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Abstract

With the development of the IoT industry, different types of time series data are being generated in various industries, and it is
evolving into research that reproduces and utilizes it through re-integration. In addition, due to data processing speed and issues of
the utilization system in the actual industry, there is a growing tendency to compress the size of data when using time series data
and integrate it. However, since the guidelines for integrating time series data are not clear and each characteristic such as data
description time interval and time section is different, it is difficult to use it after batch integration. In this paper, two integration
methods are proposed based on the integration criteria setting method and the problems that arise during integration of time series
data. Based on this, integration framework of a heterogeneous time series data  was constructed that is considered the
characteristics of time series data, and it was confirmed that different heterogeneous time series data compressed can be used for
integration and various machine learning.
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Fig. 1. Examples of data integration with different cycles
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Fig. 4. Schematic for determining time intervals and time durations for the integration criteria
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Table 2. Example of Time Frequency Determination Method

Integration Reference Time Frequency Setting Method Time Frequency
Minimum of specified time frequencies 3 minutes
Maximum of a specified time frequencies 10 minutes
Most frequent appearance time frequency 5 minutes
Average of specified time frequencies 6 minutes
Greatest Common Divisor of specified time frequencies 1 minutes
Other User Inputs 30 minutes
data0 datal data2
datetime datetime datetime
2018-01-03 00:00:00 68 2018-01-02 00:00:00 40 2018-01-01 00:00:00 96
2018-01-03 00:10:00 2 2018-01-02 00:05:00 49 2018-01-0100:03:00 61
2018-01-03 00:20:00 93 2018-01-02 00:10:00 16 2018-01-01 00:06:00 8
Frequency : 10 min + Frequency : 5 min Frequency : 3 min
Data Rows : 720 rows + Data Rows @ 2016 rows Data Rows @ 1920 rows
Duration @ 2018.01.01-2018.01.05 + Duration : 2018.01.02-2018.01.08 Duration @ 2018.01.03-2018.01.06
(a) Data 0 (b) Data 1 (c) Data 2
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Fig. 5. Examples of data with different characteristics
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datal data2 concat_embl concat_emb2 concat_emb3

datetime

2018-01-03 00:00:00 7 2018-01-0200:00:00 26  2018-01-01 00:00:00 2018-01-03 00:00:00

2018-01-03 00:10:00 2018-01-0200:07:00 25 2018-01-0100:03:00 37 2018-01-03 00:01:00

2018-01-03 00:20:00 2018-01-0200:14:00 83 2018-01-0100:06:00 89 2018-01-03 00:02:00

2018-01-03 00:30:00 2018-01-0200:21:00 30 2018-01-0100:09:00 95 2018-01-03 00:03:00

(a) data of different characteristics

10

NaN

NaN

NaN

(b) Combined data set after

NaN  64.0 2018-01-03 00:10:00 -0.264079 -0.094262 0.132940
NaN  NaN » 2018-01-03 00:11:00 -0.290161 -0.052992 0.105996
920  NaN 2018-01-03 00:12:00 -0.270327 -0.063045 0.114863
NaN 780 2018-01-03 00:13:00 -0.198180 -0.147709 0.156755

(c) Consolidated data through dimensional transformation

adjusting the time frequency

Tzl 7. X Hisle Es5t

—_e=2 o

=2t HIOJE] OflA]

