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Maintenance Strategies for Hydrogen Refueling Station
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Technical Challenges for the Data Pipeline

Perform periodic analytics on near real-time

4\ MathWorks

|
MATLAB Production Server Interfa for OSI PI System

= OSI PI System / Pl Asset Framework(PI AF) 2. Perform periodic .
. . analytics on near real-time — ==
— Historical data access data from PlISystem __

Windows Service

— Communication between the Pl AF and MPS E L I
Periodically pulls data c% e e —
- MAT LAB P . ﬂ % a Cc;r‘n-f};ure which Pl attributes you want to
rOd U Ctl O n Sever ‘@ﬁ ))) L 8 receive data from
. ; L —— i
Data analys IS R An Write results § MATLAB Production Server

=  Window Service / XML
— MATLAB Production Server interface for PI . No-charge

= Request it from https://www.mathworks.com/products/reference-architectures/osisoft-pi-system.html

Execute MATLAB analytics against Pl
data and return result

» ® 2a /e x B @ #
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Historical data access

Get Started Accessing Data from a Pl Server ... .

File View Tools Help

Cycta W A e e

Servers @ B ma O X
et NezuE | e any | w1 asy |
Servers o o = =0 =
&1 10.10.10,200 ﬂﬁg‘:gm B fﬂgw%‘ . ﬂf‘ﬂieﬂﬂ—- . =A% »
. R UEET 0= 2= 2 =0 |§
= Create Client and Connect to Server o~ * * | T =g 1F
. . . " ) " - 23*D): Hels =r} L
client = piclient("18.18.16.288"); System Managemen |- I; | =d

Search

. WEER) R
= L|St A” TagS i g'ﬁﬁ”ﬁs A H. B4 23 | Bsa=gy |-
v Data -

Bl Ealian 10.10.10.200 OPC UA Guesan.2 Tags. modbusTCP Analog TAG-A-1-LMP-COMP-1st-OUTLET-PRESS
Current Malues

ZOIE EH(P)..
Target_Tags = tags(client,Mame= "*guesan®press") Stale and Bad
» Interfaces EQAE ¥
Target_Tags = 1=l table ; gpgro;gtosn
» Puoints SIS
Tags » BeCurity =
1 |"OPC UA.Guesan.2 Tags.modbusTCF Analog. TAG-A-1-LMP-COMP-1st-CUTLET-PRESS" FH=(c)
- REdu LdlEsl vdiue Ul 1dy < > =2EH)
FH| . [BE+1 [HHE 100 % 4
MP_1st PT = read(client, Target_Tags.Tags(1l))
MP_1st PT = 1Ix3 timetable
Time Tag Value Status

1 22-58-2023 08:01:52 |"OPC UA Guesan.2.Tags.modbus TCP Analog. TAG-A-1-LMP-COMP-15t-OUTLET-PRESS" 31| Good
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Historical data access

Interpolate Irregular Timetable Data

| rawdata rawdata{1, 1} | Cfrawdata 2| Cfrawdata{l, 1} |
Cf_rawdata{1, 1}
1 2 3 4 5 6 7 )
Time TAG-A-1Z-LMP-TAG-A-1Z-LITAG-A-1S-LMPTAG-A-1 S-LMITAG-A-15-LMP-TAG-A-1 S-LMP-2TAG-A-15 -LMP-STAG-A-1S-LMP-21=7|
2022-08-18 07:00:00 34 23 34 22 o 24 32 o
2022-08-18 070001 34 23 34 22 0 24 34 0
2022-08-18 07:00:02 34 23 34 22 0 24 I
2022-08-18 07:00:03 34 23 34 22 o 24 32 o
. . . . i | 2022-08-18 07:00:04 34 23 34 22 0 24 34 0
= S fy T St p d t p I t d t i | 2022-08-18 07:00:05 34 23 34 22 0 24 3 0
peCI Ime ep an INnterpolation data - | 2022-08-18 07:00:06 34 23 34 22 0 24 34 0
¢ | 2022-08-18 07:00:07 34 23 34 22 0 24 34 0
|| 2022-08-18 07:00:08 34 23 34 22 0 24 32 0
dt = seconds(1); 0 | 2022-08-18 07:00:00 34 23 34 22 0 24 34 0
1 | 2022-08-18 07:00:10 34 23 34 22 0 24 34 0
PT1L = retime(MP_1st PT TwoDays, 'regular','linesar’', 'TimeStep',dt); 2 | 2022-08-18 07:00:11 34 23 34 23 i 24 34 i
3 | 2022-08-18 07:00:13 34 23 34 23 0 24 34 0
4 | 2022-08-18 07:00:14 34 23 34 23 0 24 34 0
. . . 5 | 2022-08-18 07:0015 34 23 34 23 0 24 3 o
C Synchromze Timetable Variables 6 |2022.08-13 072016 v 2 > 2 d 2 34 d
7 | 2022-08-18 07:00117 34 23 34 23 0 24 3 0
8 | 2022-08-18 0700118 34 23 34 23 0 24 34 0
. 9 | 2022-08-12 07:00:19 34 23 34 23 0 24 34 0
snapshot = synchronize(PT1,PT2); 0 | 2022-08-18 07:00:20 34 23 34 23 0 24 34 0

