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Introduction
m Background
m Motivation
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Data Perspective from High-level Physics Controls

Machine Tuning

m Get time-correlated EPICS data for device readings from the live machine
m Optimize physics model to generate device settings as a solution

m Apply the solution to the live machine

Data Sources
m EPICS CA, Archiver, static configurations

m (live/archived) Power supply in Amp for a quadrupole, ...
m (live/archived) Electric static dipole corrector in Volt, ...

m Phyiscs lattice configuration data, field map data, ...
m A series of device layout info for building physics lattice, ...

m Rules for Amp < T/m interpretation, ...
m Effective length from field map data, ...
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PHANTASY: Physics High-level Applications and Toolkit for Accelerator System

- manages——————————— —»[ Machine Configurations ]

]

;
/
Rl et
Field \ m
Element AN

Virtual Accelerator System

m————————

—— Core libraries == requires-=j Field
| /
[ onrim ’ ==
‘
! i
: Element \
requires 1

)

MachinePortal ——-

e m Device configurations: FRIB/LINAC

Configurations

Virtual Accelerators

o Applications

?

L —- m Unit interpretation
requires -
I

Physics Widgets

r
1
o Curve vidget m General Qt Ul components
1 .
pythonz-phantasy-vi ] Other widgets Image widget
—¢ I S m Qt GUI apps support
Tools Data Viz Qt designer integration
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[> T. Zhang, et al, "Manage the Physics Settings on the Modern Accelerator”, ICALEPCS 2021, WEBL04.
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Manage Tabular Data in a Speadsheet Application

Spreadsheet
m Easy yet powerful tool for data collection and analysis
m Excellent application for Linux: LibreOffice Calc, a great MS Excel alternative
m Users: focus on problem-solving
(]

Developers: extend the capability with unified interface

Why not Python?
m Need environment support on users’ side, usually not a problem
m Powerful, and convenient for expert, requires programming skills

m Too much flexible, things can be done in many ways
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Manage Tabular Data in a Speadsheet Application

Spreadsheet
m Easy yet powerful tool for data collection and analysis
m Excellent application for Linux: LibreOffice Calc, a great MS Excel alternative
m Users: focus on problem-solving
(]

Developers: extend the capability with unified interface

Why not Python?
m Need environment support on users’ side, usually not a problem
m Powerful, and convenient for expert, requires programming skills

m Too much flexible, things can be done in many ways

m Inspirations: Hide the complexities from the users by all means!
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The Motivation Behide Spreadsheet-centric Platform

m Targeting non-programmer user groups
m Integrating data from diverse sources
m Delivering funtionalities with a consistent interface
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The Motivation Behide Spreadsheet-centric Platform

m Targeting non-programmer user groups
m Integrating data from diverse sources

m Delivering funtionalities with a consistent interface

m Enhance the existing development of "phantasy-project”
m Consolidate the complex physics calculation tasks
m Make the most of conventional spreadsheet-based data analysis
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Outline

Software Implementation
m Architecture
m Web Service
m LibreOffice Calc
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PhantasyCalc: Extend LibreOffice Calc

Initial ideas Expose PHANTASY functions to LibreOffice Calc through
User-defined Functions (UDFs)

Bigger picture Streamline the data integration to Spreadsheet application, including
MS Excel, to break platform barrier

Development Status

m Support LibreOffice Calc Linux/Windows, and MS Excel on Windows
(early-stage).

m UDFs for EPICS CA operations, PHANTASY functions, numberical functions,
other physics simulations

m Tools for fetching data, controlling devices; integrated into menu, toolbar,
Ribbon menu (Excel only, early-stage)

m Documentation site
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Architecture Diagram

use PhantasyREST
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Dedicated

Control Network

m PhantasyRest could be deployed in Control Network
m Or communicate with Control Network through CA Gateway system

m PhantasyCalc is available as packages for both Linux and Windows
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PhantasyREST: A REST APl Web Service for PHANTASY

What is it?
m PhantasyREST is a REST API service providing PHANTASY functions
m Support asynchronous HTTP requesting
m Can work with CA gateway to provide EPICS data
m Add new entrypoints to support new functionality

m Streaming data to PhantasyCalc in the form of UDFs or threaded callbacks

Benefits
m Server-client development mode

m Break the barrier of OS requirements for PHANTASY and other physics
simulation code

m Support any kind of web FrontEnd development activities with EPICS data
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LibreOffice Calc Integration

m Install "phantasy-calc" package (.deb), see in "Extension Manager" (Tools —
Extension Manager...)

Extension Manager €
Display Extensions
@ Bundled with LibreOffice HInstalled forall users Einstalled for current user

. PHANTASY-Calc: Access PHANTASY functions from Libre... 0.8.0 Tong Zhang
Invoke PHANTASY functions through LibreOffice Calc.

Michigan State University

&Z Facility for Rare Isotope Beams
d ’ U.S. Department of Energy Office of Science

9/21



LibreOffice Calc Integration

m Install "phantasy-calc" package (.deb), see in "Extension Manager" (Tools —
Extension Manager...)

m Function Wizard, see all deployed UDFs (Insert — Function...)

