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[3%2]
Potential | nain [Cumulative
o Soil  [Environmental energy . | Maximum
Time scales gases drivers bands ratio (Ec) DyF loading(e) Des{%}
('PEES) (_Scales)
Complex
effectof CH4| D1-D2 o
CH4 emission & | (2-4h) 0.28 0.59 16.52%
T atm (PED1}
RH effect | D3-AS
2 _ _ _ o
C2H6 (PED3) (32h) 0.13 0.74 9.62%
DW S5Gs_1h Complex
effect of CO2
CCO2 | emission and (D4 (16h)  0.54 |-0.59| 31.86%
T atm+RH
(PED4)
_ o D3-AS - o
FCO2 | Seasonality (32h) 0.33 |-0.23] 8.25%

F2H 5 360 A 38000 wh=H, &
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(1731 Roh Ao AU eo] hE FAAE AA 5 AA = BEALE Fol A
of 1= F3h 7k MY F 39 A o -5 FHelets] A= 2 o]
AREE 1e @ 5 ok

(1741 BEARES FAGHE 7 ax50l gal, 2726 e *J% A0

HAMO62EC D62] A=A ol A 714 35=-& A3 Al & Kol
A6 A 7 & AT AlFE Helth

[175] 5, AN oo W& FAX] 3% FH A 3} A= o]l BBl YA HIEE
A3t O B M, AT 7R & Ao R aAL S AT 5 Qo)
[176] FZH-5 440 WA 46000 wh=, A A ol of] whE FH A 37 A 3} A 9
of| Z(prediction) 2 7 W (forecast) T2 - A4 H GWECS] 41 EAJol 7] %3+
74 te 153 (focused learning) & -3 A= 5 &S FAT = At
[177] TAH o R, BT 4509 5 5H L raw-trained LSTM(FHE A &5 7S
o] §3le] THHLSTM)S &8 & UrEHH 3L, F2HS 4609 -5 =¥ PED

trained LSTM(ZH A 58S E&) FHHE LSTM) S &8-S Vet

[178] FA2R3F 4500 =YW, PEDE 3 g wdlo] E3] 0| M8 A (&
£, HAMO47EC 9} Zo] 317437} 2li= 72 -, HAMO13ECS} o] 54 3
S AEFEATE A= Al Sl A %P%X}EUJ% o]-gato] FHH
wdl 5t} oyt o S(prediction) A 58 23] gh-S &olst 4= )

[179] TS 4609 5 W2 0 A Y X}JL(HAMOO7EC)°1] e =2 anro g

A ¥ LSTM (raw LSTM) 2| "] &l AW (forecast) 2] A& YEM AL, F2H S

4609 = =2 1] A8 2 F(HAMOOTEC)O! thak #HA %2 7juto g
A ¥ LSTM (PED-LSTM) ¢ v & A o A] & L}eFylt),

[180] FZH T 4600 W2, F2H T 4602 5 =W oA HAMOOTEC S} £9|

—|—‘

=43 W5 3 ¥ (transient var1at1on)§ HolE= 19 A A=Xttow TdH
2 A (raw-LSTM) 2] 7] 2 ol (A &, forecast) gk-> w5~ B4 ko] 25817
ol & A-5-7F ok T‘:XH6LQ‘E g gelst 4= 9l

[181]  ®HA, F2F3 4609 55 E¥ A PEDE 53 %E’d% R &9(PED-LSTM)-&
53] v]Ad, A% WEo] £3hE A5 o] HArdo| A raw-LSTMel| B] &l XK.t}
P Aol il F 5T ke n| Y o S4k-& VeV AE s = 9

[182]

o?
o
ro—
_—>‘~1_141
a2
o
fr
N
ol
EN
o
“rn
e
il
o ol
N
"
OPF
1l
>1IE
=
c
P
o{ﬂ
_\3
s
rlo
o o
o2
=
td
il

= BAAREE FR 19 SRS A9Y 2UF
L wﬁga,ﬂrﬁa ASUEE Edfael, 015 0

of i
N\

o 8
1
g

o]
(environmental system)9] %@1 HF-8-(dynamic response) & ‘/}E]'LH ng, A
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[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

