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3. Runge-Kutta parameter Learning or Deep Learning

Biochemical Model Settings
pH Al

kinetic expression |
AMpH EHE
pH = HH 52 2
Add
pHO| Z|C{ HE7t=
Xt
S50 8= tistpH 27 Of
g E2H
*|cf =0 cizt &

X pH
I 252 Qe |
1 pH
50% =30 CHEH |
X pH
50% EHE2 9|8 |
2 pH

ot 1| of A5}0) 48 2 (Nitrosomonas) 0| L3t pH
HEF o7 2

| 250 sk |

M pH

ofL|

0.0001

6.5

7.5

9.8

6.5

10000

o

oo

150

2 o)

xI7(2)
mg/L
6800
6750
6680
6570
6560
7100
7100
7160
7290
7410

t scodI7(2) t tn11
days mgCOD/L days mgN/L
1 148 1 35
2 146 2 18
3 142 3 44
4 138 4 75
5 140 5 86
<] 145 6 76
7 152 7 73
8 160 8 59
9 164 8 61
10 165 10 €6
1 166 1" 89
12 162 12 73
13 162 13 60
14 168 14 60
15 172 15 39
16 179 16 31
17 184 17 39
18 172 18 45
19 165 19 65
20 162 20 63

YVier =i+ (A —=b)ky +ky (b#0)

ky=h-f(x,y)

Runge-Kutta h k
ky=h-f(x;+—.y+—
2nd order ( s Zb)
1
Yier = Vi +€("f1 + 4k, + k3)
Runge-Kutta |k, = h- f(x;,v)
3rd order |k, = h-f(xi +%-}’i +%)

ks =h-fQxq+hy — 2k + 2k;)

[Hgt Al 2 T2 CNN-LSTM]

Input Data
TPE @Z-500-H4M)
‘_T L::x M::,N : - Next process data
EAR e
ﬁ%ﬁ% it LSTM Sequence Learning
sliding windo t N
smmmmmd LSTM layer =
h }
t1 t2 N
B LSTM layer >
1 1D-CNN Feature Extraction ‘
t3 .
BN LSTM layer >
' tn ‘
- i  LSTM layer >
Convolutional layer Max pooling layer Flatten layer

Qutput

Qutput 1

Qutput 2

Qutput 3

QOutput n
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Y 2= OH| Y 2= 0HH| EY 20| B9 2= H] Bo 2 CiH] Fo 249 ChHH|
+50C +8°C +10°C +20°C X2 x 10
b T S A an
1 \ 1 1 N LY

\ \ I ' \
- -® @ ‘@ ® O -- ---®

ANOMALY SCORE
o
o

—
=
——

J
(I
b — Y ’ML_JW' L,%UU 01 :

1 A\
51 101 151 201 251 301 351 401 451 50 551
Anomaly e v v
A @M CHH| SAF DM CHy
Score SO 5 H | SO ki H |

Zata Jthict ol=8 2 Al
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7. QPR AJH| A Sl
Il & AMbIA ol T2 2=
—loT + CCTV J|Et &tN ABIAES

re
I=

ct 2=, 3XE T

OrM MHlA A

O JtA S5 0l &tatEta, &b, F2LI0H H,S 38
O =& &8 loT FHUIERZ
O &Xl ?X: 7==2lJ|, ==, NBR, QBR

1§ RADIONODE®

AN171/172plus Sensor Data Remate Monitoring Device

Warning Towar

T (— INTERNET

[
[
[
R171/poE ,s > s’
W&

CLOUD
WEB SERVICE

Bpaculo 7

MODBUS TCP TCP

USB (AT command)

PC based Real Time Recorder
TAPACULO UTE

oM HEQIA 7 oAl

[loT Transmitter] == i |

Voo “ NH3 Ginmivd ™™
. s

(22 7]5]

« Wifi IEEE 8

« HTTP, MODBUS TCP, Telnet 2 5°F HIo[E] H&

« M 222 LED C|AE20] / LiE &%

+ CII3HUSB AN 253 7L

« UASx: 7tAMIM FR (02, CO2, NH3)

- FRALE 7|ero] AT, S 0|0 Yk 1A U

I_Ol_

« EIIFE 2365 222 E 2L E{Z MH|A Z]|&
- EHII2 2 2}0|E PCYH AZEY0] 2|

O|ASERA 1 0~20%
25:0~50C

A EF H10~25%

— 500 ~ 1200mBar
2= S 8 :-80~60T

QtLIL|O}: 0 ~ 1000 ppm
=25 :-10~50TC

2Igl=4A 1 0 ~ 50 ppm
=25 1 -40~507TC
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7. QEMH|AOHE

llor® A ol 25
— loT 2|8 JtAMA OI0IE =& OISR

Y& HlpX2| gH] 2F 21K 22| 71z WY

—

=%

oT S8l RS: HAMM 45, 1E 242 27

name
print(’# *47+ \n#

ge (NumOfSensor //

len(SensorType

1

=027

I
I

I

I

I

I

I

I
Modbus 2} !
1. I
S A1
I

I

I

I

1 AT A

Ct= MA 2 skip

H

MM ZEo 2

OlF 7|15

T ———— MM I HZ O
signal_recover_wait_time

NH,

H,S

192.168.0.100

192.168.0.101

192.168.0.102

192.168.0.103

192.168.0.104

192.168.0.105

192.168.0.106

192.168.0.107

192.168.0.108

192.168.0.109

192.168.0.110

192.168.0.111
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A& 0l
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5. MDT 2

