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Overview of Diamond

« 3'd Generation Light Source.

* Opened for Users in 2007.
 Currently 26 operational Beamlines.
» 4 Beamlines currently under
construction.

» Total of 32 Beamlines by 2017.
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3GeV Booster —»

\

3GeV Storage Ring

 561.6m Circumference.
—===e:300MA stored beam.
* Running i‘B\TQp up (10min cycles).
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Archive Data Avalilable

Diamond uses EPICS Control System & Data Archive.
Over 110,000 Process Variables (PV’s) are Archived.
Not all of them are of interest.

Interested in things such as;
« Water Flows,

* Temperatures,

* Pressures,

« \oltages,

« Currents,

« Beam Diagnostics.
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Archive Data Avalilable

« Just looking at Storage Ring Temperatures, as an example.

« Approx. 1300 temperature pvs are Archlved
« 336 Water Temperatures '

360 Vessel Temperatures

288 PLC Temperatures

192 Vessel Thermocouples

96 Control Cabin Temperatures

24 Tunnel Air Temperatures ——
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, « Using Archive viewer to examine 1300 PVs is impractical.

— ¢ Using a system that rolls this data up into 6 displays, much easier and
quicker.

N
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Trend Analysis Software

» Software Overview.
* Provide early indication/warning of potential problems.

« Read archive data on weekly basis
« Beam conditions tend to change weekly.

* Provide indication of:
 Rising / Falling trends,
* ‘Out of character’ data.

* Requests 250 data points per pv.
« Number actually returned depends on archiving method

» Takes ~30s to retrieve data for ~300 pvs.
o Written.in python.
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Trend Analysis Software

e Set-up GUIs

Select year: I 2015

Last MD day of Start Up (dd/mmyyy):

End Date of User beam (dd/mm/yy):

(excluding Start up days)

12/01/15

Machine Development Date (dd/mm/yy) IW
Machine Development Date (dd/mmyjyy) lW
Machine Development Date (dd/mm/yy) IW
Machine Development Date (dd/mm/yy) IW
Machine Development Date (dd/mmyjyy) IW
Machine Development Date (dd/mm/yy) IW
Machine Development Date (dd/mmyyy) IW

09/03/15

j New Year | Save
Select run: «| No. of MD days: I?’ Enter Dates

Load Dates

L3

Save Dates

————

4

W

PV Array

Select Area: | MPS - New Area l— Save
Select File to Edit:  |ELREEEEN G EE0EE -

Enter New Filename: ISR Vessel Temperatures

SAVE

¥ Delete data from beam trips?  stabilisation time after beam trip (hrs): 5

ADD pv

I~ Enter a list of PVs. [¥ Enter an Array of PVs

Py Fromcell  ToCell
[ SRxxC-MP-FLNGE-11:TEMP [ o1 [ 22
| SRXXC-MP-EBPM-11.TEMP [ o1 [ 24
| SRxxC-MP-FLNGE-21.TEMP [ o1 [ 24
| SRxxC-MP-CRTCH-21:TEMP [ o1 [ 24
| SRxxC-MP-CRTCH-22:TEMP [ o1 [ 24
| SRXXC-MP-CRTCH-23:TEMP [ o1 [ 24
| SRxxC-MP-FLNGE-22.TEMP [ o1 [ 24
| SRxxC-MP-EBPM-22:TEMP [ o1 [ 24
| SRxxC-MP-EBPM-23:TEMP [ o1 [ 24
| SRxxC-MP-XRAY-31:TEMP [ o1 [ 24
| SRxxC-MP-XRAY-32:TEMP [ o1 [ 24
| SRxxC-MP-CRTCH-31:TEMP [ o1 [ 24
| SRxxC-MP-CRTCH-32:TEMP [ o1 [ 24
[ SRxXC-MP-VESSL-3L.TEMP [ o1 [ 22
| SRxxC-MP-FLNGE-31.TEMP [ o1 [ 24

PV List

Select Area: | SR RF +| Newarea | [T sawe
Select File to Edit:  [ELEUESYERN (o] el [Tyl6] -

Enter New Filename: |SR RF Sys 2 10T Coaling

SAVE

¥ Delete data from beam trips?  stabilisation time after beam trip (hrs). o

ADD pv |

¥ Enter a list of PVs. I~ Enter an Array of PVs

P 3

SR-RF-WATER-20:TEMP

SR-RF-10T-20:TEMP

SR-RF-IOT-2L:TEMP1

SR-RF-10T-22:TEMP1

SR-RF-I0T-23:TEMP1

SR-RF-10T-24:TEMP1

SR-RF-RACK-2L:TEMP

SR-RF-RACK-22:TEMP

SR-RF-RACK-23:TEMP

SR-RF-RACK-24.TEMP

SR-RF-RFPGU-21:FLOW

SR-RF-RFPGU-22:FLOW

SR-RF-RFPGU-23:FLOW

SR-RF-RFPGU-24:FLOW
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 Main GUI

