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K2 JHU (Johns Hopkins University) (Salisbury 4§,
1991) 4. HAT, JCikEC ) Z M TR G WMot
fit (Xu%F, 2016; Ertirk 5%, 2016) . &6k EE
7125 (Lacerda %%, 2016; Ouerghemmi %5, 2017) .
S ENVIZERDIL AR . 2 183 20658 iR h 22k
ARG AR AT UR DG PR LKA, BIFEDE 3%
PEREB T, AT LA 2 5 o> 20615 R K R B
RO EEIEER, Han 5§ (2019b) $2HH T —Fh%E
TG T o] BT oy Ok, R 2O E
e G 1Y 6T G O R DL S A LR IR .
WO ETE Se R BT S, BT B o 5 Ty
o A i DG G I BORE X L 8 R S DT P s R
POCTE AR N8l Ji 3 K-SVD ks 2] 15
BV IS AOE IS 7 e A i o> 20615 R S it
B 5 B 8, Gk ADMM B3 35 A5 40 R A9 7% i &R
B ZAEBEADGE BT, ASUR 1R & 2y
Z G AR AT S B i G R B W)
FEROCIE PR DOETE e g 5 B, Shass (2022) &
T R T ARG IR A TR Y S PR
Tk, 2GR EEEELERG . T
REHA, %7 ek | o 2068 K BOLIE
IR Rs i ye G 7 3 5 R, AR5 DOt
T P A G 3 i T ] T AR IR DGR R
R ROGIENR TS FEAMER A = EE LT R,
B IFEOCRE EAE N E = E oLk F B, Yan 55
(2023) $&i 7 —Fh T g ] (OGRS 2 7 ik
5 SR T IR R S R G,
il 22 06 1% PR A 23 T 45 B RIS s D635 12 1Y Dt
AR, BREIhEER; RE, g R
)] DLRR GG BGOSR B ARG 1 5 i
IR 5 2000 SR AR5 2015 RHR A i 22 40
o i E o R R D' T S i AR A SR RS
SrEDEIEEIR . Han% (2024) #2117 —FE T
TR 2 A T RO PR, X
T LOGIE RN Je s, e T —Fl B
R oEms s Ok, TEMigl SRR RHER T,
i SRR PR AL i, sl R 2
G G AR it B0 2 TR R A R R A S B AY
FEREFIRURE 205, SR ADMM B34 46 A0 R 1) 5
BOERE; fm, FHALIS 100G 1 o i R R AL
FE R A m IR R . AT R A
PERIE, T, Leng% (2024) #2107 —Fh KT
I8 FNFAA 5 OGS PR G BRI, X

7 M B 0 LA T D P A
WG E . BT GG . RTIBEAk
P 4 T 1 G R 28 B R 5 33 A
PR - 673 I 5 A1 2 68 R 2 o 0 £
FHLL R AR T T 3T e P A 49 o 0 A
B

