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network with fusion attention mechanism
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Abstract: In addressing the issue of debris flow disaster assessment, this paper proposes a novel lightweight convolutional
neural network model, the Dual-Channel Fusion Attention Mechanism Network (DCFAMNet), designed to rapidly identifying

the susceptibility of gully-type debris flows. The main contributions of this paper are as follows: Firstly, based on historical
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debris flow records and using Digital Elevation Maps (DEMs) and remote sensing images as data sources, a dual-channel
network structure is designed as the basic technical framework. Within the DEM image feature extraction channel, a channel
attention mechanism is introduced to emphasize the channel weights of the image features, while in the remote sensing image
feature extraction channel, 3D convolutional blocks are employed to extract the surface information of the gullies. In the feature
fusion stage, depthwise separable convolutions are used to facilitate more interaction of feature information. Secondly, the
susceptibility prediction of potential threats gullies in the related basins is made, and susceptibility maps of debris flow disasters
are generated. Finally, DCFAMNet visualizes the extracted deep features such as gully slope, curvature, and slope orientation.
Experimental results indicate that, by integrating the DCFAMNet with GIS technology, the identification rate for debris flow
gullies can reach up to 80%, with an AUC value of 0.75, indicating good performance. The best parameters of the model are
retained for assessing the susceptbility scores of the relevant gullies. Through visualization analysis in ArcGIS, the debris flow
disaster risk is categorized into five assessment levels. It is determined that the extremely high susceptibility and high
susceptibility zones for debris flows are primarily distributed in the mainstream of the Dulong River in Gongshan County and
the mainstream of the Nujiang River in Fugong County, while Lanping County is relatively safe. The findings of this research

can provide valuable insights and foundations for the prevention and mitigation of debris flow disasters in mountainous regions.

Keywords: convolutional neural network; debris flow;

susceptibility assessment
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Fig. 1 Nujiang Lisu autonomous prefecture regional map
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FA T IR AE T R AR S AR, LR A A2 AL

PEREFITR BIRCR
3.1.2  RIAIPERE

AFRAF 25 T BT T I 28 5 = Al H UL 25 7E AN
() A 300 43 T RO Ve A TV A IR A R . O TR
TR0 B AR L U1 2 4R 0% 0] 43 X6 D 5 2R 1 52
DA A2 S5 df 0 300 23 e ), B A iR e S 400 I
— B, A5 R 10 YO 45 R AR e SR 1R B, A5 R I
# 4, Test2-acc K 2 7 B PN AEH 2, Test6-acc N 6 43
FEHGIERR %

F4a4 ARER
Table 4 Summary of experimental results
(90 = 10) B (80 = 20) g (70 = 30)

Test2-acc Test6-acc Test2-acc Test6-acc Test2-acc Test6-acc

DCFAMNet 80%=+4% 76%+4% 68%+5% 64%+5% 62%+5% 60%+5%
ResNet182 76%%3% 70%+3% 64%+3% 64%+3% 57%+5% 57%+5%
ResNet34 78%+5% 71%+3% 69%=+a>% 65%+5% 60%+5% 58%+5%
ShuffleNet?! 72%+6% 70%+6% 60%-+8% 56%-+8% 55%+6% 51%=+6%
SENet? 78%+4% 65%+4% 62%+4% 54%-+4% 54%+5% 48%+5%

1 : DCFAMNet 52 i F 5 FUp 22 [0 26— R A3 25 3 AL 1% XSG 18 9 2% ( Dual-Channel Fusion Attention Mechanism Network ), ResNet#§ [% 45 #5571
Residual Network, ShuffleNet}§ 45 1% % ShufleNet Volution, SENetf§ M 25 IS queeze-and-Excitation Network .

