- 2 ISy
%308 %6 m Z B B X ZF F K Vol. 30 No. 6
2025 4E 11 H JOURNAL OF XI'AN UNIVERSITY OF POSTS AND TELECOMMUNICATIONS Nov. 2025

doi:10. 13682/j. issn. 2095-6533. 2025. 06. 013
T [a] & B IR 7l B B AN AE R & WAL X 2%

ZRMIRT L H
(1. HEMERF BREESFEEIRFR KA B 7101215
2. BETALELAUARHRALAELZRE, LB ®£ 710121
OB B S ) A 28 S T RDE BT ™ E AR AR 43 A AN 249 467 S ) 0, B s — Al 1) 3 dOR Y A
AMRFAE Rl LI P 265 . 32 ) 45 205 5 A5 TR 48 T 2% 14 J) 0 R N i 7 55 Mlamba AR (1) 2 J5) d AR BE ) il AR OJF R & &
MEMG AR5 REER . &ITE R Z RBERAR Y, 8 4 4 )2 WAL 6 TR IR i 2 ROBE EHMGURRAE O 2% T 4815
5 T TR R s 18 5 R AN {5 8 PO B S 8 B2 Mamba BB, A 25 25 35 BV T E L 5F UG B X b &R 2
W ET 0 VO E E J7 IA Rl A R 38 A 28 SO R ML S8 B4 R R R BB R AE 1 B O N A2 TR AL #E— 2B 4R THE
MERIR M HERTE . e Al I A 15 O pR A OF R AR AR 2R S A S . S 4 SR R L 3% N 4% AR R R AR
B4 TP102 F i iR A 3] 71,1994, 78 DO B4 R MRy 99. 36 %0, BEAIE A AR I F dufh 2 .
KR F ARG Mamba; 2 ROBERHIE$& B RRAE ARG 5 1 3 AL
HE4SHES: TP18;S435 XERERE: A XEHS: 2095-6533(2025)06-0113-10

A dual-stream network with complementary feature
fusion for pest identification
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Abstract: To address the challenges of small inter-class differences in pest details, severe field
background interference, and imbalanced sample distribution, a complementary feature fusion du-
al-stream network for pest recognition is proposed. This network combines the local perception
capability of convolutional neural networks with the global modeling ability of the Mamba model,
capturing and integrating the global and local information of pest images. A hierarchical multi-
scale perception module is designed to extract multi-scale image features through grouped hierar-
chical convolution and enhance pest detail information with a detail enhancement perception strat-
egy. An adaptive focusing Mamba module is designed to locate key pest regions using dynamic
convolution operators and reduce complex background interference. Additionally, an attention-
weighted fusion module is designed to achieve adaptive interaction and optimization of global and
local features through a cross-attention mechanism, further improving the accuracy of semantic
expression. A balanced loss function is constructed to mitigate the effects of class imbalance in
the dataset. The experimental results show that the network achieves an accuracy of 71.19% on
the large-scale pest dataset IP102, and an accuracy of 99. 36 % on the DO dataset, demonstrating

