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ABSTRACT

The Controls Group for TRIUMF’s 500 MeV cyclotron developed, runs and
maintains a software application known as The Scans whose purpose is to: FEATURES
1) log events,
2; er?unciate alarms and warnings, - Selectable scan rate for efficiency, where each list has its
3) perform simple actions on the hardware, and own rate (presently 10Hz to 1 per minute)
~ 4) provide software interlocks for machine protection. | - Inter—procesg communications: | | Typical example of a scan element:
Since its inception more than 35 years ago, The Scans has increasingly e Exports internal states (last trip status, defeats, scan active) and data
become an essential part for the proper operation of the Cyclotron. e Listens for commands and takes actions ELEMENT 8: ENABLED ACTIONS: 4 NO AUTODISABLE
This paper gives an overview of The Scans, its advantages and limitations, - Defeats (by disabling a bit, an element, or whole scan) TV.56. MUX < 1 1E-9 OR’ TV .56 MUX S TK 531 MUX
and desired improvements. - Mu]ti_ple actior)s per scan element Dd Il\iSERT EARADAY CUF; ’ o
- Eificient, relatively simple DO LOG opslog “CORRECTION PLATE TRIP: VACUUM
- SCrlptS are easy to read; uses keyWOrdS DO CALC TEMP(QO) =15 * 65535 + 101
- GUI, supports multiple active instances DO WRITE TEMP(90) TO ET,100,DAC

- Exported data/status allows other apps to display data
- Scalable; more scans can be added, more elements can be added
- Temporary variables
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I N T Ro D U CTI O N E"E Eiew Eptinns Erint ﬂelp File View Commands Options Print Help
: JES— P SOFTWARE INTERLOCK SCAN DETAILS (pg9) Page FC9
- More than 35 years since the first version
H d y A t luti - [10-Jul-2013 14:51:38] - | 101A0 [19-Mar—2013 16:05:44] TLTANK ITEMS (1of2) SCAN, ELEMz IL/STATUS —TRIP LIMIT DFT LIM
- Has un ergor_1e significan evo_g .IOn. B2 [17-Apr-2013 11:48:46] IL2A_ACTIN [09-Aug-2013 02:14:53] Inflector ILTANK, 3,48 2.0E-6||2.0e10-6
- One of the primary software utilities in the Central Control System L 2 ogRERsR01e 3200 00 00 o oarotaite 00 Tank Inf/Def TLTANK, 5 5.0E-7]|5.0e10-7
. i —Apr- = - —Apr- 5 = - .
- An essential Component BUNCH [09-Jul-2012 14:22:48] ILCHAGO [05-Apr-2013 12:10:38] P“E E;ﬁ;ﬁes iﬂmi’?n 5. 0E-7] ?'gelg_g
: : : _ BUNCHSPARK [06-Apr—-2012 08:07:57] ILCYCTXO [05-Apr-2013 12:10:44] ks , 1.2E-6||1.2€
- Performs a wide varlety of actions such as: CAMAC_PWR  [21-May-2013 13:59:27] - | ILDIAGO [07-May-2013 12:28:47] RF 00D or Off TLTANK, 14
. . . . “ TR . CAMAC_STAT [27-Feb-2013 15:52:18] ILHICURO [05-Apr-2013 12:10:48] Inflector Off ILTANK,18
e Provides machine protection (beam trips and “soft” trips) and warnings ces [18-May-2012 13:53:35] = | ILINFO [05-Apr-2013 12:10:52] Corr Plates OFf ILTANK. 19
: - css [31-TJan-2013 17:31:28] ILINFSKO [05-Apr—-2013 12:10:58] ] ,
e Diagnostics 1 [05-Jun-2013 17:44:37] ILISISO [05-Apr-2013 12:11:01] LE Spill Mon _ LAk 20 _1250]
Initializati T1SPARK [02-Feb-2013 16:24:49] ILPROBEO  [05-Apr—2013 12:11:05] HE Spill Mon (RF,323) ILTANK, 22 1250
¢ INitializations IB [03-Apr—2012 17:04:45] ILRFO [23-May—-2013 16:32:30] HE Spill Mon (RF,324) TLTANK, 41 ?
TR TBSPARK [05-Apr-2013 22:49:30] ILSLOWO [05-Apr-2013 12:11:14] HE Spill Mon (RF,326) TLTANK, 42
~ WatCthg monltorlng IL1A [1ﬂ—Jul—2ﬂ13 14:54:26] ILTANEO [ﬂl—Ha}r—EDlS 12:11:33] HE S:)-I'I'I Mﬂn (RF 32?) ILTANK 43
e Event notification (messa es to activitv lo S) TL2A [19-Jun-2012 10:45:49] ILTICKTOCK [03-Jul-2012 12:46:51] i :
g y 109 TL2C [29-Apr-2013 17:41:29] RFBAKE [16-0ct-2010 22:48:00] ‘::CE] %Himigg 500
. . : - - =23 - - - 40: : dg ;
e Automatic resettlng of equment IL2C_FAST  [18-Jul-2013 10:23:13] : TTICKTOCK [03-Jul-2012 12:40:58] J |
Q2 V Flag R=40 ILTANK,B1
e Dynamic adjustment of gain settings to avoid saturation = B = Q2 Vv F}ag R=46 ILTANK, 62
. . . 2 V Flag R=53 ILTANK, B3
- Typically more than 50 active scans and more than 4500 active scan elements T Refresh Lists e e §FD Hﬂusg’ng TLTANK DE
- Regularly produces several thousand event messages a day from scan elements | Use XTpage=FC for | 1AT2Q1 Flow <4 for 1.2sec  |ILTANK,47
. . Deactivate Scan Digi/DAC Actions, Activate Scan
- Runs 24 hours a day, 7 days a week, even during shutdowns when possible wam Limits, or
F d Cup S
- Off Scan Msgs BLANK IL/Status and Trip columns indicate the corresponding scan is INACTIVE
FC10
Aua 29 2013 16:23:25
Th S Examples: Enter page: I I History I List Up L'ist Down Prev page Suh Index I"-'Ia'in Index
e cans . P Do EN TG,2 (Element 2 on}
HDSNEE S R ;3 | DIS TV,4,3 (Bit 3, #4 off) Message: .
DIS B1,1-5 (El 1 to 5 off) ) — —_

