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NSLS Il Overview
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NSLS Il Overview

* Storage ring parameters

— 30 Cell DBA lattice structure

nux: 33.221 nuy: 16.260 ex0: 2.1 nm

Cx: 2.0 Cy. 1.8 ac:3.63e-04
30 1 T T T T T
! :
0.4r 25| i T
0.3l 20} J ﬂ
~ |E
E |215]
20.21
10}
0.11 5|
0.0L O _ _llﬂllh I|ll||I ullfhll rhll IlllllI Illﬂll

Beam Specifications

Energy 3.0 GeV
Circumference 792 m
Number of Periods 30 DBA
Straights 6.6/9.3 m
Emittance (h,v) <1/0.008 nm

- B, Momentum Compaction/g. 00037

8, Dipole Bend Radius 25m

Ny Energy Loss per Turn <2 MeV
Energy Spread 0.09%
RF Frequency 500 MHz
Harmonic Number 1320
RF Bucket Height >2.5%
RMS Bunch Length 15-30 ps
Average Current 500 mA
Current per Bunch 0.5 mA
Charge per Bunch 1.2 nC
Touschek Lifetime > 3hrs
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NSLS Il Controls Brief

e System Architecture

Python Apps MMLT Matlab Apps Channel Arch
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NSLS Il Controls Brief

* Control room software

— Debian/Linux 7 consoles

* 4 for general operator and 1 for lead operator
— Python cothread for channel access

* Version 2.8/Python 2.7
— Dedicated matlab server

e 3 for physicist

e 1 for BPM expert

* labCa 3.4 support

— Elegant/SDDS install
* Limited support

Office of BHBOKHH"E"
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Virtual Accelerator

Ethernet
B

Distributed Front-Ends

CAS

JMS Service

Tracy-Ill Simulation
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Virtual Accelerator

* An integrated accelerator simulation code
— Provide real time accelerator simulation results

A standalone EPICS V3 I0C

* Virtual accelerator at NSLS Il
— Uses Tracy-3 as simulation backend

— Provide realistic accelerator beam behavior
* Integrate realistic lattice
* Integrate misalignment
 Emulated setting jitter for magnets
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Virtual Accelerator

* Main purpose
— Support high level application development
* Especially physics application development
* All simulation results available via EPICS V3 PVs
— Middle layer service development

e Channel finder service
* MASAR service

— Other tool need EPICS V3 PVs

Office of BHBOKHH"EN
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Virtual Accelerator

e What does it do?

— All data via EPICS PVs
* Beam Optics
* Hardware setting & read back
— Adjust setting of each device individually
* Magnets: Bend, Quad, Sext, Correctors, ...
* RF frequency & voltage
* Insertion device for synchrotron machine

— Dynamically change hardware setting

— Real time simulation

e Simulation performed continuously
Office of BROOKHFAVEN
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Virtual Accelerator

e What does it do?

— Errors source
* Engineering ripple
— magnet setting
— BPM read back

* Misalignment
— Read back beam behavior
 Beam position at each BPM

* Beam closed orbit
* Beam optics TWISS parameters

@ =arr=ps payy  Ofice of NATIONAL LABORATORY
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Virtual Accelerator

 What does it not do or need many effort to do?
— Other accelerator behavior not available via a
simulation code

* Vacuum reading
* Mechanical moving

e Ground vibration

— Multiple particle tracking
 Performance issue

— Synchrotron photon laser behavior

Office of BHBOKHH"E"
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Virtual Accelerator

i A [ B | C [D] E | F | G [ H | I
o i l#pv_name el_idx_va machine cell girder handle el_name_va el_field_va el_type_va
. A t 2 |V:2-SR:C30-MG:G1{FXH2:3}FId:SP 3 V:2-SR C30 G1 setpoint FXH2G1C30A Horizontal Corrector
u O I I I a C ge n e ra 3 |V:2-SR:C30-MG:G1{FXH2:3}Fld:I 3 V:2-SR C30 G1 readback FXH2G1C30A Horizontal Corrector
4 |V:2-SR:C30-MG:G1{FYH2:4}FId:SP 4 V:2-SR C30 G1 setpoint FYH2G1C30A Vertical Corrector
"5 | V:2-SR:C30-MG:G1{FYH2:4}FId:I 4 V:2-SR C30 G1 readback FYH2G1C30A Vertical Corrector
"6 | V:2-SR:C30-MG:G2{SH1:9}FId:SP 9 V:2-SR C30 G2 setpoint SH1G2C30A K Sextupole
— Loa d a I attl Ce ﬁ I e T 7| V:2-SR:C30-MG:G2{SH1:9}FId:I 9 V:2-SR C30 G2 readback SH1G2C30A K Sextupole
-8 | V:2-SR:C30-BI:G2{PH1:11}SA:X 11 V:2-SR C30 G2 readback PH1G2C30A X Beam Position Monitor
"9 | V:2-SR:C30-BI:G2{PH1:11}SA:Y 11 V:2-SR C30 G2 readback PH1G2C30A Y Beam Position Monitor
7V:Z-SR:C30-MG:G2{QH1:13)FId:SP 13 V:2-SR C30 G2 setpoint QH1G2C30A K Quadrupole
V:2-SR:C30-MG:G2{QH1:13}FId:I 13 V:2-SR C30 G2 readback QH1G2C30A K Quadrupole
— Ap p Iy N S LS I I n a rr 12 V:2-SR:C30-MG:G2{SQHH:15}FId:SP 15 V:2-SR C30 G2 setpoint SQHHG2C30A K Quadrupole
V:2—SR:C30—MG:GZ{SQHH:15}F|d:| 15 V:2-SR C30 G2 readback SQHHG2C30A K Quadrupole
14 |V:2-SR:C30-MG:G2{CXH1:16}FId:SP 16 V:2-SR C30 G2 setpoint CXH1G2C30A Horizontal Corrector
15 |V:2-SR:C30-MG:G2{CXH1:16}FId:| 16 V:2-SR C30 G2 readback CXH1G2C30A Horizontal Corrector
— G e n e r‘a te E P I CS cﬁ V:2-SR:C30-MG:G2{CYH1:17}FId:SP 17 V:2-SR C30 G2 setpoint CYH1G2C30A Vertical Corrector
] ?V:2—SR:C30—MG:GZ{CYH1:17}FId:I 17 V:2-SR C30 G2 readback CYH1G2C30A Vertical Corrector
7V:Z-SR:C30-MG:G2{SQHH:18}FId:SP 18 V:2-SR C30 G2 setpoint SQHHG2C30A K Quadrupole
V:2—SR:C30—MG:GZ{SQHH:18}F|d:| 18 V:2-SR C30 G2 readback SQHHG2C30A K Quadrupole
V:2-SR:C30-MG:G2{QH2:20}FId:SP 20 V:2-SR C30 G2 setpoint QH2G2C30A K Quadrupole
— G e n e ra te CI I l d ﬁ | E 21 V:2-SR:C30-MG:G2{QH2:20}FId:| 20 V:2-SR C30 G2 readback QH2G2C30A K Quadrupole
V:Z-SR:C30-MG:G2{SH3:ZZ}FId:SP 22 V:2-SR C30 G2 setpoint SH3G2C30A K Sextupole
V:2-SR:C30-MG:GZ{SH3:22}FId:I 22 V:2-SR C30 G2 readback SH3G2C30A K Sextupole
V:2-SR:C30-MG:G2{QH3:24}FId:SP 24 V:2-SR C30 G2 setpoint QH3G2C30A K Quadrupole
— G e n e ra te a ta b | e 'ﬁ V:2-SR:C30-MG:G2{QH3:24}FId:| 24 V:2-SR C30 G2 readback QH3G2C30A K Quadrupole
26 |V:2-SR:C30-Bl:G2{PH2:26}SA:X 26 V:2-SR C30 G2 readback PH2G2C30A X Beam Position Monitor
ﬁV:2-SR:C30-BI:GZ{PH2:26)SA:Y 26 V:2-SR C30 G2 readback PH2G2C30A Y Beam Position Monitor
R R ZV:2-SR:C30-MG:GZ{SH4:28}FId:SP 28 V:2-SR C30 G2 setpoint SH4G2C30A K Sextupole
[ fo r p hyS I CS a p p | I Cﬂ V:2-SR:C30-MG:G2{SH4:28}FId:I 28 V:2-SR C30 G2 readback SH4G2C30A K Sextupole
30 |V:2-SR:C30-MG:G2{CXH2:31}FId:SP 31 V:2-SR C30 G2 setpoint CXH2G2C30A Horizontal Corrector
31 |V:2-SR:C30-MG:G2{CXH2:31}FId:I 31 V:2-SR C30 G2 readback CXH2G2C30A Horizontal Corrector
- ﬁV:Z-SR:C30-MG:GZ{CYHZ:SZ}FId:SP 32 V:2-SR C30 G2 setpoint CYH2G2C30A Vertical Corrector
[ ] F h I ﬁ d ﬁV:2—SR:C30—MG:GZ{CYH2:32}FId:I 32 V:2-SR C30 G2 readback CYH2G2C30A Vertical Corrector
O r C a n n e n e? V:2-SR:C30-MG:G3{B1:37}FId:SP 37 V:2-SR C30 G3 setpoint B1G3C30A T Bending
TV:2—SR:C30—MG:G3{B1:37}F|d:I 37 V:2-SR C30 G3 readback B1G3C30A T Bending
?V:2-SR:C30-MG:G4{CXM1:42}FId:SP 42 V:2-SR C30 G4 setpoint CXM1G4C30A Horizontal Corrector
7V:2—SR:C30—MG:G4{CXM1:42}Fld:l 42 V:2-SR C30 G4 readback CXM1G4C30A Horizontal Corrector
iV:Z-SR:C30-MG:G4{CYM1:43}FId:SP 43 V:2-SR C30 G4 setpoint CYM1G4C30A Vertical Corrector
?V:2—SR:C30—MG:G4{CYM1:43}FId:I 43 V:2-SR C30 G4 readback CYM1G4C30A Vertical Corrector
40 |V:2-SR:C30-MG:G4{QM1:46}FId:SP 46 V:2-SR  C30 G4  setpoint QM1GAC30A K Quadrupole
TV:Z—SR:C30—MG:G4{QM1:46}FId:I 46 V:2-SR C30 G4 readback QM1G4C30A K Quadrupole
42 |V:2-SR:C30-MG:G4{SM1:48}FId:SP 48 V:2-SR | C30 G4  setpoint SM1G4C30A K Sextupole
?V:Z—SR:C30—MG:G4{SM1:48}FId:I 48 V:2-SR C30 G4 readback SM1G4C30A K Sextupole
WV:2-SR:C30-MG:G4{FXM1:51)FId:SP 51 V:2-SR C30 G4 setpoint FXM1G4C30A Horizontal Corrector
45 |V:2-SR:C30-MG:G4{FXM1:51}FId:| 51 V:2-SR  C30 G4 readback FXM1G4C30A Horizontal Corrector
?V:Z-SR:C30-MG:G4{FYM1:52}FId:SP 52 V:2-SR C30 G4 setpoint FYM1G4C30A Vertical Corrector
47 |V:2-SR:C30-MG:G4{FYM1:52}FId:| 52 V:2-SR C30 G4 readback FYM1G4C30A Vertical Corrector
) U.S- DEPARTMENT OF Office of 48 |V:2-SR:C30-BI:G4{PM1:55}SA:X 55 V:i2-SR  C30 G4  readback PM1GA4C30A X Beam Position Monitor
: E N E RGY SClenCe E V:2-SR:C30-Bl:G4{PM1:55}SA:Y 55 V:2-SR C30 G4 readback PM1G4C30A Y Beam Position Monitor
50 |V:2-SR:C30-MG:G4{QM2:57}FId:SP 57 V:2-SR C30 G4 setpoint QM2G4C30A K Quadrupole