Trend Analysis Software

0to 1% -

L3

IMPS j ISR Vessel Temperatures j
= 3 e o [

Recalculate

PV List

ISR RF j ISR RF Sys 3 10T Cooling j
= 2 I T I = |
¥ Show +ve .
[ Show -ve [¥ % Change ¥ % Spread in Data Recalculate
0to 10% - TEEnR

0 1 2

3 4 5 68 7 8 9 10

Beam Trips Removed. Stabilisation time = 2 hrs

Data last Calculated/Saved: Fri, 13 Mar 2015 00:42:40

SR-RF-WATER-30:TEMP

SR-RF-I0T-30:TEMP [

SR-|

SR-|

SR-|

SR-|

RF-IOT-3LTEMPL [
RF-I0T-32:TEMP1
RF-IOT-33:TEMP1 [

RF-IOT-34TEMPL [

SR-RF-RACK-3L.TEMP  [[]

SR-RF-RACK-32:TEMP ]|

SR-RF-RACK-33:TEMP ]|

SR-RF-RACK-34:TEMP ]|

SR-RF:

SR-RF:

SR-RF:

RFPGU-31:FLOW
-RFPGU-32:FLOW ||

-RFPGU-33:FLOW [

SR-RF-RFPGU-34:FLOW

Comments:

/

PV Array

IMPS

j | SR Vessel Temperatures j

IV % Change

IV % Spread in Data

IOtDlG% j

| 2015 j

¥ Show +ve
¥ Show -ve
SRxxC-MP-FLNGE-11:TEMP
SRxxC-MP-EBEPM-11:TEMP
SRxxC-MP-FLNGE-21:TEMP
SRxxC-MP-CRTCH-21:TEMP
S5RxxC-MP-CRTCH-22:TEMP
SRxxC-MP-CRTCH-23:TEMP
SRxxC-MP-FLNGE-22:TEMP
SRxxC-MP-EEPM-22:TEMP
SRxxC-MP-EBPM-23:TEMP
SRxxC-MP-XRAY-31:TEMP
SRxXC-MP-XRAY-32:TEMP
SRxxC-MP-CRTCH-31:TEMP
SRxXC-MP-CRTCH-32:TEMP
SRxxC-MP-VESSL-31:TEMP

SRxxC-MP-FLNGE-31:TEMP

Comments:

IRunl j

Data last Calculated/Saved: Thu, 12 Mar 2015 02:13:51

et

= Ll
o 1 2 6 7

3 4 5 8 9 10
Beam Trips Removed. Stabilisation time = 5 hrs

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Trend Analysis Software

» Clicking on an Indicator opens Archive data for that one PV

()] Forml x
e
= Figure 1 =i \ws = ISR Vessel Temperatures = |otn 10% ~| [ %cChange ¥ % Spreadin Data
20 j Run 1 j I d Recalculate . . . . .
- 5RD3C-IMP-FLNGE-2:I|.:TEMP ‘ I I 0 1 2 3 456 7 8 9 10
— Archive Data ¥ Show +v Data last Calculated/Saved: Thu, 12 Mar 2015 02:13:51 Beam Trips Removed. Stabilisation time = 5 hrs
- T Linearfit I iz =z 0L 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
----- +-25d

im m n m m nmn (]
inmnmmiIinmummunmn nmnnuonmnnmnn
nmpmuunnmnmEn nNnnmEmnmnmninmrnn
nuunrirmirrirmrrnrnonnIrnmnrel
mnmnuunIrIrmInonnmmIIrrnnmnonnmmmnni
nurmpnmI ftnmmEnunEn NmmpnmnmEnNnNmnnmn
fnmmnnununnmuInNnnmNnm Nnrrmnnonnmmmnni
| nmnrrmunmnmnmunmEnrIrnrnmEnmmmmn
resvzzeve IEMMAIMNNNRDININRNNEI T NnNm 1 nmmn
xc-mp-xRav-31:Temp (I mm n mn mn n n
SRXXC-MP-XRAY-32.TEMP n mnmnmn n m m n
secempcrrchniTeme MMM NLI NN
secc-mp-crreh-szreme IEIID MM NI INONoOEnNerrmni
spocmpvesstaiTeme IEEED B IR NN HNI NN rnnmni
srxxc-mp-FInGE-31TEMP I [ m mrmn nmupnunmmnmmn nmnnmn