Master Process Xscan - User interface to The Scans XTpage display of an interlock scan

%\ Xscan
Oracle MessageQ ZOperator Console

e e e [SCAN ILn

| CCS Device Data
\%/ Acquisition

Oracle MessageQ

Message Logs

OPERATIONAL EXPERIENCE
: Easy to u_nderstand _and to interact with | DES'RED ENHANCEMENTS
- Has provided many instances of machine protection

- Essential for running beam - Additional Xscan display features

- Reliable - Save/Restore the enable/disable state of individual scan elements

- New elements get added every week or so | | - Quick, short-term, user defined scans with audible alarms and
- Messages generated by The Scans are helpful for forensic analysis message generation (mainly for Operations)

E"E Edﬁ Epnnnands gpﬁuns Eﬁnt

. . . 40 18«02+ 28 [53(53 072208 [(SCAN_B1

Primary Application Components of The Scans 40 18:02:47 PSI083 013160
40 18:02:53 CSICE3 613180
40 18:03:46 CSICE3 672288
40 18:04:26 CS3IC53 Gp2917
40 18:04:37 CSICE3 QOQ000
40 18:04:37 CSICE3 QOO0
40 18:04:37 CSICE3 QOQO00

) EL67 1ASM10 (steering quad) changed hy > 100 (B1, 66,0
SCAN_IB) EL150,B5=1 1IB,56,REG ISIS wire scarmer WS165 IS Moving
CCAN_IB) EL150,B5=0 1IB,56,REG ISIS wire scarmer WS165 IS HOT Moving
SCAN_B1) EL67 1ASM10 (steering cquad) changed hy > 100 (B1, 66,0
SCAN_TKSPARK) EL110 TE, 45 MUME Corr Plate #6/IV -we Current (spark?) changed by 186
SCAN_ILINF) EL3 MACHINE TRIP: TK,1 Inflector spark xT=7H
SCAN_ILINF) EL4 TK,1,DIGI OFF: TK,1 Inflector spark xT=7H
SCAN_ILINF) EL6 MACHINE TRIP: TK, 2 Inflector spark xT=7H

