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Abstract: In complex electromagnetic environments, target signals and interference signals heavily overlap in both
time and frequency domains, posing significant challenges for co-frequency blind signal separation under single-channel re-
ception conditions. Under complex non-stationary interference conditions, existing convolution-based separation methods
primarily suffer from insufficient non-local correlation modeling, limited decoupling capability between target and interfer-
ence signals in the latent space, and weak generalization to unknown interference patterns. To address these issues, this pa-
per proposes a single-channel co-frequency blind signal separation method based on dynamic graph neural networks and
contrastive learning (DGCL). First, the complex baseband mixture sequence is mapped into an in-phase/quadrature (I/Q) du-
al-channel representation, and dynamic graph neural networks are utilized to effectively extract multi-scale graph temporal
features. Through the synergistic effects of multi-scale segmentation, dynamic graph construction, and graph message pass-
ing, the representation capability for complex non-stationary interference is enhanced. Second, a contrastive learning autoen-
coder driven by target signal matching is designed. By introducing contrastive constraints on top of structural matching re-
construction, the separability of the target signal and the interference signal in the latent space is improved. Furthermore, a
latent space manifold mixup enhancement strategy is designed during training. By expanding the deep feature distribution,
the model’s robustness against unknown interference patterns is elevated. Experiments conducted under single-carrier,
multi-carrier, and multi-class interference conditions indicate that DGCL demonstrates significant advantages in both bit er-
ror rate and mean square error metrics. Compared with the conventional WaveNet baseline, DGCL reduces MSE (Mean
Square Error) by 6.7 dB and decreases BER (Bit Error Rate) by 1.72 x 107, These results verify the effectiveness of the pro-
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Figure 1  Single-channel mixed signal separation
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Figure 2 Blind signal separation network based on dynamic graph neural networks and contrastive learning
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Figure 4  Contrastive learning autoencoder driven by target signal matching
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Table 2 Mean separation performance of four types of interference for QPSK under different SINR
bzt i -30dB -25 dB -20 dB -15dB -10dB -5dB 0dB
WaveNet 221 %107 1.40 x 107 9.50 x 107 6.11x 107 3.03x 107 8.35x 107 8.74 x 107
KU-TII 223 %107 1.41x10™ 8.82x 107 5.60 x 107 291 %107 8.00x 107 7.35x 107
BER LHen 236 %107 1.48 x 107" 9.44 x 107 5.76 x 107 2.81 %107 8.00 x 107 7.85x 107
OnelnAMillion | 1.71 x 10™ 1.31x 10 8.83x 107 5.86 % 107 3.12x107 1.10x 107 1.17x 107
DGCL 1.58 x 107 1.18x 107" 7.36 % 107 4.38 % 107 2.05% 107 4.92x107° 2.68x 107
WaveNet -3.31x 10" —-6.34 % 10 -1.24x 107 —2.28 x 10° -3.07 x 10° -3.69 x 10° —4.02 x 10
KU-TII -2.55% 10 -5.97% 10 -1.19 % 10* -2.11 % 107 -3.07 % 107 —4.00 x 10* —4.31 % 10°
Mdslf/ LHen -2.76 % 10 -5.99 X 10 -1.22%x 10* -2.31% 107 -3.49 % 107 —4.41 % 10* -5.03% 10°
OnelnAMillion | —5.20 X 10 -8.12% 10 —-1.54 % 10° -2.68 X 107 -3.19 % 10° -3.85% 10* —4.21 % 107
DGCL -5.96 x 10 -9.47 % 10 —-1.68 x 10° -2.89 % 107 —-3.68 X 10° —4.53x 107 -5.21 % 107
F3 ZHIKOFDM-QPSKIESAE SINR THEFH S Bk HER
Table 3 Mean separation performance of four types of interference for OFDM-QPSK under different SINR
izt A -30dB -25 dB -20 dB -15 dB -10dB -5dB 0dB
WaveNet 3.32x 107" 2.72 %107 1.91 % 107 1.24 %10 7.10 x 107 420% 107 1.98 x 107
KU-TII 338 x 107" 2.67 %107 1.86x 10" 1.29x 10" 7.28 x 107 401 %107 237 %107
BER LHen 3.44x 107" 2,68 x 107" 1.94x 10" 1.18 x 107" 7.32x 107 3.97 x 107 1.81 x 107
OnelnAMillion|  2.95x 107" 2.60 % 107" 1.94x10™ 1.14x 10" 7.62 % 107 4.84 %107 2.47 %107
DGCL 2.81x 107" 2.45%x 107" 1.76 x 107" 1.03x 10" 6.12%x 107 321x107 1.28 x 107
WaveNet -1.67 x 10° -2.72 % 10° —4.74 x 10° ~7.42 % 10° -1.04 x 10 ~1.41x 10 -1.67 x 10
KU-TII ~1.74 x 10° —2.82x10° —4.93 x 10° ~7.64 x 10° -1.05% 10 -1.40x 10 -1.66 x 10
MSE/dB LHen -1.73 % 10° -2.89 % 10° -5.20% 10° -8.79 x 10° -1.30x 10 -1.98 x 10 —2.45% 10
OnelnAMillion|  —2.17 x 10° -2.70 x 10° —4.61 x10° -7.15 % 10° -9.84 % 10° -1.32% 10 —-1.60 x 10
DGCL -2.28 % 10° -3.34 % 10" -5.82% 10° -9.66 x 10° -1.42% 10 -2.12% 10 -2.63% 10
x4 BEHBETUETRTESINR S BEIEREHESR
Table 4 Mean separation performance over full SINR range for four interference types of QPSK/OFDM-QPSK
QPSK OFDM
Bzt e EMI c2 c3 C5G EMI c2 C3 €56
WaveNet 1.22%x107% | 5.68x102 | 225x10" 240x 107 | 6.25%x107 1.58 x 107! 3.11 %107 6.89 x 107
KU-TIT 121x107% | 582x107 | 221x10" | 209x10° | 655x10° | 1.55x10" | 3.13x 10" | 6.99x 107
BER LHen 1301072 | 651x10° | 2.18x10" | 3.09x10° | 649x10° | 1.64x10" | 3.06x10" | 6.81x10°
OnelnAMillion | 1.41 X107 | 445x 107 | 2.18x 10" | 438x107° | 565x107 | 1.66x10" | 295x10" | 6.12x 107
DGCL 1.08x 107 | 3.96x 102 | 2.06x10" | 291x10° | 518x107 | 143x10" | 2.84x10" | 4.97x107
WaveNet —2.84x10 | -2.38x10 | —5.17%x10" | -299%x10 | -130%x10 | —6.68x10° | —2.49x10° | —1.08x 10
. KU-TII —-2.64x10 | —2.83x10 | -548x10° | -2.86x10 | -1.34x10 | -6.88x10" | —2.16x10° | -1.09x 10
MdSBE/ LHen -2.92% 10 —2.90%x10 | -547x10" | -3.54%10 -1.59 X 10 -1.28%x10 | —2.60x10" | -1.21%10
OnelnAMillion | -2.87 x 10 —2.44%10 | -547x10" | -3.75% 10 -1.33x10 | -6.22x10° | -2.15x10° | -1.02x 10
DGCL -3.08 % 10 -3.05%10 | —6.21x10" | —4.02% 10 -1.67 % 10 -1.39%x10 | -3.08x10" | -1.46% 10
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Table 5 Ablation experiment results