EPICS V4 based Middle Layer Service

Ethernet

EPICS V4

MASAR

Python

SQLite/IRMIS

Distributed F
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EPICS V4 based Middle Layer Service

* An international collaboration working group

— Collaborative institutes
* APS
* BNL

COSYLAB

* DLS

PSI

SLAC

* ESS

— Weekly telecon meeting

— A nominal 4 months face-face meeting rotating
between the developer’s sites.

BROOKHFIVEN
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EPICS V4 based Middle Layer Service

* An open source project for experimental facility

— Extension of EPICS version 3
* Complex data structure/data types
* New communication protocol

— Expanded to fitting the requirement
* Physics middle layer server
* Data acquisition
e Experimental control
e Other general service

Office of BH““KHM"E"
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EPICS V4 based Middle Layer Service

e V4 Modules

— Core modules:
» pvData: fundamental data structure
* pvAccess: communication protocol, carry data on wire
* pvCommon: common utility library

— Extensions

e pvaSrv: EPICS Base 10C plugin interfacing V3 data to pvAccess

* Normative type: collection of pvData data types that may be
used for general purpose

— Service modules:
* Developed at each different site for its own purpose

— Language support
* C++ & Java mainly
* Python, but greatly behind because of short of mag weWRRARVEN

=arr=m ey  Office of NATIONAL LABORATORY
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EPICS V4 based Middle Layer Service

* Interoperation with V3

Client Apps Client Apps ‘ Client Apps

Channel Access Client Channel Access pvAccess - pvAccess Client

Channe] Access pvAccess

Channel Access m Channel Access

V4 processing engine

Normative Type

EPICS Database
Device Support

pvData

U.S. DEPARTMENT OF H BH““KH&"E“
Office of NATIONAL LABORATORY
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EPICS V4 based Middle Layer Service

« Communication Mechanisms
— Get, Put, Monitor, Command/Response, Broadcast, Multicast

« Normative types:
— NT(DBRTypes), NTImage, NTTable, NTMultichannelArray,
NTNDArray, NTStatistics,
e pvAccess
— optimized to send large arrays and structured data.

* pvadrv

— reference implementations of middle layer services for relational
databases or continuous data sources

— serves V3 channels from the EPICS process database as does
7% Eﬁ*’éﬁwneﬁiﬁ\@cess. N,
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EPICS V4 based Middle Layer Service

* pvAccess and Channel Access comparative performance (Number of channel
value get operations per second), where only one channel's value is got in
each get operation, as a function of array size of the channel

One channel, double array element count on x axsis
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EPICS V4 based Middle Layer Service

* pvAccess and Channel Access comparative performance (Number of channel
value get operations per second), where 1000 channels values' are got in each
get operation, as a function of array size of the channel.

