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Abstract: Low-altitude airground communication channels are characterized by time-varying multipath
propagation and dynamic switching of line-of-sight (LLOS) and non-line-of-sight (NLLOS) components.
Traditional pure data-driven joint source—channel coding methods lack physical communication priors,
leading to poor image reconstruction robustness and oscillating training convergence. This paper proposes
an end-to-end image semantic communication architecture (UP-WITT) with model-data dual-driven
design for low-altitude scenarios. Taking the time-domain baseband transmission model of low-altitude
time-varying channels as the physical basis, the architecture adopts a two-branch collaborative structure.
The data-driven branch employs Swin Transformer as the codec backbone to extract multi-scale global
semantic features, which are further mapped into time-domain discrete baseband symbol sequences
complying with transmission constraints. Based on projected gradient descent (PGD) theory, the model-
driven branch unrolls the iterative optimization process into learnable network layers and constructs a
configurable PGD reconstruction module. With the physical prior of time-domain channel transmission, the
module performs effective compensation of channel impairments and reduces iterative complexity via
frequency-domain fast computation, thereby alleviating the ill-posedness of the inverse problem under the
experimental conditions considered. Experimental results on the CIFAR dataset show that compared with
pure data-driven baseline models, the proposed method achieves better peak signal-to-noise ratio (PSNR)
and multi-scale structural similarity (MS-SSIM) under different channel bandwidth ratios (CBRs) and
channel conditions. It also exhibits a smoother training convergence process and better reconstruction
performance within the trained channel distribution, providing a useful reference for reliable image semantic
transmission in low-altitude applications.

Highlights:

1. Propose a model-data dual-driven end-to-end image semantic communication architecture (UP-WITT)
for low-altitude scenarios, which adopts a swin transformer codec backbone to extract multi-scale global
semantic features and map them into time-domain baseband symbol sequences.

2. Establish a low-altitude time-domain baseband channel model that captures the dynamic switching
between Rician line-of-sight flat fading and circulant multi-path non-line-of-sight components, precisely
characterizing the time-varying air-ground transmission channel.

3. Unroll the projected gradient descent (PGD) iteration into learnable network layers to build a channel-
adaptive equalization module; embedding physical channel priors and FFT-based fast computation alleviate
the ill-posedness of the inverse problem, improving PSNR/MS-SSIM and training convergence over pure
data-driven baselines.
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Fig.1 Model-data dual-driven end-to-end semantic communication architecture
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Fig.4 PSNR performance versus SNR at CBR=0.5 Fig.5 MS-SSIM performance versus SNR at CBR=0.5
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Fig.6 PSNR performance versus SNR at CBR=0.25 Fig.7 MS-SSIM performance versus SNR at CBR=0.25

(2) AJA] CBR 4T B AR VL RE AR 17 %] 1
by dE Ak o3 BT A T TR 46 R R G A AR B AR A 2 L SR A CBR TG T 4 {5 M H X R OF- 8
PSNR 5V} MS-SSIM, 45 R W14 2 i o Wi 38 2 84l vl WL, 76 P Al S 20 A5 0F R, UP-WITT #-F
¥ PSNR 5 MS-SSIM # 5 T R B R . B & 47 58
A5 LA B2 TE T R R BB 38 B — S e HAR SOy

K2 ARFEEL THEUREFHERST

Table 2 Overall average performance of the

PR 2R R RE TS | MR T O 9 A B A A I models under different bandwidth ra-

A8 1, 76 AN [ 4% i 55 5 A5 4 T 34 F e 4 o R A tios

B v ¥

3.2.2 DIV2K/CLIC2021 % ¥ 4 5= 3 CBR o PSNR/dB MS-SSIM
R B E BT 4 O VA AR W O B R AL AT 55 vyl 0.5 WITT 30.370 0.972

PRk A B BRI . SR 0.5 UP-WITT 31.807 0.980

DIV 2K Y ZR4E (800 7 17 43 HE F K14, Il 2 i) B HL 3% B 0.25 WITT 28.876 0.963

g 256 1% F X 256 18 F -G P ) Y ek 78 CLIC2021 0.25 UP-WITT 29.119 0.965
M A FIEASPERE . P45 R 4 9% Swin Transformer
o RS A% (45 Block BN [1, 1, 2, 6], FRAE4E B [ 128,192, 256, 320, f R ~F 4 8) , 5 WITT 45
PR B — 50 R IF X PGD BB kA0 5 H0R 5, T 2% 1 25 KA A 4 0.001, {5 18 B SR FH A S04
1195 fI 2 B Sl ey 5 G R, 2 8000m) 3R 1, {7 38 4 98 Lk CBR=1/16; Il Z5 {5 M LU 7E 1~13 dB X [H] 5 5] R
FELMNCAE M LE L1, 4,7, 10, 13}dB. X)L 7k CNN B T 89 DeepSCC 5 4l 545 3K 8l 1 WITT ;
HER KNSR 16, KR IR 2 5 3.1 /N5 — 2,

(1) [E% CBR FAIA SNR P fig % L

M1 22 31T I, % CBR=1/16 /) = 7 BF AL 4 T.00 T, 380 7 i i) PSNR 5 MS-SSIM 48 5 3 i {5 18
W L AR Th i R k. R ik He A L& B (1) CNN B9 DeepI SCC 52 Ja 0 852 17 BR ) , 78 w5 20
K& MG b5 WA Swin Transformer J7 12 0¥ E 22 15 B 47 K, 3 5 WIT T Sc ol g 8 i w3 20 PR R
CNN M feiB b7 4 — 3, EE T 4 3C3% FH Transformer & T A Bk (2)UP-WITT 7 £ (5 W 1
0 [N B AR5, FLAE AR AR MR L 5 45 1R T 3 25 o0 oy 3% R W1 T X PGD i 3 51 A 4 31 5%




) AR S BRSO IR B a9 AR AR R LR AT ik

1329

U7 R 23 A 5l IR 7 5 R ORI £ 2 46 0 o RE T .

£3 CLIC2021#i#E% R E SNR T &7 &M 8Ext Ltk (CBR=1/16)
Table 3 Performance comparison of different methods at different SNRs on the CLIC2021 dataset (CBR=1/16)
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