PAUL SCHERRER INSTITUT

& - e L N o o
- — ) : NS =
i “ . = \ *
=W ﬁ vq
B T e .

i ';“2%' = = ».IZ"*&—»'_ o

o =

Tors. .

Wir schaffen Wise heufe fr morgen

Paul Scherrer Institut
Alexandre Gobbo

PShell, a Swiss Army knife for experiment automation
Automation in Beamline Control and Data Acquisition - 2019 - HZB




IIIIIIIIIIIIIIIIIIII

1. Overview
Motivation

PShell @ PSI

Features

B 0 N

Questions
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w2}  PShell

Design platform for
experiment scripting,
data acquisition and
instrumentation control.

» PSI in-house development since 10.2014.
» In use at SLS, SwissFEL and Proscan.

Paper: http://icalepcs2017.vrws.de/papers/tush102.pdf

Source code:https://github.com/paulscherrerinstitute/pshell

Download: https://github.com/paulscherrerinstitute/pshell/releases

Posters: http://icalepcs.synchrotron.org.au/posters/mopgf061_poster.pdf
http://icalepcs2017.vrws.de/posters/tush102_poster.pdf
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—m Motivation

Scripted logic

Reliability & maintainability

Drop-in deployment, no initial configuration

Fast learning curve and low support cost

Architectural freedom & flexible user interface

Extensible with easy creation of custom GUI
« Automated version management

* Modern protocols

Python

Java

Single jar

Intuitive APl & Tutorials
CLI, GUI, Web, Mobile
Plugins

GIT

REST, ZMQ
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wtm  PShell @ SLS

In Production for DAQ In Commissioning Beamline Setup / Device Testing
. - X07MB (Phoenix) - XO06SA (PXI)
) iggm ((';(‘f?rr'e)m o) + X10DA (SuperXAS) . X10SA (PXII)
. XO5LA (MicroXAS) . XO06DA (PXIII)
X1 SIM) * Replacing FDA - Replacing IDL
r X04SAES2 (MSPD) . X04SA-ES3 (MS SD) «  X12SA (CSAXS)
- Replacing SPEC + XO01DC (IR)

SR USing S ——
e | - - : Diamond’s P o o
E - Diffcalc |

|

X04SA-ES3 X04SA-ES2 Proscan Test Seauencer
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a(j» PShell @ SwissFEL

A DAQ script in development in the Control Room.

Simple scan using Scan Editor

Automation in Beamline Control and Data Acquisition - 2019 -

Panel plugin: BLM DAQ

Panel plugin: CamServer visualization

Time plot utility (“StripChart’)

lation (o0 of-lcba-64.0-

Panel plugin: correlation utility
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,.mscm;'"‘g PShell @ Tell

Delivered In Commissioning Following
« SwissFEL MX
Experiment at SLS X0BSA P Esreen

Bernina beamline

= 4

SLS X06SA - PXI

PShell is also suited for
developing and packaging
instrumentation software:
smooth transition from
prototyping to final software
and easy integration.

SwissFEL ESB
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a7 Architecture

Class Service

( Core \ Library Provider

Device Pool Scripting Engine Data Manager I:> 'E‘*l l

Extension

<HL

Plugin

Static (.jar) or
dynamic(.java)

Reloadable

‘ ‘
Remote GIT Repo Configuration CLI Plotting
(Local GIT Repo)
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— ] —

>
]
y

Device Pool

(~ Core

~

Device Pool

Scripting Engine

~
~

Data Manager

Device n

<5

Startup Script

Names
included in the

scripts global
\amespace

» Supported out-of-box:
- EPICS
- BSREAD
- Modbus
- Serial / network
- PSl detectors (ZMQ)
* Imaging:
- MJPG
- AreaDectector
- Webcams
* New types can be added:
- Extensions.
- Scripted.

./

J

Configuration
(Local GIT Repo)

DAQ can use local devices instead.

Or just channels!

Automation in Beamline Control and Data Acquisition - 2019 - HZB
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== Data Manager

(~ Core

~

Device Pool

~

Scripting Engine Data Manager

~

* Hierarchical
* MD Datasets
* Tables

* Metadata

Common API for different data formats

Scan data written using a layout

O< ............................................. O\

/

AN / L
@DQ@XT)@SV) oot o0

AN

Configuration
(Local GIT Repo)

All data generated by
a DAQ script is
packaged in a single
file

Alexandre Gobbo — Paul Scherrer Institut
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>
]
y

Scripting Engine

(~ Core

Device PoMScripting EngimMData Mana

~

ger

~

Device

Pool

Builtin
Functions

Jython 2.7 or JS
(Java Scripting API)

Startup Script

e

User Scripts

:

Ultility
Libraries

Configuration
(Local GIT Repo)

v v
® O

CLI

Plotting

v

—
—
=

Data Files
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o =] jm»

