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Task

Pan-sharpening aims to generate a high-resolution multispectral (HRMS) image by
Integrating the spectral information of a low-resolution multispectral (LRMS)

Network architecture

The overall architecture

Results

Table 1: Experimental results of all the competing methods on the three benchmark datasets. The best and the second best
values are highlighted in bold and underline, respectively.
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Image with the texture details of a high-resolution panchromatic (PAN) image. Congic g1 Methods | Params WorldView II WorldView I11 GaoFen2
' PSNR 1 SSIMt SAM | ERGAS | PSNRt SSIM1 SAM | ERGAS | |PSNR*1 SSIM1 SAM | ERGAS |
SFIM - 134.1297 0.8975 0.0439 23449 |[21.8212 0.5457 0.1208 8.9730 |36.9060 0.8882 0.0318 1.7398
] ] Brovey - 135.8646 0.9216 0.0403 1.8238 [22.5060 0.5466 0.1159 82331 |37.7974 0.9026 0.0218 1.3720
MOtlvatIOn GS - |35.6376 09176 0.0423 1.8774 [22.5608 0.5470 0.1217 8.2433 |37.2260 0.9034 0.0309 1.6736
il — a8l — el HS - 132.1601 0.9812 0.0461 2.0278 [22.5579 0.5354 0.1266 8.3616 |38.1754 09100 0.0243 1.5336
ST _ —lz]— —la]— GFPCA - 1345581 0.9038 0.0488 2.1411 |22.3344 04826 0.1294 8.3964 |37.9443 0.9204 0.0314 1.5604
| 1] pose_d nature of the super | o b PNN | 0.0689 | 40.7550 0.9624 0.0259 1.0646 [29.9418 09121 0.0824 3.3206 |43.1208 0.9704 0.0172 0.8528
| resolution (SR) task. | Deterministic PANNET | 0.0688 | 40.8176 0.9626 0.0257 1.0557 [29.6840 0.9072 0.0851 3.4263 |43.0659 0.9685 0.0178 0.8577
| fl based | mapping MSDCNN | 0.2390 | 41.3355 0.9664 0.0242  0.9940 [30.3038 0.9184 0.0782 3.1884 |45.6874 0.9827 0.0135 0.6389
:We Propose a OW-Dase pan-: SRPPNN | 1.7114 [41.4538 0.9679 0.0233 0.9899 |30.4346 0.9202 0.0770 3.1553 [47.1998 0.9877 0.0106 0.5586
:sharpenlng network (PanFIowNet)i GPPNN |[0.1198 |41.1622 0.9684 0.0244 1.0315 |[30.1785 09175 0.0776 3.2593 [44.2145 09815 0.0137 0.7361
:’[0 directly learn the conditional LRMS + PAN = - - Ours | 0.0873 [41.8584 0.9712 0.0224 0.9335 [30.4873 0.9221 0.0751 3.1142 |47.2533 0.9884 0.0103 0.5512
i dlStribUtion Of HRMS image: forward —_— backward ~ +— Condition input ~ -—---- = T upsample
: given LRMS image and PAN : Gaussian noise @ :element-wise summation L: LRMS P: PAN ® : element-wise multiplication The distribution of HRMS
i image inStead Of Iearning a: e : element-wise subtraction CACB: Conditional Affine Coupling Block © : element-wise division
" deterministic mapping. 5
' The proposed PanFlowNet can: Architectures of submodules
- generate diverse HRMSs given:
- the LRMS and PAN images as well: o
- as the Gaussian noise sample and: ‘ hn+1 — f9 (hn; L, P).
! - - . Gaussian noise Invertible mapping The distribution of HRMS
' thus can alleviate the ill-posed: \l () W |
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Probabilistic flow model

To alleviate the 1ll-posed 1ssue, this work aims to learn the conditional distribution of the
HRMS image H, given the LRMS image L and the PAN image P. (Py p(H | L, P; 0))

Figure 5: Visual comparison of all the competing methods on WorldViewll. The last row visualizes the error maps and
average errors between the pan-sharpening results and the ground truth.

Ablations

Table 4: PSNR values of PanFlowNet with different num-
ber of stages on WorldViewll. The best and the second best
values are highlighted in bold and underline, respectively.

In this conditional setting, fg () can map a LRMS-PAN-HRMS 1mage pair to a latent
variable z

Effectiveness verification

Ground Truth

N
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z = fo(H; L, P), -H=fy'(z:L,P), z~ P,(),

Stages (K) | PSNR1+ SSIM1 SAM| ERGAS| i
the probability density function Py, p(H | L, P; 6) can be accurately defined by using the Table 2: PSNR values of PanFlowNet with different noises. ; iggg 83;‘2; 88322 (1);%?;1
change-of-variables formula Noise | PSNRT SSIMt  SAM|  ERGAS | Ground Truth 3 412664 09674 0.0236 09935
P (I—I l:[l P 6) P ( f (I—I L P) ) e t a f 9 (H; L) P) IlDiSE 1 41 .8561 097 l 2 1 8 00223989 0.933??0 4 41'8584 0'9712 0'0224 0.9335 Figure 6: Intermediate visual results of different numbers of CACB in our PanFlowNet on WorldViewll. The last row
H L P : p— 9 : . visualizes the error maps and average errors between the pan-sharpening results and the ground truth.
L. T “ T OH ’ nnfse ; ji gg f:'; gg;i;;i gggggggg ggg g g :11,2 Table 5: The results of different configurations on WorldViewll. The best and the second best values are highlighted in bold
N—1 . noise - - - . and underline, respectively. (PS: Parameters Sharing)
£(6;L, PH) = log P foHLP)) - Y Jog }det Ofg (h™; L, P) | | noise 4 | 41.8563 0.971216 0.0223946  0.933642 oo
T ’ vl ohn noise 5 | 41.8583 0.971228 0.0223937  0.933529 Configuration | L P PS | PSNRT SSIMT SAM| ERGAS | :
: : : : noise 6 | 41.8552 0.971204 0.0224002  0.933823 — - W I X X V[ 313136 09033 0.0840 32813 (e
Once the optimal parameter 8*of the invertible network fy is learned, we can sample an HRMS 1 HRMS 2 HRMS 3 HRMS 4 - /X /361760 09058 0.0315 16287 -
HRMS fI’Om P H | L, P (H | L ) P ; 0) ’ das fOllOWS: F'igure 4: The vispalization results are useg to valida?e the effec':tiveness of our propqsed PanFlowNet. The ﬁrst row visualizes I11 x ‘/ / 40.8503 0.9647 0.0253 1.0539 i
H— (T P N I s cottinasritoudly Shoa e Gttt indsbiled pitaiiaces BHRE risdobetessnginitiontn, IV /X 420865 09719 00215 0.9062 o
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