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How to make sense of this ?
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Context
From Instrumentation to Operation

OPERATIONAL RADIATION PROTECTION

Commands
On, Off, Sample, etc. Radiation Protection &
Parameters Environmental Experts

Thresholds, Units, etc.

REMUS

Supervision
Control
Data Acquisition

300 active users

\';.\'urr 24;/7

120k defined alarms

800 stations

VENTILATION WEATHER
Data Visualization
Measurements
Alarm signals 10M meas./hour
Faults
—

Process Statuses

REMS = Radiological and Environmental Monitoring System
REMUS = Radiation and Environment Monitoring Unified Supervision
ERGO = Environment and Radiation Graphic Observer
SCADA = Supervisory Control and Data Acquisition
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Problem Statement
From Data to Information

REMUS Data in Numbers « Alerts to Control Rooms
1,000,000 online variables
50,000 remote parameters
90,000,000,000 measurements / year

* Reports to host state authorities

« Data analysis

Archived measurements fyear

- . « Dashboards
- « Aggregated statistics
* Predictive maintenance

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

 Anomaly detection
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REMADS Project (2019-2021)
Integrated in HSE RAMSES Program

* 6 months discussions with REMS Users

* User Requirement Specification

* Project Proposition

REMUS GPN _
@) 4 CERN data-stores InforEAM Integration
Secured GPN
LgRakaN LAN/Wifi/4G/LoRaAWAN Integration with Kafka Maintenance Management
connectivity and Hadoop (NXCALS) Information System

B 0

SIS SN - 2% 2 - e}

REMUS Web

ERGO 4.0 Data Analysis toolbox

Complex transformation

Portable system for on-site : -
REMADS = REMus Analytics and Data Services

intervention GPN = General Purpose Network
LAN = Local Area Network
LoRaWAN = Long Range Wide Area Network
NXCALS = Next CERN Accelerators Logging Service
EAM = Enterprise Asset Management

operations on Trends
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Collaboration with other Departments
CERN-wide services used

Apache Kafka®:

open-source distributed streaming platform
NXCALS NETFLIX
e el )l

. : §8 kafka seotly (el cllsclo
« Big data technologies
« Centralizes CERN accelerator data D « Data Streaming Platform
« Managed by BE ata « Transmit Real-Time data out of REMUS

N « Managed by IT

Long Term Storage

Near-Real Time R

Time Series Database
Buffer Real Time data
« Managed by IT

\ € influxdb

Source: NXCALS - Architecture and Challenges of the Next CERN Accelerator Logging Service,
J. Wozniak and Chris Roderick, 2019

NXCALS = Next CERN Accelerators Logging Service
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Why & How to use the newly available Software Tools ?
Use-cases & Demos

NXCALS & TIMBER
Speaker: Catalina Chiriac (HSE-TS)

Dashboards
Speaker: Fabrice Malacrida (HSE-RP)

InforEAM & HelpAlarm

REMUS Web Speaker: Julien Regnard (HSE-ENV)

Speaker: Gonzalo De La Cruz (HSE-TS)

Statistics & Reporting

Speaker: Markus Widorski (HSE-RP) Data Analysis using SWAN
Speaker: Hamza Boukabache (HSE-RP)
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REMUS Web
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REMUS Web

- Dedicated platform for the analysis — -m N

remus.cern.ch/PROD/dashboards/562 e OO % LI | [nﬂ » = . H

€« c

and exploitation of REMUS data.
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Home Auto-Refresh Full Screen Share CreateaCopy Edit
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» Options . .
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R M u S e rS 02-11-2021 02-11-2021 Alarm off - System Environment USA com: Bad Frame
. o MMsg22 15:26:36 15:28:06 not ack. Fault (radioactive) Recelved H | Measure
. 02-11-2021 02-11-2021 Alarmoff-  System Environment USA com: Keep Allve
+H o WLER 15:19:46 15:27:46 not ack. Fault (radioactive) Error H | Measure
02-11-2021 02-11-2021 Alarm off - System Environment USA com: Keep Alive
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meaningful information.
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REMUS Web Key Features

00 Procipitation unit

e Flow rate unit

mid LA
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Generation of domain-specific reports for internal analysis and to
report to CERN'’S host states authorities.

