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Exploring Time Series Data Information Extraction and
Regression using DTW based kNN
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Time Warping(DTW) 2 k-Nearest Nelghbors(kNN) ]‘%‘l‘«] A UHES Atsith Aotd DTW
7]9F kNN A A 2] WS oodst 37 Zdo A &ato] vug A3, 7]

1] H | RMSEN A 43%7 MAEO! A 24% 7 H"*ﬂ 95 PFs BYon, AAY F2E 2t I

23 A4S o A o] FEHHTE 2 =F oA At

TZ2E Zol7t 7 AAE dHele s Al H]O]H o] A oA AFE Ao 2 AlEHM,

HolEzt ¥ 58 ARIAE BAT) WL BT, FeHA A2 Abss Be AAba
29U DIW 3 kNN G028 dlolg 4Fo] Bold48 dstepe] Sojuths @771 2413,
GF ATE Bal oY AL B4 AT AMT & It A7 Ba¥ Ao nAY

A : A4 A% AAE HolH, 57 2

I.A & 5 o]7}31 QITHOh et al, 2020). A= ok HE
ofe] Awle] RAE AN He £YE AL
1.1 917 By HolElE as) e dA) JeE AT

18 5w Fr). Au) AA HolHE Fa
Awe) 18E 200 A8 & 5 YoH, o)

Az Bolo| A AH) AA AHZ Ea4 Hlo)

Be] 5 B47h LA Lok ek A4 A Al AL ekl ofo] YE Bg-g E o

g F3l A EolHE 2t AREE 28408 & 7l drh(Yang e al, 2019).
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o] Aotxwir Be A HlolE ¥4
7} gargjFEo] AE L AtkIsmail Fawaz
, 2020). -4 AIAE 7 AR3E BAF 7Y
A A5l Utk Jeong er al(2011)
T 7He AIAIG Hlole e A B FAREE ALt
o HH3lE indexE Wit FE F o] wiR
o2 Zo7t &L HlolEl distance 7|9 &A1&
S35 AFE AP oW, Ahn et al.(2017)
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AL 52 BEALON, flering® BEH F24
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£ A7 QWS AAL dolH S44 o]
B ZAE7} Jeie B9k B 53 44 Hjo]e)
o e AE 2ue), WelHB= B9 Hel
AL AE BSE Q7] o] BF 24 A
BF © ol5e $A% PHEs 43 nds) ge
Hld 2R PHESS 95 AEH D g
AR Aol gy Yueze B89 A
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3 HlolBe] &7 R oS A7 2sh 138 H
31 9)t}. Smirnov and Nguifo(2018)-2 Multi-Layer
Perceptron(MLP), Fully Convolutional Neural Network
(FCN)ES AAIE HolH &/l A8l o™,
Wenninger et al.(2019)-> Residual Network(ResNet)

o} e AFEL B HdoJE 7wk
o 238 9F AFEC] tiFEolH,
= 38 1AE HolE S A3}
= A2 dF7= Aigez 27 JE Ao
o weha] B =R e WEe 3ol B}

2
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A 9% KNN(k-Nearest Neighbor)Z} T3t 3] 7
2dS Adste A2 Hlo]H A% DNN(Deep
Neural Network) %} & 2174% 2d S 488
Ue stolEBE WHES AAstazt dhoh

2 =294 HolHE T3 % KAMP(Korea Al
Manufacturing Platform)= SA# 714 S 93k A
Z Holy FREFOZ, T4 WH7IFY AFAF
A g 8-S 93l tloly AlS 755, 1A
5 S A F3itk KAMPOl A A3z o g z13)
HAE 7]E ATl = ZAA Y-(Decision Tree)
2dS& A8 o, Hit AlF 2 XHRoot Mean
Square Error) 3.169] 2389 45& HAT

2 AFollME AIAE volBZt s 38
Grtehe 9d & HFE dS5ste dgelA,
AAE HolE e AREAQI 545 1#HE 9 o
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2 4 X3%st= Wete 2 DTW(Dynamic Time
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B ATE A 2L, Al A=
B A7) A0} 43 PYE, AN
LAY HEy vd Ax2 &3 vpAe
0 F A VAN A2 D AAHY F3 A1LE

