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    2.1 (logistic regression 
analysis)

    (regression analysis)
(parametric model)

. 
(independent variable)

(dependent variable)
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, 45

 PCD . 
PCD 1 , 2

, 1 2 PCD 

PCD_difference_Min_1, PCD_difference_Min_2, 
PCD_difference_Max_1, PCD_difference_Max_2



. 1 2 PCD_difference_Min(_1 
_2) ‘total’ + PCD_difference_Max(_1 

_2) ‘total’ slope_1
slope_2 . slope_1 slope_2
slope_change . 1

slope ‘tilting’
. Tilt_table , 
Tilt_table Tilting 

Tilt_judgement . 
pass unpass

unpass False, 
pass True Tilt_spec

.
    
(1) ‘slope_1’, ‘slope_2’, ‘slope_change’
‘Tilt_judgement’ , (2) ‘slope_1’, ‘slope_2’, 
‘slope_change’, ‘Tilt_judgement’ ‘Tilt_spec’ 

. 
(1) ‘DNN_1’, (2)

‘DNN_2’ . 

.
    
    3. 

    3.1 
    

H
2 . 

‘Cropping’, ‘Slicing’, ‘Surface 
Grinding1’, ‘Surface Grinding2’

, 
. 

Product_code 1
. , ‘DNN_2’

A3R001-SM( 3,099 ), A3R002-SM(
2,578 ), A3R003-SM( 510 ), A3R004-SM(

2,756 ) 4 , 
‘DNN_1’  A3R001-SM( 3,099 ), 
A3R003-SM( 510 ) 2 . 
Train data Test data 8:2

.

Product_code Train : Test 
= 8 : 2

A3R001-SM
(3,099)

Train 2,479
Test 620

A3R002-SM
(2,578)

Train 2,062
Test 516

A3R003-SM
(510)

Train 408
Test 102

A3R004-SM
(2,756)

Train 2,205
Test 551

1 Train, Test 

    3.2 
    ‘ , ’

. 
Python , 

x, y 
. Y True, 

False 0, 1
‘Tilt_spec’ , X

( 2 ).

X
slope_change, tilt_judgement

slope_1, tilt_judgement
slope_2, tilt_judgement

slope_1, slope_change, tilt_judgement
slope_1, slope_2, slope_change, 

tilt_judgement
2 X

   , 
, 

.
    3.3 
    3.3.1 DNN_1
    [DNN_1] Python

. , 
. , optimizer

learning_rate 0.05 , 



epoch 
100 , 

batch_size 30
. csv 

, x y x_train, x_test, y_train, 
y_test , y tilt_judgement

. x 3 .

x
slope_change

slope_1
slope_2

slope_1, slope_2
slope_1, slope_change
slope_2, slope_change

slope_1, slope_2, slope_change
3 DNN_1 x

, , 

loss1) . 
‘slope_1, ’slope_2’, ‘slope_change’ 

, ‘Tilt_judgement’ 
. 

‘Tilt_judgement’ 
.

3 DNN_1 

DNN_2
    [DNN_2] Python

, train test 8:2
. random_state 7 . 

‘Tilt_spec’ sigmoid
, 

EarlyStopping
. 
, loss . , y
Tilt_spec , x

1) loss : , val_loss : , 
accuracy : , val_accuracy : 

4 .

x
Tilt_judgement

slope_1
slope_2

slope_change
slope_1, slope_2

slope_1, slope_change
slope_1, Tilt_judgement
slope_2, slope_change

slope_2, Tilt_judgement
slope_change, Tilt_judgement

slope_1, slope_2, slope_change
slope_1, slope_2, Tilt_judgement

slope_1, slope_change, Tilt_judgement
slope_2, slope_change, Tilt_judgement

slope_1, slope_2, slope_change, 
Tilt_judgement

4 DNN_2 x

    [DNN_2] ‘slope_1’, ‘slope_2’, 
‘slope_change’, ‘Tilt_judgement’ 

, ‘Tilt_spec’
. 

‘Tilt_spec’
.

    4. 

    4.1 MAPE – DNN_1
    DNN_1 MAPE(Mean 
Absolute Percentage Error) . MAPE

.
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    A3R001-SM 0.007 MAPE 
Slope_2

, A3R003-SM 0.036
MAPE Slope_change

. 5 .



    4.2 F1 score    
    4.2.1 
    

Confusion Matrix . 
TP(True Positive), FN(False Negative), 

FP(False Positive), TN(True Negative)
. , TP True True

, FP False
True , FN True

False , TN False
False . 

, , , F1 score
. 

Positive
Psitive , 

Positive
Positive

. F1 score
.

    A3R001-SM 0.945 F1 
score slope_1, slope_2, 
slope_chage, thickness_min_1, thickness_avg_1, 
undulation_1

. A3R002-SM 
0.928 F1 score 
thickness_min_2

, A3R003-SM 0.985 F1 
score thickness_min_2

,  
A3R004-SM 0.977 F1 score 

thickness_min_2
. 6

.