1000 channels, double array element count on x axsis
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EPICS V4 based Middle Layer Service

« MASAR
— Machine Snapshot, Archiving, and Retrieve
— A general purpose tool to snapshot data from V3 PVs
— Implemented in V4
— Machine
 Afacility controlled by EPICS, accelerator for example

— Snapshot

« Data at specific time point
— Value, time stamp, connection status, alarm status, alarm severity

« Similar tools, but different purpose
— 10C automatic save & restore
« |0OC bumpless rebooting

— Channel Archiving
 Archive pre-defined configuration periodically
 All data saved time serially

ﬁ U.S. DEPARTMENT OF Of—flce Of BnnnK“M"E“
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EPICS V4 based Middle Layer Service

CS-Studio/ Others
2]0)% (Matlab)

« MASAR Architecture

Scripting

Scripting High Level Scripting API

Low Level Python Client Library
pvAccess/channelRPC Client (C++)

pvAccess Client Library
EYE))

pvAccess
pvAccess/channelRPC

Service Engine

DSL-PY Module Gather/C++
PYMASAR

(SQLite) Channel Access

‘ 10C ’ ‘ 10C ’ ‘ 10C ’

-User Apps - Planning - Developing

- Finished
e U.S. DEPARTMENT OF Ofﬁce of B“nn““ﬂ"!"
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EPICS V4 based Middle Layer Service

» Snapshot configuration

— EPICS V3 PV orientated

» Support all scalar and waveform PV types
— Float, double, string, and enum

— PV group
* Collection of PV names
— Can be a mix of any of the types

* One PV can be in many PV groups

— Configuration
» Collection of PV groups, therefore, collection of PV names
* One PV group can be in many configurations

* Snapshot

— An event happened at a particular time
— Belongs to one configuration
« One configuration can have many events

— Each event is one data set

« Header information + meta data (value, time stamp)
ﬁ U.S. DEPARTMENT OF Of—flce Of BnnnK“M"E“
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EPICS V4 based Middle Layer Service

* Snapshot configuration

/ Snapshot \

pv pv group configuration event event data

>

BROOKHFIVEN
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EPICS V4 based Middle Layer Service

« Ul PyQt4 based graphic user interface
— Browse configuration
— Browse event

— Take snapshot o

Select Config(s) MASAR is an EPICS V4 service which does MAchine Snapshot, Archiving, and Retrieve [1] [2]. This software was originally
developed by National Synchrotron Light Source Il at Brookhaven National Laboratory

L]
Config Name Config &
- e rl eve a a 1 [LN-TB-All-20131219 18 Quick Start ...
o RR.: ¥ 1. To restore the machine to a particular state/snapshot: click (either single or double) on one row in the left-top
2_ Diag-8R-allBPM-12.13.2013 expert 6 Config table --> click on one row in the left-bottom Snapshot table --> click the button "Restore Machine";
— 3 |Diag-LN_TB-allBPM-12.13.2013.expert |17 2. To save a machine snapshot: click on one row in the left-top Config table --> click "Save Machine Snapshot ..." >
- put a concise description (<80 characters) such as: "SBM EmitX and Y 69 nm. This is golden";
4 |Diag-BR-allBPM-Expert 15
T 3. To compare multiple saved snapshots: click on one row in the left-top Config table --> Ctrl + mouse click to select
[ 5 [LN-LTB-All-20131209 14 multiple rows in the left-bottom Snapshot table --> click "Compare Snapshots..."
— Restore machine [fereeie -
— Tips ...
7 [BR_RF_SC_20130426 12
— 1. Always put the mouse cursor over the things you don't know for 2 seconds, the GUI will show you what it is or how to
8 [BR_MG_SCR_20130419 11 o it:
X p O a a O 9_ LN_LTB_BPM_Expert_20120621 10 _'_l to 2;($I}A/ays follow the instructions on the pop-up message which shows something is not working as expected and how
- 3
KT | D

L]
3. MASAR GUI is mainly table-based. Treat the table as Microsoft Excel: resize the column, sort by the column, select
Snapshot Desc |* multiple rows, Ctrl + c to copy one single cell ...

Author [+

I~ Use time range:

Terminology ...

*machine: it can be accelerator, system, etc.: Linac, Booster, Storage Ring, BPM system, Magnet system ...

From: | 2014-01-1510:2

Ll L

Toh I 30140115 10:24:49 * snapshot: a list of PVs associated with data (value, time stamp, alarm status ... ) saved at a particular time for a
— particular machine state.

SelectiSnapshot(s) * config table: pre-defined a list of configurations for different machines: it has a unique Name, Description, Date

when it is created ...

* snapshot table: a list of saved snapshots (without EPICS data) for a particular config; it has Config Name which is
listed in the config table, Description, Author ...

* snapshot tab: the EPICS data of one snapshot is presented in the form of table in a Tab window.

More Info ...
please check out the links below:
[1] http://epics-pvdata.sourceforge.net/

[2] http:/fepics-pvdata.hg.sourceforge.net/hgweb/epics-pvdata/masarService/raw-
file/tip/documentation/userManual. html

PRENT
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EPICS V4 based Middle Layer Service

* Event data browsing and comparing with live machine

U.S. DEPARTMENT

e 00 \| MASAR Viewer
System [all 4| []  LN-TB-All-20131219: 525: 2014-01-15 08:40:43 [ |
Config Filter J* PV Name Saved Connection Not Restore Saved Value Live Value Diff 4
Select Config(s) 1
Config Name 2
- s eses B
2 |Diag-BR-allBPM-12.13.2013.expert 16 4 |LN-RF:PB{Cav}DrvPhaCtrl-SP | Connected O 36.0 32.0 -4.0
3 |Diag-LN_LTB-allBPM-12.13.2013.expert |17 5_ LN-RF:PB{Cav}DrsValD-SP  |Connected O 36.0 32.0 -4.0
4 |Diag-BR-allBPM-Expert 15 s_ LN-RF {Mtr:1}Pos-Set Connected O 147.0 151.0 4.0
5 |LN-TB-All-20131209 14 7_ LTB-MG{Quad:9}1:Sp1-SP Connected O 47.8 47.8
6 [LTB_PS_SRC_20131206 13 8_ LN-RF {Mod: 3} E:HVPS-SP Connected O 1165.0 1165.0
7 |BR_RF_SC_20130426 12 9_ LN-RF {Mod: 3} Wth:Pulse-SP | Connected O 3.0 3.0
8 |BR_MG_SCR_20130419 11 ? LTB-MG{Bend:1}1:Sp1-SP Connected O 85.0 85.0
9 |LN_LTB_BPM_Expert_20120621 10 = ? LTB-MG {Bend:2}1:Sp1-SP Connected O 0.0 0.0
T _’l_‘ ? LTB-MG{Bend:3_4}1:Sp1-SP |Connected O 60.84 60.84
Snapshot Desc [* —
13 |LTB-MG{Quad:1}1:Sp1-SP Connected O 0.0 0.0
Author J* —
(B U0 i e i LTB-MG {Quad: 2} 1:Sp1-SP Connected O 20.0 20.0
From: I 2014-01-15 10:33:34 _I i LTB-MG{Quad:3}1:Sp1-SP Connected O 0.0 0.0
To: | 2014-01-15 10:33:34 1 |16 [B-MG{Quad:4}i:5p1-SP Connected O 0.0 0.0
Select Snapshot(s) T LN-MG{STE}:PS-01:I-SP Connected [} 0.2 0.2
Config Name Snapshot Id ‘; LN-MG{STE}:PS-02:I-SP Connected O 0.9 0.9
Il_ LN-TB-All-20131219 200 MeVv ? LN-MG {STE}:PS-03:I-SP Connected O 0.9 0.9
|2 [LN-Te-All20131219 524 200MeB | 5o |in-mo{sTEYPS-04:1-5P Connected 0 0.6 0.6
3 | LN-LTB-All-20131219 523 200Mev— [5] LN-MG {STE}:PS-05:1-SP Connected 0O 1.1 1.1
|4 [LN-Te-All20131219 522 200Mev [0 (MG {STE}PS-06:1-5P Connected 0 1.4 1.4
15 | LN-LTB-All-20131219 521 200Mev  [5] LN-MG {STE}:PS-07:1-SP Connected 0O 0.6 0.6
|6 [LN-ATe-All20131219 520 200Mev [ | (n-ma STE} PS-08il-SP Connected 0 1.1 1.1
7 [N-ATB-AIl20131219)519 Fred Reft (oo | In-MG{STE}:PS-00:1-5P Connected 0 0.0 0.0
|8 [LN-Te-All20131219 518 Fluctuati  [5g |in-mesTE}PS-L0i-sP Connected 0 0.0 0.0
1° | LN-LTB-All-20131219 517 200mev [ LN-MG{STE}:PS-11:-SP Connected 0O 0.8 0.8
| LO[LN-LTB-All-20131219) 516 200Mev (oo (N {sTE PS12:1-5P Connected 0 0.5 0.5
T - e A | o
Display Snapshot(s) l Restore Machinel Compare Live Machinel Save Machine Snapshot | Compare Snapshots...l Export Snapshot to File |

Snapshot data of LN-LTB-All

20131219 saved at 2014-01-15 08:40:43
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NAL LABORATORY

prowrrAVEN SCIENCE ASSOCIATES



EPICS V4 based Middle Layer Service

* Multiple data sets comparison
» Support up to 9 data sets...