S T WEE i U'KJB@ MSE/dB | BER/x 1072
Hpibe | R | AR
Configl($48) | x x x| —2.38x10 5.68
Config2 N x x | =2.66x 10 5.12
Config3 x N x | —2.81x10 4.87
Configd N N x | —2.98x 10 4.05
Config5(Full) N N v | -305x%10 3.96

& IO 5L ) P B S R A5 AR RRAE o A S L AKX B
2] 1 Gt B #5% 1) Config3 8 1% 4 1 4 =X 4 5 245 44 B TE A7
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Table 6  Global model performance evolution with different 7

TREET I8 R 8 0.05 0.1 0.5 1 2
MSE/dB —2.97% 10 -3.05% 10 -3.02x 10 —2.94 % 10 ~-2.88 x 10
BER 4.18%x 107 3.96 x 107 4.01 %107 421 %107 443 %107

2 6 T AL, Bl ¢ B3 K, B R A IR 2 e T
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Table 7 Model robustness evolution with differen a

EESH o 0.1 0.5 1 2 F A Mixup

MSE/dB —-3.00 x 10 -3.05x 10 —-3.03 % 10 —2.96 x 10 —2.98 x 10

BER 4.03%x 107 3.96 x 10 3.99x 107 4.15% 107 4.05% 107
FHER 7 ALAL, 5 06 0] Mixup XFRRALAH L, I AWRIE SREEAR ZHEMEAR R MR A AR Ha=10], EfE
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