/RW
\

EDMS no: 2746071

21.06.2022

-3 Statistics
Bw Line Pl B Boot
A MS (Device Type Name) @ cnoue 2%
08 147
. B2 119
ame ® B4r-s7
HH ® s e
atn © ALASMREFEATER: 29
SGwm 22
@ PO 19
CY ® Anr- 17
w17
® AD6 16
A @ SMART-AMS 15
Pt
Near & SMART-WMS: 13
@ SMART-AS. §
e L
o 0342 5
Statlstics ®aAc12 s
® oo ¢
E FHTI100- 4
L
Reporting ® CAM 4
MINALARM- 2
ﬁ © SMART-WMSBradge: 2
P
Dashboards s :v

Tailor-made data analysis and data extraction tools for Radiation
and Environmental protection experts
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https://remus.cern.ch/

REMUS Web Dashboards
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https://remus.cern.ch/PROD/dashboards/645
https://remus.cern.ch/PROD/dashboards/502
https://remus.cern.ch/PROD/dashboards/844

REMUS Web Statistics & Reporting
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REMUS Web s
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e

Trends

D Channel

Alarms

Dashboards

[ C
v
Statistics
=
Reporting

4

MNotifications

Channel Monthly

History MS Monthly History

Channel History MS History

Monitoring
Groups
a8 User Privileges REMUS Sessions 2l APpllcatlon i s S.Y noptics
Heatmap Sessions Sessions
G
Grafana
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Statistics =2 Channels / Events

« Retrieve monitor/channel names and types in a specific area
« Access the EAM links to a specific measurement position

 Create statistics on specific types of events (alarms, faults): Listing and
aggregating
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Channel ? Help Favorites

~ Q, Filters
Channel ID Channel B Connected TRUE ~ Device Stock
Connection Date Number
Channel Name Channel Usage Domain Select... - Device Select... v
Disconnection Date Name Manufacturer
Device Name Ch. Last Zone Name Select... - E3 Monitoring Groups | PS-ISOLDE x
Modification
MS Name Device Type Select... v
MS Device Type Select... v
Connected is one of
m Monitoring Groups  is one of
Filters  15selected v Default Clean filters

Channel Name Ch. Last Modification Zone Name Device Stock Numb... Monitoring Groups EAM Position
PAX1S201 PIMSR01=179 02/02/2017 ISOLDE PS-ISOLDE, ISOLDE-PA, ... PAMFRO1=179 HCPAMF_001-CE000112
PATIS202 PIMSR01=179 02/02/2017 ISOLDE PS-ISOLDE, ISOLDE-PA, ... PAMFR01=838 HCPAMF_001-CE000113
PMHIS201 PIMSR02=179 21/12/2016 ISOLDE PS-ISOLDE PMBLMO07=838
PMHIS202 PIMSR02=179 21/12/2016 ISOLDE PS-ISOLDE PMBLMO08=838
PAXIS301 PIMSR01=197 07/02/2020 ISOLDE PS-ISC Statistics
PAX1S302 PIMSR01=197 07/02/2020 ISOLDE PS-ISC Bar e Pie B Export
PAXIS303 PIMSR01=197 07/02/2020 ISOLDE PSISC Channel (Device Type)
PAX1S304 PIMSR01=197 07/02/2020 ISOLDE PS-I1SC .
PAX15203 PIMSR01=179 02/02/2017 ISOLDE PS-1SC
PAGIS101 PIMLB02=179 27/05/2014 ISOLDE 1045 PS-ISC )
Display columns 8 selected v Default B Excel 10 + Total records 53 N

Count
]

T

2
M LB_6360 L8_6500
Device Type

Aggregate by v Default Bi Excel 10 ~ Total records 5 . R
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Events

~ Q Filters
Event type Select... v E3 Source type 2 selected v B3 Timestamp 01-04)
Username PAM TRUE v

Monitoring Groups Source ID

? Help

Message

Event WorkMode  Select...