System [all
Config Filter [+
Select CQnﬁg(s)I

Config Name Config 2
1 [LN-TB-All-20131219 18
2— Diag-BR-allBPM-12.13.2013.expert 16
3— Diag-LN_LTB-allBPM-12.13.2013.expert | 17
4_ Diag-BR-allBPM-Expert 15
5_ LN-TB-All-20131209 14
6— LTB_PS_SRC_20131206 13
7_ BR_RF_SC_20130426 12
8_ BR_MG_SCR_20130419 11
o | LN_LTB_BPM_Expert_20120621 10
o

Snapshot Desc [+

Author [+

I~ Use time range:

From: | 2014-01-1 =l
To: | 014-01-1 =l
Select Snapshot(s)

Config Name ] Snapshot Id I Al

19|LN-LTB-Phasel-Al_20120511

LN-LTB-Phasel-All_20120511

LN-LTB-Phasel-All_20120511
LN-LTB-Phasel-All_20120511
17| LN-LTB-Phasel-All_20120511
LN-LTB-Phasel-All_20120511

LN-LTB-Phasel-All_20120511

30| LN-LTB-Phasel-All_20120511
‘

Compare Snapshots: IDs_338_335_331_330

PV name ety [nmeiinz | oaedvaves ) [ aeduaed, [ wevaeo [oekenr / [ oetan [ ostan
LN-RF:3{Cav}Drv:AmpCtrl-SP 0.345 0.344 0.326 0.347 -0.001 -0.019 0.002
LN-RF:3{Cav}Drw:ValC-SP 0.345 0.344 0.326 0.347 -0.001 -0.019 0.002
LTB-BI{ES}caml:AcquireTime 0.08 0.02 0.02 0.02 -0.06 -0.06 -0.06
LN-BI{BPM:1}Trig:AdcDelay-SP 1173200 0 0 0 -1173200 -1173200 -1173200
LN-RF:1 {Cav}Drv:PhaCtrl-SP 15.0 1.4 0.5 1.2490009027e-16 -13.6 -14.5 -15.0
LN-RF:1 {Cav}Drv:ValD-SP 15.0 1.4 0.5 1.2490009027e-16 -13.6 -14.5 -15.0
LTB-MG{Quad:1}l:RampEnd1l-SP |16.0 0.0 0.0 18.0 -16.0 -16.0 2.0
LN-RF{BPS:1}E-Set 86.0 84.0 86.0 86.0 -2.0
LN-RF:PB{Cav}Drv:PhaCtrl-SP 29.85 9.45 18.9 23.95 -20.4 -10.95 -5.9
LN-RF:PB{Cav}Drv:ValD-SP 29.85 9.45 18.9 23.95 -20.4 -10.95 -5.9
LN-RF {Mtr:3}Pos-Set 56.0 53.0 56.0 56.0 -3.0
LTB-BI{VF:1}caml:Gain 5.0 1.0 2.0 2.0 -4.0 -3.0 -3.0
LTB-BI{VF:2} caml:Gain 4.0 0.0 5.0 5.0 -4.0 1.0 1.0
LN-BI{VF:2} caml:AcquireTime 1.2e-05 0.00015 0.00015 0.00015 0.000138 0.000138 0.000138
LTB-MG{Cor:1}I:RampEnd1-SP -0.5 0.0 -0.5 -0.5 0.5
LN-RF:1 {Mod} E:HVPS-SP 1185.0 1186.0 185.0 185.0 1.0
LTB-BI{ICT:1} AveVROIOverINOS-.N |10.0 20.0 10.0 10.0 10.0
LTB-MG{Quad:2}:RampEnd1-SP 0.0 18.0 0.0 0.0 18.0
LN-RF {Mtr:2} Pos-Set 44.0 68.0 44.0 44.0 24.0
LN-RF:BUN{Cav}DrwPhaCtrl-SP -8.1 31.2 30.25 -114.6 39.3 38.35 -106.5
LN-RF:BUN{Cav} Drv:ValD-SP -8.1 31.2 30.25 -114.6 39.3 38.35 -106.5
LN-RF:3{Cav}Drv:PhaCtrl-SP -16.15 -8.9 -8.55 -9.05 7.25 7.6 7.1
LN-RF:3{Cav}Drv:ValD-SP -16.15 -8.9 -8.55 -9.05 7.25 7.6 7.1
LN-BI{VF:4}caml:AcquireTime 1.2e-05 0.0001 0.0001 0.0001 8.8e-05 8.8e-05 8.8e-05
INJ-TS{EVG}Rate-Sel 1Hz 1Hz 1Hz N/A N/A N/A
LTB-MG {Bend: 2}l:RampEnd1-SP N/A N/A N/A
LTB-BI{ES} Go-Sel N/A N/A N/A
LTB-BI{ICT:1} Gainl-Sel +20dB +0dB +20dB +20dB NotEqual
LTB-BI{ICT:1}Gain2-Sel +6dB +20dB +6dB +6dB NotEqual
LTB-BI{VF:2} Go-Sel lightest no filter lightest lightest NotEqual

rm

Display Snapshot(s) I

Restore Machine

Compare Live Machine

I Save Machine Snapshot ...

I Compare Snapshots...

Export Snapshot to File ...

L LABORATORY
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EPICS V4 based Middle Layer Service

