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Physics-driven mid-wave infrared spectral compressed

encoding and reconstruction

WANG Lu-yang'?, LIANG Jing-giu', ZHAO Bai-xuan', NIE Hai-tao', CHEN Yu-peng', ZHAO Ying-ze',
ZHENG Kai-feng', QIN Yu-xin', WANG Wei-biao', LIU Yu', LI Zi-zheng®*, LV Jin-guang'"
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3. MOE Key Laboratory of TianQin Mission, TianQin Research Center for Gravitational Physics & School of
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Sun Yat-sen University (Zhuhai Campus), Zhuhai 519082, China))

* Corresponding author, E-mail: lizizh@mail.sysu.edu.cn; jinguanglv@163.com

Abstract: Aiming at the problem that existing spectral compressed sensing algorithms adapted to the visible
band are difficult to achieve high-precision reconstruction for sharp gas absorption features in the mid-wave
infrared (MWIR) spectra, we propose a physics-driven MWIR spectral compressed encoding and reconstruc-
tion network to realize high-precision reconstruction of MWIR spectra with sharp gas absorption features.
The dual-branch MWIR spectral reconstruction network serves as the core module of the proposed frame-
work. Specifically, the network consists of two parallel branches, namely the smooth background reconstruc-
tion branch and the characteristic absorption reconstruction branch, which respectively realize the accurate
reconstruction of smooth background logarithmic spectrum and sharp gas characteristic absorbance. Sub-
sequently, high-accuracy reconstruction of MWIR gas absorption spectra is achieved through information fu-
sion, physical quantity conversion, and post-processing with fully connected layers. Experimental results on
the reconstruction of gas absorption spectra within the 3.7—4.8 um band with 45 channels in real-world scen-
arios demonstrate that the proposed method achieves a peak signal-to-noise ratio (PSNR) of more than
28.159 dB and a spectral angle mapper (SAM) value of better than 0.053 rad. For a data cube with an image
resolution of 320x256, the reconstruction time is approximately 0.65 s. This method effectively breaks
through the technical bottleneck of high-precision MWIR spectral reconstruction, and it features both the in-
terpretability of physics-driven models and the generalization capability of data-driven models. It provides a
feasible technical path for MWIR spectral compressed sensing and exhibits significant potential for practical

applications.

Key words: mid-wave infrared; spectral imaging; compressed sensing; deep learning
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Fig. 1 Schematic diagram of the compressed sensing spectral imaging using the multispectral filter array. (a) The spectral

imaging process. (b) The spectral signal processing workflow

BEXF 37 5 rh e — 6 6T H () (B
y‘j/lmin ?IJ J~max ’ %i%@ﬁﬁﬁN)ﬁﬁ?ﬁ?ﬂws %%ﬁﬁ

B GERITTRR B M, PRI A4 i R, X
JO7 265 P BT AL A3 R



4 FEDEE (hgEso

#19%

Amax
I = IH(/I)Ri(/l)d/l+e,~ , (0
Ain
X HQ) R i6is; e N RS RN
{5 FHER i 6 I K AKE ) RGeS e 1oy, Tk e

Rl(/l) = Tithﬁlter(/l) X Tsystem(/l) X Rsensor(/l) > (2)

P, Tingie () RS ARG B TT A 2 1o 238 ]
DL G 27 i IR Z5 A 3 AT L Tosen(D N R GE
HERIE GRS AP AR TR o3 BT B 1 22, Riensor ()
SRR () DT e 107 bR AR, R E AT RGeS
FRIL,

W% R G e, W A MR IE G R T
WS N EIE R, AR

I=R-H | (3)

AP T e RYN HAREIE 2 28t ookl 5
BUP IR EIRR R A i H e RY 35 ARt
T R € RMN N MAS G815 WA B H 28 4
AR

A G, MR IR YE AR T H4E Rz, Bl
M < N 2 Bl 1T — e T fE . BEi,
SRS SRR VT 1A A2 H Y 390 TR — AN 25 ) AL
S 25 (RO T LU DG [ A AR Bk A
A ROK
22 MHLESHAE-LERER

