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Deep learning for automatic  

                     RF-modulation classification 
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Artificial intelligence 

Bio-analogy 

- representation of data selection with:  

- sum 

- threshold 
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Multi-layer perceptron 
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Artificial  Intelligence 

- representation of data selection with: 

- sum 

- threshold 

Artificial intelligence 
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RF-modulation 

Radio frequency modulation 

Shift keying: 

- ASK, amplitude 

- FSK, frequency 

- PSK, phase 

- ASK-LSB 

- ASK-USB 
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Magic sample number 

- RF wave 

- pedestal: find from average 

     sampling 1 : 3.675 

     f0  12ooo Hz 

       1 / 44100 s 

- magic N:   t = 11 …  p = 0.0023 Ae 

Determination of: (ped, A, f, ) 
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Determination of: (ped, A, f, ) 

Amplitude 

- same N = 11 : 

Frequency 

- same N = 11 : 

     ( k = 1 ; max sensitivity) 
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Determination of: (ped, A, f, ) 

Phase 

-  = current - previous  

- next: form features 
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Determination of: (ped, A, f, ) 

Distributions 
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Parameter - 11 

Feature formation 
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Feature formation 

Parameter - 13 
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ROOT MLP 

MLP run-through 
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ROOT MLP 



Univ. of Bucharest  - Romania    Maria Dima                                                       Dept. of Physics   06.07.2021 

ROOT MLP 
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ROOT MLP 

Define ANN parameters 

- learning method 

- # training epochs and error plot updates 
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ANN training 

AM vs. FM: BFGS AM-LSB vs. AM-USB: stochastic 
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Results 

AM-LSB vs. AM-USB: stochastic AM vs. FM: BFGS 



Univ. of Bucharest  - Romania    Maria Dima                                                       Dept. of Physics   06.07.2021 

Contents 

Conclusions 



Univ. of Bucharest  - Romania    Maria Dima                                                       Dept. of Physics   06.07.2021 

Conclusions 

Neuromorphic software 

- advantageous for classification of signals 

- excellent performance on AM vs. FM 

- very good even on the difficult AM-LSB vs. AM-USB case 

- additive 

- can join sub-task networks to form master-network 

- ROOT 

- easy to use implementation of Multi-Layer Perceptrons 

- helpful user-analysis features 