Function Wizard (]
Functions = Structure Function result
Search CAGETA
caget
Category
o CAGETA( pvnames, datatype )

Function
CAGET Get the values of a list of PVs through CA (service request).

CAGETA

Michigan State University
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LibreOffice Calc Integration
m Install "phantasy-calc" package (.deb), see in "Extension Manager" (Tools —
Extension Manager...)
m Function Wizard, see all deployed UDFs (Insert — Function...)

m Tools, either in a floating dialog or docked into the toolbar

undock/dock
Phantasy v X File Edit View Insert Form:
&> 0oBE o= &D>OBEFE
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Outline

Features
m User-defined Functions
m Tools
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UDF: User-defined Functions

What is an UDF?

m UDFs allow users to perform calculations that are not included in Calc or
Excel’s built-in functions.

m Can be developed with BASIC, C/C++, JAVA, Python

Function Category

Phantasy Provides functionality that can also be scripted by using the ‘phantasy’
Python package

EPICS Provides functionality regarding EPICS CA and PVA (to be supported)
Physics Provides functionality that entails intricate physics simulations

Others Provides functionality that is not available from built-in list
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UDF: Category Phantasy

Phantasy

elem is an object instantiated from phantasy , e.g.:

>>> import phantasy

>>> mp = phantasy.MachinePortal("FRIB", "LINAC")
>>> elem = mp.get_elements(type='QUAD', name='*D2194*')[0]
FS1_CSS:QH_D2194
>>> elem.sb # device position, 219.295
>>> elem.family # device type, QUAD

>>> elem.name # device name,

>>> elem.I # current readback of I, 39.014 A

>>> elem.current_setting("I") # current setpoint of I, 39.1 A
>>> # put name string in cell Al

UDF

=PHGETELEMPOS1 (A1)

=PHGETELEMTYPE (A1)
=PHGETREADING(A1, "I")
=PHGETSETTING(A1, "I")

=PHCONVERT (A1, 100, "I",
ng2m)

Array?
W]

Yes

Yes
Yes

Yes

Yes

Python API

elem.

elem

elem.

elem

elem
"B2")

.family

1

.current_setting("I")

.convert (100,

v,

Description

Get the global position in meter along the
beam line
Get the device type

Get the live readback of a field

Get the live setpoint of a field

Inteprete value from one field to another

. Pass a range of cells to the UDF to return results in a range of cell, execute with CTRL + SHIFT + ENTER .

FRIB,

Facility for Rare Isotope Beams
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UDF: Category Phantasy

Phantasy

elem is an object instantiated from phant:

>>> import phantasy

>>> mp = phantasy.MachinePortal("FRIB'
>>> elem = mp.get_elements(type='QUAD

>>> elem.name # device name,

>>> elem.sb # device position, 219.29!
>>> elem.family # device type, QUAD

>>> elem.I # current readback of I, 39.014 A
>>> elem.current_setting("I") # current setpoint of I, 39.1 A
>>> # put name string in cell Al

UDF

=PHGETELEMPOS1 (A1)

=PHGETELEMTYPE (A1)
=PHGETREADING(A1, "I")
=PHGETSETTING(A1, "I")

=PHCONVERT (A1, 100, "I",
ng2m)

. Pass a range of cells to the UDF to return results in a range of cell, execute with CTRL + SHIFT + ENTER .

FRIBE

o Begin End Live Set I [A] » B3 [T/m?] q
Device Name Type Pos [m] Pos [m] I [A] B3 [T/m] - I [A] Type Alias
FS1_BBS:S_D2419 SEXT 241.849 241.999 1.305 -7.151 1.305 H3
FS1_BBS:S_D2469 SEXT 246.777 246.927 1.305 -7.151 1.305 H3
FS2_BBS:S_D4000 SEXT 399.918 400.018 2.380 -35.700 2.380 H1
FS2_BBS:S_D4007 SEXT 400.681 400.781 0.000 0.000 0.000 H1
FS2_BBS:S_D4098 SEXT 409.785 409.885 0.000 0.000 0.000 H1
FS2_BBS:S_D4106 SEXT 410.549 410.649 2.380 -35.700 2.380 H1
FS1.CSS:(lBps_BBS:S_D5606 SEXT  560.497 560.697 2.150 36.555 2.150 SEXT_H2
BDS_BBS:S_D5703 SEXT 570.197 570.397 2.150 36.555 2.150 SEXT_H2
Array? L
m Python API Description
Get the global position in meter along the
Yes elem.sb .
beam line
Yes elem. family Get the device type
Yes elem.I Get the live readback of a field
Yes elem.current_setting("I") Get the live setpoint of a field
Tlem. t(100, "I", X
Yes elen.convert( Inteprete value from one field to another

"B2")
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UDF: Category EPICS

EPICS

Put a pv name string in cell A1

UDF Array?!"l Description
=CAGETA(A1) Yes Get a [list of] reading from CA get request (service request from PhantasyRest )
=CAGET (A1) Yes Get a [list of] reading from CA get request (local EPICS environment)

1. Pass a range of cells to the UDF to return results in a range of cell, execute with CTRL + SHIFT + ENTER .
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UDF: Category EPICS

EPICS

Put a pv name string in cell A1

FRIBE

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

UDF Array?!"l Description

=CAGETA(A1) Yes Get a [list of] reading from CA get request (service request from PhantasyRest )