40 18204537 C5IC53 000000 (SCAW_ILINF) EL? TK,1,DIGI DFF: TK,? Inflector spark XT=7H

40 18:04:37 CSIC53 100897 (SCAN_TLINFSK) EL4 WARN: Inflector skimmer (TK,50 OR TE,51) S U M MARY
g 18:04:37 C5ICS3 000000 (SCAN_TLTANK) EL18 MACHINE TRIP: INFLECTOR (TE,1,DIGI)

§ 18:04:37 C53C53 191200 (SCAN_TLTANE) <ESC>[Im<ESC>[36mDuplicate msgs discarded for the next & min (errorlog3)<ESC>[om

40 18:04:38 CEICE3 070028 (SCAN_T1SPARK) EL16 I1,53 MIKL Dumped Current to Pulser (spark?) changed by 1320

40 18:04:36 CSICSI 075032 (SCAN_TISPARK) EL17 I1,54,MUXL Ton Source BeamStop (spark?) changed by 396 - A useful, easy-to-use, easy-t()-modify, scalable, robust app”cation

4 18:04:38 C53IC53 075036 (SCAN_T1SPARK) EL18 I1,55 MIXL Pulser Duby Cycle % (spark?) changed by 472

(
(
(
(
(
(
(
(
(
(
(
(
{
{ .
40 19:04:38 CS3C53 075049 (SCAN_TISPARK) EL23 T1,60,MDE Eingel Lens Current (spark?) changed by 186 - Has evolved over more than three decades to be an essential part of
5 18:04:41 CS3CS3 062736 (SCANMS) EL9E MS,701,MUXL Beam Line 1 Beam Off Cownt != previous (dat=20) ’
PERFORMAN C E 04:41 CSICSI 062744 (SCANMS) EL9S MS,703,MUXL Beam Line 2C Beam 0ff Count != previous (dat=52) the CyC|0tl’0n s Central Control SyStem
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hh 18:04:42 CSICST 004302 (SCAN_T1) EL27,B2=0 1I1,54,DIGI GSRC BEAMSTOPR NOT OUT xT=51 1 11
. - Runs reliably and efficiently

fd:d2 C53C53 004303 (SCAN_T1
Br0d:42 C53C053 004308 (SCAN_TI

- Executable code runs in one server, GUI runs across clusters
- Takes a minor fraction of a server, ~2% T
- Can have message storms, actions taken to minimize the storms Rl e

40 18:04:42 C33C53 062812
40 18:04:42 C53053 014927
40 14:08:21 C33C53 072288
40 184:10:08 C33C53 072288
40 14:10:4%4 C33C53 072288
40 14:17:45 C33C53 013179

§
f
i ELZ7,Bi=1 11,54, DIGI GSRC BEAMSTOP IN XT=41
8

BL27,B9=0 I1,5¢,DIGI SRC BEAHSTOP COMMANDED TN - Useful in a variety of areas such as machine protection (warnings,

SCAN_TK) EL95 Inflector +ve Yoltage changed by > 1600 (TE,1,HTX . . . . . . wge oxs .
hard and soft trips), event logging, diagnostics, and device initialization

- Functionality has increased from providing basic interlock protection

L Gy e and logging to finer actions like setting the proper gain on devices and

(
SCAN_EL) EL67 1ASMLO (steeri d) changed by > 100 (BL,66,M0%) ' ' ' : : : :
SCAN_EL) EL67 1ASM10 (gtﬁﬂg %:d) Eﬁggd hi > 100 (BL, 66,M0) Iteratlvely/adaptlvely reducmg beam mtenSlty (SOft trlps)

SCAN_IB) EL150,B4=1 1IB,56,REG ISIS wire scanner WS146 IS Moving

)
)
)
)
) )
SCAN_TK) EL96 Inflector -ve Voltage changed by > 1600 (TE, 2, M)
SCAN_TK) ELY97 Deflector +ve Yoltage changed by > 1600 (TE,3, M)
SCAN_TK) EL98 Deflector -ve Yoltage changed by > 1600 (TE, 4, M)
SCAN_TE)
)
)
)
)

Sample messages logged by The Scans
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