Favorites

Sourcetype is oneof
Source name is
Timestamp from

Transition is one of

[ALELE Event type Username Monitoring Groups Source type Source name Source ID Timestamp

— System Fault cs-ccr-rems10 MS PAMAO1 151 Th, 09/06/2022 08....
System Fault remus_sgm MS PAML101 167 We, 01/06/20220...
System Fault remus_sgm MS PAML101 167 We, 01/06/2022 1...
System Fault cs-ccr-rems10 MS PAML101 167 Th.02/06/2022 11....
System Fault cs-ccr-rems10 Ms PAML101 167 Statistics
System Fault cs-ccr-rems10 MS PAML101 167 | Bar Line Pie Bi Export
System Fault cs-ccr-rems10 MS PAML101 167
System Fault cs-ccr-rems10 MS PAML101 167 50
System Fault remus_sgm MS PAML101 167
System Fault cs-ccr-rems10 MS PAML101 167 1

Display columns 10 selected v Default Bi Excel 10 ~ Total records 313

100

e |

75

Count

16

Buffered data
reading failure

Default

21.06.2022
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Communication
error: device

Transition Message
TRUE Communicationerr...
TRUE SGM power reset
TRUE SGM power reset
TRUE Buffered data readi...

63

High background High radiation

detected

B Excel

- 1 :

Low background

Measure

Measure
Measure

Measure

Events (Message)

120

6
- I

Operational mode:  Operational mode: Presence detected Radiation detected
Maintenance Measure too long

Mode Request:
Maintenance

SGM power reset

Message

100~ Total records 11 « ¢ » »
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Reporting - Measurement / Parameter / Snapshot

« Get summary statistics of measurements on a group of channels for
extended periods

« Check parameters settings of a groups of channels for quick validation or
comparison

* Reporting specific for control measurements (HFM, Portal monitors) to
generate statistics on number and results of controls
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Measurement reporting Boxplot | Table

Period Date

Last: 7 MINUTE HOUR WEEK MONTH

Measurements statistics

PAXSM101 o o
Data resolution
Auto Hour Best
PAXSM102 Oﬂ-l 0

Data Source
PAXSMKA Q—I—I @)

Oracle NXCALS
PAXSMM7 O|—|:I:|—| )
Working modes
Off Simulation Without Mode
PAXSMS o b——{ [ }F——r o
v Measure Maintenance Silent
Test Calibration Degraded PAXSMV3 o | | | o
Alarm Filters FaultFilters PAXSMV4 0 | | | 0
v| NOALARM v FAULT
pAXSMVS o b1 [ F— o
PAXSMV6 o I | ! 0
pwiswM71 o—{ [ — o

s o —— [ | F— o

-0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Values

Std.
Outliers If Median Integral - Variance

ev.

13939 PAXSM101 uSwh 10078 95000000 0102 00605 00687 00687 693 000267 " 00669 00687 00705 0102 000352
13948 PAXSM102 pSwh 10078 91000000 0.121 00609 00700 00699 706 0.00280 g 00682 00699 00718 0121 000364