21
714& A 71 7] 98l oF%-2lol o (outlien®E A & E| AU A A Al 7] = 75l
7 Qs EA ure AW E S8 2= it}

[e]
olo]] PEDE &8l ¥ LSTM-2 o] &gt | A& A A s o] 543
2 ] lol =

o o] b A w3 A AE] 2L 5= 9= 3 thoko)

Jbo] E 4= 9l oy, B3
raw-LSTM ¥} PED-LSTM & ¥ &-3}o] t} ¢ ‘& v YA 2] @ 7] HEe] AAZE

SHB4RUEY 2 o A20E TEHS 59
dE 59, dd GWECTF 2 B d (LSTMZ) SRS Eh 7Hg 8= B2

A ] 2) raw-LSTM2(ZH) 3 PED2-LSTM2(-%-, PED2E FH ¥ LSTM S| 2 A
Ay 28] v @) A 4] 8] W& 5-3l Threshold value(dll & EH 20 HY 7] E&

A A L, 7] 4474 ¥ threshold value T 8] Z7]7d K. (early alarm)& & 3 4

A T4 F = raw-LSTM27] <&, 1-July-2015).
HHH -3 9] PED2-LSTM29] Al Ul&] Qo) 7] Rk

Z7| 4 12| -5 false alarmo Zagdrrgle

1-September-2016 (4f 5-= PED2-LSTM2 7| 5)0ll W& ol= A o2 JA 8 &

‘FE }]q

% 5a WA & 5c= dAA Ao hE HA AR T LY S TS A E
Argstr] Ygk mdolth
thA] U%H,ESaLHx] T 5cE 5 1LHX1 E4f-§— Z3)] A sl A A of o ul&

ju s
(RWEC=JDEC) A} &.2] ¥4
mbs) S/HESZ 3 4 Wk 8] (epochs, E)E © € 0}04 4@%%%@3%%
TAdahE A2 A ety] 9§ mHelt),

TAH o R, ZHFHS 5102 59 ECUDEC) o] el t 3t RMSE(root mean
squared error)2] 7 ¢l ' Z (rules of thumb) -4 ol] 7] Z3}] 2] 2] mbs(best
mini-batch size) 2. &-& M ElEt= oA & AW sty] Y3t nHola, xR T

o]

5202 335 ECUDEC) H o] E]o]] that 43-9] 6712] mbs =2 -& 53]
HATAARREY S A8t oA & APshr] g ot
e 2R3 5302 3= EC (JDEC) dlo] B o] th g RMSES] 723l 3
WA o) 7] 23] & A epochs B & A8 5= o A5 A 3tr] g Lol
A, Z2 & 510 WA 530004 A3 el o] 3]+ 2 A (regression line) &
HZE(@ WA @, al WA a3)<2 RMSE #HFA]) 2] 523 =4 (elbow point)&
glakr] 3k 7 2 H 2 (rules of thumb) 2- &AM & Hoh -4 2 o 2 d 7517

TAAReR AL E 5109 AR 1821 0F 360(1,2,3, ..., 360)74] <]
7} mbsol] T 3 RMSES] ¥ SH(HL=200, E=1500)Z Vel 31, TH A 18-S
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[193]

[194]

[195]

[196]

22

RMSE 7| 4ke] =9 & (22 3k 9-41) 3l & mbs(1 W] #] 360)°] & RMSEH 3}&
LERTE o] 7] A, %3 RMSE ¥ 34L& HE @A A¢ 5%, HE @)l A A
5% WA 60%, HE @A A 60% LM 100% & 752 5= i}

ok F2HE S 5109 AHA 16 G 5% A T2 RMSEH A &

7150 2 2 mbs 772 @-D(Rank1~6)3}, @-@(Rank 7~18)% A -3} a1,
Rank1~Rank6 °f| 3] & 3}+= E 9 H 4 mbs LA 2 AAS)= A& YEFAT