Fig. 7. Example of consolidated data through dimensional transformation
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UCI HAR Data Sampling Example
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Fig. 9. Segmentation and Representation Data Graph Example
mE doly 540 tEre HAE & F Ut LSTM Ed 3 &2 CNN -2 Ht] 2.9} o]u]x] o]
W HlolE f4E Al ZIRACREE Pt S e of 53le A7 Edlo] X vk ID-CNN2 1231 AJE 2 b
Aaster dHolg EAS 71Wst S F(Integration By olgel thet A AAto] 7Hsete] AIAIE HlolH oAM=
Column Characteristics) "' &-&3te] stk B ggo] APl LSTM 29 85 wHe}n|E) ) num layers
Z dolE o= Wil wsk HrkE 8] 223 volE Tt + 2, hidden size:= 64, dropout2 0.1, learning rate:™
Agsts Wi Ha AEY TS vl 0.00012.2 d&##o = At 1D-CNN2| 3}2}rE
T3 3 71E F71E UE2A L A EF ASS output channelsi= 64, kernel sizet= 3, stridet= 1, padding
H S H 2 53 HolHY 7F 718 /A ZE U 2 0, drop out> 0.1, learning rate:= 0.0001 2.2 A4},
ol AAQstal A dolH et ¢35 dolHE At 2 i 3¢ A HoHE EE 53X F7]E 4 A 5t
dAIE Tl ALT 2R T dolE ] 27 ds&  MET T vl°lE(Original Data )9} o7 5% w4
H) 7 3kl T}. Ho]B & Aetshs Ze AT 7ukete] AZ2e 52 F
712 93 4 O]H(Partial Data )l thall zZtzte] B&7
3. AlE 21 drEEE A }oq Ao v e 232 Jehdt, o]
Y 2Y e A= Eﬂ 189} A ek w9lof 524 k&
5 A dAS 9% ¢arElEC 2= Long Short- g dlolg Hé"i 7Jr7—¥ RS O SFAA 27 A8
Term Memory(LSTM)3 1D Convolutional Neural Networks Y517 Wel Bd T Ao A 7z HolHES &
(ID-CNN) ¢28&s 243 ID-CNN 2d2 o] th2A utdE Aot ¢ dlo|ge) i BF

Convolutional Neural Network=® 34
2 Zd9l ONNS| 722 1349
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7“T+(LSTM°1 7% 88.7%, 1D-CNN¢<! 7% 88.1%)7} 1+
2t Ae & T U 14 A7 E ¥

92 o AZHS HolHE AF
71.8%, 86.4%1Th. o= HIolHE 45T 73
oA = Ag ofvlgitt.

AQrate ZH AN A g A5S vlastr] 918 12/4
SRR oln] A5E volHE ZHUYIE FE3t AF
A4 FIZ EF3 dolHE BF JIF=E vt
7 A3 LSTM# 1D-CNNo A Z12F 75.2%, 88% = HA]
Original Datas-ol| Al A3 g A3} Kok A50] volAl= A
S FASIATh F7IE 4/1/8 BHZ AEH dolE el tis)
FU3 A YA = 74.1%, 81.7%] AT EE HHO

¥ 3. 43 70|~ 19 H3t

Table 3. Result of Experimental Case No. 1

383 =82 A278 A63, 202299 119 (JBE Vol.27, No.6, November 2022)

H ol& A 452 thd XA T 7E HlolH St

£ Hlole A% &% o] 52 yedle W A FF
oF BdET F /|EHo R 4EFE Ao HolH
kol g sk A T A oksls =Y U AE Lt g=
delge Ao rn o dHolHe 45s A5 AT
T Ase Flskh

F 4+ 27 HolE 45 Al L2 volHy deate W
A Ht o ® ohE S st R s AAse W
Ao mE Aes Hag Aerh AAg A7F 45 7]
o & HQ volHT MYt A Bt 4k o MEH
O 2 k&3 volH = Kok B tolH FRE WY ste]
PP "ol 5ol Fohe S AT F U

T 71E F710 e A vl e & 59 P
Original Datadl] tjsl] A2 o2 F7|2 HolHE &&3sIL

Data Original Time Frequency New Time Frequency Data Modification Method Classification Model Accuracy
LSTM 0.887
Original . ! No Method 1D-CNN 0.881
Data ) LSTM 0.718
4 Sampling (drop) 1D-CNN 0.864
1 2 4 LSTM 0.752
Partial 4 Integration by Column 1D-CNN 0.880
Data 4 1 8 Characteristics LSTM 0.741
1D-CNN 0.817
¥ 4. A8 Aolx 2 o Hit
Table 4. Result data of Experimental Case No. 2
Data Sampling Method Original Time Frequency New Time Frequency Classification Model Accuracy
Drop 2 0.864
Partial 4 0.862
Data Mean ! 2 4 2 1D-CNN 0.875
4 0.880
5 MY oA 3 o Hn}
Table 5. Result data of Experimental Case No. 3
Data Oriqinal Time Frequency New Time Frequency Classification Model Accuracy
1 0.881
Original 1 2 0.884
Data 4 0.864
8 0.787
1 1D-CNN 0.855
Partial 2 0.875
Data L 2 4 4 0.880
8 0.864
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