=CAGET (A1) Yes Get a [list of] reading from CA get request (local EPICS environment)
Formula of %X [mm]*” column =CAGETA(B4:B16)

2023-04-19 13:42:58 EDT X [mm] 2023-04-19 13:42:58 EDT Y [mm]
FE_MEBT:BPM_D1056:XPOS_RD 1.85 FE_MEBT:BPM_D1656:YPOS_RD -0.84
FE_MEBT:BPM_D10672:XPOS_RD| -0.14 FE_MEBT:BPM_D1672:YPOS_RD -0.10
FE_MEBT:BPM_D1094:XPOS_RD 0.23 FE_MEBT:BPM_D1694:YPOS_RD 0.29
FE_MEBT:BPM_D1111:XPOS_RD| -0.15 FE_MEBT:BPM_D1111:YPOS_RD 0.16

LS1_CA01:BPM_D1129:XPOS_RD 0.30 LS1_CA01:BPM_D1129:YPOS_RD -0.18
LS1_CA01:BPM_D1144:XPOS_RD ©.58 LS1_CA01:BPM_D1144:YPOS_RD -0.91
LS1_WA01:BPM_D1155:XPOS_RD| -0.49 LS1_WA01:BPM_D1155:YPOS_RD -0.76
LS1_CA02:BPM_D1163:XPOS_RD| -0.15 LS1_CA02:BPM_D1163:YPOS_RD -0.37
LS1_CA02:BPM_D1177:XPOS_RD 0.10 LS1_CA02:BPM_D1177:YPOS_RD 0.28
LS1_WA02:BPM_D1188:XPOS_RD 0.64 LS1_WA02:BPM_D1188:YPOS_RD 0.21
LS1_CA03:BPM_D1196:XPOS_RD 1.06 LS1_CA03:BPM_D1196:YPOS_RD 0.12
LS1_CA03:BPM_D1211:XPOS_RD 1.06 LS1_CA03:BPM_D1211:YPOS_RD -0.60
LS1_WA03:BPM_D1222:XPOS_RD 0.09 LS1_WA03:BPM_D1222:YPOS_RD -0.39
1. Pass a range of cells to the UDF to return results in a range of cell, execute with CTRL + SHIFT + ENTER .
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UDF: Category Physics and others
Physics and others

UDF Array?!"l Description

=CALCENERGYLOSS( ) Yes Calculate the energy loss from the interaction between beam and material

=INTERP1D() No 1D data interpolation

=STRFTIME() Yes Format datetime from timestamp

1. Pass a range of cells to the UDF to return results in a range of cell, execute with CTRL + SHIFT + ENTER .

¢ Facility for Rare Isotope Beams
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UDF: Category Physics and others

Physics and others

UDF Array?!"l Description
=CALCENERGYLOSS( ) Yes Calculate the energy loss from the interaction between beam and material
=INTERP1D() No 1D data interpolation
=SIRFRNED) 238U -> 64CU @ 1000 mg/cmA2
— AE [MeV/u]
140.0
130.0
5 120.0
2
F
2 116.6
S 100.0
0
2 90.0
S
> 80.0
&
o
2 70.0
&
60 .0
50.0
150 250 350 450 550 650 750 850 950 1050
Energy of Uranium in MeV/u

1. Pass a range of cells to the UDF to return results in a range of cell, execute with CTRL + SHIFT + ENTER .
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Caveats for UDF Applications

m LibreOffice Calc: Execute UDF in array mode can get the data with aligned
timestamps, which is essential for EPICS data, and is also a more effcient way
of data requesting from a list of PVs

m Make UDF volatile seems more accurate to the EPICS data, but may impact
the performance, so threaded callback tools are developed to handle the case
of fetching dynamically changing and large dataset

m Recalculation of cells in LibreOffice Calc can be triggered with F9 (selected
cell) or Ctrl + Shift + F9 (global).

m About “auto-calculation on file is loaded”:

m Save as .ods will do auto-calculation after opening the spreasheet

m Has option to disable auto-calculation when file loaded, but save as .xlsx

m See the menu of Tools — Options — LibreOffice Calc:“Formula Recalculation on
File Load”

m Thus, additional tools are developed as enhancements

g‘ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
m Michigan State University
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Tools Integration

Design Philosophy
m Easy to find — Floating or docked tool buttons

m Easy to use — Clicking a tool button to apply some feature on the selected

cell(s)/sheet
m Seamlessly integrated into LibreOffice Calc

& }
—_— Fetch Data
User-customizable =
Config D
-

A& > O E 3= Start Refreshing

Phantasy Tools
y . |

/ Stop Refreshing
Secure way of CAPUT

Put CA Data IE]

Refreshing Status

Michigan State University

g‘ Facility for Rare Isotope Beams
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Threaded

Data Requesting
Callback

Continuously
Threaded

Data Refreshing
Controls
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Tools Integration

Untitled T-LibreOffice Calc
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Tools Integration
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Tools Integration

Untitled 1 - LibreOffice Calc BECN -]
File Edit View Insert Format Styles Sheet Data Tools Phantasy Window Help x
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Data Fetch Tool
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Data Fetch Tool

