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CERN: one of the world’s largest
€ ERNoperlah automation systems
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(Automation) Infrastructure Experiments
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50 times more data than today

in the next 10 years!

> massive amount of operational data > over 1PB/s of data generated

generated every day by the detectors
> Up to 50PB/Year of stored data

CERN openlab workshop
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CERN ot Our vision of the analytics framework
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Scalable and fault-tolerant !!!
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CERN control system
USe-cases

Based on real examples

CERNopenlab
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CERN openlab Use-cases classification

SIEMENS

> Online monitoring

= Continuous service to analyse the system status and inform operators
in case of fault detection

> Fault diagnosis

= “Forensics” analysis of system faults that have already happened in
the past. In some cases root-cause analysis

> Engineering design

= Analysis of historical data to draw conclusions about system
behaviours which could be helpful to improve / optimize the system
under analysis

CERN openlab workshop



Online monitoring

e QOscillation analysis in cryogenics valves (CRYO, CV)

. Online analysis of control alarms

CERNopenlab
CERN openlab workshop SIEMENS
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oA Oscillation analysis for cryogenics valves
CERNopenlab
SIEMENS
> Goal: detect whenever a signal is oscillating in any anomalous way. Impact on:
= Control system stability S -
" |ncreased communication load _ _ ]
= Maintenance (use of actuators) * A
= Safety o . . . . |
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CERN smoiab Oscillation analysis flow

SIEMENS

Use of machine learning:
> Threshold learning model
) Dynamic |ea rning FFT against threshold

> Associate the oscillation with system status conditions "
On-line analysis: e
> >3000 sensors -] , , , , ,
. d 0.00 0.01 0.02 0.03 0.04 0.05
> Continuous analysis recueney
Time window of the signal under analysis: QSC1H_198_2CV175A0 POSST 2
' Hime Spectrum Regularity
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13:00 14.00 15:00 16:00 17:00 Bandpass . e ]
crossing .
fime filter : '
analysis .
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Oscillation detection Ex#1
CERNopenlab Time window of the signal under analysis: UAUX_UVMCAO_B12_001.POSST
SIEMENS
8 1 1
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CERN itz Oscillation detection Ex#2

Time window of the signal under analysis: QURA_4_CV230A0.POSST
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) Status:
=  Working prototype -
=  Testing

> Next steps:
Extension for custom analysis types
Compatibility with WinCC OA 3.15

=  User Documentation

unicosHMI_1: P6_62

63[21 S: vision/QSRE/P6_LHCE_QSRE_OVERVIEW.pnl

EEEREREED

P6 ez (&)=
L
T[Elad |2m 6i03/22 10:27:55 |QRUD7EISL77EH97DEI |@Ru>< LHe bath, cooldown [SDD|TempDnary Stop Interlock Status |TRLIE |m | l 3617 361 C=J 23 unack
! ==

03:14:32 PM 12/01/2016

&

P6_LHCB_QSRB_CB_TU45

03:14:32 PM  12/01/2016

1 - QSRB_6_5CV211 Brake valve 5TU210

QSRB_6_5CV211
| Alarm | Event |

us | Trends |

From: 2016-03-15 D0:00:00

Until: 2016-09-18 08:08:00

No. | Anomaly ID | TS Begin | TS End | Tvpe | cComment~ |
9| b7M60b96-b553-1126-baa” 2016.09.16 22:00:13.000 | 2016.09.17 01:59:57.000 | Oscill Spectrum
10/34708dac-b549-11e6-a6f 2016.09.17 02:00:07.000 | 2016.09.17 07:00:01.000 | Oscill Spectrum
11 37203904-5549-11£6-86f 2016 09.17 0 2016.09.17 12:00:05.000 | Oscill Spectrum
12|30657828-b549-11e6-a6r 2016.09.17 1 2016.09.17 17:00:03.000 | Oscill Spectrum
13 3eebcdB6 b540-11e6-a6f 2016.00.17 1 2016.09.17 22:00:06.000 | Oscill Spectrum
14 41e7bfee-b549-1186-a6t4 2016.09.17 22:00:17.000 | 2016.09.18 01:59:58.000 | Oscill Spectrum
15| 5fB79f94.b092-11e6-8¢13 2016.09.18 02:00:08.000 | 2016.09.18 06:59:59.000 | Oscill Spectrum
16 63f1bdBe-b092-116-8c12 2016.09.18 07:00:10.000 | 2016.09.18 12:00:01.000 | Oscill Spectrum

A \

Analysis Type Fiter ~|__ *[ALL] [Pmsan( Saleded] l Present All ] l Present Last .
on or Set value... Inc. Dec. [ Aliow Restart l[

[ Auto Mode ” Manual Mode " Forced Mode ][ Ack. Alarm " Select

[ FIND ANALYSIS ] [ Table Options vl

Limits

QasRB ][

x
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63f1b b

Oscillation detection & WinCC OA

Valve

Time series data | Trend Options

11e6-8c13-02163e008c5b for ..