Data analysis &

Development
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Perform periodic analytics on near real-time

Architecture of the integration
Communication between the Pl AF and MPS

MATLAB Production Server

= MATLAB Production Sever Compiler
— Project package

RESTful HTTP Calls

C# Application

| | P I AF Read and Write Windows Application E .
Pl Server AF Server User Interface
— Create/Connect database - - H [ wingows service | [;-

= XML file description
— Configuration data mapping

=  Window Service Pl Web API Web Application
— Starting the service —

B ! WU S S P
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Perform periodic analytics on near real-time

Production Sever Project package

4 Croduction Server Compiler - PI_MPS_Example.prj — O =
function [{Templ fTemp2] = ConvertToFahrenheiticTempl.cTemp2) | compier
) ConvertToFahrenheit =
% ConvertToFahrenheit - This MATLAB function accepts termperature in Celsius '{Ilj [ E (&= Deployable Archive with Excel Integration A e @ <= W
% and converts 1o Fahrenheit ME Q7| | ZEHE HE _ Seftings  Test Package
; - o3| - Client
OCTO, C?p_'_..lirlghtﬁDZD MathiWforks ' me TYPE ) EXPORTED FUNCTIO.NS SETTINGS TEI:: PACKAGE =
izplcTemp
fTempl = cTempl{1).Value = (3/5) + 32
fTEI‘I‘IpZ = CTEI‘I‘IFJEU LWalue = (9/5) + 32 Archive information
end
PlExample
#/ Function Signatures - %
/¢ To optionally specify argument types and/aor sizes, search for "type" o
// and ingert the appropriate specifiers inside the brackets, For example: 050|122 MEs}7| Ofs) Ra st =7} OH
/" —
A5 ype” ["double”, "size=1,1"] E =
i
+
/¢ To modify function ar parameter help text, search for "purpose” and edit & & &
j:j; the values, Files packaged for redistribution zo=p 27| _
A JS0N-formatted text below this line, [ piexemple.ctf readme.tit
{ AT YUZEE £ EH 27 27
"ConvertToFahrenheit" {
inputs™ [
Include MATLAB function signature file @
1
‘name" "cTempl”,
ype [] Add or create a function signature file to help clients use your MATLAB functicns.
"nurpose" ™ | Add Existing File | | Create File |
I,
1
"name" "cTemp",
type” [,
"purpose” ™
h
1.
"outputs" [
1
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Perform periodic analytics on near real-time

Create/Connect database

D WWHMCPISVR¥HMCPIAF - P System Explorer

File  Search View Go Teols Help
@ Database ¥ Query Date - @ @ | Back () |H, CheckIn ¥} « [#]Refresh |'F Mew Element - ] New Attribute

Elements Element2
B ¢ Elements General Child Elements Aftributes Ports  Analyses Notification Rules Wersion
B3 OPC UA

- @ BHSHL

B3 TAKOIEEE Filter £ ~|[ | Nam
iwid) Elementi 2|t |3 ¢ B Name 2/ yalue o | Desc
- (7 modbusTCP = :
&) OPC UA rd i.;l outl 0 Prop
L. (§ SCADA 2 =] out? o Cate
SohEAEHL
MitsazEa 2 =] Temp1 12 Defa
RS e .
QYOS HESAEHA s £l Temp2 12
LR DR 2SR Valu
BEMESLEHL Displ
HEMESLSHL
THSHS T