13957  PAXSMKA  uSwh 10078 103000000 0132 00626 00724 00723 729 000285 " 00705 00723 00741 0132 000363

13849  PAXSMM7  uSwh 10078 107000000 0248 -0.0652 00522 00492 526 00417 174e-9 00223 00492 00788 0248 00565
13876  PAXSMM® pSwh 10078 77000000 0.348 -00921 00876 00849 882 00571 327e-9 00483 0.084%9 0125 0.348 00765
13903 PAXSMV3 wSwh 10077 62000000 0.286 -0.0853 00753 00740 759 00519 270e-9 00393 00740 0110 0286 00706
13847 PAXSMV4 uSwh 10079 79000000 0377 -00630 0.104 0104 105e+3 00527 277e-% 00680 0.104 0.139 0377 00708
13912 PAXSMVS wSwh 10079 78000000 0410 -00237 0158 0158 159e+3 00551 3.04e-9 0122 0.158 0.194 0410 00727
13921 PAXSMVE wSwh 10078 80000000 0223 -0240 -00408 -0.0409 -411 00591 3.50e-9 -00799 -00409 -0.00164 0223 00782
13858 PMISMM71  pSwh 10079 105000000 0.256 -0.0830 00431 00399 435 00435 1.90e-9 00127 00399 00704 0256 00577

@ Statistics O Min-Max Range

13894 PMISMM?1 pSwh 10079 104000000 0.338 -00701 0.102 00981 103e+3 00552 3.05e-9 00633 00981 0.137 0338 00741

Displayed columns
Bi Export Statistics
15 selected v
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Parameter reporting

MSID MS Name Zone Usage
SPSEHN1 % | SPSEHN2 x - -

MS Name = Device type Zone Usage Timestamp ALARM THRESHOLD ALERT THRESHOLD AVG TIME FACTOR MEAS TIME SPECIAL ALARM THRESHOLD

1627 PATNA8101 CROME SPSEHN1 Radiation 14-03-2022 08:58:18 0.000100 0.0000500 100 12 0

1628 PATNA8201 CROME SPSEHN1 Radiation 14-03-2022 08:57:14 0.000100 0.0000500 100 12 0

1647 PATNA852 CROME SPSEHN2 Radiation 07-02-2022 15:41:39 0 0 100 12 0

1565 PAXNA11201 CROME SPSEHN1 Radiation 14-03-2022 08:54:14 0.00000600 0.00000300 100 12 0

1605 PAXNA12401 CROME SPSEHN1 Radiation 14-03-2022 08:55:05 0.0000300 0.0000150 100 12 0

1592 PAXNA12402 CROME SPSEHN1 Radiation 17-03-2022 14:48:16 0.0000300 0.0000150 100 12 0

1626 PAXNA12601 CROME SPSEHN1 Radiation 08-06-202208:26:41 0.000100 0.0000500 100 12 0

1606 PAXNA12612 CROME SPSEHN1 Radiation 16-06-2022 11:00:39 0.0000500 0.0000300 100 12 0

1607 PAXNA12801 CROME SPSEHN1 Radiation 14-03-2022 08:57:35 0.0000300 0.0000150 100 12 0

1608 PAXNA13201 CROME SPSEHN1 Radiation 14-03-202208:58:10 0.0000300 0.0000150 100 12 0

1593 PAXNA13202 CROME SPSEHN1 Radiation 14-03-2022 08:58:36 0.00000600 0.00000300 100 12 0

1594 PAXNA13203 CROME SPSEHN1 Radiation 14-03-2022 08:58:58 0.0000300 0.0000150 100 12 0

1609 PAXNA13401 CROME SPSEHN1 Radiation 17-03-2022 14:26:00 0.0000300 0.0000150 100 12 0

1595 PAXNA13402 CROME SPSEHN1 Radiation 17-03-2022 14:36:16 0.0000300 0.0000150 100 12 0

1610 PAXNA13601 CROME SPSEHN1 Radiation 17-03-2022 14:56:02 0.0000300 0.0000150 100 12 0

1611 PAXNA13801 CROME SPSEHN1 Radiation 14-03-2022 09:00:35 0.0000300 0.0000150 100 12 0
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METRUM Measurement Report
HSE-RP