FETCH_DATA_N_SAMPLE 5Data fetch tool
FETCH_DATA_TIME_INTERVAL 0.2Data fetch tool
RESH DATA M NTERVA 3

0. Click config button to adjust
parameters for Data Fetch tool

A Facility for Rare Isotope Beams
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Data Fetch Tool

5Data fetch tool

L 0.2Data fetch tool

Tinestass . .
o1 ChaxsBa_D1144 3p05 D 1. Fill out a list of PV names +
ST Choz:BPH_D1163:XP0S_RD one row before for timestamps

LS1_CAG2:BPM_D1177:XPOS_RD
LS1_WA@2:BPM_D1188:XPOS_RD
LS1_CA03:BPM_D1196:XPOS_RD
LS1_CA@3:BPM_D1211:XPOS_RD
LS1_WA@3:BPM_D1222:XPOS_RD

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

Datetime

Timestamp . . 'F
LS1_CA@1:BPM_D1129:XPOS_RD

D D LLas. oS 1. Fill out a list of PV names
LS1_WAO1:BPM_D1155:XPOS_RD

LS1_CA02:BPM_D1163:XPOS_RD

LS1_CA02:BPM_D1177:XPOS_RD

LS1_WA©2:BPM_D1188:XPOS_RD

LS1_CA03:BPM_D1196:XPOS_RD

LS1_CA@3:BPM_D1211:XPOS_RD

LS1_WA03:BPM_D1222:XPOS_RD

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

5Data fetch tool

0.2Data fetch tool

Datetime

LS1_CA@1:BPM_D1129:XPOS_RD

e P aros 1. Fill out a list of PV names
LS1_WAO1:BPM_D1155:XPOS_RD ~

NG e oo 2. Select all + One row for timestamps
LS1_CA02:BPM_D1177:XPOS_RD
LS1_WA©2:BPM_D1188:XPOS_RD
LS1_CA03:BPM_D1196:XPOS_RD
LS1_CA@3:BPM_D1211:XPOS_RD
LS1_WA03:BPM_D1222:XPOS_RD

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

Datetime

Timestanp
Ls1_cAel:
LS1_CA@l:
LS1_WAo1:
LS1_CA02:
Ls1_cAe2:
LS1_WA02:
Ls1_cAe3:
Ls1_cA3:
LS1_WA3:

BPM_D1129:XPOS_RD
BPM_D1144:XPOS_RD
BPM_D1155:XPOS_RD
BPM_D1163:XPOS_RD
BPM_D1177:XPOS_RD
BPM_D1188:XPOS_RD
BPM_D1196:XPOS_RD
BPM_D1211:XPOS_RD
BPM_D1222:XPOS_RD

FRIB,

FETCH_DATA_N_SAMPLE 5Data fetch tool
FETCH_DATA_TIME_INTERVA 0.2Data fetch tool

1. Fill out a list of PV names
2. Select all + One row for timestamps
. Click "Fetch Data" tool

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

5Data fetch tool
0.2Data fetch tool

Datetime
elmoeae s\ 1. Fill out a list of PV names
US1 Cho2180H 01163136050 2. Select all + One row for timestamps
U512 BoH_D1158:xP05.RD . Click "Fetch Data" tool
LS1_CA©3:BPM_D1196:XPOS_RD
LS1_CA03:BPM_D1211:XPOS_RD
LS1_WA©3:BPM_D1222:XPOS_RD

Fetched data appears column by column

Datetime
Timestamp

LS1_CAO1:BPM_D1129:XPOS_RD
LS1_CA@1:BPM_D1144:XPOS_RD
:XPOS_RD
:XPOS_RD
:XPOS_RD
:XPOS_RD

:XPOS_RD

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

Datetime

5Data fetch tool
0.2Data fetch tool

Timestanp
Ls1_cAel:
LS1_CA@l:
LS1_WAo1:
LS1_CA02:
Ls1_cAe2:
LS1_WA02:
Ls1_cAe3:
Ls1_cA3:
LS1_WA3:

BPM_D1129:
BPM_D1144:
BPM_D1155:
BPM_D1163:
BPM_D1177:
BPM_D1188:
BPM_D1196:
BPM_D1211:
BPM_D1222:

XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD

Datetime
Timestamp

LS1_CA@1:BPM_D1129:
LS1_CA@1:BPM_D1144:
LS1_WA@1:BPM_D1155:
LS1_CA@2:BP!

LS1_CAe2:
LS1_WA02
LS1_cAe3

Ls1

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

M_D1163:
PM_D1177:
PM_D1188:
PM_D1196:

:XPOS_RD

XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD
XPOS_RD

1. Fill out a list of PV names
2. Select all + One row for timestamps
. Click "Fetch Data" tool

Fetched data appears column by column

2023-04-20 09:06:09.777469
1681995969. 777470
-0.81

0.18

-0.53

-0.25

-0.72

-0.30

0.21

0.49

-0.08
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Data Fetch Tool

Datetime

Timestanp
LS1_CAO1:BPH_D1129:XPOS_RD
LS1_CAO1:BPM_D1144:XPOS_RD
LS1_WAO1:BPH_D1155:XPOS_RD
LS1_CA©2:BPM_D1163:XPOS_RD
LS1_CA02:BPM_D1177:XPOS_RD
LS1_WA02:BPM_D1188:XPOS_RD
LS1_CA03:BPH_D1196:XPOS_RD
LS1_CA03:BPH_D1211:XPOS_RD
LS1_WA3:BPH_D1222:XPOS_RD

