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Fig. 4 Probability density curves between real and reconstruction data
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Fig. 5 FD3 and H/Alpha polarimetric decomposition results between real and reconstruction data
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Table 3 Amplitude/phase reconstruction errors of comparison models
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Table 4 Evaluation of classification accuracy with random sampling
. K — Hhs —
0A/% STD/% Kappa STD 0A/% STD/% Kappa STD
DPy 75.17 0.26 0.5804 0.0043 75.47 0.29 0.6511 0.0033
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FP,, 0 79.96 0.30 0.6618 0.0046 79.65 0.34 0.7093 0.0043
FP 79.72 0.18 0.6569 0.0023 79.33 0.60 0.7041 0.0074

VVVH

F

(a) il — oy o 225 2R KO (EH R

F

(a) Classification maps and ground truth of Data 1

LTS
FPro,

FPHHHV

(b) & 6(a) (R
(b) Partial enlarged detail of Fig. 6 (a)



PN &5 FEF R — 5 1R XU AL UL Y 4 1k SAR Kk FE # 3119

FPuuv FPyyyy

() Hubls — 3y 7y Je45 3 M ALK

3 wlip®

DPHHHV DPVVVH FPTru(h

(¢) Classification maps and ground truth of Data 2

~-¥

FP iy FPyyu D00 5

(d) FE6(c) By RFERIICR
(d) Partial enlarged details of Fig. 6 (c)

I i

CEU SIS s

Ko M-S AR ) 7 I 45 R (BEHLREE)

Fig. 6 Classification maps based on real and reconstruction data (random sampling)

e B UL AR, IR B R I E A S F Y
AR B A5 RE W X ) 43 28 0% 7 A 4
BT A5 0 i AR I 25 AR Tk AL P 7 259 [
JLR MR . HAE, IFRTIABRBALE B Z 5
ARSI, 43 i SO 2 R R O s 18] B R
SCHEIR, ECE SR IS RN A S 43 2 s LA 38 0
) s AR AE R L o AR AL (5 BRI T
B 1 70 SR FE B AT IR B 80% A Ay, AnREwE
— A RMEEZMER, 2SR R I 2 ek
o BIEBIA SO AL TIRE LT-1 2L E Y
TR, AR A 2 RUREAE R O SO A
KTAMFHFARTASCTICEE, HAAERI S,

342 ROIRHFEFARERMLER

KHE 2 (b). (d) B ROIX I N A&
YIS, FET RF /284015 210 Mo 8 43 2545 i 4]
TS5, MRS RIE T, KENFAY
R4 T 6, ME—A XA ZR AT 2%
ROIACRIAL, L (U2 T 1K ROL, KT
ZWREE IR, B S B R IR A AR 2= ]
DAL

w32 E” —AFTA, ML T eSS
REHLEBGNIZRAEA , ROTBEHOT 20 e Il At
AR B AR POR R o BEARSORIE T T 5 i X 45k
LSH MR, FEOIEE XL, A5
TR 2R EerE. IE, 265 JER B 280

WART 4, RN EREA KA FP .,
FP,., [ 5> 2585 £ 78 FP,,, F FiF8; DP,,, Ml
DP,, R ZE TR =3, HBX T KA R,
XU A B 8 5 AR B A kG B8 22 )3t — P R R
fhn, MK EE— DP,, FFP,,, B OA {H 5351 A
71.06% 5 77.88%, 774 T 7% 250, Kappa &
B2z EZRLY KREA0.12, X2 1FH M RIEHE T
A E R XS T i RO B E R Ak ik
W, TE LU BEAILRAE 1A 8 AT 200 FL LI Rk
AR, A R
#5 ROLRMBHEMG TN RBEITMEE

Table 5 Evaluation of classification accuracy with

ROI sampling
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|
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DP, v 71.06 0.5097 73.79 0.6217
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Reconstruction of full-polarimetric SAR data based on dual—polarimetric
observations from the LT-1 satellite

SUN Weidong',DU Xinling', YANG Jie',SHI Lei'

,LI Minyi*,ZHAO Lingli*, HU Cheng®

1. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China;
2. Deqing City Data Management Co., Ltd, Huzhou 313200, China;,
3. School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China;
4. Chinese People’s Liberation Army Air Force Command College, Beijing 100097, China

Abstract: The LuTan-1 (LT-1) 01A/B satellite constellation, China’s first civilian L-band distributed Synthetic Aperture Radar (SAR)
satellite system, is expected to further promote the widespread application of domestic radar data products. While LT-1’s dual-polarization



INJEZR 25« TRl R —5 1L XU AR WL ) 2 Ak SAR icdls A 3123

mode supports high-resolution and wide-swath imaging, it lacks certain polarization information compared to full-polarization observation
systems, which limits its applications such as land cover classification. To address this, this study designs a multi-head multi-branch
Convolutional Neural Network (CNN) and a tailored loss function for two commonly used dual-polarization modes of LT-1. The goal is to
restore missing polarization information from dual-polarization inputs, thereby achieving full-polarization SAR data reconstruction.
Considering the complementary nature of polarization and spatial features, as well as the distinct characteristics of amplitude and phase data,
the network employs separate branches to extract pixel-level polarization information and local spatial features within receptive fields. Two
independent heads predict amplitude and phase values to mitigate data crosstalk during output. Additionally, an amplitude/phase combined
loss function incorporating phase periodicity is proposed to guide network training. Experiments conducted on two full-polarization SAR
images acquired by LT-1 over urban areas in the UK demonstrate that, the proposed method achieves amplitude prediction errors of 1—2 dB
and phase errors below 0.5 rad. These results surpass the reconstruction accuracy of a U-Net model with comparable parameter scale. The
reconstructed data exhibit statistical distributions and polarization decomposition effects nearly identical to the ground-truth data, confirming
effective preservation of full-polarization information. Furthermore, land cover classification experiments show that, classification maps
using the reconstructed data achieve overall accuracy comparable to those using real full-polarization data, with a 5% improvement over
dual-polarization based classification maps. This study preliminarily validates the feasibility of leveraging LT-1’s dual-polarization data to
achieve high-resolution, wide-swath imaging while retaining full-polarization capabilities, providing richer input information for SAR land
cover/use classification applications.

Key words: SAR, LT-1, dual polarization, full polarization, CNN, terrain classification

Supported by National Key Research and Development Program of China (No. 2022YFB3903605); National Natural Science Foundation of

China (No. U22A2010, 42071295, 62471337, 42171442, U2033216); Shenzhen Fundamental Research Program (No. JCYJ20200109150833977);
Open Fund of the Key Laboratory of Land Satellite Remote Sensing Application of the Ministry of Natural Resources of the People
Republic of China (No. KLSMNR-202110); Open Fund of the State Key Laboratory of Resources and Environmental Information System;

the Fundamental Research Funds for the Central Universities