=4

gC 3

6. Al=dl0ol& thA



Y& HlpX2| gH] 2F 21K 22| 71z WY

—

8. MDT H= 7|0|=2}0l M2 Af|

Il 28 tha Bol: BET AI22I014 2246 (GPS-X™) (Hat MDT 22 X g

Rk} L§& EE;
. MZ25A [ 4 2l(BET, Biological Effluent Treatment) AI2dI0/& S2&(GPX- |« Q-HIO|2H! : BET AH| 8 Ol & & ™|
F=2KX Hs=N2| 3 S) 7|48t de-facto &= HIO|H =& & d2| XA « RIST:BET A|Z80| M & %x[Mzt ZE FO
M CHAF AL A2 v GPX-SOIlA 2 37Z(EH)EZ HOo|&l I/0 W2t0|HE =&, Fe| o 2M0O|HA : CHA|EE A Sl 7He
O|lM &2M v MDT EFE7I0|E2QI0M 276ts M| §E 9 D& Z 2|2 o] =& « O|=L@l3 : M|%1 MDT EZ 7}0|E2}Q! 7|t p
v AlZY 0| FE 7|8 HA|EE AlLtE|2 F9| -

|2k Al =20 E|o]of= x| X2t Al Edjo] M |o]ot=

QCF (O-Clarther)

Santary W

-
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8. MDT H= 7}0| =20l M2 Ajj|

& ¥ EA HeXel ©@9 SE(EH)DE JIs/+3 € 423 4oy =&

Il BET MH| 33 =& || BET 4H| 27 RH(ux 21 83 71F)

|3 (m)
S e B e HE AT R R
g S5 12| T-N{4,000ppm) sE2| % 50% A SHSE NaOH{pHZY), Steam(2EFH), H,50,(NH; 2l==) AHE % B 02 ( S721E ) £ K42 T-N(4,000ppm) & =2| 9 50% H7| 2222 NaOH (pHZH), Steam(2E23), i -
NH. Stripper | &) ﬂ-’u‘—%‘i‘, %iﬂﬁﬁl%%p*fg-%al-?r) P EEARIBSAR = 3,3~ 53m/hr N, Stripper | 700 i, 6140 A18 11.4 SFa
Oil Separator | BHL+ (25 51) A OIl(AER) U Sludge(5H8) 22| #2515 HA20 N 2 1712 3 7.0~ 15 w/hr Oil Separator | 234 i Ol (%)  Sludge, Tar(3) £2| # BE A2 43 T 0712 He| Hsnifhr) (M';",M RS
—_— 2} B T<o| AlZHCH B ZUME GE S W 21 WE0| MstOz, $28 Aelo] BM 25 RS BT (H4E AB B 2,798 ) 12.412.4 m/hr maz | HSTTRCIA ) ZRUHEN TE F2 U+ HE0| 4122, 35/ TRt A:1398.6 11,100
Can (289 i fday) ah B:1398.6 B: 1,100
N N B - H LRI 448 (H,S0,) S S0 T2 284 (pH 6.5~8.0 233 H210] 21 U 9.4 0.4 B4
pHEHZ | L0 S (H,50,)2 FUsi0) =2 35} (pH 6,5~5.0pA AE2A 32l0] o{2HE Al g7 2, 124 w/hr LS RS0 S R e LS AR et =)
pH 2 H4 ¥ QBROIA 245} gh20] 0| R0f7 B4, QCF Bottom Sludge?t F &S0, QBRE| 2 i~
. NBR(De-Nitrification Bio Reactor) = pH 22 T X GBROJA] 21012 ¥180] 02012 T, QCF Botiom Sludge?} SR, QBRI 2 | 1)\ R RPN =2 (T2 e
TS N,2 S A7|= FTNBRZ 821,110/ 1,295 ) g o0
| H4E R L folRa W ROUDY BAE Wy WaR WS IS SRS B0 £7) Y CCERA P A
o QBR{Quick Bio Reactor) 2 M2 §715 26, 77|24 2 (QUI0F WS Haky YA TASHAF| = 4RIS BiT, 27] 2 RS]S9t 1240 /e || ’ B:1.500 B
24 (3,012/ 3,833 ) : 1
= = EBP fgﬂ MLSS‘ o HIEO 52 552 £ 20 25 % 2] & NBRO H1 SALE Yo Sludge 209 180
T QCF(Quick Clarifier) GBR 8 MLSS 1 81Z0] =2 SS& £ 2120 ol 1% H2/510} 124m/hr =l
MBRO| 2h& 8HALY, Y0 Sludges Thickener 2 2|30} (186 / 209 ) | GER/NBR %214 3 BR 45 20| 01RO T, LCF B4 SUEID) A HAS N2 BT Qam 1960
APl AE v '
LNBR LMBR{Low De-Nitrification Bio Reactor)= GBR/NBR A2|4- 2 LBR Z4t3t #r50| 0[20{2 p— oG FAS e
T, LCFTR7H SUEI] 244 2AE N, B2 AP1E A-H1,110/1.295 ) R AR R AR = S e IR ] 1295 110
LBR LBR (Low Bio Reactor)= 32|4: th 03218 §7]8 U HAL S $242 22043 2342 (1,018 /1,295 ') _
LCF (Low Clarifier) = LBR S214-2] 25 MLSS  uIZ0] £ SS2 22 0] 0[5} 1% F2/5/0 OBR= YUEI0f GCFOIA| 20 32) (186 /
Er || EDEes e S s S e SRR T i R e RS -
209 m) 3 T (348 )
1 T e M = (=] o
gan | BOKES T4 AGHIS HORE NS, pH EAE N-300 A2, 2210 SUE Polymer A1, X ROBAE B2 2| 25 4 €21.2-4/ 24.5w/hr Il BET 4H| 37 RE (4N 23 22 7|F)
Sk 227w+ dea) E (588 /d)
oF CCF{Chemical Clarifier) = SZ0M 2H5/SE 402 Ml g2 & noiEe] Fict 245 it /h 2 (n) 224
BT S22/ AP Y 242 253 9T, Thickeners Ha/Stch, (99 /153 ) 2 22 o= PP E—— " = ug
Sand Filter | CCFOlM S el T| o S5 47| A2 2Set(AB) 74 (2.7+2 /5 + Zea) 24,5 ntfhe e
- Polymer A B Lo = = o=
i I DRASHH 15 1 1,000 Lid 365tor P (%) 100g/d 500L/d E8siH
ACFitter | Activated Carbon Fiteris SS7} 7l T4 & 38 CODE A{7{3t 432 3Set(A B,C)7Y (12.3+3/20.1 1 « 3ea) 245 mihe (TK-500-06) " |SEass T E
HIERLE HE|4E A6t WE1E HiZ6Hs Pond 2, 0] H2|%E Sand 2 AfC Filter M| B2, HESHROHH| TS dHIE 2451 2 22 m'fhr == FeCl Floc2 8247 sto] 2240l YEakH &.
YRE e fé;'aﬁg ﬁ;:{’:ﬂ = e / il S L il (528 n‘;!d] s (TK-800-07) D £ L BOUY | 2357 (42) W Sludge Mixing Tankdl 22
= ——
hickener | U1 BEAE Saciol 948801714 B2 S| #elE Saciol, §47lo] B8 SolFE B2, GCF(71/d) / CCF(60m/d) el pHaz CHceas0-08) ®s x5 11id LTI
47 (56.5/ 62.8 ') — —
@) (TK%“SmGg) 339 30 1.8t/ 681 tfy gﬁi%ﬂﬁ&é%ﬁ;%gf;@
“ a - Thickener QIgt2t - — 7
= 25| £2{A12 YHA|ZE A IS0 HO|Z0| AAS ZI6HY 0|42 AMEIE SE5Hs 2847 2 2z ! ! — —
ZEL SR SIS PPN ARSI MO0 UAE ST 0122 AUAE RESHE S22 AYH Y (263.6/329.6m) (44 i /d) — N-300 o~ 2 o g5y, | BSOSl o) QOR, LBRO| B3alc, 812 Salz (43)
(TK-800-10) - . " ol 32, 28 422 NaOH 4.9%, CO, 2 4 EHIUS
i = 00| AR A|E B4 EaE7|M mE 9 OHAMA HT|E EOISHH SEFHE 2 i o 5
Mixing Tank | 3SZHIM LS SBAIS S47I2 Sao17|d Bel28 3 HUL M8 SU6I SHls 32 (21.5/27.6m) 15m/8 oA MeOH (50%) na o B nesory | SNHIIO) 2BBRARKAY USUBO2 NER, OBR. LBRH £
i i & T, e z = (TK-800-11) i i . ]
Fiter Prass | Mg Tank 324~ S0 S5 2 S8 012401 9) @11 0/8510] D223 BY. OIHE AL AN HSOIL, 01T T 14 T Batch | (oo oo
YEsFE L (1n —~5m) pHEZA H,50,(9%) 187 B R ~ a¢5m¢mm§mmug|§ﬂ@gﬂﬂmm
= (TK-900-12) N 81|01 NBR pHE 753 25 ME 512 %S
S0z | ZATIHM HESE D0IMS EHA-501 LBRE Olahs B2, Sand T A/C BH4:, Sump 48 = 27HR 2 (1565 /195.7 )
ARH TK-900-13 1 - - - e N YN s A EHHE S0 2 QBRY| 2HEH £Y
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8. MDT #& 710|E2 At