Snapshot reporting

Measuremont date: 1606/2022 06:41:57

Select Snapshot Type Select MS
Filters
Q
Advanced search -
SOURCES CATALOG ooa SOURCE NAME
SOURCE TYPE NAME ZONE TYPE us) SOURCE TYPE NAME ZONE 3 USAGE
> »
Ms METRUM Portal manitors FHT13885 Radiation Ms METRUM Portal manitors FHT13885 Radiation
Ms PRETRUM Portal monitors FHT13885 Radiation Ms PRETRUM Portal manitors FHT13885 Radiation
METRUM Measurement Report
HSE-RP
Date Selection -
el 10 T
‘Supplier of materat: 1| rzee O, 1: Gamma. e 82 5
Period Date * A A 2 12805 Det. 2 Gamima 998 w8 0
3 |ame Do, 3 Gamma. 813 [ -+
Last: 1 MINUTE ~ HOUR DAY  WEEK o ;’:m - - -
Remark: [T e, 6 Gamma. 73 [ Ell
7 12600 Det. 7- Gamma. a1 815 %
~ Filters PDF Export MS_MNAME PROTOCOL PLATE SPEED Del 55 Det 1:Gamma-BG Def Gamma - Net . rzm D, & Gamme, ks 1% 2
D) ot - Gamma. 43 7 -
Alarm status in any channal B 2022 = :::i : :?c"“"" : : ‘w
) Printed at: 16/106/2022 15:19:30 Signawre; . 17 Gamma E
. 12873 . 1329  PRETRUM 42 745476 4] 1403 1353 50 No Alar 12| 12m8 et 12 Gamna s s e
Filters - 12:50:1% 13 12818 Det. 1 & 3 Gamma 1847 1851 4
Select... W [mr Dot 28 4 Gamma. 1963 89 £
16-06-2022 5 | 128 Dot 58 7. Gamna 19502 807 a8
12873 123409 1329 PRETRUM a1 746476 0 1407 1353 54 No Alar & Tt oo 528 Corre F e
T Dot 08 17 Gamma e 3 &
& 19 12822 Det 183X 85 888 17
. 12872 09:17:29 1328 METRUM 47 Tas4TS 7 907 B75 32 No Alar | izm Dot 284X T00d os2 2
EEEE) Det 587X 20 %05 15
o e T Towreax T Ta
12872 1328 METRUM 46 676198 3 907 883 24 No Alarm 988 1006 |z et OB TTX il 2 hl
07:43:35 2|z Det 108 12X 1052 041 "
EREC w183 NBR Ca 550 [ra 1
16-06-2022 EREE Dot 284 NBR s 581 55 o1
. 12872 1328  METRUM 45 676198 ] 888 882 6 No Alarm 998 998 7|1z Dat 587 NBR C 57 558 1
06:41:57 = |1z ot 6 & & NBR Cs 561 581 101
ERES Dot 8 17 NBACa 550 557 1
15-06-2022 W [ Dot 108 12 NBR Cs 563 550 101
12873 o 1329  PRETRUM 40 4676198 1] 1502 1407 95 Ne Alarm 1358 1274 a1 |1z Dot 183 NBR Co 387 [T o1
14:12:22 3z 12835 Ont. 28 4 NBR Co. 354 154 1
3 | 1o Do 587 NBRGo 35 87 058
15-06-2022 | 1287 Dot 6.8 8 NBR Ca 362 a8t o1
12873 1352.45 1329 PRETRUM 39 746476 i} 1478 1420 58 No Alarm 1391 1317 © i Tow o8 1mineRce = T
o 38 12838 Det. 10 4 12: NBR Co 451 187 0.8
15-06.2022 3| 120 Sum (o) 78 ) B
-, T “Sum (right) 8292 5366 £
. 12873 131431 1329  PRETRUM 38 1] 1] 1513 1433 80 No Alarm 1423 1314 o Time o e o o n
[ 1ze AINORCo 348 348 [
15-06-2022
. 12873 11:46:23 1329 PRETRUM a7 676198 o 1547 1471 76 No Alarm 1438 1355 Page 202
15-06-2022
12873 11:04:19 1329  PRETRUM 36 B46343 4 1419 1462 -43 No Alarm 1361 1369
L}
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Demo
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MITZRE ] - RS vt X RS Web x 4+
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https://remus.cern.ch/PROD/statistics https://remus.cern.ch/PROD/reporting
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https://remus.cern.ch/PROD/reporting
https://remus.cern.ch/PROD/statistics

