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Abstract: Objective Geostationary meteorological satellites provide observations of clouds, the atmosphere, and Earth’s
surface, but their visible and near-infrared (VIS—NIR) reflectance channels cannot provide usable measurements at night

because reflected solar shortwave radiation is unavailable. Consequently, true-color imagery (TCI) and other products
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derived from these channels have gaps that hinder continuous monitoring of clouds, fog, and severe weather. Missing
reflectance observations also affect products describing aerosols, cloud type, cloud optical thickness, and shortwave radia-
tion, extending the importance of reconstruction beyond visual interpretation. Existing nighttime image-generation studies
have generally targeted only one or a few visible bands, while public paired datasets spanning multiple reflective bands and
diverse scenes remain limited. This study develops a large-scale benchmark, VIS-NIR-70K, for learning the relationship
between infrared observations and missing VIS-NIR information. It also evaluates whether representative generative models
can reconstruct six reflective bands from inputs available at night, thereby establishing a basis for comparing cross-modal
generation methods and examining their potential for nighttime satellite applications. Methods VIS-NIR-70K was con-
structed from the Advanced Himawari Imager aboard the Himawari-8/9 satellites. Daytime observations provide simultane-
ous multi-band infrared brightness temperatures (MIBT) and measured VIS—NIR reflectances, which form paired training
and evaluation samples even though nighttime reflectance ground truth is unavailable. The six prediction targets are AHI
albedo bands 1~6, spanning visible, near-infrared, and shortwave-infrared wavelengths.” Conditional inputs consist of
brightness-temperature bands 7~16: one mid-wave infrared band, three water-vapor bands, and six additional thermal
infrared bands. Satellite zenith angle (SAZ) and a land-sea mask (Landsea) supply observation-geometry and underlying-
surface information. Solar zenith angle (SOZ) is used during preprocessing to exclude poorly illuminated regions with SOZ
greater than 85°, rather than serving as a model input. Band-specific extreme values are clipped using the first and 99th
percentiles, and coregistered observations are divided into nonoverlapping 512X512-pixel patches; 256X256-pixel versions
are used for model training and inference. Samples are separated by more than one hour. The training set contains 62,290
paired patches derived from 690 observation times in 2016~2024, whereas the independent test set contains 5, 446 pairs
from 80 observation times in December 2025~]January 2026. In total, 67,736 paired patches yield 1,219,248 individual
multi-band images. - Cloudy patches account for approximately 23% of the dataset, and both land and ocean are repre-
sented. The year-separated split reduces leakage from temporally adjacent scenes, although the test period is concentrated
in winter. A linear baseline, CycleGAN, Pix2Pix, three DiT variants, a DDPM, and RefDiff are evaluated under a shared
data split. Assessment combines pixel and radiometric errors, including mean squared error (MSE) , root mean squared
error, and mean bias error, with peak signal-to-noise ratio, structural similarity index measure (SSIM) , correlation coeffi-
cient, spectral angle mapper, Fréchet Inception Distance, and Kernel Inception Distance. Visual comparisons examine
individual bands, TCI, clouds, sea fog, a typhoon, and nighttime full-disk reconstructions. Results The paired-data
experiments show that MIBT contains useful information for estimating VIS—NIR reflectance, although performance varies
across target bands and scene types. Diffusion-based approaches generally outperform the adversarial models on structural
similarity and perceptual distribution measures. The unpaired CycleGAN has difficulty preserving local structures, while
paired Pix2Pix improves structural fidelity but tends to smooth complex cloud textures. DiT variants represent large-scale
patterns and offer faster inference than the image-space diffusion approaches, yet their results retain less fine detail;
increasing DiT model size produces only modest changes in reconstruction quality. DDPM and RefDiff, which perform dif-
fusion in the original image space, recover cloud boundaries, spatial patterns, and subtle brightness variation more effec-
tively. Across all six predicted bands, DDPM attains an average SSIM of 0. 864, an MSE of 0. 003, an FID of 11. 178,
and a KID of 0.007. RefDiff achieves a slightly higher average peak signal-to-noise ratio of 29. 143 and a lower spectral
angle mapper value of 0. 0579, illustrating that no single model leads on every criterion. These differences show why pixel
accuracy , feature-space similarity, and multi-band spectral agreement should be considered together when comparing gen-
erators for remote sensing. For TCI assembled from the three visible channels, DDPM obtains an average SSIM of 0. 881
and an MSE of 0. 002. Qualitative results show that the original-image-space diffusion models better preserve low-cloud tex-
tures and the organization of the typhoon-eye region. Experiments across cloudy and clear skies, land, ocean, and sea-fog
scenes also indicate broad scene coverage. Nevertheless, albedo bands 4 and 5 remain harder to reconstruct than the vis-
ible channels, reflecting information about surface reflectance and cloud microphysics that infrared brightness temperatures
do not fully determine. Input ablations identify the complete set of bands 7~16 as the main source of performance improve-
ment; adding SAZ and Landsea together provides complementary constraints and improves overall stability. A nighttime

