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Al I 1 - =2 ZY HOH (LotE H2iZIAE)
Ha
-:;;;E (o] ! '%A—! I'%7| EE =l pH
== NZCIOE] - SHHOE | H&T 3§\ o opgerm vor OWEK|
- =

@dE #= Mz Ho[H)

GlolE]

%% 2l HOIH (Lot OIZ2IXE)

MIZ=EO[H - S°3H|0E]
(=5 &8 Hol&)

O oo

2hEt &8
oy |-

>|

SRR |EES 7| 2= S pH, & HIOJE
%E* 2d GO (LotE Of22|IAE)

ALE

Tensorflow, Keras, Matplotlib (Python)

®_train, Y_train = seauences(ok_trainl[['pH".
K_train

‘Temp',

‘Current'11,0k_train[['eH"."

"‘Current'11) [[ 1.38250693, -1.39850013.

46345548, -1

0.47424872].
0.806529311

Temp',

iz ajjole
D3
=] 5
CENDH (LSTM-AF)
Model: "secuential”
Laver (type) Output Shape Param #
Istm (LSTM) (None, 23, 128) §7584
Istm_1 (LSTM) (None, B4) 49408
repeat_vector (RepeatVecto (None, 23, 64) 0 == LSTM-AE
T
r e (Auto Encoder)
Istm_2 (LSTM None, 23, B4 33024 S = . .
stn.2 (L5 (None ) =hd st (activation) Relu
Istm_3 (LSTM) (Mone, 23, 128) 98816 mse
AAISEA
Al tine_distributed (TineDist (Nene, 23, ) 887 T2 (loss) (mean squre error)
I- o ributed)
O} 7| Ell X4 Z| & sl (optimizer) Adam
Total params: 243219 (973.51 KB) =
Trainable params: 249219 (973.51 KB) StEE 0.01
Non—trainable params: 0 (0,00 Byte)
(o]
S LSTM 38 AlEa MY
TIME_STEP=23
def secuences(x,v,time_steps=TIME_STEP):
xs,ys=[1,[]
for i in range(len(x)—time_steps): array([[% ? ?Egééggg *l ggg;ggg Tj g;gglﬁ_ﬂ/g
xs .append(x. i loc[i: (i+time_steps)].values) [-1 25345548, 1 59709541, 0.806529311
vs.append(y. ilocli: (i+time_steps)] values)
[ 060830216, 1.75435222, 0,30810843],
[ 0.45581456, ~0.56EGT488, ~0.78841751],
return ne.array(xs). ne.array(ys) [ 0.67508733, -0.63436959, 0.3745645411,
[1
T

58709541




St HIO0lH
Z2atA/
E~EC|0]E]
ZipM

- Al 28 StE (&S H|0|H)

- Reconstruction Error &%

S| A
Epoch(EHE3l=) 15
Epoch 1715
1021/1021 [ ] - d2s séms/step — loss: 7.6957 - val_loss: 0.8902 Batch 32
Epoch 2/15
102171021 [ ] - 955 Sbms/step — loss: 0.8709 - val_loss: 0.8466 (OI:I E—:‘| E" Ol E‘I 7H _/F)
Epoch 3/15
102171021 | | - 365 3Bms/step - loss: 0.8505 - val_loss: 0.8534 2= GOl Hl& 0.2(20%)
&=415k2 (loss Function)
\ -== loss
0.94 \‘ ~=- val_loss
0.93 \‘\\
..

0.92 \\;\\

091 \\:t\\\

0.90 \\‘\ N,

0.89 = \\\‘\\‘

0.88 \\‘:Z,\_“

087 \“\\—::::7

] 2 4 6 8 10 12

(HI~E H|o|H)

pH_error  Temp_error Current_efror reconstruction_error NG

1600

count 8.326000e+03 B8326000e+03 &.326000e+03 8.326000e+03 8326.000000 1400

mean 2.471758e+07 2418723e+07 1.784261e+07 2.471758e+07 0.016575 1200
std 5.181502e+08 5.919675e+08 4.409666e+08 5.161502e+08 0.127679 1000
min 722965901 6121820801 4118836601 722965901 0.000000 800

25% 2.120431e+00 2.059377e+00 1.008042e+00 2.120431e+00 0.000000 600
50% 2696764e+00 2545516e+00 1.262730e+00 2.696764e+00 0.000000 400
75% 3.819999e+00 3.593484e+00 2.110160e+00 3.819999e+00 0.000000 200
max 2.349589%+10 3634321e+10 3.209977e+10 2.349589e+10 1.000000 o

04

12

**threshold( A7) AH

28 HAEE

HOIEHS| =% =27 2%0|22, A Zi(thr)

2 M9l 9%z Y

- QX ¥ (HAE HO0|H)

Confusion Matrix

- 7000

- 6000

5000

H wo | TN(True Negative) 7904
** 1 FN(False Negative)) 284
"1 TP(True Positive) 49
FP(False Positive 89
- 4547t (38 HIo|HE &8st EF LM o)
Recal |=TP/(TP+FN)
Precision = TR/ (TP+FP)
Accuracy=(TP+TN)/ (TP+FP+FN+TN)
F1_Score=2=(Recal |*Precision)/(Recal | +Precision)
Accuracy, Recall, Precision, F1_Score
(0.9552005765073265,
0.9653150952613581,
0.98BBE52570999624,
0.9769482726654718)
H& & (accuracy) | 0lZE (Precision) | ¥ & (Recall) F1 score
0.955 0.988 0.965 0.976