SRxxC-MP-FLNGE-11:TEMP

28}
SRxxC-MP-EBPM-11:TEMP [

el SRxxC-MP-FLNGE-21:TEMP I [}

5RxxC-MP-CRTCH-21:TEMP I

24}
SRxxC-MP-CRTCH-22:TEMP

22| S5RxxC-MP-CRTCH-23:T

20}

janlfg 2015 Jan 212015 Jan23 2015 Jan252015 Jan 27 2015 Jan 29 2015
Time (UTC)

D00 + - Ba x=Jan 22 2015, y=24.5

Comments:
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Trend Analysis Software

* Mouseover Left Indicator Shows % Change of linear fit

= Forml
= Figure'd ST IMPS j ISR Vessel Temperatures j Iotn 10% j ¥ % Change [ % Spread in Data
- SRO3C MP-FLNGE-2L:TEMP ! b [ro - - Recalculate 0.1 5 oo o4 5.7.3.9.19
— Archive Data ¥ Show +ve Data last Calculated/Saved: Thu, 12 Mar 2015 02:13:51 Beam Trips Removed. Stabilisation time = 5 hrs
- T Linearfit P E— 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24
----- +1-25d
sxxc-mp-FNGE-LLTEMP I BN B IR mn m mnmmn (| |
281

sexc-mp-EspvLTEMP I IEITINIIANID TR AMEAE MR " @@@nmmpmnmn
srxxc-mp-FINGE-21:TEMP - [T IR nmpmuunnmnmEn nNnnmEmnmnmninmrnn
soccmp-crrcn2rteme | Il Change=seosw] IR N 0 MRD 0 MR ONOND mmmn 1
sexcmpcRichk2zeMP I IIMTHIATE T IR NI NI I nmmmmmnmnmni
seoc-mp-crrch-2zeme IEIED ML THHHBNNIEN NHomnommnmmmn
sexcmprne22zTeve I ITITINNNIINTLT N NI nmonmommmnni
nmnrrmunmnmnmunmEnrIrnrnmEnmmmmn

26|

24}
22|

20}
5RxxC-MP-EBPM-22:TEMP I

janlfs 2015 Jan 212015 Jan23 2015 Jan252015 Jan 27 2015 Jan 29 2015 SRxxC-MP-EBPM-23:TEMP II II II II II II II II I II II I I I I II II II I II II II
Time (UTC) sruxc-MP-xRAY-31TEMP ]} nm un n mn n n
2ele + | Be| x=jan 22 2015, y=24.5 SRXXC-MP-XRAY-32:TEMP H nuununn n n m n

SRxxC-MP-CRTCH-31:TEMP

SRXXC-MP-CRTCH-32:TEMP

S5RxxC-MP-VESSL-31:TEMP

SRxxC-MP-FLNGE-31:TEMP

Comments:
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Figure 1'

SRO3C-MP-FLNGE-21:TEMP

Trend Analysis Software

* Mouseover Right Indicator Shows % Spread in data

28|

26|

24}

221

20}

32 T
— Archive Data
— Linear fit
30| - - mean
----- +/-2s5d

rlelel + | Bla|

Time (UTC)

janlfs 2015 Jan 21 2015 Jan23 2015 Jan 252015 Jan 272015 [an 29 2015

x=Jan 22 2015, y=24.5

' Form1

| MPS j ISR Vessel Temperatures j |otn 10% j ¥ % Change ¥ % Spread in Data

[ 3 3 [ o T
o 1 2 3 4 5 6 7 8 9 10

¥ Show +ve

Data last Calculated/Saved: Thu, 12 Mar 2015 02:13:51

Beam Trips Removed. Stabilisation time = 5 hrs

= SR03C-MP-FLNGE-21:TEMP

~HIHI=5

¥ Show -ve

SRxxC-MP-FLNGE-11:TEMP
S5RxxC-MP-EBPM-11:TEMP
SRxxC-MP-FLNGE-21:TEMP
5RxxC-MP-CRTCH-21:TEMP
SRxxC-MP-CRTCH-22:TEMP
S5RxxC-MP-CRTCH-23:TEMP
SRXXC-MP-FLNGE-22:TEMP
5RxxC-MP-EBPM-22:TEMP
SRxxC-MP-EBPM-23:TEMP
S5RxxC-MP-XRAY-31:TEMP
SRXXC-MP-XRAY-32:TEMP
SRxxC-MP-CRTCH-31:TEMP
SRXXC-MP-CRTCH-32:TEMP
S5RxxC-MP-VESSL-31:TEMP