InforEAM & HelpAlarm
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Collaboration Workspaces

InforEAM & Hel pA|arm « No possibility to aggregate the
maintenance activities by MS/Channel | e s o

 SharePoint will be obsolete soon S

Shared Images Planned  All - Source Ca  All ltems ==«
Documents

v 0 contentType  smtus
Shared Decuments

Lists 4Planned Date : 01/08/2022
Request for Intervention VMS000 e VGM test
Old Requests -12 source annuel
Monthly Ms
. EVETS Status PM Dépoussiérage
130 Environmental srmucie e
2022 fusibles

Changement
des batteries

RP Source Test 2023.

SEE RP Source Test

Monitoring Stations

B ource  Planned 01/08/2022 VMS11 aee VGM test
SEE VMS Preventative Test -1z source annuel
SEE VMS Source Test Monthly MS
PM Dépoussiérage
SEE WMS Preventative Vérification
SEE WMS Source Test annuelle des
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&3 EAM Light x +
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Work Order Equipment Description Status Creation Date

HCPMIAMOO1- EDH Transport T -

H S E 26163838 PT000291 Request Terming 0T ep-2019

HCPMIAMOO1- EDH Transport T -

e PT000291 Request Termine 8an-2019

. HCPMIAMOO01- RP T-
— PT000291 Measuremen:  Termine o218
HISTORY ~

« 2200 pieces of equipment declared
° 750 Preventive maintenance activities / year planned 01-JUN-2021 11:15  Detached from location 772 DMACIASC
* Fully operational by October 2022
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InforEAM & HeIpAIarm
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InforEAM & HelpAlarm _ HelpAlarm

90 alarms
requiring
Immediate
Intervention

160 Environmental
Monitoring Stations

BE

125 Mi
datapoints / year

InforEAM

= o X
&3 EAM Light x +
& c @ httpsy//cmmsx.cern.ch/SSO/eamlight/asset/HCPMIAM... Y & &
EAM Light = | &: 2 ALEDEUL | (B
Asset
HCPMIAMOD1- ‘ [ SAVE MORE v EE
PT000291 ]
=Al - -
750 P . Work Order  Equipment Description Status Creation Dale -
reve ntlve HCPMIAMOO1- EDH Transport T -
. 26163838 PT000291 Request Terming 0T ep-2019
I I lal ntenan Ce . HCPMIAMOO1- EDH Transport T -
. e PT000291 Request Termine 8an-2019
activities / year ; HCPMIAMO01. R T-
— PT000291 Measuremen:  Termine o218
HISTORY ~
Date Type Related Value Done By
01-JUN-2021 11:15  Detached from location 772 DMACIASC
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Demo
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MM .
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ELEC Powering Type

Uses Defired Pl 47
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https://cmmsx.cern.ch/SSO/eamlight https://helpalarm.cern.ch
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REMUS data in NXCALS/TIMBER
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Data Sharing to NXCALS

21.06.2022
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. Time Windows
[ ] —
Markers
Dynamic Fixed Fills
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k Y e
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-
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EDMS no: 2746071

= PAXNT2IZMIN == NTOFTarge(1 Temperature termocouplel

Clear 2vaiales

TIMBER Web

HSE-CEN
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NXCALS System

- Shared Big Data storage of all CERN
control systems

- Help in beam observation devices and
Investigate problems with accelerator
equipment or unexpected beam behavior.

