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Largest macrhme in the world
- 27km, 6090+ superconductlng magnets

Fastest racetrack on Earth
Protons circulate 11245 tlmes/s (99 9999991% the speed of light)
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Emptiest place in the solar system
H|gh vacuum |nS|de the magnets
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Hottest spot In the galaxy
~ During Lead ion collisions create temperatures 100 000x hotter than the heart of the sun;
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CERN's Accelerator Complex W
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Accelerator Control and Operation

v

Improve Control and Operations
Million of sensors, large number of control devices, front-end equipment, etc.
Many crltlcal systems Cryogenics, Vacuums, Machine Protection, etc.
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The Challenge
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Corrective Interventions
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Reduce and predict faults
and corrective interventions
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Data Analytics Challenges e
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- Alook into the future
2015
Parameter 2010 201 2012 design value
Beam energy 35 35 4 7
p*inIP 1and 5 (m) 2.0/35 1.5/1.0 0.6 0.55
Bunch spacing (ns) 150 75/50 50 25
Max. number of bunches 368 1380 1380 2808
Max. bunch intensity (protons per bunch) 1.2x10" 1.45x 10" 1.7x10" 1.15x 10"
Normalized emittance at start of fill (mm mrad) =2.0 =24 =2.5 3.75
Peak luminosity (cm~s™") 2.1x10% 3.7x10% 7.7x10% 1x10*
Max. mean number of events per bunch crossing 4 17 37 19
Stored beam energy (MJ) = =110 =140 362
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Data Analytics Challenges
- Profit from our data investment
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Data Analytics Objective
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Control and Monitoring Systems

§J Cpara

Intelligent, Predictive and Proactive Systems




CERN'’s Data Analytics Use Cases ‘@k-
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« Control System
general- ‘ operator fixed operator
. purpose consoles displays consoles
- Cryogenics vt | ] o oW e,
o VaC U U m file servers application servers SCADA servers

services

LH(.: E E | - TCP/IP
- Machine Protection il B8 W N 5’ B ..

RT Lynx/OS WorldFIP ‘ ‘ * * TCR/IP
VME front ends front ends communication
« Power Converters
P
« QPS
beam- posmon momtors quench- protectlon agents actuators and sensors
beam-loss monitors power converters functions cryogenics, vacuum, etc
beam interlocks generators, cryotemperature

RF systems etc Sensors




Largest Cryogenics Installation
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27 km of decentralized instrumentation and control

50k I/O, 11k actuators, ~5k control loops
Control:

. ~100 PLCs (Siemens, Schneider),

. ~40 FECs (industrial PCs)

Supervision: 26 SCADA servers

Instrument/Actuators Total

Temperature [1.6 — 300 K] 10361
Pressure [0 — 20 bar] 2300
Level 923
Flow 72
Flow 2633
Control valves 3692
On/Off valves 1835
Manual valves 1916
Virtual flow meters 825
Controllers (PID) 4833
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Faulty Cryogenics Valve Detection (g
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Signals used:
- S = aperture order - aperture measured

- Features extractions based on S " peti)
Variance B(S) = ”‘=‘—2
; Ngl2 ==
Percent_lle 99.9 LN %Pxx(k}
Rope distance — R(S)  R(S) = F_EJS(!)—SO—I)I K=1
Noise Band — B(S) (Pxx be the power spectrum of the 1
signal S, from 0 to 0.5Hz, where S has been previously mean- MJ 1 : ﬂrw
centred).
« Automatic Faulty Valves Detection
System
SVM - Support Vector Machine £




Anomaly Detection on Beam Screen ,‘%k

Cryogenic Control per
« PID output (time series) segmentation
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- Characterization + Feature extraction L Semam
« Features based classification il
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Source: EN-ICE (Benjamin Bradu, Enrique Blanco)




Data Discovery - Accelerator Complex Operations &‘f
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lobal Post Mortem Event

Integrating Data Sources
. Electronic Logbook

nergy: 4000080 [MeV]

vent Timestamp: 10/06/12 23:42:39.163
r: 2718
r / beam mode: PROTON PHYSICS / STABLE BEAMS
sity B1/B2: 15509 / 14217 [e"10 charges]

en
nt Category / Classification: PROGRAMMED DUMP / MULTIPLE
tBICiptT gged? st USR_PERMIT change: Ch l-Programable

;_SYSTEM DUMP
Dump bl: A T -> F on CIB.CCR.LHC.B1

. Controls Configuration DB .. .
. JIRA (JSON) :

Text analysis e
Better LHC Operations sy
. Events Analysis 3
. Correlate Information
. Fault Tracking System s e e e e