3, F2H 35309 A WA 1HE 1 WA 12070R] 2] 7} E(epochs: 100, 200,
300, ... , 12000)°] ™ gt RMSE ¥ 3}-9} & 4] RMSE 3|7 2152 "4 (al WA
a3), # % RMSE (=, 4 RMSE)7} YEFH= epoch (E) T-HEHE -3 5309
A vy e o, A A 28-S RMSE 719e] 9 E (2 gk A Sl
epoch (E) (100 W ] 12000)01] w2 RMSEX 3}5 e (o 7] A, 284 2=
A2 5%), AHA 182 A9 5% (@-©) 2F A 5~15% (©-@) 74 2] RMSE
T ol wE 7} epoch (E)tﬂ RMSE regression line®] =& 34 2 4 epoch (E)
A4 Wk o] of| Al (rules of thumb)E HEFH T

2235 510 WA 5200 w2, 22513 5100 EA]H 313 <= EC(JDEC)

tlolH o w4 AHE st7] 133 o]l T 7 YL, FEF-F 52000 =A[H
J9 6719] mbs R o] ¥4 AE FHY] w4l go] AT 4

%3]

=

Rank mbs {days} Cycle (months) RMSE
1 94 3.1 18.02
2 279 9.3 18.36
3 277 9.2 18.98
4 296 9.9 19.20
5 39 1.3 19.30
6 325 10.8 19.65
7 146 4.9 19.77
8 199 6.6 19.78
9 187 6.2 19.82
10 5 .2 19.88
11 298 9.9 19.90
i2 141 4.7 19.91
13 139 4.6 19.92
14 117 3.9 19.99
15 356 11.9 20.21
16 167 36 20.43
17 342 114 20.49
18 70 23 20.51
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[197]

[198]

[199]

[200]

[201]

[202]

23
[324]
. _ : LSTM
LSTM rank | LSTM! | LSTM2 | LSTM3 | LSTM4 | LSTMS | LSTM6 avg
1~
mbs (days} 94 279 277 296 39 325 2183
RMSE 18.02 18.36 I8.98 19.20 1930 19.69 1574

MAPE(%4) 4.48%% 4.9% 4.5% 4.6% 4.8%% 4.8%% 4.0%
Combined

Index

(CL 0.793 | 0.903 0.846 0.883 | 0936 | 0953 | 0.622
RMSExMA

PE}

Raﬁki%)y_c i 4 5 3 5 6 )
E3WA FE 40 =, AP o) & FHAAF HA S AA = F2ES
5100 =A% 33 4= EC(JDEC) o] B o]l 5] RMSES] & ¥ & 4]0 7] %3}
A 5% 24 49 67012 mbs =2 (312 Rank 1 LM 6)e AT = glom,
o] 1] HL (hidden layers)<> 200, Epochs (E)< 1500, & ]{P (T)2 953, mbs+ 1
WA 3607FA] 1738 =apd o7 J = M ? . ©17] 4, HL(hidden

layers)2 24 52] /|4& ouat 4= 9l
ek S # s 444 IDECS} PEDs 712] 9 o] B-glol| x| (Ew) &%
AR LS T HHGH=ALEeyte] B A FA T 5 9lon, o5
Ea A mbs B2 AA 2AE AN 5 9

ASof M=, FAX T H A3 A= A FA E—l A A g2 53l & 4 mbs
A& Abgs = ol d & 59, FHA R H A3 4R 270 WA 300 mbs
Hefol g Al E AA S 2l 2 mbs 22 AP = At

S S A 3 F A3 A= 39 67012] mbs B2 2] o Z gh(prediction)©l]

o 3k 23w dl A 8 %] 3 (Combined Index (CI), RMSEXMAPE) 7| ¥+2] 2 2] mbs
FTHRAE o] g3, HHETAANREY S FAAT 9

AT 5300 WhEW, FERF 5300 EAH a5 EC(JDEC) o] §] 2]

WA A g ety 3537 ol Es 4 9l
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[203]

[204]

[205]

[206]

[207]

[208]
[209]

[210]

24
[3£5]