full-disk example illustrates spatially continuous generated bands and a plausible TCI across the day—night boundary
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approximate scaling calculation suggests that DDPM could generate a full disk in about 57 seconds, within AHI’ s ten-
minute observation interval, although this is not a measured deployment time. Because concurrent nighttime VIS-NIR mea-
surements are unavailable, this example supports qualitative interpretation rather than direct quantitative validation. Con-
clusion VIS-NIR-70K provides a multi-band, multi-scene resource for evaluating nighttime missing-band completion using
daytime paired observations. The benchmark reveals the value of complete infrared inputs and the complementary roles of
observation geometry and surface-type information. Original-image-space diffusion yields strong structural and spectral
reconstruction, especially for complex clouds, while latent-space approaches offer a useful quality-efficiency tradeoff. The
generated nighttime imagery could support continuous meteorological analysis, but daytime-to-nighttime domain shifts, lim-
ited independent seasonal testing, and the lack of nighttime reflectance ground truth constrain present claims about opera-
tional accuracy. Future work should incorporate physical knowledge of radiation and clouds, develop task-specific evalua-
tion measures, and reduce diffusion sampling costs to improve the reliability and practicality of multi-band generation.
Dataset access link : (ScienceDB : https : //doi. org/10. 57760/sciencedb. j00240. 00227).
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Fig. 1 Examples of Himawari-9 satellite products dependent
on solar reflectance bands, (Observation time: 2026/01/01
07:00)
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Table 1 Himawari—8/9 AHI sensor bands and auxiliary information
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Fig. 2 Examples of the data preprocessing workflow and model
training and testing workflow, (Observation time: 2026/01/01
10:00)
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&8 D EsRR R RE B BIREMESITH

TR /R T VIS-NIR-70K X4 4 B REA /3 A . A
Y ik B NGESMREEL = S KGR
S5 R B RS LI LB Bk , B[R e 25
Fii b, 1V T ST L B A AR I 51 3 S5 o A O A
XF I 45 R R ) o I R AR A
2025~2026 4%, LA 25 R vl e 22 81— Z=
G0 25 5 B RE I | A SRR AL 1 2y v A, g
5o A SR AR A A TR N SR TS ST 2 AL RE
BHIE

albedo1 albedo2 albedo 3 albedo 5 albedo 6

K&? =

%

albedo 4

Ve B

tbb 8 tbb 9 tbb 10 tbb 11 tbb 12

-.--.IM
12
152

tbb 13 tbb 14 tbb 15 tbb 16 Landsea SAZ

B3 VIS-NIR-70K 45 Bon i, U %] : 2025/12/15
18:00)
Fig. 3 Examples of different bands in VIS-NIR-70K, (Obser-
vation time: 2025/12/15 18:00)

1.4 MHEXHBIFEXILE

BRI A ] WA Y E A T —
TR B IR AR 7RIS 58 e M (it R 5 5
15538 M5 A A AR R PR . & 3 X5 L T VIS-NIR-
70K 5 8 A & 8] AT WO A= i85 4 o NightVision
(Harder %5 , 2020) 3£ F GOES-16 £ 57. ) 8000 %} £T.
Hh-1] WLOCHEAS | FEE i ) RGB 1] WLIES A= A, K095
FEASEFN 25 (0] 7 55 V0 A PR o Yao 55 A (2025) 56
Himawari-8/9 ¥ 2 T K HIAE AHL KB 4 , 5| A L2404
e B WM LA 5 b 3R A7 B B0 B AR K
0. 645um HL— 0] WG B, HLWF 9% & 5 35 s 1T 1) #4

