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) login  Siemens Demov2.4 [ CM

EAlAnsvza ool LDA analyza alarmi stroje

Dashboard alarmy

LDA Model Topic 1
manipulator neni zakladni
pozor manipulator neni neni zafazena Zadna
vysouvani zasouvani ruky
manipuléatoru vysunuta zasunuta
neni zakladni poloze kriticka teplota zadniho
fada otacek vietena
zadniho loziska hlavniho
I 1 teplota zadniho lozZiska
loZiska hlavniho uloZeni
vysoka teplota zadniho 2adna fada otacek
ruka manipulatoru vysunuta
nezafadila fada otagek

zasouvani ruky blokovano
zafazena zadna fada

Analjza alarmi stroje
I LDA analyza
Rizeni alarma

==
= Model v

LDA Model Topic 3

hladina oleje mazacim

neni upnut nastroj

osy blokovan avn
kanal blok neexistuje
pohyb osy blokovan
nelze neni upnut

nizka hladina oleje

oleje mazacim agregatu
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Alarmy stroje | Posledni aktualizace: 19.06.2023 19:01:21

LDA Model Topic 2
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pfi korekci poloméru
n1000 nebezpedi kolize
kanal blok n1000
n850 neni naprogramovan y
Kkanal blok ng50 Plok syntaktické chyba
neni zasunuta ruka
pozor neni zasunuta
zasunuta ruka manipulatoru
kolize pfi korekei blok n850 neni
neni naprogramovan posuv
blok n1000 nebezpedi
nebezpeci kolize pfi
korekci poloméru nastroje

syntakticka chyba textu

IS | Predictive maintenance
i

LDA Model Topic 4 my
zrudena kvili alarmu
programu akce €33 alnx zrusena kvili
kanal ovlivoovani programu
ltZko polohy pro
neni napolohovano 1iZko v
pozor neni napolohovano
ruka manipuldtoru nevysunula
manipulatoru nevysunula véas I
napolohovano lizko polohy
polohy pro avn akce €33 alnx
ovlivoovani programu akce
€33 alnx zrusena

i stroje
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Dashboard ~ Signdly ~ Alarmy  Motohodiny + +) Login Siemens Demo v2.4 [2cm
P o . ) o1
Analyza alarmu stroje Alarmy stroje | Posledni aktualizace: 19.06.2023 19:01:21
‘AlarmNumber LastView DateDuration: ISNCAlam ProbReceive CountsLast CountsAll ‘Cum SumProb. ShortText
1 |700140 | ve0623 1637 E) ) 0 1 1
2 100142 |unszs|-:\7 £ 0 1 1 0.9998 | Krivcka teplota zadnino loziska hiavnino ulozeni
3 |700452 090623 0911 4 0 1 3 08991 | Ruka manipuldtoru se nevysunuia vias
4 |700242 I 1806232223 2 0.0100 1 5 09983 | Nezafadia se 17ada otélek vietena
5 |700557 11.06.23 2317 1 00100 1 5 0.9986 | Vysouvanizasouvani ruky biokovano
6 700435 I 1106232317 2 0.0100 1 8 0.8978 | Pozor - neni zasunuta ruka manipulétory
7 |10850 1306232038 20 v 00100 2 " 09962 | Kanal K1 blok N850 - neni naprogramovan posuv
8 |17 | 1306.232139 20 v 00100 2 n 0.9964 | Kandl K1 Blok 5 & T=%3, & D = %4 neexistuje
9 [7o0s8 1806231134 s 00100 1 (0 09968 | Pozor - nent napoionovano KLEko 6o polony pro AVN
10 700633 ||7N.2!074l L) 0.0200 4 12 0.9961 | Pohyb osy 2 je blokovdn od AVN
1 |700240 1506.23 1218 5 00200 3 12 0.9954 | Neize - néni upnut néstroj
12 700288 | 1806232224 2 0.0200 2 1 09951 | Meni zafazena 2adna fada otatek vietena
13 [10751 17.06.23 0339 19 v 0.0200 2 18 09947 | Kanal K1 blok N1000 - nebezpedi kolize phi korekci poloméru nasirole
1416906 | 18.06.23 0619 ° A 00200 2 1’ 09942 |Kandl K1 Oviivoovani programu akce E33 <ALNX> zrudena kvl alarmy
: ‘Alarms Distribution
. . . Potet x Aktivni dnhla alarmu: 700140 . , " ‘Celkové: 130 typl alarmi za dnl
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% Analyza motohodin