A MY AF Y 2A: G DH(HH)E GPS-X AIZ0I& 22 & 1/0 H0
Co oL H =< O - =) = = = il Al
B =gt
7 =
01. FHFHUD)
° el H 1 g2 o H3
hin-1 m¥/d BH L b m3/d WH ¥ (Liquid quantity)
oD m*d ESIEE Mg 7R TSS mg/L 24 U7} (Total suspended particles)
TKN glwma F WY E4(Org-N+NH3) VsS mg/L E4 0|2 A (Volatile suspended particles)
P gP/m® 590 cBODS mg/L £7| £ ¢4 87 (Carbonaceous biochemical oxygen demand)
scoL gcop/m® gollg §olstEEs 220|C 7|F CoD ma/L =1 pb4 9718 (Chemical oxygen demand)
SAC gcop/m® Bad f7lEEs
SPRO gcoD/m? &84 w?\ﬁrﬂ% 06. NBR({H8Z)
SMET gCoD/m® a3 RIS = - - -
e A crol 2

XU gcoD/m’ AR 57 A E o chel _ 8|2 & el _ b2
BT COD/m? oORtE 97| am e MLSS m3/d AHEF ST (MLSS: Mixed Liquor Suspended Solids) MLSS m3/d AHEBE ST (MLSS: Mixed Liquor Suspended Solids)
N gN & = ‘\.d“‘ > :E MLVSS mg/L 13 87 55 (MLVSS: Mixed Liquor Volatile Suspended Solids) MLVSS mg/L 138 487 55 (MLVSS: Mixed Liquor Volatile Suspended Solids)
= < /ma ETp ”‘Q:"':'EP ;m ol COD  |mg/L 894 SI5HE M4 Q78 (Soluble COD: Soluble Chemical Oxygen Demand) i€ COD  |mg/L Eold siSHE 4 97 (Soluble COD: Soluble Chemical Oxygen Demand)