4 DNN_1 

제품코드 Slope_change Slope_1 Slope_2
Slope_1, 

Slope_2

Slope_1, 

Slope_change

Slope_2, 

Slope_change

Slope_1, 

Slope_2, 

Slope_change

A3R001-SM 0.013 0.056 0.007 0.053 0.027 0.054 0.58

A3R003-SM 0.036 0.155 0.229 0.157 0.183. 0.142 0.191

5 DNN_1 



    4.2.2 DNN_2
    DNN_2 

F1 score . 

A3R001-SM 0.944 F1 score 
Slope_2, Slope_change Slope_1, 

Slope_2, Slope_change

F1_score ;x

A3R001-SM 0.945 ;slope_1, slope_2, slope_change, thickness_min_1, 
thickness_avg_1, undulation_1

A3R002-SM 0.928 ;thickness_min_2
A3R003-SM 0.985 ;thickness_min_2
A3R004-SM 0.977 ;thickness_min_2

Tilt_judgement Slope_1 Slope_2 Slope_change Slope_1, Slope_2
Slope_1, 

Slope_change
Slope_1, 

Titl_judgement
A3R001-SM 0.839 0.838 0.898 0.839 0.898 0.892 0.837

A3R002-SM 0.837 0.837 0.837 0.837 0.837 0.837 0.837

A3R003-SM 0.941 0.941 0.941 0.941 0.941 0.941 0.941

A3R004-SM 0.947 0.947 0.947 0.947 0.947 0.947 0.947

제품코드
Slope_2, 

Slope_change
Slope_2, 

Tilt_judgement
Slope_change,
Tilt_judgement

Slope_1,
Slope_2,

Slope__change

Slope_1,
Slope_2,

Tilt_judgement

Slope_1,
Slope_change

Tilt_Judgement

Slope_2,
Slope_change,
Tilt_judgement

Slope_1
Slope_2,

Slope_change,
Tilt_judgement

A3R001-SM 0.899 0.837 0.839 0.912 0.839 0.839 0.839 0.839
A3R002-SM 0.837 0.837 0.837 0.837 0.837 0.837 0.837 0.835
A3R003-SM 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941
A3R004-SM 0.947 0.947 0.947 0.947 0.952 0.947 0.947 0.947

7 DNN_2 (precision_score)

Tilt_judgement Slope_1 Slope_2 Slope_change Slope_1, Slope_2
Slope_1, 

Slope_change
Slope_1, 

Titl_judgement
A3R001-SM 1.0 1.0 0.994 1.0 0.994 0.998 0.990

A3R002-SM 1.0 1.0 1.0 1.0 1.0 1.0 1.0

A3R003-SM 1.0 1.0 1.0 1.0 1.0 1.0 1.0

A3R004-SM 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Slope_2, 
Slope_change

Slope_2, 
Tilt_judgement

Slope_change,
Tilt_judgement

Slope_1,
Slope_2,

Slope__change

Slope_1,
Slope_2,

Tilt_judgement

Slope_1,
Slope_change

Tilt_Judgement

Slope_2,
Slope_change,
Tilt_judgement

Slope_1
Slope_2,

Slope_change,
Tilt_judgement

A3R001-SM 0.994 0.990 1.0 0.979 1.0 1.0 1.0 1.0
A3R002-SM 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.984
A3R003-SM 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
A3R004-SM 1.0 1.0 1.0 1.0 0.994 1.0 1.0 1.0

8 DNN_2 (recall_score) 

Tilt_judgement Slope_1 Slope_2 Slope_change Slope_1, Slope_2
Slope_1, 

Slope_change
Slope_1, 

Titl_judgement
A3R001-SM 0.912 0.912 0.943 0.912 0.943 0.942 0.907

A3R002-SM 0.991 0.911 0.911 0.911 0.911 0.911 0.911

A3R003-SM 0.941 0.967 0.970 0.970 0.970 0.967 0.970

A3R004-SM 0.973 0.973 0.973 0.973 0.973 0.973 0.973

Slope_2, 
Slope_change

Slope_2, 
Tilt_judgement

Slope_change,
Tilt_judgement

Slope_1,
Slope_2,

Slope__change

Slope_1,
Slope_2,

Tilt_judgement

Slope_1,
Slope_change

Tilt_Judgement

Slope_2,
Slope_change,
Tilt_judgement

Slope_1
Slope_2,

Slope_change,
Tilt_judgement

A3R001-SM 0.944 0.907 0.912 0.944 0.912 0.912 0.912 0.912
A3R002-SM 0.911 0.911 0.911 0.911 0.911 0.911 0.911 0.903
A3R003-SM 0.970 0.970 0.970 0.970 0.970 0.970 0.970 0.970
A3R004-SM 0.973 0.973 0.973 0.973 0.973 0.973 0.973 0.973

9 DNN_2 (F1 score)



. A3R002-SM 0.991 F1 score 
Tilt_judgement

, A3R003-SM 
Tilt_judgement Slope_1 Slope_1, Slope_change

0.970

. A3R004-SM 
. 
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