its ability to effectively identify pest species.
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FHLE . CFFDS-Net By 82 5 T 21. 69 1~ H &
S [R5 oAl CNIN 25 A L, CFFDS-Net ) i
ZA L 2. 79~ 11, 97 M E A ERET
Transformer F1 Mamba ) W 2% &7, 41 kb SwinViT Fi
Vmamba, CFFDS-Net f{ #i #1 ZR 4r H 32 5 0. 99 N F
S3 R F 4. 78 A 43 4, R W] CEFFDS-Net 754 £2 22 B
BURHIE ORI B e B e 5 OB B SL M 4%
VRENet # ., CFFDS-Net 32 3 4 i 2 ) %, 3 8]
CFFDS-Net BE&% 5 g &b £2 WO @il & BFNFRAE .
25 BT IR e R T e BB AR TP102 Y SE 5
45 ] FK W] ,CFFDS-Net B 7E 00 % 228 H UM T4k
5 5 5T A RO U AT DX 20 A [R) ) 3 AR,
JRE I T B MR RS I A T RE
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Y B 40 b P Al CFFDS-Net (#4146 . {4
DO ¥ S5 dE AT 4 HE 5286 25 SRk 3 s, ik 3
KOs w] A, A BERUAE DO BOHE 4R 1 iR BIRg B 1y
i HEEF Transformer By M 2% 78 DO ¥ §i5 45 L
FKIAAME, X & A Transformer 38 # 77 2K i 4L
R 70 43 il B R 2 2] BOHE 0 B 2% R AR R B
AL Z T, CFFDS-Net £ DO #4858 F 3158 T
99. 36 %0 [ HEA % A T T A AL, R W] CFFDS-Net
AALAE R I F 4 1 2 & n R 3 RE . e 5
(50 H 45 bt R B T 3 K iz AL e RE .

R3 FEAMEKLE DO #iEE LAY ERERTLE

B WERSR/ %0 BRISR/ % FLopEY % MRS g/ M

VRFNet 99.12 99.12 99.13 -
ResNet-50 97. 20 94. 80 96. 00 23.70
MobilentV3 97.77 97. 34 97. 30 4. 30
EfficientNet-B7 ~ 96. 20 95. 20 95.70 64.70
ConvNeXt 97. 10 94. 00 95. 50 27.90
ViT 95. 20 93. 60 94. 40 49. 30
SwinViT 97. 60 96. 80 97. 30 87.70
GAEnsemble 98. 81 98. 81 98. 81 —
SAEnsemble 98. 50 — — —
Vmamba 98.09 97.51 97.87 30. 00
ViM 97.07 96. 71 96. 95 26.00
VRFNet 99.12 99.12 99.13 -
CFFDS-Net 99. 36 99. 28 99. 27 29. 22

3.5 HEXR

1 Bl 7E CFFDS-Net Hr iy 56 5 452 g CHP
HMSP #i 5t | AF-Mamba #5 5t f1 AWF 530 DL K
WA 400 5% BRB Lo 75 35 TR 3] I 2% v i) A 2801k o R
T IP102 K i A EAT I Rl S 3. Se g, I 22 X
T % R A S X L FE 2R, Z A Lo AU 38 X
TR K BRE s LS IE Lo YA RUPE . 7E#E 17 34 X
o 2% 1) 55 T T il S B I Dl B AWE A8 B i) A A%
PE e T 17 B0 A AR AE AR I 484 A AWTE Bl &
HMSP # e f1 AF-Mamba #5 e 82 TR RRAE . T8 fl
TIGAE IR 4 TR,

