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AVANTIX

Classification modulation




Jeu de données

9 fichiers /data/SIGINT/FVE/LEGO_FV/long_LEGO_FV_noP124_snropt_{snropt}_iqg.pkl
snropt = [10, 18] dB

Total of pulses = 8545
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Questions :

* ig2pdw ne tag jamais en cw ou fmcw = Si di > 1ms alors cw ?
* Gestion des pulses « error » dans phénix : suppression ou « unknown » ?
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Jeu de données

9 fichiers /data/SIGINT/FVE/LEGO_FV/long_LEGO_FV_noP124_snropt_{snropt}_iqg.pkl
snropt = [10, 18] dB

Apres suppression des 391 pulses en « error »

Total of pulses = 8154

SNREFF QUALITY |Total of pulses = 8154
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snreff_quality

Split Train(80)/Test(20) en fct de snropt et de snreff _quality (via demod vs via tridge)

Train = 6523 pulses| Test = 1631 pulses
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e données - CHIRP LIN
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Jeu de données - CHIRP S

20/09/2023
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Jeu de données - NO MOD

no_mod
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Jeu de données - PMOD

20/09/2023

abs

le—5

snropt=15 id=888

snropt=16 id=794

150

0.00010 +

0.00005 -

0.00000

1250 1

@
b
=
S 1200

le—5

60

snropt=10 id=760

80

phase

50 75

100

125

abs

abs

p_mod

snropt=16 id=806

0.00010

0.00005

0.00000 -+
1200 A

1150

phase

o 50 100 150 200

le—5 snropt=10 id=658

abs
v
|

1150

phase

1100

snropt=14 id=679

0.00010

0.00005

0.00000 -

o 50 100 150

ANVANTIX

0
a
©

phase

abs

le—5

snropt=15 id=865

snropt=12 id=563

15

0.0002 1

0.0001

0.0000

112.5 A
110.0

107.5

40 60

80

100

snropt=16 id=587

120

0.0002

0.0001 A

40 60

80

100

120




Pré-nettoyage

i

—Valeurabselue-delaphase

- Suppression des échantillons ou
abs==0 en début et fin de signal
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Tableau des performances

TSFRESH
Stratégie greedy

FVE

TSFRESH Top 10
A vérifier si ces feats sont rapides a calculer

Custom features
‘std’, ‘skewness', 'kurtosis', 'max_value', 'argmax_index',
'zero_crossings',

'mean_value', 'diff_std', 'symmetry_error', 'duration’,
'peak_width_half_max',

'slope_asymmetry', 'derivative_energy', 'quad_fit_error',
'second_deriv_mean',

'cusum_slope_change', 'signal_entropy', 'normalized_auc',

'median_position',
'fft_energy_ratio', 'autocorr_lagl', 'dominant_frequency',
'spectral_centroid'

20/09/2023

90,8
DecisionTree FVE 84,5
max-depth=5
min_impurity_decrease=0.012
DecisionTree TODBG FVE
DecisionTree TODBG FVE
max-depth =5
RF 83,8
RF 90,4
MLP 89,6
RF TOP 10 86,8
DecisionTree 82,8
Max-depth = 6
TOP 10

ANANTIX

Borne superleure

Deux DecisionTree entrainés par FVE : 1 pour les low et un pour les high
snr

DecisionTree entrainé par CBE

DecisionTree entrainé par CBE

L’objectif était de voir la perte en perf en ne conservant que 10 feats pour
optimiser le RTR. Etant donnée que c’est moins bien que FVE+DT(md=5)
on n’investigue plus

Afin d’avoir les features importances

RF est meilleur

Run pour features importances

Equivalent aux deux DT de FVE. A voir ce que ¢a donne si on ajoute
I'indice du nperseg
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EfficientFCParameters (1554 cols)+ RandomForest

(borne supérieure)

Confusion Matrix 90.8%

-
95.0 1 =7 N
_____'.-* s, L chirp_lin
92.5 1 s s -
90.0 K

8751 K chirp_s

85.0 1

ACCURACY (%)
‘.‘h
-
True label

82.5 - ; no_mod
80.0 - /

77.5 1 ’ p_mod

75.0 4

T T T T T T T T
10 11 12 13 14 15 16 17 18 chirp_lin

chirp_s no_mod p_mod
SNROPTS (dB) Predicted label
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Performances du MLP

Custom features RAW + SNREFF_QUALITY

Accuracy:
Accuracy:
Accuracy:
Accuracy:
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Accuracy:
Accuracy:
Accuracy:
Accuracy:
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Accuracy:
Accuracy:
Accuracy:
Accuracy:
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Accuracy:
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Accuracy:
Accuracy:

e 0 0 0090 900 @0 0 Q@09 99900 00 0@ Q@O Q@

).__init_ ()
(input_dim, 5

self.fc4
self.fc5

.relu(self.
elu(self

— Moins bon que RF (90,4)
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ACCURACY (%)
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Custom features (39 cols)+ Rand

Features Contributing to 100% of Total Importance
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Confusion Matrix 90.4%
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Custom features TOP 10 + RandomForest

Features Contributing to 55% of Total Importance (nb feats = 10)

phase_std

phase_derivative_energy
phase_diff_std
phase_kurtosis
phase_comb3

Confusion Matrix 86.8%
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Confusion Matrix 82.2%
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Tableau des performances