Builtin Functions and Libraries

Scan Plot Data EPICS |Execution| Devices Math Utilities
load_data
Iscan - :
get_attributes fork get_setting
;’:ggg save_dataset join add_device errrrgil\J/I, :r;l‘saudbd, set_setting
rscan create_group caqet parallelize remove_device arrab’s arroﬂ; bsget
cscan create_dataset c av?/ ait run get_device m e,a n frange
hscan lot create_table camon abort set_device_alias variance flatten
bscan getp plots append_dataset caput start_task stop stdev to_array
— append_table stop_task update to_list
r:mss?c?ann flush_data caputq set_return reinit center_glf_mass inject
escan set_attribute exec_cmd create_device hi s?o ?'Ia m notify
bsearch set_exec_pars exec_cpython | create_averager conv e?( hull help
get_exec_pars -
\ hsearch log J
- ¢ CY User Scripts
Builtin Jvthon 2 -7' S *
. ython 2.7 or
Functions (Java Scripting API) Startup Script
Utility
Libraries
\_ N
4 mathutils ijutils plotutils jeputils diffutills A
Facade to Apache Commons Math: | Facade to ImageJ: N ]
* Derivative * Image manipulation & conversion Simplify Facade do JEP-
. . plotting of | « Run/ Call / Eval Interface to
* Interpolation Replacement » Convolution : .
. Least square of NumPy for « Threshold CommonMath | Support: Diamond’s Diffcalc,
e common tasks as . . functions and | * NumPy mapping HKL to
* Fitting sample alignment| | * Binary Functions : : ”
. : . . . simple * SciPy PShell positioners.
Peak search and beamline Particle Analysis shapes . Pandas
\. FFT setup * Image Operators, Rank, EDM, FFT pes.

)
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=] CPython Integration

— ]
y

Future possibilities

CPython 3.5
AN |

(~ Core

% e

Device Pool

Scripting Engine

\ for seamless use of
NumPy:

Data Manager \ j

- JyNI P
\  GraalVM

Server Process

Exchange
data through

CPython 3.5

A §

Device
Pool

-

Builtin

Functions

Jython 2.7 or JS
(Java Scripting API)

Startup Script

[ JEP

"\

CPython 3.5
Ah

CPython Scripts

Utility
Libraries

Exchange

data through
command line
and files

CPython Scripts

Configuration
(Local GIT Repo)

v v
® O

CLI

Plotting

» Small overhead
(memcpy to/from np)
* 1 instance per thread
* No matplotlib

* Wrapper functions

Automation in Beamline Control and Data Acquisition - 2019 - HZB
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=1 Server

o e

@——
Data Server
(ZMQ)

@———
Scan Publisher
(ZMQ)

(" Core

@

Configuration Data Files

HTTPServeﬂ

Client Software

B

@

REST Interface
B

(ke

Static Content

Web Inte{face

Browser
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ol 1T Web Ul

» Complete for managing server installation.
+ Unfinished for end-user front end.

7 B
[ mpc1900:8080/static/inde X [ mpcl200:8080/static/devi x “\
. - 3080/static/deviceshtml Q ¢ =
€« C' | [ mpc1900:8080/static/index.html ady = €« C'  [) mpc1900:3080/static/d I Q=
[11] a=Iscan(inp,(sin,out,arr),0,40,20,0.1)
[12] a=Iscan(inp,(sin,out,arr),0,40,20,0.1)
Device Type State  Value Age
arr ChannelDoubleArray  Ready [40.0, 00, 0.0 00:00:33
0.0.0.0..]
dev DummyRegister Ready
dev2 MyDevice Ready
inp ChannelDouble Ready 400 00.00:33
4 inpc ChannelDouble Ready
a= Iscan(inp, (sin,out,arr),0,40,20,0.1) motor  Epicshotor Ready 0.0 00:00:33
out ChannelDouble Ready
outc ChannelDouble Ready
50
pv EpicsProcessVariable Ready
40
l sin ChannelDouble Ready 49.510565 00:00:00
30 vhg ChannelDouble Invalid
20
10
0
I
.]DI
0 5 10 15 20 25 30 35
Busy I PShe Ready
v

The standard web client.
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a == GUlon caQtDM

curl http://sf-dag-mgmt.psi.ch:8090/run/RFscan/
phase_scan($(STATION),$(BPM))

( Core ) ( HTTPServer

@

REST Interface

-

S_LLRF-RF-CALIBRATION.ui (on sf-Ic6a-64-01)

