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Automation in Control

Metrics

 I—

45

vivOW

Reduce Decision taken
repetitive operations

to sequence
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Constraints of Automation?

When to start and stop? Stable Analysis of feedback

s

YYOW
, - , Sometimes the more
Virtually no limat Operations measurable drives out

Based on pattern vs R&D the most important.

--René Dubos
4 MNAXAV



IT Organisation



Present Kontroll & IT Group
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Lean and Agile (SCRUM)

Short  Troubleshooting, unforeseen small tasks, informal meetings,

Term brainstorming

Other Project Meetings (3-6 Months)

MAC

SR

Accelerator biweekly
controls planning

Long Term Planning (every 2 months)

LTP

MAXIV



Sub System Responsibles contact points

__ o

Project Coordination

09/09/2014 MAX IV MAC Meeting, Lund, September 2014

Storage Rings

MAXIV



Collaboration

Solaris: Budker pulse magnet, Danfysik PS, R&S RF Transmutter,
Spectrum Analyser

Alba for all python software including Sardana and Taurus,
Electrometer

ESRF Tango and Icepap

Soleil for the pulsed magnet, the nano probe, the wiggler and
MxCube

ELI, ESS and others by sharing the experience (workshop)

Nexeya and Cosylab MAX TV



Robustness



Robustness?

Statistics from Starters
Between 02 Dec 2009 01:00:35
95/106 Controlled hosts
1640 Controlled servers
Nb failures: 670
Availability: 99.0256 %

and 26 Nov 2015 08:42:08 on:

During 2185 days 7 h 41 mn 33 sec. 325 servers have failed

11

Server Name Host Name |Failur... Failure Duration Availability Last Failure
LiberaSinglePassEfI-KTR1-RF5... |i-ktrl-cab04... |1 -42291323.0 sec. 102.2431 % (19 Jan 2010 23:46:11 |~
LiberaSinglePassEfI-KOB-RFSPEZ |i-kbc2-cah04.. . |3 -1294816.0 sec. 100.6911 % |02 Dec 2009 01:02:07|=
LiberaSinglePassEfI-KTR1-RF5... |i-ktrl-cab04... |2 -10011.0 sec. 100.0052 % |14 Apr 2015 14:24:52
AlarmPLC[2 g-v0-ec-0 1 8.0 sec. 100.0000 % (19 Dec 20132 11:132:42
SnapManagerf01 g-vO-adhb-2 1 6.0 sec. 100.0000 % Statistics from Starters
ﬁ;’:f;sﬁgglﬁ:;:;%fﬁ”éiz Ry SO see oo oo Between 02 Dec 2009 01:00:35 and 26 Nov 2015 08:42:08 on:
RTOScope/fI-KBC2-CT g-vD-ec-4 1 4.0 sec. 100.0000 % ﬁﬁoﬁcon(t:gg'ﬁg(]j] :gr:g's,;s’
Eurotherm/I-KOO g-vD-ec-7 1 12 sec. 100.0000 % Nb failures: 670
K2Modulator/1-K15 g-v0-ec-5 1 6.0 sec. 100.0000 3 . A .
DeltaController/1.KBC 1 g—v0-ec-1 1 16 sec. 100.0000 %|| Availability: 99.0256 %
QOPCaccessDs/MAG g-v0-ec-0 1 20 sec. 100.0000 %
LiberaSinglePassEfI-KBC1-01 i-kbcl-cah04...|1 1 mn 08 sec. 100.0000 % |IDuring 2185 days 7 h 41 mn 33 sec. 325 servers have failed |
RTOScope/I-KBC1-CT g-v0-ec-4 1 8.0 sec. 100.0000 % Server Name Host Name |Failur..| Failure Duration | Availability Last Failure
loggerds/fg-v0-ec-1 g-v0-ec-1 1 14 sec. 100.0000 % JCTAverdgmuy=CT=REC L |U=-VU=-BL=4 3 T7 Uays I M UU T ... |95.3629 % |18 AQr 2ULs 12, Le
UberasinglePassEfi-KBC2-01-...li-kioc2—cab04...]1 4.0 sec. 100.0000 % lIFconc/R3-A111311-CABO4-C... [g-v0-ec-22 |1 6 days 22 h 14 mn 5... [94.5205 % |07 Sep 2015 13:05
DeltaController/l-CO80007  g-vo-ec-6 |1 18 sec. 100.0000 % |fapaccessDs/I-PSS g-v0-ec-2 7  |38days7h58mno0.. [93.2386% |11 Nov 2015 082
Hoerasinglerass s/ RIRL  -Kirl-cabod.. o L mn A sec 1009900 % 1 0P CaccessDs/I-PSS-WAT CHDOG |g-v0—-ec-2 36 days 5 h 07 mn 4. [93.2163 % |08 May 2015 09:2-
LiberaSinglePassEfI-KBC2 i-khc2-cah04...|1 1 mn 28 sec. 100.0000 % : )
OPCaccessDs /VAC g-v0-ec-0 1 33 sec. 39 9999 % ||PPCACCessDS flI-WAT -y0-ec-0 S2days 21 h29mn ... |90.6825 % |08 May 2015 11:2¢
LiberaBrilliancePlus/R3-201M. . |r2-all10111-..|1 10 ser. 99 9999 % ||FCOnC/R3-A110211-CABO4-C.. . |g-vO-eC-22 12days 1h25mn l.. |90.46083% |23 Jul 2015 10:05:
OPCACcessDs /PSS g-v0-ec-2 1 42 sec. 99,9999 % |{ModulatorConditionerf1-KOO -y0-ec-5 25 days 20h 52 mn... |B9.6795 % |14 Oct 2015 16:06
DeltaController/1-CO80008 g-v0-ec-6 1 32 sec. 99.9999 % |ISynchronizer/I-KO0Q -v0D-adb-1 48 days 14 h 14 mn ... |83.2257 % |16 Nov 2015 06:5¢
liheratinnlePacsE/-KRCI-RES li-khr2-rahnd 11 J mn 28 car 44 Q99a % NpelayGeneratorDG645 jI-KOO -y0-ec-5 47 days 19 hS7 mn ... |80.9199% |12 Nov 2015 19:05

