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B IR AR B 2 T4 B S E A I

A, HE, i

P ATHBFL RS B2 BE, Fiat 210023

OE: SIS EYE HST (Hyperspectral Image) 25 5) 18 37 i 5 BE VR A MR A PO REIR AT AR 6 by o Mg 7 R A 7
HERTE 5 S b PRAT 55 Th 28 G TE e AR X B 07 MR A ey Tk B B TR G MR RBRCR, IR TIA I
275 I B R 1 T AR FNAE XS ARYE , XA B AN [RI MR S EA T AR, SR T4 220 T ST A J3E k25 ] 1) N A 53 A1
PRI, SRR . IR, AT 4R ) B2 TR X B 7 87 42 42 3 BSALTV  (Base Space Asymmetric
Laplacian Total Variational) [ HSIKMERIRL , tboh, BHEEEEZS A U SRR B T R H B K A eI f5 2., RERETE 4T
by Sz e HSLAS BE B9 R0 i Je 9 23 A R ik, JF ELZER IRl Be b 2 90 i A R B AR XS Bk 23 A o AS 990 3 2 % A6 B 4 U,
WP AR XS PR AT REAT IR AR, KEBRAZ IR 1 MR 00 42 R (R4 B RS [ P B A M 7 3 A AL, TR £ -5 [T 13
GBI S B T R BEOR BE . Bda, RSB 10 e 1% ADMM  (Alternating Direction
Method of Multipliers) FiZsRAEAAL, 5 HABX LI EEDEATXS L, SOUEART S S I ASAY, 76 G iU SE R 46 1
SEIG SRR, ARSI 7 B0 T X8 He B HoA ek (Y B 12

RER: mOCIERIER, 20, WASEME, JAEXIRRRERET G, Ay, BREEREASI], SR mse A, MG

National Remote Sensing Bulletin i & 5 4k

hES %S TP751/P2

I AR BEH,HE, 2% 2025 ES HIEMN R SRS T B RIEE G IR BREFER,29(10) : 3034-3046
Si W N, Ye J and Jiang B. 2025. Base space asymmetric laplacian total variational hyperspectral image denoising.
National Remote Sensing Bulletin, 29(10) :3034-3046[ DOI : 10.11834/jrs.20244319]

15 5

s % HSI (Hyperspectral Image) HA %
T RDOGIERT BE, T LU 7R W AR P O £ 0 5 i 5]
BTSSRI (Tao%E, 2016) .
SHER (Dong %, 2016) FH I (Willew 55,
2014) 4o SR, H1 TN AT AR A% AR 1Y
R, DA BB AE R R v . RS
PP R A SE0 , SEPRARAT Y HSTAS AT Skt e b 23 52 3|
SRR AN, T E RS T RS B,
IF 58— Bl AT B0 B 52 J7 vk % T i s Jim 2 Ak 3
TE55 RO B RO B,

IR HE 2 ] 1 Ak 1Y K MO AU T B
WEAR . Zheng 55 (2020) 2 H XK F 1 MILAK
k5K i 4 % LRTFDFR  (Double Factor Regularized
Low—Rank Tensor Factorization) W}, 1% 1547
SIERER T 25 [a] R (8 B i 2 o0 DY 33 P 1 32 25

rfm HHA: 2024-07-31; FIEDZR: 2024-10-18

Ph, $E T HSUA L MEPERE. Peng4F (2020) &
I HSIAP B2 325 (B 7 BT AT I B LA oA Bk Sz 4
PG 3R A = 4 278 5 E3DTV  (Enhanced 3DTV)
FEMERRY | ZAERR; HSIAR Ak 25 18] it fin A i 1 2
W, REAS By WS IS ae TR ) 4 Joy i i o A
fiE . ERWPFISKAT (2024) #4278 53 AL 22 1E 0
(Total Variation Weighted Difference Regularization )
771%, %IRRT 1 IR 47 43 Al
25 %o 0 A JEE IS ) SRR AR B I AR R 20T, A3
WG T ER DN A1 (5 B =K o AN, Peng %5
(2023) $2H =4EA A ENAE CTV  (Correlated
Total Variation) F)2Me7J5 4k, %75 %k 5890 F) FHOF
Pty 1 IR SRR AR O A R R E R, TR
15 15 e 18 PR v o 7 BB R R g 3 - 1
Tl S MR BB By o IR TR R HSTAZ
3] vy J07 M 7 A LS R R S e o AR TRV
MR IR e, HLAE AN [R] I B A W 5l A