Dashboard ~ Signaly ~ Alarmy

Motohodiny +

] Login

Siemens Demo v2.4

[2 oM

Analyza motohodin stroje

Dashboard motohodiny

Analjza stroje
[ Reports
MTBF
MTTR
Dostupnost

=
& Model
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Index DMU 80 FD | Posledni aktualizace: 22.06.2023 08:04:40

———— Survival analyza: DMU 80 FD <103 RUL PDF
| Nahrat vybrang swoj | 1 2 == ==
b dasmoprovozu: _ [ £3 Spoigs
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11.8% b s g Y ER
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MTTR do dalsi odstavky: 2 H I
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Stroj: DMU 80 FD - Trend MTBF
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Trendovy graf & ANOVA

2
8

Nulové hypotéza Ho: Vaechny mediany jsou si rovny

IS | Predictive maintenance Dashboard  Signdly ~ Alarmy  Motohodiny+ =) Login Siemens Demo v2.4 2 M
hodin .
Analyza MTBF
tohodiny o
— o) Srovnni skupin stroji -v tydnu 11.06.2023 ‘ Kruskal-Wallls ANOVA Test: MTBF
mow @D 250 Popisna statistika
) Faktor N Median  MeanRank
Sioupcovy grat
= 200 Liechti 800/1 190 11394 41001
1106202 | £ Liechti 80012 181 10643 337.28
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— g 150 Liechti 800/4 176 16256 614.38
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e
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=
=

0d 13102018 - |
Do 25062023 ~ |
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Trend dle skupin stroju 13.10.2019 - 25.06.2023
T T T T T T

Horizontka

p®  a®  a®

A ~ A A
PO LA YA

2%

2

2

o
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106407 729 1.4e+04
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Server |

PMApp b l—+ Task scheduler ‘ SMTP
Auto (.exe) J S Secure @
— ® TLS
Signal m
. . PMApp 2
Time series
) BackEndProcess
— ) (.exe)
Text alarms m ?
Motohours ﬁ ‘ t
S
= PMA .ctf
Management « App « MATLAFB)El)ng Ap?) Server
- memory (-mat) - ctfxlauncher.exe
Time limit / Count limit
' Database

SIEMENS | Predictive maintenance
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Client
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CSV Data
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Monitoring
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Architektura aplikace
PMApp — Features

PMApp (.ctf)
MATLAB Web App Server
ctfxlauncher.exe

Page 10

o--0

MATLAB
Web App Server

Development version

Supported Functionality
Authentication
Role-based access
Policy-based access

Support for multiple releases of MATLAB

] Number of concurrent sessions
w Server setup and configuration
— — Run MATLAB web apps in Docker® containers
# Subject to server hardware limitations.
Security G ]
Memory PMApp
management Auto (.exe)

S
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MATLAE Web App Server Product Development Version of MATLAB Web App Server in MATLAB Compiler

v X

v X PMApp solve
v X

v X

Unlimited ® 32

Command-line only Graphical user-interface

v X

Installed on dedicated intern virtual server, which is not exposed to open
network. It is available just for facility workers signed in intern network.

On the host machine there are created two low-privileged user accounts who
has rights to manipulate just with selected folders/files.
Secure Connection SSL for HTTPS

All time-consuming processes and computational operations are executed at
regular time intervals in the background on the server.

The goal is to prepare the outputs of these operations for quick visualization by
the user and to minimize the CPU and RAM load on the user while working
with the application.

For example, preparing small files with outputs according to the logic - machine
- component - signal. The user loads only the prepared results of the analysis
of the selected signal.
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PMApp — Features

PMApp (.ctf)
MATLAB Web App Server
ctfxlauncher.exe

PowerShell
o--9

[T < I s R B O W I )

[y
o

(O W Y W Y B o N e el =l e el el el e
[y TR = W I S = v T U oS TR (o 5 [ =S W T S T o T S R o TR O [ - WY
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try
% Email subject SMTP @
textSubject = append("PMApp - Dashboard report - ", ... Secure
string(datetime("now”, " "Format™, "dd.MM.uuuu HH:mm"})); TLS

% Email text
textMessage =

"Automaticky dashboard report aplikace Siemens PM App™;