WS e, RefDiff(Zhou %, 2025) 5T FY-4B £k Bt
AT AN SAZ A ML A5 B A2 B 0. 47um L 0. 65um Fl
0. 825wm =~ 5 B (L RICH0 Bsf 1] 5 8 A X 4 0
HARBE M/ B ., HILZ T, VIS-NIR-70K
7 3 2016~2026 4F Himawari-8/9 1 WL, £ 45 5¢ 5%
[ thb 7~16 . SAZ F1 7K Bifi & I A 2% 14, [A] Bof 48 4t
albedo 1~6 7NN Y VIS NIR HARIEEL, I w5 &
PN [ I % N N 7 N I s N TR 75 = e s A 40 )
W) 58 3 226515 EAh 4 15 ik B B G R 0T 9% I
AN [) A A Y 1) S5 — DAl B8 4R B R 4 ) BlHE
Fht

2 7TEEER

2.1 EIGigt
2.1.1 SEEGYHTT

BT A 525 ¥ 3 F PyTorch-GPU 2. 1. 1 il Python
3.8.20 FF & A B S BL, JF 7E L 45 24 GB A7 1)
NVIDIA GeForce RTX 4090 GPU & |58 il 4 5
DR Ry PRESE 56 25 S 1 vl 31 82 Pk 5 0 -1, il
Xof LU ABS Y 127 SR FH A [ ) 20T 1 AR 05 8 40l 43 =X
DSz wii

FERER Y Gk B, 58— R Adam f 4k 45 2
TISBCEH, WIRE 2R E R 1 x 107, T
BRI SRS IR RS B iz b R, 51 AR X
IR K2 2] R PR WS 22 2 R M1 x 107 3B L 3
W1 x 107, YR R/ E Jy 8. FIEFIA
[Fi) A5 78U 7y L SSCREPE A7 7E 25 57, CyeleGAN Fil Pix2Pix
Y 2k 300 4~ Epoch, H: 4% A= i 5 AL I & 1000 4~
Epoch , LAy AR R 23k 21 s e I SIeiR 2 o

VIS-NIR-70K % 4 45 i 19 Jit i A A< RO~F Sy
512 x S1248 K . 58 & o PERi A 2 &8
RSN G TF 4, [ i B 32 3t AR A s 7503 afs SR
H1256 x 256 7 HE3aAE bR e ARG, I TEAS 52

%2 VIS-NIR-70K $iB &£ ¥ 15 %
Table 2 Detailed information of the VIS-NIR-70K dataset

JEIEHE

AR S & KIS ZWEBKIR 2% WE2E(%)  Hit(%) %) BIX(%) fiof 1] 5
RS 690 62.290 1,121,220 2309 7691 4841 5159 115 2016/01~2024/12
llFES 80 5.446 98,028 2339 7661 4139 5861 125 2025/12~2026/01
ey 770 67.736 1219248 2311 7689 4785 5215 1.16  2016/01~2026/01
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MR RIVERE A RIS B R P A REA S — 4 2 256 X
256 18 )5 FHf A M 28 BEA TN SR ANt L. 224k BET5

AL RES IR B T2 20 2 R M AN 2 W] SCHARAIE , 3L fE
AT R A o7 P AT g ], 42 55 S0 380%

&3 VIS-NIR-70K 53 F & (8] 7] W3t 4 AL R S 5t
Table 3 Comparison of VIS-NIR-70K with existing nighttime visible image generation datasets

" R 4151 e " o R
B LE & FR TGRS ! [i]{ iy ABE Al B bR (Xf;‘ A1y
NightVision(Harder & 2018~
’ ES-16/ABI B: ~1 Band 1~ H 175
2020) GOES-16/ 5020 and 8~16 and 1~3 8,000 & ZH
AHI dataset(Yao %% , Himawari—8/9/ 2015~ thb 8~16, 7 M1 Z4K, Ihedo 3 246, o RS
2025) AHI 2023 Landsea atbedo 078 %
2022~ Band 7~14, J5 M &4 262
fDiff(Zhou %%, 202 FY-4B/AGRI ’ = Band 1~ Cw e,
RefDiff(Zhou %, 2025) JAGRL 004 Landsea gnd 1~3 047 1 FUH
Himawari-8/9/ 2016~ thb 7~16, J7 0] %% 67
IS-NIR-70K ’ ’ Ibedo 1~ > =] 155
VIS=NIR=70 AHI 2026 Landsea albedo 1~6 76 = FUE