- 32 Al EEAM (KOLAS S QA
X '3 HO|HE 83t 22k A
22 0= Al RO O3 52 Al
Al " EH M

7 STAG2zds | maus . 23401-c007
s T
(6151 MEA] BET | s 23-C047-01
2243218 SCUL4S 1% (7

Tel: 02:6248-1701, Fax 02-6248-1702

Q
>

STAICTAERIZ3E

‘Nn, Algegs "8 7IE Al

=g
(A "oy o=
PHAO Ea 394
PH10 BZ 10.01

PHEE 24} $0.250|L

V dls paks™ 2ESY oK +2250U

% (PHEE 58 g5 |
2 10|
(SEAIZH

Hgh
(3 012%)

25100°C B#99.4°C )

g
(Accuracy: 95.5%
F1-Score 97.7%)

(MHdiolE] 24 ¥nalE
s of % PR

Accuracy: 95% 0]%
F1-Score : 95% O] &

* 2 4EAN0| YAE AY Zae MFTIRO| AR AT i, AH B A
Yol [ Yo

KOL-TEM-012-#09(Rev.01)

e

A4(210mm=297mm)

Al &

Zd

KOLAS 32lAIE7| &

Q1A

Ol 2E[ojjO|E| AR HE

: KT937

£ 110111-3843920

AMYBLA A (AMAMESEA BT EE2AR432 18

2 zQFY2t: 20219 042 01Y
FREIZ: 20219 048 01 ~ 2025 03 31

Ao el : W

[

9 8 20224062 02%

A7) 712 RVIRE|12Y A232, HEYET He| SO B YE AHeE L KSQ
ISO/IEC 17025:20170i| 2| 7{5t0] KOLAS BQIAI7|# 22 QIFBLICE E3HISO-ILAC-IAF
BEY Yol ASE it 20| AYE 2OF U HLI0H CHEt 7152 s MY ZUEY
AlAgo] HAES QAHFLIC

—
:

TYLEE.

(Korea Laboratory Accreditation shethel

43 (ILAC)2| HZQIHEH(MRA) MB7IFULICE

2 1

(7 STA s gz
(206151 M2A| T
Eoll2t 243218 SCHE4T
Tel: 02-6248-1701, Fax: 02-6248-1702

HEHE ; 23-#01-C047
HEAMHS; 23-C047-01
Ho|xl: (11)/ & (17)

Ery

53 AlEESE (4

NEEE]

Yoole £4 Yn

E HE¥L (Al 05 HeEn)

AlgEF
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1) HiolHM 2
FH|E doly Mg =AO0IEe} HAE HOHE LheCt
(2T0IE 80%, HIAE HOIH 20%)

SUOlE = Cross Validation

2) 2 HlojEE 28 24 TY I

EHUOOIEHZ Al 24 2HRIZL

3) H2E HIO|HE &8% #4

-HAE CO|EE StaE 24 2EY &
ofj =gk Zatat X ZE Hlwstz| s 2%
Al2tst sich

-QiHUS oz FHI(Accuracy)et
Score)@ A HSI0| OISHEEE Solsioh

AlgEA

MEY ZE)E stgAlzict

x=o BA (F1

TP = conf_matrix[0]
FN = conf_matrix[0]
FP = conf_matrix[1]
TN = conf_matrix[1]
Recal [=TP/ (TP+FI)
Precision = TP/(TP+FF)

Accuracy=(TP+TN)/ (TP+FP+FN+TN)

F1_Score=2~(Recal |~Precision)/(Recal | +Precision)
Accuracy, Recall. Precision. F1_Score

AlgZat
H olg

(0.9552006765073265,
0.9653150952613581,
0.9888652570099624,
0.9769482726654718)

AlE7|1= Accuracy 95% 0|4 |, F1-Score  95% 0|4

AlEZT

Accuracy 95.5% , F1-Score 97.7%

o
fir
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@ STA~gd sy
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CERTIFICATE OF PATENT

= @

Patent Number

S5 Al 10-2689969 =

ESARE patencees

G HHY(150111-++wwwsy )

£3 Hl 10-2689969 = SHEE HFA HYT 2%

FER2l= 472

H 10-2023-0175754 & FAB|A B[ZEA(150111-rxrw04 )

202314 128 062 BYSE YTA 39T HXIHR436H L 76, 12423(3W S, HXIAED
20244 078 2590
YR ventors
PR (651222-++4+44%)
SHSE YFA MET A2 30, 5015 1101Z A S, FaX|2dls
SEx))
BRI (6803174444444 )
SYRE T YT LUSE 86, 1028 15015(8YE, BH=2H|o}
=)

29 9 O 0|8 2UHY Yy

SOAT prenies

SRR 2%

VI e
SEAMTEA 7IH

flol wHe rEsY, o ut2t SR SEEYSS STHLCL
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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