA
TR & GG BN 45 S RRAE Al ot SR TR 4
AE, SCELTOWEA R U . R A
FFSwin Transformerfi Y, % Kmeanst++¥HISHE
;. FPN+PANetZ5#4) L K SToUTB 2k e, SE8E T X}
6P ZE T g B RSN A e S U I E Efficient-

NetBOBSRI g ILAE b, SRAKZEE MG . &Rk
T AL A Adam G AL 25 AR RISy, S
BN ORY I e S i 9 S A C I W
W LSRRI, i B AR AR XA 0
ER HA B i, SR H R RASR A
— BB H—, B MR T A AR
PR ARG T AN N 3 B TR . T, AT
K I 5 2 3 SR M YOLOUS) 2 4 i B /Y, RLA%
Y OLOB ARG 3 B v B B 3, (HH:
B I B A R AR AR A il (NMS) 7 7 J5 4k
P, XTEARRRREE Fsgmm 7RIS SR vt . itk
Hh, YOLORERIZE/IN B oK 77 1H e A FR,
95 R R A A N AE W] RE TGRS B R
WFIE, R TR AR R A A AR R B
DRI TN N AR RS, SR — T
Pt S H ARSI Transformer(RT-DE TR ) 72 ) 4
ERERII T B, SRR IIHLEI(CA)
Xof A AR T F BN 5 v2(DONV2) R B pEA T ie ok, g7t
DCNv2 CARRER, FERIRIAY 3 FREESRE R 25 5
A G RIDCNV2_CARHE, DA s BRI 2 o
FHERPEIEE ST HaR, AR B IpLm i R
PIRHIEAE B A HYATFT) H 5 | A S IRASRHIE 28 H (HiLo)
TERL AL (AR B[R] e S TR ARRAE (1) R IR S,
PRI A A MR E RN EE s e, TERE
R REREIER A CCEM) FR i R A543 & (GD)
B B AT (AR R A0 40, 1 — 2 B AT AR
ANRZRFAEE B RS RE ST, AL RE A %0
A BARRYANTE I, DA SASI i v

1 #RER*®
1.1 HiAEGRRRSHEENE

DA I g LA SRR s R e
FBFEXTGR . A e E AR AR A PlantVillge!'o)
A Studiol X P NAFHEARET- 5. Gl ks



551 B 4 1)

FiFESE TG RT-DETR 9% 25 M F- s 24600 119

I TERG . BT RTRRSEERE SR A AL
e, 2T N EEMN R EREE, U
PRIZG . A . PRI 3 A R DL
AR 5 B2, St 9 2009k EIG . SEBiIRE
AREGANEN TR o B 5 8 2 245 45 A5l By i A

(@ i o)

(a) BIKEHE; (b) MR (c) BRIR; (d) MR A

briF T Hlabelimg, >k H—F: H ahfbbrid fife ¢
B ErRE, AR T LU FRT-DETRESRII 2R 4k
ot , &S 1 0 LB LB I . 1
UEAE A4

E1 #EMAAEHRERG

Fig.1 Examples of different diseases of grape leaves

1.2 RT-DETRERIAYIH

RT-DETRUSUE: 1 AN 52 B 114 3 21) 353 1) H A A6z 0]
PR, MHR TR Ak T NMS X S sl R 25 ok ) ok
JE UK B 5 T B R, R A 8 A 2 B
PRI AN/ T I ARIASCR AN o A B R A 1Y
FrOUPRE R, &t S s A 3 T A 5 R A

‘

R, B OFF B TRAESRBUNZS oA
HUCHE T DCNV2 CAREH DL /5 155 Y 1) REAIE £ B B
715 @B AHILoTER I LI HE R A X 207N 3 1)
KrRE S5 G FGDAL I T AR i R AiE Al A3
gy, PR IR RHESS B R G RE T, $eTHR
DIPKERE . G RT-DETRAERU LA LS R Q2 i o

image
(bs,3,576,576) !

