5|hrk e
¥l =
S=ES561 10-2360362 %
(19) Y3 N=ZE3 A (KR) (45) FAA  2022'd02¥€09Y
e e e o (11) $5¥s 10-2360362
(12) 553 FH(BD (24) S2AA 202214028049
(51) = AIS3 5 (Int. Cl.) (73) 5sidzt

GO5B 23/02 (2006.01) GO5B 19/418 (2006.01)

FTHEWA AP

GO6N 3/08 (2006.01) FHAET AFA AT SUE 1 (4
(52) CPCESEH (72) gz}
GO5B 23/024 (2013.01) 0=
GO5B 19/41875 (2013.01) = gme W] el = Sn s
8 = 5= 2 1 2238w
(21) 2995 10-2020-0046721 oo FA AT FHE 1 S5
(22) 29YA 20201404L 17 T
o N oA ST I ER 448 302-1602
AARE TR 2020904917 (74) el
(65) T/ 10-2021-0128713 ZM’]‘L
(43) ZMLA 20214104279 =
(56) A&7 ALE3
KR1020170024262 A%
= AR 9] J8FH 3
AA A+ 40 F 5 0 A AL A3k
(54) ol WA EARF BENT gdedS o]83 A T T 24 2 o= By 2 o]E /=% 7 E0A
(567) 2 9oF
oo Az A E2 B4 9 oS o] B3 Ao g, Fe JARREH AMNEE AFE T4 dHd
AFE FA HolEE Azt R FH¥3E WA, FHE AF TA dolgd d& EAF EAS F8ste] AE
Az FAL BAsta, o] E3f u|AA TAS ASsts B4 24 v 2 EA4%8 24 47 dHo|HE o] &
3l Az T4 FAE A58 A5 dAE 2@
Eodgo)] oshd | EAF B3 gdejdS o] gsle] Alx ¥ FAS BAsla dF3to e, nAAdEe F4
S g%, Ax T FEE 538t AE AN 25 FIANZL F dE 29Ut dd.
o Z &- %1
_l X
=2 I PPD St110 S120
=8 S 24
[mcta | [prap | [ seca | [ poca |
[ [ |
=8 S0 24 21 130
ZEE
Hole &xel S132
AL US S134

MPQ2! O =Z 1t



(52) CPCE3| &+

GO5B 23/0283 (2013.01)

GO6N 3/08 (2013.01)

S 5
K

Al (A3) 7] 93
AT
SEERE

7ol &
5|52 7] 973
712t

1415167171

20004367

SRR
71 € B 7H

A 971 7 AL

Aty AzSAL 9% Fehs
1/1

FHueta

2020.01.01 ~ 2020.12.31

SS=50dl 10-2360362




S50l 10-2360362

AT 1

T4 NAZRE ANEE AE TAd BHEE AF T4 dHolHE HAztew £AsE WA,

FHE AF FA delge] dis]l FAY £4E st AF AR 3PS BAsA, oF S8l vFY IS
Az BAY B4 aA; 2

AE Ax F7] AE BASE MCTA(manufacturing cycle time analysis), &4 #AA9 vAAS g@xs=
PTAD(process trajectory abnormal detection), SAIA ¥4 A& w43k= SPCA(Statistical Process
Control Analysis) ¥ &# &8 Alo]E& #2493} PCCA(Process Capability Control Analysis)@ A" &3

EAN BAS Sl AF Az 3L BAE AL BT e Az A B B4 2 A5 .

AT 2
AT 10 QlolAl,

A7) A FA delHE A 2 dE, AL T, 1A 231 i 2 71A1Y H2E AF dolHE XSt
£ AL BH0R s Ax ¥4 F4 24 2 o3

27% 3

244

AT 4

AT 10 delA,
g7 S dACNA,

A1 24 st deled] etel 54 ghol obdl dolE % TFSHE W9l WFY dolHw Amst
W7 deld 1=y s,
Edold A=, FE4 A4 AE 2 HAE AEZ TRSE deld A= B 343,

Aitstels e 2AYH HAHES L= dolH HAE dAE Fdse AS EHL
EPE)
Rl

A7T% 5

AT 4ell QlolA,

71 A= dAel A,

471 "oty dAe dAE s 5,

LSTM(Long Short-Term Memory) =&l 7]ut
=30
Ex o

S WA S AL



[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

SS50dl 10-2360362

7l & & oF
e Ax A 24 24 R dS Tlsel 3% Aotk

42k 4+ 89 (Industry 4.0)2 @A Az G Asst 9 voly w3 FAE Yeda, Az #golA 7
b 3 " ARE ARS gusig. HtdE Alx Tl HA- Eﬂ E4EA A k. Az FAo HE Axn
o

dolg o= <ls At 34 HUHY

= -
o T:
b st aela, Ax Bl FA B 34 U5 Mom.