Datetime
Timestamp

LS1_CAO1:BPM_D1129:XPOS_RD
LS1_CA@1:BPM_D1144:XPOS_RD
LS1_WAO1:BPM_D1155:XPOS_RD
LS1_CA02:BPM_D1163:XPOS_RD
LS1_CA®2:BPM_D1177:XPOS_RD
LS1_WAG2:BPM_D1188:XPOS_RD
LS1_CA03:BPM_D1196:XPOS_RD
LS1_CA03:BPM_D1211:XPOS_RD
LS1_WAG3:BPM_D1222:XPOS_RD

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

5Data fetch tool

0.2Data fetch tool

1. Fill out a list of PV names
2. Select all + One row for timestamps
. Click "Fetch Data" tool

Fetched data appears column by column

2023-04-20 09:06:09.777469 2023-04-20 09:06:09.977640
1681995969. 777470 1681995969.977640
-0.81 -0.81

0.18 0.17

-0.53 -0.53

-0.25 -0.25

-0.72 -0.72

-0.30 -0.30

0.21 0.21

0.49 0.49

-0.08 -0.08
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Data Fetch Tool

Datetime

Timestanp
LS1_CAO1:BPH_D1129:XPOS_RD
LS1_CAO1:BPM_D1144:XPOS_RD
LS1_WAO1:BPH_D1155:XPOS_RD
LS1_CA©2:BPM_D1163:XPOS_RD
LS1_CA02:BPM_D1177:XPOS_RD
LS1_WA02:BPM_D1188:XPOS_RD
LS1_CA03:BPH_D1196:XPOS_RD
LS1_CA03:BPH_D1211:XPOS_RD
LS1_WA3:BPH_D1222:XPOS_RD

Datetime
Timestamp

LS1_CAO1:BPM_D1129:XPOS_RD
LS1_CA@1:BPM_D1144:XPOS_RD
LS1_WAO1:BPM_D1155:XPOS_RD
LS1_CA02:BPM_D1163:XPOS_RD
LS1_CA®2:BPM_D1177:XPOS_RD
LS1_WAG2:BPM_D1188:XPOS_RD
LS1_CA03:BPM_D1196:XPOS_RD
LS1_CA03:BPM_D1211:XPOS_RD
LS1_WAG3:BPM_D1222:XPOS_RD

FRIB,

1.

5Data fetch tool

0.2Data fetch tool

Fill out a list of PV names

2. Select all + One row for timestamps

. Cli

ck "Fetch Data" tool

Fetched data appears column by column

1681995969. 777470
-0.
0
-e.
-0.
-0.
-0.
0.
0.
-0.

2023-04-20 09:06:09.777469 2023-04-20 09:06:09.977640 2023-04-20 09:06:10.177841
1681995969.977640 1681995970.177840

81 -0.81 -0.81
18 0.17 0.17
53 -0.53 -0.53
25 -0.25 -0.25
72 -0.72 -0.72
30 -0.30 -0.31
21 0.21 0.21
a9 0.49 0.49
08 -0.08 -0.08

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

Datetime

Timestanp

LS1_CAO1:BPH_D1129:XPOS_RD
LS1_CAO1:BPM_D1144:XPOS_RD
LS1_WAO1:BPH_D1155:XPOS_RD
LS1_CA©2:BPM_D1163:XPOS_RD
LS1_CA02:BPM_D1177:XPOS_RD
LS1_WA02:BPM_D1188:XPOS_RD
LS1_CA03:BPH_D1196:XPOS_RD
LS1_CA03:BPH_D1211:XPOS_RD
LS1_WA3:BPH_D1222:XPOS_RD

Datetime

Timestamp
LS1_CAO1:BPM_D1129:XPOS_RD
LS1_CA@1:BPM_D1144:XPOS_RD
LS1_WAO1:BPM_D1155:XPOS_RD
LS1_CA02:BPM_D1163:XPOS_RD
LS1_CA®2:BPM_D1177:XPOS_RD
LS1_WAG2:BPM_D1188:XPOS_RD
LS1_CA03:BPM_D1196:XPOS_RD
LS1_CA03:BPM_D1211:XPOS_RD
LS1_WAG3:BPM_D1222:XPOS_RD

A Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

5Data fetch tool

0.2Data fetch tool

1. Fill out a list of PV names
2. Select all + One row for timestamps
. Click "Fetch Data" tool

Fetched data appears column by column

2023-04-20 09:06:09.777469 2023-04-20 09:06:09.977640 2023-04-20 09:06:10.177841 2023-04-20 09:06:10.378029
1681995969. 777470 1681995969.977640 1681995970.177840 1681995970.378030
-0.81 -0.81 -0.81 -0.81

0.18 0.17 0.17

-0.53 -0.53 -0.53

-0.25 -0.25 -0.25

-0.72 -0.72 -0.72

-0.30 -0.31 -0.31

0.21 0.21 0.20

0.49 0.49 0.49

-0.08 -0.08 -0.08
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Data Fetch Tool