gh/m- e Ty [B2UOMIN [moN/L H2L0rY B2 (Ammonia Nitrogen) SIELIOME N |mgh/L SBLI0F B2 (Ammonia Nitrogen)
SNOA gN/ma f &Q:Eq: j; 0P A 22 |mgh/L OFE 21 2% (Nitrate Nitrogen) OFE A 24 [mgN/L OFZ it E 4 (Nitrate Nitrogen)
SNRIO gN/m! o QE‘ S 3 g Es mgh/L Ethd 24 (Nitrite Nitrogen) 2ihd 22 mghL Z+hd 24 (Nitrite Nitrogen)
SNROD gN/m’ AStEES O (351 poap mgP/L 201, 214t (Seluble Phosphate) E5)4 PO4-P. ImaP/L. 2o 21 (Soluble Phosghate)‘”
SNH2OH gh/m® HAEED 2] [rp mgP/L EE et
SNOH gh/m® Yrstatge YS! [FAUAE  |moCacO3L |3 2 07, MeOH(COD ¥EZFY) A
pH pH pH pH pH pH
alkalinity gCaC0y/m*® EHuE ggEc LES] ka/d 24
FUE 2B |gvssiorss | |vss(BIEH SnEl [coD Kg/d EEe = el LH A A% H D

2 SESA TN Kg/d = 24 n

)S(':p I pAOO] HEE Ciol [P K:/d =a: |°2 m3/d |HH 2F (Liquid quantity). Q&)\\ TSS |kg/d |24 ®IEF (Total suspended particles)

gP/m’ oo COrE = < = —
lscodtobod _|gs0OD/gicon |83 cony & ¢ <BODS5 mo/L [§7] 22 4 97 (Carbonaceous biochemical oxygen demand) COD |Kg/d |SHEHA A4 Q7T (Chemical oxygen demand)
Isbodtoscod [gsBODS/gscOD | 8344 CODS/ & Cuwrwr CoD EEERes e (Chemical oxygen-demand) TN |Kg/d [£ Z2 (Total nitrogen)
Ibodtocod gtBODS/gtCOD & BODS/E COD HIE T -
sca aCajm’® Z 8015 g8 z'l"m —
SMG gMg/m? Z 288 0auls AN pskob= 4H|

3 B

:2(:1 gK/ma jjgf\f% 50 H|3 ) el 43
SANA quma J\Ef °°\; % ( 2 m3/d S| 2 (Liquid quantity)

eq/m’ =
R ZOD;’ = FOSE 24 YT} (Total suspended particles) 1SS mg/L 241 Q1ZL Total susnended. narticles)

g 'm’
XBAl gcoD/m® %‘EL\Or N3 HIO 2O~ mg/L o ilE!I} (Volatile suspended pamde;) : VSS mg/L 22 wEx
EERR TEn HAE UEH Holens ¢BOD5 mag/L f’ri\ EF ML 272 (Carbonaceous biochemical oxygen demand) cBOD5 mg/L
B acoD/m? ol == 082 COD mg/L st A4 978 (Chemical oxygen demand) CcoD mg/L BE] o) T
EPRO gcopm®[OHHIELEE Bol20i= SRLIOME N |mgNA. | 8544 Stt™ 4 273 (Soluble chemical oxygen demand) S2LOME N |mghy/L EE; m3/d 4| & (Liquid quantity)
XBACM 9CoD/m? OrHIEZ e~ HES Y B0~ TKN mghi/L 2ELI0HS E (Ammonia nitrgen) TKN mghy/L TsS L E4+ AR} (Total suspended particles)
XBH2M gcoD/m® Z20|8 HER A Bojom= 2314 PO4-P |mgP/L 3+ 2l4t (Soluble phosphate) £ po4-p mgP/L S mg/L %1 0| @Af (Volatile suspended particles)

=
XBMET gcon/m® “ﬂé@%’k‘ bio| 20~ : — mgP/L ; c"—L ':'ota\ phosphorus) : = mgP/L cBOD5 mg/L 77| & Ath 272F (Carbonaceous biochemical oxygen demand)
= oz or=tg| 2 ini o=
XBF gcoD/m® omoees SLZEE  |mgCaCo3/L | Z2te| 2 (Total alkalinity) ety mgCaCO3/L oD ma/L Bfsts A4 82 (Chemical oxygen demand)
XBAX 9coD/m? Anammox 0148 pis B P i S OFZaE Z& [mgN/L OPZ A 24 (Nitrate Nitrogen)
ALOH g/ A 20 TSS kg/d 24 YA} (Total suspended particles) 2|5 ®MFAZE [H TAE =L |mgN/L Z44 24 (Niuite Nitrogen)
= SierE ¥ i o
ALPOZ g/ Y05 OINE CoD Kgrd :C—;iﬂi 9?% (Chemical oxygen demand) wk B m3 STl N |mgN/L Seia SEM M4 22 (Soluble chemical axygen demand)
XFEOH g/m? S ikl hgid s 2 (Total nitrogen) = mgo2/L TKN mgN/L___|&=1]0rd 24 (Ammonia nitrogen)
olArE = =
XFEPO4. g’,ms oINE P Kg/d % ¢l (Total phosphorus) 37| =5 Ln?:j;h ™ mgP/L 2514 214 (Soluble phosphate]
ErALZb=

Ee—— g/m LLJE‘: 155 g/ 238ll4 PO4-P |mgP/L 284 214 (Soluble phosphate)
XCACO4 g/m® olprgs cop Kg/d i PIL = ol
XMGCO3 /m® ErMObaHE ™ Ka/d mgP/| & ¢l (Total phosphorus)

g e — 9 ZYZAE  |mgCaCO3/L |E 222 2 (Total alkalinity)
XMGHPO4  |g/m® e TP Kg/d H H H
XMGNH4PO4 |g/m* QMO IHERE & B B P