conv 3x3 | x3

stage 1

stage 2

S3 L S3 Ui

stage 3 (b5,312,72,72)(336,7%,72)

] | i !
i+ Low-FAM {— Low-IFM |
= ] i

LT ToU M i kdE
Ei@ﬁi@ﬁi@ﬁ!ﬁiﬁilj ogol

2 High-FAM » High-IFM |
L = i

Low-GD

Tiigh-GD

sS4 S4

ﬁ@ i
18
DDDDDDFDDDDD

stage 4 (bs,1024,36,36)(256,36,36)

;lj AIFI
2

23 [Bor B 2 A

CNV2_CAl— S5 S5
(bs,2 047,18,18)(256,18,18)  (256:49)~>(49.256)
151

I
I

B2 Hi#RT-DETRIERIZE(REEH)

Fig.2 Overall structure of improved RT-DETR model

1.2.1 F]ADCNv2_CA4EH

FEXT A2 I R R A IR e, R
[l Z MRS . AR BRI/ NG T T RE
ARALRER , AR ZE DI LR P LA 4 ThT Al 4 O
FRRAAE , RIS T ARSI IN A AP . RT-DETRAEAY
{# FResNet 1 8281 T 22 KRB ARSI, HA% 4R
% 22 WK IR B 254 5 S BURZ DS B bR B ARAE
15 BAETZ T2 T 390 b R v Bl ) 559 5 25 2 O P B v )2
UG RBIR I T Z GRS B

FAEREST, HFIDCNv2 CABLHOA M = TAHFIE 4R
B, ST B bR R 2 AT (5 B R E

DA T Al AT B M4 (DCN), B2
i AT AR R | it 0 — 1 DL K Hardswishiid pREL
FIRL o SR T 2D G0 A] AR TP A5 R 22 X 28 X 28
Ji] Sz 7 I I BE 1, ZHUZEROE H A DCNVS |
AT WRAIHLER], ZAUHE B A2 ) 2 RS S
FRIETASIAR, IDCNV2EEHARER 2 5]
WBRFE S IO B IR, B RAERIE IR (EET T
TNAL, ST ()7 6] [ 35 N RE ) 0 25



120 W RS Al K2 2= i (B 2R B I http://xb.hunau.edu.cn

20254 8 H

HIRDCNV2E U R AE — E PR JE Ry T8
RO R AR E AR AE ST, (HDCNv2AE B
AU 1ML ST R A BOR A JRT 27 > i 7% 2 A il
brie o O T RE ST R R Al A B R 2
B AL ARG, A RCE S IE IR,
CAREEHORFAADCNv2 F A5 a5 AR B, 15321

Concat + Conv2d
BatchNorm + Non-linear

i ANFFAERR

DCNv2_ CAREH il 5 | ACAREHNT 2% Hh 4T3
HrRIREAE SR R T Ak, AR b R R R gk
i, DU ST R B rE B IR i o &
5 B 4R, InsEAr RN ZE , HFDCNv2ARH
RE S G R U 2% HARAOARFAE , 45t s A ARG I (1 v
Witk PEE FIDCNV2 CAREREEF A3 R

O

i AR 1]

[El3 DCNv2_CA#EREEH
Fig.3 DCNv2_CA module structure

1.2.2 3| AHiLoix & H#u4]

FEREI T R E 2GR B AT 55 R, 7
MR BB 2R, XS E A . RAIL
B 5 FRER I ZREAL R IIE I 1R iy &2 2k . 78
RT-DETR A% B iy ATFIAE e v il B T 2 Sk iE )
(Multihead Attention)/Lii|, {H7EH %M Fri & 2!
R A 2 i) B bRk AT 45, HaHERE IR 2
FARIPRE AT . I, K ATFIBCE 335 L
B nl T HiLotE & ML, HiLod: = ALk A0 $E
TR AR T (H-Fi) VAR 5 07 (Lo-Fi), AT LA[R]ES
X H bR B ARSI S R T AR $E o A A v e
EAEip el a1y S A = B Y SRR O i)
JRIERANTT , ISR s M5 B i 2R a5,
PUESELIE RN