% Email attachment
attachmentAddress = ...
append(app.pathAppFolder, " /temp/”, app.nameRamReportFolder," pdf");

% Send email
filledPS = append(“Send-MailMessags -SmtpServer “test.tardis.cz® “, ...
"-Port 1234 -From "noreply@tardis.com’ -To '",
string(userForEmail.Email(1)),”" -Subject ", ...
textSubject,”’ -Body '",textMessage,
-Attachments ", string(attachmentAddress), ...
" -Encoding 'utf8'",
* -Credential $cred”,
" -DeliverylotificationOption OnSuccess, OnFailure");

completeTextSystem = append(“powershell ",
"$PWD = ConvertTo-SecureString '123456789" -AsPlainText -Force;™, .
"$cred = New-Object System.Management.Automation.PSCredential( 'noreply@tardis.com’, $PWD);",
"[Net.ServicePointManager]: :SecurityProtocol = [Net.SecurityProtocolType]::T1ls12 ;",
FilledPs);

% Call PowerShell string
system(completeTextSystem)
catch ME
disp(ME.message)
disp(append({"ERROR: sendDashboardReportPM.m - Service cannot send a pdf| report to "
string(userForEmail.Email(1))))

oo

end
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PMApp — Features

( ) L —'" app colorMachinel abel 1  function setup(htmlComponent) {
PMAPP (th) HTML = AT TR E IR T 2 var input = document.getElementById('toggleswitch');
MATLAB Web App Server | g_-.@ Java Script app.colorSwitch 3
ctfxlauncher.exe HTML | Calbacks 4 input.addEventlistener('change’, functien() {
[ searcn 5 if (this.checked) {
- HTML 6 htmlComponent.Data = "colorSwitchOn";
HTMLSource colorSwitchPM . himl 7 }
JS T 8| s
9 htmlComponent.Data = "colorSwitchOff";
F INTERACTIVITY
18 1;
¥ CALLBACK EXECUTION CONTROL
11 3;
} PARENT /CHILD
12}
} IDENTIFIERS
13
SIEMENS | Predictive maintenance Dashboard  Signdly  Alarmy  Motohodiny

Signaly Alarmy Motohodiny

I
.

vV
BackEnd ‘ : FrontEnd

Page 12 Unrestricted | © Siemens 2023 | Petr Semotam | DI CS | 07-09-2023 SI E M E N S



Report
Siemens PM App

Zarizeni: 45_Robot1 F035
Osa: 1 -Kanal 1
Proménna: CurrentLoad - Index 1
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PMApp (.ctf)
MATLAB Web App Server
ctfxlauncher.exe

45_Robot1 F035 - Osa 1 CurrentLoad Index 1
Index - Casova rada + Health indicator

Page 2

Id Stroje Nazev stroje

45 45_Robot1 FO35

Proménna

CurrentLoad

Degradace detekovana

Predzpracovana prevzorkovana casové sé
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PowerPoint

R&

MATLAB
Report Generator

PDF

Datum

Index Datum tréninku aktualizace
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PMApp (.ctf) PowerPoint
MATLAB Web App Server PDF
ctfxlauncher.exe

45_Robot1 F035 - Osa 1 CurrentLoad Index 1
Index - RUL + Posledni ¢asové okno H m

Detekce anomalii Detail - CurrentLoad
RUL Distribuce Detail chyby - posledni detekované anomalie, . Posledni é i ok M A L AB
: 35 |
oA Ve iRy
Doadosans RUL 0 Provez odny e Vistupn! ey
E— et 1 ; prs ) Re po rt G ene rato r

Hodnota priznaki

45_Robot1 F035 - Osa 1 CurrentLoad Index 1
Analyza pfiznakul - PCA analyza

Zachycena variablity

05 0 05 o & AT 2171 2172 2173 2714 2175 T8 2117

Provozni doba [hodiny] & d Provozni doba [hodiny] nr

Page 3 45_Robot1 F035 - Osa 1 CurrentLoad Index 1 .
Analﬁza pﬁznakﬂ - Detail 5 —&— Kumulativni zachyceni variabllity

variability (%)

1. hlavni komponenta

Primér

ClearanceFactor

Skewness
ImpulseFactor

S

4 6 0 50 100 150 200
PCA komponenty Provozni doba

Primar 11© Siemens 2023 | Predictive maintenance App | 25.08.2023 SIEMENS

Std

Max

SIEMENS
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45_Robot1 F035 - Osa 1 CurrentLoad Index 1
Frekvencni analyza - Frekven¢ni doména

