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Abstract: Objective Hyperspectral Image (HSI) classification is critical in remote sensing and widely used in land cover
monitoring, agricultural survey, and urban planning. Mamba-based models have been increasingly applied in HSI classifi-
cation due to their advantages in linear computational complexity and long-range dependency modeling. However, existing
Mamba-based methods suffer from insufficient spatial information utilization and unreasonable spatial-spectral feature
fusion, which leads to spatial information erosion and feature submergence, thereby limiting classification accuracy and
efficiency. In this context, this study proposes a spatial information enhancement-based method, named SE-Mamba (Spa-
tial Enhancement-Mamba) , to improve classification accuracy and efficiency through effective integration of spatial and
spectral information. Method SE-Mamba incorporates two key designs focusing on the effective introduction and reasonable
fusion of spatial information. First, a full-process spatial information enhancement mechanism is constructed, consisting of
a front-end Spatial Enhancement Feature Extractor (SEFE) and a back-end High-Order Feature Refinement (HFR) mod-
ule. Before the features are serialized and processed, SEFE explicitly encodes local structural priors and geometric depen-
dencies into the feature map to alleviate the spatial information loss caused by Mamba serialization; HFR restores fine-
grained geometric structures through high-order interaction and dual gate control enhancement mechanisms. Second, a
rational spatial-spectral fusion architecture, namely the Spatial Spectral Collaborative Module (SSCM) , is designed,
which includes a Spatial-Spectral Fusion Module (SSFM). The SSCM decouples spatial and spectral features into two sepa-
rate branches to strengthen the independent representation of heterogeneous features, while the SSFM adopts a "calibration-
first, then-fusion" strategy to achieve in-depth integration through cross-guidance and adaptive weight allocation, thereby
avoiding spatial information erosion. For experimental verification, four representative hyperspectral datasets (HanChuan,
HongHu, Houston, PaviaU) covering agricultural and urban scenes are used to evaluate the model’s performance and
robustness. Key evaluation indicators include Overall Accuracy (OA), Average Accuracy (AA), and Kappa coefficient.
The ablation experiment compared the performance of using SEFE, HFR, and SSCM separately on the baseline model , and
analyzed the role of the proposed modules themselves, the synergy between each module, and the coupling effect of the
internal sub modules of SSCM by removing the SEFE, HFR, and SSCM modules from the complete framework. Computa-
tional complexity, parameter size, and inference speed are also evaluated to assess the model’s efficiency. Results Experi-
mental results on the four representative datasets (HanChuan, HongHu, Houston, and PaviaU) demonstrate that SE-
Mamba achieves the best Overall Accuracy (OA) and Average Accuracy (AA) , with its Kappa coefficient also reaching a
level comparable to the state-of-the-art methods. Specifically, SE-Mamba attains an average OA of 96. 07% across the four
datasets, surpassing the benchmark model MambaHSI by 2. 32%. In terms of efficiency, the computational complexity and
parameter size of SE-Mamba are comparable to those of mainstream methods, while its inference speed is superior to that of
some comparison models, achieving a good balance between classification accuracy and computational efficiency. Ablation
experiments verify the effectiveness of each core module in spatial feature representation. Compared with existing Mamba-
based methods (e. g. , MambaHSI), SE-Mamba effectively addresses spatial information erosion and feature submergence
through spatial enhancement and optimized fusion, while preserving Mamba's linear computational advantage. Compared
with traditional CNN/Transformer-based methods, SE-Mamba combines state space modeling with spatial enhancement,
achieving more stable performance in complex scenes. Conclusions Experiments verify that the combination of explicit spa-
tial enhancement and state space modeling is effective, and the two core strategies of SE-Mamba synergistically alleviate
spatial information erosion and feature submergence. By strengthening spatial feature extraction and optimizing spatial-
spectral fusion, SE-Mamba maintains stable and efficient classification performance on complex agricultural, urban, and
multi-category HSI datasets, achieving improved classification accuracy and efficiency. SE-Mamba provides a novel
approach for HSI classification and serves as a reference for state space-based remote sensing image processing, offering
technical support for land cover monitoring and agricultural survey. Future work could consider designing adaptive scan-
ning mechanisms and introducing transfer learning to enhance the model’s adaptability to complex scenarios and cross
regional generalization ability, and promote its practical application on portable devices through lightweight design. The
dataset and code related to this article have been shared [ DOT: 10. 57760/scientificdb. 700240. 00182].
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6 145 J B 7R , SE-Mamba 4 H MambaHSI A1
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(a) tHEK
Co chart of spectral reflectance of different categories
M
— C2
¥ —: G3
c4
— s 6631 18649 2099
” Ccé6
§ e’ O
g — c8 Trees Bare soil
— o
3064 1345 5029
b 1330 3682 947