Gt i SOLIG 2 AR IR H S R T L
FRNH

H oautaed = Tgas © Hyg €

A Hinodutarea € RY TGN BCHE 145 T € RY
HARBDEHEE S R Hy, € RN TR
] 45 ofCFZILR MG IR LS T, fEMZ
W28 v, X g T R AR IR I8 S AR TR R B S
] 4% o R T ARG A TR, A SO e 503 #
FREPE, REAE LRI 9 2 T 3R AR ez T e A o 2k
FINIE S LS BN R R RUARAE A R 2, b 22 )
X AR R I 1) A 1 B A M 2o
ARG ) e 5 A i A 1] AT BN

A, BV AT

Agym = —IOgmH modulated

Agas = —10g( T s

Ay = —log, Hy, . (5

HEAS () DR AR, T

Asum = Agas + Abg 5 (6)

K, Agm € RVABNEIFTEOLIE, Ay e RV AR
TRIERE M i, Ay, € RN NS SRS IXTEOGIS
T AT G 0 X AR e B 3 Ao e ) ) B
8, SR A R 5 ()RR S I8 il o R
DA R X BOGIE 5 SARMOEEE AR It /2, K
MR RAARR 1 b 22 R 45 (R DI M
BEAD, SR G RE 15 IR A R ) 443t
TAEF], MRE - R e A, AR PR b
WG AT 2
A =K, (Dlc . D

P K, (O SRR PR AKE Wi 28 80 o
WoOERE (BIDEAE A AR ) 5 ¢ o U
o aia i (6) SAK (), X T A mMA >
TR LR, R SR 2% 4 A v BE A R AR )
pre R B AL PE | BADERE T AR
JCPEH I Ao € R™V B B AR, RIS BR &
SRR G RFAE RO Ay € RN, B

~

Ags=ALD, (8

DAL A ] L I S T 2 MRS
ARG CRE I FSOR %

T LA GIE RN R RO 5 ] LR PR
I SO EOEIE R SR TR B 1
Ha, HiA

AAtotal = AAbg + Agas 5 (9)

s A 0 A 37 5 A5 A B B B0
Fs A WEHM R ST BORIEE S Ay,
R ARG AR S . SMEsUE,
it
H=10"% | (10)

R ATAE X B 1 1) f A Rt . A
2 (9) FIA K (10) BB, 72 AARMIBOGE & 24T
55, AT LA BT SO BOGIE L 5 AR
ARG B WA AT M A, & A 5
PR AR RS B R A0S s 2 R

ST URE 5 > J5 A 290 1) RS i T A A
R, 256 LR T i, AR T 253
SRR R 2 BAG , BTN [R]85 5352 43 5
SRAFT- 1 SOOI BT 5 9B AR FE B



%6

ERdiE, S5 PELONEN R LA S s A g 5 5 FE A 5

4y, FREAE BRGS0 B i e g B AT e DG

dt o TR B, AR SCHR I T W R S A P AL
HMGTE Fe 4 i 5 i R 2%, 5 7R S I R R
PALHM RO LI I TR 4RI E

3 EIRFH G HEFTEML

3.1 Mg EARSEA

BT HISCo T, A SCHR H— Ry BAK B Y
WLTHMETE R4 iy 5 F K . 48R
— Y E S EEM ML, BobB e T
DA LT AN IS AR ) BB I S AT 5 h R P
F T W 4% DR B T, AR R Al Y B Y

Background log spectrum

Input spectrum

m

|
|
|
Filter structure ) |
|
|

.

Foward modeling
network
0

AR

reconstruction branch

Spectral
transmittance

Gas concentration-path length
product solution network

| Gas absorbance
matrix

_ K Post-processing |
. . network
B Physical quantity ot |
Characteristic conversion |
absorption
- |
|

o A A O BT TR EE A R 26 244 2%
P28 L 1713k CELAT -3 1 SRR B OO ) o
B LM TROETE AT 55, HEEA TR AR
4nlEl 2 CREIEL DL T L R0 IS

T 1] A 255, AT ply AT 2 > BB 20
LIRS RORIR IR R HRDLIE S RS T
LM 5 U800 i 4D g i AR PR AT e
Jev, A BN A4 PR A I A5 2R R G I G
RER ALY SO A 4%, J3 )i a0
O S RIS ER A SO ST BO LS
O35 R IR SO E A3 T R Ei A, PR XU 3
FRNELA L PR A e A T R 4 I AL B,
L FH A A P I LGRS

Smooth absorbance Physics-driven dual-branch
background spectral reconstruction network |