[¥I QSRB_6_5CV211A0.PosSt  46.8

]

I € 3 50 F T

Frequency response | Trend Options

E Amplitude over frequency for analysis_i

=63f1b48e-b092-11e6-8c13-02163e008c5b

Threshold over frequency for analysis_id=63f1b48e-b092-11e6-8c13-021632008c5b

] I SR ETY

TS End:( 2016.09.18 12:00:01.000

b
LT T T P T P T [T T P T TP e ooy
0.000 0.010 _0.015 0.020 0.025 0.030 0.035 0.040 0.045
Amplitiude-Period | Table Options Basic Information
— = Analysis ID{1b48e-b092-11£6-8c13-02163e008c5b |
No. |amplitiude | Period | object| i
1 2.3726 197.7143 ject: QSRB 6 5CV211A0.PosSt
2 5.8105 499.7778 Type:| Oscillation Analysis )|
J
J

(
TS Begin:[ 2016.09.18 07:00:10.000
{

Comment:| Spectrum analysis to detect oscillation
Domain{ crRyo




Online analysis of control alarms

CERNopenlab Alarms analysis to detect anomalies or abnormal behaviors for thousands of devices

SIEMENS

Events sequence mining
* to understand the alarms’ dependencies
e for short term forecast

Threshold learning algorithm and outliers detection techniques
e Based on alarms’ distribution
e Parallelization using the CERN OpenStack cluster

Graphical visualization of the anomalies/outliers
WinC

Web Reporting

Cantral Alares per day

Data
SIEMENS Processing
MOON:
control system
infrastructure F
monitoring

Anomaly
detection CERN cloud

computing

CERN openlab workshop 13



Anomaly detection or control process variables

CERNopeniab based on custom indexes
SIEMENS
* Overview of the system through a list of * Analysis at different granularity: device, tag,
indicators: level

» #/ Average(#) of Alarms per Time Window

* Integration _ _ _
« System Under Alarm * Trending analysis and forecast (on-going)

* |dentify significant changes in the data

* Probability of Finding Alarm
* Frequency / Average of Frequency e ofsame =0 secene

* Instability

* Relative Strength
* Regularity CERN cloud

_ computing
W = e —_ [

SIEMENS

ETL

2016.03.01 00.01.00 2016.03.01 07.4400 2016.03.01 1527.00 2016.03-01 231000 2016.03-02065300 2016.03.02 143600 2016.03.02 221900 2016.03.0306.0200 2016-03.03 134500 2016.03-0:

Timestamps

CERN openlab workshop 14



Fault diagnosis
(off-line)

* Root cause analysis for control alarms avalanches (GAS system)

. Anomaly detection by sensors data mining

CERNopenlab
CERN openlab workshop SIEMENS




An example:

CERNopeniab Gas control system @CERN

SIEMENS

Recove i
l_\:]“’ ;

Particle

"

' Primary ) -

Cathode : [—]Analysis | Purifier |

Anode planes ' T :

Wires ............ Im S PP USRIV [P RUPIpY
1om o UXCavern

240m 7 !
1 UX Distribution

Hall :[ Compressor] [ Distribution ], : = Detector | ;
---------- T : . '

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

® 28 gas systems deployed around LHC

® 4 Data Server, 51 PLCs (29 for process
control, 22 for flow-cells handling)

®  Essential for particle detection
®  Reliability and stability are critical

—  Any variation in the gas composition
can affect the accuracy of the

QAILAS ™ s acquired data
®  ~18 000 physical sensors / actuators

CERN openlab workshop 16
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® Fault in the distribution system

)

Alarm flooding problem

Alarms flooding

Diagnosing a fault is complex: it may take weeks!