O AR A

AFEEYFasTa

EHEHFEEHE

Eai bt -]

FEHASHE

SHEHSA gL e

i Plant1 }
v Elementl

v
..... +iJ Element3
...... (2, Element Searches

B

YUWELLLWLLRILBAE
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Perform periodic analytics on near real-time

v<PIC|ientconfiguration:

Configuration data mapping

Element2

General  Child Elements

Atributes Ports  Analyses  Notification |

Filter

# 1|8 48 Name

= Valye

&+ ] outl

£l gut2

Z] Tem,

F
’, §= ) Tem -
rd

o B2 i I

Mew Child Attribute

New Attribute

New Analysis

Set as Default Attribute
Categorize .

Limits..

Forecasts

Location of Element..
Health of Element._.
Time Series Data._
Trend

Add to Trend

ange Display UOW
Hide Excluded Attributes

Refresh

Copy
Copy Cell

X
=

Copy Path

Delete.

Properties

<MPEURL=htte: /4 oca lhost 9910/ MPEURL >
v <Mappings>
v <Mapping>
v<irchive name="F|Examp ">
v<MATLABFunct ion name="ConvertToFahrenheit">
v < | nputdrguments
{Timein et f"TirrEinMini:
<P | | npuk>HMCE | SYRRHMCP | AFWP [ ant THE | ement 1HE | ement? | Temp1<¥F | [nputs
<4 Input Ar JOmenT
v < | nputdrguments
LTimeinMins>2</TimeinMins>
<P | | nput>fHMCE | SYRRHMCP | AFWF [ ant THE | ement HE | ement? | Temp2</F| Inputs
</ InputArgument>
v<0utputdrguments
<P | Output =HHMCE | SYRHHMCP | AFWE | ant THE | ement THE | ement? |out1</F | Outputs
</Outputdrguments
v<0utputdrguments
<P | Output=WHHMCP | SYREHMCP | AFHP | ant 1HE | ement THE | ement 2 | out2</F | Outputs
</OutputdArauments
</MATLABFUnct ion>
<SArch ives
</Mapping>
</Mappings>
</PICTientecontiguration>

10
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Perform periodic analytics on near real-time

Starting the service Communication between the Pl AF and MPS

i€ Peer Mame Resolution Prot.. Af. 5 =
1S Peer Metworking Grouping O . *E =
G Peer Metworking Identity .. PNR.. ==
€. Performance Counter DLL .. &1 e
He) Me AT B HE : . .
éxg:rbm;aﬂcf-' Logs & Alerts 5;-' I; -« €] Refresh |3 New Element - =1 New Attribute v [BlRefresh |’ New Element - &1 New Attribute
2 Phone Service =5
€1, PI Buffer Subsystem == [ 1ent2
! Client for MPS I neral Child Elements Attributes ports  Analyses MNotification Rules  Ver teral Child Elements Affributes Ports  Analyses Notification Rules Ver
&L Pl Message Subsystem 48 .. NF
18Pl Network Manager H4E RS rer o - | ]
1€ PI-Buffer Server x64 Senvi... Arg il el | !
GLPIPC Log Server Servi.. HE .. ME ¢t m[ 2|8 Name Value @A| [ t| @] &/ name Valus B t
ELPIPC Log Server x64 Senvi. AT .. ME L _
- Ny =] Temp1 24 F ] Temp1 24 f
WEE A EES =T TEmpe e 1 =] Temp2 12 1
L _ I
#\ Production Server Compiler - PIAFexampleDemo.prj - =] X El out2 536 =] out2 75.2
B 5 : e o) Al \
" - E] outt 336 =] outl 536
Port (9910 - A
Enable CORS smt;:m SLli ff : i 3
Enable Discovery v Test
IERVER CONFIGURATION | SERVER ACTIONS _ CLOSE - [ [
erernpeese | v | L y I