o] AA Z/EEAM AE EA FE L 9=
501 AT}, PAMS Industry 4.02] 34 o] 3 shjeldl, #AAol A2 2 ex 2 q
2B A 7 B AR oFatn, WAL mo|u AE FAL A A7H A2

g

JolB HAH paste] AxAel FEF o

FAE AHgste] Az A BE ARAA dHolHE

k=]
(s}
15ka, ]‘35} 7] e ]Z‘— fﬂxo“ﬂ’ﬂ ZVS AbgE = glom | 9F A% (artificial intelligence, AI) %
PN

4 B4 (predictive maintenance, PdM)el A

A% Abed 44 w5, A RUED 2 EQ gelt AR 2360 9290 Ak 44 mueE 9 EA
B RE Az F300 Qo FA® WYL Al HAT. A FA 9 FA FAL Aofsa Az 34
2 A&sE] A8 e wdel AuH. A Bt AdAARE AE AT GE o2rA A=
FAe mE WRo] BrAolth, olsh FAIEA, PalSlA BT dZals] sl AR RS A% HEE
54 | od SnFoRyE ool A% ot A AF A AUE BUHLS] 98], Azte] Ay
o meh wloelzt ek

d eld(deep learning) & YOhE F] WlolER ShE @ u) wold AHEE <) we AVE A 9

199739l LSTM(Long Short-Term Memory)®]et= A+ A7 (recurrent neural network, RNN)S] 7§

a4 ) BAE AASD Bgd Az AAs delEE A
slglo] AEAQ RWETH 21 Qede] HolEst LA 2giel

2at7] 918 AdE AT LSS B e
24 o 294 54 F7F9 AF RWelth. |
% A gl

g dugE FoA LS UEYaE 243 ANIAE g&3te b 58y 2 deS gxssE o 2

A ZF ot 7)%5617] W] PdMel 3] ujel 2 o|t),

2F PAMS AULE A2 HofollA a3 AF Holrl Ha ltt. ‘1%% PdM Alz=®o] Az APel HEEHE=E
AotE 3 MAE AT, dFEE o] AFE HaloA FH3E o8 o F HolHE A&t Wale A FH
< FAg

FAe ASHoR R sl nEY AFL 4
AAR, BE A AQNA BF2eE 5o



10-2360362

s==4

A

1

[

1 0001) distil=r 5E253] 10-1661818

gige] g

72 5F

of

[0009]

T ™ HT T o S B 75 W = Ho
=M 0= TEW OB Rw S b®mE _ .
o ~ O B . % E I T ° )
ol T = =T gy S ol X o
o o o g o iy 20, o ™o 2 =0 =
A lared 1] + —_ lru a%
oy ) = B ) S ww Ao D i : =
Ec ° T =~ £33 - il = x5 =
uy = o) — % o ] Q0w & . 5 © D
¥ Ryl X = T ) o w A ] ES =)
Vo — WX o E R © o= B o o ESRRS iy
Mg N ol m W T SR o o T = o T =~ ~
RO ™ oxm o T ow o 8 Mo M 5 B o v sy
%o O HT w - _Hw‘_ <] g R o o) ol g Ak N DECS
M I RSy xR i T ° L
o _ = I oo o = ™ <= s 0 ol jn i o
T o0 T H = K o = S o ooy = c ™ T A oo
T N TERW x c R T g4 = ) = £ P
U g o J oz 5N ERCE T o T o ™
=1 0 S R o = o = ) AR B o
W Him N o %o =K ST W ESICN =N ) =
p*T T A g5 S oA < 4 o A - =
g T T4 Cw % Egam Ok, 2 o s -
- — T — O —_— - < o
T e 1 Koo T =W 2oy R = W X T = °
:.L i) %0 5 O_ — vi m = 5 T ﬂm ,EI = _:u <0 iy oF
m X T o 2z o0 T g 7 o B —
of M B Wy ET o = © ST
w A= B o ‘M| o T o I 5" DN ) o Ly S Ho o oF T qW%
w Lol W .. X o wmETM Kowmoo g N R T R0
wm W I O T ST y=TE G - " = )
ol iy g 1 ™o ) = o] M o T
PsaT <7 o W W o W pow oY e = T i3 s,
OL _ - W X 1r__u| n_m_l w:.m ﬂo o io = ‘U_HI . EE [ o) \@l »AL O#a ﬁnm O#E
=g 5x T T p g K g S R woR L & o
TS B MOE B NIWET T oo 0 do o e o T % = 7
To L R 5% = oy < < S % B o = N 0o = ~ o O H = A Q)
oF ETu X %o o —,ﬁ =0 — = © m 5 = o T = X X X B . in% ZT X
—w W G . 0N L BL g P 9 5 T I S R
R i) 5= - 2 = W o~ oy 3 T NN X o Woom w
o Ho "W e Hip N T o L = o TN o — o DA - X
W o o % CLI - LA Meszx oo " Gy X R o = N gy T
% o M w ° e %u Bo R T 5 " W v T TR SO  HRC: T (R
wH T E= pwee ¥ #ESEL Teg w° T O
o K T ; = 3 S oy R T - ) _ i —
e o8 ol G e wm P - = B T % momwﬁ Mrﬂq
X% oz —F e B N . o X om0 5 % T T T I
-~ X RO NS 2 T oo T (L RO = o T o - = ™ ~ A 2
H X T SRR N N TS e At = N e o X
g u B o T ©RH+T T =X gm Py % P T A
Magd ©2 o Pypgd T TR A L wm G M P @R IR ST
0 Uy —_ i~ ~
FgED e LawT T T ooowgge TEUE T B9 9 N N W W W
~ No R~ o T R RE M 2 T W, T oo o 0 ol mo  mo N Jo o Mo Eo
© ey o WA BT i PETE T Ral e ow T oL o W
) (53 - o 0 . At}
o G N SR PR M =TS oA W E AR A E s T 7 No@om = OB M M R om
o T o= T 3 o =S T o =
wa mm wa o MR . ﬁﬂ "X g 28 T = 7 W Q) wa N TR K PR K FN- TR VAL
% T R ETTH TN RS E "T R AW O Agpg B e v e o & o
R M WondFTH RN FHFE FNPD R OW o Moo oW oW oW oW oW
S = o ) < %) © & )
(=] (=] (=] (=] (=] (=1 (=] (=] (=]
= S S, S, S, = = = S,