FVE DecisionTree FVE 84,5
max-depth =5
min_impurity_decrease=0.012

DecisionTree TODO
Max-depth = 10

Custom features RAW + SNREFF_QUALITY DecisionTree 84,2

‘std’, ‘skewness', 'kurtosis', 'max_value', 'argmax_index', 'zero_crossings', Max-depth =6

'mean_value', 'diff_std', 'symmetry_error', 'duration’, 'peak_width_half_max',

'slope_asymmetry', 'derivative_energy', 'quad_fit_error', 'second_deriv_mean’,

‘cusum_slope_change', 'signal_entropy', 'normalized_auc', 'median_position’, DecisionTree 86.8

'fft_energy_ratio', 'autocorr_lagl', 'dominant_frequency', 'spectral_centroid' !
Max-depth = 10
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86 1

85

84 1

83

82 1

81

80

Performances en fct du MAX-DEPTH

Custom features RAW + SNREFF_QUALITY en

fct du max-depth

Evolution Accuracy vs Max-Depth

o

- — —
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— — ——
—— . —

20/09/2023

T
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T
12

T
14

T
16

On gagne a passer a max-depth = 10
sans surcout en temps d’inférence car
la complexité est O(max-depth)
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Analyse des erreurs

Custom features RAW + SNREFF_QUALITY a max-depth = 10
Accuracy = 86,8%

Confusion Matrix 86.8%

Confidence Score: Correct vs Incorrect Predictions

chirp_lin

80
17.5 4
15.0 4
B 60
chirp_s
o
o 12.5 4
o
s
= 40 £ 100
no_mod 4
7.5
20
p_mod 5.0
2.5 1
chirp_lin chirp_s no_mod p_mod
Predicted label
0.0

T
0.4
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Analyse des erreurs : exemples

Custom features RAW + SNREFF_QUALITY a max-depth = 10

Accuracy = 86,8%
199 impulsions mal classées / 1631
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Analyse des erreurs : exemples

true_type=p_mod pred_type=chirp_s
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nalyse des erreurs : exemples

true_type=p_mod pred_type=chirp_s
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Analyse des erreurs : exem

true_type=p_mod pred_type=chirp_s

T T T T u
500 750 1000 1250 1500 1750

o 250

Explaination on pred_type choosed by model

fix)=0.727

1.61 = phase_diff_std

66.861 = phase_std

—0.93 = phase_kurtosis

0 = abs_diff_std

1.173 = phase_comb2

1645 = abs_peak_width_half_max
0.067 = phase_comb4

1688 = phase_cusum_slope_change
0 = abs_mean_value

31 other features

04 05 06 07

500 750 1000 1250 1500 1750

Explaination on

66.861 = phase_std

1.61 = phase_diff_std

0 = abs_diff_std

0 = abs_std

1.173 = phase_comb2

—0.93 = phase_kurtosis

0.879 = phase_slope_asymmetry
0 = abs_mean_value

1645 = abs_peak_width_half_max

31 other features

true_type not choosed by model

Rx) =0.227

0.2

ANVANTL

03 0.4 05 06
EIfX)] =0.371



Explaination

344.343 = phase_std

1.01 = phase_comb2

0.426 = phase_kurtosis

1.644 = phase_comb4

0 = abs_symmetry_error

11.844 = phase_diff_std

0 = abs_derivative_energy

185 = abs_peak_width_half_max
14 = phase_cusum_slope_change

31 other features

20/09/2023

true_type=chirp_lin pred_type=p_mod

on pred_type choosed by model

(- |
~00s (i}
' +0.03
' +0.03
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0.0000 . . . . .
1] 25 75 100 125
60
N
&
2
a 204
)
[} 25 75 100 125
fix) =071
‘
0.5 0.6 0.7 0.8

Explaination on true_type not choosed by model

0.426 = phase_kurtosis

344,343 = phase_std

1.01 = phase_comb2

1.644 = phase_comb4

0 = abs_symmetry_error

0 = abs_derivative_energy

14 = phase_cusum_slope_change
121 = abs_zero_crossings

0 = abs_std

31 other features

fix) =0.194

' +0.02
-0.01 .
' +0.01
—0.01 .
. +0.02

0.25 030 0.35
X)) - 0.234
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AVANTIX

IQ2PDW CPU plugin PHX2

© Avantix — for internal use



Travaux

- Gestion des fs/NPERSEGS
- Plugin PHX
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List des NPERSEGS

get_NPERSEG!
NPERSEGS_4G!

rch.math.log2(x)) if x > @

NPERSEGS = [nearest_power_of_2(int(nperseg * fs / 4e9)) for nperseg in NPERSEGS_4GS]
NPERSEGS = [x for x in NPERSEGS if x >= nperseg_min]

NPERSEGS]

20/09/2023

100 MSps
500 MSps
1 GSps
2 GSps
4 GSps
244 MSps

4 MHz

ANVANTIX

[8, 16, 32, 128, 512, 4096]

8, 16, 32, 64, 128, 512, 2048, 16384]

[16, 32, 64, 128, 256, 1024, 4096, 32768]

[32, 64, 128, 256, 512, 2048, 8192, 65536]

[64, 128, 256, 512, 1024, 4096, 16384, 131072]
8, 16, 32, 64, 256, 1024, 8192]

[16, 128]
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