2.1.2 T EEdR

hy A T PG A () AR RSB 7R 1% 1] VIS-NIR it 2k
W BOAM AT 55 PR RE , AR SO R S50 AR R %
25 GRS EE 23 [ A O RO — B S5 2 4 i
Xf A RS R IEAT LR AV . Horh #7718 2% (mean
squared error, MSE) . I% {8 {5 M H (peak signal-to-
noise ratio, PSNR) Fl 45 ¥ 45 {81 £ 8 %% (structural
similarity index measure, SSIM ) | F 1Al 4= il B4 5
B2 PEIR 22 Ta) 845 3R — EOrE RS A R Fy g
fréchet inception distance. (FID) F1 kernel inception
distance (KID) F] T 3¥Al Az BURE A 5 B S REA AL iy
k23 18] v (8 A 22 e, DT A6 2 03 S 1) SRR o
EAAEEM: . P2 (mean bias error, MBE) FF
VRN AR LR S LS P B i) R GRS 22 . 28907
FR 12 22 (root mean square error, RMSE ) £ i 3% 1K f5
BrE AR 2%, M2 R % (correlation coefficient, CC)
P 220 1 A R LS L A 2 R A A e b Y
— 0. OB Al A (spectral angle mapper, SAM)
M A BSE Z P BOCE a) E  fA] R A
PPHT VIS-NIR Z I BOGTHEIR AR — B 1

MSE JH i AR il AR 5 BLSL R Z TRl IR R
iR IE , MSE BN o

PSNR I T4 B 52 8 5 A i R R 2 [ Y

KID =

m(m - 1) i=1j=1

27K, PSNR B

SSIM M2 HE K LU RE RIS #e = A7 TRV 4%
AR , SSIM e FC il

RMSE F i ft A i 45 SR -5 A S0 22 (] 1 5
PR SRR 2, X0 B 1R 26 T fInBUe% , B B/ N R s A=
LS SR S T R R

1 L&
MSE = |— iy 5
RMS HW ;102‘1(%“ xh,w) ( )

X HS W FR RSN 2, , 5 %,
o3 90 R B S R AR AN LR R AE (b, w) R
NI

FID T4 i A Al P 15OR L S PR T R 1 S
RPAIE 25 6] F ) 0 A1 2 5, FTD s/ VBT

| TS+ 3 - 25,3 00)3)

P, X, X 533 3R B PR AE S A R PR
TR,y 2278 B R 118 SCRAAE I, 7R 2
SRR BT SCRAESAE, 3 Fon HSL R P 22
b, 3 R R B B 7 2206 1, Tr() R JE

KD 5 T R H (B2 5 A A 0 L {5 0 L 52 A
PR BE T SURFE 3 A1 28 5%, KID B/ VB

FID =’

7 (4)
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A, m, n FEoR B REAR R URE AR (B0 k(- )
TR 2 AN RE X, X, 0 e (i) Fma > EL
FEATNES ¢ A REAS 3 SURRAE . 38 P A2 A
SEREA S A SRR AR BN A S B BRI, T AR TEMY
PG A L

MBE FH 1 12t A= A I8 B AH X 5 500 I ) 2R
Ge Ak FR S I 22 , MBE (4223 0 Bk 41, MBE K70 %R
BEALHEAR AT, /N T 0 TR S ARAGA -

WBE = g S ¥ d) (5)

CC K H Pearson A 56 2 Kol i A= 45 R 5 LA

LI 25 ) AR Ak 35 b i) —BcbE . CC Y EBUE Y [

N (=1, 1), BT 1 R A A SR 1 SO I 2 Ay
R 1 5 T A DG o

A, w, R B MR B e, 2R A B ER )
B

SAM P A B 45 2R 5 LS 2 ] (%) 22 0% Be
i —BNE (b, w) 7B N A B B ' 13 1)
S|
[ Ftows Fiows -+ s T o