BEETR: FRARPIAEES (45 :61971234) s B HUMREHL K2R N34 (4 5 :N'Y220209)
F—IEFR N AE, W57 MO S) E R ER A PERIHLES 2% 2] . E-mail: 17201628783@163.com
WIS EE B M4, BF5T )5 10 i) HLas 2 2 AP S Aab 2 . E-mail : yj8422092@163.com
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ANARTA), AN BE 75 P g S0 g 7 sl o 3 4o S8 e 7
KRR

UEAL, G565 i 20 90 208 R o SE 00 B TR B 2 2D
ARAE HST R MRAURIRAT T B F D . Cao % (2022)
P2 IR B 25 (Rl — 6 2 R HE B 26 DSSGRN . (Deep
Spatial-Spectral Global Reasoning Network ) H T HSI
FEME S AN HT AR R AR P 4 R OC R A
B, i 2 M RAE T AR SR T A A S i b B RE
1o Ma%§ (2020) i H 1 58 | J=y A9k 19 2% U 5
HLHi] ENCAM (Enhanced Nonlocal Cascading Network
with Attention Mechanism) F*) HSI 221 777k, %07
VA FHEIB A% 22 3 AR A5 A SR IBUR R AFAE, JIA
AR JRIER LA, SR ] 22 RUBE 45 BRURIH 1 5C 1 A5 B 1
SR B 22 ROBERRIE o HL IR P A H o F 00 1%
CHE, B R B 2y B A R R A5, XELL
SERSEF AR, AN T T AR 2 A LS IR R O

AT T7 9 i /0 Xk S B W RS A B4 g S PR R AR
XFPRAERTTE , I LA 337 A 500 e 7 114 o 2
PEPEAT AR, JC N i 220 I M 7 B 0 AR AR . Xu
85 (2022) K BESLAMES BEEA EEME L AA
PR HE | SRR R 42T A % B
B AL (Asymmetric Laplace) 43 4fi e 0L 5 %) E
FEPEREERTFRYE 1 H X R 7 20 e 7 el A
BALMF (Modeling Based on Asymmetric Laplacian
Noise) HYJHSIZMeT7 ik o 207 ik BB B
W P I N AL A1, 455 AR Bk [ 23 i LRMEF
(Low—Rank Matrix Factorization ), H|FH# K ALIRAL
TR AT B AR . Wang 55 (2023) 2 HAEXT
PR I 7 AR A R B {5 JE e ALDIP-SSTV (AL
Noise Modeling Deep Image Prior—Spatial Spectral Total
Variation) AMEJ5ik, 207 W i 4 AR X FRPE Hir
W P R SRR IS A, TRIRER FH 2SRl —k
47543 SSTV  (Spatial-Spectral Total Variation) 2
W, ARARE T HSIZE HMAERDCIE 4R E S . X
T 7 vk RSB vy 1R AR, 4R T HSIRY
MEVERE, (HATE AZ S IG4ENEL, AR
RE GG MATEL, JF&E ARSIt
AR

T34, AEX HSLEE R MG B 25 0] U, e R™ "
(=1, 2, 3)WHERP, UK ET7 B2
Fropfi, HEAHEREM. K1y B4 wban
Hh R B2 A 5 () U, RO FE O A 181, LA R
Wt R AU T L B A AR R AU IR

HEXH BB R R B AT AT U R
PR, U,7E0.02—0.1 Fil-0.02—0.1, FEf(U,)Fl
fU) ARk U BRI, U, 150
KBRS AR A 4 1F A5 A A AL L 40 A, L
(U, ) 5 T TR 5 R RO 4 A O, TR,
UL FAT AR FRHE AT TR, IR AL 40
WA U R RN TR TR, U, A THTE.

45
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[ ey — AR R A

B U, BB A AL PR
Fig. 1 Probability density distribution diagram and fitting
diagram of U,

Pat, AR SCHE 5 s (] AR X B 3 7 0 42
53 BSALTV (Basis Space Asymmetric Laplacian Total
Variable) ) HSIZsMRBERL, 2RI ] AL 73 A £
BREELSL A HSIME A BB LS B U, SEIRER T U,
A P A3 15 S B TR B L AN [ M e A

2 AL

2.1 HSIEMER{RREER

— Rk, HSLTE Gk 4 - 5 AG 5 i 1 HH 56
PE, TR HSIEEAEA V2 /N3 S8, X RS
T I HSUR 2 2R (Wang 55, 2023) . AR
LRMF, X}F4@E R HSIY € RM 2 T4 .