42 EFRERINOREBHTE

WREM 2ot (8(RCB) EHMR 5 &k A
T 2 LR AR AR N e s (s B, B T IR =
R OETE A 3 J7 LA B T TS (Mei 58, 20215
He %, 2023). HAKMF, i@ty @A I EGig
BB, Nguyen % (2014) 2T —FhE T4
o] PR AL M 2% (radial basis function network) A%
TR T, I P 22 o] S AN [
FEZRAE T Wik BRI E S, R AT 201
- GIE R AE . Galliani %% (2017) 0 T —Fh
HLT 56 J= CNN WG 7 071k, 3 ERf M i 5
T M RGB EUZ 3 = 63l BUR OGS M R . R
TUEHA R 2 27 2] e Ak B A 24 0 OGS B o ke
Can Fl Timofte (2018) #& i} T — Fr & - 5% 25 It
(vesidual blocks) Y7 )Z CNN J7 % H T 5230 55 43 =
EUROCIG oy o % el AL | ERs . Ak
SRR IR AR (Timofte %, 2016) FEATHHE T
Fto DA LEPFPE T CNN OGS ik, 4358
1 938 55 R4 36x36  (Galliani %, 2017) 1 64x
64 (Can F1 Timofte, 2018) [ EI{GBRAE HE S w55
KFR, BERWRG]E 8T R G ZRAEA LI 1E
WG T AR REGI 2, Han 5 (2022)
PLGCHESAE 2R 5 |2 (B4 i AR MG R G R
P& T T BPNN OGR4 ik A S THELITE
4275 ) ST — B0 20638 B OIS S R g
WL R, BITEDIAZ AN IEE, N
T S BAEA [) 25 8] |43 590 A 7 AR L A9 AR Ze ol
TR OC R . TEUIZRB B, R TCM B R T2k,
FOGIG A DGR 20615 -8 0y s 251, it
Z it BPNN 43 51| ) FH 3 FH P15 50 40 122 il i A1 1
Km0 KGR S AL OGS R R G iE X
HEST A XN R A AR e MO R O &R A
T B, ) OCIR SR S T7 0 5 E B 2063
PURIEAT W B 228, B o3 2 I B Bt o 1Y
K5, I E VI ZRA AR R ZE 5 BPNN i 45 5 1Y
Z ik B B i R AW EDGIE BIR . BEE
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REGE ML E, Shids (2018) Wik T
— P TR R AR 2 e B AR i HE A A G
J7¥E . MIHL, Martinez 55 (2020) #7 T HET
U-net Bl 5 CNN By AELe G ik S8 . oy 77 3F
—E iR E A, Fud (2018, 2022) $EHT
— i ELAT St e N bR AR R )2 Y CNN vk, 0T
AT DAFE AR 570 0 24 SR A I 28 A EE [ Bl
T A T e 1 PR 38 a5 A 43 I 4 R R
M2, Hang%F (2020) $2H T —Fh e 509K 5 i )t
TR AT o BE TR AR Uk B — M B A A A
KM — g0 5 B, kIt T —A 2 X 4%
Wi i B oy A L, B A I Y 5k 2% I 4%
3 ) E R T JE i U B ek S s AR B T
RGB EIME ] LA A & ik G G = 45X — 2%
WA B, I IER T T [ W 45 X 53 fidk D) 4%
B T AR LS AT OM . S T IR 4 2 1] A i
f5B., Zheng (2022) #£H T —Fh2s ol — %k
ZERE M 26k B E# mOLiE ER . Bk,
W AR IR SR TGS 4 R 25 (Rl —b ik sk 22 1 &
) £ 3 38 T S 2 R A T A2 9 22 0 R R 23 i)
556 aE s Hak, fEAELPEBL S, #r L
6T ERE 2] @ G R AE A B SRR s s, A
T B EE S E O ER . [R5 A
FHARH 8 6 338 O B e (A 7 8 40 o8 S RIS A
LR TS I B AR G o AN TR T 3 SR B TR Bl
TS TSR o vk, LidE (2022) R
T — A R AR AR (TR A 1 ) CNN 45
2 2 FE AN B fin T B R B B R —
Yok g M —2Esk 2240, @i A7 AL 24 5 5
PO B et (5 B ADGIE AR s W, 5k
11T RGB 5 HSI B4 25 (Rl 25 4 15 B — Btk
FEHE TG FE 2 SRORIT- AR R 152 22 4 S 461 Kk pR 8K
E— 2P T A5 B 56k B, Dian 5 (2024)
PRI T — BB T 28 SR A AL RG] S 9 4% L RGB
I EmOhas ER . BT UG AR, 207 ok
TG 53 43 il by v 61 e 3o 2 > LRI AR A5 A
IR S OGS ST 2 2 AR A N 4%
A3 2 2 s ER B 25 R FGIS Sk, IR A
38 S fl A R WS ST AT 4 Z M i s &
B | A [ 38 AR A R s (8] 5658 e 0 .
AN TR F A 5 Hdi 3R Bl 10 6 S 4 O vk
He %% (2022) M Edok s ik 5L A0S &
P T — B0 BE TG e 1 pR AT | 51 CNN 7 ik