Accepting client connections on: hitp://localhost-9910/PIAFexample

MATLAB Execution Requests. @
0 Function Status r r
0 [fTemp! fTemp2]=ConvertToFahrenheit(cTemp1,cTemp2) @ Complete
1 [fTempl,fTemp2}-ConvertToFahrenheit(cTemp1,cTemp2) @ Complete
[fTemp?,Temp2)=ConvertTofahrenheit(cTemp],cTemp2) @ Complete

18 [Fr May 12 2109:32 DT 2023] Webh
19 [Fri May 12 21:09:32 EDT 2023] Web

) destroyed
-hitp ] checking for match...
id:1] [service:http-connection] no WebFunction match; using default dispatcher
23 [Fri May 12 21:09:42 EDT 2023 [con 1 . king f

p- ing for matct
24 [Fri May 12 21:09:42 EDT 2023] [cos id:1] [sesvice:http-connection] no WebFunction match; using defautt dispatcher
25 [Fri May 12 21:09:52 EDT 2023] [connection_idk1] p ] checking for match.

https://kr.mathworks.com/products/reference-architectures/osisoft-aveva-pi-system.htmi
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Technical Challenges for Application

Anomaly detection
- Time-series multivariate with multi-mode

H2 Process Variables
§ T T - T
HP Bank Pressure (PT402) L 250
00 Pﬂ AN B
m ' T — LMP-Compressor-1st-Outlet-Pressure

o ——— LMP-Compressor-2st-Outiet-Pressure —_
= a00 ———— LMP-Comprassor-nlel-Pressure 0 g
sazc [ “é’ ——— LMP-Compressor-Current I [ z
o B 3]
il 7 200 - ) / 150 £
0] T 3
0 / J 0

o 100 — =

[ / a1 100
Nt ~1 Sy
0 I 1 i I Il
08:00 10:00 12:00 14:00 18:00
DateTime 202141 48 112
! HP Bank Pressure (FT402) 0 zzec[mE0] H2 Process Status(ON:‘l , OFF=0)
N oo St se iR 1 I ‘ I
R S BT —LM P-Compressor-ﬂypag\falve-()penaose
.| s R = = — LMP-Compressor-Running
- —— LMP-Compresaoe Susdon
- — LMP-Compressor-Inlet-OpenClose
] st
Tocompressor
zud R
2020/12/04 08:05:34 A2 gy 2020/12/04 06:05... B¥/HA =N2TA 0 I I ‘ I I
ELE 2/04 AEARI4 NS EEET ) BA%aM 30 naAE WE/EY DaeTA ua‘m 10-_m ﬂz._m 14.m 16._m ﬂa._m m,m
DateTime 202141 48 112

12



MATLAB EXF

HMM-GMM

Gaussian Mixture Model(GMM)
M
PCY = ) WP cIN Gt ), ) wi = 1
m=1

0 = (W, Um, Om)

Hidden Markov Model(HMM)

A={a;}=Plg1=Si|a: =S| 1<ij<N
B={b;}=Plo,=vi|qg: =S|, 1<j<N1<k<m

m;=Plqgu =S, 1<i<N

pdf

GMM -

HMM

D GeIN G 3)

O,

0, | O 0,

P[Qt = Sith—l = Sj] Plo; = vlq, = §;] <

P[Qt = Silog, 041, ... Ot—n]