Yiu 2[9’}110’9’1?,“:"--’3’;:“] Al )Alh,w =

1 L& }A’hTu Y
g sl o
HW H Yhaw ||2|| Yhao Hz

h=1w=1

SAM 23 0, BE W AR OB 5 B2
PR —2
2. 1.3 Xf oA

1 50 EAG AN 4 vk SR U i RS =R X
Sl fe 2 P T A0 3 e RS B 2 DXl ] T 2 R R 1Y
25 A)EZEE SO AU B AR 3 2h 44 , 3 1 4 (A 55
PR R 2 o B RIBRG VIS-NIR A& ) g 5
ik SRS BLIAT 55, B AR VIS-NIR I Be e ] %
IR R DI L A A A A UL P, ASAEAETT B
R AR5 % . [T, MIBT 5 VIS-NIR Z [a] B
AL AN AEL PRI O R, 32 B = S KR
FRAY RO L] 55 R R AL W52 . R, g2
(i) 35 A5 kI 4 T v T 1k B 238 AR BF 98 19 VIS-
NIR i B AE AT 55 -

R4 T PEA VIS-NIR-70K $54iE £ 76 757 0] 5k 2% I

BAb AT 55 b A ROE S BRSO A SO IO X
N TR REA ) A R B B H A AR 1) P8 A JiAs 2
YE M X HE T, T 55 A2 BSOS BT I 4% (generative adver-
sarial network, GAN) | #& FL 9" #{ # &I (diffusion
model) DA J Transformer § H§ #& A (diffusion trans-
former) =R AL ARBELL . HARMLFE Linear Regres-
sion, CycleGAN (Zhu %5, 2017) . Pix2Pix (Isola 55 ,
2017) . DDPM (Ho % , 2020) . DiT-2S (Peebles 55 ,
2023) . DiT-2B (Peebles 25, 2023) . DiT-2L (Peebles
&5, 2023) LA M RefDiff (Zhou 55, 2025) . Il %k [ik
JIT A A ) 458 2 o B A D A 1 SC R L ) B Al
k.
2.2 VIS-NIR 43t bE 216

F AR S a3 1T BB AR B VIS-NIR 75
AP BN TCTH A @ B (albedo 1~3) 1 f9°F 1) %E
WIFN G R . WK B A L T
BET GAN FOARY , (56 B8 Ta) e 2 g B b4 A 55 AR It
A ) S R B RS R O &R T AR Y 7
A e A S S A R S AR S0P T EAT T i
PR, MIBT 2 VIS-NIR Jf I 6 M AR R e bt
AH TR SRR I 8 21815 IR 285 R e X R A ] 19 1l 3 F
SR RGBT = Y BRSO W 0 B AR
A ARZME N — X 22 WG RAE , DS IR TRT B0 22 B BE R
P e 5 A5 8 (Linear ) ¥fE LA HE 5 7 & A9 VIS-NIR
Wb

AR L5 1 K |, Cycle-GAN il Pix2Pix f&
BF GANWALAL, Cycle-GAN H T2 ™% (14 e X+
W ARSI R — S50k 20 TR 2 o] B Sk S5, PR A
RO bR FRIE 2 . Pix2Pix | I HC X AL A
HEAT W I 2, A Y VIS-NIR O8I AT TCL 08 (1
SSIM 43 51 $2 F+ 2 0. 746 F1 0. 770, UE ] e %) 1 B g
A7 230 0 A U RS LS R Z ) i 45 4 — 2
PEo BT GAN 1Az A Y 75 5y 52 BRI ZR A Ea
SE VR iy 153 ) 230 1) 5200, 52 25 FID 1 KID 48 47 B
i TSR, ] A il SR AR R AR I3 A A Y
FLYETT AR R R

A HORE Y g RO 25 () K 7, DT R S LRI R
H I 2k A% 43 H Y i % (variational autoencoder,
VAE) A #7625 (Bl BUOHE S , 3 3 Transformer SE 3
LSRR . AR TR T GAN PS5 , DIT 2 511
FID H1 KID & b5 b 05 B 42 71, SR W £ =5 (8] 9
BRARERS 27 ~) B8 FRAY UG 3 AT RRAE . SRTI7, DiT-2S |
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DiT-2B Fl DiT-2L Z [A] 14 & 2= 5 /0N, H SSIM ¥ 4
FELE 0. 66~0. 70 Z B8] . X EHH B2 K Transformer HAT
BRI A SR MR AR R ) (BT 2R Y VAE S &
PEBE SR M BB A i ER . M2 T
DDPM F1 RefDiff Y78 I b R 25 [l 0A T4 5 2
1 AR REE LR 50 45 0 25 A5 B R A T B 1
B R . PRI, 2T A BIRL  US T ek B
H rf, DDPM 7£ VIS-NIR 1T 45 ' 3K 15 5% &5 SSIM
(0. 864) . HAK FID(11. 178) F AL KID (0. 007) , 1E
TCIAT: 55 v [ RE AR 37400 50 I 3 , 2 BH LA 2 (A1 9 B
X T RSB il G RS ) 45 0 B K 52 fg g T
5% o RefDiff E A EF X7 0] T il WA sk it %
FHY BB AY 7€ PSNR $5 41 LB AL T DDPM, {H FID