Y=X+N=UV'+N (1)
EM T

Yy =%, tng = ui,:vﬂT +n,; (2)
R, YRR K HSI, Ne R KRB,
X e R" "R THHSI, Ue R *HIV e R
MEREYI A R, M, HHFI B 5378 HSLA R EE . 58
JERGIE D B . w, RoR U i1T, v, RV

fep g

AT
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2.2 FEXSFRALE H T K IRARE

FEWEAT: 55 v (%) W 7S AT DU AR — FlOR e
TR o KREHOy vk a7 5 R e s ey e 97 40 A1
SR A, S REHERA IS PR HSAZR Y
02 %M H 200 T HSTME S A AEXT FRi: . R,
XufF (2022) B E| BRI M oA, R g
BER AL 43 A, 12 3B 0Bk hr 3 7 107 e 7 A AR
(BALMF) 1 EMEIr kAT A PERE .

B N R N AL S0 A1, A

n,;~AL, (n;10,A ;) Vj=12,-B 3)

b, A, kBl REFEAEXS PR, RS

ATLAEANE T 220 BIE, AEXFRSE A 0—1.

AL S A (R HE 8% 8 pR 5

pa (23 i) exp (- = e[ Am) )

X, p=kl(x=0)+(1 - k)I(x<0), I(x=0)
JERRRREL, x>0, THLL, EWIHRO,

4= (2). (3) F (4) AR RIXFE ISR

L= iilog/u“j(xif’)‘ﬂkf) =

wa 6)
22108()‘1"‘/(1 - K/)) =¥ = x| Ay

FAREAHTE I Xu % (2022) B80A,. «
SRR RN -

MH

A= ©)
Zm\yr%
+ 2MH - P+ 4(MH)?
o ST BT )
At &= Ay, - x,) MO H A5 LY
o BE R E BE
LT LA

min [ WO(Y - UV") |, (®)

X, WRAERFRE B S, WG, )T w, =
Am,;, OFRIGEM. FMT:
min ||Z ||1
X.Z,UV (9)
st Z=WOY-X)X=U0V"

:T:t':F', 7 c RMHXB, X e R\ﬂix};ﬁfﬁj/ﬁ%ﬂﬂ&%[}
23 EREALELTH(EIDTV)

Peng % (2020) 2% J& 1| HSI (1) 8 £ & 75 A [F)
W BE Z MAFAEAR TR A CAR B 45 4, 2t 3 g 7Y

=42y (E3DTV) IEMEHRL, 2R B A Xt
o JEE VRIS B it IR B 240 R, T 0 A6 52 1] s HL 0
AT ) BE 25 ) B A B 20, d s T R B i
PEFBUIE TR . E3DTV Y 25 MR i) Ry

;
(R4 . =Z 1 (10)
DX=UV'V'V,=1j=123

A, UeR"™  V,eR™ DX(j=1, 2, 3)

3BT KA L R B DT TS 1 B 22 s

3 KBRS IALRE

3 ETAEMRUENTETINEBRT E
(BSALTYV)

B F HSIRWE S Kb RESL S 0] U, e R™ 4T
BATE RAEFIARXS FRYE, DS [R] o X W s R 32
FA M U AEAEXTFR (AL) #45E, FIH U765 ia
RN UE L v RS VB S (O 7 S VA A )
475 43 BSALTV (Base Space Asymmetric Laplacian
Total Variational) 9 HSI KMk, T EIRE T
b B 2% (1] ) A 23 A1 15 0 e A [R]85 BB 8 7 i 4%
Y, AR T B, R A [ 4 A DG
P, fRmE TR R A BORRRRE S . BARRE
RIGNF .

minz S|W,0U, | + A[WON |
i=1

U.