13



Model Training and test

TABLE L

VARIABLES LIST FROM HYDROGEN REFUELING STATION

Field

DATA

TAG Name

Seosan
hydrogen
refueling
station

STS

COOLING WATER CHILLER RUN
H2 CHILLER RUN

LMP COMP RUNNING

OIL TANK HEATER RUN

LMP COMP. COMMON SHUTDOWN
HP COMP LOAD

HP COMP. HEATER ON

HP COMP. COMMON SHUTDOWN
EQUIPMENT SHUTDOWN

LMP COMP INLET ACT VALVE
LMP COMP OUTLET ACT VALVE
LMP COMP BYPASS ACT VALVE
HP COMP INLET ACT VALVE

HP COMP OUTLET ACT VALVE
HP COMP BYPASS ACT VALVE
DIRECT FILL ACT VALVE

HP COMP. LEFT LIMIT ON

HP COMP.RIGHT LIMIT ON

MP COMP. LEFT LIMIT ON

MP COMP. RIGHT LIMIT ON

PV

H2 INLET MASS FLOW
INSTRUMENT N2 PRESS
INSTRUMENT N2 PRESS LOW

LMP COMP INLET PT

LMP COMP 1ST OUT PT

LMP COMP ZND OUT PT

LMP COMP LUBE OIL PT

LMP COMP 1ST OUTLET TEMP
LMP COMP 2ZND OUTLET TEMP
LMP COMP LUBE OIL TEMP

LMP COMP CUREENT PV

HP COMP INLET PT

HP COMP OUTLET PT

HP COMP LUBE OIL PT

HP COMP OUTLET TEMP

HP COMP LUBE OIL TEMP

HP COMP CUREENT PV

H2 INLET PRESS

MID PRESS STORAGE TANE PRESS
HIPRESS STORAGE TANK PRESS
MP COMP COOLER. OUTLET TEMP
H2 PRE COOLER H2 INLET TEMP
H2 PRE COOLER H2 OUTLET TEMP
H2 CHILLER COOLER LIQUID TEMP
CHILLER.CW.TEMP1
CHILLER.CW.TEMFI_B
CHILLER.BRAIN_INLET T
CHILLER.BRAIN_OUTLET_T
CHILLER.BRAIN_INLET T2
CHILLER.BRAIN OUTLET T2

allocating operation mode using state variables

= Mode := State

» Tag data := Observation

Valve 1  System 2
Open ON
Open OFF

Closed ON
Closed OFF

Operation Mode No.

Training HMM-GMM model

Input | Signal

Processing

Training

Testing

A WDN P

PT

23
24
25
24

Model
Generation

Pattern
Matching

TT

56
55
55
56

) S

Output

Training — Extract A = (4, ;, w,,, Wi, On)

Testing the given o;, 0;_1... 0;_y,

— Evaluate Log(Plo; = v |0;_1, ...



Divide the category — Domain insight

Tube Trailer

Compressor

negt, - S—
~.-‘* ¢ D IS
~e 00
b T et ] oy 1
'v-"\-d-r-)',._’.\-‘ Ponet
o |
oy | »
——r e
-2:
- -
.,“;.,.' 03 — -
-y LR 1
O
N D 8
W2 e e

Step 4
H, Cooling&
Charging

Step 3

H, Storage

Cooling/Chiller

H, Storage Dispenser

Container

27=1 cell HIE

{'5TS-A-1F -C-WATER-&-CHILLER-RUN"
{'5TS-A-1F-H2Z-CHILLER-RUN"

{'STS-A-1F -HP-2FZE ]| -BYPASS-XV-V_\/-OPEN_CLOSE'
{'STS-A-1F -HP-2FE | - LEFT-XV-LIMIT-0ON'
{'5TS-A-1F-HP-2E | -RIGHT-XV- LIMIT-0ON"
{'STS-4-1F- HP-°*==3‘| RUNMING'
{'5T5-A-1%-HP-2F=D - SHUTDOL\'N'
{'5T5-4-1F-HP-2E D] - 21 & -xv-V_V-0PEN_CLOSE'
{'STS-4-1F-HP-ZF )| - E% XV-V_V-0PEN_CLOSE®
{'STS-A-1F -HP- = | -5|E{-on®

{'5TS-A-1F - MP-2FE T -RUNNING
{'STS-A-1F - LMP - 2FE J| - SHUTDOWN
{'STS-A-15 - 1MP-2FEJ]-2I 2 -¥v-v_V-0OPEN_CLOSE"
{'STS-A-1F-LMP-UEI-E & -xy-v_v-0PEN_CLOSE"
{'STS-A-1F - MP- 2 B 3 -F|E -RUN"
{'STS-4-1F-LP-2FE | -LEFT-HV-LIMIT-0N'
{'STS-A-1F-LP- °*==J‘| RIGHT-XV-LIMIT-ON'
{'STS-A-1F-MP- 2= 7| -LEFT-XV-LIMIT-ON'
{'STS-4-1F -MP-ZFE | -RIGHT-XV- LIMIT-0N"
{'STS-A-1% -8 H - SHUTDOWN"

{'STS-A-1F-& &5 -XV-V_V-0PEN_CLOSE"

{'5T5-A-1F -8 7| -MAIN-V_V"
{'5TS-4-1Z-E T3] -vENT-V_V"
{'5T5-4-1F-ZH ]| -=H -HIGH-v_v"
{'5T5-A-1F-EH | -EH-MID-V_V"
{'5Ts-A-1F-EH I -ZHME