10-2360362

s=<4

0

==
4
ol

oA

[e]
=

|
Np

= 102 MPQe] 7]

0
B
I

)
N+

il

&

o
N

LR RR PR

1o

z

ol
—

4

o}

pud

17] =

°©

ks

LS|
=

Jdo=

A

i

3]

Aol o
HaA 7t

S

]

ataL, 7§A]

s

]

S

al

=1
=
§ g

3]

Alele] o]
ofell df

]

[ 54

& FAF hg

17 9%
=

o}

e 44

N EEE RN
ool
R R

[0019]
[0020]

.
=5

E

™

AleEel 7se

™

o= 7Al

olo
I

olo

%]

& gAIMAM A

[0021]

IR PUARY
W, 1 g7k 7

O
o

o
olo

o)

4
oy

I

ol

5=

Zoltt. meba E TRAJAIA A}

5
=

] 2 eulE 714

5]

LS|
=

L3, WA A A

k)
w

S},

bt
s,

o
el

& EE Aolslofof

e}

lol 4 ang o

<

=

].

S

o

.

#otel

8

?lo], FPGA T+ ASICH Z

2

of v o}

L

L

ec

gAY A A o

[0023]

—

K
)

gEE vl oy,

ki3

3=

gl

E

A

il

o]
=4

LERS

23
el
il
ool
K

il

-
]

-
N

el

o

JJ)

[0024]

TA
s

i
i)

k)
o

=
=

o Abg s

1o
&

s

A
.

=2 (manufacturing process

MCTA(manufacturing cycle time analysis), PTAD(process trajectory abnormal detection),

L

L

] of| A
SPCA(statistical process control analysis) % PCCA(process capability control analysis)<}

FaL ofel o

=13
=
.

[e)
quality, MPQ)<]

s

o]

[0027]

Lo

Ho

[0029]

[0030]

rvzel

S
Ho

NP

o}

[}
pos

=
T
qom, &

o]
=4

2 A4 (processor)

hva

b Aloj st

S

o2 Ao

Z]
&

s

!

SL
=

q

g

Az F

L
L

Edo]

A



[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]
[0047]
[0048]

[0049]

S550dl 10-2360362

B4 90 A5 RS SRSk AW ALY, gRe] AlolY i E2AA (processor) A ABE & glnt,
oAl B ol Ax ¥4 FAMWPQL BHST a7 A% Yol e Axg obrluAd s 4P
o,

E 18 2 wgel @ Adde] hE Ax 34 FD 4SS A% A29 ogAE 2AF Rolt,

£ 18 RESE, ¥ oage] 29 A7 dold £F wAS10), B AN B4 9A(S120), LSS
o1 WPQ o3 WA(S130)9) A FARAR TR 5 T

dlole] =3 <A(S110 )% & 7ARSH AdEE AF e4d d-d" AF A delE(Production

Process Data, PPD)E 2

=

[‘

FAA 24 w120 HE
BAsh, olF Fo MY TYS

wouwel 9 AAedA AF 4 delH PR A AF H, A 4, A9 2 @ 2 A9 Hs
E 23 doleE £¥se AU 5 Ak,
2 oo EAY 2y

4 EA A (S120) 0014, AE AR F7] AIZFS E25F= MCTA(manufacturing cycle time
analysis), 374 #A&<9 HA

A& ©A)5l= PTAD(process trajectory abnormal detection), A& FA Ao

2 ®A38lE= SPCA(Statistical Process Control Analysis) % A %8 Aol= EAstE= PCCA(Process
Capability Control Analysis)® TAE 53 SA4 E4& 535t AF Ax 34 B4 4 .

d= ©A (S130) &

AAE @dA(S132) = A
dolEl2 3YstE ¥

ME 9D HAE AHER

= 7% 2=AY% (Feat

Memory) E®-E& 7|Rto.m dxjeld dHolEE Edoldstal, o5 S A=

=
Q
o
Q
[
[
O,
0 oF
%% >
>
[
i}
o
>
oo
i
A
%0,
o
o
>
~ oy
EIURE i}

3t A7 Ho

HS AR LDP.

aYa, FMoR AFS A

o
(composite statistical analysis)©

S
AdA 33 deolE= FA v 74 UEAS Tl An Alxgoz AARE dEdn. o8 913
3 % u
=

ole] dAje] @AI(S132)9F, Edold B A5 @A(SI13H) = A HH.