3 @
Spectral band number

() IR TG RAE A B F 10 (d) SRR AR
st

((a) Pseudo color image; (b) Label map; (c¢) Examples of different land cover categories and reflectance at different frequency

bands; (d) Land cover categories and their sample sizes)
& 2. PaviaU%ifs4E
Fig. 2 PaviaU dataset

(a) fHRH (h) HAH
Comparison chart of spectral reflectance of different categories
gggggg - Sorghum
—C1
:
— Cc3
ca
G5 ‘Watermelon
o0 c6
=
3 — C8
o — C9
c10
— C12
—C13
— Cl14
—€15
Spectral band number ci6
(c) A [AHPI S 7R 9] LA B AEAN R B R Y (d) 250 B HAE A

TR

((a) Pseudo color image; (b) Label map; (c) Examples of different land cover categories and reflectance at different frequency

bands; (d) Land cover categories and their sample sizes )
& 3 HanChuan $UHE4E
Fig. 3 HanChuan dataset

S2Mamba,, 53245 5% A [] J5 DX 3B SF- 14, AR MR 7 T 3 W 235 K6 S B P, SSCM RE A4 3 4 Jmy 2 ] - i 1)
239 /0, 1F Meadows . Bare soil 25 a7 FR X Il &% 5 5 K AR R, A SUZ 23 [l BAR DRI AIE W 1%

o RS E VA R K], SE-Mamba BEEAFHIPR [ A
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(a) fHRH (b)  FEK

Comparison chart of spectral reflectance of different categories

10 category
=Gl — C12
C2 p— L1
— S — C14
08 ca —as Cotion g
——:C5 ~— C16
Cé c17 14041 3512 21821 163285 6218
— 7 — C18
gos c8 c19 Cabbase
s e " c20
g - 10 — 21
5 — €11 — €22 24103 4054 10819 12394 11015 8954
o4
Romaine
lettuce
N el 7336
‘White radish Garlic sprout Tree
00
T 2% s %6 ;0 s 131 16 1 26 251 8712 3486
Spectral band number

(c) A1 7R G LK AEA R P BT Y S S 36 (d) M2 MR R

((a) Pseudo color image; (b) Label map; (¢) Examples of different land cover categories and reflectance at different frequency

bands; (d) Land cover categories and their sample sizes)

&4 HongHu % 4
Fig. 4 HongHu dataset

(a) (h)  EAHIA

Comparison chart of spectral reflectance of different categories

category

— C1
c2
— L3
08 c4
— C5
6 o :
— Synthetic Grass Tree
06 — c8
g
5 - 1254 697 1244 1242
I - C10
5 — cu1 |
i — c12 Road
— 13
e L1 4
" — cs 1268 1244 1252 1227

101 126

3 7
Spectral band number

(¢) ARSI R LA B AE AR B T ) S 5 (d) M2 B R A R

((a) Pseudo color image; (b) Label map; (¢) Examples of different land cover categories and reflectance at different frequency

bands; (d) Land cover categories and their sample sizes )
K5 Houston ZxHi 42

Fig. 5 Houston dataset

£ 3 HongHu#EELR
Table 3 - Quantitative result of HongHu
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F1 PaviaUBIBELER
Table 1 Quantitative result of PaviaU