QPCaccessDS/fI-VAC-SCRN

I
m
T
o

162 days 18 h 28 mn...

F1.3268 7%

17 Jun 2015 15:02

RohdeSchwarzRTM fI-KO 1

|
e
T
N

122 days 17 h 24 mn...

70.4166 %

03 Sep 2014 18:24

QPCaccessDs/I-MAG

I
m
T
o

182 days 6 h 48 mn ...

67.8906 %

31 Jul 2015 11:12:

PyattributeProcessor/I-DIA

c-10

|
1]

202 days 22 h 14 mn...

63.8701 %

13 May 2014 17:5°

UnitedStates/|

c-10

138 days 2 h 27 mn ...

39.1050 %

04 Nov 2015 08:27

éééééééééé{%éééééééééé

Rl WINIAR NP N WO WAIN B = (N R -

QPCaccessDs /PSS -y0-ec-0 72ldays 12 h29mn... | 6.4078% |04 Dec 2012 19:1°¢
FanoutConcentrator/R2-4110... |g-v0-ec-22 SS5days 22 hl17mn... |5.1250% |01 Oct 2015 10:24
FanoutConcentrator/R3-4111... |g-v0-ec-22 Sedays 2l hd4emn ... | 3.5371% |01 Oct 2015 10:24
AllenBradleyvEIP/R2-215-VAC -v0-ec-9 250days 1S h42 mn... | 1.6630% |20 Mar 2015 16:58
QPCaccessDs/fI-PSS-SEARCH -y0-ec-2 497 days 2 h 13 mn... | 0.3265 % |17 Jul 2014 06:328:
CTAveraging/fI-CT -v0-ec-4 384 days 17 h 19 mn...| 00122 3% |06 Nowv 2014 15:2:
RohdeSchwarzRTO/fI-KO1 -v0-ec-9 309 days 16 h 223 mn... | 0.0012 % |20 Jan 2015 16:19
AllenBradleyEIPfR2-302 -y0-ec-9 314 days 18 h 59 mn...| 0.00003% |15 Jan 2015 13:42
AllenBradleyvEIP/R2-303 -v0-ec-9 314 days 18 hS56é mn... | 0.0000 % |15 Jan 2015 13:45
AllenBradleyEIPfJR2-205 -0-ec-9 314 days 18h 56 mn... | 0.0000% |15 Jan 2015 13:45




Functionality |Usability Reliability Performance |Support.
~300 000 channels R/W | Human factor: Availability: MTTF in Speed: dependent on the Testablhty
@HW and Computation | Limited on general improvement (PSS hardware but enough for Unit test on most of the
level services Watchdog) but 100 Hz fast diagnostic Tango device,
Need Feedback, Powersupply, Libera, - Maintenance smoked
Correction, Basler camera... test,
Compensation and Known software issue - Incremental validation
diagnostic (Radiation Monitor,...) - but less available time

- obsolescence to manage
Accurateness: functions | Documentation: Failure Extent: no metrics | Efficiency: Flex1b111ty

tested and reviewed

Expert and Experienced
People only

but day oncall support.
VM fail over, monitoring
of the servers

- Time stamping in
review,

- Not enough for
Archiving, snapshot
and alarms

modularity of Tango
- within scope > real time
- management of the
configuration but
Archiving, Snapshot ...