A FA A3 dolgd tiste] =X} gto] ofd #HolE #S AEFshe W4 W
F3 dlolg 2Ad+Y (Encoding categorical data) IAI, EFold AE, F84 HAF
TE3= dHoly HE ¥&(Splitting dataset) A}, oy 7159 WS At3}3

ure scaling) #AE& E3eto] o] Folxint,

SA(S134)= dHeole dA dA(S132)E 83 5, LSIM(Long Short-Term
Es

Az Bt T AT A W de, 4 T, A9 2A gk 2 H2E A0
A

5 AAGNA AR A S, 2 g, AP AR g
oh. PP AEE AES AAshs B Az Ao AN FhE. duses 7]

A A
B el EeYn Aot Y
= A

o7 A w9 BAS] S8 Prpel BE BAY 24
1

Ho} ye EAS AFsr] Y3 MCTA(manufacturing cycle time analysis), PTAD(process trajectory

abnormal detection),
Analysis)& H|E3H 4

MCTAE= AlFS W=t
PTADE 71AI7F AE&

SPCA A S8 F-&E2

nlxjuto 2 - PCCAS] Cp

Hrt.

SPCA(Statistical Process Control Analysis) 2 PCCA(Process Capability Control
7R FL2 FALAE ¥ 33}
o A= AteE HojEr),

Arret

=)
=

2
oz
)
-0,

4 FA2 Aojeh ol ASHE X DR §I9) wewolth,

(<3

S Cpke 349 FAL F4sT 3ol Avht F WY 7 YA -

e
ol
ol
o
N
do
ol
o
ofo

F



[0050]

[0051]

[0052]

[0053]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]
[0062]

[0063]

[0064]

[0065]

[0066]

[0067]
[0068]

SEE06] 10-2360362
A, pPDe] B EAA Ao FFE QR dold AEe A 48F delH} FBE LS 45 =
Qeloz AgHo] the 34 AT dFaT

o T, % AY s #2584
shar wlole] 4 A AHgste] 7

TN
2
1o
o
[m
=
o,
ol
W
2
i
2
>
oo
it
&

=53 A4 &4 A= PPD(Production Process Data) AIEE o]&3to A4t FAo #4& £43%ct. 53],
I A3s 71ANA ¥EgA TS AX sk ARedET. B4 AlxF7] AIZF B4 (manufacturing cycle
time analysis, MCTA), &4 #Z wv]AA X (process trajectory abnormal detection, PTAD), &A% ¥TA
Ao} ¥ (Statistical Process Control Analysis, SPCA) % F4 ¥ Ao} 24 (Process Capability Control
Analysis, PCCA)S X33l 4 71X &4 gE o=z FAFC},

durgem Folxl A A7t E BAR

2 FTH AFS AVHo=2 AzRde FAHS nyshd, oA Ax F
4ol MPQ(Process Quality Performance)& ¢zl dth. MPQE Ruh A EstA FA3ta oS3t dolgrt
dastry. olF st 7AldA A E ulelEE AHg3tH, o] dHolHE A4 &4 wlo]E(PPD) I g,

d

g, Lx 9 F¥y g oy 24 dge VAR 9 3 AFY dde] . 23 WAfE dE A
9@ F5 AIRE, A 20 95 BA, A9 B A A E FE AIRE, W WA AA dolE, T 8
Aol +7A 243 (upper specification limit, USL) % +Z 3&}3F(lower specification limit, LSL), ¥ 24 4
32 E3H3o}

PPD M E= AlES Artshs o Az 49 ZIAZRY shdEn. & 2gel ARSE PP AR AR = 2

¥ ooE @ w9 AAed e Az 4 FAL FYE o AgEE PPIE oA Biolth,

Az F7) Ak 2ACTAE] el e et 2.

AnkA o2 A% F7] A 7(manufacturing cycle time, MCT)E& Az AGo|r] Fo3 As =4 Fdoz gy
A A Ak, MCTE #FHHE At 34 @A F e HFexien, 74F FE9 AH AIbE getstr] {8 A
F 7] AEE FHER ARstgoEZa A" el Jhsaitt. ol AT U TAEC] AF FU] A
< AMdska, ZF AlEe] A 71k gig olslE =Y 5 dvke e u|dtt. ol B ¢ B Ad AF
Al glo] AEAZE HHE BT F A= ATV AR B4 0] AdE. o7)de = 33 Zo] hEE R
71 Nz, = T AR, 3 71 AIRE T HA] 8. 47F 2T

H
w
y

2
BN
N
~N
>
)
tlo
il
o,
EL
~N
Ho
o
H
=)
o,
i)

o] dAME ofHl AEeo WSS Fasts d A AIFS B43ed), dutg oz ZAle e 3 AlEe
A 2o Al e 71 Ao U= Y& AFe ARAE7A] A ).