DO mgO2/L  |8F &4 SE (Dissolved oxygen concentration)
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8. MDT E= 7lo|E2tol ML Alz|

222 /0 HI0IE Hol: &2 A (4H|)E GPS-X Al2Y0|& =24 |/O H0|E mtet
0| E &2

7Y+ copYETY NBR ggeFd QBR(EZZ|1 S & ¥8X) QCF(E 0lxt FHAD BRE
o4 =3 oAz o4 =3 oA/EH o4 =9 243 3 A=
coD U= 1 (OUTPUT) CODHETY (N/OUT) NBER 21 (INPUT) NBR 3 (OUTPUT) YYETY (N/OUT) QBR 3 (INPUT) ‘QBR 7 (QUTPUT) QCF 7 (INPUT) QcCF 11 (OUTPUT) Y& 11 (N/OUT)
TKN RERY=1 #EF/CoDAFEFL/M8 7 /NBR21 FE/NBR/3 RE/EYEFY 4 R E/QBR3 FE/aBrR7 [ E/ackT #E/acr/11 RELFM
i MLSS/F23/1 MLSS/CODSET /18 MLSS/NBR/21 MLSS/NBR/3 MLSS/BEET /24 MLSS/QBR/3 MLSS/QBR/7 MLss/QcF/7 MLSS/QCF/11 MLsS/EHE /11
MLVSS/ 823/ MLVSS/CODEE T8 /18 MLVSS/NBR/21 MLVSS/NBR/3 MLVSS/ HEET 024 MLVSS/QBR/3 MLVSS/QBR/7 MLvss/aceT MLVSS/OQCF/11 MLVSS/ & /11
B gcod/F L/ B dcod/CODABEFTL /18 8% Hcod/NBR/21 &g cod/NBR/3 Bl dcod/STEFLRS &5 dcod/QBR/3 B i-Hcod/QBR/7 B3l Hcod/QCF/7 BalHcod/QCF/11 B Scod/ G F /11
BBLOHIN/ R Y1 [RELIOHIN/CODFET 8 UELIoHIN/NBR/2T | BRLICHIN/NER/3 HELOHIN/ BT ETYee | EELIOHIN/QBR/E YELIOHIN/QBRT EERRENEE YELIoHIN/QCR/1 LELOHINE R
OFEH Ba/RU4/ [olEiby Ba/cODUETY/8 OFEA4HY E/NBR/21 |OFE LMY E/NBR/3 OFE MY Ea/AYET U4 |OFEHY E2/0BR/3 OFE MY E2/QBR/7 OF = A Ea/QCF7 OFE MY Ha/QCF/11 OFE AN B/ E/11
THE TRUA1 |2UY B4/CODAETUNE T Ba/MBR21 T B4/NBRS THE T/ETETYLL  |THY 2408873 i T4/08R7 24 TaackT 24 Ta/ackn T 2R
230d PosP/R LS/ |04 PO4-P/CODSET 218 &304 PO4-P/NBR/21 | &84 PO4-P/NBR/3 2304 Po4P/ARET Y24 | B3 PO4-P/QBR/3 251 PO4-P/QBR/T &2 Po4-P/OCF/T 284 PO4-P/OCF/11 &304 PO4-P/ER/11
TP/ 7 Y1 TP/CODAFEZ=L/18 TR/NBR/21 TP/NER/3 TP/BTEFU 24 TP/QBR/3 TP/QBR/7 [TP/QCF/7 TP/QCF/11 TP/ R
& dmele/fUsn |E STelE/coDABT L8 T LTEE/NBR/21 | E STE|E/NBR3 & YTeElz/IYETL4 | F STEI=/0BR/3 + STE|=/QBR/7 & ST =/ack7 + ETE=/acK/11 T ezE=/AREM
PH/R A%/ PH/CODEEF U8 PH/NBR/21 PH/NBR/2 PH/EEET Y24 PH/QBR/2 PH/QBR/7 pH/acF7 PH/QCF/11 oH/E R /11
DO/ U/ DO/CODHEFE/1E DO/MNER/21 SIS AIRAZUNBRE |DO/BREFE/24 FElEA ARMI/QBRA | Felan AlmAZ/aBRT SEIEE ARATOCHT | Felets AmAZ/acr 11 |Feles Am A /g R/
¢BoDs/F 2=/ cBoDS/CODAEFL/18 cBODS/NER/21 DO/NBR/3 cBoDs/ BB EZ=L 24 DO/QBR/3 DO/QBR/7 DO/QCF/7 DO/QCF/11 DO/gR/1
COD/R Y4/ coD/cODAEZ /18 coD/MER/21 Z OUR/NBR/3 coD/YETY/4 £ OUR/QBR/3 cBoD5/QBR/7 cBoDs/QCF/7 cBoD5/QCF/11 cBoDs/EHE/11
R TKN/CODEET U8 TKN/NER/21 U E/NBR2 TKN/AEET U 2a EREEEE COD/QBR/7 cobsacr? COD/QCF/1 cop/d5/11
TSSCEERFYRLTA [TSSEERE)/CODAEF LB TSSCERRE/NBR21 | EHY B4 0BE/NER/Z (TSS(ETRTVETET YL | ZUY B2 0185/QBR/3 |TKN/QBR/ST . [TKN/QCF/7 TKN/QCF/11 TKN/B /11