¥
¥
¥
¥
H

¥
h
h

{'5T5-A-1F-LMP- 2= J|-BYPASS-XV-V_V-0PEN_CLOSE" }

¥
¥

F
¥
¥
¥
H
¥
¥

H
¥
¥
¥

[

11=1 cell HHE

{'5TS-4-1F -C-WATER-&-CHILLER-RUN"
{'5T5-4-1%F -H2-CHILLER-RUN"
['ETS-A-17F- HP-‘“*J‘I RIGHT-XV-LIMIT-ON"

¥
¥
¥

{'5TS-A-15F-1Mp-ZF | -BYPASS - XV-V_V-0PEN_CLOSE "}

{'5TS-4-1F-LMP-2F & 7] -RUNNING
freTS-A-1T - LMe-2HET|- SHUTDD‘LIN'

{'STS-A-15F-LMp-2rE - 21 -5y -V_\-DPEN_CLOSE"
{'STS-A-15-LMP-2FE]| - E% H-\_W-OPEN_CLOSE®

[ ETS-A-1F-MP-2FE ]| - LEFT-XV-LIMIT-ON"
{'5TS-A-1F-MP-2ED| -RIGHT-XV-LIMIT-0ON"
{'5TS-A-1F -8 - sHUTDOWN

¥
¥
}

¥
¥
)

15



Define target and modes — Domain insight

-
L = = 5018
= S— s . . .
— H¥ Dank Fressure ( 402
S i 11=1 cell HHE
- En [ s Lt\ﬁ’ L;\ > <g~ Hiirogen Starmgs Yank m/ N
LA & ~ VVEZA X o B {'STS-A-1TF -C-WATER-E-CHILLER-RUN' ¥
-] @ Gyl VaiA = ® ® [ {'STS-A-1% -H2-CHILLER-RUN' }
— 2220l F T 5{ M- {'5TS-A-1Z-HP- £ | -RIGHT-XV-LIMIT-ON' }
el EX7(HP) ’L_x, wanta {ETS-A-15 - LMP - 2FE | -BYPASS - XV-V_W-0PEN_CLOSE"}
Tiwsaves Be & ,*l | . . o ek Fressus i £ STS-A-1T - LMP- 2P E T -RUNNING i
; YVEERS > ionn oo tae [ | ke {'STS-A-12-LiP- 22 7] -SHUTDOMN: }
, — | ##4.0 A S=7){LMP) - ~ e {'5T5-A-1F-LMe-2FE D] -0I- -xv-V_V-OPEN_CLOSE'  }
A f o "'r S00er x ZEA (30004 / {'eTS-A-1T- L~1P-C.='r§}‘| Es XW-V_V-OPEN_CLDSE' 3}
S 1 m & 220 \ o ' o QF=
\ | | - l {'5TS-4-1F-MP-ZFE | -LEFT-XV-LIMIT-00" ¥
\ 1225 0 ' SA-1EF-Mp-CHE '
Ll l) v E ~ €—1- owonuma {'5TS-A-1%-MP- 2= J| -RIGHT-XV-LIMIT-ON ¥
»n o ) Yo o arasick . {'STS-A-lz-?ﬁx{I SHUTDOWN 3
cces: Fesel . ((,: ?‘ | LAY Ly A ,':" 23R — E—:
| ###9.0] sl N - ol
| P
I - | rl 0 Precooiar

4x1 cell HHE

B B B . 5TS-A-1F-HP-2VE | -RIGHT-XV-LIMIT-0N'
[row filtter,col filtter,v fillter]=find((target sts wvar(:,1)==1)& ... E STS-A-15- LIPS |- BYPASS-XV/-V_V-OPEN_CLOSE" i
o —— o —— £15TS-A-1F - LMe-2HE I -2IR -y -V_V-0PEN_CLOSE'  }
(target sts wvar(:,2)==1)& (target sts var(:,5)==1)& ... C'STS A1 P 2T T -LEFT XV~ LINIT-ON" ;
(target sts var(:,6)==0)&(target _sts var(:,18)==0)& ... S :
(target sts var(:,11)==8)); 1 2 3 4
1 @ @ 5] a8
2 4] a a 1
3 @ @ 1 a8
4 1] 1 8 1
[C2,ia2,ic2] = unique(sts data3.Variables, 'rows"') 5 1 2 2 )
6 1 4] 8 1
7 1 @ 1 a
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Refine modes — Domain insight

' 3

HP Bank Pressure (PT402)

-

® [

Hydrogen Stceage Taak

A0 der x 26A (B75RaA

\
e .