A

Reconstructed

|l r- === - -
spectrum

| I ®Matr1x multiplication [

-

|| @B Vector addition I

K2 WyBRakshpg b LM CHE e a5 T A 46 i B

Fig.2 Principle of the physics-driven mid-wave infrared spectral compressed encoding and reconstruction network
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Fig. 4 Comparison of regularization functions. (a) Regularization function with a soft threshold. (b) Regularization function

with a hard threshold



8 HEDEEE (RS0 %19 %
56, AN 3.7~4.8 um BN OGS HEECN 25 nm

4 REFTHEGAL IR

4.1 HiBRED S EEMLEHIIZR
4.1.1 A6y AL &0 TR 2k

AR SCR FHFE T2 I 0 SE 7 86 i ok
TG o 2O IR T e (AT S 8B = A 1Y
g, FrP IR S Rea R AL EE, ST =
BhE AR, MR S . 2O E
JERESAL T 9 FEOGHIT, XA R A
8 )0 IXFPEE A TR B 1Y TR UE D R AE H bRk B A
BAREEREDR, 7T DRI R GG
FIRTHE T, A RS PG JE i i T e, TR RRAR
FEIN T MERE

R T S SR 1) R ) 2% 8 I 25, AR SC BT
BEMLA: BT 8 )22 2 W RS v ik 21 A1 58 7 U8 O 7 1Y)
SERI SR, BETFAE T R B T X R i i
R, A ER/NZE R 250 nm, i KJZEN
650 nm, A= % 300 J7 4108 R S5 R I A A
R 4101 A BRI A I 2R 4R L k4R S
KA, R A 15 et (PSNR) | ¥ 7 AR % 2%
(RMSE ) FIG i A e 5 (SAMO) A Ay W 26 i HH A i
AIPFANFEBR o I ) AR 0 4% B ZE R AR s f TRy
MRZE Rk 1 iR,

R 1 HEIEERMERMIKER
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Tab.2 Gas parameters of two types of absorption sys-

tems for constructing the dataset
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Tab.3 Parameters of the gases in the gas absorbance
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Fig. 7 Simulated reconstruction results of absorption spectra of gas-air mixture systems under different temperature back-

grounds



%6

ERdiE, S5 PELONEN R LA S s A g 5 5 FE A 11

Rt ARG A T LA R )
HERG B 0 5 M AL, A SCER X 403 K 453 K A
503 K i B 5 1E T i 2l = S8 AL OGS #E A T 05
FLAE A, Z5RNE 8 Fis . D AR WoR, IR AR

—~
o
=
—~
(=5
~

AT L T WA £ 5 J3E e e A7 G Y. 35 R ), A 3C
e H AR AR AN [R] 3R B PR 55 v 2 REAE R AR 1) HE
FEVERE, ELOHF OGS 5 00 Fg i RO T2k
Al R, TR B IR Ot R T I A

4 — Reconstructed
--- Reference
PCSED

o

=
g
=N

PCSED

o

[\S)
(=]
w

Intensity/(a.u.)
Intensity/(a.u.)

— Reconstructed
--- Reference

— Reconstructed
1.0 {---Reference
PCSED

0.5

Intensity/(a.u.) ©

3700 4250 4800 3700
Wavelength/nm

(E=val eVl S

4250 4800 3700 4250 4800
Wavelength/nm

Wavelength/nm

B8 XPANET S T al — A RO GRS B A5 R (a) 403 K; (b) 453 K; (¢)503 K

Fig. 8 Simulated reconstruction results of pure carbon dioxide absorption spectra under different background temperatures. (a)

403 K. (b) 453 K. (c) 503 K

4.3 JHEASCEE

Oy Y UE AR SCIT B A 2 1 2% v 2% LA
X E P RE A9 TTRR, ST IR IR i 5
K, RGUIIT AR A AR, SR A R IR 5
7N

x5 IHMSLWER
Tab.5 Results of the ablation experiments

o 2 4k 21 SEHIPSNR (dB)  FHRMSE  FHSAM (rad)
JER AR 46.988 0.004 0.010
TL KT 42.865 0.007 0.007
JCECA 43.833 0.006 0.008
g%g@y 38.194 0.014 0.097

T il S 5 285 SR T DA Y, AR R A R A 4
SO TSRO T B A R A R A
o Hr, 23k RS SR0EE AT R
I AT Y ) SR 5 4 2 4 SR A AR
PUNE1 T, A RGR LR E SR ECRE ), U B 3Tt
O E MR