* Waveform da

System [all

ta

\| MASAR Viewer

LN-LTB-All-20131219: 525: 2014-01-15 08:40:43

e 00 \ waveform data
Config Filter |* PV Name | Saved Connection I Not Restore Saved \ X ' )
Saved value (100 data points) and live value (100 data points) for
Select Config(s) 196|LN-MG{STE}:PS-09:Cmd-Pwr |Connected O ON LN-RF:PB{Cav} Drv:AmpExpr-SP
Config Name Config 4| [197|LN-MG{STE}:PS-10:Cmd-Pwr | Connected O ON # | saved value live data Iﬁl
Lf“l-LT8>N’-20131219 198|LN-MG{STE}:PS-11:Cmd-Pwr | Connected O ON 0 |40 40
2 |Diag-BR-allBPM-12.13.201 3. expert 16 199|LN-MG{STE}:PS-12:Cmd-Pwr |Connected O ON 1 66 66
3 |Diag-LN_LTB-allBPM-12.13.2013.expert 17 200|LN-MG{STE}:PS-13:Cmd-Pwr |Connected O ON 2 60 60
4 |Diag-BR-allBPM-Expert 15 201 [LN-MG{STE}:PS-14:Cmd-Pwr |Connected O ON 3 |61 61
5 |LN-TB-All-20131209 14 202 |LN-MG{STE}:PS-15:Cmd-Pwr | Connected O ON 4 69 69
6 |LTB_PS_SRC_20131206 13 203 |LN-MG{STE}:PS-16:Cmd-Pwr | Connected O ON s la a1 =l
7 |BR_RF_SC_20130426 12 204 |LN-MG{STE}:PS-17:Cmd-Pwr | Connected ON A =
7 | 204) = 20O+ 8BV
8 |BR_MG_SCR_20130419 11 205 |LN-MG{STE}:PS-18:Cmd-Pwr | Connected O ON
9 |LN_LTB_BPM_Expert_20120621 10 - | 206|LN-MG{STE}:PS-19:Cmd-Pwr | Connected O ON
—‘]—I —I’ 207 |LN-MG{STE}:PS-20:Cmd-Pwr |Connected O ON 80 80
Snapshot Desc [* — -
208 |LTB-MG {Cor:6}1:Sp1-SP Connected O 1.942890:
Author |* — 4 70 70
] U 0 e 209|LTB-MG{Quad:6}1:Sp1-SP Connected O 0.0 |
From: | 2014-01-15 10:33:3. =l 210|LTB-MG{Cor:5}I:Sp1-SP Connected O 60 60
To: [ 2014011510:33: ] | 212 | S RRPBLCAVIDMAMPEXRT ¢ onnected |
| -RF: -~ [}
Select Snapshot(s) 212 Ié'g RF:PB{Cav}DrePhaBXpr- | hacted 0O (40, 66, ... 350 50 g
— 4 o -
- > T
Config Name Snapshot Id 213|LN-RF:PB{Cav}DrsValE-SP Connected O 40.0 © >
I L1\-LTB-A 3 m 40 40 8
- 214|LN-RF:PB{Cav}DrvValF-SP Connected O 20.8 o g
— o
4 O [}
2 [LN-TB-All-20131219 524 200 MeB | 55| (N-RF:PB{Cav}DnValG-SP | Connected O 0.4 2 30 _—
| — > | [}
3 |LN-TB-AIl-20131219 523 200MeV,— |57 | LN-RF:PB{Cav}DruValH-SP | Connected 0 10.0
4 |LN-TB-All-20131219522 200 MeV  [51 7| N-RF:PB{Cav}DreVall-SP | Connected O 0.05 20 20
5 |LN-TB-All-20131219 521 200 MeV |51 gl N-REPB{Cav}DreVal-SP | Connected 0 0.0
6 |LN-TB-All-20131219 /520 200Mev  [51g ;h;-RF:PE{Cav}Windowstart- Connected O 100 | 10 10
7 |LN-TB-Al-20131219 519 Fred Reft LN- ]
- 220( pe.pg {Cav}WindowWidth-gp | Connected O oo 4 @ 8
8 [LN-TB-All-20131219 518 Fluctuati 551 || N-RF:PB{Cav}Trig:Edge-Sel |Connected O Rise 0 20 40 . 60 10
— — B Data Point
9 |LN-TB-All-20131219 517 200MEV 555 |IN-RRPB{CaV} THig:Dly-SP | Connected O 0
10|LN-LTB-All-20131219 516 200 MeV LN- 1 Close Widget
223 ge. gUN {Cav} DrvAmpExpr-sp | COnnected O (40. 66. . g
— | 1 -

NATIONAL LABORATORY
BROOKHAVEN SCIENCE ASSOCIATES

Display Snapshot(s) | Restore Machine| Compare Live Machinel Save Machine Snapshot ... Compare Snapshots...| Export Snapshot to File ... |




EPICS V4 based Middle Layer Service

« Deployed in control network from the first day (3/27/2012)
« Configuration increasing over time (by Jan 15 2014 10:51 AM)

Y. U.S. DEPAI
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EPICS V4 based Middle Layer Service

* Snapshots taken over time (by Jan 152014 10:51 AMm)
Snapshots

6or——"TTT— T T T T T T T T T I

500-; ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .....

400 b TS S . S e Ll L. TS S SR S L L RS SR

300 5 . . . . |e—e Approved Snapshots
4o oo +— Total Snapshots

200 |-

100 |-
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EPICS V4 based Middle Layer Service

e Snapshots taken with time

— Events (by Jan 15 2014 10:51 Am) total taken: 525, approved: 246
— Regular snapshot per shift

Snapshots taken Snapshots Approved

2012-03-21 9:28 0 0
2012-03-29 10:32 30 8
2012-03-30 18:01 31 9
2012-04-24 20:02 144 41
2012-05-11 10:27 210 63
2012-05-24 14:25 279 79
2012-06-07 18:28 331 96
2012-06-14 16:13 338 98

2013-12-17 7:34 460 186
2013-12-20 16:01 488 212
2013-12-23 14:48 489 213
2013-12-26 18:40 493 217
2013-12-27 18:18 497 221
2013-12-30 13:54 498 222
2014-01-02 12:12 500 224

2014-01-14 2:29 519 240

2014-01-15 8:40 525 246

BROOKHFIVEN
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EPICS V4 based Middle Layer Service

« Database size growing over time
(by Jan 15 2014 10:51 AM) MASAR Database Size Growing

1482
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RESTful based Middle Layer Services

Ethernet

PVAS PVAS
HTTP/REST HTTP/REST

PVAS
HTTP/REST

PVAS
HTTP/REST

MUNICONV Lattice/Model Channel Finder Olog

Python Java Java

wysa/imwis | wysauirwis | wysal vysaL

Python

Distributed F

== pany  Ofice of NATIONAL LABORATORY
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RESTful based Middle Layer Services

e Channel finder services

— Originally by Ralph Lange

— Channel name look-up service

— Support property (name-value pair)

— Support tags

— Automatically load EPICS Channels at IOC initialization

— Client support

* Python library
 CS-Studio

— J2EE service

EEEEEEEEEE MysSQl as RDB backend BROOKHEUEN
ﬁENERGY Y



RESTful based Middle Layer Services

. Channlel finder
[

I update
daemon /cf-update
Web
proxy \
GIassﬁsh

i .
data flow Bnnm(ﬁl’nsn

EEEEEEEEEEEE Office of NATIONAL LABORATORY
E N ERGY SCIence BROOKHAVEN SCIENCE ASSOCIATES
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RESTful based Middle Layer Services

e Virtual accelerator property into channel finder

Channel Name V2:SR:C02-MG:GO4A{HFCor:FM1} V2:SR:C02-MG:G04A{VFCor:FM1}
Fid-I FId-SP Fld-I FId-SP
handle READBACK SETPOINT READBACK SETPOINT
elemName FXM1G4C02A FYM1G4CO02A
elemType HFCOR VFCOR
elemField X y
devName FM1G4C02A
sEnd 65.5222
cell C02
girder G4
symmetry A
length 0.044
ordinal 263 264
eget eput eget eput
P A X Y BROOKHEAEN
ENERGY  scinco 36 sysSR N o e




RESTful based Middle Layer Services

* Olog

— Collaboration by NSLS II@BNL & FRIB@MSU

— Log an entry

* Time, owner, text, attachments, logbooks, tags, properties

— J2EE service
— MySQL as RDB backend

— Client support
* Python library
« CS-Studio
* Web interface

Office of

U.S. DEPARTMENT OF
@ ENERGY science 37
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RESTful based Middle Layer Services

* Olog web view

[NeNs] |X| Olog - Mozilla Firefox
File Edit View History Bookmarks Tools Help

| s Olog ||
@ | & https k.nsls2.bnl.gov/logbook/index.htm! _

Filter Log Entries

Controls Commissoning
Electronics Maintenance
LOTO

Machine Physics
Mechanical Technicians

Operations

¥ TAGS

¥ CREATED FROM

¥ CREATED FROM - TO

From ' 12/31/2013 00:00

To| 01/31/2014 14:00

NTop

U.S. DEPARTMENT OF

Office of

zitvogel, 12/31/13, 9:28 am

C.Sorrentino reports ambient temp. in the klystron gallery should be
regulated at 70F. Chris observed 78F when responding to klystron
problems this past weekend. Sending email to J.Mendez & J.Gosman
about temp control issue.

zitvogel, 12/31/13, 9:07 am
Linac switched to SBM at 0822hrs. Lingyun Yang will be adjusting
RF/magnets as well as emittance/energy measurements.

zitvogel, 12/31/13, 8:43 am
|, Mike Santana, have assumed responsibility for the shift.

zitvogel, 12/31/13, 8:27 am

At the start of the shift we got 3GeV in the booster at 0015hrs (thanks
Ericl) we saved file in Ramp manager “ramp_670ms_beam_to_3Gev.ini"
and saved file in BINP “ramp to 3 GeV in the booster". Then we sent the
RCT ...

zitvogel, 12/31/13, 8:14 am
P1 and P2 are unsecured

zitvogel, 12/31/13, 8:09 am
Floco's completed the building tour of 740 all ok

zitvogel, 12/31/183, 7:52 am
Linac current Interlock test completed. All areas passed.