1.2.3  FIAGDHLA
RT-DETRTECCFM FP A HES T {7 B A% 5 22 il 75 58
., AR E G B B o
RUE RS AT, JoA RS A M R E R
BB B, TS TR AR b RE . A
I, 51 A WANG % 23148 H (1) GD MLl > 5 #4384~
CCFMHNES JZRE T4, Il 455 A R 2 I
Ik, AT DAHE A MR B AR 0 A5 BT SUE

=

U R

B, TR i B AR, el
SRS I Y

H B A E O A R, DA A
HERATE

GDALH 224 3 BEHE . FAMBRAE X 5515
He | IFMA5 B RS | Inject(s BEARE, Hid,
FAMSIFMA THHAER G, FAMBEH G 53 R A A
RN, IFMASH 7 T B SRR AR
WA R E R . Inject Tk, TDMA R4
R R FIEAIS, GDHLH RS WLIE 2,

1.3 RWPBEREMERFFERATIL

RT-DETRAEY 22 iy = TARESRIUN LS . =3l
TR A AR AT A3 46 B T 000 3k 1) e A 310 4044
Ao AMFSE BB SRR G 2R oA T T e
T, N HR AR A e R DG RAIE Y
PEMRE 1, PRI T B4 B BIA T
DCNv2_CARH, HR, fifi FIHILovE B AL
TR RBOR A g2 v R N RRIE Al B i 2 3k
FEIMG . 5, #FHGDHL AR 2
RGN . B4R T TR A [ B R AR B2 BURD
AFRIRAE R o AEARDOHR E U R, B
2 B BORFE SR U 2B N, A RUERSZ B 25 i
K, XA B FRANHRE 2R E T XER

=

i



551858 4 4]

FIFIS  JLT UG RT-DETR 09375 M F- i 25461 121

T 4 DRI B AHE R

CCFM #5 FREAE Rl & B B 1A AR AIE 1]

ATFI 8 R ]

El4  HMERAHER AL IR A HHIEE

Fig.4 Feature maps of feature extraction and processing in each stage

1.4 RIGIMER B Fi 2 0% B RITEN1aFR

BRI 2R A E S8 — IR 45 T 347 .
GPU N RTX4090(24GB), CPU A 12vCPU Intel(R)-
Xeon(R)Platinum 8352V CPU, 2.10 GHz. 3X{F¥5
7 Ubuntu20.04.4LTS(x84 64)64 i #: {F & 42 F
Python3.8.10 . PyTorch1.11.0 I J& 2% >J #E 28 LA %
CUDAI113fATIHAHESE,

RIS kAR B (epochs) B B 1007k, Hit
7 RSF (batchsize) 5 & 16, RS (work) M4, #]
H2r ) H(1r0) B B R0.01, ik (Optimizer) H Adam.

AWgE, SRAMERSE . HRIE . SPIAEEE
VI B BHEAE A PN R R

2 BREWIESSHh
21 HRhikie

SR FH T 30 510 U P A R T A ) 245 A 7Y
PERESEF AR, ISR RS R NFE TR
RG22 7E T HRIBUN 4 P A DCNV2 CARLH, F
WERA A . A [R]FSFIF- HRG BE BB B0 109 43 514
KT1.7. 0.8F1.8 1A, XKLL BE
WS I 28 ARAIE B AR ) 5 1IR3 7E I g2 i BLAih |
51 AHiLo¥E 5= AL A 2 45 ATFIAC e rh i 42 5 )