%3 GiGCN  CLONL' SpectralFormer GVSICT_ SpeciralMamba MambaHSI S2Mamba DBMGNet  SSFR  Ours
Asphalt 9?:?21 98]'.2070 92.60+2.29 9?:;21 88.465.24 9‘1";21 gg‘* 98:221' 971'i30i 962'2?
o B iy T N W TE T
it TS T i W wman U %S s e
S PR i T e T Ve o
Bare soil 9?:231 857"25701 63.92+12.41 73:2? 97.87+1.65 92:22* 971'?368i 9(7):?21 99135; 9%135
S A T N T
T L I e e
R I O T
o %W s U s N W 0 nm we
o O i U s e OWE e s wa
o N 08 Ghaao 0 5hD vmer wmn a

(a) THEEMR (b)) HIRE (¢) Mam- (d) S2Mamba (e) DBMGNet (f) SSFR (g) SE-
baHSI Mamba

((a) Pseudo color image; (b) Label map; (¢) MambaHSI; (d) S2Mamba; (e) DBMGNet; (f) SSFR; (g) SE Mamba)
B 6 AEIBIEITE PaviaU 8R4 b A AT AL 45

Fig. 6 Visualization results of different models on the PaviaU dataset
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Table 2 Quantitative result of HanChuan

%2 HanChuan#iE&EER

%3 GiGCN  CLONL SpectralFormer ngf SpectralMamba MambaHSI S2Mamba DBMGNet SSFR  Ours
Strawberry 892"3;; 95]'177 95.13+1.25 951'.2756; 94.50+1.79 8?;? 906'842; 920'25; 92:3? 94';;:
VTS pan B mou U uE s o
Soybean 8223? 8%?&; 70.36+6.15 7%iﬁf 88.54+4.02 9§i§i 9zgﬁi Q%fif giéég 96552
i T2 UES i S N W 8 7w
o A S e 5l e e
Watermelon SZi;i 322;? 34.68+6.40 3?2;1 75.89+7.12 72§§i 9%?; Sziif g%ﬁé; 82;;;
o ST e S w0 e
R T
I ]
Red roof 9igii 9?13? 88.76:12.99 91%§f 95.65+2.74 9gﬁ:¢ 9?:2; 92i§f 9?2?i Q%fgé
Gray roof 935'26; 87366; 77.41£13.19 827"19361 93.3+4.15 % 976281 911'?;; 83'_2? 9049'3;
e B2 S 2 s S QD e s
ot S5 g S s T My o usmn
U s R s M S s
AT S s W s Y s
T g %0 a3 G e o
OA(%) Siii; 8211? 82.99+2.31 gil;: 9164112 9?§;¢ 9%?&? 9%ig¢ Qij§% 93339
AA(%) 7ii;f 7?55: 71.1322.56 722;? 90.181.31 8?§21 9%?3; ngﬁf gééég 92f33