1.5 mA out 3 mA is boosted all the way to 3 GeV. Also corrected all the
loss points passed 30 msec into the ramp.

zitvogel, 12/31/13, 7:04 am
Rob Merkel is the RCT on shift

zitvogel, 12/31/13, 6:51 am

R. laccarino called he lowered the back pressure on the Primary DI Water _

System in the Cooling Tower. This will help with the Booster RF trips.

zitvogel, 12/31/13, 6:43 am
Booster RF reset. Note: When resetting Booster RF the Phase and
amplitude will switch to remote and change the set points.

zitvogel, 12/31/13, 6:32 am
Booster RF tripped Booster transmitter high voltage is too high. PV :

&

borisp, 12/31/13,7:25 am @ Show details

1.5 mA out 3 mA is boosted all the way to 3 GeV.
Also corrected all the loss points passed 30 msec into the ramp.

— . e—
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RESTful based Middle Layer Services

* Olog CS-Studio view

Thu Jul 11, 6:04 PM *

Applications  Places System @@@
)

File Edit Search CSS Window Help

7| & 14

H ‘uLquiewerPerspective‘ {07 Data Browser 2 OPI Editor £ OPI Runtime

[ 2] Log Table 53

= =08 [ gty 82

Log Quen: [« jogbook: Operations DiffractometerLog | [ Advsearch | | pate: 14111, 2013
Date [ Description [ owner | Logbooks Tags [a Linac and Storage Ring Vacuum status screens B
g 7
i
|
7/11/13 6:00 PM Linac Vacuum status Screen shroffk Operations 1
711113 5:58 PM See attached opi screenshot for Vacuum status shroffk  Operations 1
711113 4:50 PM See attached opi screenshot. shroffk  Operations 1 —
Logbooks: oy erations
Look at attached screen for the status of the vacuum system
711113 2:20 PM Step_a: Add reflection and calculate UB Matrix arkilic  DiffractometerLog DiffractometerTag 0 |
Tags:
711113 2:20 PM Step_2:Setup lattice dc.ub.setlat() arkilic  Diffractometerlog DiffractometerTag 1
Hide details
711113 2:20 PM Step_3: define hardware position (motor angles), energy, wavelength  arkilic 9 Tag 1
and find 2 theta reflections dc.ub.c2th() Images | Files
711113 2:20 PM Step_d: Add reflection and calculate UB Matrix arkilic  Diffractometerlog DiffractometerTag 1 ,
mages:
711113 2:20 PM Step_l: Setting up Diffractometer environment for reciprocal space arkilic  DiffractometerLog DiffractometerTag 1
calculation and motor movement. Python log entry with multiple
718113 11:15 AM Step_2: Move the motor to scan start position arkilic  Diffractometerlog DiffractometerTag 1 =8|
EEI
7/8/13 11:15 AM Step_3: Scan from start to end using interval+ 1 data points arkilic Diffractometerlog DiffractometerTag 1 Oy
78113 11:15 AM Step_4: Save experimental data into logbook arkilic  DiffractometerLog DiffractometerTag 1 o
/8713 11:15 AM Step_1: Setting up Diffractomete Motion environment for motor arkilic  Diffractometerlog DiffractometerTag 1
movement. Python log entry with multiple attributes: parameter file
attachment, properties
7/8/13 11:15 AM Step_1: Setting up Diffractomete Motion environment for motor arkilic DiffractometerLog DiffractometerTag 1
movement. Python log entry with multiple attributes: parameter file
attachment, properties
/8713 11:15 AM Step_2: Move the motor to scan start position arkilic  Diffractometerlog DiffractometerTag 1
718113 11:15 AM Step_3: Scan from start to end using interval+ 1 data points arkilic  Diffractometerlog DiffractometerTag 1
7/8/13 11:15 AM Step_4: Save experimental data into logbook arkilic DiffractometerLog DiffractometerTag 1
78113 11:15 AM Step_1: Setting up Diffractomete Motion environment for motor arkilic  Diffractometerlog DiffractometerTag 2 .
movement. Python log entry with multiple attributes: parameter file ~ 0 =
attachmant, properties PIGVGTDGYL PUGYGVO! eV PiGv2eGvD RevLaR) P
718113 11:15 AM Step_2: Move the motor to scan start position arkilic  Diffractometerlog DiffractometerTag 2 T [Pivs T sy CFTmET) [raaciee
7/8/13 11:15 AM Step_3: Scan from start to end using interval+ 1 data points arkilic DiffractometerLog DiffractometerTag 1
78113 11:15 AM Step_4: Save experimental data into logbook arkilic  Diffractometerlog DiffractometerTag 2
7/8/13 11:14 AM Step_1: Setting up Diffractomete Motion environment for motor arkilic  Diffractometerlog DiffractometerTag 1
movement. Python log entry with multiple attributes: parameter file
attachment, properties
7/8/13 11:14 AM Step_1: Setting up Diffractomete Motion environment for motor arkilic DiffractometerLog DiffractometerTag 2
movement. Python log entry with multiple attributes: parameter file
attachment, properties
7/8/13 11:14 AM Step_2: Move the motor to scan start position arkilic  Diffractometerlog DiffractometerTag 2

shroffk@box32-2: ~/c... || (: Control System Studi ) [0log - Mozilla Firefox]




RESTful based Middle Layer Services

o |attice and Model Service

Simulation/
. Beam
Lattice - Measurement

Parameter
Deck

Lattice Model
(Geometric + Strength) (Simulation output)

EEEEEEEEEEEE Office of NATIONAL LABORATORY
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RESTful based Middle Layer Services

o Lattice Model Service Architecture

w Others
Scripting CSS/BOY | (Matlab)

Python Client Java Client
RESTful] pvAccess B RESTful = pvAccess

Browsers

T RESTful

pvAccess
V4 channelRPC
service

‘ g HTVIL

Django

, Simulation
Data Processing API (Tracy-1ll & Elegant)

Python Data API

Python-MySQLdb

MySQL

(Lattice: geo+strength, Model: TWISS, T-Matrix, Close Orbit, ...)

e EﬁEWREEF Fnidhed - User Apps AP Planning - Develom‘Bﬁ?glsggg%gy

BROOKHAVEN SCIENCE ASSOCIATES
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RESTful based Middle Layer Services

« Service implemented under Django framework

— Provide REST service interface
e Currently, support RESTful GET & POST

— 3 lattice deck acceptable
* Predefined tab-separated plain lattice
* Tracy-3
« Elegant
— 2 simulation codes support by server
* Tracy-3 & elegant
— Client support
* Python library
« Web Ul

— MySQL as RDB backend
— V4 implementation has been planned on top
BROOKHFAVEN

@ EMEDAy  Cficeof NATIONAL LABORATORY
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RESTful based Middle Layer Services

o Lattice view

Search

Search for:
(@ Lattice
Model

Name:

Branch:

Version:

Description:

Creator:

Lattice type:

Status:

Search

U.S. DEPARTMI

ENER _ .