Frekvenéni spektrum

e -

01 015
Frekvence [Hz]

45_Robot1 F035 - Osa 1 CurrentLoad Index 1
Analyza modelu - Anomaly detection ANN BiLSTM model

Prubéh tréninku

Trénink
— Validace

'\Ph.—‘--..’\._—\-n\--.v-..—n._u-_ﬂu-——.~—.
500 1000 1500
Iterace

Histogram rozdilu validaénich x trénovacich dat

o
@

[ Trénink
[validace

Pravdépodobnost
o o o o
N w -~

o
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ampltuda [dB]

Obilkova analyza

PMApp (.ctf)
MATLAB Web App Server
ctfxlauncher.exe

45_Robot1 F035 - Osa 1 CurrentLoad Index 1
Frekvenéni analyza - Casové frekvenéni doména

Detekéni BILSTM model

Pfesnost (RMSE) 0072
Metoda BILSTM Autoencoder
Potet vrstev
num1Layer
numzLayer
numaLayer
num4Layer
numSLayer
>age 11

Pocet vzork
trénink

Base Lean Rate

Potet trénink iteraci
Doba tréninku (s)
Mini Batch Size
Poet epoch

SIEMENS

Spektralni trend Spektrogram

Unrestricted | @ Siemens 2023 | Predictive maintenance App | 25.08.2023

PowerPoint

ua

MATLAB
Report Generator

PDF

SIEMENS

SIEMENS



SIEMENS

"PMApp Dashboard report"

23.06.2023 07:52

Dashboard report - Siemens Predictive maintenance App

Signaly & Casové rady

MachineName

AxisName

VariableName

IndexVariable

DateTrain

DateUpdate

Degradation

LastMSE

Threshold | DegRUL

"45_Robot1 FO35" | "1"

"CurrentLoad"

"06.06.2023 14:47:36"

"23.06.2023 06:52:46"

"NOT detected"

.99031"

"1.219"

"289.746608"

"45_Robot1 FO35" [ *

“"Temperature”

"06.06.2023 14:21:55"

"23.06.2023 06:52:10"

"NOT detected"

"0.72255"

"2.445"

"2189.71018"

"45_Robot1 FO35" |

"CurrentLoad"

"06.06.2023 15:59:49"

"23.06.2023 06:53:37"

"NOT detected”

"3.1809"

"3183"

"174.436122"

"45_Robot1 FO35" [ "2*

“Temperature”

"06.06.2023 15:35:12"

"23.06.2023 06:53:12"

"NOT detected"

"0.67034"

"4.732"

"3334.66686"

"45_Robot1 FO35" | "3"

“"CurrentLoad"

"06.06.2023 16:47:24"

"23.06.2023 06:54:29"

"NOT detected”

]

"45_Robot1 FO35"

"Temperature"

"06.06.2023 16:25:45"

"23.06.2023 06:54:03"

"NOT detected”

0

"45_Robot1 FO35" | "4"

"CurrentLoad"

"23.06.2023 07:38:05"

"23.06.2023 06:55:18"

"NOT detected"

"

SIEMENS

"PMApp Dashboard

PMApp (.ctf)
MATLAB Web App Server
ctfxlauncher.exe

report"

PowerPoint

PDF

e

MATLAB
Report Generator

23.06.2023 07:52

"45_Robot1 FO35" [ "4"

"Temperature”

"06.06.2023 17:12:26"

"23.06.2023 06:54:55"

"NOT detected"” | "

"45_Robot1 FO35" | "5"

"CurrentLoad"

"08.06.2023 12:43:11"

"23.06.2023 06:56:07"

"NOT detected"

"45_Robot1 FO35" | "5"

"Temperature"

"06.06.2023 18:05:54"

"23.06.2023 06:55:43"

"NOT detected"

"45_Robot1 FO35" | "6"

"CurrentLoad"

"08.06.2023 15:56:58"

"23.06.2023 06:56:53"

"NOT detected”

"45_Robot! FO35" | "

"Temperature”

"06.06.2023 19:32:42"

"23.06.2023 06:56:29"

"NOT detected”

"46_Robot2 F035" | "

"CurrentLoad"