Datetime

Timestanp

LS1_CAO1:BPH_D1129:XPOS_RD
LS1_CAO1:BPM_D1144:XPOS_RD
LS1_WAO1:BPH_D1155:XPOS_RD
LS1_CA©2:BPM_D1163:XPOS_RD
LS1_CA02:BPM_D1177:XPOS_RD
LS1_WA02:BPM_D1188:XPOS_RD
LS1_CA03:BPH_D1196:XPOS_RD
LS1_CA03:BPH_D1211:XPOS_RD
LS1_WA3:BPH_D1222:XPOS_RD

Datetime

Timestamp
LS1_CAO1:BPM_D1129:XPOS_RD
LS1_CAO1:BPM_D1144:XPOS_RD
LS1_WA@1:BPM_D1155:XPOS_RD
LS1_CA02:BPM_D1163:XPOS_RD
LS1_CA02:BPM_D1177:XPOS_RD
LS1_WA©2:BPM_D1188:XPOS_RD
LS1_CA03:BPM_D1196:XPOS_RD
LS1_CA@3:BPM_D1211:XPOS_RD
LS1_WAO3:BPM_D1222:XPOS_RD

FRIB,

1. Fill out a list of PV names
2. Select all + One row for timestamps

. Click "Fetch Data"

tool

5Data fetch tool
0.2Data fetch tool

Fetched data appears column by column

2023-04-20 09:06:09.777469 2023-04-20 09:06:09.977640 2023-04-20 09:06:10

1681995969. 777470 1681995969.977640 1681995970.177840 1681995970.378030 1681995970
-0.81 -0.81 -0.81 -0.81
0.18 0.17 0.17
-0.53 -0.53 -0.53
-0.25 -0.25 -0.25
-0.72 -0.72 -0.72
-0.30 -0.31 -0.31
0.21 0.21 0.20
0.49 0.49 0.49
-0.08 -0.08 -0.08

177841 2023-04-20 09:06:10

378029 2023-04-20 09:06:10

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Data Fetch Tool

Visualization: Insert a Chart for bar plot with errorbars (20 samples for X and Y
signals of 76 BPMs)

Beam Centroid Trajectory

mAVG-X " AVG-Y
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@‘ Facility for Rare Isotope Beams
d ’ U.S. Department of Energy Office of Science

Michigan State University
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Data Fetch Tool

The dimension of the fetched dataset

Fetch m samples of n PVs:
m Arrange PVsin a column — (n+1) x m

m Arrange PVs in a row — m X (n + 1) (see below)

m ‘1’ is for the ‘Timestamp’ row or column

Timestamp LS1_CA0G1:BPM_D1129:XPOS_RD LS1_CAG1:BPM_D1144:XPOS_RD LS1_WAQ1:BPM_D1155:XPOS_RD LS1_CAG2:BPM_D1163:XPOS_RD
1681995941.335810 -0.81 0.17 -0.53 -0.25
1681995941.535930 -0.81 0.17 -0.53 -0.24
1681995941.736140 -0.81 0.17 -0.53 -0.25
1681995941.936380 -0.81 0.17 -0.53 -0.25
1681995942.136600 -0.81 0.18 -0.54 -0.25

LS1_CA©2:BPM_D1177:XPOS_RD LS1_WA®©2:BPM_D1188:XPOS_RD LS1_CA@3:BPM_D1196:XPOS_RD LS1_CA03:BPM_D1211:XPOS_RD LS1_WA©3:BPM_D1222:XPOS_RD

- — 0.2 -0.08
-0.71 -0.30 0.21 0.48 -0.08
-0.71 -0.31 0.20 0.48 -0.08
-0.71 -0.30 0.21 0.49 -0.08
-0.72 -0.30 0.22 0.49 -0.08

éz Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Threaded Data Refreshing Tools

Usecases

m Update formulae at a defined interval, see REFRESH_DATA_TIME_INTERVAL

m All data are timesatamp-aligned
m Start and Stop threads
m Style cells per users’ desire

m But NOT for real-time monitoring!

User-customizable
parameters for the tools
Config

&> oOBE® IE

Phantasy Tools

Put CA Data

Secure way of CAPUT

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

FRIBE

& Threaded
Data Requesting
Fetch Data Callback

Start Refreshing

O

Stop Refreshing

=

Refreshing Status

Continuously
Threaded

Data Refreshing
Controls
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Dashboard Example

‘ Current Time

2023-04-21 13:29:05 EDT ‘

o
& & &
& & &

acuun ea
L53_CD01:CCG_N0541 [2.121E-10 Torr
LS3_CDO1:CCG_Ne542 [[6.687E-11 Torr
LS3_CDO1:CCG_N0543 [[1.268E-10 Torr

[li.304E-10 Torr
L53_CD01:CCG_NO545
LS3_CD01:CCG_NO546
[53_Cho1:CCo_Nos47
LS3_CDO1:CCG_Nos548 | 2.391E-11 Torr