Select for comparison
Id: 1
Name: CD3-Oct3-12-30Cell-addID-par
Version: 20121003
Branch: Design
This is a design lattice released on
Oct 3rd, 2012
tracy3

Desc:
Type:

) Select for comparison

Id: 2

Name: CD3-Apr07-10-30cell-par
Version: 20100407

Branch: Design

This is a design lattice released on
Apr 7th, 2010

tracy3

Desc:
Type:
[J Select for comparison

) Select for comparison

Id: 4

CD3-Oct3-12-30Cell-addID-par-
plain

Version: 20121003

Branch: design

This is a design lattice released on
Oct 3rd, 2012 with plain format
Type: plain

Name:

Desc:

_) Select for comparison

Id: 5
CD3-Oct3-12-30Cell-addID-par-
Name:
plain2

Version: 20121003
Branch: design
This is a design lattice released on

LEE Oct 3rd, 2012 with plain format

Lattice Info

Id:

Name:

Version:

Branch:

Creator:

Original Date:

Lattice Type:

Lattice Format:

Description:

Lattice Models

Creator

lattice/model

service

Description

automatic simulation result performed by server 3 3
on 2013-11-14 11:18:51.746867 AM

3

mv15-t25¢c-v1-ring
20121003

Design

Weiming
2013-11-14T11:18:50
elegant

Ite

This is a design lattice released for test

Id Latticeid Link

link to
model

Download the original file | Download zip with original file and maps

Lattice
Id Name
6903 _BEG_
6904 MA1
6905 MK4G1C30A
6906 DHOG1A
6907 GEG1C30A
6908 GSG2C30A

Type
MARK
MALIGN
MARK
DRIF
MULT

MULT

Length Position ON_PASS K2
0 0

0 0 1

0 0

4.65 4.65

0 4.65

0 4.65

Name OriginalDate
default model for mv15-t25¢c-v1-ring 2013-11-
(branch Design, version 20121003) 14T11:18:51
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RESTful based Middle Layer Services

 Model view

Search

Search for:

() Lattice
@® Model

Name:

Status:

Search

«

default model for CD3-Oct3-12-
Name: 30Cell-addID-par (branch Design,
version 20121003)
automatic simulation result
Desc: performed by server on 2013-11-14
11:18:41.640925 AM

_J Select for plotting

default model for CD3-Apr07-10-
Name: 30cell-par (branch Design, version
20100407)
automatic simulation result
Desc: performed by server on 2013-11-14
11:18:44.336483 AM

[ Select for plotting
Mod

Id:
Name:
Desc:

_J Select for plotting

Mod

Id: 4

o default model for test (branch test,
version 20121003)
automatic simulation result

Desc: performed by server on 2013-12-18
14:37:01.476276 PM

() Select for plotting

_default model for mv15-t25¢-v1-ring-
‘2 (branch design, version 20131010)
automatic simulation result

Desc: performed by server on 2013-12-18

14:52:15.846529 PM

Name:

SimulationControlFile:

mv15-t25¢-v1-ring.ele

SumulationAlgorithm: matrix
Tunex: 33.14757
Tuney: 16.27098
Show simulation control data
Select data to plot
alphax alphay betax betay etapx etapy etax etay phasex phasey
™1 ™1 ™ 10 ~ 10
Plot data Export data to CSV file
30.0000
etax 10x
25.0000
>
ot 20.0000 é
g 7
2 ®
& 16.0000 3
g %
g ®
10.0000
5.0000
0.0000
0.0000 5.0000 10.0000 150000  20.0000 250000  30.0000 350000  40.0000  45.0000
Position &
Model details
0 50 Twiss s
AUEN

Decimal precision

a
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RESTful based Middle Layer Services
« MUNICONYV Service

— Multiple unit conversion
 First implementation targeting on magnets

» Convert value between different unit systems
— 1. power supply current
— b: magnetic fields
— k: value in model/lattice domain

— RESTH{ul service interface under Django
* Currently, support GET method

— MySQL as RDB backend

— Client support

« Python library
 Web U

— V4 implementation has been planned on top
— Ofice of BROOKHEVEN
ﬁE ICe O

NATIONAL LABORATORY
NE RGY Science 46 BROOKHAVEN SCIENCE ASSOCIATES




RESTful based Middle Layer Services

 MUNICONYV Architecture
- Others
CSS/BOY | (nrarioy

Python Client Java Client
RESTful] pvAccess B RESTful = pvAccess

Browsers

T RESTful

pvAccess
V4 channelRPC
service

L

> S

Django
Conversion functions
Python Data API

Python-MySQLdb

MySQL

(Lattice: geo+strength, Model: TWISS, T-Matrix, Close Orbit, ...)

EﬁEWREEF Fnidhed -User Apps F Planning - Develom‘Bﬁ?glsggg%gy

BROOKHAVEN SCIENCE ASSOCIATES

clence



RESTful based Middle Layer Services

« MUNICONYV Data stored in RDB

— Capture interested raw data
« Measurement data, fitting parameters, fitting algorithm
« Serial #, device name, installation info
« Component type

— Measurement data
* For each individual magnet
* For magnet type

ﬁ E EEEEEEEEEEEE Office of BH““K“M"E“

NERGY : NATIONAL LABORATORY
Science 48 BROOKHAVEN SCIENCE ASSOCIATES



RESTful based Middle Layer Services
« MUNICONYV Capability

— Convert value between predefine unit system
— Unit is determined usually by magnet measurement
— Conversion algorithm plugable

« MUNICONYV Support magnets

— Standalone function magnet

— Function combined magnet
« A skew quadrupole with H&V correctors for example

— Serial powered magnet chain

ﬁ E EEEEEEEEEEEE Office of BH““K“M"E"

NERGY : NATIONAL LABORATORY
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RESTful based Middle Layer Services

* Pluggable and extendable conversion algorithm

{!i2b": {'auxInfo": 1,
'function": ",
‘algorithmld": 1,
'initialUnit": ",
'resultUnit': "},

'b2i": {'auxInfo": 1,
'function": ",
‘algorithmld": 1,
'initialUnit": ",
'resultUnit': "},

'b2k": {'auxInfo’: 2,
'function": ",
‘algorithmld": O,
'initialUnit": ",
'resultUnit': "},

-

U.S. DEPARTMENT OF Ofﬂce Of

EN ERGY Science

# auxInfo: an additional information,

# could be used for example the fitting order

# of polynomial fitting,

# 0: not use; 1: linear fit; 2: 2nd order poly
fit; ...

# or the order of fitting result, for example

1: kick angle, rad/degree;

2: K1, 1/m2;

3: K2, 1/m3;

4: K3, 1/m4; ...

algorithmld: id to show which algorithm to use,
0: linear fitting with given function
1: high order polynomial fitting with given function
2: polynomial fitting using raw data
3: interpolating with raw magnetic data
4: ...

HHFHEHFHFHHF OHHFHH

BROOKHFIVEN

NATIONAL LABORATORY
5 O BROOKHAVEN SCIENCE ASSOCIATES



RESTful based Middle Layer Services

 MUNICONV WEB View

X\| Unit Conversion - Mozilla Firefox

8 00
File Edit View History Bookmarks Tools Help

U.S. DEPARTMEN

@er

v Unit Conversion

L=

Search for devices

nsls2.local/magnets

type/install/s

mj/name/(

QH*/cmpnt_typey/seri

o/fid/QH1G2C04A/0/r

Conversion results Measurement data Properties

>

s

Search in:
. Clear table
O Inventory [l Ser No: 29
Name: QH1G2C02A
@® Installation L4 .
+§ Comp Quad D Algorithm Initial value Initial unit Converted value Converted unit Show
Tp:
System: £¢ System: Storage Ring i2k 50.0 A 0.2262679077272761 1/m2 O
§ Vendor: Tesla, England
66mm, DBL COIL i2b 50.0 A 0.05660663038264823 T-m
Desc: . !
trrs &0t g 0RT QuAD
QH* |l Ser No:
& Name: Select data on axis x: current j andy: field j
. ) Comp Q Plot all points together
Component type: 9
Te: ® Plot according to direction
£ System:
z . O Dbn
§ Vendor:
Serial number: Up
4§ Desc:
il Ser No: 19 edrwplat
& Name: QH1G2CO0BA
Search + Com
g Quad D _
Tp: 0.1750
£ System: Storage Ring up ° 0
§ Vendor: Tesla, England 01500 Convarsion esuks < a .
66mm, DBL COIL
. ' g v
&0t 5 0RT QUAD
0.1250
|l Ser No: 42
& Name: QH1G2C08A
0.1000
C he]
.T‘p Sl Quad D 2
£ System: Storage Ring 00750
§ Vendor: Tesla, England
66mm, DBL COIL
Desc: . ! 00500
&0t g oRT QuAD
|l Ser No: 47 00250
& Name: QH1G2C10A
Comp
T JKHAUEN
. . - 20,0000 40,0000 80,0000 1000000 120,0000
tem: Stora
?VYS:m = or[’lg; n‘wg . =l current 1 LA B O RAT O RY
¥ Vendor: Tesla, Englan v =
- DINUUNTTAY ._m' SCIENCE ASSOCIATES