W E UL, T2 kI & IR SAM (A
(0.007 rad) 5 JC ECA i} SAM H (0.008 rad) i
% T R B A5 0 (0.010 rad) , % L4 J@ T 45 1 1
REFR AR Y & AU 45 R . 2R ERE IS
ECA SH %0 B AR 344 5 ] 5 Ak AR50 K
WSO 1 PRI B R R, S B M 0 0 67 55 Wi
E A IULE, (Rt B 2 S 80 a R 4 B
FI N, S8 SAM (EER BT, TR

RE—EE IS, BARERDGER R SAM
WG, AL B3 M AT e ) J ¥ B At 2 22 (A v
2=, WR{HIRZ) W 2EHE R, [ PSNR i T J5h
B RMSE 35 i T I An A Y, A R E el 1 g
9T IRAERETY . fytn] DL, SRR AR A 4 bR e B
B T LA A 1 5 15 5 BT Y
B 3K, BRI P PR TIE 2R 50 W AT A A 1) T 0
J o JE gkl g — T R S EOE 0, 27T
BT E LA 55 Th B ZR S PR RE
44 HXIBERLHEEER

BT EIRELE TS 05 IS R, ] LA
T HA 22 AT i 5 18] A1 ) 4k
YeREF, Forpr 9 ANUESE AT 33 HEA H I —A>
HARTC. IR b, Bz R0 A RS 550 &%
W EL R A, ) [F) 2R B AN [ 25 ) 7 B Py 40
AR, g e B B RV AT S B bR B O 1
AR o BRI, R A I £ A R R % E 58 h
il Ve 8%, v BAE A LR B E M, 5 TR
TF R ATV G5 T 28, 3X 2 KRR i =52
WIS A . IR T % REEA
RCPERIE, AR SCR S A e A B RuE e, il
w7 R, Tl RS UL R e VI A [
TEIC T, MRS B AU, DL B PR IR 0O
TR A B RS

N Y BUEAR SO SR LS 25 1 R Y
HHPERE, A SO G 1 R VR SR AT
JAR B S5, SER R E N 9 . MRk A
B i A R STEE, 2 Ut AR AR



12 RED2E (RgEs)

#19%

KOt rh s R E RS, B E G S h S
AR B AR S R, AR AR H st

Xt F 403 K., 453 K J 503 K i & T A4l —
BRSO TS 25 R AN & 10 G2 1 DL Pl H
TR Bz, X R A9 O 1 A Be e bR a2k 6
o FHIEL 10 B 6 Bt vl i, iz 7E FL A0 5000
Yyserh, AN A8 SR T 4l — S A i i A
Wedgse, R R R A B, RERSUERG R IS
AR AT U (1% 57 8 5 WREL, A Co RPN i G R 32
B

Target gas image

(b) 1
S 05 4 4
Carbon dioxide : - ==
100%, 453 K i
0
0
(© 1
Carbon dioxide
100%, 503 K =05
0 0

Relative absorption

(a) 1 0.4 {—Result
3 ---Reference
Carbon dioxide £0.2 1
100%, 403 K /’\
0
0 3700 4250 4800

Gas distribution Imaging Filter ~ MWIR FPA
instrument lens wheel detector

Blackbody ~ Gas cell

Ko s E
Fig. 9 The image of the experimental setup

Experimental results

Intensity/(a.u.)

Wavelength/nm

—— Result
- - Reference

Intensity/(a.u.)

3700 4250 4800
Wavelength/nm

1.0 {—Result
- -~ Reference

Intensity/(a.u.)

3700 4250 4800
Wavelength/nm

E 10 ARIEFEE T4 SR BOEE R LR . (a) 403 K; (b) 453 K; (a) 503 K

Fig. 10 Reconstruction results of pure carbon dioxide absorption spectra at different background temperatures. (a) 403 K. (b)

453 K. (a) 503 K

#z6 TRILEREETHA-SMBRRBILTEE
Tab. 6 Reconstruction performance of pure carbon di-
oxide absorption spectra at different backgrou-

nd temperatures

R SERALSYRIE PSNR (dB) RMSE SAM (rad) H AN [E](s)