F4 IPIHEBELHNEMIBER

M4  HMSP AF-Mamba AWF Lpq WEBGZE/ % F1 4350/ %

LV 53 N X X X 64.51 59.53
X J X X 66.94 65.13

J X X J  65.73 61.17

X J X J  67.45 65.76

W3 N N X X 68. 57 67.28
J J J X 70.32 69. 56

N N X J 69.43 69.17

CFFDS-Net </ J J J 7119 71.08

HI e 4 Al 8 B0 S 45 (T Al S 86 R, 5 5
SRR R RO L AE 8 Lo J5 - HMSP #5814 1
B FL 800 42 8 T 122 AN EH 40 5 A 1. 64 A4
A 43 4 s AF-Mamba #5534 e i 5 F1 F1 230 505 5
PR 0,51 ANE 43 SR 0. 63 AT 4 L BB Lo RE
B A A0 fi < E TR AR 1) 28 ) AS ST i ] T, A 455 4
TET W28 % #4328 50 i U B . FE B4 S I 4%
F I Fb S 59 o, B G “HMSP + AF-Mamba + $#4iE
FIN” AR AN 58 3% 1) CFFDS-Net 4 20, (HAH L T
By S AT A — 5 1 M AR EE T X U BT HMSP 1
AF-Mamba 5 78 557 i $2 BUA 675 % 2 Oy 1l A
HAME, H A T “HMSP + AF-Mamba + F§1E
AN, “HMSP+ AF-Mamba -+ AWF ” X 4% 1) 1 i %
FFL 438050 38 T 175 AN E 3 s 2. 28 SH 4
S AT W AWF BEHCRE 6% 78 43 F FH JR 38 RR AL A
4 JRy R AE 22 18] 19 R PG B o 385 5 T I 4% 6 R AIE 1 A
WIRE 1. B J5 . “HMSP + AF-Mamba + AWF +
Lo " UERR IR F] 71.19% . F1 080K 3] 71.08% .
SEHE M 45 CEFDS-Net U5 T S5 o g 156 BH 45 5 He
Z IR HAT R B
3.6 4FMERTARAL 4T

H T EWE I CFFDS-Net 4 2501E I B0 2
RZ AWF Bl Fr 75 5 AMRRAE 3% X6 55 H g Jk
HIFE ST R Grad-CAM" i R X TP102 $i 4 4 o
(A HU AR AT T AT AL S B, W Rl 6 T
H & 6 AT LA 5 H A K 25 4 L . CFFDS-Net &
L H bR DCIE A7 008 BE R DG TE B O TR B B
FFH, BRI E . CFFDS-Net fg 4 K i 5% ££ H b5
X I 6 1 By, DLAS AT P g 5E T O
Restnet-50, EfficientNet 4 ® 2% %) [ A JR) & o2 1,
{H CFFDS-Net [ 28 06 E g 58 4 3 35 3% duiy ¢
SR L I LT B B il AR AT SE AN  E R
JLW . CFFDS-Net fEREWS A M 35 5 T4, #ildn
TESE AT & A 2 21 5 EokF LR b, CFFDS-
Net [ 3006 DX 3 58 %% WG A 35 HOAS O i G Ath 485 784 (1Y
VO DX R A B S T R E R AR B
A, CFFDS-Net 75 A /] F B 2SR | 9 o B —
S0 H AR 6 X 3 R — oM B T R TR A R [
R BT S5 A 0 s Bz AL RE T B IR T L
FEZ AR AR O 7 5 b ) ol B RS e IR, 25 B BT
&, CFFDS-Net 7 {0 BE 15 5% 40 A H AR 40755
KT R B W UL Wk 1 TR F AU
55 v 1 1 e i
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(a) IR & &

(b) Restnet-50 (c) EfficientNet

(d) Mobilent-V3 (e) ViT

(f) SwinViT (g) CFFDS-Net

E6 HOEREFARAME LMATRLER

4 i

B FL S A S 5 b T HCPUAT: 55 10 i 9 28
() 55 2 57 /0N L HF S5 T 0™ E R 0 A A Y- 1 )
PR eI T B AL A XU M 45 CEFDS-Net 52
BUX R BB ME R IR G . A HMSP BB Al
AF-Mamba 554l 3 J5y 5 40 45 5 A R4 J5y 78 SCHE
il JE S AWE BB 2l 25 Rl A A S PR AL » 16 5 4
SR ITE SCRALRE I A0 SRS L. MY
A % bR RO B 38 IV 9 o A5 0] A AL TR L 0 5 0 2%
X AR R ARG T 2B E TN
TR (1 [10) 50 DT 442 T 17 X 8% o 28 531 4 A S 35 4 550 4
LRI IMERE . YRS R KW, CFFDS-Net fiEf8 47
ORI R B BETH A AR 3 X B R R 485 )
BIRGEERZ AL RE TR ) T B AR . Rk TARH
HE— P RR AR B B 2% Bt LS BUTE RS Bl ik
#r LR B O R RE AL A I O Ol
HAR M A ) B HOR SCHE
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