"19.06.2023 10:11:38"

"23.06.2023 06:57:40"

"NOT detected”

"46_Robot2 FO35" | "1"

“Temperature"

"08.06.2023 13:53:41"

“23.06.2023 06:57:16"

"NOT detected”

"46_Robot2 F035"

"CurrentLoad"

"20.06.2023 19:31:33"

"23.06.2023 06:58:27"

"NOT detected”

"46_Robot2 FO35" [ "2*

“Temperature”

"06.06.2023 21:59:28"

"23.06.2023 06:58:04"

"NOT detected

"46_Robot2 FO35" [ 3"

"CurrentLoad"

"06.06.2023 23:22:19"

"23.06.2023 06:59:19"

"NOT detected”

"46_Robot2 FO35" | "3"

"Temperature”

"06.06.2023 22:55:14"

"23.06.2023 06:58:54"

"NOT detected" |

"46_Robot2 FO35" [ "4"

"CurrentLoad"

"07.06.2023 00:14:23"

"23.06.2023 07.00:09"

"NOT detected" | "

"46_Robot2 FO35" | "4"

"Temperature”

"08.06.2023 14:25:27"

"23.06.2023 06:59:44"

"NOT detected"

"46_Robot2 FO35" | "5"

"CurrentLoad"

"21.06.2023 08:19:31"

"23.06.2023 07:00:57"

"NOT detected”

"46_Robot2 FO35" | "5"

"Temperature"

"07.06.2023 00:40:41"

"23.06.2023 07:00:34"

"NOT detected”

"46_Robot2 F035" | "

"CurrentLoad"

"12.06.2023 15:18:15"

"23.06.2023 07:01:45"

"NOT detected”

MachineName

AxisName

VariableName

IndexVariable

DateTrain

DateUpdate

Degradation

LastMSE

Threshold

DegRUL

"46_Robot2 F035"

g

"Temperature”

"07.06.2023 01:41:37"

"23.06.2023 07:01:21"

"NOT detected”

"0.26139"

"2.444"

"4170.59668"

"47_Robot3 F035"

e

"CurrentLoad"

"07.06.2023 03:13:26"

"23.06.2023 07:02:31"

"NOT detected"

"1.2242"

"2.481"

"443.142712"

"47_Robot3 F035"

o

"Temperature”

"07.06.2023 02:43:05"

"23.06.2023 07:02:08"

"NOT detected"

"0.15317"

"1.145"

"17652.0129"

"47_Robot3 FO35"

o

"CurrentLoad"

"07.06.2023 04:31:39"

"23.06.2023 07:03:19"

"NOT detected"

"0.97164"

"3.276"

"1287.23941"

"47_Rabot3 FO35"

o

"Temperature”

"07.06.2023 04:05:23"

"23.06.2023 07:02:55"

"NOT detected"

"0.50158"

o 3gn

"3900.5277"

"47_Robot3 F035"

g

"CurrentLoad"

"07.06.2023 05:24:16"

"23.06.2023 07:04:09"

"NOT detected"

"0.98413"

"2.817"

"1042.11683"

"47_Raobot3 F035"

g

"Temperature”

"07.06.2023 05:01:04"

"23.06.2023 07:03:44"

"NOT detected"

"1.6878"

" g2

"885.454916"

"47_Robot3 F035"

P

"CurrentLoad"

"07.06.2023 06:16:37"

"23.06.2023 07:04:57"

"NOT detected"

"0.82866"

"1.81"

"1247.75009"

"47_Robot3 F035"

g

"Temperature”

"07.06.2023 05:50:37"

"23.06.2023 07:04:34"

"NOT detected"

"0.40776"

"3 75"

"18651.8654"

"47_Robot3 FO35"

g

"CurrentLoad"

"21.06.2023 11:29:26"

"23.06.2023 07:05:46"

"NOT detected"

"0 46536"

" 950"

1857 13236"

"47_Robot3 F035"

g

"Temperature”

"07.06.2023 06:45:37"

"23.06.2023 07:05:22"

"NOT detected"

"0.76128"

"2.749"

"5691.63584"

"47_Robot3 FO35"

g

"CurrentlLoad"

"12.06.2023 14:32:54"

"23.06.2023 07:06:33"

"NOT detected"

"1.2987"

" 317"

"426 984984"

"47_Robot3 FO35"

g

"Temperature”