TIB.BTVILBTTS2 - Tié BTV with screen control

. Operational Modes
. Operational Issues :
. Control Equipment B0vTTOAs . owespa

BR.GSPOOL10-AS-to-DS - OCasis signal

DOAMGNDRE_ODD.RB.AS1_ODD -
nve: ER.SEH10-OLD
DOAMSNED0.RR13.ROD.ABIBT

at Mortem Fvent Confirmation

DOAMG type ND for RSB circuit ODD side RE.ABT  DOAMx

DOQAMS N type 6004 for circuit RR12.A0D.AB1B1  DOAmX

Class Version Implementation FEC Name Servername

108 FESAZ
14.0 FESA3
210 FESAZ
1.4.0 FESA 3
1 FESAZ
1 FESA 2

efv-uaBT-bhvi BTVI.ctv-uaBT-bivi

clc-sri-dilta DQAmxDU-{_clc-sr1-dtifa
cfe-150-cgpebt1_old  FesaSharedServer.cfc-150-cgpebtl_old
cfc-sri-diita DQAmxDU-f.cfc-sr1-dtifa
chv-361-chaos? AnalogueSignal.chv-361-chacs?
cfv-361-cbaos2 AnalogueSignal cfv-361-cbaos2




opATA . Endeca Information Discovery | LogBook EID

¢ ¥  Admin Admin ¥

Add Compo

Search Box o ox Summary of Faults &8 N ox
[+) ) [+] O, -
: 191,688 1,804 0.94% - 0.00 0.00% 0.00% 100.00%
Search within Total Events Total Faults Fault Percentage Tl Major Events PS Complex SPS LHC
Selected Refinements 8 Hox
Fault Analysis o Hox
* Complex
LHC . . . .
beam dump BSRT beam cabieshorted causing orbit fluctations CIFCUIit breaker coidbox COId con IpreSSOF communication problem
Reset
—J communication stop compressor trip  cryogenics problem  current lead  electrical glitch  electrical interuption  electrical problem  Fauly temperature gauge  headtail instability  injection septa
Available Refi ts 2o A : . .
vallable Refinemen b interlocked positions  LOSt communication oil pump  opticaiinx  POWET converter rowerconversr power cut power glitch  power module  power problem  power supply  power trigger power supply
 Logbook
v Complex provoking l0SS  required access  right jaw  Setings mismatch  stable fiter Stopped water temperature sensor  vacuum problem  vacuum problem W@ COMPressor
Search for specific value... &J 4 [
TESTS (188442)
PS Complex (131885) Explore | Fault Description Terms ¥ | by Relevancy
SPS (101456)
HISTORY (30181} Component Container 8 H X
ISOLDE (22262) » :
BE-BI (7241) Faults Duration Analysis & i x| | Chart & 10X
UAS (2647) Actions ¥ Actions ¥
TE-ABT (2504)
TE (2373) Fault_Duration (sum), Fault_Duration (average) by Fault_Groupname Fault Id (unique values) by Fault Groupname
RF (1741) : 1,200 12 & Fault Groupname
SHUTDOWN (768) & 1000 10 IE Y
I Acce:
TE-VSC (663) § &m0 8 2 g FaultDuration -Bear:sdump
EN-ICE (244) T e 6 & | fsumj [ Beam instrume. ..
g e Fault_Duration BIS
R2E (197) SI 400 4 3 (average) [ Collimator
.
AT-MCS (20) 3 2w 2 g
Select All L o o i
— [w] = w = O (=] 5 5 o - (=] = (=]
g F ¢ 5‘3 g § g’ ® & g F 28 EF g 2 g 2 8 € 8@ W Miscellaneous
+ Logbook Y 53 53 3 & ed 93 E g 2 2
5 g HF § 4§ 3 5 23 & EOperation
e = 2 = a § E 3 B Power converte.
g ] o Ers
» Event Date = WrsB
» Ewvent Comment EEFPS
Fault_Groupname
» Operational Mode -
» Line Name Sort: | Fault_Groupname by Fault | ¥ LJ Sort: | Complex ¥ LJ
* Faults
» Fault Groupname Pags b | ] 1-200f20 | 50perpage Page of 1 ¥
» Fault Name Oategory,sds Calor
» Fault Description e ¥ AT D] ¥
» Fault Start Date




Big Data Analytics as a Service )

- Batch Processing
. Highly heterogeneous data
. Tools (Matlab, R, Python)

Near-real-time processing

ORACLE
BEa——
STREAMING saL
« Low Latency (order of second) cloudera
HADOOP
«  Expert knowledge + inferred — =

« Scalability and fault tolerant
- Visual Analytics

e/
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- Data discovery and exploration o hedmp LEHE
- Data Repositories
Store large amount of data F OQO0D

Integrate with existing repositories
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