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Multi-Modal Feature Fusion Based Open-Set Modulation Recognition
Method for HF Signals
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(University of Science and Technology of China, Hefei 230026, China)

Abstract: Existing deep learning-based modulation recognition methods are difficult to adapt to HF channels with significant
time-varying characteristics, limiting their application in modulation recognition for High Frequency (HF) signals. In addition, in
non-cooperative HF communication scenarios, the training dataset is often difficult to cover all possible modulation types, so that
open-set modulation recognition also has important practical significance. This paper proposes a multi-modal feature fusion-based
open-set modulation recognition method by combining communication domain knowledge and open-set recognition techniques,
which effectively reduces the impact of time-varying HF channels and unknown modulation types on recognition performance. The
proposed method first utilizes communication domain knowledge to obtain multimodal features that are robust to channel variations,
and then extracts discriminative deep feature representations through multimodal feature fusion and deep feature learning to effec-
tively identify known and unknown modulation types. In addition, the method also generates dummy samples through manifold mix-
ing strategy to assist network training, which can enhance the network's ability to identify unknown types. Experimental results indi-
cate that the proposed method outperforms existing open-set modulation recognition methods. When the channel conditions of train-
ing and testing signals are the same, the proposed method improves by over 3% in open-set recognition performance. When the chan-
nel condition of testing signals is drastically changed, that is, the channel conditions of the training and testing signals are different,
the proposed method improves by over 8% compared to existing method, which exhibits strong robustness to channel variations.
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Structure of proposed method
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Fig.4 Comparison of recognition performance under different SNRs
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Table 4 Experimental results under different channel conditions

- IR BE R LR
Pezh 5t LA Yeah st

DEVT 79.4% 81.6% 76.0%

FSSL 80.6% 82.8% 77.4%

MMPRF 83.6% 85.4% 80.7%

AT 87.7% 89.1% 85.2%
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Table 5 Effect of channel condition changes on recognition
performance

ik LQ—>HD HD—-LQ
AUROC OSCR AUROC OSCR
DEVT 70.2% 67.1% 78.1% 75.8%
FSSL 71.5% 68.7% 78.7% 76.7%
MMPRF 74.8% 72.4% 82.8% 79.8%
ATk 83.7% 81.1% 89.6% 87.1%
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Table 6 Comparison of ablation experiment results

ik CCA AUROC OSCR
IQ-MRN 92.7% 90.7% 88.1%
SDC-MRN 93.8% 91.7% 89.3%
NGU-MRN 93.6% 91.5% 88.7%
Ak 94.3% 92.8% 90.5%
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