J

stY=X+NDX=UV, V'V, =1 (1
V.e R*".U. e R"**i=123

o, Y, X, NARRA UL HSTE R, T 5

HSLFIMES , WHIW.(i =1, 2, 3) MAEXFREEIIZ:

B, AR hENESE
32 fRHEE

i ADMM B Rk (11), RIS i
R H RECTLOR R (11) #Acht (12), A

3
LIXNU.V.Z.A)=>|Z, | +A|WON| +
i=1

2

3
M X A,

ENNzZ -wou, + = +
22‘ Mo,

, 2 (12)
M v, Aiis
ENIp.x -vyv! + +
22. o,

A 2
Bly - x-n+22
2 Mo,
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P+ . FEADMM HEZEHr | Tl A AR 5 [, SR
JaacB e (12) i iR AR E

X, X (12) ey E SCER T (Peng
&5, 2020):

3
J=u(Y-N)+ A, + zDiT(MUiViT -A..,)
=1

T =|tfin(D,)|" + |tfn(D,)|" +|fn(D,)|" (13)

ffin(Fold(J))
wl +uT

Xt = ifttn(

Krh, DIFIR D W EFR T, ffn Fiffn 5350 R
P {8 B IS A A e, | - SRR TR
B,
ol (12) TR Z.G=1, 2, 3), [F3CHK
(Cai, 2022), A:
ZH = S,(W@Ui - AL‘) (14)
" %

n

B (12) P U.Gi=1, 2, 3), [FSCHK
(Fan%§, 2019) wJLA153].
_lu‘Zi+(lu‘DiX+Ai+l)Vi_Ai+4
- ul + pW, (1)

ol (12) B v.i=1, 2, 3), F3CHR
(Peng %5, 2020), ] LIMHE]V, BT H T fE N

k+1
U

AL\
[B,D,C]=svd (DX+M?) U,

(16)
Vik+l — BCT
BB N, [RISCHEDT 2 (Wang %%, 2018), £7:

Nk+l :IU’(Y‘_[/{)I-I- A7 (17)

FOHPIAS AT A (=1, 2, 3):
A=A+ p(Z, - WOU,)
A=A+ u(DX-UYV!) (18)
A=A +pu(Y-X~-N)
33 BEEMITESRENN
e bREwT, z, U.(i=1, 2, 3)WitEE
ZREH N o(MHR) (Zheng %5, 2020), XAyitHE &
< J% } o(MHBlog (MH)) (Peng %, 2020), N
T E 24 o(MHB) (Zhang %5, 2022a), V.
] 58 24 N o (BR?) (Peng %%, 2020), Kitk, Ar
B IEMNIT B 52 N o(6MHR + MHB + BR? +
MHBlog(MH)). Btok, 521X (9) FFEICA, 0, «,
HEMMITHEZIREAR N o(B) (Xui, 2022),
Hi, BRI R 2% 8 o(6MHR + MHB + BR? +

MHB log (MH) + 3B).
L5 L ATk vl LIAS 8 5 1
B 1. BSALTV SR AR E
A ERECIEER Y, ENSE, -,
Brer, WS e =10°, uw=0.05, u, =10°
Wik :
X, U, V, N, A(i=1,2,3,4,5,6,7)
W (13) M (17), BEHX, N
it (14), (15) 1 (16), HHZ, U, V,
#ids (18), HHA (=1, 2, 3, 4,5, 6, 7)
HOFARST AT wo= min(pu, ., )
AL E S5
[y -x- NV <,

IpX-UV [ <e, i=1, 2,3
i T HST X

4 MR TIE

41 XLEE*®

LRI L SR A S 96 S TR B T AR S 7 HST
MR AT RN . T RAEAS SO L TR RE, EHL
SANELA 1 HSL 22 M 7 vk S A SCH vk dE AT AR
EPBALMF (Xu%, 2022). CTV (Peng%, 2023).
E3DTV (Peng %, 2020) LA DSSGEN (Cao %%,
2022) FIENCAM (MaZ%§, 2020) Jik. Hrr,
BALME 38 iz I 75 A5k AL A3, 454 LRMF AiE
0 BRMEFS L CTV AT L [R] A G A% A6 Rk ) 38 7 Wit
P, ST AK Jo 38 M 8 o AN B 40 1 43 B
DSSGRN 3 12 X 4 Joy 2 6] R AH S A5 kA T A5
FIEF AT 22058 . ENCAM BE T A3 R 3 IUBE & 28
B — AT FEAE . E3DTV FI S i ol v H Ay JE 28
o] E e, ok, BARSEOE LS
ko FTA S #R 2 AE Windows10 | i Ff MATLAB
(R2021a) L E Y, H H A Intel Core i5-8265U
1.60 GHz 1.80 GHz Zb L 25 F18-GB RAM.,