Alarms flooding: a single fault can generate up to a thousand of events
Number of different sequences:

~6x10%%7 from: n!/(n-k)!, n=max seq. length, k=n/10
A single fault can stop the whole control process
The 15t alarm is not necessarily the most relevant for the diagnosis
Alarm generation depends on the system status

CERN openlab workshop

Short Local Time Rlas Desciglion Domain__|Mature | Name [vae
57810 _|CMSCSE Di GlInPresAl |PTied - Racknbl ingut {CSC Detaile| 024 - Rack 61 inpid pres|FALSE. |

. 2890 |CMSCSC_Di BBinPresA ~ Rack B8 ingul etals 24 - Rack 68 inpud pres |[FALSE

Dom|n0 effect 2690 |CMSCSC_Di 70inPreshl ~Rack g elals 24 -Rack 10 ingd pres|FALSE

2690_|CMSCSC_Di 9inPresAl ~ Rack 89 ingul efails x:24 - Rack 69 inpud pres|FALSE

2690 |CMSCSC D 67InPresAl ~ Rack 7 inpu {CSC_Defails x4 - Rack 67 inpud pres|FALSE

43000 _|CWSCSE Di RainPresAl ~ Rack B3 inpu {CSC Defails x4 - Rack B3 inpu pres|FALSE

3000 _|CWSCSE Di BlinPresAl ~ Rack B inpu {CSC Defails x4 - Rack B4 inpid pres|FALSE

43080 |CMSCSC D B5inPresA ~ Fiack 65 ingut {CSC Defals 4 - Rack B5 inai pres|[FALSE

203900 |CMSC! 0utPresFAA % - Rack 63 far out{ . etails| 28 - Rack B9 far output |TRUE

205900 _|CMSC! OutPresél [Tz - Reck B5 outpu{CSE Detal 25 - Rack EG output relTRUE

203900 |CMSC! JOutPresAl [PTex35 - Rack B3 outpu|CSC Detaile| ¢35 - Rack B9 outout pre| TRUE

208.900_|CMSC! 0utPresAl |PTxx25 - Rack 70 outpu|CSC_Details] 25 - Rack 70 outgut pre{TRUE

208.900 |CMSC 10utPresFAd] - Rack 70 far ouj eails| X ack 70 far ouiput |TRUE

208.900 |CMSC OutPresFAd] Rk 67 far ouil eails| b ack B7 far ouiput |TRUE

208900 |CMSC: 0utPresFAA - Rack B far ouij etails| b ack B8 far ouiput |TRUE

377 155203900 _|CMSCSC_D) 67OutPresél [P - Rack 67 out Defals| P25 - Rack 67 oulgul prelTRUE

28900 |CM3CSC. j0utPresAl - Rack B8 outpu{CSC_Details} 25 - Rack B8 output pre[TRUE

208900 |CMSCSC. i0utPresFAA - Rack B8 far ouf| CSC_Details} it ack B8 far ouiput |TRUE

210440 |CMSC! OutPresFAA - Rack B4 far ouf|C! etails| 28 - Rack B4 far ouput |TRUE

210440 |CMACSC Dl BAOuPresAl ~ Fisck 64 outpu{CSC_Defails 025 - Rack £4 outgul prelTRUE

210440 _|CMBCSC Dl B50utPresal Fizch 65 outpu{ C5C_Detals 0425 - Rack 65 outgu pre TRUE

210440 |CMSC! E50utPresFAAPTx26 - Rack B5 far out{ CSC_Details) 326 - Rack B5 far output | TRUE

210440 |CMSC! OutPresAl [PTex35 - Rack B3 outpu|CSC Detaile| ¢35 - Rack B3 outout pre| TRUE

210440 |CMSC! OutPresAl |PTxu25 - Rack b1 outpu|CSC Details) %25 - Rack G nulgul Ere TRUE

210440 |CMSC! i0utPresFAd] - Rack B3 far ouf|C! eails| 25 - Rack 3 fer ouiput |TRUE

210440 |CMSC: OutPresFAA - Rack &1 far out{C etails) 25 - Rack b1 far auiput |TRUE

212880 |CM3C! OutPresAl - Rack 66 outpu{C! efails| 25 - Rack B8 output pre[TRUE

212880 |CMSCSC Di BECutPreskAd - Rark B far ouf| CSC_Details} 26 - Rack B8 far ouput |TRUE

212960 |CMSCSC Di DiRackBBPCO{Distabution rack B6 PCO|CSC Details) ull Stop Alam Status TRUE

