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CS Condition Monitoring

Ukazka systému — Layout vyrobni haly siemensanalyse.com

SI EM E N S = % a 5 2 Condition monitormg B Cesky = & Petr Semotam = OdhlaZeni Production lines «

Dashboard

Dashboard Vyroby - Demo plant ¥

Celkove plnéni 87 %

Layout

Aktudini stav stroji
Detail stroje
Dashboard Gdriby

Andon

£y

Siemens OEE

Q

Analyza vyroby

]

Pribé&h wyroby

*

Udrzba

®

Sménovy kalendar

@

Manualini NOK

$ i P T - G |
. ﬂ. : 7 ; je= (=l i ? ek Machine 07 - 91-1004-25 81 %
Analyza nakladd H 1| — - . . [hwe—eb |, -7

i Plan: 26 ks Aktualng: 21 ks

Naklady energii

£ Machine 03-G-23 96 %

Plan: 26 ks Aktualné: 25 ks
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CS Condition Monitoring

Ukazka systému — Prubéh vyroby (Provozni stavy)

SIEMENS = % & & B Condition monitoring

Dashboard

&

Siemens OEE

Pribéh wroby

Pribéh provoznich stavil a potu vyrobenych kust za wybrané obdobi

Machine 01

Analyza vyroby
Pribéh vyt
Provi
Udrzba
sménovy kalendar
Manualni NOK

05.10.2020 06:00 08.10.2020 09:04 08.10.2020 12:08 08.10.2020 15:13 08.10.2020 1817
$
-
Y 5 ¥ Q@ Qa + €« = hnd mm OK kusy [ks]
Analyza nakladh
Naklady energii Machine 02

ki

08.10.2020 21:22 09.10.2020 00:26 09.10.2020 03:31

|
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B

17 ks

14ks

12ks

Oks

558 ks

478 ks

3898 ks

319ks

239 ks

an
ar

I Cesky ~

& Petr Semotam

Viechny stroje  i=

Aktivni alarmy: Machine 01

Od: 08.10.2020 13:40 Do: 08.10.2020 21:16

Cislo

3000

3000

510011

701238

510011

701238

701262

510210

701262

701262

510109

510208

Priorita

Stfedni

Stiedni

Vysoka

Vysoka

Vysoka

Vysoka

Vysoka

Vysoka

Vysoka

Vysoka

Vysoka

Vysoka

0d - Do

08.10.2020 06:09 -
08.10.2020 23:48

08.10.2020 06:09 -
08.10.2020 23:48

08.10.2020 13:39 -
08.10.2020 13:43

08.10.2020 13:43 -
08.10.2020 13:43

08.10.2020 13:43 -
08.10.2020 13:45

08.10.2020 13:45 -
08.10.2020 13:48

08.10.2020 13:45 -
08.10.2020 13:46

08.10.2020 13:46 -
08.10.2020 13:47

08.10.2020 13:47 -
08.10.2020 13:48

08.10.2020 13:48 -
08.10.2020 13:48

08.10.2020 13:48 -
08.10.2020 13:55

08.10.2020 13:48 -

@ Odhlaseni

08.10.2020 06:00
09.10.2020 06:00

Text

Mouzové vypnuti

Mouzove vypnuti

siemensanalyse.com

Production lines =

VSP Vieteno se nenachazi v

pfedepsané oblasti

WzW:Probiha cyklus vymény

nastroje!

VSP Vieteno se nenachazi v

pfedepsané oblasti

WzW:Probiha cyklus vymény

nastroje!

Wz

ESP Zablokovani nacteni M -

funkce

Wz

Wz

Probiha funkce M

Zablokovani nacteni z PLC
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CS Condition Monitoring

Ukazka systému — Analyza CNC alarmu a PLC hlaseni

SIEMENS

Dashboard

&

Siemens OEE

Q

Analyza vyroby

Pribé&h vyroby

®

Udrzba
Alarmy
Statistika poruch
Analyza os

Maotohodiny os

Motohodiny strojd

iBase

sménovy kalendar
Manualni NOK
$

[ 4
Analyza nakladd

Naklady energii

Strana 4
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= b e 5] B Condition monitoring
Alarmy / hlaSeni