403 K 34861  0.004  0.029 0.640
453K HfbAR100%  33.528  0.011 0.031 0.643
503 K 30.061  0.031 0.044 0.639

SLEGE R R gl — A LR FE A PSNR B
TR TR X F5AA RN H—,

Segvh, SR 393~513 K 1SRRG SHEIE, i i
AN X FR G B G B AT T AR E , X PR
SE IR S B A5G AN AR 1R 22, R
SO 5 5 58 5 1 G (5 5 B A R AR R R
25 Ho— iR O T G 2 S R AT A R 50
H OGRS RO, SRR T H AR BRI BT,
FBIATAEL R G iR, K T IREh
T A RS

Syt IR R A ISR A AR R P
fHEFEAE ), AT RE T BARSUR-2 IR AR R
OGRS . 503 K i R RS IR ZEN



%6

ERdiE, S5 PELONEN R LA S s A g 5 5 FE A 13

W W' i o 2 SR ] 11 CR2 11 D3 ) Pl i)

Target gas image

(b) 1
.0 {— Result =1
: ---Reference
A "
Nitrous oxide ; £ 0. V v
0.1%, 503 K
0 -
0 3700 4250 4800
(c) 1
Nitrous oxide
1%, 503 K
0
(@) 1
Carbon monoxide
10%, 503 K ) :
0 0

Relative absorption

(a) 1
Sulfur dioxide : .
10%, 503 K
0
0 3700 4250 4800

IR, PERESR bR AN 7 PR

Experimental results

1.0 {— Result

- - Reference ST
0.5

i

Intensity/(a.u.)

Wavelength/nm

—
(=]

(=]
W

Intensity/(a.u.)

Wavelength/nm

1.0 {—Result -4

/;E - -~ Reference z

<

=

>

205

=}

2

=]

=

0 A

3700 4250 4800

Wavelength/nm
1.0 {— Result

’; - == Reference =

s o

5 ‘\/

E

3700 4250 4800

Wavelength/nm

Fl 11 503 K Tl T BinAR-s IR AR ARBOESE M EEER ., () A5 (10%); (b) —F L — A (0.1%); (¢) —

FAL A (1%); (d) —F ALK (10%)
Fig. 11

Reconstruction results of absorption spectra of gas-air mixture systems at 503 K background temperature. (a) Sulfur

dioxide (10%). (b) Nitrous oxide (0.1%). (c) Nitrous oxide (1%). (d) Carbon monoxide (10%).

®7 53K HEREETERSF-ZRREEERRYBL

TEEEMAE
Tab.7 Reconstruction performance of absorption spec-
tra of gas-air mixture systems at 503 K back-

ground temperature

SARER SARHKE PSNR (dB) RMSE SAM (rad) ] (s)

AL 10% 29.749  0.033  0.040 0.658
—HAZR 1% 28.159  0.039  0.053 0.643
—HMAZH  01% 28.194  0.039  0.051 0.664

— S LAk 10% 28745  0.033  0.048 0.661

MIE 11 Je5e 7 S50 n] UL, AR SCH i3k ml
AT R0 S IR A ZR MO Y R, L X LS
AR R BBCRIE B RS RE 11, BEREHE T L S50

[T N i 7 R N S a3 A | S
BRI M R S R R (26T, IRBEIR
JERMUNBE S SR R ENEITEH, & B80T 5
i Bl KA 0 1 R B, TR R A S e
PEZZ B 5Z 0, 23 1)1 3 SO 1 A0 I s 06 ) s 1L
PR

S BEAR b 34 PR 2 A s, m] LR FH B R I
REM: | Rk RGEARE I B A IE N T 53]
B fefbotes RGBT 2ot 3 AR
U R B BRI PR 45 H A vk, JE Sk —
AR R ER T RGBT AR

EA PRSI B B, AR M RSB T
3.7~4.8 um P | 45 W iE TP ANV AR OGS
S AR R E A X T MR PR N 320%



14 RED2E (RgEs)

#19%

256 (RS AR, HE AR 29° 0.65 s

o BRI, AR SCGE I T 5ot
LT, [ o B MR SR B B AR R -2 SRS
TR R WSO IS E A, AR B T R AR SO
O ZAMERBWRIERN R S, Mk g
FR S BRAAR W I S s B, 2 i I S PR A AR
M5 A1 SRR B S 4 B e 2
43 SR T A5 A B ARG B SR URRAE 5
P 35 SRR BR R, S BOGTE 46 0 (10 175 1 L
WA, e 2l LS B0 b B s . B i st
Phik, 5 SR o LAAS SCHE H 0 W AR B 5 5 di
i) 1ol S Sy B O T M E N ) | e L e = ol N 2
ZH AT T R B AR 1 1) B A, S|
AR SRRy B | Ak 2 0 B
RRAE P2 B 45 55 7 vk, B THS R AR 52 24 S b d it
Tz Akie ) S E R E

