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Abstract

This thesis aims to develop a model for classifying radio signals using a hybrid voting network
that combines the Transformer and ResNet architectlinesimportance of this research lies in

the fact that radio signals are characterized by complexity and diversity, making their classification
a technical challenge that requires leveraging advanced deep learning capabilities to achieve an
effective and rigable classification model.

The voting network is designed to benefit fro
its convolutional |l ayer s, and from tdeem Tr ans
dependencies through the attentionchamism. The radio signals are processed through both
models in parallel, and then their classification results are combined through a voting mechanism
that weighs the final classification outcome based on the accuracy provided by each model.

The test redts showed that the proposed hybrid network outperformed individual traditional
models in signal classification, achieving a high classification accuracy of up to 95% on the
datasets used. This indicates 't henaocordcgdnds ef f
stability.

These results provide evidence that combining Transformer and ResNet offers an innovative and
more efficient solution for radio signal classification, marking a significant step toward developing
more intelligent and precise commacation systems.

In training the network, we used a distileam input flow, represented by two vectorsplirase/

in quadrature (1/Q) and amplitude/phase components, taken from the Rad@IIA dataset.

This dataset is raw (unprocessed) real data and reflectsvaoddl challenges faced by
communication systems, such as interference and noise, making the model trained on it more
efficient and suitable for use in reabrld environments.
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Optimizer : SGD (Baseline) Optimizer : LazyAdam (Ours)
Layer Output Dimension Layer Output Dimension
Input 2% 1024 Input 2x 1024
Residual Stack 32x512 Residual Stack 32x 512
Residual Stack 32 x 256 Residual Stack 32 x 256
Residual Stack 32 x 128 Residual Stack B4 x 128
Residual Stack 32 x 64 Residual Stack B4 x 64
Residual Stack 32x32 Residual-Stack 32 %32
Residual Stack 32x16 Residual Stack A2 % 16
FC/SelU - Alpha Dropout 128 FC/SelU - Dropout 128
FC/SelU - Alpha Dropout 128 FC/SeLU - Dropout 128
FC/Softmax 24 FC/Softmax 24
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Optimizer : Lazy Adam

Layer
Input

Transformer Block
Feed forward : 256 nodes

Global Average Pooling

Batch Normalization

Alpha Dropout (0.3)

FC/SeLU - Alpha Dropout (0.2)
FC/SelU - Alpha Dropout (0.2)

FC/Softmax

o yiih Gl D0 Bs -

Output Dimension

2x1024
2x 1024

1024
1024
1024
128
128
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Owerall Accuracy -2
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Overall Accuracy 2:
Owverall Accuracy 4

Overall Accuracy 63
Overall Accuracy 8:
Overall Accuracy 18:
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Overall Accuracy 14:
Overall Accuracy 16:
Overall Accuracy 18:
Overall Accuracy 28:
Overall Accuracy 22:
Overall Accuracy 24:
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Overall Accuracy -218: ©.89821982235E61465
Overall Accuracy -18: ©.6311421911421911
Overall Accuracy -16: @.56949346561098922

Accuracy -14: 8.7882185898174479
Overall Accuracy -12: @.788933982187127
Overall Accuracy -18: ©.7852417866371354

a.7226126885952582
B.T26827397260274

B.71735208923520924
@.6917192920039136

Overall Accuracy B: @.6120304180320609
Overall Accuracy 2: @.5221254987305042
Overall Accuracy 4: @.45278822042615726
a
a

Overall Accuracy -8:
Overall Accuracy -6:
Overall Accuracy -4:
Overall Accuracy -2:

Overall Accuracy 6: LA4485187835428394
Overall Accuracy 8: LA2406T98245614836
Overall Accuracy 18: @.41975195222783646
Overall Accuracy 12: @.42272968667820871
Overall Accuracy 14: @.4125624553898873
Overall Accuracy 16: @.42485574789169994
Overall Accuracy 18: @.41695212999568827
Overall Accuracy 28: ©.424849%5270851247
Overall Accuracy 22: @.422582646459275
Overall Accuracy 24: @.4292117857737338
Overall Accuracy 26: @.4257234726688183
Overall Accuracy ¥§: @.4245818055365922
Overall Accuracy 38: ©.4215823315627621

Maximum Accuracy : -

SNR#t !

Mecuracy

Overall Accuracy -20: ©.7062022984472323
Overall Accuracy -18: ©.6958828911253431
Overall Accuracy -16: ©.6800182898948332
Overall Accuracy -14: ©.7000183755972069
Overall Accuracy -12: ©.7118704714196261
Overall Accuracy -1@: ©.71314088797013022
Overall Accuracy -8: ©.7245682249751334
Overall Accuracy -6: ©.7303317082496893
Overall Accuracy -4: ©.7290627227369921
Overall Accuracy -2: ©.7207435203769963

@.7150226244343891
©.729703494528768

©.7806192346332999
©.8631714733253478
©.9112794157424939

Overall Accuracy ©:
Overall Accuracy 2:
Overall Accuracy 4:
Overall Accuracy 6:
Overall Accuracy 8:

Overall Accuracy 10: ©.9399318630087861
Overall Accuracy 12: ©.9505992132467295
Overall Accuracy 14: ©.9485655927954694
Overall Accuracy 16: ©.9520711143695014
Overall Accuracy 18: ©.9508876272866541
Overall Accuracy 20: ©.9491071428571428
Overall Accuracy 22: ©.9561925365062196
Overall Accuracy 24: ©.955230575991387
Overall Accuracy 26: ©.9544656957360941
Overall Accuracy 28: ©.9519886615289219
Overall Accuracy 30: ©.9557119942969168
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Models Classification accuray (%) at:
Architecture Input Overall High snr Med snr Low snr
. IQ 55.78 81.24 60.70 13.14

Basic CNN 4 p 54.92 86.67 53.90 12.92
Inception 1Q 44,52 64.61 46.81 13.35

I1Q 55.84 82.36 59.61 13.52
ReaNet AP 54.09 86.52 51.91 12.96

I1Q 56.73 81.70 62.23 13.86
CLDNN

AP 58.98 93.60 H&.67 11.92
Simple LSTM AP 55.55 R7.84 H4.46 12.90

32x32x1 - 90.93 51.69 -
Constellation  32zx32x3 - 80.37 50.67 -
(AlezNet) 48z48x1 - 91.82 51.83 -

48z48x3 - 92.14 51.69 -
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