P Z2OIE R MO GIE s B . ka5 A
WA R B S G A L RRAE S UM
2, ) FH Py B S RN T e 7 pR RN ' 1 D B oy
4, iR 2O EGR IS PR, BT
P — 25 B AR B0 B8 3 3 %o U1 5 RGO B 1 75
3K, Chen%§ (2022a) WF& T —Fhf B iR 1L
AR M2 H TRt R E#E . R Z 6 -m
Tk GO LR i 2 G B B ik, i
I 245 Hhy 24 RS 2457 - O 4 AR ) 25 IO 4 8 G A e
Horp, g a8 7 25 H T 30BN 200 KIS
IS RIS, SRR T 45 T S B T 3
Z G S GG R A pUG  # . ACR ) H ARk
— MR ZI6iE—m ik BT, AR B AR
fEF T, Weids (2020) Frdt A (one—shot)
SR 43 7 Pt vl DA SR s EMR . x5k S|
A K HAG AN FDCTERHE ) 8 61 MG AR R ik,
ISR AR TE 5 B A G s . %R
H 535 SR G R B IS RRE AR R R
Z5, R AR E R T EBRARDE
TERFIEXT B AREOGIE SR T4

J 1% o R T AR AR AS 7E T A # g ph 2
DT B T B G IR MR OE R, 3K — IR )
() i P g 48 2 5 1 A R OGS e B 8, IR
e RN A IR WA HR . 2ok S
TG G I FEAS 27 2] B M 1o 486 38 7 79 35 [R) 1)
TRTESE AR, T FH R B3 2 v (1) S 780 b 4 ol 3
T 2t DU 3R T S A B R SO RS A IS E
PRI A BB A G 8 43 AR R R O S 46
(B

5 PRikSREE

JRE BB B oy i eI T R © A Us T
W BCTE R E, PR T LR, H
AR E—ERRRYE . R, Rkt
THE UG 1 & SR AA AT L) g o B B Y . £ )%
XF5F . LA SRS B A 3 3 4 T

AT, 3ETWE% M2 5wk ©%
Al ARG SOG4 O T A R
T RS, (T EE R I RR AR B I
li], LT I A% A5 1 ¢ kg 7 2 10 5B AR R I A
WIS B AR R A7 7 AR IR 5% 45 i 1 A i)
B oA A —BUIEBL, T0 23 5 = A v e
GQE R, JmiEmIEeEN . Wik, Xtz
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i SRtk ER RS . LR BRI
3 W3 7 [ S AR VR ARG

BB, BTG B G T A
15 40 e T R T R MR R L U TR
KAGHEFE, F140 USGS JEik e . JPLOYGIEJE (Sha
45 02022; YanZ5, 2023; HanZ, 2024). $Kifi,
% & 3 H T 2 MU BT XA R 0 FH 75 SR A 2 T i
2 o AT ) GG A, ne] 7 4 & HE N [ A
FOLTE B R G AT R4 T 22 PR 1R] B4 B A X
FF . LA AN 2545 R 22 P B e 1A T OIS A 2
E— BTGB ERE A G, R RO
H R O Ry Il

WAL, ES S A B R R 56 A
BT R RE R E AR R, LR T IRE %
PR R 3 e i R B YR T AR i R
o H 5 &R o AL A /N 38 SO & iR T B
RSP R N B I T R R . T
W, a3 i R vk R S, B
JRCTH 0] 15 4 v G i G R A R AR T 5 5 2 Pk
Jrik . RS GPUAHZE A 1 o 5 43 = ik R
EEIT . RS R A e R R
&, WA EDOCIE TR RGN N EHEER
JET 1]