FKID AT T, Ul B L BB 6% AR A5 45 i 15 3%
K B, (B AR R AR AFAE 53 A —BUE 7 AT AR AE— 2
ezl Jrln R 2 [ RO AL g A 35 5 0 B A
1 Z 25 AV AR O, T T 7E 25 [A] 4 A R 40 o)
HP R 43 55 2 S RN AR B s SUHLE BRI E R
I ) F R 58 R G 1) 2 3 2 B R R
R

25 TR, VIS-NIR-70K %5 4 48 B % 4 24 X 43
AT AR B LA P Rl 22 5, Horp Dl RS 2 )
PO RLLE AT YK E RE ) (S R DR RRRE O L B A A
— B0 Ty T ¥ R S A, S ] VIS-NIR St
RPBANIRAE T AT SRR

F4 HERHRVIS-NIR B EHEEXLER

Table 4 Average quantitative comparison of VIS-NIR image generation results

BRI FR SSIMT PSNRT MSE! - FID| KID] MBE RMSE!  cct SAM |
Linear 0.669 22532  0.010 34330 0.028 -0.0057 - 0.0855  0.7373 02253
Cycle-GAN(Zhu %%, 2017) 0.531 20139  0.017 26560  0.019 0.0017  0.1126  0.6411  0.2632
Pix2Pix(Isola %, 2017) 0.746  24.646  0.006 22490  0.015 0.0069  0.0682  0.8373  0.1667
DiT-2S(Pecbles %, 2023)  0.666  25.697  0.005  17.618  0.011 0.0031  0.0593  0.8576  0.1736
DiT-2B(Peebles %5, 2023)  0.666  25.686  0.005  16.367  0.010 0.0003  0.0600  0.8533  0.1766
DiT-21(Peebles %, 2023)  0.669  26.001  0.005  17.596  0.011 0.0062  0.0581  0.8643  0.1774
DDPM(Ho %, 2020) 0.864 28.891  0.003 11.178 0.007 -0.0078 ~ 0.0448 09566  0.1387
RefDiff(Zhou %%, 2025) 0.860  29.143  0.003 13.593  0.009 -0.0091  0.0397 0.9532  0.0579
TE: BEFRFIRRAR, T LRI, | FonE/ N g
x5 EBHTCIEGEHNEEXSLER
Table 5 Average quantitative comparison of TCI image generation results
AR TR SSIMT PSNRT MSE! FID| KID/ MBE RMSE| cc? SAM |
Linear 0.7304 22.5535  0.009 40.6222 0.0342  -0.0069  0.0837  0.7605  0.0885
Cycle-GAN(Zhu %%, 2017) 0.482  20.141  0.018 26361 0.019 -0.0039  0.1103  0.6713  0.0988
Pix2Pix(Isola %%, 2017) 0.770 24502  0.006 23.816  0.016 0.0011  0.0672  0.8351  0.0644
DiT-2S(Pecbles %, 2023)  0.694 25898  0.004  19.060 0.012  -0.0006  0.0563  0.8595  0.0649
DiT-2B(Peebles %5, 2023)  0.695  25.866  0.004  18.027  0.011  -0.0023  0.0570  0.8552  0.0680
DiT-21(Peebles %, 2023)  0.700  26.096  0.004  19.128  0.012  -0.0020  0.0553  0.8672  0.0659
DDPM(Ho 4, 2020) 0.881  29.435 0.002 12515 0.008 -0.0091  0.0397 09532  0.0579
RefDiff(Zhou %%, 2025) 0.877 29483  0.002 15240  0.011 0.0049 0.0398  0.9496  0.0632