I. =3 9+
Aol A AHE A 7 o) F o) B
AYAT REGA Aokels male] 94 g

2] & Q1 kKNN(k-Nearest Neighbor)¥} DTW(Dynamic
Time Warping)9] A3 Aol tisAx A= sc)

2.1 714 AIE 23 o

i3

o1

7V AlZoldh Az FZA A s TheFst
A dolg 2 A oy, 34 o]HL 7]
2 AFe FAS Wrlshe ok, [WEsA
o] A ArlE dAStAY Beatr] 9]
HE AREste] AlS 2 Alo] A4S sk W
< 7R 53], ASel Ao Az, AHH
Hl-g-o] & Fofoll A A A7} Bol Y=k
FA2], BHE(2019)0& LCD 3 <] Ho|H S o]
£-31o] 57)2] &Y% (hidden layer)¥} 2507) ==
%% =3t DNN(Deep Neural Network) o= 22
S FF3t9em, b 37 Ed(Multiple Linear
Regression), A 3 & 2 E (Random Forest), DNN
(Deep neural Network)Q] Ao Hlul E24]8}o
Feature selectionS 53} DNNoJ| A 2] A 5o] 2+
ZMY tF 3 A B, i THAE 2o
Hl& Z+7} 11.18%p, 309%p =& AHe2 B3l AL
shelattt. B84, 280229 AFlME
WA F7g ol XGBoost ¥alE]ES A-83ke] Al

PL FE:-: o2
o

rﬁi
4 (0 o

4

AR o] EAgTh= A TS FAT £ YTk

FHZo e AAIE dolHo= Al 2d 2 Al
£ Z&3te A77F Bol M= AT} Jung et
al 202094 = AAIE HolHE AlE 2834 &
A3t om, o] 520219 ATl e, Al
g 28-S 915 AlA AIAIE HlolH A Bge

2, AMA ) AAE g AIAE we] 13F ml
dlolE, AA ST e 7 ek 93 3
a3 A -SR] s 7R Btk AlA SHe
93 3k F 37FA] 2] HA2] wale 28319

2.2 KNN 2 MEig

KNN(k-Nearest Neighbor) &2 %2 Cover, and
Hart(1967) 2 F-E A5 2¢ts] 1o, oju] thek
& woboll A Ao R B Eo] HF e 74
5 W F Sholth kNN EarelEe =
2 7|4 g5 duelFo g, Foi7l F4 dHolH
£ A%k, A= #5A o g 5 73
< o, 7Hg o*}d K9] o] ASAE e

59 golEg 7Hto g o =3t} o] Ul
2 dutF oz FR/ FA A o]2kH S
sk o AR AT, A&5E HA4S 7R
3 AoMe gpd oz &-gHck &/ WA
3 Ak e, BA0] fAK Iohe] ol
ASZAE Hddste] 159 A45Y g PR
3| AE WYPst) HAZ Lora et al(2007)9] A+
A KNN 37 712 7] 714 o F, 7] -3t
F S 22 8 woblA 4] 58S 57
o7 3 ?i:rLOﬂ’ﬂ GibstA &850 st 7|E
X138 3 F(Linear regression), A} ZAA EF
(Decision Tree), A3 E ¥ ™21 (Support Vector
Machine)@} &) 2d& F#H3}2 ¥ &5 Hlo]
H AAE W Zeld Bl o5 wuit e
sk dlolEistel Aelg Adtalok Sm2 s o
olE7} FUIEFE o F St diHeE =Y
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DTW(Dynamic Time Warping) &312]&-2 Vintsyuk
(1968)i—rE1 A= AOH, T AAL ol 7+
FAMES Blashe o &3] AHEdEnh 7]E

T

Z 8= 78| (Buclidean distance) B3] o] A]7HA
EUAE 123HA &3 dlojE Y 7 AIF dAIE
EHZ o2 Ao, DTW= A7H BEUXE
a3, A S, F4, A TS B
k] fFAME S Blagit) o] FA oA F3
Z2 WS ARESE7] W oll, At BluA B}
& & o HAH FE H2E 2] Y&l F7H<
Aske]l gsitte gl Utk