Historie alarmi / hlaseni s pfehledem TOP 10

Machine 01 i
Alarmy | Celkova doba: 43:43:28 | Celkovy pocet: 7

10 nejdéle trvajici

10 nejéastéjiich

Aktivni alarmy n

vip

Kod Alarmu  Priorita Doba Pocet Text

10621 Vysoka  02:53:52 4 Kanal K1 Osa Z stoji na softwarovém koncovém spinati %3

Hlaseni | celkova doba: 41:22:48 | Celkovy pocet: 1132

10 nejfastéjEich 10 neje ich \ypis Aldivni hlageni a

Kéd HlaSeni Priorita Doba Pocet Text
510210 Vysoka  04:03:40 236 ESP Zablokovani nacteni M - funkce
701238 Vysoka  11:29:33 232 WzW:Prebiha cyklus vymény nastroje!
701202 Vysoka 02:29:36 188 Wzw:
510011 Vysokd  04:16:00 113 WSP Vieteno se nenachaziv pfedepsané oblasti
700141 Vysoka 01:35:14 55 Hlavni dvefe odblokovany
700008 Vysokd  00:58:48 54 Potkat na pfipravenost posilovaée os k provezu
700140 Vysoka  01:33:35 54 Hlavni dvefe otevieny
700235 Vysokd  00:46:41 52 Stroj je vypnut
510109 Vysokda 02:40:57 45 Probiha funkce M

510208 Vysokd  02:4Z:57 4.

wn

Zablokovani natteni z PLC

Machine 02 i
Alarmy | Celkova doba: 33:39:06 | Celkovy podet: 81

10 nejfastéjEich 10 neje

ich \ypis

Aldivni alarmy n

Kod Alarmu  Priorita Doba Pocet Text
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siemensanalyse.com

I Cosky = & Petr Semotam

@D Vysoka
@ stiedni

@ Nizks

@ odnldZeni  Production lines ~

08.10.2020 06:00

B viechnystroje
09.10.2020 06:00

Manual - Machine 01, Alarm: 3000

Priorita:

Postup

Definice

Text

Parametry

Reakce

Opatfeni

Poznamky

Stfedni A

Alarm vymazte tlacitkem RESET ve viech kanalech této skupiny rezimd
provozu. Znovu spustte program soucasti.

Na rozhrani NCK/PLC je poZadavek na NOUZOVE VYPNUTI (DB 10, DBX
56.1).

3000

Nouzové vypnuti

. Zablokovani startu NC v tomto kanalu.

NC neni pfipraven k provozu.

Skupina refimd provozu neni pfipravena k provozu, ma Uéinek
také na samostatné osy,

ZpoZdénf reakce na alarm e zrugeno.

Stop NC pfi alarmu.

Vypis alarmu.

Budou aktivovany signaly rozhrani.

woN

Eal

w

oo

Informujte prosim autorizovany personal/servis. Odstrafite pficinu
NOUZOVEHO VYPNUTI a potvrdte NOUZOVE VYPNUTI pfes rozhrani
PLC/NCK (DB 10, DBX 56, Bit 2).

04.10.2019 16:03:54 | AUD user
test

01.11.2019 11:36:24 | Jaromir Vrkoc
test2

01.04.2020 11:43:15 | Jaromir Vrkoc
totalstop

16.04.2020 11:01:14 | Jaromir Vrkoc
popis feseni

23.06.2020 10:38:18 | laromir Vrkoc
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Analyza licich krivek s pomoci neuronovée sité
Popis projektu

Analyza licich krivek

« Automaticka identifikace anomalii licich kfivek s cilem rychlého
vyfazeni potencialné vadného odlitku z dalSiho procesu zpracovani

+ K identifikaci vyuzit DMC kéd a lici kfivky pfisluseného odlevu (tlak,
rychlost, pozice)

+ KlasifikaCni model postaven s vyuzitim specialniho druhu rekurentni
sité (RNN) - LSTM neuronove sité