Reusability:

- between accelerators

- Tango binding and
MML

Consistency:

Standard Naming and
behaviour (ALARM vs
FAULT state)

Stability: overall the
system 1s predictable

Resource consumption:
40 CPU & 80 GB, Some

HW bandwidth are
consumed (ITest)

Speed:

- min 2 weeks iteration

- real time for critical
operation

Security: not required

Responsiveness to
improve

Accuracy (Frequency/
Severity): No metrics but
less urgent call; in
continuous improvement

Throughput: Should
handle camera at 50 Hz

Install-ability:
- Accessible from dedicated
local and remote computer

Compliance: not required

Capacity:

Scalability: yes but
general service (mysql,
polling system)

Capacity:
- possibility to increase the
inventory

A A/




[ Host 106

Network and System Architecture
Core Switch
Access switch

/ T

V'V V'V

Fthernet VM_ | VM VM
VM || VM || VM |
N -/

Access switch

redundant 2+2
2*%6 core Intel Xeon

Access switch 40Gbit 128GB ram
3*10Gbit

13



MAX IV CS
Communication

® Good communication with the
stakeholders

® Good participation of the
stakeholders

® Product Owner
® Unit Test
® |terative validation

® Code review

e Sharing knowledge and
standard

14 MAX TV



Agile 3 GeV Ring Installation and Test

predictable if th

e aCﬁOﬂS

600

clear
M -~ Planned

“. Done

450

300

Arbitrary Point

150

Average Done
| Planned Burn dowr

- Done Burn Down

33 34 35 36 37 38 39 40

Sprint number (

15

—ach ~2 weeks)

41 42 43

MAXIV



CS Services



Services: Archiving

MIAK IV = ATCTVS ViSwar from 11:39:28 on 2014-05-11 to 11:39:28 on 2014-05-18
G
[ FGREO Y1 —Y2 - I-KO1/RF/MOD-01/HvPsVoltage ~ —Y1 - I-K01/VAC/IPCUA-02/PRESSURE Y2
* I-KOO
¥ I-KO1 [
¥ RF P s W = ﬂ““ -1100
¥ MOD-01 8.001e-07- ~ b F- ? et 000
@Y 2 HvPsVoltage | | | |
. Power | | i -
6.001e-07 | _ 700
View A Recent Time Period: | i '
? : - 500
| | | 300
_trow | 2t | zhoun 2 o01007- . a o
______________________ 0 Ul g ||| - -
1e-10- — 100
Continually Update Above Period Every: \\\06 \\\06 \qﬁ" ,@0" \«3\0" \5\06 \m\Q" \u\°‘° \6\06 \6\06 \6\06 \6\06 \1\06 \1\06 \%\06 \%\06
o AT Qe AT Qe AT Qe AT Qe AT Qe AT Qe AT Qe AT

) Display values under mouse

Or Choose A Specific Time Period: Axis Grid Scale Set Range min max
start | 2014-05-11 =  11:39:28
El <«
Stop  2014-05-18 g 11:39:28
vi1 @&  Linearscale 4% & Manual $ 1e-10 i1.0e-6| ln
y2 () Linearscale % = Automatic v 00 1.0

Chart Properties Save Images & Data
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Services: Snapshot

Goal: System to restore the state of the

. D Time Name Author Reason Description
MaChlne 14 2014-05... |-GROO-CONDITIONING  KITS Conditioning ... Conditiosing e |8
15  2014-05.. |-GROQ-COMMISSIONING KITS Commissioni... Commissioni...
. 16  2014-06... |-WAC KITS Settings of th... Help to keep... | =
Tang() SnapShOt (SOLEIL) allOWS tO‘ 17 2014-08.. | KITS Upgrade of t... Store all Devi... ’
. [-COMMISSIONING Sara Thorin  Commissioni... Commissioni...
o reapply the set p()lnt 19 2014-08.. -COMMISSIONING-V2  Sara Thorin _Commissioni.. Commissioni... [~

 reapply the read value

[-COMMISSIONING-VZ2

 select a subset of parameters

Sara Thorin
Commissioning of the Injector
¢ Compare to anOther SnapShOt Commissioning of the Injector till MS1
. E}---%g-vO-csc.lb.-o.maxiv.lu.sezloooo ‘ E}--{hg-vO-csdb-O.maxiv.lu.se:lOOOO
® but doesn’t reapply State 1n Tango e B Fase
definition L