TAE Abo]Z A Z(Workpiece cycle time, WCt)2 @ AEFS TE7] ) AFE T4 245 7|Ad 2=
(load)8t= AlgFelth. o] 29 FAL oA Wt T& A Ho AAEHAY e o]Fd Al2tE 4= o}, 2=}
5 Abo]E AI7H] b AS YERE sWCte] AAe o F23 2,

n
sWcCt = l,fnz |(wet; — wst;) — MWCt|
i=0 (1)

A7, ne F AlF FolaL, wsty = 1WA ATl HFF FHE Abo]ZF o] AF AJZFolaL, wetij= 1 WA AE



10-2360362

s==4

sht

{roltt,

b A

o
<

SHAl A

et = sPrite] AMS o

4
AR
o
i

X

|

O

a
I

ox

4 AtolF A 7r(pure cycle time, PrCt)& =74 W7}

=
RS

[0069]

Al
A

ar

o

KeN
=]

[e]
3

-

9] Pr(toll+&=

o \jEp,

ﬂy!

1

o
=

3]

=

o <]

e

A
Al zFol a1, MPCt

WA AE
e

p

T
=
T=

i

S

L
L

ST
=3

4 sPCt

94 )
i A A

T

L

Al&F AJZke]aL, pet;

of tf
A AtolE Al
©|al, pet;

T

3L
gul

A

A2
zZ

oltt.

+ 1 WA
71 A A

22t i WA A
o) AHAA S A A

o

R

i

i+l AEe] AlEE Al

L

(3

L

(2)
(4)

L

pet;

=

ul
Mo AL

o X
=
o]aL, pst; + 1
]_
o|™, pst; 41

o}

o~

-
o~
-

o

.

SE
=

A|F o)L, pst;
3L
=y

A3
A3

&
&

n-1

&
sPrit=1/n z |(psti.y — pet;) — MPrit|
i
n-1
sPCt = 1/112 |(pstis, — pst;) — MPCt|

i

Je)
KX
=

A AlolE AlZF(Process cycle time, PCt)

=4 7v4 A7+ (Pure interval time, Prlt)<

sPrit = 1/112 |(pet; — pst;) — MPrCt|
N e BAE Aol A

AZEe] Qbd78 sPrit

o714 ne&
°1714 n
°1714, n

ar

o

[0070]
[0071]
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]

Ho

l
By

I

Alnte]

=

.

RER!

L

.

o] A, PTAD(Process Trajectory Abnormal Detection)ol] Ui

A=A vAA &X|(Trajectory abnormal detection, TAD)

[0078]
[0079]

¢

aa

o

Ho

PTAD(Process Trajectory Abnormal Detection) #£41& E3& 7]A

[0080]

Ho

A
<t

stue] 7] Al

4= 3

ey
a

[0081]
[0082]
[0084]

el

B

!

4
B

)

—_—

17]

[0085]

2~
==

]

o]
itz 719

A7}
e}

u
a2

bl ATt 7he2

A5

=
=

47 Aol AA doly

s

™

A
<!

[e]
-

0
o

[0086]



10-2360362

s==4

£ Ak

GDnormal ( t )

s, 1

H71 €

A 3]

ol gk PTADE =

=
]

AP vehlE

[0087]

A},

)‘\l_

I go] A

KeN
=]

iHA 129 PTAD, = ot

3]
T

2 o,

r

PTAD; = 1/¢ ) |GD;(k) — GDyopmer(k)|

(6)

k=1

[0088]

Ho

o] 9 #RG =AY W o,

3}
s}

& HlolE 9]

Foll A A =

5]

webd 7h§Aet

[0089]

o]

¢

N

gl

Az AL Rl A &

H71 4

‘_
=
5|

SPC)

SAA ¥4 A (Statistical process control,

[0091]

b ALgs

OB

il Az Aol 3

9]

A

~
o

&

%= (control chart)E SPCollA 7}

s

Eu

[0092]

A

2 AR,

WA o

]

T AE BE SPCA ¢
Ao}

(lower control limit,

o},

[0093]

3+ (upper control

P71 fleids Al 3
LCL) e} 3 74 Aad& ARt ok

5]

§l_

shet

Ao

m
=

=AM (center line, CL)

UcL),

limit,

)
—_

el

(&)

Ho

w Mo

UCL, = ¥+ AR
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=
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o714,
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wUEY
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Al

ol A dlolE 2

=D.R (g

UCLg

[0098]

(9)
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Ry = Max(xip. o Xizam, ) — Min(x;y, ..