* Implementace do stavajiciho systému Condition Monitoring
+ Cile projektu:

o Snizeni po¢tu vadnych kusu o Rychlost zasahu / opatreni
- Automatizace kontroly
o Zpfesnéni analyzy licich krivek
- Kategorizace anomalii

o Schopnost analyzovat vice dat
o Flexibilita a distribuce modelu

DMC
RNN
LSTM Long short-term memory

Data Matrix code

Recurrent neural network — Rekurentni neuronova sit

Strana5  Restricted | © Siemens 2021 | RC-CZ DI CS SD SO SEG MC2 | 2021-09-09

Draha | Tlak

1000 mm | 500 bar —

900 mm | 450 bar —

800 mm | 400 bar —

700 mm | 350 bar —

600 mm | 300 bar —|

500 mm | 250 bar—

400 mm | 200 bar —

300 mm | 150 bar—

200 mm | 100 bar —

100 mm | 50 bar —|

0mm| 0 bar

—10mfs
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Analyza licich krivek s pomoci neuronové site
Konfigurace a schéma klasifikacniho modulu / datové pumpy

MODEL A NEURONOVEQS[TE PRO MODEL B NEURONOVE'”SI'TE PRO
SKUPINU STROJU 1 SKUPINU STROJU 2
| |
[ | ] [ | ]
STROJ 1 STROJ 2 STROJ N STROJ 1 STROJ 2 e STROJ N

MODEL KNEURONOVFE SITE PRO
SKUPINU STROJU M

STROJ 1 STROJ 2 e STROJ N

{time, speed,

Time window

pressure,
position} Pied - O OK x NOK
E % PostgresQL | M A ] — %@O — ‘ RMSE I

Normalization

Features 8

!

SIEMENS ﬁ {G Pre-training ]

\

00100111
Klasifikacni modul a datova pumpa

LSTM CMNeuralNet , A”

B Log / Model / Diagnostic Files

J
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Analyza licich krivek s pomoci neuronovée sité
LSTM a Autoencoder neuronove sité

LSTM architektura

|
e

Feature Engineering

Autoencoder architektura

- / L

\““-.____ //”/_\ //
\ / \\\ /// \ / \ /
N N N 2 NS N
' AR B
/ / — N\ \ / °
SN N N = AN
/N - ~ M=/ N =N
/ \ /- < / N \
///” \\___\ / \
"‘-..\_\
Encoder Decoder
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cell state

forget gate

sigmoid tanh
pointwise pointwise

multiplication addition

input gate output gate

LSTM jsou specialni druh rekurentnich
neuronovych siti, schopné zapamatovat si
dlouhodobé informace a zavislosti

Autoencoder je neuronova sit, ktera se
shazi komprimovany vstup rekonstruovat
do své puvodni podoby s co nejmensi
chybou.
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Analyza licich krivek s pomoci neuronové site

4 d

Technické

reseni —

LSTM Neural Network

—
MSE,
-
SE,
~—
A
p ; p Output , MSE,
A A A A *
1 E‘D time-series sequenfe = j

(15T™ }—{ LsT™ }—o{ LST™ }— '

i Yy MSE,

| ! Decoding [ STM layer __

[ Encoded features ]
Encoding LSTM layer L |
4 >
[LSTM}—{LSTM]—-[LSTM'—» —
[Accuracy rate (%) == :' 1 MSE; ]
A, A, A, Input A,
time-series sequenie
Timesteps
[ T I 1

1

—Pressure
——Speed

Casting Injection Curves (Range normalized)
T

Position

T
00:00:04

00:00:00

00:00:01 00:00:02 00:00:03

Strana 8

T T
00:00:05 00:00:06

Time

T
00:00:07

T
00:00:08 00:00:09
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Architektura LSTM - CMNeuralNet

=
| sequencelnput...
layernorm - . .
E layerNormalizat. .. z-score ’ range ) °°°
~
A 4 +
bilstm1 bllstm2 b||stm3 bllstm4 n bilstm5
bilstmLayer bilstmLayer bilstmLayer bilstmLayer bilstmLayer
A 4 A 4 A 4
relut relu2 relu3 E relud E relus
reluLayer reIuLayer reIuLayer reIuLayer reluLayer
l\.i J J
y
fc
fullyConnected...
v
ﬁ out
regressionLayer
MSE Mean-square-error

BiLSTM Bidirectional LSTM

RelLU

Rectified Linear Unit

SIEMENS



Analyza licich krivek s pomoci neuronové site

e e Optimalizace hyperparametri
Technické reSeni — LSTM Neural Network

Bayesian Optimization

Objective function model Acquisition function: expectedimprovement Function evaluafion time model