PR RS RN 5 s, BSR5h 2. 6 1Y

Fabr ik 2. 6 2RI 2

&5 RBIMERE

Table 5 Summary of model performance

Precision-2 Recall-2 Fl-score-2 Kappa-2 Precision-6 Recall-6
DCFAMNet 0.75 0.85 0.79 0.59 0.75 0.75
ResNet18 0.68 0.79 0.73 0.43 0.66 0.68
ResNet34 0.68 0.85 0.78 0.58 0.68 0.74
ShuffleNet 0.80 0.69 0.79 0.45 0.78 0.65
SENet 0.69 0.83 0.78 0.56 0.65 0.73

M 4 LUK 5 iR 86 45 5 K B, DCFAMNet ()
FHARH O, A3 BRI Te A A N RE T, E B
TASSCHE IR B S . DCFAMNet AMURBLT
LA e v R, BB T B 1 A [ R, 80% (1 i
iff 23 R B TR G 2 A5 T A T8 A T P ) 4 A e 1) 26 031
REJT, A BRAR T X R AERA WIEA I HESYE, 2 5>
FEA K 6 432 43 [l R AR R 51, 2 WA Y GEAR U 1
B B A VA TR A I A BARRAE o AR T At I 45 2
4, 11 ResNet34, SeNet 55 HA7 5 R 1) X 45 2 B A5,
DCFAMNet i 2 5 it FITT R R /DN, (H2H H A
T BRI K T BB 2 PR Ay sk 4 ) 246 22 40 ast
W, K5 BTG . 53— 07 T R BB R AR SO
() DCFAMNet A W32 [ 254, BER% 43 B $2 L DEM &%

S I R SRR ) ST T RRIE A B I ELR SR P 1
AR JE Rl 58 T, 33 (A5 R 760 A8 B 40y by 1 30) S 4k 1 S
JEREAE, DA TR A 0 78 28 A B 4 8 T 2K

SR 5ok H ROC M2k (18] 4) S ik ir A A A 432
BOR, AN M . AZIERFEAR LLBSEm . AUC ER
WA AR, & ROC e F iy, HAEA T 0.1 fl 1 2
(], T LA B A AN 53 225 10 5 SR 0 B, 00 R A
TS SR, BEALRI 23 109% B8 A7 9 4 3 B s L 5630F,
PR & A Ve A VA A T BN IE A AR AR, R R
R R PR AT I VA T TE AR A REAS . #5178 DCFAMNet
1) AUCH K 0.75, PEREH AT, 13 W] L) DCFAMNet A PF
PR AY B e A1 I 2 K MEDE A RE A 95 B S R e A T 1Y
OYARAE O, BERE FH T840 i 9 T PEA



2025 4 BEA, A5 BG T E ALE B XU 2% SRR B i 5 R PRV T R 163 -

12¢ 3.2 JHAlE
ol 321 YA ERIE IR
R T 2 AR AR A R A AT R, K
0.8 N e NI N
. YR B A T8 S B B 3 AL L 3D B AR BRE AT
E 0.6 SRS . HAP BRI (D E X NEA
0.4+ N
ResNetl8 (A4UC=0.72) Net; (2)1E basic Net B FEAl = A T ECA & 1Al
—— ResNet34 (AUC=0.70)
02} —e— ShuffleNet ( AUC=0.56) i, fH A Ff 3DCNN F1 DepSep Conv; (3)7E basic Net
» SeNet (AUC=0.63) N, N
I - SEHLH (A0C~0.50) f9 36l 131 A 3DCNN, fH AR fiI A ECA T 2 1 HL#I LA
0 02 04 06 08 10 12 M DepSep Conv; (4)7E basic Net 3£ 4 5] A DepSep
BB Conv, fHA NN A ECA i & 1 #L#I LA K& 3DCNN; (5)1E
4 ROC HiZ:[E basic Net [ FERE 5] A ECA 172 S8 . DepSep Conv
Fig.4 ROC curve 11 3DCNN, Bl DCFAMNet., X545 F41% 6 iR .
Fo6 HALKER
Table 6 Pertubation experiment results
precision recall Fl-score kappa Test2-acc Test6-acc
basic Net 0.66 0.50 0.59 0.40 65%+5% 60%+5%
with ECA 0.75 0.81 0.74 0.50 75%+4% 70%+4%
with 3DCNN 0.66 0.55 0.60 0.45 72%+5% 68%+5%
with DepSep 0.72 0.71 0.75 0.48 71%+3% 71%+3%
DCFAMNet 0.75 0.85 0.79 0.59 80%+4% 76%+4%