"07.06.2023 07:44:02"

"23.06.2023 07:06:10"

"NOT detected"

"0.2921"

"1.098"

"3218.3176"

"48_Robot4 FO35"

"CurrentLoad"

"23.06.2023 07:40:05"

"23.06.2023 07:07:20"

"NOT detected"

".6279"

g

1183 46078"

"48_Robot4 FO35"

"Temperature”

"07.06.2023 08:51:45"

"23.06.2023 07:06:56"

"NOT detected"

"0.48048"

"2.426"

"35303.0696"

"48_Robot4 FO35" | "

"CurrentLoad"

"07.06.2023 10:20:44"

"23.06.2023 07:08:06"

"NOT detected”

".2173"

"3.506"

"1503.9217"

"48_Robot4 FO35" | "

"Temperature”

"07.06.2023 09:59:47"

"23.06.2023 07:07:43"

"NOT detected"

"0.38098"

"3 985"

"4076.33858"

"48_Robot4 FO35" | "

"CurrentLoad"

"07.06.2023 11.00:35"

"23.06.2023 07:08:57"

"NOT detected”

"1.7506"

"2.043"

"1577.56413"

"48_Robot4 F035"

"Temperature”

"07.06.2023 10:40:41"

"23.06.2023 07:08:31"

"NOT detected"

"0.68312"

"5.356"

"1471.80514"

"48_Robot4 F035"

)

"CurrentLoad"

"07.06.2023 11:44.22"

"23.06.2023 07:09:46"

"NOT detected"

"0.96541"

"2.375"

"1217.73954"

"48_Robot4 FO35"

P

"Temperature”

"07.06.2023 11:20:59"

"23.06.2023 07:09:22"

"NOT detected"

"0.4115"

"1.839"

"769.27217"

"48_Robot4 F035"

g

"CurrentLoad"

"23.06.2023 07:45:50"

"23.06.2023 07:10:34"

"NOT detected"

"4.3392"

"4.779"

g

"48_Robot4 FO35" | "

"Temperature”

"07.06.2023 12:05:53"

"23.06.2023 07:10:10"

"NOT detected"

"0.22695"

"1.2a7"

"1104.6723"

"48_Robot4 FO35"

G

"CurrentLoad"

"08.06.2023 18:41:15"

"23.06.2023 07:11:20"

"NOT detected"

"0.38664"

"2.443"

"1843.5677"

"46_Robotd4 FO35"

g

"Temperature”

"07.06.2023 13:28:54"

"23.06.2023 07:10:56"

"NOT detected"

"1.3042"

"3 901"

"3838.43159"

SIEMENS




Architektura aplikace

PMApp — Time series - Features

PMApp (.ctf)
MATLAB Web App Server
ctfxlauncher.exe
Time limit / Count limit

PMApp
BackEndProcess

”

PMApp
Auto (.exe)

S

Page 17

o--0

Signal
Time series

Detect anomalies

o

LSTM
CMNeuralNet

Bayesian
optimization

Threshold

calculation
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SIEMENS | Predictive maintenance

Autoencoders reconstruct input by encoding then decoding it

BILSTM processes data from past and future states simultaneously
Combined, they capture and reconstruct sequences for anomaly detection
Almost universal solution

Parameters optimization of neural network

* Number of hidden units in each layer— Amount of information that the
layer remembers between time steps

* Mini batch size — Size of batch to use for each training iteration
* Initial learn rate

Histogram rozdilu valida€nich x trénovacich dat

05 -
o 5 S I Trénink
2 0.4 ' E s [ Validace
a , 0 ©
_§ 0.3 ' =
.8 0.2 2 Probability — Based approach
s 5
g 0.1 T
1 O
0 res L L | I
0 0.2 0.4 069 0.8 1 1.2 1.4
Rozdil



Architektura aplikace SIEMENS | Predictive maintenance
PMApp — Time series — Feature Detect anomalies