SMG cod(BERTFLYF1 [cod BHFFE)/CODEEFY /18 cow’é FRE)/NBR/2T  |cBoDS/MBR/3 cod(BEFF )/ FYEFY 24 |cBoDS/QBR/3 TssEERIBWAERT [Tss(R2EFRE/QCHT TSS(E R EF)/QCH/11 TSS(EFRTH/EFM
SPOT TNEZRE)FUE1 [TNETRECODEEFTUNE TNIEZFRE)/NBR/21 [COD/NBR/3 TNEZERE/BLETY /24 ||COD/QBR/3 codé SR E)/QBR/T & cod( B 2R 2)/QCF/7 cod(RFRE/QCF/11 cod(BERT/LZ/M
SCAT TPEERT/FET |TPEERF/CODIETUMS TP:EE'V.;)/NBRJN TKN/NEBR/3 PEERE/EEETY/RL  |TKN/QBR/3 . TN(E SR E/QBR/7 TNEE R E/QCHT TNE R T)/acH TNCEEREVYR/M
SANA LLSISAE SHIF/CODAETLY/8 NBR 17 (INPUT) TSSIE E R )/NBR/3 TSS@E‘%E’MQBWS TPEE R EVQBRT [TPEERE/QCHT TPEEREVQCH/1 TPOEERBVER/M
XBH R E/NBR/TT cod (B HRF)NER/3 cod(Z2 T )/QER/3 37| SE/QBR/T . 37 =&/ack7 QcF 12 (QUTPUT)
XBAI MLSS/NER/17 DEESEINERE -([TNEERE)/QBR/3 SOTE/QBRA soTE/QcF7 FE/QCF/12
XBAA MLVSS/NBR/17 PRI R ENBR/3 [re(2 2 R2)/aBR/3 2H OTR/QBR/7 2 oTR/QCF/7 MLSS/QCF/12
XBP &3 *Jcod/NBR/1T NER 4 (OUTPUT) QBR 24 (INPUTy" QEBR 8 (OUTPUT) MLVSS/QCF/12
XBPRO LELOFIN/NBRT | TRE/NBR/M4 B T E/QBR/8 BelHcod/QCF/12
XBACM OFEArE T /NBR/T  |MLSS/NBR/4 [MLss7QBR/24 MLSS/QBR/8 YR LorIN/QCF/12
XBH2M ZH BA/NBR/17 | MLVSS/NBRMT MLVSS/QBR/24 MLVSS/QBR/8. OFE M Ta/acF/12
XBMET E314 PO4- P/NBR,M’ | B Fcod/NBR/4 E3H4Jcod/QBR/24 & 8Hdcod/QBR/E EREEEEERE
XBF TR/NBR/1T YELIOHIN/NERM S L|0HIN/QBR/24 2 L|OHIN/QBR/S B2 PO4-P/QCF/12
XBAX = RLE|EMERAT OpR 4 EL/NBR/A OFE{d E4/QBR/24 OrE M EL/0BR/E TR/QCF/12
XALOH PH/NER/17 Y Ea/NBRi- Y BjQBR/24 ZiHY E4/QBR/S & T2 =/QCF/12
XALPO4 DO/NBR/1T S84 Pod4-F/NBR/4 2314 PO4-P/QBR/24 25141 PO4-P/OBR/2 PH/QCF/12
XFEOH cBoDS/NERYIT _JPiNBRM [TP/QBR/24 TP/QBR/E DO/QCF/12
XFEPO4 COD/NER/17 T LEEIE/NBR/A = LEEI=/aBR/24 S EEEI=/QBRE ¢BODS/QCF/12
XCACO3 TKN/NBR/17 PH/NBR/4 PH/QBR/24 PH/QBR/8 CoD/QcF/2
XMGCO3 TSS(EEET/NBR/IT  [DO/MNBR/A DO/QBR/24 DO/QBR/2 TKN/QCF/12
XMGHPO4 cod(2ERE)NBR/17_ |cBoDS/NBR/4 cBODS/QBR/24 cBoDS5/QBR/8 TSSCEEREWQCK/12
XMGNH4PO4 TNCEFRE)YNBR/TT |COD/NBR/A COD/QBR/24 COD/QBR/E cod(BFRFIQCH2
TPEFRET/NBR/T _ [TKN/NBR/4 [TKN/QBR/24 TKN/QBR/8 TN R F)/QCH/ 12
TSR Z &) /NBR/MA Tes(EEFRT/QBR/24 TSS(EERE)/QBR/B TRE TR T/QCF/12
codEFRF/NERA codZF R F)/QBR24 cod(ZTRFUQBR/B QcF 13 (QUTPUT
TN(E 7 EI/NBR/4 [TNCE &7 B)/QBR/24 TN(ZEFE)/QBR/E T E/QCF/13
TREZREINBRA TPEE R Z)/QBR24 TRETRE)QBR/AE MLSS/QCF/13
MLVSS/QCF/13
Sl Hcod/QcF/13
FELIOHIN/QCF/13
ofEdd T/QcF/13
Zird F/0CH13
&3 Po4-P/QCH/ 13
TP/QCF/13
E gTE/ac
PH/QCF/13
DO/QCF/13
cBoDS5/QCF/13
COD/QCF/3
TKN/QCH/13
TsS(EERE/QCH/13
cod(EEFRENQCF13
TNEERE)/QCH3
TREERT/ACH/13
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8. MDT E= 710|=2tol M Al
IIMDT 222 X ®ol: M2 AI20/4 28 X0 0j& MDT 2
al M=
= /Mo
2|23t AlZ22|0]4 S lojof= MDT 7|dt A[E2fl0|d 34 23}