© hEEZR KB
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(¢) Mam- (d)" S2Mamba DBMG- (f) SSFR (g) SE-
baHSI Net Mamba
((a) Pseudo color image; (b) Label map; (¢) MambaHSI; (d) S2Mamba; (e) DBMGNet; (f) SSFR; (g) SE Mamba)
K7 ARIFEEFEILE HanChuan B3R T A9 904k25
Fig. 7 Visualization results of different models on the HanChuan dataset
o , ) GSC— ]
25 GiGCN CLONL SpectralFormer ViT SpectralMamba MambaHSI S2Mamba DBMGNet SSFR Ours
1
90.93+ 9536+ 98.16 9647+ 9603+  98.10+ 96.73+ 9690+
.d roof 66+1. 37+0.62 e
Red roo 264 556 006163y e 9637206 1.50 0.39 0.04 1.01 . 057
51.88+ 78.60+ 73.78+ 9543+ 9611+ 9693+ 9641+ 97.89
| 2.84+4.24 7.40£1.32
Roac 777 619 O3 909 2140132 233 0.71 030  2.02 1.03
, 78.80+ 98.22 9721+ 94.66+ 8495+  92.19+ 9405+ 93.95+
Bare soil 287 132 00«28l g1 O3o8=lI8 1.05 031 134 144 0.69
99.37+ 99.48+ 99.57 96.96+ 9543+ 9512+ 9897+ 99.50+
4240, 7.82+1. 22208
Cotton 032 037 . 0Ar030 gy 9782216 1.79 110 045 060 024
6241+ 4133+ 37.03+ 9620+ 9642+  96.19+ 97.70+ 98.62
fi 42.14+16.2 13107
Cotton firewood ¢ /2" 1 0 $16.25 g4y 28132079 1.77 0.85 026 148 1.17
89.61+ 96.09+ 95.72+ 93.90+ 92.03+ 9689 9581+ 96.76+
‘ 73+1.02 4.16+1.7 2102
Rape 37 107 730 183 OH16=LTS 2.47 0.60 0.55 198 126
Chinese cab- 82.91+ 92.72 90.38+ 86.60+ 7729+ 7852+ 89.09+ 90.07+
90.05+2.26 87.72+3.04
bage 307 1.96 * 3.66 * 3.30 0.89 063 284 207
75.44+ 4644+ 32,12+ 96.08+ 7923+ 8533+  97.46 96.52+
Pakchoi 35.59+5.04 7.0452.28
Ko 866  6.02 o* 483 L4228 2.90 0.97 0.76 266 2.94
8539+ 97.04+ 97.06+ 9478+  99.05 9587+ 9691+ 98.31%
Cabbage 7.89+1.07 6.76+1.44 oo
abbage 304 205 273 - 076 1.69 0.14 034 142 103
9242+ 84.88+ 79.23+ 9045+  89.62+ 8938+ 94.06: 95.52
Tuber mustard 78.81+4.58 3.35+2.25 2220%
ubermustard 5 g0 347 * 753 033 2.72 0.99 059 135 1.70
Brassica para- 75.17+ 72.03+ 7241+ 91.96+ 9375+ 8320+ 94.07+ 94.56
69.29+7.0 1.82+3.30 2207E
chinensis 450 835 00BN g4 9182 2.87 0.67 085 221 2.57
Brassica chi- 82.52+ 66.63+ 65.61+ 8740+  89.67+ 8893+ 91.00+ 9231
8.68+5.96 0.22:+4.64
nensis 536 gy - o008%39 s66 02 5.22 1.34 071 420 3.86
Small Brassica 89.28+ 82.67+ 77.49+ 80.12+ 8732+ 7176+ 90.02+  89.43+
chinensis 270 sz (020607 o 9024302 ) 1.48 104 227 241
68.03+ 87.59+ 86.26+ 9401+ 9649+ 9442+ 9558+ 97.29
L i 83.89+6.15 5.58+1.75 2%
actucasativa s 44 7.03 o* 1193 O>98% 1.65 0.56 065 176 1.01
© ARG E NS
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F3LFk
. . GSC—
25 GiGCN CLONL- SpectralFormer ViT SpectralMamba MambaHSI S2Mamba DBMGNet SSFR ~ Ours
1
21.65+ 75.88+ 63.62+ 98.84+ 9981 9924+ 99.15+ 99.78+
Ttuc 12421337 6907
Celtuce 265 1203 OlAEIT 05 92692013 1.17 0.12 0.15 080 033
Film covered 71.70+ 97.39+ 9742+ 96.83+ 9949  97.16+ 9742+ 9822+
2342, 735417 20.Le2
Jettuce 679 173 OB e 9735=LT6 1.60 0.30 020 185 LI19
Romaine lel- 54.94+ 80.09+ 84.92+ 08.60+  98.05+ 9624+ 98.65+ 98.91+
68+8.7 10 12
tuce 404 o970 (OBOBEETY g 99012 0.69 023 175 158
67.65+ 65.55+ 67.44+ 96.72+ 9878+ 9950 9843+ 98.77+
Carrot 8§17 1580 C099FTOL gy (98472098 1.82 0.25 022 099 082
7271+ 8253+ 85.10+ 9130+ © 9463+ 9492+ 93.68+ 95.10
hite radish 82.77+4.78 2.89+2.15 2224t
White radis 886 7.3 * g1 28 3.07 0.34 030 26l 1.03
66.48+ 8138+ 71.64+ 99.18+  96.60+  98.95+ 9925+ 99.15+
Sarlic s 71.18+8.2 42063 22.£92
Garlic sprout 00 6,60 82 046 P 0.42 0.60 0.19 048  0.62
65.20+ 30.19+ 25.92+ 99.91+  99.98+  99.01+ 99.94+ 9988+
Broad b 28.91+8.18 100.00 0.00 22.20%
road bean 1458 12.06 ol 7.91 0.18 0.05 0.44 019 035
8535+ 55.02+ 46.26+ 99.54+ 9938+ 9536+ 99.86+ 99.87
T 58.01+15.28 64+0.37
=F 884  10.89 * 1115 (264 051 0.21 034 034 0.23
87.22+ 87.93+ 86.18+ 9458+  92.65+ 9228+ 9631+  96.90
0A 86.04+2.83 5.41+1.07
(%) 060 2.11 * 186 4l 1.01 0.53 031 039 0.27
74.08+ 77.60+ 7474+ 9477+  93.64+ 9287+ 96.10+ 96.70
AA 73.17+2.45 5.76+0.61
(%) 150 2.25 * Lea 76 0.61 0.19 0.16 036 0.22
83.95+ 85.06+ 82.93+ 9400+  90.82+ 9035+ 9576+ 96.14
K 82.72+3.22 5.05+1.57 22102
appa(%) 073 249 * 216 0 1.88 0.64 0.38 1.3 1.45
19 Al 375 52 A AL B B, 7E HanChuan 2038 4517
2.3.2 HanChuan Z(#i4E Water Spinach I Sorghum 25 K 43 5158 100. 00%
% 2 7K, SE-Mamba () OA 3£ 93. 71%, 8858 — F198. 93%, H.7F Soybean . Watermelon %528 51| - 4 RE