RESTful based Middle Layer Services

 IDOD service for insertion device

— Data service to store both online data and offline data
— Same architecture to be implemented using django

— Under active development, and should be released
soon

* Data service for beam based fast interlock
— Provide a data warehouse
— Keep all history data
— Under design

ﬁ E EEEEEEEEEEEE Office of BH““K“M"E"

) NATIONAL LABORATORY
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Middle Layer Services Integration

IOCs i
\vr
Channel
Finder
Lattice/Model Other Service

- (IDOD)
MUNICONV

BHUPKIiAzEN
U.S. DEPARTMENT OF Office of NATIONAL LABORATORY

E N ERGY Science 53 BROOKHAVEN SCIENCE ASSOCIATES
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Beam Commissioning

* High Level Applications

CS-Studio
Python Apps MMLT Matlab Apps Channel Arch pvManager
CAC PVAC REST g CAC PVAC RESTQCAC PVAC RESTQCAC PVAC REST CAC PVAC REST

Ethernet

\

» ] 1 V4 n ’
. DEPARTMENT OF . n _,
ENERGY Office of NATIONAL LABORATORY
Science BROOKHAVEN SCIENCE ASSOCIATES




Beam Commissioning

e 2013-11-27: restart beam commissioning
e 2013-11-29: accelerate to 200 MeV in single

@S = e vy  Office of NATIONAL LABORATORY
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Beam Commissioning

* 2013
* 2013
* 2013
* 2013

11
11
12
12

27
29
07

10:

restart beam
accelerate to
Injection into
beam spinnec

. Flag in

DSVFlI

XSVF1 | XSVF2 |

XS

ISVF2

T
100

w
@
—
=

T 1 )
150 190.18 0

89.5

Cs

CSVF1

|s e

BR-ISVF1

Syncin 1

Continuous

100 200 300 400 500 600 700 800 900 1000 1100

-4096

-3500
-3000
-2500
-2000
-1500
-1000
-500

-0

Controls of pneumatics and LEDs

Flag positio

Controls of camera
Rate 1.0

Gain (6 6

Inserted

dB  Exposure [S000 5000

Inserted

Done I Acquire

Illum LED

Reboot camera 10C

us  LoadDefault

Take BG |@ Plain®

Path fcam/br-cam-i
Beam_Starl

Beam_End

Image statistics

svfl

(

| sae |

Region of Interest (ROI)

SAVE_M_image

#Image |1

1280

Max / Min pixe 2040 0 Start Size
Sum/mean of al 58536289 48 X |o 0 1280 1280
Centroid Cente 642.4 463.0 —_
gl’thed Sigma X/ 221 12.7
Fitted beam siz 6,761 mm 0.541 mm v g peo 30

b U.S. DEPARTMENT OF Office of Fled peakxr 503 31Ls ——

Li ; . e 2061 901 X Cal date [30.600 umipy Y Cal data [42.450 umip
& & Science 5 6 Raw Peak X/Y 687 306 Cal Date




Beam Commissioning

¢ 2013-11-27" restecc s ot wavetorms] ocer conro -

Support 1 Hz and Stack Mode Injection Pt ot e Eary e Tt e T

1st shot 2478 mA 1.309 nC
o ° Interested number of shots 10
- - . a C c 2nd shot 0.000 mA 0.000 nC
Total charge 2478 mA 1.309 nC Averaged | & Q over INOS 0.045 mA 0.024 nC
° 2 O 1 3 1 2 O 7 . i n . e Extracted Q 0.055 mA 0.029 nC Std over INOS 0.044 mA 0.023 nC
L] J Ramp Loss 2423 mA 1.2795 nC EFtien e
Total charge in 1-hour 0.853 uC

Injection efficiency 74.9 %

PY 2 O 1 3 _ 1 2 _ 1 O : b e a Total charge loss in 1-h 0.797 uC Ramp effiiency paw

Extraction efficiency -1.0%
e 2013-12-16: begzl:l:l alalt=[a]alaft | ol @)

Beam Current: BR-BI{DCCT:1}
1.8105E0

turns in the boo/.-

1E0

G}

8E-1

6E-1

4E-1

2E-1

4.4412E -6 M e
0 S0 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 899.95
U.S. DEPARTMENT OF Office of Time (ms)

pve | S : [ ]
ENERGY Science — - . = — . '




Beam Commissioning

e 2013-11-27: restart beam commissioning
e 2013-11-29: accelerate to 200 MeV in single
e 2013-12-07: injection intdC e —

Support 1 Kz and Stack Mode Injection Statistics on extracted charge

[ ) [] M 1st shot 2.611 mA 1.379 nC
- - ea I I I S I I l I le - Interested number of shots 10
® 2nd shot 0.000 mA 0.000 nC

Total charge 2611 mA | 1.379nC Averaged | & Q over INOS 1615 mA 0.853 nC
P 2013_12_16. beam Circula Extracted 0 | 1579 mA | 0.834nC Std over INOS 0116 mA | 0.061nC
° Ramp Loss 1.031 mA 0.5446 nC Efficlencies
. . Total charge in 1-hour 4.664 uC ) Injection efficiency 76.9 % 1
I n t h e b O O St e r r I n g Total charge loss in 1-h 2.774 uC Ramp efficiency 60.5% |

Extraction efficlency 1.6%

¢ 2013-12-21: beam captur]zil sluiizlsiaof oo o X

Beam Current: BR-BI{DCCT:1}

25

™™
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 899.95

Time (ms)

U.S. DEPARTMENT OF Offlce Of Large graph plot configure digitizer INOS data trend l Average monitor I
B\\D EN ERGY Science




Beam Commissioning

* 2013-11-27: restart beapr commiccinning I

BR-Diagnostics

e 2013-11-29: accelerate M e e W) 2o N R

* 2013-12-07: injection in] g om0 o
* 2013-12-10: beam spinn =
e 2013-12-16: beam circul =
booster ring y
e 2013-12-21:beamcapty =i |
e 2013-12-31: beam boosi SRR

e R L A R EN SN K DY R

el

Beam Current along Ramping

3.5 2992.35

3 4 2500
fz_s— Show Macros [
= L2000
S Full Screen F11 |
°|2 — [ L
- Compact Mode F8 L1500 =
E =
£1.5] =
o
E Send E-Mail... 1000
o] ] [
) Print... Ctrl+P |

-500
0.54 Show PV Info [
e o e o o o o Process Variable >lo.53
0 50 100 150 200 250 300 350 400 450 500 550 6( 195
Time (ms) Clear Graph
U.S. DEPARTMENT OF Offlce Of Show/Hide Graph Toolbar

r}a EN ERGY Science Input Methods >




NSLS Il Construction

*Oct 2009




NSLS Il Construction

Oct 2010




NSLS Il Construction




NSLS Il Construction
Jul 2013
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Conclusion

* Overviewed NSLS Il project
* Virtual accelerator provided solid support

* 2 technologies for middle services
— V4 service, and RESTful web services
— Satisfy various requirement

— Play critical role during commissioning

e Support beam commissioning well
— Beam to 3GeV on 2013-12-31
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