[0099]

[0100]

DR ()

LCL,

[0101]

el
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el

Algely,

pi
o

o wheh gho]l A4+
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<
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[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]
[0112]

[0113]

[0114]
[0115]

[0116]
[0117]

[0118]

[0119]

[0121]

[0122]

[0123]

[0124]
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PCC(Process Capability Control): 2+ d#jx low A S SAs7] Q% A" JiEez dE Ab

=

|5, s W2 vEy =2 Qg o R 58 Thesk &

PCCA(Process Capability Control Analysis)E AAF 4 £2S& EX43te 9 ALHEE AXJA= T4 #+

Ag ArRro R gld 4 vk, = ¥4 ¥ (Capability, Cp

= PCCAS] AaE FAstsld, A% AA ALY dAE &3 A
’\]'o S2h=

B

) 2 T4 59 (process capability, Cpk)
b EFAS ARSI 8 Az ARl FE

% 5% 7+4 sFsk(Lower specification limit, LSL)¥} 5+4 “33F(Upper specification limit, USL)el 23] 2

A PCCAS] ANE molEth ALY ABe AxAel sl w2t A AR A

% 59 adlmelq Wi pe 24 A9 FAROL, 1 a5 BE AE Folth. (pE 4 $4 2 EE
AAE Apgale] AdEE WA, Ok 74 @A), BFE a2 ¥4 BEe ARde] AEd. odd AL
o tg THoE Asart,

_USL —LSL
- 6o

Cpk=(1 —Kk)=*cp

(13)
2 138 (pkZ AXFEHE Aotk of7|A | kE thS A 142 AbgEte] ANbET | (pe} Cpk Alolo] #AIS LERA
o e, ul A1 BE A dHolE el Fitolu
(USL + LSL) _
pe___2 %
(USL — LSL)
2 (14)

60 % 7oA B 5 Qe vhsh o], Cp @ Cpkl AN A¥b} 1mnh & oW, FHL AT & gla A
Mg FHSA vk WU, O R kel A A3t 1meh S gow, Fgel A shsstn A
AFE FEANG. aEa, Gk puTh F 4 gloml, AA B Wire]l MA AR Fel AFee B
B g 4 5 A

olAl B oA Az T FE odFol ds] dystuzr dvh. &, FA F49 oS dAle] B4 dolE e
x2] & LSTM(long short term memory)S Z-&3lo] A4l F4 dog ol g 53 FA4 4 Zd3s dys

=82 B gl o AAde mE g4 £ deS AAsk] A LSS A &sks daks =A% Aol

5 84 Bz wpeh o], AAE F 4 7pA 59 FAH 4 23} MCTA, PTAD, SPCA B! PCCAZ} 71&¥ T},
w3, dAy Axke w2 gelol(dense layer)e] fEo=A ARE Flojth. @ glo]o](dense layer)e] &
< W3 #olol(reshape layer), LSTM A, W2 #lo]of(dense layer) R HEFH O AXEEW2(Softmax) €]
o2 Fdste ¢4 Fd dvs AAAH.

% 20 FAR vheh o], B wdel At PPDE FPETH. I3, PP vlolEe] B EAH B WWe A8
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[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

T vl wast, ol =i AHelshd vE 2.

% 9 B ownel o Axed] we P HolEd] B3 BAY BAS 488 Ang volFe mgol),

&= 9ol AE 53 TAA 24 Ay Ax e FEAWPQE =8kl 9, LSIMe A8t dell w53t
Z

%3 doly
|

Q179 (Encoding categorical data): #ol& & Jd3ZH} st 3 J1zH7 WY dHolHE

H
A @ dlolH® WEsks o ARgET. M HlolH = kA #he] ofd ol @& el Wgolt. ®
KX
il

goleAE 2

I
ES
m
fe
H
g,
o,
e
N
ol
m

RN 42 d]

@ 5 A,

n

ki
v
i

LSTMs= A Al
I A w A

ol FAloR

o webd 993 £9E 940 ddst A

S (Splitting dataset): Ho|H MEE Edgold, f AL 2 HAE AES Al 71A] 619
o Efeld MEs EFE Edoldste dl AMEEE AA dHolHelth. fa4d A AEE B
& A3t EFeld HolE] AEd Foxl RAS Hrshe ol AMEEE tlolE MEo|th.
EfoldEo] HF Rdlo] Efeold MEe] of¥A FFE=A Hrletr] 9@ AREE

fr o
oX,
N
N,

-

gt - F4 BEHE 485l g 2ALYtE o 7]
1

o= 7l9ste] o] Bee] T A S dS5T 4 A ek v RN @] S5 A
LSTNE 7] E54S

[e]

AoE = & 5 3u. o] o719 A9 gt B

F713bell AR AAHY dHlolE S 719 skal 9lo]
= &3l dx 23014 (backpropagated)d + A& &
o 3t

CLSTINE H AEHY eFE FAE 4 A7) wiZel, RNNol B2 ARE dAE AA AL S5
1=

o|Eo] wkEE = WEH Y] AAHQ] BF ool ARE A gl
eflofF & AESE, oWl Ao|ETVE Ay @el=A] AAZH. A AE
T, LSS A Al Ex sk Alsdd dis] 2bsst, o= 4l