% SSFR # Ft 0.58%, . # 1 T SpectralMamba FaiE . AKAY AA IK 92. 84%, fIt T SpectralFormer
(91. 64%) . MambaHSI (90. 21% ) % Hifth Mamba 2545 GSC-ViT S .39 k.
A, SE-Mamba J& H7E AL 5 61 R AE =5 2 AH RIS 5] B 7 0 M R SE-Mamba 432545 5 B AT

(a) thEE (b) EIHn (¢) Mam-  (d) S2Mamba (e) DBMG- (f) SSFR (g) SE-
1 % baHSI Net Mamba

((a) Pseudo color image; (b) Label map; (¢) MambaHSI; (d) S2Mamba; (e) DBMGNet; (f) SSFR; (g) SE Mamba)
K 8  AEIBEAIFE HongHu B0U5 5 119 nT LA S, R

Fig. 8 Visualization results of different models on the HongHu dataset
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Table 4 Quantitative result of Houston

% 4 Houston #iEELER

%3 GiGCN  CLONL SpectralFormer G\iCT_ SpectralMamba MambaHSI S2Mamba DBMGNet SSFR  Ours
B W M T S
G A i BT s %D U o n
b G S i T s U U U T W
T an U i T o s oz
B g U man T U wm am o
Residential 825_"3;1 9‘;)9241 91.47+3.54 9;;5 93.46+2.97 9;:2?" 9?:2% 83:?21 9‘;'676131 9‘1‘:22
Commercial % 93‘;(9)4 84.41+7.91 92:2? 79.22+4.15 8;;21 81:%1 Sg:i;& 833'?; 81:321
Wy S e i v e e
Y e 5B aan U S wm
T
e A ey 0 G U S0 e e
el R R S
TR e T i o W e e o
P W s T s 3O o
B B g M e 36w o
o DI sy T e Vo s
o TS OB s S e S e s e s