BUH, MR TIRE2, ARSI TR bR B34 B
T, X R IIHILoTE R S LTI FE ATFTELHR (115 B Ak
PR AR S 2o R e S AR L, B TR
K ERE ; R I47E I3 LA [, TERIRIES R
A AR e (i FH GD AL A B8 A AT (9 RE AT Al 15
gy, HMERGR . 3 EEORAE ERE G  3 11
SRRE T2.5, 2.2F2.90 A S,
RIGARIHERGE . 7 BRI H0RS BE A0 2 T 48 5
154,39, 5.61HD A, RUNXSGHRIE AR
HAGR TRAIERL A, (BRI AT DL 4 i vERR Hu i ) H
b, PERAAIMERE. R LA RTA, ek ER
SR T AR A E AR RS R, B0 TE T A
WFFE 4R R S ik A A5k

ASEHRLRG U ) T AL 25 SR (B S) RT LA Y, 7RG
IR RS2 AL SR T I A, SRR RT-DETRAS
RUp BT BN P E IR O, B R R R
AR W S R, 30 T A AR (it
RT-DETR) AR IR A, BEASHI =2 Fif A 75 220 g%
ARSI BE 5 A I At A I g A
H, UGHFRT-DETREEA B = B . XU A
WFE R 2 B el g RT-DE TR 1 %) 4 49 i i 2
A BRI

F1 HAAEER

Table 1 Results of ablation test %
X SR , -
IG5 DCNv2 CA Hilo GD H#EffiR X [y AT R T SRR REE
1 x x x 854 856 80.1 91.3 84.7 952 87.8
2 y x x 87.1 86.4 82.9 92.4 86.3 96.7 89.6
3 y J x 88.3 87.3 83.4 94.1 87.4 972 90.5
4 y J J 90.8 89.5 85.6 97.8 90.6 99.5 93.4

 NFRMZSEE, < FR AL



122 RS A K225 4 (H 8B4 RR) hitp:/xb.hunau.edu.cn 2025 4E 8 H

RT-DETR+
DCNv2_CA |

RT-DETR+ | o
DCNv2_CA+ |4
HiLo

ik RT-DETR

A

ES5 AR EEFRENBRITEE

Fig.5 Comparison of actual detection effect of improved algorithms

AR A AR A i T L (El6) T LU i
FEXT SR BRIZG FIAK -5 ARG v, EARTR] AR BRE TS
£, BFRT-DETRIETY LT 6 XS s A rh, Hill
SRR AEXT R A AR AR A
AELEXT A/ 5 P IRAT TG 0, T el S B R AR R )
I 2R AR s FEXHERRE T e, G
JE BRI 2T X IR i

RIS A SR fdEnt
E6 ARIRERBIAAE
Fig.6 Heatmaps before and after improvement
2.2 AEEEXLIRIE

J T E— AR UF U RT-DETR IR B4 5,
¥ H 5 EfficientDet-D124 | YOLOvS5. YOLOv7!25,

YOLOV7-tiny 1 YOLOvS %528 i 3= i H ArAG AR A
PEAT S AR B (FE A R AN 2R ER 5 JH IRl — %o b
YIZR), 5 FA403 2 Wi/ o 3 2 Al 1. ik RT-DETR
BRI RE62E . A3 [] ST S4B 3y o At B
P, XU ARG R e RIS et
RT-DETR #5228 XF 4 2 1t - S Al 7 -S40 3%
HikF| T 93.4%, 5 EfficientDet-D1 ZAH, 2k
it RT-DETR HEIARG 5 . A [ RIT-SA
SYRIRE T 7.3, 47 F 72 DNEE; WAHET
YOLOV5, YOLOV7., YOLOV7-tiny, YOLOVS &
YOLO ZAIAHE!, it RT-DETR 7E-F-HK 1Y
AR T 5.6, 5.0, 54, 3.2 NASA. X
VLAHEHE RT-DETR BEA LR X 428 1 5 2 A AGs)
H ELA B R MR
#2 AEEEILIRBIIEER
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