- Keep data for long period of time and
assure good and performant analyses and
data extraction by the physicists.
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Data Analysis using SWAN (NXCALS data)
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m Data Analysis using SWAN (NXCALS data)

CERN Radiation Monitoring Electronics (CROME) e

&
-’ N w'\\ \\
: : - -
Two configurations : ,,¢’ [ ——, ,S\m@
-
,” Radiation *
) ,&’ Monitoring and
Conceptual view of CROME at CERN R processing
7 units

Plastic Air filled ionization
chamber

——gm e
:{,

=4

A

CROME Rack at EHN1 (North Area)

"T"’"'f""

s

High Radiation Area

CROME Junction Box

Uninterruptible Power Supply
21.06.2022 EDMS no: 2746071 Includes a battery for continuous

operation
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m Data Analysis using SWAN (NXCALS data)

CERN - Radiation & Environmental Monitoring System

650 Radiation Protection and Environmental monitoring devices

Self production capabilities

S =

CROME 2021

o3Ol\VI=N 2028
CMS

Pt 4 ’_’__ __‘\ Pt 6

s _— B~ Tests / validation

North Area inside climatic
) N s chambers

BA3
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Data Analysis using SWAN (NXCALS data)

CROME/REMUS Network
ECA4 - SPS

ECN3

/

a

|Q North Experimental Area TICCQQ

s

74

NORTH EXPERIMENTAL AREA

21.06.2022

SPSBA 4

CERN Control Room

REMUS
Server

REMUS Terminal Server
Cluster
ﬁ
k.

ORACLE DB

i

' CROME Rack Chassis
Up to 6 Modules
Real Time Measurements
Events
Status
Historical Values
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2 CROME Rack Chassis |
Up to 12 Modules :

omas owss wase s e P
| Technical Network
IT Socket
7 Rack 1 IT Socket ¢
IT Socket
Rack 2
6 Ethernet - IT Socket
connections
Rack3
A )
r[ |* 1 Eth connection
[ 12 Ethernet
/ —J connections

Real Time Measurements
Events

Status

Historical Values

CROME Junction Box
. Status :

@ 1 Eth connection

CROME Radiation Monitor

Real Time Measurements
Events

Status

Historical Values

IT Socket

1 Eth connection

CROME Radiation Monitor

Real Time Measurements
Events

Status

Historical Values
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m Data Analysis using SWAN (NXCALS data)

O . NXCALS

4 « Doserate |

: * Integrated doses
« Temperature

I
: . Humidity

v

——
e
* High voltage — .
R EM U S + Events Injection N—t
+ Statuses \—8

A ~ m T TTTTTTmmmoosossososoooooooooooooooooooo ’ - . o
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[ 1
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| 1 . P _ 1 1
CERN Technical Network < > TI M « Internal Temperatures X
III | « SoCinternal parameters o
4 ' . ! Injection
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8
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(lonization chamber in this picture)
/ CMPU - Electronics

(Core Monitoring & Processing Unit)

Py - L‘ﬁ‘ = \ -
L i ~ — CMPU - Rack Electronics
I L RJ45 - Ethernet
i N LEMO M - Alarm Unit
\ WP LEMO M- CROME UPS

& LEMO M- Interlocks
\ LEMO M - INJOUT
| (Spare — 2 CROME CMPU,
Access system ...)
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CROME System J Data Analysis using SWAN (NXCALS data)

Work Package Overview

Currently: Data sent to NXCALS remains unused

Goal: Use data on NXCALS for Predictive Maintenance

Develop Anomaly Detection process to identify failure precursors

(iw 21.06.2022 EDMS no: 2746071
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CROME System J Data Analysis using SWAN (NXCALS data)

Challenges for Anomaly detection

[©)
0

‘ Use multi-level wavelet transform (MRA-WT) for noise extraction

No System Failures known
No data available that represents healthy state of system
No definition of anomalous behavior