4.2 IFMIERR

N T AN E R e RE SRS A (S
%% [t MPSNR (Mean Peak Signal-to—Noise Ratio)
(Zhang 55, 2022b) . V- 34 45 #4 AL 4 % MSSIM
(Mean Structural Similarity Index) (Wang %5, 2004)
FIAR ST 4 Jaks FE 12 22 ERGAS  (Error Relative Global
Accuracy) (WangZ§, 2018) W ITF-HK 5 o i
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MH

PSNR; = 10 X lg—— (19)
2
S (X (xy) - Yilxy))
x=ly=1
1 B
MPSNR = EZPSNRL. (20)
+ C,)(2 +C
SSIM, = Ezru“x,/-jy, ( zo'x,y, - 2) 1)
(IU“X, Tyt C, )(a'xl + oyt C,)
1 B
MSSIM = E;SSIML. (22)
1 <& mse(ref,,res,)
ERGAS = |— > ———F7—~ 23
/B[zf Mean, (ref,) 23)

Kb, X, YA IERR R PR UG 55 M B
Pos ty SRR P B IR TP IME, oy, oy AR
THXN T2, o FRHMTE, C,, CEFE.
ref,, res, MRS HEUGAWRE UG IAER i B
43 EIBIELE

FIH Pavia city center (Pavia) F1DC mall (DC)
B SR TR SE I, B AR 1 K/ INa3 3 Dl 200 %
200 x 80 F1256 x 256 x 191, FLSZ ) HSII % {0 7
SRR, G TR, kR MR | BEZR AN SR AL
o N TR ECIZ HST, 7E T HSTHROIA 3 Fp

A RETFS | X SRS ) BT A R E R .
L 1. 7E Pavia Al DC B 48 09 BN BEINA
J7 2578 0.1 B YE = W5, 7E Pavia F1 DC 48
RN IE BN A FE A 0.01 A bk vplge 7
TEOL2: SN0 T —HE, A = R Rk e
M pbAh, X DCEESE, MIXE 91 £ X [A]
130 AR INpELk, Hom 32 10 FEHLIER:, FEE M1
F3PEALA AL, MIXTE] 161 3 X 8] 190 ¥ i 45 2,
ARBCH R M 20 ) 40 BEHLEERE . XF T Pavia £
£, MIXTE] 51 2] X 8] 80 A fNsELk, %k 3% 10
BEALIERE, DERE M 13 3FENLAE K, X TE] 21 £ X
[ 70 B INAR S0, SR80 A 20 21 40 FEHLIE S
0L 3: 7E Pavia M1 DCHHRAE T, B L
BEHLINA 7 22 09 0—0.2 T ¥ e e s 5 Hok,
FE ARSI B B BN A BE B E R 0—20% 1 ik
g
XPICL AR SO 2 MR . 3R 1R
3FhIEFS I OL T BALMF, CTV., E3DTV. DSSGRN,
ENCAM MASC i n s a5 8 . Al UL Rl e
YR AN, MR A A AR R R AR SO R
RS T

F1 AHRMEESE LRARERTEZNERBITNER

Table 1 Quantitative evaluation results of different denoising methods on two simulation datasets

KR i L Ti5 1 Mo 7 BALMF CTV E3DTV DSSGRN ENCAM BSALTV
MPSNR 19.128 30.665 34.103 34.754 25.087 19.372 35.825

L 1 MSSIM 0.4113 0.8783 0.9444 0.9510 0.7582 0.5045 0.9599

ERGAS 40731 111.39 74.699 71.123 228.50 418.95 60.162

MPSNR 18.393 30.353 33.285 34.144 26.703 27.159 35.019

Pavia 58 2 MSSIM 0.3782 0.8719 0.9383 0.9466 0.7730 0.8302 0.9548
ERGAS 440.67 118.89 80.221 75.353 202.55 162.27 65.716