@ Ohserved points .
[ 11ode! mean
@  Next paint

#  Model minimum feasible

8 - "'
il ‘*'o,t“
!,':i", ‘\“

A o
"' 'o'm‘

o
~ o
ra

expectedimprovement
=)
o
ra

Estimated function evaluation time

Estimated objective function value
=3}
i

200 200

MiniBatchSize

. 120 200
NumMeuronsLastlLayer MiniBaichSize NumNeuranslastl ayer MiniBatchSize
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Analyza licich krivek s pomoci neuronovée sité
Technické reSeni — LSTM Neural Network

Proces uceni CMNeuralNet

Training Progress (14-May-2021 13:57:32) Results
Validation RMSE: 0068345
Training finished: Met validation criterion

Training Time

+ Definovana architektura LSTM . 0 B
neuronoveé sité se udi na vstupujicich T:g; e
normalizovanych datech (parametry e s
licich kfivek — napf. RMS) (pro vyvoj . ==
500 health kfivek) e

Frequency: 10 iterations

* Lze pozorovat postupné snizujici se

Other Information

hOantU RMSE ve VZtahu na pl’ltlbéh Hardware resource Single GPU
v y oy . - Learning rate schedule: Constant

uceni (jednotlivé iterace) Learming ate 0001

v Ve 4 . I . G iy & & Learn more

* Doba uceni vyvojového LSTM | | | ooy sengis e @ s

. . vigr 0D 200 400 600 200 1000 1200

modelu je 1 min. 29 sec. s vyuzitim Heration
1 5'—

GPU a s presnosti:
Validation RMSE = 0.068

RMSE
1 w
RMSE (9. q) = ﬁ Z§=1(9 - Bvq)z E Training (smoothed)
Training
05 — —@— - Validation
RMSE Root mean square error — Priimérna Loss
odchylka odhadnutého parametru | ] | | 100 | Training (smoothed)
GPU Graphics processing unit - Graficky ] g5 P o Fas s it ey @) Finat Training
procesor — Vyurziti grafickych procesoru lteration = ~@— - Validation
znacné zrychluje proces uceni neuronoveé
sité
RMS Root-mean-square — Efektivni hodnota
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Analyza licich krivek s pomoci neuronovée sité Vysledky LSTM CMNeuralNet sité
Technické reSeni — LSTM Neural Network

Normal Input - Position Normal Input - Pressure Normal Input - Spped Error between input and decoded output
1 1 8 015
7
0.5 0.5 o4 b
m ) — 6 ' !
<] S g I
5] 1
2 0 d o g5
= g = 0.05 -
2 2 @ 4 N
= [+F]
] % a e
o -05 o 05 2 £
o =3 o 3 L
=}
o B N of
% B = Pasition
E K g -1 g 2 = = = Pressure
S 5 T T N S | A N (R Speed
= 1 0.05 - MSE: 0.176
-1.5 -1.5 ’ Squeare Error Position: 0.117
0 _‘/—/——-" Squeare Error Pressure: 0.192
Squeare Error Speed: 0.218
2 2 -1 01 . : :
0 2 4 B 8 10 0 2 4 [ 8 10 0 2 4 6 8 10 [ 8 10
Time sec Time sec Time sec Time sec
Abnormal Input - Position Abnormal Input - Pressure Error between input and decoded output
(<] 9 8r
5 8 6 F
0.5 S ,
I v = 40 !
;i g * g e ;
Q
g o & @ L fr
N = 4 8 2 1
< % o 5 [N
= @ 8 5 0 -t /‘
2 05 o2 74 R e N
o a o w iy T TTTET TS == -
8 B 8 2
% Mo = Position
£ -1 © - = - =P
= £ 1 5 2 4 ressure
=] 5 o = | M e Speed
=z =z + 1 MSE: 7.414
-1.5 ! 6 Squeare Error Position: 1.569
A7 A — e = = ! 0 Squeare Error Pressure: 13.97
r v B Sqgueare Error Speed: 6.701
2 2 1 1 1 1 Il Il 1
0 2 4 5] 8 10 o 2 4 B 8 10 o 2 4 (<] 8 10 0 2 4 (<] 8 10
Time sec Time sec Time sec Time sec

SE = Z(Yautput _Xinput)2
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Technické

Mormalized position (zscore)

Mormalized position (zscore)