MDT

Asset ID BETInfluentAsset

B T R R

MDT

(AAS ID) MDT-BETInfluent CODtZ =9
MDT

MDT ID

Asset ID BETDCODDruglInjection

m MDT ID ] —
(AAS ID) MDT-BETCODDruglnjection

Asset ID BETNBR <

MDT
MDT ID

MDT Asset ID BETNutrientinjection
— (KEET; I‘g) MDT-BETNutrientinjection
Asset ID BETQBR
(ncioy | MDT-BETGBR

MDT
Asset ID BETQCF
(XE; I'g] MDT-BETQCF
MDT
Asset ID BETDischargeTank
MDTID |l \DT-BETDischargeTank

(AAS ID)

A

30 5
T gy
B

" Glo[EQ} RALS 41}7} L2 =
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M2 A
tH Level JI& MOT 242l X3}

{Hierarchical Relation} ZIS& Level 7|&E2| #& 2 E 9 {Sequential Relation} =XtZtA Level 7| =2 HE 28 F4
X Process 7|F2| HHR|SH D 7t SR HSHHA
A 3 - MDT
Machine
BET H=KX 2| &H| AssetlD | BETInfluentAsset
MDT
ey | MOT-BETInfluent
CODYEFY
MDT MDT AssetlD | BETDCODDruglnjection
5 - m — &Egl‘g) MDT-BETCODDruglnjection
Process
PI'OCGSS Asset ID BETNBR <
Asset ID | BETProcessAsset MDT ID PEp—— ad]
s MDT ID MDT-BETProcess s
(AAS ID) MDT Asset ID BETNutrientlnjection
— (XE; I‘[[))) MDT-BETNutrientinjection
MDT
Asset ID BETQBR
-
Line Sl (aneiy) | MDT-BETGBR |«
Asset ID BETLineAsset MDT
BET H|==X{2| 2to!
(AAS D) MDT-BETLine QCF
: Asset ID BETQCF
MDT (heisy | MDT-BETACF
P 0 MDT
| Pl
'
o A D Xt Asset ID BETPlantAsset
AlLeve}IAl BET H|=X2| & — AssetD | BETDischargeTank
(AAS D) MDT-BETPlant &E;‘g) MDT-BETDischargeTank
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8. MDT E= Jjo|S2}0l M2 A2
I MOT 222l X Hol: o2 ZX(&H|)¥ MDT Information, Simulation, Behavior, Data Submodel &
O

W [
o Twin Componition (= #2t SA/EE W)
Lol mor Compachion Rem Compadkion Dependency
wore —
= o s | — I = || et v = o] bz | tei®  [P] o
“ " g . . " " >
e .
Dl e e e ] - — =
= 3 e e | S .. -
| 2 = =0
P e o am e | e .
. IR R - RN R [ U I ——
S e movaEry BT 5N Frocems. - [ o . v BT Froces | BT 892921 Pencmer Y Process Hi s Line.
2 SO - RIS Y R | ] E—— e PR P p— N (-
| v
e |
s |_verimao
[m—— p—
y
]
—[= = T

_@:-.z‘- — = - =~ — — —l—
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8. MDT E= Jjo|S2}0l M2 A2

IIMDT 222 X Ho|: BET H2Hel 2= MDT

BET 1=~ 2| Process

GPS-X Simulation 22 X| X3} 7|E2 2 5THA| 2 37 Ho|
A

r
AlZ20] START

\ 4

BET H = X2| p Simulation A|2AE

N\
Al=80| END

=& HolH Z2f

Simulation Model
(E9I3HE 2 $45)

3 Parameter

%72 Parameter

COD, TKN, TP, SCOL, SAC

SPRO, SMET, XU, XBT, SNH

SNOI, SNOA, SNRIO, SNROO, SNH20H
SNOH, pH, alkalinity, 3 &= =&, SP

XPP, Iscodtobod, Isbodtoscod, Ibodtocod, SC
A

SMG, SPOT, SCAT, SANA, XBH

XBAI, XBAA, XBP, XBPRO, XBACM

XBH2M, XBMET, XBF, XBAX, XALOH
XALPO4, XFEOH, XFEPO4, XCACO3, XCACO4
XMGCO3, XMGHPO4, XMGNH4PO4
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8. MDT E= 70| =201 ML Al
I MDT 2e2 HE(1): MDT Twin Builder € &2

Builder axid
B 2 % & L
- MDT M2 2 Y BETProcess [IRDI, https://example.com/ids/aas/BETProcess] Qo m Simulation [IRDI, https://example.com/ids/BETProcess/sm/Simulation]
» LIid BETInfluent [IRDI, https://example.com/ids/aas/BETInfluent] (~]~Nii)
=1 Al Submodel
. » BETDischargeTank [IRDI, https://example.com/ids/aas/BETDischargeTank] oo idShort
[IRDI, https://example.com/ids/cd/5001_7013_5032_7483] ) .
Simulation

m Behavior Submodel

m Data Submodel (Machine)
identification

m Data Submodel (Process) )

idType IRDI Vv
m Information Model id https://example.com/ids/BETProcess/sm/Simulation
m Shape Submodel

kind
m Simulation Submodel

Instance VvV
semanticld
Reference e &=

(c) 2023 ETRI MDT Builder. All Rights Reserved.
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8. MDT E= 20| =201 M Al
I MDT 22& ME(1): MDT Twin Builder €& 22 (=24

Builder

0 2 4 @ S

» MDT M 29 » Wil BETProcess [IRDI, https://example.com/ids/aas/BETProcess] Qm m Simulation [IRDI, https://example.com/ids/BETProcess/sm/Simulation]
» BETInfluent [IRDI, https://example.com/ids/aas/BETInfluent] [+ ]~ N}

m Al Submodel _
» BETDischargeTank [IRDI, https.//fexample.com/ids/aas/BETDischargeTank] om idShort
[IRDI, https://fexample.com/ids/cd/5001_7013_5032_7483] X )
Simulation

m Behavior Submodel

m Data Submodel (Machine)
identification

m Data Submodel (Process) .