Anomalies are rare and different
Focus on noise in signals
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CROME System J Data Analysis using SWAN (NXCALS data)

Anomaly Detection Process
Being evaluated

NXCALS CROME
|A Optional Internql Data
Pre-PrOCGSSing: Schematic of AutoencoderD d Isolation of observations

» Feature Engineering: Calculate statistical

features (raw and extracted noise signal) e -
« Handling of Missings % 27
. &%’6’3 @oc 5 9’30 %’8%:;‘;0 8, o
L/ Scallng . ZGO¥;@|DQX ¢ ° % © ogosg%:@%
X; ’
Xo
o . (a) Isolating x; (b) Isolating x,,
Ap p |)/. Alg O rlth mS ) \ From: F. T. Lil.J, K. M. Ting and Z. Zhou, "nglation Forest," 2008 Eighth
Isolation Forest, Autoencoder i Oupt o 10RO 008 T,
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CROME System J Data Analysis using SWAN (NXCALS data)

.. : Maintenance?
Preliminary Architecture

Feedback Loop
Retrain Model f
(" )
- [ Normal ] [ Anomaly ]

Model training
e.g. AE

Manual analysis

Training data Assign Label

PAXNT211

15125 | : T T T
. 0003 ! i i i i 15200 1 / i T T
Daily, Weekly, ... | \ ( ) \ oo g 075
g :L Ran kl n g J o 0001 {-| | | | | || Fsoso I : I
o000 " oz
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NXCALS | (I)peratio?al VISTo1s 8564 T i
Calculate anoma Yy Scores g 930 Ll s
+ Internals? § PMINAO603  4.371 Fee] s T
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Demo

v - o0 x

e
c LprojectHadoopSpartT Scao? A LENE IO

@ >

https://swan.cern.ch

Find the tutorial here : https://qgitlab.cern.ch/hboukaba/nxcals/
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Conclusion
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Summary
Evolutions necessary for the operation

REMUS Web
« REMUS data analysis gateway

 REMUS Web Dashboards

«  Share data summary with other

« REMUS Web Statistics & Reporting
« Efficiently generate reports for analysis and reporting

* InforEAM & HelpAlarm
* Interface CERN-wide Maintenance and Alarm systems

« REMUS data in NXCALS/TIMBER

* Long term Data storage at high resolution
«  Allow comparison and correlation with other control systems’ data

« REMUS data in NXCALS/SWAN
+ Extended big-data analysis capabilities
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What'’s next? : REMUS Web Application Editor
Ease REMUS Application Edition

- [m] x
% REMUS Web x + Y
<« C@ @ remus-dev.cern.ch/PROD/applicationEditor/9 e * (o0 -]
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What’s next? : Net Ambient Doses and Releases Reports
A step further into Knowledge Integration

« Streamline the generation of adjusted Ambient Doses and Releases Reports
* Increase reliability of data treatment
* Minimize risk of human error @ F =)
« Guaranty repeatability and traceability \

ENVIR

Q/;i | ‘ s
OCCUPA | %N\ _—
P

REMAC - REM

nnnnnnnnn

This document s uncantraf

Net Ambient Doses and Releases Reports functional specifications.
Credit: F. Malacrida (HSE-RP)

: :
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A glimpse into the future
Other CERN Web Technologies Projects for Control Systems

Growing trend in Industrial Control Systems at CERN and beyond

CTTB Working group
 Web Technologies task Force

- W.R.A.P. (BE-CSS) "
* Cross-system live charts £ i
WRAP. Credit: BE-CSS ol \

Flow Project (EN-SMM/BE-CEM)
» Live web widgets

Flow Project. Credit: BE-CEM

CTTB = ATS Common Hardware & Software Technologies Technical Board
WRAP = Web Rapid Application development Platform
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Thank you!
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Questions
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