1 4

Analyza licic

4

reseni

0.5

0.5

d 14

Normal Input - Position

MNormal Input - Pressure

r 1
r 0.5
T
[=]
2
L g o
<
=1
[}
w
F o 05
a
=l
5]
N
b T A
E
o
=z
r -1.5
-2
0 2 4 6 a8 10 2 4 6 8 10
Time sec Time sec
Abnormal Input - Position Abnormal Input - Pressure
r 1
r 0.5
)
o
2
L g o
g
3
w
[}
L o 05
a
=)
(5]
N
b T A
E
[=]
=
0 2 4 5] 8 10
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Normalized speed (zscore)

Mormalized speed (zscore)

h kfivek s pomoci neuronové site
— LSTM Neural Network

Normal Input - Spped

5
1D

I

o 2 4 [{] 8 10

Time sec
Abnormal Input - Speed

g
I

0.15

01

0.05

-0.05

0.z

0.15

01

0.05

-0.05

0.1

0.15

0.25

Vysledky CMNeuralNet — False Negative

Error between input and decoded output

Paosition

= = = Pressure
weeee Speed

MSE: 0.176

Squeare Error Position: 0.117

Squeare Error Pressure: 0.192

Squeare Error Speed: 0.218

[—

Detaily odlevu:

Limity
Hodnota
Minimum  Maximum  Zapnuto
Zéna 0
Pramérna rychlost celého odlevu v m/s 0,00 0 0 Vypnuto
- ! ¥ Primérna rychlost 1. faze v m/s 0,15 0,13 0,17 Zapnuto
I
- Primérna rychlost 2. faze v m/s 3,25 0,00 0,00 Vypnuto
| | | Maximalni rychlost 1. faze v m/s 0,16 0,00 0,00 Vypnuto
0 2 4 Maximalni rychlost 2. faze v m/s 5,07 4,20 6,00 Zapnuto
Tir
Maximalni tlak 1. faze 126,00 0,00 0,00 Vypnuto
Maximalni tlak 2. faze 128,00 0,00 0,00 Vypnuto
Maximalni tlak 3. faze 336,00 0,00 0,00 Vypnuto
Error between input
_ [~ TTRamT tar TE00 00,00 o.00  vypnuto
Vyska tablety 27,36 30,00 80,00 Zapnuto
Pasition
= = = Pressure
- Speed
r MSE: 0.238
Squeare Error Position: 0.107
= Squeare Error Pressure: 0.269
Squeare Error Speed: 0.339
I I ! 1 1
0 2 4 [ 8 10
Time sec

SE = Z(Yautput _Xinput)2
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Analyza licich krivek s pomoci neuronovée sité
Technické reSeni — LSTM Neural Network

Vysledky klasifikaéniho modulu

Box Chart - Error Distribution of Position, Pressure, Speed

klasifikované jako OK, pfi¢emz jsou v
Condition monitoring NOK — napf.

2 -

—

B 3! I | | !
o m— Bl ‘ : :
» Krabicovy graf znazorfiuje rozptyl 50 e r:an :;llfgzrs g: 1 : I : ‘ :
nahodné vybranych vysledk( neuronové | [__ OK x NOK Label =i | I | |
sité — odchylek mezi vstupnimi a éi‘ | [ H | l ‘ | | ‘ [ J :
rekonstruovanymi kfivkami 12 : | H | J I | 1 :
+ Odchylky OK kfivek (vlevo) se pohybuiji ve : | I | :
velmi nizkych hodnotach pod nastaveny 10 - il P i | |
threshold MSE = 0.9 (pfi pFekrogeni é : ! ! | ! |
nasleduje neurnovou siti klasifikace NOK) s | i | [ 20 ! :
* Odchylky NOK rekonstruovanych kfivek ?g Ef b : AW L H i ([ : ] 4 | " Il :
(vpravo) nabyvaiji velkého rozptylu a W i | S0 TR TE
vysokych hodnot v priméru MSE =~ 8.56 or i | i | i |
- Mezi NOK vysledky Ize naijit tzv. False i ! ! |
Negative vysledky - Kfivky jsou siti 4 : l ! ! |
| | |
i ! ! !

nesplnéna technologicka podminka vysky tehsidi 0.9 P! 1 o H 1 |

tablety,kteréneméVlivnaprobéhIiCI’Ch DggEEE*$Q?§@E@HQQQ$$QQEQI§EEI I I I IL‘TJI I N T N Igl I I?

kFivek T R R T I I O B O R X S IR R R I
MSE Mean-square-error ndex
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