[Chopper
Duty Factor 3 %
[Operational Mode Faraday Cup [Average Tnserted? [Rep Rate 5 He|
lOperational State Operation| FE_SCS1:FC_D0738 8.631E-04 pAL 1 pulse width
Machine Mode M2_os| FE_LEBT:FC_D0814 -2.580E-05 pAEY o [state
Bean Mode 08 Front-End Commiss. FE_LEBT:FC_D0977 -2.123E-05 pAEY o|
Inhibit Mode 2.06| FE_LEBT:FC_D0998 -9.787E-05 pAEY o| [Facility
Bean Destination Faraday Cup D2634 - Fs1 FE_MEBT:FC_D1102 -9.985E-05 pAEY o [Tunnel Access Okay|
Beam Status LS1_WA®3:FC_D1224 087E-04 pAu o| [Artemis o
MPS status FS1_BMS:FC_D2634 =01 pA 1 [RrQ 1
[Beam Info FS2_BMS:FC_D4253 -3.687E-04 ,.AGB o [MHB RF on
Ton Element Name cal FS1_SEE:FC_D2490 ©.000E+00 pA MEBT Bunchers on
Ton Atomic Number 20 FS1_SEE:FC_D2569 ©.000E+00 pA
Ton Element Mass 40
Ton Charge (Initial) 114
Ton Charge (Stripped) a9+ Beam Current Monitor|Average [Settings Manager| Snapshot In Operation
Bean Energy ©.000 MeV/ul FE_LEBT:BCH_D0989 || 6.104E-01 pA lSnapshot Name 2023-04-16To. 5|
Bean Power ©.000 FE_MEBT:BCH_D1055 6.261E-01 pA [created by
FE_MEBT:BCH_D1120 4.701E-01 pA Bean Source 124Xe54(26+)
Beam Current Monitor Readings FS1_CSS:BCH_D2183 4.661E-01 pA 227 MeV/u 5 ki to
FS1_CSS:BCM_D2264 || 8.635E-01 pA target. The last
# Average FS1_CSS:BCM_D2353 8.686E-01 pA Notes corrector before RFQ
1o FS1_BTS:BCH_D2449 -4.592E-04 pA was tuned to reduce
FS1_BMS:BCM_D2519 2.430E-01 pA LS1_CA03 and CBel ND
0.8 A FS1_BMS:BCH_D2675 -1.319E-62 pA Last Pushed at |2023-64-17 13:04:26 EDT|
FS2_BTS:BCM_D3936 1.125E-03 pA Last Pushed b lange|
0.6 uA FS2_BBS:BCH_DA169 | -8.189E-03 pA
BDS_BTS:BCM_D5521 | -2.922E-03 pA
0.4 uA |BDS_FFS:BCM_D5789 || -4.030E-03 pA
0.2 uA
ack
0.0 uA

FRIBE

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Dashboard Example

‘ Current Time

2023-04-21 14:33:31 EDT ‘

Operational Mode
lOperational State
Machine Mode
Bean Mode
Inhibit Mode
Bean Destination
Bean Status

Ton Element Name

Ton Atomic Number
Ton Element Mass

Ton Charge (Initial)
Ton Charge (Stripped)
Bean Energy

Bean Power

Operation|
M2_e6|
08 Front-End Commiss.

2.06|
Chopper Blocking Beam - ULEBT)

Beam Current Monitor Readings

= Average

Faraday Cup

FS1_SEE:FC_D2569

[Average

A
©.000E+00 pA £
©.000E+00 pALIY
0.000E+00 pA 3
©.000E+00 pALIY
©.000E+00 pA I
©.000E+00 pA L)
©.000E+00 pA I
©.000E+00 A

©.000E+00 pA

crocoooo

Tnserted? [Rep Rate

[Chopper
Duty Factor o %
100 Hz
1 pulse width 2500 ps|
state Blockin

Facility
[Tunnel Access Okay|
lArtemis o
RFQ 1
MHB RF on
MEBT Bunchers on

Bean Current Monitor|Average

FE_LEBT:BCH_Do989 ©.000E+00 pA
FE_MEBT:BCH_D1055 ©.000E+00 pA
FE_MEBT:BCH_D1120 ©.000E+00 pA
FS1_CSS:BCH_D2183 ©.000E+00 pA
FS1_CSS:BCH_D2264 ©.000E+00 pA
FS1_CSS:BCM_D2353 ©.000E+00 pA
FS1_BTS:BCH_D2449 ©.000E+00 pA
FS1_BMS:BCM_D2519 ©.000E+00 pA
FS1_BMS:BCH_D2675 ©.000E+00 pA
FS2_BTS:BCM_D3936 ©.000E+00 pA
FS2_BBS:BCH_D4169 ©.000E+00 pA
BDS_BTS:BCM_D5521 ©.000E+00 pA
BDS_FFS:BCM_DS789 ©.000E+00 pA
Vacuum [Readback

L53_CD01:CCG_NO541 [16.870E-11 Torr
LS3_CD01:CCG_NO542 | 1.000E-12 Torr
LS3_CD01:CCG_Nos543 [IBH271E-10 Torr
LS3_CDO1:CCG_Ne544 [[1.002E-10 Torr
LS3_ No545 [124803E-10 Torr
LS3_CDO1:CCG_Ne546 (I29892E-10 Torr
LS3_CDO1:CCG_NO547 [[9.472E-11 Torr