AuE AFasit Agd 5 o,

LSTME] AL Alo|ESS HElo] A4 & e a5we] 745 MEES 7ML glor, 259 7AFAE 1EA
A WEA S o] e 2AHE WxE 4HA A gHEelt. A4 Za @ 953 oo 24
TR 98 dE, ol T 2HAIE] fEl Y HRIE J& w shgses slo] LSTM Aotk LSTMS AlolE
i Bele F2E ue Jug AASAY A el 48 vk AlolEE Aarel= geh HEAH
FA Ao FARC

AR E G 04 A9 ARE FH3E. o= AR = #A4E Foltt. JlolE @455 AXtst
71 98l 4 9 AAEA Y 2AXE ATDRCE 5ol AMSET. ZEAE 2 AWLE el LS g o
g, A 9 FA e 48 2 Y AolES AoE vt

) il Z} i, o, ¢, h ¥ {2 FAdY. g1,
W2 XA, LSIM A9 g3 7+ g AlolE dZgth. &9 dule ol Az whAllA
! O|EE XFsh= AEE LSTM ob7|g X7t 27l= =, 472 Ao]Ex LS



[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0154]
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HEe] Alo] shupe] Al S5 vhAAL A AFAE AESH] Aol A & = glvk. LSIN w9 A A

] ]
thet gol vehd 4 gk,

z, = tanh(W®x, + R®h,_; + b%)

oo o

(15)

i» = o(W'x, + R'h,_, + bY) (16)

fi=a(Wlx + Rfh,_, +b7) ()
o, = g(W®%x, + R°h,_, + b°) (18)

cr =z ir+ € @ fi (19)

hy = tanh(c,) © o, (20)

LSTN 215 Addsty] dol M5g doly d=d, dHoly AE 2d 9 75 2Ad™ys} 22 vy d A

N
4
o
i,
®
o
uv)
)
>
>
rlr
oL
N
ofh
=
S 2
An)
o
|
ol

T Y3 (one-hot) VAP E AFE3IA dlolE] MEQ WHE
3 H4E JdF oA o] Y& 2S s3] 98] AlFsts d2ow WEsth, 1 tg, HolH AES
Egolyd, a4 HAF 2 HAE NEZ=Z PRI, I v, ZE Vs #E ¥ @ #ges W
el "2 0ol ¥ AAE lojvh. a¥la, oS3 o] vkt ooz AR A% AAE
A= w2 oo (Input dense layer)v 2172We] A WA AFoltt. EFold 3 &<k, oy AEL 427F
o] Jyoz AdHETE, Y dole AEE 2 Y wdoltt. o] doloje M Edelyd HAE Algsle] &
&E a1, o] AxlE AR o]d(sigmoidal) TE AT EWA(Softmax) 753 & A3 7)o 93 AltE =
e E¥ow FAHAY. WA FHolo]d 7 FHe we 4y shel H¥HS A ga, FEY FE &Y
o} gt
Fe WA #elol(Reshape layer)v 1 2 T 2 2kl vl 5 s A2 HolHE LSIM 4 Alse] 2
83 3 2k wd R wgsted AFSET. ol oS HAA BAS urEr] $5ted, LSTHe] ¥ #olojr)k Al
L, Az A 2 Ve 2L WY S XEeE 3 A ild s oSttt RS 9u s,

o
%% w2 #e]ol(Output dense layer)i= RNN Aol fA=E A A48 o3|
T2 LSIM A= AgH AL, 9 Alktel= o 7hA WHel dsdn. 7 A4
o delefe] d¥er dagurt. o5 s A4 @l +E E

= [<)
TE Adste] A7 MEA=S Edold ¥4 £E8 xolal

AZEUA(Softmax) I AAFE LS oS 2o wAg Aol AgHT. o FuFE AHgste]
LSTH %2 olofe o= AnE ERaTh 2zEus(Softnax) T4 K 24 WEES Qlgow wolx K 38
= TAE S8 PR Araehs 245 daeZelth. F, AXEWA(Softnax) FFE A G dol AR
ME T4 et Sfol AL Luth F & glon, 19 Fol obd F Atk ey AZEM(Softnax) 7152
4g3 & 7 74 eat 07 (0, Dol B3 74 ez A 19 Ho] SE 4 @ 4 Ak, w4
847 B5E Fgo] AAY, 2TEWA(Softnax) Tt AFPANA FF ATFEHEA e VEND FL
A58 29 Zejoo] W S5 EFol v (napping)HE B AFSET. 2TEWA(Softnax) BFE ol I



10-2360362
Al = =

s==s4

89 %ol

o] =28 3] (logistic regression)e Awkslolr}.

BN
—_

A

A
g

M

i
o

=

=

tol MPQ A

[¢)
=171 No| = #EelA i

L

.