= AR AP EAEhs S AAE HE
FAMES & HEdd= Al oA, DTWE &

A 4, g B4, 8 914, vho] Q. QlEuE
5 tiee Bopld 851 dtkgua 5,

3 A5 AR os

]’\]'0}951013‘1 AR =8 E ) dlolE |
5101"}1] e 753—:3 Felo] WA st <14
FPstA] Eotthe oy FEsh %‘%aﬁ‘:}.
o] 8+, 01"*(2020)«] AT e Aol7t &
S &83t, FAIEE BES A
& HlolElY] HolE A Wkel=
= Zﬂ/\]o}—ﬂ Uom, o] 7|9t g2 AMIE HE
o Al(Support Vector Machine; SVM), ' F& 2
E(Random Forest; RF), o] B ] ©] Z(naive Bayes;
NB), Zol& ZA WH3st A|AE dHolEe Qs
173 iH(Artificial Neural Network; ANN) 5 thokst
i Guesd A8ste 7IEEY =& 45
Ao 93tk
T A 50219 ATlA e F3 As
o] Z3h= ZA| ol 4], DTWS kNN

ru>‘ 'j

rlr
tlo

Yoo
HN 2
rLllo L f”lo

7] 7k 4

o AR 83 Ayt A Hlow, 7
Z9 F28= A7 g4 Bls) DIW AP &5
7t AAE HlolEl o] fAMES Hlwsle Hlol] &7}
Zolu], KNN9| 37 A%l & &< vztx
Elg 1=

B =R A8 AeM AAL dHeolEe
FAES gotste Hol e Ase BId
DTW AT 7|9te] kNN 258 &8-sith A,
kKNNe.Z A5 o= 3]AE ste Zo] ohd, Al
AL HolEe] A7E F4 X3shs AAE do]
B Axg BAYolA S-g3.

m. Algt 24

B2 DIW 7]3ke] KNS 268 A Y
dol8 A RES Ak, & v 14 EFe
89 B Aol RN L3R A
wge] 4ol alA AHHo Bohah

o AYH F 726709 FAHL =A
4 HEl dlojE et AAE AlA HolHZ &
. HE dolHoll= 4 =AE Yvlst=
“LoT ¥} o & W (Targe) Sl HE 349 $HE
= X402 B3 “Process Rate”7} 101, A
A dolgdd= 34 34 <t AXE Tl &
A3 “Temp(%=)"9k “pHAHIE)” AAIE Hlo]
HZ o] FoA] itk AAE dvlolE= & 34
oA, 699] A7+ Zo](Time Length)®] ©|o]E &4
< Adh

B A= F 126719 3 AZol tisiA
LoT(378 <A), Temp(=%) AAIQ H °|H, pH
A E) AAIE HolHE 7]HFS 2 Process Rate
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DTW 72| 7lgt kKNNS 288 AIAIE Hlole EE == ¥ 37 dF

(slxq AT %)

LoT¥} Process Rate T

»Hh W N PR O

721
722
723
724
725

(agl 1) 726719 83 ME2| LoT, Process

FE }-roﬂ AP 5= 227H
2 15E 2747 9 %

st} Process Ratet ﬂ
AT E FAFOZE FI}
<% 2>% Process Rated] &

Date
2021-09-06
2021-09-06
2021-09-06
2021-09-06
2021-09-06

2021-10-27
2021-10-27
2021-10-27
2021-10-27
2021-10-27

L

.
o]

LoT

u A W N

18
19
20
21
22

Rate ©|0|&]

726709 7} A
H 42 <ad9 1>

r Ol'N _1), 1o,
ol

i ok i
o

Hm
B

Process Rate

96.38
974
954

96.35

94.77

97.29

97.21

98.38

98.36
96.03

Probability Distribution of Process rate

i
o

shube] 4 F<h, 2% (Temp) AA 9} A=
(pH) AXE A7F Zo]7} 6931 AJAE HloElS
FRa, <39 3> 167l T8 AEAAM F
FE BE AAE AN HolHE RHsH, <k
1> AlAIE dlolE FAE UEhdth