AN, ARSCR T LS RE, R HEE H 5
PIe 8t i, B — 086 R CEE LT A MR 2511 R
OB AE UEA T 6T 5 A A0 Jr 28 UE Bk 0 A AL
P, BT FE TR 28 B 51 b 5 1l 22 63 U G B 1)
W% . AR ZIEEIEICRES, TR R
= N R N2 N -5 - ooTve: L LY D A = S
S5 T v T A 2R X2 ] L E SR IR O RS AR
6o FETFASCEE A3 R 40 i 5 d vk,

S ik

AR ] PE—PHERE 2O LT C R I 1 T 2 A
A, SRRV L SAS R A 52 Y v e 2T SR
MRSABOETEAL, Mt il . KU AR % <A
Bl Gt AR R A ROR S 4%

5 % ®

B3 T VT DL S ) M L e
Hh B 2T SRR SR IO T Y 1) R, AR S T
— iy B S 4 LT AR G - R o 4
A, A48T P28 I 248 BEAR T A A0 %) 4 L
FETEAN A T W45 AR 25 B TAEDLH . 7
ik F A B, AR SO AR AR I A
1) - 1) i EORG BEA , WEBL15 R LL ik 46.744 dB,
GG A WS A 0.010 rad, 78 52 BROG i H g 5
B WY, X4 S AR OO 1S Y E AP AR
PRIE H, W AR M L 5 T 28.159 dB, Y6 £ e i)
T 0.053 rad, H7E 403~503 K 2 7 Bl P %<
A2 58 I ST U 19 A 0 R AF 1l 2 BE T PR R RS E
X T BG4y e R 320%256 B EE <7 5 1K i
ST 2 0.65 s SEEREE R, A SCHE T
()77 vk LR AR SR AR T,
K B R 2T AR AR IS G BRI T A TR
Az

(1]

XING CH ZH, WEI SH C, L1 Y K, et al.. Fast-hyperspectral imaging remote sensing: emission quantification of NO,
and SO, from marine vessels [J]. Light: Science & Applications, 2025, 14(1): 308.

SRS B AR WO IR SO A (V). F Bk (3 0), 2022, 15(5):

[2] KASTEK M, SOSNOWSKI T, ORZANOWSKI T, et al.. Multispectral gas detection method[C]. WIT Transactions on
Ecology and the Environment: Vol. 123, WIT Press, 2009: 227-236.

[3] MERIBOUT M. Gas leak-detection and measurement systems: prospects and future trends[J]. IEEE Transactions on
Instrumentation and Measurement, 2021, 70: 4505813.

[4] CHEN Y P, LIANG J Q, ZHAO B X, et al.. Snapshot infrared Fourier transform imaging spectrometer for transient
dynamic sensing[J]. Optics Express, 2025, 33(3): 4024-4043.

(5] B4k, 2HH4, RE L, £
1092-1104.
LV J G, LIANG J Q, ZHAO B X, et al.. Panoramic bispectral infrared imaging interference spectrum measurement
inversion instrument[J]. Chinese Optics, 2022, 15(5): 1092-1104. (in Chinese).

[6] YANG SH W, QIN H L, YAN X, et al.. Mid-wave infrared snapshot compressive spectral imager with deep infrared
denoising prior [J]. Remote Sensing, 2023, 15(1): 280.

(7] YUANLY, WEN M X, WANG Y M, et al.. Development and evaluation of MWIR imaging spectrometer for multi-
dimensional detection[J]. Infrared Physics & Technology, 2024, 137: 105148.

(8]

AR, FH, FRE, F R R RN EOLIE RGOS SO RGBT U], B S (F kL), 2024,
17(3): 661-673.
KONG X J, LI B, LI H SH, e al.. Optical system design of hyperspectral imaging spectrometer for trace gas occultation


https://doi.org/10.1364/OE.550328
https://doi.org/10.3390/rs15010280
https://doi.org/10.1016/j.infrared.2024.105148

% 6 ] ERdiE, S5 PELONEN R LA S s A g 5 5 FE A 15

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

detection[J]. Chinese Optics, 2024, 17(3): 661-673. (in Chinese).