LS3_CD1:CCG_N@548

1.073E-11 Torr

[Settings Manager
lSnapshot Name
[created by

Bean Source

Notes

Last Pushed at
Last Pushed b

Snapshot In Operation
2023-04-16To0+ 5|
rutal

124Xe54(26+)

227 MeV/u 5 KW to
target. The last
corrector before RFQ
was tuned to reduce
LS1_CA03 and CBO1 ND

2023-04-17 13:04:26 EDT|

lange|

FRIBE

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Put Data Tool: Control Devices from Spreadsheet

PV New Set Sentinel dback
TST:PV1 10N
TST:PV2 20N
TST:PV3 -10FF
Phantasy > X

&> OBE @ FE
L

Put Data via Channel Access

2

3
3

m Three columns: “PV”, “Set”, “Sentinel”
(ON — Allows put, or skip)

m Select the three columns, and click the
“Put Data” tool button

Michigan State University

g‘ Facility for Rare Isotope Beams
d ’ U.S. Department of Energy Office of Science
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Put Data Tool: Control Devices from Spreadsheet

PV New Set Sentinel dback « « «
[TST:PV1 | 10N 2 m Three columns: “PV”, “Set”, “Sentinel”
TST:PV2 2 0ON 3 .
TST:PV3 -10FF 3 (ON — Allows put, or skip)
— m Select the three columns, and click the
Phantasy X -
»
&> oOE e R Put Data” tool button
L

Put Data via Channel Access

See the putlogs in another sheet as guided:

Time Message PV Last Set Sentinel
2023-04-20T16:04:05.396 Set TST:PV1 from 2.0 to 1.0 TST:PV1 20N
2023-04-20T16:04:05.398 Set TST:PV2 from 3.0 to 2.0 TST:PV2 30N
2023-04-20T16:04:05.398 Skip set TST:PV3 to -1.0 TST:PV3 OFF

g‘ Facility for Rare Isotope Beams
d ’ U.S. Department of Energy Office of Science

Michigan State University 19 / 21



Put Data Tool: Control Devices from Spreadsheet

PV New Set Sentinel dback « « «
[TST:PV1 | 10N 2 m Three columns: “PV”, “Set”, “Sentinel”
TST:PV2 2 0ON 3 .
TST:PV3 -10FF 3 (ON — Allows put, or skip)
— m Select the three columns, and click the
Phantasy X -
»
&> oOE e R Put Data” tool button
L

: m Restore from the putlogs if needed
Put Data via Channel Access

Select the last three columns, do the restore:

Time Message PV Last Set Sentinel

2023-04-20T16:04:05.396 Set TST:PV1 from 2.0 to 1.0 [TST:PV1 20N

2023-04-20T16:04:05.398 Set TST:PV2 from 3.0 to 2.0 |[TST:PV2 3 0N

2023-04-20T16:04:05.398 Skip set TST:PV3 to -1.0 TST:PV3 OFF
Phantasy v X

&DDEIkFE

Put Data via Channel Access

g‘ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Put Data Tool: Control Devices from Spreadsheet

PV

New Set Sentinel

p—

[TST:PVI | 10N 2 m Three columns: “PV”, “Set”, “Sentinel”
TST:PV2 2 0ON 3 .
TST:PV3 -10FF 3 (ON — Allows put, or skip)
— m Select the three columns, and click the
Phantasy X

& > OB =
3

Put Data via Channel Access

“Put Data” tool button

See the putlog after restore:

m Restore from the putlogs if needed

Time Message PV Last Set Sentinel
2023-04-20T16:04:05.396 Set TST:PV1l from 2.0 to 1.0 TST:PV1 20N
2023-04-20T16:04:05.398 Set TST:PV2 from 3.0 to 2.0 TST:PV2 30N
2023-04-20T16:04:05.398 Skip set TST:PV3 to -1. TST:PV3 OFF
2023-04-20T16:05:41.078 Set TST:PV1 from 1.0 to 2.0 TST:PV1 10N
2023-04-20T16:05:41.079 Set TST:PV2 from 2.0 to 3.0 TST:PV2 20N
2023-04-20T16:05:41.080 Skip set TST:PV3 t TST:PV3 OFF

FRIBE

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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Outline

Summary

Michigan State University

g‘ Facility for Rare Isotope Beams
d ’ U.S. Department of Energy Office of Science
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Summary

m PhantasyCalc is a versatile software solution that streamlines the integration of
EPICS data into spreadsheet applications, including LibreOffice Calc, MS Excel.

m The REST API developed by leveraging the existing PHANTASY project enables
seamless integration PHANTASY into web applications and beyond, enables more
possibilities.

m The formula interface of PhantasyCalc enables users to access complex
functionality via user-defined functions (UDFs), offering a powerful and flexible
approach.

m With PhantasyCalc’s tools and UDFs, one can develop decent data-driven
spreadsheet applications with ease.

m However, development effort needs to address:

m Explore a neat solution to stream EPICS data in the subscribe mode.
m Explore fully asynchronous 10 ways for UDF execution to boost the performance.

a Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
w Michigan State University
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Thank you for your attention!

Fa<:|I|ty for Rare Isotope Beams
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