=> On/Off attribute B B o e s
S configurations:

A Attributes Write ¥alue | Read Value | DELTA | Can Set
-KOO/MAG/PSIA-09/Current 0.34 0.34 0.00 O -
_ " > I-KOO/MAG/PSIA-10/Current 0.0000 -0.0000 -0.0000 O
1 general Wlth 63 13 Settlngs -KOO/MAG/PSIA-11{Current No Data No Data e
. L . . . . -KOO/MAG/PSIA-12/Current 0.4249 0.4249 -0.0000 O
- 5 specific for conditioning, cCommiss10NINg| [-oomaspsaisicuren |00 100 o0 O
-KOO/MAG/PSIA-14/Current -0.22 -0.22 -0.00 O
. -KOO/MAG/PSIA-15/Current -2.00 -2.00 0.00 O
= t() WOI’k 1n parallel -KDO/MAG/PSIA-16/Current 0.30 0.30 0.00 O

18 MAX TV




Services: Sequencing

macroexecutor.py

actions bar

* S erViC e S Parameter

motor energy

S C an start_pos 5000.0

final_pos 5100.0
nr_interv 100

macro integ_time 0.1 parameters editor

sequencing

senvActiveMniGrp mg_electr
senv ScanFile energy_scan.h5
ascan energy 5000.0 5100010001

favourites list

progress bar

spock command

Spock command: ascan energy 5000.0 5100.0 100 0.1

macro combo box

.
- :
- LTRSS |

¢ ie
: | ! :
- | 4 |
)
[ i |
A
S T e~ pmer ~ ey~ g 1 |
o -
s Y e v . s '31 ------------------------------------ 1

!
|
[:"".’“".‘ - 54t Aoe -
e A R TG A T TR . S 1
E? e - acro: [ascan ']-L:
1= . : - ’ faaenal
= : % : : Macro Parameters Progress | Pause . 7
ct [1.0] | 0% - | 'l add to sequence
ascan [mot_mx1,0.0,1000.0,2,01]  § 0% | *
ascan [mot_mx2, 0.0, 500.0, 2, 0.1] ] 0% M
ascan [mot_mzc, 0.0,100.0,100,01] ) 0% | l
senv [ScanFile, scan2.h5] |} 0% E
ToothedTriangle [mot_mzr, 0.0,1000.0,2,01,1,1] §J 0% |
(#]
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Services: Status board

* Services
Archiving, snapshot, sequencing (vincent)
Status Board

20



Alarms: from notification to automation?



/PyAIarm h
Compares set of
conditions and
thresholds

N /

/PANIC GUI

Displays active alarms

(condition > threshold)

\_

~

!
N

/Email and/or SMS alert

o

/Logging (Kibana)

o

)

We use “the” Python Tango Alarm handling tool, PyAlarm

* Mainly configuration + some developments by Max!V
Does not handle critical actions, but used for notification and logging
Conditions based on States and Attributes of any Tango devices in CS

Typical alarms conditions are PLC interlock tags == True (for which the
appropriate action is of course handled by the PLC)



/PANIC GUI

Displays active alarms

(condition > threshold)

't PyAlarm h
Compares set of
conditions and
thresholds

N /

\

~

/
.

/Email and/or SMS alert

o

/Logging (Kibana)

o

/Action on Tango device

or Attribute
-

)

~

o

J

* PyAlarm allows actions to be defined on other Tango devices as a
result of an Alarm condition becoming True

* Example in use today:

* monitoring of magnet resistance as proxy for temperature.

* If resistance (coil C) > limit (coil C) -> turn off power



Alarms in software: greater automation?

PyAlarm is higher configurable so easy to imagine a greater role in
automation

Can provide a preventative layer of protection before PSS or MPS
e |f some WARNING threshold take some action
e |f some ALARM threshold take more severe action

o Safety layer: If interlock condition -> handled by PLC

Can also envisage other features to shorten procedures:
* Greater use of PANIC GUI to issue resets when needed

* Interface to elog to record actions taken?

Keep in mind limitations:

 Conditions limited to simple Python expressions



Role of diagnostics



Can the required information be collected via Tango?