( . = | MSE, I
Signal m - -

Time series 1 msk,

-

in

o| ] o
. ’ . Qutput A MSE sequencelnput...
A
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[ “r H - H — ]—' o O I layernorm
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O | | Decoding IISTM layer
O v v ‘ v v v
Encoded features < - bilstm1 bilstm? bilstm3 bilstmd n bilstm5
T bilstmLayer bilstmLayer bilstmLayer bilstmLayer bilstmLayer
LSTM Encoding LSTM layer ‘
v ¥

v v —
CMNeuralNet [LSTM LST™ ] + LST™ ﬁm B refu1 E relu2 E relu3 E relud B relus
L ) [ Accuracy rate (%) =iz{‘=1 MSE; ] reluLayer reluLayer reluLayer reluLayer reluLayer
A A, As | Input A,
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Architektura aplikace W SIEMENS | Predictive maintenance
PMApp — Time series — Feature Bayesian optimization

=) |

Signal

Time series
BayeSia n Objective function model Acquisition function: expectedimprovement Function evaluation time model
optimization @ Observed points °

[ ode| mean
@  Next paint
+  Model minimum feasible

035

10 4 g
ES 0.3 = 75
g 9 = s
= [ 35
5 G 028 E|
B 8- = g .,
= >
=
5 2 o2 5
=7 £ B
g 3 e
2 6 3 018 = 65
[=] 8_ %
B s =
g 5 0.1 £
£ w 6
E
g4

o
=}
o

200

= NumNeuronsLasiL 120 200 MiniBatchSize
NumNeuronsLastLayer 120 MiniBatchSize umNeuransLastlayer MiniBatchSize
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Architektura aplikace SIEMENS | Predictive maintenance
PMApp — Text alarms - Features

PMApp (.ctf) Probability Alarmy / hlaseni
MATLAB Web App Server Based Historie alarmi / hladeni s pfehledem TOP 10
ctfxlauncher.exe
Time limit / Count limit approach
) ’ SR 2000/2
Alarmy | Celkova doba: 18:11:39 | Celkovy pocet: 2958 =4 [ °
= rm
“ilipe ZL HIaSen( | celkova doba: 229:29:16 | Celkovy poet: 1932 953?4adanﬁ| :
BackEndProcess

(.exe) : ’ ‘
Textalarms 1 ( )

o--o °o-—-o Library of
))) important texts ShortText ‘

2 | PROFIBUS/PROFINET: Porucha sbérnice, slave/de. .. |1
4 | PROFIBUS/PROFINET: Porucha pohonu |, kod | hod... |1
PMApp 4 | Osa Poplagny limit skuteéné rychlosti |
Auto (.exe) |

i Analy | i 7 r o
r ( ) FA Analfza alarmd Rizeni alarmt
J Alarm Dashboard alarmy

Status alarmu MachineName DateUpdate AlarmNumber LastView |

ma nagement Analyza alarmdi stroje | FoS— . | 1 |sK 50 Karusel 13.03.2023 25080 | 01.03.2023 14:27:59.077
(79 2 |SK 50 Karusel 13.02.2023 25201 | 25.08 2023 09:30:10.073
- LDA analyza Progres alarmu 3 |SK50 Karusel 13.02.2023 330500 | 06.02.2023 04-44-07.090
o . - 4 |SK 50 Karusel 13.02.2023 330501 | 06.02.2023 04:47:20.083

Rizeni alarmu |Nedokonﬁené v |
\ ) 5 |SK50Karusel 09.05.2023 700012 | 30.08.2023 13:06:41.073

o

HEE 3 Model v Filtry 5 |SK50Karusel 13.02.2023 700013 | 24.08.2023 17:00:32.087
' 7 |SK 50 Karusel 13.02.2023 700230 | 31.01.2023 11:28:57.037

| 3K 50 Karusel v |

|V§ichni pracovnici v |
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Architektura aplikace SIEMENS | Predictive maintenance
PMApp — Text alarms — Feature Library of important texts

Text alarms ﬁ 1 # List of industrial systems 1 import openai
2 listSystemsString = ["hydraulic system", "electrical 2
. y system", ...] 3 ## Generate a list of failure text
( ) 3 4 def gpt3(stext):
Library'of 4  numSubsystemsString = len(listSystemsString) 5 openai.api_key = '@008'
important texts 5 6 response = openai.Completion.create(
6 # Number of target languages 7 model="selected model",
7 numTargetLanString = 1 8 prompt=stext,
8 S temperature=0060,
9 for i in range(numSubsystemsString): 18 )
1@ systemMachineString = listSystemsString[i] 11 return response
~ d 11 Python
12 # GPT Prompt
13 query = ["GPT PROMPT"]
14 1 import deepl
15 # Generate the text 2
16 generatedFailures = gpt3(query) 3 ## Translate text using Deepl
17 4 def translateTextDeepl(generatedFailures, targetlan):
18 # Translate the text 5 auth_key = "@oog"
19 for k in range{numTargetlLanString): 6 translator = deepl.Translator(auth_key)
28 targetlan = "CS" 7
21 8 result = translator.translate text(generatedFailures,
22 translatedFailures = translateTextDeepl source_lang="EN", target_lang=targetlan)
(generatedFailures,targetlan) 9
23 16 toSaveText = result.text
24 11 return toSaveText
Python Python
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Architektura aplikace SIEMENS | Predictive maintenance
PMApp — Motohours — Features