: basic Net M HEAil 45457, ECAZ 7R Efficient Channel Attention, 3DCNN y3D#:FH, DepSep i # 1, DCFAMNet b 45 B 22 [ 26—l A
= SIHLHI Y BGHE i 4% (Dual-Channel Fusion Attention Mechanism Network) .

i R, FATT UL B, TG BRI E ECA 4 R4
FERIHLE . 3D BB, I 2 M B VR AT 5 2 4 B
b K e B L e 4.1 JHHEG R
U, A S URIE RGP, S BOR L AL TR0 77 10 B HE 0 5 MOt T M X 672
FHEE UG TRZ M ARAE . 10 23 7™ F1 B IGASE 8 1) 1 SR 5 R PETE A Rt 5 P A
A B B A, LRI
S BB TR e PR T A SR W S I B I F T MRSy R 5 ARG, e
o R o RS RIX[0,0.097 7], K5 % X[0.097 7, 0275 3], th 5
P, AR ENE B A ARk, A e SR 5E . e .
e s et K 1X[0.2753,0.519 1], %) & X[0.519 1, 0.810 4], =
T N, FEAERLE TR L R v, T LR A R 5B IK (08104, 1], Soofr, BeI 5 A K 334 4. (L5 %
AR 22 18] A A ELAE AR, AR B A RCR K 76 % .E] 7;le 6;’ %; ﬁ’% 7)212 5 z}‘ mﬁ%’ﬁ‘g 4
Ve NI R RN 1H] RN =)
322 ERHURR Ak i S, 1 ArcGIS Bl 2 B T MU 13 7 5 % T
5 T HIE ECA {FEIHLHIARLE, ¥ 3DCNN G 5. BE K LT R
AL 0] 53 B2 BUA H K694 basic Net, JFHf ECA. ’ 57 EEHBELEE
SE. CBAM gz:lﬁj%ﬂ%{f%ﬁjjmﬂﬁ/\”ﬁ‘*ﬁﬁ?lﬁ Table 7 Comparison results of attention models
SIRXT . AR 7 SR TN, 2RI S BN AR

. s ) N =Wy ki Test2-acc Test6-acc
R, AT 2Eml I 4% basic Net, A FE = HWLEIGE, & bcio Net P — e —
FEFY AR R B2 . BRI A ECA 3 1Al With SE 76%3% T20%3%
il J5, AT U P e e, X — G R — AR T With CBAM 78%6+5% 75%+5%
ECA YE & LR B A Rk . R, 75 % 1 3 8K 7 2 With ECA S0 709

E: basic Net LAl 25457, SEFR /R Squeeze-and-Excitation,
PR SR Y IO, PN =) IS = .
ELJ E"] GV jj *ﬂfrﬁ“ Xﬁ*ﬁﬂ Iﬁk He E/:J %ﬁ [][’ﬁj ﬂ Hbﬁﬁ%ﬁ‘ ’ Y:E* CBAMZ: 75 Convolutional Block Attention Module, ECAZé/REfficient

I P AR B LV B AT R B AR AL Channel Atention,
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Fig. 6 Relationship between disaster susceptibility levels and common geological factors
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Table 8 Geomorphic conditions and provenance conditions

USRS IR S A BRI iRy A
FIK B km 10.300 7.824 24.342
THFYkm? 16.260 16.450 87.174
re 2% /km 1.386 2.426 2.590
B H 0.130 0.310 0.106
PRI/ (°) 16.170 21.200 12.160
MeltonF54 0.340 0.598 0.277
L RURAETG 4 G175 P £ TR+ FTEYEN iﬁgggﬁgﬁﬁiﬁﬁﬁgﬁﬁﬁ@@i
W2 Md . THCE . 22008 . {6{5@"%\ W, RRE. ff)iz-”i\ufﬁz”%\ i KA A s THCE . 6’)% FRIEaN
AR A AR R R REN Ak KAWHE. TUE. ARA . KA s
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