212960 |CMSCSC Di DiRackE1PCO[Dstabution rack B1 PCO|CSC Details) ll Stop Al us TRUE

213370 |CMSC! OutPresFAAPTx:6 - Rack 1 far oufj etails| PTxc28 - Rack B1 far ouiput |TRUE

213370 |CMSC! OutPresAl |PTxx25- Rack B1 outpu etails| PTxc25 - Rack B1 output pre|TRUE

232110 |CMSCSC Di AlarmInRackB4Sarne alamns in rack 65 etails| Rack £6 alarm TRUE

232110 |CMSCSC Di AlsrminRackG|Sarne alarns in rack 61 taile] Rack B alarm TRUE

747130 |CMSCSC ¥h AtmPrSensAIllPTO101 - Atrosgheric C_Details} PTOI01 - Atmosphienc press{ TRUE

17
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CERN Sz Events stream analysis

SIEMENS

Aiss Description Doman | Nature [Name Vaue
CMSCSC Di BlinPresAl etails] P24 - Rack B1 input pres|FALSE
BBInPresAl C_Details} P24 - Rack B3 inpat pres|FALSE
CSC Details} PT::24 - Rack 70 inpat pres|FALSE
C_Details} P24 - Rack B3 input pres|FALSE

e T P = Analyze

.
- Diagnose
F. ack 61 inpud efails 24 - Rack bl inpul pres | FALSE
3082 ack B8 input etalls 24 - Riack B inpul pres
3092 ack 71 input etalls 24 - Riack 70 input pres
013082 - Rack B9 input etalls 24 - Reack B3 input pres
013082 - Rack 67 input [CSC Details PTix24 - Riack B7 input pres
3,092 - Rack 63 input |CSC_Details} PTix24 - Rack B3 inpat pres|
2013082 ack B4 inpul etalle 24 - Riack B4 input pres /
3 ack B input Jetalls 24 - Riack B5 inpul pres /
el ck B8 far ou etalls 026 - Piack B9 far ouiput y
EUED - Rark BB oup etalls 25 - Reack B auipud pre)
0131 || - Rak 69 outpu{ CSC Details PT:x25 - Riack B3 auiput pre)
130 T00utPresAl |PTxk25 - Rack 7 nm:ﬂt C_Details} PT:25 - Rack 70 qufput pre
El T00utPrasFAA P26 - Rack 70 far out, Jetails) 006 - Rack 70 far ouiput
67 OutPresFAAPTxx25 - Rack 57 far out] etails |PTecx26 - Rack B7 far output
6B 0utPresFAAPTxx25 - Rack 56 far out] etails |PTecx26 - Rack B6 far output
670ulPresAl |PTx25 - Rack &7 oulp Jetails 0125 - Rack B7 ouiput prel TR
EBOUFrasAl |25 - Rack 68 outpu{CSC Detals) P25 - Rack B9 output pre
EB0utPresFAA PT26 - Rack B8 far out| CSC Details) PTi26 - Rack B8 far output
E40utPrasFAA PTx) Rack 64 far cutf etails] 006 - Rack B4 far ouiput Z
4 0ulPresAl |FTxx25 - Rack B4 utp efails 025 - Rack B4 oulpud prel
B50ulPresAl |PTx25 - Rack 65 oulp efails 025 - Rack B5 ouipu pre
B50utPresFAAPTx6 - Rack B far outy etails] 0026 - Rack B5 far output

PT:x25 - Riack B3 auiput pre)
PT PT:25 - Rack B1 qutput prel
E30utPrasFAA P26 - Rack B3 far out|C P06 - Rack B3 far ouiput

etails]
etailc]
efails
610utPresFAAPTxx25 - Rack 51 far out{CSC_Defails] PTx26 - Rack B1 far output
etails]
Jetals
etal
Jetails|
efails
efails
etails

610utPresAl P25 - Rack 61 outpu]C:

Identify and detect Provide experts with Forecasts, Trends and
fault / abnormal Root-cause and Gap Early-Warnings to
pattern for Diagnosis Analysis using Rules increase Operating
and Prognostics based and Patterns Mining Hours

on domain knowledge

BB0utPresAl |PTxxd5 - Rack 66 autgu|C: PT:2x25 - Rack B5 oulpu prel
P26 - Rack B5 far output [TF