SRxxC-MP-FLNGE-31:TEMP

Comments:

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

nmm m n m m mmnmn []]
fnnmnmnmniIinmEnNnmnNEnmNnmn " mmnmEnmnnmmnmn
mun mununmEn "nnnunnmummiIinrnmn
1 0P nbr2sprseediffil T T HHIFDONND I
innumurirmIrnmuEnmIErrrmnmnmmmmnmi
nurmpnmI ftnmmEnunEn NmmpnmnmEnNnNmnnmn
fnnmunmummIEnNEn Nmrrnannmmmmnmi
| nmnrrmunmnmnmunmEnrIrnrnmEnmmmmn
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Trend Analysis Software

* Not always as obvious as previous example.

Form1

| MPS

j I SR Vessel Water Flows

| 2015 j
¥ Show +ve
¥ Show -ve
SRxxC-MP-QWATR-10:FLOW
SRxxC-MP-SWATR-10:FLOW
SRxxC-MP-VWATR-10:FLOW
SRxxC-MP-DWATR-20:FLOW
SRxxC-MP-CWATR-20:FLOW
SRxxC-MP-SWATR-20:FLOW
SRxxC-MP-BWATR-20:FLOW
SRxxC-MP-QWATR-20:FLOW
SRxxC-MP-CWATR-30:FLOW
SRxxC-MP-DWATR-30:FLOW
SRxxC-MP-SWATR-30:FLOW
SRxxC-MP-QWATR-30:FLOW
SRxxC-MP-VWATR-30:FLOW

SRxxC-MP-BWATR-30:FLOW

Comments:

IRunl j

e |

Data last Calculated/Saved: Thu, 12 Mar 2015 02:28:57

j IOtDlO% j

¥ % Change

1

2

3 4 5
Beam Trips Not Removed.

¥ % Spread in Data

6 7

8 9 10

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

_—
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Trend Analysis Software

 Hide increasing % change.

Form1

| MPS j | SR Vessel Water Flows j

IOtDlO%

| 2015 j
[C Show +ve
¥ Show -ve
SRxxC-MP-QWATR-10:FLOW
SRxxC-MP-SWATR-10:FLOW
SRxxC-MP-VWATR-10:FLOW
SRxxC-MP-DWATR-20:FLOW
SRxxC-MP-CWATR-20:FLOW
SRxxC-MP-SWATR-20:FLOW
SRxxC-MP-BWATR-20:FLOW
SRxxC-MP-QWATR-20:FLOW
SRxxC-MP-CWATR-30:FLOW
SRxxC-MP-DWATR-30:FLOW
SRxxC-MP-SWATR-30:FLOW
SRxxC-MP-QWATR-30:FLOW
SRxxC-MP-VWATR-30:FLOW

SRxxC-MP-BWATR-30:FLOW

Comments:

IRunl j

e |

Data last Calculated/Saved: Thu, 12 Mar 2015 02:28:57
01 02 03 04 05 06 0OF 08 09 10 11 12

Recalculate .
g 1 2

¥ % Spread in Data

6 7 8 9 10

j ¥ % Change

3 4 5
Beam Trips Not Remowved.

13 14 15 16 17 18 19 20 21 22 23 24

—
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Trend Analysis Software

* Hide % spread.

Form1

| MPS

j I SR Vessel Water Flows j

IOtDlO%

| 2015 j
[C Show +ve
¥ Show -ve
SRxxC-MP-QWATR-10:FLOW
SRxxC-MP-SWATR-10:FLOW
SRxxC-MP-VWATR-10:FLOW
SRxxC-MP-DWATR-20:FLOW
SRxxC-MP-CWATR-20:FLOW
SRxxC-MP-SWATR-20:FLOW
SRxxC-MP-BWATR-20:FLOW
SRxxC-MP-QWATR-20:FLOW
SRxxC-MP-CWATR-30:FLOW
SRxxC-MP-DWATR-30:FLOW
SRxxC-MP-SWATR-30:FLOW
SRxxC-MP-QWATR-30:FLOW
SRxxC-MP-VWATR-30:FLOW

SRxxC-MP-BWATR-30:FLOW

Comments:

IRunl j

Eins]  [Recalculate

Data last Calculated/Saved: Thu, 12 Mar 2015 02:28:57

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

-

1 2 3 4 5
Beam Trips Not Remowved.