TR 23 (] —B0ME | LA LM DX 3 2300 S0 T
H A X S S, A R M S R A . XS 2R
T SEFE . SSCM 5 HFR B8 1y Up [6] /E ] , 7258 4045
Pt 25 (A1 2RO % G 2R B[R] B, 65 B A 7Y M 1X 53

A O R AP LA 4544 o
2.3.3 HongHu o =

R 345U — L RAE T SE-Mamba 76 & 244l
£575 ol NN P R Ly W= | VA - s o e e e N
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o BEXSAMULAR L O 1S AR AE ARG 1Y Tuber mustard
F Brassica parachinensis, 15 5K & 43 51] 3k 95. 52%
Fi194. 56% , 7553 PR B 1R XH A UL 3t ) 14 X7 i
J1o WEAM, OABRUEZEAL 0. 27% , FRWIBIRILE 551 |
KRB EERERE , BT THLRE S8R .

Bl 8 s PSS SR IR , SE-Mamba 7328 &) 55 HL5E
P2 22 /08, T DBMGNet . SSFR 45 J7 12 76 K 1 A%
[7i) Jot DX S W S o X R W] SE-Mamba REG AL
23 (]G IERHAE Al S A RURAIE DR R R % — 2
P TE S IR IR RO 37 55 P RELE R Wy 2 ol e S 1
2.3.4 Houston 2R

R 4JE7R T SE-Mamba 7682 283117 5 5 F # R
g, H OA F AA ¥ BURHR A4S 5, Kappa REUR N
WA AE 5 f A8 7 2 40 24 5 OA % MambaHSI 2 FF
1 11%, B AR PERE UL T A T b i o TRl T A
Bt 25 (410 Road , Highway I Parking Lot 2) I Ht4%
B =0 G 5 7E X 43 Healthy Grass 5 Stressed Grass 55
T2 S AN A MUY R PR 94% , PRI AR
T AR 73 2R RE T

K 9 45 H 1 75, SE-Mamba 7] A %32 51 Road .
Highway 554114 DX, HRE G M 70 25l 5 52 .

X 7843 B AE T SEFE . SSCM 75 FH fift 5 2% 23 ] A ]/ 77
T A AEF B iE T HE 4R AE S 42 iR B L s i 5 K
TR O 22 77 18 A A 28501k o
2.3.5 EIRPEREXT L

2 5TFAl T SE-Mamba #E 22 76 DU A4~ HST 448 4
IR RIN, A S UE R )72 AL AR ) SRR E T
458 WK, SE-Mamba H A7 i 7 F-3 0A (96. 07%) ,
A T 3 ok B MambaHSI 32 T 2.32%., R4
DBMGNet (STD=+0. 43%) [ #5 #fE 2% W& {X T SE-
Mamba (STD=+0. 65%) , {H SE-Mamba 7 A~ [] 3% 5t F
(AR B8 T et B Oy B, LA ARz A .
Ah % B RLAE S 35 AA (95.99%) Fl Kappa & #X
(95.51%) b4 PRFFR AL, 3 — 20 Bk FLAE B XAl
s MG AR U 3T b S A 4 R A e AR
fak

ZE Lk, 25 ) G5 R AiF 4R HU RS (SEFE) | %5 1] -
i ) 5 A B e (SSEM A SSFEM) Bz i B A1 40
fEAEH (HFR) (9 U3 [RIVE FH , B 3 0% it 2 T 1A=
Tl 5 R A A ) R AR S TR 43 D g 5 s )
— Mk, B 3F T SE-Mamba B K 22 #4451 19 &
PP