Time LoT pH Temp
2021-09-06 09:01:18 1 1.02 4718
2021-09-06 09:01:23 1 1.05 47.34
2021-09-06 09:01:28 1 1.09 4845
2021-09-06 09:01:33 1 112 4846
2021-09-06 09:01:38 1 115 4847

2021-10-27 11:14:41 22 279 5183
2021-10-27 11:14:46 22 3.62 422
2021-10-27 11:14:51 22 34 4188
2021-10-27 11:14:56 22 3.59 40.62
2021-10-27 11:15:01 22 3.82 4208

(3! 3) 72672 BHoM F=rI=l pH, Temp
MA Hlo|E

(E 1) ™ 3% AAE HM ool E4l

0.5 1

0.4

0.3

Density

0.2

0.1

0.0 L m

pH Temp

Count 50094 50094
Mean 2.006 49.876
Std 0.552 1.345
Min 1.010 38.020
Max 3.90 54.190

80.0

T T
82.5 85.0 87.5
Process rate

T
90.0

(a2l 2) Process Rate

T T T
92.5 95.0 97.5

E H 57
e =E BX

3.2 AlAIE HIOIH ®X 2|

¥4 Wrke 340 B 459 Fof 3 A
o] F0]]7] “HT"ﬂ 78 HZolA 89 Al
tolHE 1= 3] 9—@0 dgo
AR o]& QR T e 54 #oE =4 X%
ate], 37 Zdo ?}‘3—10}04 374 $Hd =(Process
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AAE HOHE F4 A
2 By gEuxE g8
A|oksli= DTW based kNN "
23R 1 F Regression LayerS 233},
HE 202 A ¢H8l= DTW based kNN 7]9Ho] A]
AE dlolE S4 X3 A9 AeS o=
B7ystazt gk

3.2.1 g, & #©X}
AAE HolB7} At B2 E wEtka 7P

wj, A|AIE HolEE 42 #k(Numeric Value) .2
XA 5 AT dEAQ] WS Fud EFHA
o} <1¥ 4= P # FFUAE AAE HlolH e
54 3o g &8st 39 S(Regression Layer)©]
dHoz &8sl FA = (Process rate) S ©ll
Zote 2l o AvkARl NFEE TS

LoT

Time series data

(acquired by Mean, Stcl Regression

temp sensor) extraction Layer
Time series data Mean, Std

(acquired by extraction \_

pH sensor)
L J L J

(@ Time series data preprocessing @ Regression

Process
rate

(38 4) A ElolEle] BR, EXRTAE
285 87 29 7z

3.2.2 DTW based kNN

YHoZ Eol F THY AAE HolHe
A=z o2 DTW Azl 7)8ke] KNNZS Ax]A] "tk
P o g 5o AA e} FUS T/ AA A
g dlolg7}t 2o e a7l A KNN o] o] F
oxH, Y= dloje e}t 1= o] AR ki <]
AAEo] tlolg 7} del =, s HolEl7} &3t
AME 749 Process Rate i< FH3A ot

A AFES 58l dEoZ S AAE Ul

B F7HH91 8% glol, 4 HolHE 4

7H1] o g F4 ]3& E} <:L‘jJ 5>—‘: DTW
72 7199 INNO.2 553 54 3
A e AR A%EE LAD

(

LoT
Time series data DTW based
(acquired by KNN
temp sensor)
Time series data DTW based
(acquired by — kNN

pH sensor)
L J L J

(@ Time series data preprocessing @ Regression

Regression
Layer

Process
rate

(a2l 5) DTW based kNN AJAIE Ho|g]
MMz E 236t s 22 7=

3.3.1T MAE

MAE=

1 & ~
Wi;k%’ - yz"

MAE®] $214 Z7l= 9ok 2o, A4 ¢}
oS3k Alololl A BASH QaME AUigieZ Wk
3 A5 A Folth LAE AR o2 FHITE
Aol A, & QAo @ vsithe IAH

o] it

3.3.2 RMSE

RMSE®] =414 A7l= §19h 2o, oA A
ool tatr] wol, A AT QAo thaf
o B2 Hd gt} whebA, A Hojd

|4 HAHE Blol f§3v], MAES] B

2 nedtE 45 A5 28T 5 Aok
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DTW 72| 7|gt kNNS &