T BOFHRFIRRMEER, T IR EBRMLS, | R EBNBr

F 6N L T AR RIAR R ) S e 5 R A A2 2
BE o DAAE S RE RS I DDPM il RefDiff b ], 9 &

HA R R A b T HL5E R A i R ol 23T

1000 YR IEACRAE , PR 7E 4 B 4 VIS-NIR #b 42 F 55
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i Sy NI B i A S /N [T e
Himawari AHI 24 10min — U1 4[5 25 W00 B 557 ] 44
B AR %0 % A B 2 AR 1Y VIS-NIR (5 0T 20 Ky
30 x 60011, 54 £.0. 49% , 2 1% £2 WL 22 [7]
HA BRI 23 704y o dE—20 b, DDPM A= 5 100 i
PG - 4 KE I 24 45. 65, Xt I B 565 29 80% 4 4 [3] 4%
AR A TR BRI R A T, U 58 Bl — IR
SR FE AN LT 5Ts, 2950 10min S 558 J& 391 64
9. 5%, RIVASL RN b B J A4 ok 10 2 SO0 B 3 9 >R L
105 R Ay . i ua i, RS I ik 2 (]
PR R e B R L AR R A A A
Himawari 1= B [H] 73 3 258 3% 200000 55 78 5 I i 5 it
VIS-NIR #h 218 7] -

4 @R T AN FEBLAIZE VIS-NIR #h 21T 45 Hh (1)
A R R R ZE T RO | A A
FRREME IR AT AR ) B 454 (BRSO . =)=
GV B s BE Ay A T A AE W 18 25 5% 0 B8R Cycle-
GAN A= i85 AR Z 2~ A B KRB B, 0 i Tz ™

& B C R W B 2 R, A i 1) PR S A A A T ) &
PRE NS MR NG o X 0E 11 1Ry 15 25 DI vh
A TE 25 MR G T 1 2 J2 DXk, 26 B L 4045 R i A
SE I AR R XIS e 1A PR o Pix2Pix fKFE
BEXTAE A W 2 >, A R R i e AR 25 4 5 L S [/
1G5 T o AR AR 4 = SO XS AT A7 A — i 7
JEE ST IR, 15 28 R LA T 2 N R B AR
SUERIX I, DT ZR 5B 3 B A e 1 4 SRy 45 4
BERE T, A2 2 S AE 25 2 25 1) 0 A 4 Jmy 5 I 4 A
D7 AT 3 i —EhE (R4 R R A R X AT A
FESCPRAH T B 2R P GASA () R, 3 50 B A 25 [
PR SR AE AT 850 ) 4 SR SURRAE , H X6 w2 47 4
5 B A2 B VAE R 48 5 B R 82 m . AH 1
ZT ,DDPM #1 RefDiff ¥4 5 Bt B AL 55 0 AF Bl o
o PR RE IS S U MWK K = 2 0B 3h 5 i
DL K R 3 5 g AR AR AIE o {2 RefDiff 23 £ £ 1 1
T T A B B3 AT 25 SR B IRl R, X 1 I xS 2
P B VIS-NIR A= AT SR A AE R BR A o

*6 AREREITESFEILE

Table 6 Comparison of computational complexity across different models

KR4 B 28 B[] REELHL
(M) (100 5K FEl15/s) )
Linear 0.0099 0.000 1
Cycle-GAN(Zhu %, 2017) 283741 0.022 1
Pix2Pix(Isola %, 2017) 57.2104 0.003 1
DiT-2S(Peebles %, 2023) 55.2938 0.290 1000
DiT-2B(Peebles %, 2023) 218.2304 0.305 1000
DiT-2L(Peebles %, 2023) 764.4571 0.554 1000
DDPM(Ho %%, 2020) 57.8715 45.600 1000
RefDiff(Zhou 4, 2025) 57.8823 909.740 1000

2.3 ZiEEEREE

SRyt — 25 43R A [T A BEXT VIS-NIR i Bt A=
R BE Y BTRR L A5 SC DL DDPM S BRI T Kl 5
FR 7S HIH R SE I . Sge 45 R A L1 A
BEiy se e B 50 VIS-NIR 2L iUPERERY TN K,

Ablation] %% thb 7 .tbb 15 Fl thb 16 = Bk,
AT LI F 6 B 20 A0 BRET AN 1 B 2 THUAH 6 {5 8 2
S FEAR 1 37 S PR SR RAE R R AR LA R
I BRARE B IR AG FR o 7E Ablationl HYZERH I,
Ablation2 il A thb 8~10 W ZK VR B J5 , 45 I B