Rank mbs (days} cycle {(months) epochs RMSE
1 256 8.5 7800 17.64
2 256 8.5 6200 17.90
3 256 8.5 7900 18.03
4 256 8.5 4200 18.25
5 256 8.5 9500 1841
6 256 8.5 5800 18.61
7 256 8.5 5100 18.65
8 256 8.5 8600 18.70
9 256 8.5 6700 18.74
10 256 8.5 4700 18.90
i1 256 8.5 10166 19.14
12 256 8.5 7200 19.26
13 256 8.5 11960 19.35
14 256 8.5 9400 19.53
£5 256 8.5 9800 19.55
16 256 8.5 4400 19.57
17 256 8.5 6300 19.77
18 256 8.5 6500 19.98

F 5o wEW, FEAE HA 3} A= 2R S 53000 =AE s
EC(JDEC) tllo| Bl el X RMSE®] 743 ZH%#]]&&@A%A%@MHQ
mbs 22 (3£39] Rank 1 WA] 6)& AT 4= 91 &, o] uj] HL (hidden layers)-<
200, mbs= 256, -7 7] 7H& 953, epochs(E)T= 100 W A] 12000 <~ )
ﬂﬂﬁemmmmfm0¥amm“%ﬂ&ﬂummwﬂE%%¢ﬁW+

LR A R # A 8 A= F L3 mbs kel Bl 4 epochs(E) A7 2
22 QA E S 9

TR
Ao =2, F
epochs(E) =2 -& 424
8000 epochs(E) 'H ¢ 9l
/I\J—X(g &L 2= O]q_
shH, FAX 31 H A g A= HAH

of| Z 4k (prediction)®l] T g+ & w24y
9 3

2 A3 Fa H A
A 3% H A g} &A1= 5000 WA
2 A A S S8l F A epochs(E) B S

[o)}

7l 2] epochs(E) &2 2]
2 ] ¥(CL, RMSEXMAPE) 7] 4}+2] 2 %]
q

epochs(E)2] WY E B} 744 o g HAe o= 9l on F Ao o] & 0|83
HAATAAREY S 74D 5 ek

56 AR ool w2 F A H A2 S A sty 919 Erlolt
AL e, 52 62 52 1WA 5 5cE Sl A A ool wE FEAR
AA s Aol B2 S Agshs RRoR ol k62 Fol sk ulE
T Aol 2 FRAE HAA S e A et T e
A= A= g
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7] REe o] Bl M| E o] T

w3k 620 YA o A 2

=

[212]
[213]

ol

wK

ol

Wi

, 630 THA o A A

(e]
S

[214]

ol

il

[e)

=

(key features group)

=

| 1%

i

wK

E»

w3k 630 YA o A 2

[216]

e

o

~

—_
fite]

ol
il

l

]
A

W] 7] 9 Y| E 9] A (Long-short

JHL)9] 75 2 3

71X k(training period, T), & A~ Wl %]

5 (hidden layers

bl @t

==

ks)

O =7 640 YA A A

1

[e]
Alo] Z(minibatch size, mbs), >

HHE 3] 9= (epochs, E) 5 410 &=
Term Memory Network)

r}

[217]
[219]
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[220]

[221]

[222]

[223]

[224]

[225]

3 cl

E EREEL =Y

31, 640 WAl A QAN slo] i FAAE A A5 HEe 37 A=
AR BRE SQEE HEgkT 4] ES T R R o SH e
oZ kel BE R AAZA E) 72 FAAE D 2be] e Aol

71dkate] ol st o o] o S RS A sk, A E Aol s o] e
o] F el F ol st o F BEll wim F ol o] o 5 wdo] Aje A

of| Z X dl(combined prediction model)ol] 7] Z3}o] AFA A wFs)w &9
THA T E AT A =3 (post quantification) st = YA & T 33 = l T}
=

WS, 640 THA|o A DA A oo i} & SH X 7 & A3} WhH S AEkste Ha]

THAAE T Aol L T ol TAARE o] &3t HAFTHAREG A E
9, At dsle 2y £ 3RS At dAE U 23
Atk