6 4 ify

AHIFFE B X e SR A B RS 5 DT 2 X
PR AN [ ) e 2w G R R B R B AR,
T TR B R o s R R S —
HEZR, RGEME T ok s B ] BEA IR M AR,
FAEMHEZR MR TR R K Rl e, R4
o T A IRE LSS RRE, B T
AREYRK LRI 0. FEEHEUTE

(1) BEXT w23 m oL T B R A7 Ry )
RSO T — P TSR 9045 B 0 DG RIS
T ARG — R, MRS R Rl 5O
SR URES S e A AN TR B s o e e R Rk
25 (2) BB BOANZOLIE S motil MG &
B i G EGOL T A 20 O ik U T8GR oL
ARG IE (LU A TR T A ) RSO0 AR R I
AR TR] AR A A 200 22 IR e e 1 2
i 293 B AR S PRI VL L S8 5 (3) KRR
I T T UG A e JR o 3 m] D B B
ZPER T VLR NGRS B 3 A DT 1]
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Computational imaging of high—spatial-resolution hyperspectral remote
sensed images: From fusion to spectral super—resolution
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2. School of Mechatronical Engineering, Beijing Institute of Technology, Beijing 100081, China

Abstract: High-spatial-resolution hyperspectral remote sensed images can provide abundant spatial and spectral information at the same
time, which is extremely important for practical applications such as precision agriculture, environmental monitoring, target detection and so
on, and is one of the long-term goals in the field of remote sensing. Considering that the high-spatial resolution and high-spectral resolution
are two imaging indexes mutually restricted from each other, it is still challenging to obtain the high-spatial-resolution hyperspectral images
directly using the existing imaging technology, which limits its practical applicability. As one of the important technical means to reconstruct
the high-spatial-resolution hyperspectral image, computational imaging can take the low-spatial-resolution hyperspectral image at the same
time and over the same scene as a spectral priori, and fuse it with the spatial information provided by the high-spatial-resolution multispectral
image based on the imaging model. It can also take the image-pair library or the spectral library as the priori information, and then reconstruct
the high-spatial-resolution hyperspectral image by spectral super-resolution through spectral mapping. Here firstly, facing the above different
ways of computational imaging for high-spatial-resolution hyperspectral images, a unified computational imaging model for high-spatial-
resolution hyperspectral images based on prior information is constructed in this study. Then, according to the different sources of prior
information, this paper summarizes the developing process and the related representative methods from the fusion of low-spatial-resolution
hyperspectral and high-spatial-resolution multispectral images, to the image-pair learning based spectral super-resolution for high-spatial-
resolution hyperspectral images, and to the latest spectral library learning based spectral super-resolution for high-spatial-resolution
hyperspectral images. Besides, the basic ideas, advantages and limitations of the existing algorithms are systematically analyzed. And finally,
three possible future trends including cross-domain adaptation, multi-library alignment, and hardware implementation are analyzed and
discussed in the context of the future research direction of computational imaging for the high-spatial-resolution hyperspectral image. The
results show that the computational imaging of high-spatial-resolution hyperspectral remote sensed images is one of the effective ways to break
through the physical limitations of the remote sensed imaging system. Incorporating fusion and spectral super-resolution into a unified
framework is conducive to systematically combing different sources of prior information, leading to more targeted high-precision and high-
stability reconstruction. This study provides a unified framework and technical means for computational imaging of high-spatial-resolution
hyperspectral remote sensed images, clarifies the future development direction of remote sensed image fusion and spectral super-resolution, and
is expected to furtherly improve the ability of fine structure detection and fine spectral discrimination, thus providing technical support for the
subsequent high-precision and high-reliability spectral target detection, object classification and other application tasks.

Key words: remote sensing, high-spatial-resolution hyperspectral image, unified computational imaging model, high-spatial-resolution
multispectral image, image-pair library, spectral library
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