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A8 Tensorflow, Keras, Matplotlib (Python)
B IEE  Keras
1) Reconstruction LSTM-AE : AH| @& 2 o=
Mode!: "sequential”
Layer (type) Output Shape Param #
Istm (LSTH) (Nore, 36, 140) 80060
Istn_1 (LSTH) (Nore, 70) 59080
repeat_vector (RepeatVector (None, 36, 70) 0 LSTM-AE
Istn_2 (LSTH) (Nore, 36, 70) 39480 S5 (Auto Encoder)
Istn_3 (LSTH) (None, 36, 140) 18160 2h 48t 4= (activation) Relu
t‘m?gg;str\buted (TimeDistr (None, 36, 2) 282 _/.:_)éldol;p_/'\_(loss) (mean SrSZ$e error)
Total params: 297,082 Z‘.IK—"‘§+|-(opt|m|zer) Adam
ALE e e e Se8 0.1
OF7| & X
2) Prediction LSTM-AE : AH| 0|& HEf ZX]|
ST Model 27
Model: "sequential” X_train Dlm (,10)
Y_train Dim ()
Batch size 1

Total params: 1,331

Regularization

rate

OverfittingO| LASHX|
QIO D= dropout It

regularization AFESHR| %S

Trainable params: 1331

Non-trainable params: 0

Normalization

0 ~ 1 (Min Max Scaler)
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1) Reconstruction LSTM-AE
- Al 2E SHE

Epoch 42/50
808/808 [

] - 3155 390ns/step - loss

Confusion Matrix

True

Prediction

fpr, tpr, thresholds = roc_curve(error_df[ 'Label’
plt.plot([0,1], [0,1], "b—", "r+")
plt.plot(fpr, tpr, label='RandomForest"')
plt.xlabel('False Positive Rate')
plt.ylabel (' True Positive Rate')

plt.

plt.show()
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[ROC Curve
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+ 0.0348 - val_loss: 0.0388
Epoch 43/50
808/808 [ ] - 317s 392mg/step — loss: 0.0352 - val_loss: 0.0397
Epoch 44/50
808/808 [ ] - 3153 390ms/step — loss: 0.0345 - val_loss: 0.0353
Epoch 45/50
808/808 [ ] - 3165 39ims/step - loss: 0.0350 - val_loss: 0.0356 o
A
Epoch 46/50 EpOCh(t.'_}%—?—J—r) 50
808/808 [ ] - 3155 389ms/step - loss: 0.0343 - val_loss: 0.0444
Epoch 47/50
808/608 [ ] - 3155 390ns/step — loss! 0.0343 - val_loss! 0.0363 Batch 32
Epoch 48/50 olgq 2
8087808 [ ] - 3145 388ns/step — loss: 0.0337 - val_loss: 0.0440 (&5 E” Ol EI 7HT)
Epoch 43/50 — P
508/808 [ ] - 3175 393ms/step - loss: 0.0354 — val_loss: 0.0349 Pals E” 0| E‘I H|g 0.2(20%)
Epoch 50/50
808/808 [ ] - 370s 458ns/step - loss: 0.0337 - val_loss: 0.0378
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[Loss Function]
A E -|| | .| M2 7:|‘||-
H| Ho|Ef M8 A1

- 6000

TP(True Positive) 13899

4000

FP(False Positive)

- 2000

TN(True Negative)

720

-0

F

N(False Negative) 825

], Y_predict)

title('Receiver operating characteristic curve(ROC)')

True Positive Rate

[Confusion Matrix]

Receiver operating characteristic curve(ROC)

| =

0.9719845150774247

0.4 0.6
False Positive Rate

ROC_AUC(RIZ) / Aot 5l ROC_AUC(=0.972)(LEX))
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(Accuracy) (Precision) (Recall) A ezae RUC_AUC
0.946 1.0 0.944 0.971 0.971
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2) Prediction LSTM-AE
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[Loss Function — RMS_X / RMS_Y / RMS_Z]
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A% A &(A% doly &) Al MAPEZE 0.017 =49
test_data = final_dataltrain_ids: , ¢ 1 # 845 Siofel 25
print(test_datall0:, 011 # &

print{pred_s_rnsy[ @ , 01) # =

& SPE{ Moan Absolute Porcentags Error)

print {np.mean(np. abs((test_datal10:, 0] - pred_s_rmsy[ :

[0.98638 0.98643 0.9865 ... 0.9821 0.982 0.98215]

0.986441 ... 0.98217964 0.38219335 0.98217076]
0. 0171384275797 72537

. 01/ test_datalin:, 01)3=100)

& 4
* MAPE : H& Ao WE-8 < xKHMean Absolute Percentage Error)e] <fzt=z= 2
A 3 S gk e MEE 2AE SAHFY dF 2l H5S HUt
i RE
— pred
0.986 v
0.984
0.978 [0:"§ 7EdJ——I|- :]-EHE]
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[D2)] gaiy &s Az
test_data = final da!a[lram idc 1) #HAZ GoE A=
orint(test_data[l0:
print (pred_s_rasyl y s
# WPE(oan Absol!
orint (np. nean(np. ahs((les( dala[m u) pred_s_rasyl ¢ , 0]) / test_data(10:, 0]))+100)
(0.98638 0,98643 0,9865 ... 09621 0.982 0.96215)
(0.9954143 0996427 0.996441 ... 0.98217954 0.9821933% 0.98217076]
0.017138427579772537
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This s to certify that, in accordance with the Patent Act, a patent for the
invention has been registered at the Korean Intellectual Property Office.
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This is to certify that, in accordance with the Patent Act, a patent for the
invention has been registered at the Korean Intellectual Property Office.
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