0|

St AIAI Hiole HE F& A 37 oF

r

B AFolM = 7267 3 MEC U FEF
of MM WAYs= A A HlolE e} 7 3
=2 99 LoT s ¢} HF A% =S
e 2313} 3 Process Rate H]o|E]S &85}t

F
71 % 829 HIEE S5 HolEl¢ HU} Ho|HE
wdete 4% H7HE APk

A D AAIE HolHE AAE §lo] 3
2dS AE3 45, 2) B ZFUAE &
Sk AIAIE HolE AAge 37 RS A3
3%, 3) DTW based KNN EE-S 53 AlAIE dlo
g AAgel 3 Zd& A%s A5 o2 Yol
A vlaslsit) 8 24 2= Decision tree, Linear
regression, DNN, XGBoost 2.2 743315321, DNN
< 2-hidden layer 22, learning_rate(0.01)<]
Adam optimizer2 8} Y3}

HE 3 des 3, BEoA Adst=
DTW based kNN< 53+ Al E vlofe] xHAe] A
= AR Hristaat s

[
[o
&

—

(E 2) NAIE Hole TXz2| glo] M 27
== PN
Regression Layer RMSE MAE
Decision tree(Baseline) 3.16 1.34
Linear regression 2.94 1.60
DNN 427 1.87
XGBoost 3.19 1.41

(% 3) AIAIE Hlole{o] B, REHAE &3¢8
37 22 ds

Preprocess | Regression Layer | RMSE | MAE

Decision tree 3.04 1.23

Linear Regression| 2.08 1.34

(E 4) DTW based kNN A|AI&E H|0|E
HMA2|E XS5t §l-"rLI z2d Ms(ours)

Preprocess |Regression Layer| RMSE MAE
Decision tree 2.87 1.14

DTW based | Linear regression| 1.79 1.02
kNN(k=7) DNN 1.94 1.08
XGBoost 2.16 1.04

4.1 AAIE Glole Mxz2| 2ot

AAE dole A glo] o
Z AFEE wo} Bl s o, F A AALE
tole] Ax(FHdH FFHAE, DIW based
KNN)E AXl 37 5ol Ay o=z a5
& AT 5 A 53] oA AU I
=R=l! o] /\]7:11:} % DNN°] “H 13 E,—Eﬂ%ﬁht-ﬂ,
71E0] 2 Zol2 AAE vlolHE AWl A4
e wjoll= slex dlojE ol FA 7= HAE ¢
ojHellA &7} Hol WAstE As AdE F

AAE A E AR 31H Bdo] Hiy} 1A
28 &83 3 Ed Y ¢ NHE de s B
ol AL g 4= ATk Decision Tree, Linear

Regression, DNN, XGBoostS Z2 %3S wWl RMSE
N 212} 6%, 14%, 11%, 57%HE HAE A2

BHyon MAEoﬂ/\i% 7%, 24%, 39%, 1%3+2 7N
AE 58 Btk o] DIW based KNN 232
Hh2lo] 7]&o] Zo]7} 6921 AAE HolEE ¢

Mean & Std
DNN 217 | 147 o 31910 F7)7} 191 @l gro = EAadty) &
XGBoost 4.99 1.05 Ao, A1AG dlolelY HEAS x5t Yrk=
2024. 5. 89
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Abstract

This study proposes a preprocessing methodology based on Dynamic Time Warping (DTW) and k-Nearest
Neighbors (KNN) to effectively represent time series data for predicting the completion quality of electro-
plating baths. The proposed DTW-based kNN preprocessing approach was applied to various regression
models and compared. The results demonstrated a performance improvement of up to 43% in maximum
RMSE and 24% in MAE compared to traditional decision tree models. Notably, when integrated with
neural network-based regression models, the performance improvements were pronounced. The combined
structure of the proposed preprocessing method and regression models appears suitable for situations
with long time series data and limited data samples, reducing the risk of overfitting and enabling reasonable
predictions even with scarce data. However, as the number of data samples increases, the computational
load of the DTW and kNN algorithms also increases, indicating a need for future research to improve

computational efficiency.
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