Ew X~ (Softmax) $HTHE ALE
o] 7] A1 MPQ;

3L

How &
9 eolold o% AuE BFHT

=
=

Fol LSTM

°©

(21)

aYFE AR
WA ghell o A

e
MPQ; = =5
%=sym
ok
=

o]

[0155]
[0156]

T

Ewl ~(Softmax) =

A

T 7 84 WPQel A&HH, I g BE Aol For o] Attt

TR

A

N
23]

2A7L 2R

. Aol MPQ7F 0R.TF ALt

1w Ay,

1 1] &

A

L

H

slo

ol MPQ;

o}

Ew X (Softmax) #57] A7) 0.500014 1.00 Alel¢l A7 FAake] Axfoln | o

juy
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102 MPQe] 7S <A

juy
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[0157]
[0159]
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E

3L

zat, A

e

el
o

ey
_

[0160]

el 7

i

k)
o

i

k)
o

L

[e)

I
=

i 71

o

171 <]

°

staL, A<

YA S
Bk

IR
w714 7]

Al

= AlE
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=

@

kA A%

=
-

o] Y
7} vl E2 (evaluation metric)<

o

]

2

[0162]

[0161]

il

Ar

ARg-ste] o

=
=

% wjE¥ ~(confusion matrix)
o AALEE 1E uEZ|T),

=

2HItk. o 71M =

2

o

AJ (false negative),

o

i=]

2 7hel @3t 2 Afe] dol

L

L
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Al

-
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Al
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8 84&
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vl
=
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%Al (true positive)

[0164]
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el
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el

;ot

[0166]

;ot
e

o
X

il
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[0167]

2] = (Recal

=1]
=

o]’ (Specificity), 9% (Precision)
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Z=(Sensitivity),

by

= AZ = (Accuracy),

B
oy
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EH2

Data description Data name Description
Machine Miahiiins anme A machine to produce
products
Product name
Product Product_name produced by a
machine

Process condition
variable

PCV_name

Name of a condition
variable related to a
product

Workpiece start time

Workpiece_start_time

The time when a
machine starts a single
product

Workpiece end time

Workpiece_end_time

The time when a
machine finishs the
product

Process start time

Process start time name

Start time of the
condition variable
process

Process end time

Process_end_time _name

End time of the
condition variable
process

Real data

Real data

Gathering real data
during the condition

variable processing

Upper specification
limit

Upper specification
1imit(USL)_name

Upper specification
limit for thecondition
variable processing

Lower specification
limit

Lower specification
limit(LSL)_name

Lower specification
limit for the condition
variable processing

Result of product

Result

Product result (OK or
NG) with real data of
the condition variable

k1

3

1* workpiece cycle time

Pure interval time

2" workpiece cycle time

wet,

wsty wety | wst,
Pure cycle time Pure cycle time
psty Vl pet, pst, CVI pet,
oy v, o e > o LA ‘ o
- — —— = — -

Process cycle time

_16_
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omn
J
Jm
Qﬂ

=m4
Process condition 1
77777777777 ] s " ’ ts Y Precess conditifnz
Tg L 'S Y ” " Process condition 3
g e < L Process condition N
a o Time o o
ZEH5
LSL i USL
ZH6
Normal Failure
Range Quality production production
rate rate
Cp>=1.68 excellent 99.999991% 0.000009%
134<=Cp<=1.67 verygood  99.999943% 0.000057%
1.01 <=Cp<=1.33 good 99.9937% 0.0063%
0.68<=Cp<=1.00 fair 99.73% 0.27%
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oin
]
Jm
9!

=97
Normal Failure
Range Quality production production
rate rate
Cpk<0.33 terrible 99.85% 1.15%
0.33 ~0.67 very poor 95.45% 4.65%
0.67 ~1.00 poor 99.73% 0.27%
1.00 = 1.33 average 99.9937% 0.0063%
1.33 ~1.67 good 99.999943% 0.000057%
1.67 ~2.00 very good 99.999991% 0.000009%
Cpk >2.00 excellent 99.999998% 0.000002%
=498
130
MPQ OIS I
CIOIEl & 2l 3130

OOIENE 2

Dense
Layer

Input
Layer

Reshape
Layer

Output
Layer
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EH9
Classification Outcomes Data type
Manufacturing Stability of workpiece cycle time(sWCt) long
cycle time
Stability of pure cycle time(sPrCt) long
Stability of pure interval time (sPrlt) Long
Stability of process cycle time (sPCt) Long
Process trajectory Abnormal process status value (APSV) Float
abnormal
detection
Statistical process Average of a X-Chart(X-AVG) Float
control
Upper control limit of X-Chart (X-UCL) Float
Lower control limit of X-Chart(X-LCL) Float
centerlineof X-Chart(X-CL) Float
Average of R-Chart(X-AVG) Float
Upper control limit of R-Chart(R-UCL) Float
Lower control limit of R-Chart(R-LCL) Float
Process Process capability (Cp) Float
Capability
Process capability index (Cpk) Float
=10
MPQ value Quality
1.00 Excellent
0.75-0.99 Good
0.50-0.75 Fair
0.25-0.50 Poor
0.00 -0.25 Terrible
EHII
Predicted classes
Positive Negative
Actual Class Positive True positive(TP) False negative (FN)
Negative False positive (FP) True negative (TN)
=12
Error Metric Definition
Accuracy TP+ TN/ (TP + TN + FP + FN)
Sensitivity TP/ (TP + FN)
Specificity TN/ (TN + FP)
Precision TP/ (TP + FP)
Recall TP/ (TP + FN)
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