ZHANG W Y, SONG H Y, HE X, et al.. Deeply learned broadband encoding stochastic hyperspectral imaging[J].
Light: Science & Applications, 2021, 10(1): 108.

SONG H Y, MA Y G, HAN Y B, et al.. Deep-learned broadband encoding stochastic filters for computational
spectroscopic instruments[J]. Advanced Theory and Simulations, 2021, 4(3): 2000299.

WU N F, SUN Y X, HU J T, et al.. Intelligent nanophotonics: when machine learning sheds light[J]. eLight, 2025,
5(1):5.

DREMEL J, SCHARF E, RICHTER S, et al.. Lensless single-shot multicore fiber endomicroscopy using a single
multispectral hologram[J]. Light: Advanced Manufacturing, 2025, 6(4): 27.

MIR, B R, B, F. SOGEA AR ROCEMURAT R V], 409h 5 0k 142, 2025, 54(7): 202501.
YANG W Q, HUO C, MENG H Y, et al.. Recent advances in computational spectral imaging based on broadband
spectral structure coding[J]. Infrared and Laser Engineering, 2025, 54(7): 202501. (in Chinese).

B, SR, #3858, . GOTH A RO TR SR E A [J]. F B RS (P 3£50), 2022, 15(5): 1045-1054.
XIAO SHL, HU CH H, GAO L Y, et al.. Pixel mapping variable-resolution spectral imaging reconstruction[J]. Chinese
Optics, 2022, 15(5): 1045-1054. (in Chinese).

YAKO M, YAMAOKA Y, KIYOHARA T, et al.. Video-rate hyperspectral camera based on a CMOS-compatible
random array of fabry—pérot filters[J]. Nature Photonics, 2023, 17(3): 218-223.

XIONG J, CAI X SH, CUI K Y, ef al.. Dynamic brain spectrum acquired by a real-time ultraspectral imaging chip with
reconfigurable metasurfaces [J1. Optica, 2022, 9(5): 461-468.

ARAD B, BEN-SHAHAR O. Sparse recovery of hyperspectral signal from natural RGB images[C]. Proceedings of the
14th European Conference on Computer Vision, Springer, 2016: 19-34.

W, i E, BT A, S W CASST YRGS FIR B RAITTELRA (Frith) [J]. 25 F 4k, 2025, 54(9): 0954206.
XU P, XU J, FENG Y CH, et al.. A review of hyperspectral image reconstruction algorithms for coded aperture snapshot
spectral imaging (invited) [J]. Acta Photonica Sinica, 2025, 54(9): 0954206. (in Chinese).

REIZ, Hf, 20, . S TOUE TR LM IRED G MR BARRTTE 1], 5 541, 2025, 54(8): 0811001.
SONG S Y, GAO B, WANG SH, ef al.. Mid-wave infrared snapshot spectral imaging via spectral reconstruction[J].
Acta Photonica Sinica, 2025, 54(8): 0811001. (in Chinese).

HUANG L Q, LUO R CH, LIU X, et al.. Spectral imaging with deep learning [J]. Light: Science & Applications, 2022,
11(1): 61.

FENG SH Q, WANG ZH SH, CHENG X B, et al.. Superposition Fabry—Perot filter array for a computational
hyperspectral camera[J]. Optics Letters, 2023, 48(5): 1156-1159.

YANG J W, CUI K Y, CAI X SH, et al.. Ultraspectral imaging based on metasurfaces with freeform shaped meta-
atoms [J]. Laser & Photonics Reviews, 2022, 16(7): 2100663.

YANG J W, CUI K Y, HUANG Y D, et al.. Deep-learning based on-chip rapid spectral imaging with high spatial
resolution[J]. Chip, 2023, 2(2): 100045.

BIAN L H, WANG ZH, ZHANG Y ZH, et al.. A broadband hyperspectral image sensor with high spatio-temporal
resolution[J]. Nature, 2024, 635(8037): 73-81.

ZHU J P, NIE H T, WANG L Y, et al.. Snapshot hyperspectral imaging with high spatial resolution based on
transformers [J]. Optics Express, 2025, 33(15): 31731-31755.

WA, &% 8, KW, 5. JET DD-CASSIIBALIGRERY i v e il PR vk (MBS -5 [T, 2ooh 5ok
IH%,2026,55(2):20250611.