PMApp (.ctf) Survival Probability of further 1 Survival analysis: DMU 80 FD <1073 PDF RUL
MATLAB Web App Server analysis operation’ E ! 0 Z
ctfxlauncher.exe Ying 'S 3 6
\ Time limit/ Count limit | 9 6 0/0 %3 o : é % .
c ! E o4
Model estimation < 04 l o o
PMApp until the next g 5 2
BackEndProcess shutdown: = 0.2 -2
. J o0 . 0
(.exe) — 43.3 7 > 100 200 300 400 500 600
Motohours i ( ) 10 ) 10 Remaining time until shutdown (RUL)
o--o m °o--o MTBF motohours Machine motohours (Hours)
MTTR = I PDF RUL
Machine motohours Confidence interval 80 %
8 —ccdf 6.8-2234
lendar d Survival function | |——— Model RUL
calendar days
PMApp //’ _
[44]
Auto (.exe) 3 O P MTBF
L = i B1005U82 g3 8986 99 996 99610[ Eﬁﬁ?tlon hours)
E % 1177 MTBF
r o
J g. 1 1 1
h_{;; Machine: DMU 80 FD - Trend MTTR
g 10 T T T T T T T T T T T M_I_I_R
E = (calendar hours)
@ 5 e e e e e e, Y- C: Yo —eree i Trend
SE 93 4445 °3 5 45 44 43 47 STT55 MTTR
% D | | | | 1 1 1 | | 1 1 1 1 ‘ EXtreme values
[
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Architektura aplikace SIEMENS | Predictive maintenance
PMApp — Motohours — Features

Datovy analytik v pramysiu | MATLAB | Python | Minitab

PMApp (.ctf) Survival ? PeicSdmatant 0
MATLAB Web App Server analysis 4
ctfxlauncher.exe

Pfiklad statistické analyzy spolehlivosti a poruch v softwaru MATLAB v praxi. Ukazka
Time limit/ Count limit

zpracovani zaznamd servisnich oprav oddéleni Gdrzby v pramyslovém podniku v
kombinaci s provoznimi daty sbiranymi systémem Condition Monitoring.
Demaonstrace vypoétl parametrd MTTR a MTBF a ukazka vyuZiti neparametrickych
statistickych metod. n

PMApp
BackEndProcess
(.exe)

#matlab #survivalanalyza #prediktivniudrzba #datovaanalytika
#conditionmonitoring #siemens

Motohours ﬁ

o--o o--9 MTBF
))) MTTR
PMApp e

Auto (.eXe) Analyza spolehlivosti a poruch v praxi (MATLAB)

Petr Semotam na Linkedin = 10 min. cteni

Nedilnou souéasti kazdého profesiondlniho chodu a fizeni dseku ddriby v pramyslovych podnicich...

r O Radim Kfistek a 24 dalsich

Reakce

@fevLeGe@

[5 Libi se @ Komentaf |:)J Presdilet "’Ocleslar

& 1031 zobrazeni Zobrazit statistiky

% Pfidat komentaF O~

Page 23 Unrestricted | © Siemens 2023 | Petr Semotam | DI CS | 07-09-2023 SI E M E N S



Page 24

Contact

Published by Siemens DI CS
Petr Semotam / RC-CZ DI CS SD CO SEG MC2
Mobil: +420 720 957 394

mailto: petr.semotam@siemens.com

Jaromir Vrko€ / RC-CZ DI CS SD CO SEG MC2
Mobil: +420 606 657 654

mailto: jaromir.vrkoc@siemens.com
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Petr Zapotocky / RC-CZ DI CS SEG
Mobil: +420 727 896 771

mailto: petr.zapotocky@siemens.com
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