RS5 DNFEEBIESERELE

Table 5 Comparative Performance on Four HSI Datasets

184 GiGCN

CLONL  SpectralFormer GSC=VIT SpectralMamba MambaHSI S2Mamba DBMGNet ~ SSFR Ours

0A(%)89.15+1.3189.59+2.06 87.3122.46 88.46+2.29 93.60+1.41 93.75+1.1093.74+0.3493.70+0.4595.64+0.7396.07 0.65

AA(%)83.33+1.5384.77+2.13 78.53+2.36 83.39+1.59 94.02+0.94 93.79+0.9794.60+0.2494.07+0.3395.68+0.5395.99 0.62

Kappa(%)87.11+1.5187.68+2.38 82.16+3.13 86.27+2.65 93.29+1.77 93.07+2.0992.52+0.4092.49+0.5395.28+1.7695.51 1.80

2.4 HELSCIE

Al SE-Mamba H1 - 4% 0 20 1) L0 BT R
HR e ) 52 AR A B B R A0 (L, WA R 4 R 25 Tl g
SRR A BRI A SRR RO A% O AR A AN AR T
JFR T RGN H@ER, 25 R TFRed , H
“wio” FE R AL BRTE E A H . S 90 3 1o i Ak il s
AR S8 BEHELRPERE R B 14 7 =X, A AT 45 LR 19 BT
ik AR B) 58 ML

DRSSl

T o Boph g ] SEFE SSCM 1 HFR 15 B 445 e
51k : SEFE 7E HanChuan F1 HongHu |- 2 7+ 8 i 3% ;
SSCM 7E Houston Fl PaviaU - ¢ B 5 { ; HFR 5 fifi
FABFPEREAR T /N T RI# o 45 4 BE SR,

HanChuan 1 HongHu Y63 78 /& b4 ' % , SEFE 1]
18 3 Ab 78 25 [H] 45 8 235 4325 s Houston A1 PaviaU Hi4%)
Hi B, SSCM A4 1 Fy J AR 2 AR S OC B . HFRASL
T2 A Sy, 4 AR R A RE 800 KA o

2) B EH P R K sg AL

S5 & BHUAZO T RE S B B e 1, 0 BT BB
P IRBOR K A2 B, A S0 R 4R S 300 2 4 3
sl R

(1)SSCM+HFR #£ HanChuan , Houston 13 [i] 5% 5
2 % , 7F HongHu 1 PaviaU |+ B > T B Jft ff FH
SSCM. HanChuan # %) 40 fsl 12 FASEM , 5 P[] m]
SIS R G - R RS R B, 48 52 BRSO IR)
1815 Houston Hu ¥ Z2 #E , i [R] T 4k 25 3% 5 G 5
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% 6 SE-MambafJiHRSINER
Table 6 The ablation experiment results of SE-Mamba

MR E HanChuan HongHu Houston PaviaU
SEREAELE 93.71 96.90 95.57 98.10
SEFE 93.31 (-0.40) 96.33 (-0.57) 94.93 (-0.64) 96.92 (=1.18)
SSCM 92.73 (~0.98) 96.23 (~0.67) 95.24 (~0.33) 97.60 (-0.50)
HFR 92.14 (-1.57) 96.00 (-0.90) 94.08 (~1.49) 96.82 (-1.28)

wlo SEFE 93.02 (-0.69) 96.12 (-0.78) 95.33 (-0.24) 97.35(-0.75)

wlo SSCM 92.95 (~0.76) 95.94(=0.96) 95.00 (~0.57) 96.76 (~1.34)
wlo HFR 92.07 (-1.64) 95.92 (-0.98) 95.31(=0.26) 97.85(-0.25)
wlo SSFM 92.76 (-0.95) 96.24 (-0.66) 95.22 (-0.35) 97.49 (-0.61)
wlo SpeM 92.50 (-1.21) 96.90(~0.00) 95.40 (=0.17) 97.71 (-0.39)
wlo SpaM 93.08 (-0.63) 96.62 (-0.28) 95.43 (-0.14) 97.70 (-0.40)