ZHANG Y, LIAN Y ZH, ZHANG X, et al.. Hyperspectral image reconstruction algorithm based on the DD-CASSI
degradation imaging model (inner cover paper-invited)[J]. Infrared and Laser Engineering, 2026, 55(2): 20250611. (in
Chinese).

RUDINGER A, ATMACA O, BAHLINGER V, et al.. Bimodal tissue differentiation using hyperspectral imaging and
elastographic Fourier transform profilometry[J]. Light: Advanced Manufacturing, 2025, 6(4): 73.

HU J, SHEN L, SUN G. Squeeze-and-excitation networks[CJ. Proceedings of 2018 IEEE/CVF Conference on
Computer Vision and Pattern Recognition, IEEE, 2018: 7132-7141.

WANG Q L, WU B G, ZHU P F, et al.. ECA-net: efficient channel attention for deep convolutional neural networks[C].


https://doi.org/10.1002/adts.202000299
https://doi.org/10.1186/s43593-025-00085-x
https://doi.org/10.37188/lam.2025.027
https://doi.org/10.3788/IRLA20250130
https://doi.org/10.3788/IRLA20250130
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.37188/CO.2022-0108
https://doi.org/10.1038/s41566-022-01141-5
https://doi.org/10.1364/OPTICA.440013
https://doi.org/10.3788/gzxb20255409.0954206
https://doi.org/10.3788/gzxb20255409.0954206
https://doi.org/10.3788/gzxb20255408.0811001
https://doi.org/10.3788/gzxb20255408.0811001
https://doi.org/10.1364/OL.479622
https://doi.org/10.1002/lpor.202100663
https://doi.org/10.1016/j.chip.2023.100045
https://doi.org/10.1038/s41586-024-08109-1
https://doi.org/10.1364/OE.563614
https://doi.org/10.3788/IRLA20250611
https://doi.org/10.3788/IRLA20250611
https://doi.org/10.3788/IRLA20250611
https://doi.org/10.37188/lam.2025.073

16 R EDEE (FRgEso)

#19%

Proceedings of 2020 IEEE/CVF Conference on Computer Vision and Pattern Recognition, IEEE, 2020: 11531-11539.
[30] ROTHMAN L, TASHKUN S, MIKHAILENKO S, e al.. HITRAN on the web[EB/OL]. [2026-01-26]. https://

hitran.iao.ru.

EEEN:

TR (2000—) , B, ILARARE A, 5
4, 2023 4 F IR E Tolk KA 3R 2
e o VAN o VN R A N oy
BAG 5 45 B 1 5 16 A BF

5% » E-mail: wangluyang23@mails.ucas.

ac.cn

Bt (1984—), 55, & ARG A, 1
o, W B, T A SO, 2008 4E TR
MR ARG 2 1A 40, 2013 4F T [
g B KRB AR B LS Y BT 5%
[ e o VAN S YN R VA
615 AR BB 1 AR 4 T T Y
%%, E-mail: jinguanglv@163.com

FRTH(1987—), 5, HARKFEN, 1
+, BIZHZ, Wit R IW, 2011 4F F
[l A 2 R R 22 B A 2 2 A, 2016
AT ERE K AR B LS
YIRS AR AR T AL, FENH
5 RS 900 K 5 ) R R AL 45 T T
BIF5Y . E-mail: lizizh@mail sysu.edu.cn


https://hitran.iao.ru
https://hitran.iao.ru
mailto:wangluyang23@mails.ucas.ac.cn
mailto:wangluyang23@mails.ucas.ac.cn
mailto:lizizh@mail.sysu.edu.cn
mailto:jinguanglv@163.com

	1 引　言
	2 中波红外压缩感知光谱成像模型
	2.1 基于多光谱滤光阵列的光谱成像物理模型
	2.2 对数光谱与朗伯-比尔定律

	3 物理驱动的光谱重建网络
	3.1 网络总体架构
	3.2 滤光片的前向建模网络
	3.3 双分支中波红外光谱重建网络
	3.4 双分支网络的信息融合
	3.5 损失函数

	4 光谱重建仿真与实验结果
	4.1 光谱编码与重建网络的训练
	4.1.1 前向建模网络的预训练
	4.1.2 光谱数据集的生成
	4.1.3 双分支光谱重建网络的训练

	4.2 光谱重建仿真结果
	4.3 消融实验
	4.4 光谱重建实验及结果

	5 结　论
	参考文献

