ST IREESE XA A o2& HLIm 5 3 T RV A

RS R il oAt

SR, (TS, RIE
FERFRHERRTSE =175k, Il 5% 314000
DOI: 10.61369/TACS.2025060055

AR LBIVERN P S XBETR T RERLESENE, BEINMEEREVERFRHEE, AR
KRETREFINMERMEEAMUCEIRBIEIRAMAR . EEMLESHNBSSHFEHSEME, 81+ “CNN-
LSTM-Attention” JR&#EEY, &@id CNN RREV=EHHE. LSTM iR &, EENIFIREXEER; ARk
iR ERRE, RAMIEGR, SREYEEREARANERE. HR, MRARY. BEL. ZHEH=FE
RHCERRE, B Focal Loss SBUMMAS S, ZEBEHNKASBCBMIIGIIMERRESE, FIRENLSER
FIRASEM, HESLRERB, KSR (-10dB ) TEEENEZEIX 90.3%, SHERHL 47.8%, HIEREIX
5.7ms; EF USRP B210 Ry ScISEISIE T BiETEansS. iSRTMASEhOMFMLE, FHIENTE6.8ms, i
BINTEEIRMES TRUER, ARDANTEENERMNERICARREHRTAITHRE,

INFITLRE; SERA; REFY,; REHRE

Optimization and Experimental Validation of Deep Learning-Based Cognitive

Radio Communication Spectrum Sensing Algorithms
/hang Duoyun, He Zihao, Liang Hui

The 36th Research Institute of China Electronics Technology Group Corporation, Jiaxing, Zhejiang 314000

Abstract :

Keywords :

To address the challenges of detecting low signal-to—noise ratio (SNR) signals in complex
electromagnetic environments and the inadequacies of model real-time performance and lightweight
adaptability in cognitive radio spectrum sensing, this paper focuses on the optimization and
experimental validation of deep learning—based spectrum sensing algorithms. By integrating the time—
frequency coupling and temporal dynamic characteristics of spectrum signals, a hybrid "CNN-LSTM—
Attention" model is designed. This model utilizes CNN to extract spatial features, LSTM to capture
temporal dependencies, and an attention mechanism to focus on critical information. Simultaneously,
the data preprocessing workflow is optimized, employing time—frequency conversion, denoising,
and data augmentation techniques to enhance data quality. Furthermore, optimization strategies
are proposed from three aspects: loss function, lightweight design, and generalization capability.
Focal Loss is used to strengthen learning from difficult samples, model compression is achieved
through channel pruning and quantization—aware training, and robustness is improved by leveraging
regularization and transfer learning. Simulation experiments demonstrate that the model achieves
a detection probability of 90.3% at a low SNR (—10 dB), reduces parameter count by 47.8%, and
has an inference time of only 5.7 ms. Semi—physical experiments based on the USRP B210 validate
the algorithm's superior performance in static, dynamic, and interference scenarios, with an average
inference time of 6.8 ms, meeting the real-time and engineering requirements of cognitive radio. This
research provides a feasible solution for the intelligent upgrade of cognitive radio spectrum sensing.
cognitive radio; spectrum sensing; deep learning; hybrid model
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