A, Py g o] &35, ol B9 5447 Bl B of upE A
FHXAES ALA A4 5= 9t

Egh H A FAXUE AP Aoz, AREA QN LSTM 2 &9

A E FHAIE EE, A4 S Og JFots 2 A4S WA
At

Egh HA FHARUES AP 2oz, AR LSTM E P &9
el A s e Absol] et AAIZ 2l o] EE B8 oS5 B o
G I FA O AR FEAAE AG S A3 AFH 2AE AA o 2H
st FAARES o] 83 ZHAARYHA, S|4, o5 Z tf-$A 2=H
T B} &2 34 o F 2de A 5 )

ol Aol Al A x|z st o] FA A, AXE o] A - A H/EE
stEglo] AR AR AZEY S Aok 23R FdE Q) o E
o], Ao ol A AX L FARAE, dE B, Z2AM, ZEEY,

ALU(arithmetic logic unit), T] 2] & Al & 3 2 A X (digital signal processor),
njo] A 2 7 37§, FPGA(field programmable gate array), PLU(programmable logic

unit), o] A 2 3 2 Al A = & (instruction)S A 3831 S-S 4 Q= U E
o] &t x| ¢} o], st} o] AFe] ML AFE L= Ez,:Eﬂ AEEH=
ol-g3to] T d = vt A A= & AAOS) R BV &G A A Al A

THE = shy o] el AxES O] o S Al S AT = vk E3 A e
GA = Az ESo o] Ao S wste], HlolH E A2, A, 22 A R
AR 5 Sl olsll o el E flste], A el A= T AR = sle R
A A5 SAAIRL Sl VI okell A B el Al = 7hd Ak, A e
) R/ = e A a4E
F e ZRAA EE
LRI

2

(o =
T e A & (processmg element
91 e o 4 leh o & Sof, A 4=

(@)

2]
© A
P S = =
2AA F st ZEZ 31%— e A
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[226]

[227]

27
3L = M| A (parallel processor) 2} &>, tHE A 2] 74 (processing configuration) &=
7V 3}5}.
ol it ol Aol Eo] HE e e ola] A EA oL s
7| io k ] A ] A A S TR Ak A o] VA 2R vk s A 3
Aol 7hsstrt o & S0, A E VsEo] ABE WHA UE &A=
A I ) A

FHEAY, /= Al A28 2 A A IR S =
WhHa & JHE A% B 2 A O E FAAAEE AT E
X = AL 2 EE H et Hd e Ay G = 4= Qo

g9 B2 & FHE UE NG E Y S AHTHASG AT AES
Tl B8] el HY ol &3
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= our
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o 3101,

&

A1

5} 6]

Q_—rL

[

Ad - - (principle/independent component analysis; PCA/ICA),

—

=

H
>
N

J

Al 2 A¥H(time series factor analysis, TSFA),

<

2k
=

ol

7+ 4 (multiresoltuion state-space model; MRSSM) =

(empirical mode decomposition; EMD)

o X2
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o 3101,
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According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6N 3/08; GOON 3/02; GO6N 3/04; GOGN 99/00; GO6Q 10/06; GO1W 1/10

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: [PC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: 4] 54 %] “15 (key features group), & % #| ¥ (training indicator), 7%

9 (environment prediction model), & % 3}(optimization)

S

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

KR 10-2018-0084969 A (FUJITSU LIMITED) 25 July 2018. See paragraphs [0052]-[0066]; and figures
2-4.

A 1-18
JP 2018-169959 A (JSOL CORP.) 01 November 2018. See paragraphs [0021]-[0030]; and figures 1-3.

A 1-18
KR 10-1959376 B1 (BAIDU USA LLC) 04 July 2019. See paragraphs [0016]-[0022]; and figure 1.

A 1-18
KR 10-2019-0050698 A (SAMSUNG ELECTRONICS CO., LTD.) 13 May 2019. See paragraphs [0019]-
[0023]; and figure 1.

A 1-18
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1.
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filing date
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cited to establish the publication date of another citation or other
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document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed
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later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

29 October 2020

Date of mailing of the international search report

30 October 2020

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
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