idType RDI
m Information Model id https://example.com/ids/BETProcess/sm/Simulation
m Shape Submodel

kind
m Simulation Submodel

Instance v
semanticld

Reference

©) 2023 ETRI MDT Builder. All Rights Reserved.
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8. MDT E= 710|210l M Al
I MDT 222 M ZE(2): AASX Package Explorer

il
I

sktop\Al#3MDT2 2 & 231111\MDT-BET v2.1.aasx buffered to: C:\Users

local file: C:\L \reklu\De

File Workspace Option Help aa
e

! m "BETProcess" V1.0 [https://example.com/ids/aas/BETProcess] of [https://example.com/ids/asset/BETProcessAsset, Instance] Element | Content .'

"BETInfl V1.0 [https://example.com/ids/aas/BETInfluent] of [https://example.com/ids/asset/BETInfluentAsset, Instance] AssetAdministrationShell (according IEC63278)

I m "BETCODDruglnjection” V1.0 [https://example.com/ids/sm/BETCODDruglnjection] of [https://example.com/ids/asset/BETCODDruglnjectionAsset, Instance] —

/ m "BETNBR" V1.0 [https://example.com/ids/sm/BETNBR] of [https://example.com/ids/asset/BETNBRAsset, Instance] idShort: BETProcess

b M "BETNutrientinjection” V1.0 [https://example.com/ids/sm/BETNutrientinjection] of [https://example.com/ids/asset/BETNutrientInjectionAsset, Instance] HasE

I " " v . 2 3

m BETQBR" V1.0 [https://example.com/ids/sm/BETQBR] of [https://example.com/ids/asset/BETQBRAsset, Instance] \dentifiable:

L M "BETQCF" V1.0 [https://example.com/ids/sm/BETQCF] of [https://example.com/ids/asset/BETQCFAsset, Instance] id: https://example.com/ids/aas/BETProcess

r M "BETDischargeTank" V1.0 [https://example.com/ids/aas/BETDischargeTank] of [https://example.com/ids/asset/BETDischargeTankAsset, Instance] i (Basee): SHROCHMOLYDleGRCGXILINVLSIpZHIMVYWEZLOJEVEB 2Nl M=
administration:
version: 1
revision: 0

HasDataSpecification (Reference):

Assetinformation

Kind (of Assetinformation):

Submodel element

kind: Instance
globalAssetid:

hitps //example.com/ids/asset/ globalAssetld: https://example.com/ids/asset/BETProcessAsset

BETProcessAsset
assetType:
assetType: Process
specificAssetld:
DefaultThumbnail 1

Reload Show Content
Successfully auto-loaded AASX C:WUserswrekluWDesktopWAll £ 3MDT2 @ 21231111WMDT-BET v2.1.aasx No errors Log..
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8. MDT E= 710|210l M Al
I MOT 222l H=(2): AASX Package Explorer € 22 (=24

AASX Package Explorer V3.0 - local file: C:\Users\reklu\Desktop\M|3MDT &
File Workspace Option Help a a

b m "BETProcess" V1.0 [https://example.com/ids/aas/BETProcess] of [https://example.com/ids/asset/BETProcessAsset, Instance] Element | Content .'

I " " ) " ¥ 5
BETInfluent" V1.0 [https://example.com/ids/aas/BETInfluent] of [https://example.com/ids/asset/BETInfluentAsset, Instance] AssetAdministrationShell (according IEC63278)

|
a

231111\MDT-BET v2.1.aasx buffered to: C:\Users\reklu\AppData\Local\Temp\tmpA8C4.aasx

b "BETCODDruglnjection” V1.0 [https://example.com/ids/sm/BETCODDruglnjection] of [https://example.com/ids/asset/BETCODDruglnjectionAsset, Instance] —

! "BETNBR" V1.0 [https://example.com/ids/sm/BETNBR] of [https://example.com/ids/asset/BETNBRAsset, Instance] idShort: BETProcess

I (VA% "BETNutri jection" V1.0 [https://example.com/ids/sm/BETNutrientinjection] of [https://example.com/ids/asset/BETNutrientInjectionAsset, Instance] HasE

! i " V1. 3 ) i 3 X i

m BETQBR" V1.0 [https://example.com/ids/sm/BETQBR] of [https://example.com/ids/asset/BETQBRAsset, Instance] \dentifiable:

! @ "BETQCF" V1.0 [https://example.com/ids/sm/BETQCF] of [https://example.com/ids/asset/BETQCFAsset, Instance] id: https://example.com/ids/aas/BETProcess

! m "BETDischargeTank" V1.0 [https://example.com/ids/aas/BETDischargeTank] of [https://example.com/ids/asset/BETDischargeTankAsset, Instance] id (Base64): aHROEHMGLYSIeGREGXLMNVDSIpZEIMUYWEZL OJRVEEYb2NICSM=
administration:
version: 1
revision: 0

HasDataSpecification (Reference):

Kind (of Assetinformation):
kind:

Instance
globalAssetid:
s fearpmson/ s/ globalAssetld: https://example.com/ids/asset/BETProcessAsset
BETProcessAsset
assetType:
assetType: Process
specificAssetld:

DefaultThumbnail: Resource el

Reload Show Content

Successfully auto-loaded AASX C:WUsersWrekluWDesktop# Al 5 3MDT2 & 2231111WMDT-BET v2.1.aasx No errors
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