00Her x 2EA (500040
\ 7

11:19

L
11:21

11:23
202211 8% 202

261 262 263 2.64
%104

Normal

M¥ Bank Pressure (P1401)

Hydrogen Storage Tank —l;
—

-

— CW GHILLER A

To comprassor e
#57 [msa0]

HECHILLEA A —

| To Precooier

09

0.8

0.7

06

05

04

0.3

0.2

0.1

4.04 4.045 4.05 4.085 4.06 4.065
x10*

Abnormal

4=1 cell HHE

{'STS-A-1F-HP- 2 E 7| -RIGHT-XV- LIMIT-0ON'

¥

{'STS-A-1F -LMP- 2= | -BYPASS-XV-V_V-OPEN_CLOSE"}

{STS-A-1F-LMP- S |- 21 -0V -V _V-0PEN_CLOSE"
{'5T5-A-1F-MP- & | -LEFT-%V-LIMIT-0N"

H
¥

C = 7x4
1
1 @ @ @ @
2 3 3 3 1
3 3 3 1 3
4 @ 1 @ 1
5 1 3 3 3
B 1 @ @ 1
7 1 @ 1 @
€2 = 4x4
8 ) ) 1
8 3 1 2
1 8 8 1
1 8 1 8
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Estimate distributions of GM model

Gaussian Mixture Model(GMM)

- ﬂ A_
0 — 0 0

130 140 150 160 170 180 190 200 40 50 60 70 80 90 100 110 150 200 250 300 350 400 450
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Estimate Static/Dynamic probability

Estimate HMM-GMM Parameters A = (A4, 7;, W,,,, Ui, O)

« Estimate Initial condition of EM by K-means « Estimate GMM Parameters by EM algorithm

numotele=[6,4,4,4];

variable=[1,2,1,1]; rng(4)
int_centers=cell{length(test target3),1); pdf_pgmdist=cell{length(test_target3),1);
regularizationvalue=a.1;| for i=1:length(test_target3)
maxiter=1868; pdf_gmdist{i}=fitgmdist(test_target3{i}, numofele(i), ...
options = statset( 'MaxIter',maxiter); "CovarianceType', "full', ...
'Regularizationvalue',regularizationvalue, ...

for i=1:length(test target3) "Options’,options, Start’,int_centers{i})}

test pdf data=test target3{i}l; end

test pdf datal=test pdf data(:,variable(i));
int_centers{i}=kmeans(test pdf datal,numofele(i));
end

« Estimate Probability of Initial state Estimate Probability of transition

prioré=[@.5,8,8.5,8]";

priori-zeros(length(test target3),1); transmat=zeros(length(test target3),length(test_target3));

for i=1:length(test target3)

. for j=1:length(test targst3)

for 1-1:length(test_target3) transmat(i, j)=numel(find(and(ic2(1:end-1)==1,1c2(2:end)==)==1));
end
transmat(i,:)=transmat(i,:) /sum{transmat(i,:));

end

priorl{i)=numel(find{ic2==1));

end



Evaluate Log Likelihood

Log(Plo; = v [0t—1, - 0¢—n ])
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Web Application

B LEE WebApp x4+ A
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Recap: MTALAB offerings augment the Al workflow

Data Preparation

Industrial
Communication Tool

PI Server
A

Al Modeling
MATLAB Parallel Server
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Deployment

MATLAB Production Server

MATLAB
COMPILER SDK MATLAB

MATLAB
PRODUCTION SERVER

MATLAB
PRODUCTION SERVER
INTERFACE FOR
OSISOFT PI SYSTEM

OSlsoft

Importing historical Pl data into
MATLAB Desktop for data
exploration or algorithm
development

Accelerate training using
Parallel Server

Deploy analytic models
and provide microservice
APls
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