SRR EEH /NIRAR R, B & 2 KRR B RE
Pt — 2 1 KRARE L) (B H 5 VIS-NIR 13 J
B R =R IR R B RIBR . 7E Ablation2 Y
Al -, Ablation3 B4 A Ji€ 2 58 B Y thb 7~16 1%
BtJa , A LY VIS-NIR % Bt ) SSIM , PSNR il MSE ¥
I R AR R | R S LT A B ARty B
AME B A N R T R EOR R . HR R AET
thb 11~14 #F— 204 % A KAWL B = T
M2 HOIR 5455 ., 5 thb 7~10.tbb 15 Fl thb 16 B
A5 BB T e R M 2 I 7KV L 25 LR KA T L4
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(f) DIT-2S (2) DIT-2B (h) DIT-2L (i) DDPM (j) RefDiff

)

o
=
len
-3
8
v
o

((a) Input condition; (b) Labelsy (¢) Linear; (d) Cycle-GAN; (e) Pix2Pix; (f) DiT-2S; (g) DiT-2B; (h) DiT-2L; (i) DDPM;
(j) RefDif)
4 ANRIEAEAN DU B b A A e R S PR 2 AT I [, GO %] : 2025/12/15 18:00)
Fig. 4 Comparison of generated results and error heatmaps of different algorithms across various observation bands , (Observation

time: 2025/12/15 18:00)

1. Ablation1~3 By %5 5 R W, 2E B VIS-NIR 1 it
2R RIS R RS e Y PR S 45
il , [ B, 58 5% 29 Be IR ET Ah LI BE % Sk VIS-NIR %
BRI 50 3 1 M B2 R

TE Ablation3 & fili I+ 5 5 /il SAZ (Ablation4)
Joi B3 B A e — SRS 2 s, D UL JL Ay
7 S RE AT B A AR M AN [m] T3 LI £ B i 't
A RO 22 5, Bl N Landsea ( AblationS ) F 03
AR A BIR , 156 BH 7K i 65 2 B AR AL M e D00 SE 5, i
ToEBACELL L AP R AL S ) FE E R E R . A

J&, A SAZ 5 Landsea JIIA (Ablation6) & , A A%
() VIS-NIR #& /R B 4t HE Fa e i 45 51, JL HAE
albedo 3~4 S Be RBIZEH . X RILMIME B 5
FRME B EA —E BEAMER . X T albedo 5~6, 52
BRI B B C AR LRGSR A W, BHE 405 =
HZS FIURL R 1E 1 VK 2B AR 52 2 1) 2 - R A
WHEE . £ LR, 583 thb 7~16 /& VIS-NIR 4=
IAZ CE B TR, 1 SAZ Fl Landsea =2 & 324 B
WP SE I RN S A 2R

91 . . . A q i i i
g 9(') [ ] Ablation1 [ Ablation2 ] Ablation3 3 [ ] Ablation1 ] Ablation2 ] Ablation3 00087 ] Ablat!onl L Ablat!(mZ = Ablat!0n3
0 20 | Ablaiiond [ Ablations [J Ablation6 50| [ Ablation4 [EE) Ablations [ Ablation6 0007 | 2] Ablation ] Ablations [B Ablation6
0.88 i M
. 0.006 -
0.87 M 294 - i
0.86 —~ 0.005
= 0.851 g2 £ 0.004
& 0.84 = . £ 0.004+
Z 27
0.83 4 A~ 0.003
0.82
e/ % 0.002-
0.807 25 0.001 -
0.794 !
0.78 L ] 8 244 z 0 L
albedo 1 albedo 2 albedo 3 albedo 4 albedo 5 albedo 6 albedo 1 albedo 2 albedo 3 albedo 4 albedo 5 albedo 6 albedo 1 albedo 2 albedo 3 albedo 4 albedo 5 albedo 6
(a) B (b) BB (c) BB

((a) SSIM; (b) PSNR; (¢) MSE)
&5

Al A B4 G % VIS-NIR iz Be A= i fe ao v mib 52 56

Fig. 5 Ablation study of different input bands for VIS-NIR band generation
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Fig. 7 Comparison of TCI generation results and error heatmaps of different algorithms across multiple scenarios , (Observation time
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Fig. 8 DDPM-based full-image nighttime VIS-NIR completion results, (Observation time: 2026/01/01 10:00)
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