MPSNR 14.166 29.150 34.440 34.578 24.299 19.376 35.162

15003 MSSIM 0.2224 0.8850 0.9508 0.9517 0.7272 0.4817 0.9566

ERGAS 766.21 204.81 71.145 73.849 246.20 437.17 65.385

MPSNR 19.194 32.168 35.226 34.701 23.870 28.753 37.367

51 MSSIM 0.4042 0.9032 0.9530 0.9462 0.6827 0.8459 0.9699

ERGAS 421.88 94.045 66.337 76.133 280.28 158.75 51.737

MPSNR 18.960 31.980 35.009 34.338 24.184 28.310 37.116

DC W) MSSIM 0.3949 0.8981 0.9510 0.9427 0.6677 0.8359 0.9686
ERGAS 438.84 98.359 68.227 78.374 289.84 167.44 53.255

MPSNR 14.386 29.048 35.165 35.283 21.934 19.608 37.156

L3 MSSIM 0.2394 0.8474 0.9528 0.9550 0.6103 0.4828 0.9706

ERGAS 835.82 2022.44 68.054 74.153 346.01 510.37 53.729

s AL R IR G R, PRI FOR A SE . AR FRPLY R 5 75 H4 BALMF (Modeling Based on Asymmetric Laplacian Noise ) , =#4EAH ¢
4278 43 IE WK CTV (Correlated Total Variation) , 3§ 5 1 = 4 4245 4 E3DTV (Enhanced 3DTV) , % %5 [i] — ¢ 3% 43 &) #E BE 9 26 DSSGRN (Deep
Spatial-Spectral Global Reasoning Network ) , B A JR) B R I X 2% v B AL ] ENCAM (Enhanced Nonlocal Cascading Network with Attention Mecha-
nism) , F43 [B] JE X FRFE P 4748 43 BSALTV (Base Space Asymmetric Laplacian Total Variational ) o F-¥JU5(H {51 L MPSNR (Mean Peak Signal—
to—Noise Ratio) -3 Z5F FLIF5 £ MSSIM (Mean Structural Similarity Index ) FIAHXT 42 JRyks B2 22 ERGAS(Error Relative Global Accuracy) .
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(e) E3DTV (f) DSSGRN (g) ENCAM (h) AR3CHB:
(e) E3DTV (f) DSSGRN (g) ENCAM (h) The method
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Fig. 4 Comparison of the vertical average curves of the recovery results under different methods in case 3 of the DC dataset
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Base space asymmetric laplacian total variational hyperspectral
image denoising

SI Weina, YE Jun,JIANG Bin

School of Science, Nanjing University of Posts and Telecommunications, Nanjing 210023, China

Abstract: Real hyperspectral images (HSIs) are vulnerable to high-intensity mixed noise, and how to accurately model the noise is important
in the subsequent processing tasks. The method of asymmetric Laplacian noise modeling has achieved a good effect in removing mixed noise
and has been widely studied and applied in the field of HSI denoising. This method considers the heavy tail and asymmetry of noise and
models different noises in diverse bands. However, it ignores the inherent distribution characteristics of HSI gradient base space U, and cannot
retain the edge information and details of the image well, resulting in a poor restoration effect.

Considering that noise and gradient base space U; have heavy tail and asymmetry, this study establishes an asymmetric model of noise
and gradient base space and proposes a Base Space Asymmetric Laplacian Total Variational (BSALTV) HSI denoising model. The gradient
base space U, fully retains the prior information of the original HSI gradient map, which can reflect the sparse prior distribution characteristics
of the gradient, showing a unique asymmetric distribution in different bands. The global low-rank information and noise distribution
characteristics of different bands of the image are accurately mined by exploring the asymmetric distribution of gradient base space U, and
noise to avoid excessive smoothing. The correlation between spatial and spectral dimensions is utilized to improve the information retention
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ability in the process of denoising.

The alternating direction method of multipliers is used to solve the model, and experiments are carried out on the simulated data set
(Pavia and DC) and the real data set (urban) to verify the effectiveness of the proposed method in HSI denoising. Five existing HSI denoising
methods are selected for comparison, namely, quantitative and visual comparison, to validate the performance of the proposed method. In the
quantitative comparison, the PSNR and SSIM values obtained by the proposed method on the simulated data set are optimal in most cases,
which fully proves the robustness of the proposed method in the HSI denoising task. In the visual comparison, by comparing the recovery
effect diagrams and spectral characteristic curves of various comparison methods, this study determines that the proposed method not only
retains a clearer structure and sharp edge but also realizes a more coherent spectral information reconstruction and shows better performance in
preserving local details.

In sum, a BSALTV model for HSI mixed noise removal is proposed. By mining the deep structure information of HSI gradient base
space and different noise patterns in diverse bands, the model efficiently reflects the sparse prior distribution characteristics of gradients,
avoids excessive smoothing, preserves image edges and details, and improves the local smoothness of HSI to ensure sparsity. The proposed
method is superior to other methods in synthetic and actual data.

Key words: hyperspectral image, denoising, noise modeling, asymmetric laplacian distribution, total variation, gradient basis space, sparse
prior, alternate direction multiplier method
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