6 7

I %Changeg [~ % Spread in Data

8 9 10

—
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Trend Analysis Software

| MPS j ISR Vessel Water Flows j IOtu 10% j I %{:hange% I~ % Spread in Data

[ 1 [ J [ o Ll
0

1 2 3 4 5 6 7 8 9 10

[" Show +ve Data last Calculated/Saved: Thu, 12 Mar 2015 02:28:57 Beam Trips Not Remowved.
o S = 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SRXXC-MP-Q 11
SR21C-MP-SWATR-10:FLOW
SRXXC-MP-S 500 ' : ' ; | 1 11
— Archive Data
SRxxC-MP-V| T Linearfit 11 | 11 |
480 o
shxxC-MP-D| | bl e bl bl +-2sd K | | |
SRXXC-MP-C g0l
SRxxC-MP-S| 5 | | |
T
SRxxXC-MP-B E"‘“’ |
SRxxC-MP-Q |
420
SRxXC-MP-C |
SRXXC-MP-D)| 400 | |
SRXXC-MP-S | 11
380
m SRxxC-MP-Q Feb 24 2015 Feb 26 2015 Feb %;iuﬁtn:ar 022015 Mar 04 2015 Mar 06 2015 | 111
SRXxC-MPV @@ +| | B |
SRXXC-MP-BWATR-30:FLOW 11
Comments:
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Trend Analysis Software
« Show % Spread only.

Forml

| MPS j | SR Viessel Water Flows j

IOtn 10% ¥ % Spread in Data

| 2015 j
[ Show +ve
¥ Show -ve
SRxxC-MP-QWATR-10:FLOW
SRxxC-MP-SWATR-10:FLOW
SRxxC-MP-VWATR-10:FLOW
SRxxC-MP-DWATR-20:FLOW
SRxxC-MP-CWATR-20:FLOW
SRxxC-MP-SWATR-20:FLOW
S5RxxC-MP-BWATR-20:FLOW
SRxxC-MP-QWATR-20:FLOW
SRxxC-MP-CWATR-30:FLOW
SRxxC-MP-DWATR-30:FLOW
SRxxC-MP-SWATR-30:FLOW
SRxxC-MP-QWATR-30:FLOW
SRxxC-MP-VWATR-30:FLOW

SRxxC-MP-BWATR-30:FLOW

Comments:

IRunl j

j I~ % Change
(S m S EEEEm
o0 1 2 3 4 5 6 7 8 9 10

Data last Calculated/Saved: Thu, 12 Mar 2015 02:28:57 Beam Trips Not Removed.

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

T

V.
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Trend Analysis Software

« Show % Spread only.

—_—

e — SRxxC-MP-QWATR-30:FLOW
SRxxC-MP-VWATR-30:FLOW
SRxxC-MP-BWATR-30:FLOW

é—~ _—

- —
\ Comments:

SR24C-MP-DWATR-30:FLOW
SRO7C-MP-DWATR-30:FLOW 1480 - - - -
810 j ' ' ' Archive Data — Archive Data
- L — Linear fit
08| — Linear fit I 0to 10% j ™% 1460 -~ mean
- - mean +/-25d
| +i-2sd Recalculate [ | 1440 I
o1
vl aved: Thu, 12 Mar 2015 02:28:57 Beam Trips 1420 |
< os\ 06 07 08 09 10 11 12 13 14 15 16 %Mm I
3 s02| T ‘ | |
H ~ H | {t I
F £ 1380| | ‘ ‘
=1 800 5
5
708} I I 1360 -
796 I I 1340}
J0a 1320
1300
792 Feb 24 2015 Feb 26 2015 Feb 28 2015 Mar 02 2015 Mar 04 2015 Mar 06 2015
Feb 24 2015 Feb 26 2015 Feb 'I2’|8rr‘|2eo(]iJ5'I'CN;ar 02 2015 Mar 04 2015 Mar 06 2015 Time (UTC)
nlele +-| & 20e + | sl
TR R TI S U T
TR-30:FLOW
SRxxC-MP-DWATR-30:FLOW I —T
SRXXC-MP-SWATR-30:FLOW | | | 11

—
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Where Next

« Currently the analysis is done manually on Sun or Mon
« To gather enough data during the week.

* Repairs / further investigation can be done during Machine
Development Tuesdays.

* Only gets done by One Operator,
« Depending on shift patterns / leave it might not get done.

» Write a script only ‘gui-less’ version that is scheduled to
run every Monday morning.
« E-mail results for further investigation.

N\
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Summary

* The trend analysis software enables large arrays
of archive data to be assessed.:

* Quickly,
 For rising / falling trends,
* For noisy / failing / failed sensors.

* Thereby providing early indication of potential
problems.
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