HongHu  PaviaU W (K 37 5t 4#4E , HFR 1RSI 4E X
DIt i, D[] 25 AN B

(2) SEFE+HFR X £ Houston £ 4i5 48 £ I AL,
HAA =& W B % . Houston ¥ i 51 2
SEFE $2 fE it 25 [ £R1F 5 HFR (0K 18 ThRE P[], nT
itk ¥ i1 B s HanChuan , HongHu 3 49) % 4 |, SEFE
CLREOR B 8 /2 25 A 4017, HFR KRS B4 IT Ay s PaviaU
SR AL , — 35 BRI JC P A A A

(3) SEFE+SSCM 7£ Houston £ PaviaU ¥/ [A] %% 5=
B . , /9 7F HanChuan Al HongHu H BEVERE T, U6
WITEHL Y B A 37 5 T, 8RR AE B Ab AT 5 A 25 i
SRI 5 M M S 5OGIE 5 M) 40 A B, —F
GRS R0 R i FEXE LA DX A A R) R, ERIE T
HFR 7 PRI F P b 22k

(4) 24 SEFE SSCM 5 HFR = /™52 B o3 [] 4
ik, T ) A T o A () 1 5 - 2 1 B G - S o AR
e WA AR e g . =& & v HIR PR A
#b: SEFE $2 {E47) 46 2 ()R AIE Al , SSCM S8 I 25 154
TERG HERE S HFR BEX0 B 52 D3 ] o 752 vhoa] R o 20
072 A 2001 A R 300 FURSTR In)ielt , JE J 58 BE DA 3, 5
Ry RER Y], =& W R I, 7 S EE 4 E IR
1 LA Pk RE , b 20 T A P ) B B A ol
FH, 3850 4 ia R Bl e i fie R Ak A 4 A AR 3,
EPUE 1RO A S R R e

3)SSCM MR HAR & 20 B

SSCM F SpeM , SpaM . SSFM = A~ #& He 3 =] 2H
TR, PN FR A5 8 Bl [ A A% AT i ek 9 i S 6

WE. MSEER S5 SR LUE RS BR B AS FBHe i v
AE T R, /N T34 SSCM RS B I 1 PEBE T B
R, 3X TR 43 156 I SSCM P B —F A5 e 2 [A] Bip [ 5%
TRe AR , B AR R T A TR () B R H
HARE

(1A SSFM B B B 1 B2 (R} HanChuan
A8 KT B AL R SpeM a8 SpaM , 1B SSFM J2&: SSCM
AIAZ Ol B RS A T REAR AT AR

(2)SSFM #4 Bt SpaM I , HanChuan %1 8 45 P fiE
TR A i (-1, 21%) - EBIE SpeM 84 32 4if )l 13 41
S I A 75, T HongHu 2035 48 TC B g T
Bok, DRLH: b ) 23 S TR AR 2 ) 30 000

(3)SSFM #4TC SpeM I, - 4 42 347 3 B/ IN g vk
AE T %, DL ZEA SCRARZEA T, SpaM (W 2 i By 25
[ s AN, A0 23 ] G s A5 i SEFE 5 HFR.

(4) A FL LS UE SSFM f4 2 i) 41145 #4558 B g, 78
PaviaU %48 45 I ¢ ] # 4k 40 A7 , 25 S an 1 10 7
Mo o, TAHAAEE IV M R T RERL 2 B
%S5 M A A YT P O X . A SR AL S, A5 (R R
TIE 7 T [ K% 200 R i 4 DX 3 e o) 7 S S B L A B
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Fig. 9 Visualization results of different models on the Houston

dataset
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PaviaU dataset
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Table 7 Comparison of Model Efficiency (Based on PaviaU Dataset)

A

ek ZHEM) (GFLOPs) VI ZratRl(s) FREFERTIE(s) OA(%) AA(%) Kappa(%)
GSC-ViT 0.15 2026.30 37.33 14.96 92.65 91.89 90.38
SpectralFormer 0.17 9086.19 86.73 11.15 91.10 79.93 77.40
MambaHSI 0.41 39.18 167.33 0.03 95.74 95.86 95.00
SSFR 0.85 101.72 461.24 0.94 97.88 98.19 98.12
Ours 0.89 140.34 234.57 0.23 98.10 98.28 98.00
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