0| 5 | | | o | 9 5 | i [ v

EB0utPresFA4 PTxx2B - Rack 56 far out[CSC [

DiRackb5PCO| Distribution rack b5 PO
DiRackfi1PCO| Distribution rack 61 PCO|
E10utPresFAA PT6 - Rack B1 far outy

510uPresAl |Fxx25 - Rack Bl ouip PTiotZ5 - Rack B1 oupud pre
AlaminRackB{Some sarms in rack 68 ack 5 alam
AlarminRsckE {Some garms in rack 61 |CSC Detaly Rack 61 alam
CWSCSE i AtmPransAll PIOIC - Atmespheric p CSC_Detals P01 - Atmosghertc prass

Event lists generated
® by the same fault

ull Stop Alam Statue
ull Stop Alarm Status
PT26 - Rack b1 far ouiput

SIEMENS

Sequence: Confidence: §3.3 % / Appearance count: 5
CMECEC_Di_62PRegal | Alarm Unacknowledged | Rising

CMEdSequence: Confidence: 100.0 % / &ppearance count: & Pattern AA B AAB —_— T Ala rm

Mg | CMESCSC_Di_62PRegdl | Alarm Unacknowledged | Rising
| ChSC CRMSCSC_Di_t2PRegAl | Position Status [HH-LL) | Rising
ChSC

CRSCSC_Di_VCE0945 | Auta OfffClose Request Status | Falling X T C DF A A EDNDB K DF A A B K D

ChAs( CRSCSC_ DN VCRN995 | Auta OnfOpen Request Status | Rising
CMSC CMECEC_Di_YCA0995 | Off/Closed Status | Falling

CMSC CMECEC_Di_YCRO0995 | OnfOpened Status | Rising

M5 CRSCSC_Di VCa09495 | Output Order Walue Status | Rising

R o e e L E R liare T
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Anomaly detection by sensors data mining
CERNopenlab

SIEMENS Goal: Detect abnormal or unforeseen system behaviours

Possible issues:
» Sensors faults/glitches

Hardware failures/degradations

False measurements

Wrong tuning/structure

Sensors mining to learning:
* Logical relations
* Physical relations

* Challenges: y
* Normal/anomalous boundaries are not precise .
 Different application domains/systems :Eg.:: Lol
* Mostly unsupervised training 0538 o :-.:':‘
* Dynamic system => dynamic model -.'..::.::..' AT
* Different types of anomaly - P

* Noise and duration of an anomaly
CERN openlab workshop



Machine learning algorithms for
CERNopeniab anomaly detection in Cryo

SIEMENS

Learnmg phase

® Building a model based on 2 MG, Zi Ix—ql
historical data Eld) = Zdu * P10 T -
® 3 different algorithms
® Correlation index and .
KNN-graph ::E::. .
LHC Logging ® K-Mean clustering and °® °g° .:..
Service probability model oS .'o.: se
Sensors data e rST']czczl)Ejlsétllcs expert-based 'zg:.:.:: Sece
extraction >

' X1
Anomaly detection -NQ

2 —— QRLAB_31L8_CV910A0.POSST.csv
T GRIBATO9RY CV10AD POSST cov ey AT L
. M I L ! ! g 2 —— QRLAC_31R7_CV910A0.POSST.csv
—— QRLCC_07L4_CV910A0.POSST. —
Use the previous o T SRLCCOrLe CuaOAD POSS sy S QRLAB_23R7_CVA10A0 POSSTesv
model to detect /\U/”\/ VAV q_‘ﬁJ
anomalies 2 .
[ J

On-line analysis
over a time window

40

of 1 day ¢
® Continuous analysis . 17
against thousands e .
Of sSensors & - - - - . 10200 10:30 11:ou 11:‘30 1zjuo
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Engineering design
e PID supervision (CRYO, CV)
e Recommendation system for WinCC OA users (PSEN)

CERNopenlab
CERN openlab workshop SIEMENS




CERNopenlab
SIEMENS
> In collaboration with the University of Valladolid
R. Ghraizi, E. Martinez, C. de Prada
> PID performance has an impact on:
=  Process security
= Quality of physics
= Maintenance (stress on the equipment)
) lIssues:
= Many sources of faults/malfunctions
= System status dependency
= External disturbances/factors
= Bad tuning
= Wrong controller type/structure
= Slow degradation Vv
w u y
——|Controller Process
SP MV CVv

Based on: “Performance monitoring of industrial controllers based on the predictability of controller behaviour”,