Diagnostics: the basis for decisions

Automation demands information on which to base decisions

Performance example: recording pulses from linac Charge Transformers (CTs)

Pulses from each CT device captured by oscilloscopes

Scope Tango devices send “Tango events” when new waveform captured

Synchroniser Tango device
receives waveform data
and timestamps, plus
trigger counter and
timestamps

Waveform data thus
matched to correct trigger
bunch number

Waveform Data (t)

Trigger | Time window

- —— e e e e e e e e e e e e e

Timestamp t + 3ms

Waveform Data (t + 30ms)

Timestamp t + 33ms

Waveform Data (t + 10ms)

Timestamp t + 13ms

100Hz

Trigger counter T with timestamp t




Diagnostics: the basis for decisions

“Fast archiving” of data from Rohde & Schwarz oscilloscopes demonstrated at
100Hz in the lab

Currently running at the 0.5Hz of the linac

* Waveform data matched to trigger bunch number being written to hdf5
files at this rate

Available for possible analysis running offline to feedback into control of linac?



Automation examples



Example 1: Cycling script for magnets

Magnet software is one step removed
from the hardware layer (PS devices)

Magnet circuit devices associate power
supply devices with one or more magnets

Magnet circuit devices read and write
current on the power supply devices and
use calibration data to convert between
current and field, hence allow operator to
steer by field

o

Magnet
Circuit

)

-

\_

PowerS
upply

~

/

Circuit device implements a Finite State Machine for magnet-PS cycling:
- configure minimum and maximum range, number of cycles, steps...

Tango’s Matlab binding allows its automation through higher level scripts...



PSDF,PSDI,PSPF,PSPH,PSPI[A]

Example 1: Cycling script for magnets

700 - : : ; IS SSUNUNUNUUUNTUURIUNINN AU, VGRS SN S S B ceecnest - eecesssesesssesnsensensussesnsnnnans
—— r3-a102011cab14_mag_psdf-01| — 4

— r3-a102011cab20_mag_psdi-01
»»»»»»»»»»»» — r3-a110111cab01_mag_psia-01 |

600

r3-a110711cab08_mag_pspf-01
— r3-a110711cab08_mag_psph-01| - »
— r3-a110711cab08_mag_pspi-01

[ A\

All PS in 3 GeV ring comand to Cycle
45 did not respond out of 569 1°
524 circuits cycling simultaneously
Nominal
Correctors: 50 s ramptime, 32 steps
Others: 80 s ramptime, 256 steps |+ -2

500

400
300

200

Measured Ramp Time
Corrector: 50.2 s

100 Others: 80.5 s

>\

5:26 PM 5:28 PM 5:30 PM 5:32 PM
8/8/2015

¢ Design of script and Tango device is coupled
¢ Tango device makes available the attributes needed by the script, such as
the ramptime and step size
¢ NB: Tango “groups” feature makes addressing all or subsets of devices easy
(here selecting all devices in 3GeV ring)

[vlviSd



Example 2:

Modulator conditioning

Tango Modulator devices control Scandinova
modulators in linac

During commissioning, needed to slowly ramp
voltage while monitoring pressure and
interlocks

This conditioning procedure was automated in
a Tango “Conditioner” device

e )
Conditioner
Device
\_ _
/ \
- 2Ya N h
lon Pump PLC device
Modulator | | (ressure) || (interlocks)
\_ VAN VN /

Different approach to previous example: here all intelligence is in the Tango
device itself, not a client script. Just click “Start”...

Uses similar underlying Finite State Machine code as in the magnet cycling, but
with more complex conditions to handle: normal ramping, checking of pressures

and interlocks, recovery phase, spark phase...

* Takes input from several other Tango devices to make decisions.



g LinacModulatorConditioning
File View Taurus Tools Panels Help

K »

“ ‘Load Perspectives ¥

1=l

Start

Stop

MainForm2 & X |AllTrend & X
500 [ ~ 1&-07 _ mMaximum ion pump pressure
| — HvPsVoltage
e e 400 — — 1e-08
ampstatus  RAMP STATUS: NORMAL - |
Requested HV setpoint | 300.00 300.00 V g P
Normal pressure threshold = 1.00e-10 1.00e-10 E
Alarm pressure threshold | 1.00e-09 1.00e-09 300 - 1e-09
Spark pressure threshold | 1.00e-08 1.00e-08
Normal HV ramp increment = 5.00 5.00 V ] ;
Normal step time | 5.00 5.00 s - | 1e-10
Recovery HV ramp increment | 10.00 10.00 V :
Recovery step time | 2.00 2.00 s
Alarm HV ramp decrement | 50.00 50.00 V S
Spark HV ramp decrement | 100.00 100.00 V i
Spark waiting time | 5.00 5.00 s F
| - le-12
| I I I |

o]

MAX TV

LinacModulatorConditioning is ready