PID Output

PID Output

CERN openlab workshop
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Evaluation of PID supervision

./pidExtraction/2015-09-29/FSED-001-TL-TC01

24.
-1 24.
N N
; N N 7
15 IR m; i \ :\ J\ x i \ 1 124
1 1k 1 | ﬂy il i i i i !
| W K ! 1]y R N H ) bl Intl 4 23
\ #‘ ) ;, \ j: IVy qu H,_i | HII ﬂ{| J’Y .
L Y i [Bn R N | Y | 1
10 \ L Ll ) 1| T Ll | R 1A ; | 453
A 5 A 1 I L A :
IR A LT WENENEE RV 4.
1 [ [ | ! [ I AR v ey vy Vg .
1 | ‘J | H | ! ‘{4 Vo \JJ l’JJ \J[ TF\L \
LR W | h ! . ool ) . |
5 T T T Il i f V Y i -1 23
IR [ ac O [ /S
P prrt = . 4 23
J\k/ u\\' u\} J u 8]
L/

0 22.
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PID supervision Ex#1

24.4

CERNopenlab
SIEMENS

> PID anomaly detection:

= Learning each PID model from the
historical data

100

24.2

= 24

(%]

Lol

on
Process

PID Output

= Extraction of similar PID models

= Comparison of PID behaviours: |
- on the single PID level 00:00 05:00 10:00 15:00 20:00 01:00

- similar PID ‘

1 mmmwmmm“mmm“m?mmmmmmmwmmmMémm“mmmwmm:mmmm“mmm:mmm“mmm“:mmwmmmmm:m_ Esa(j

) Efficiency of control process:

= Comparison of PID performances

= Time/actions taken/energy consumed
to reach steady points

PID Performance

0.2 _hhhhhhhhhhhhhhhhhh.........EH.......................h““hé“h“hh“h““hh“h“h““h““h“"__"__"%___"__uu”Huuuuuuuuuuuuuuuuuuu?uuu........................_

= Stability of the controlled variable
y 0 a i | i Good
00:00 05:00 10:00 15:00 20:00 01:00

time
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CERNopenlab PID SUpe?r?”S'On Ex#z
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Normalized distribution of panels usage

Concentrate the effort to
optimize the most used panels

| 'Ii.llllr-—
T T
o 50
panellD

# of top panels: 100 that is 28.6532951289398 %

100 150 200 250 300 350

n* . ) .
CERN'° ‘s Recommendation system for WinCC OA users
openlab
SIEMENS Users’ usage gap analysis
WinC -
s.EMENs‘ Users’ actions reor L —
extraction tma

I

Users’ frequent sequences

elAlarmScreenMain

unicosHMI Reseau_TRANSPOR

0.4305556
0.4305556

Recommendation of panels based
on users’ sequences similarities

Recommendation of panels based
on the specific users’ sequences

elAlarmScreenActiveModule unicosHMI_Exitinfo

0.4305556

CERN openlab workshop

Jaccard Sequences Similarity
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Operation support

Big data visualization

Forecast system status and
take proper actions in time

Prevent possible faults and
system downtime

Diagnosis support
) ldentify root causes
> More accurate analysis

> Accelerate analysis
From weeks to hours

> ldentify hidden patterns

CERN openlab workshop

Data Analytics Benefits

> Increased System Reliability

= Minimized forced outages

> Complete data analysis

= Reduced service effort: weeks = hours

> 24/7 Expert Knowledge Availability

= One central knowledge base

Engineering support
)

Evaluate and improve operational
performance

Increase reliability and efficiency
by design
Lead control system decisions
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CERN itz Use-cases: a partial list

> Online monitoring
= Control System Health
= Electrical power quality of service
= Looking for heat in superconducting magnets
= QOscillation in cryogenics valves
= Discharge of superconducting magnets heaters
= Trending and forecast of the control process behavior
=  Electron cloud heat load estimation
> Faults diagnosis
= Anomalies in the process regulation
= PLCanomalies
= Data loss detection
= Root-cause analysis for complex WinCC OA installations
= Analysis of sensors functioning and data quality
=  Analysis of OPC-CAN middleware
= Analysis of electrical power cuts
=  Cryogenic system breakdowns
>  Engineering design
= Electrical consumption forecast
= Efficiency of electric network
= Predictive maintenance of control systems elements
= Predictive maintenance for control disks storage
= Vibration analysis
= Efficiency of control process

CERN openlab workshop