STESTO1: RF Calibration

Settings 2996
BPM: SINBCO2-DBPM140 |~ 29955_5
Dispersion (m): 0.2528m ]
5 2995
VS Phase Start (deg): + s (2 ]
VS Phase End (deg):  BINBION0S] | P
VS Phase Step (deg): <5 2.06 2994 -]
v Num. of Average: + le ]
‘ @ Scan Wait Time (s): + 0.20e e e
0 5 10 15 20 25 30
deg
CAS Status:
Power: On-crest VS Phase: 16.31 deg VS Phase Offset: 73.692 deg
E P I CS VS Amplt.: 0.780 On-crest E Gain: 3.073 MeV VS Amplt. Scale: 3.940 MV
VS Phase: 1.00deg  On-crest VS Amplt.: 0.780 Volt. to Power Factor: | 0.33462 Mmw/Mv~2
Energy (MeV): 303.0 Mev  On-crest Kly Power: 3.160 MW

Beam Calibration: []

IE ABORT| SET |

1 and Data Acquisition - 2019 - HZB Alexandre Gobbo — Paul Scherrer Institut



e Workbench

.. Orvice Poo Detraoe® _

inbed Name e Parmenies Poling Mot Sesdonh Simalried 1 SO BOEEIOIIIITAATIAARARRAARARRRRARRRRRRARR
hpl. paded.ta Frovider B

O304 pihel bs Pipetnetanvar locabou: 1143 ]

CLaupihel magngMpegiouce NIy //anh-accchedATE.. 200

4

oupipurhamtiny  TITOCTISTIWS sk S def before_sampling{rec):

O putpil ronica Provtea 119714 Packesies 150 L] 6 while ceam_ok.read{) == False:

e : orkbenc | wetts Sumesk,ron
o suphe s Andneder 13981 L] .
ol ::::z:‘:‘:"“" I o 9 det after_samplingirec):

§ X R 4 1 if bean_ok.read{) == False:

- ompiR b W WTCP  TIST-WACGL 502 A/ S rec. invalidate()

L]
a
a s
o
i awpihel nadbus DR DuBetAT.. ¥ag0 0 16 1000
e ’ o hrs v b ret = lscan{motor, {out, sin), 6.8, 2.6, 8.1, 6.2,\
" WTLST WS MOT o tefore_read-befare_sampling,
a « ST w3 AL LS ) after_read=after_sanpling)
Device configuration window
fUsers /gobbo_ajdev) pshell ] 9, jscript/Rec o 16:1
( Core \ Script editor and debugger
<< |< 10.81 >| >> @ —
Home stop Step size 2 o = :J’f:"',gzz:;;ziizti“‘"’"‘;“ “’1';:; o
Moving Speed: 013 COde ot W a0 :51511
. L F 6.2 .0 9.858
completion, o R
1200 highlighting and ot as  4e
1175 . oan? w7 4.0
s \ history. el
11.25 | b y ea1e 1.9 4.0
11.00 / \ ea1L 1.1 4.0
10.75 | 4 \ ‘ ;:: ": :::
10.50 S »o14 1.4 .0
1025 [
10.00 | reeveveverserererereeres” D ettt i .
09:1440 091450 09:1500 091510 05:1520 091530 Interactive console
Time
sce reame o o :
Max Speed: 2.0 - - «
Max Value:  75.0
Min Speed: 0.1 -
Min Value: -75.0 :: . R a1 : e
offser: [00 == B e
Ok Cancel
Motor panels: control, visualize and config : :

Plotting environment StripChart

—
= = = = Logs  Owices imagng  Scan  Owput  Scrgns oA [EREN search =
N eyt N log Lo o 0.0 0o
- e o > e “m 10 oo 0.0 0o
A ooyt an R
- > 20181208 * ont L0 o 00 0o
o - ~ » B20183207 -, 10 0o 00 00
o~ Bim o P —_— 10 00 0.0 00
— R - > mone Tyoe = DATASET 10 00 0.0 ]
ol — e Oson ¥ o Outa Type = FLOAT L0 o 0.0 0o
- Craation = 11/12/08 08 0605
= Laveut = CRUMID 10 0o 00 0o
— H H H —Ch— Lo o 0.0 0o
= 20181211 090; datans Sgred = vee
oot s ||| i e o0
—_———— e — = e -vr e @ o0
Image renderer Scan Editor —t

Data browser
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=

Workbench & User Panel

XPSSpectrum [ERTI34

Console = XPSSpectrum.py J

r Arguments ~Scan Control
Lowy | Initial Scan | | Detailed Scan | Sto
igh: | 100.00 0.000000005 Lower Middle Upper Time Size | Iter\
S 58.891 67.903 76.916 1 1 1
Time: e 112.966 125.283 137.6 11 1\
0.000000003
Size:
Lrean
Iter: 0.000000001
0.000000000 - |5 sl 1o 7o GE6 10 | pu— .
-0.000000001
Pass: [ 2 . -0.000000002
-0.000000003 /
-0.000000004 /
: ~0.000000005 - - ‘ | Insert | | Delete | ( Cleal/
nta Setup 5o 75 100 125 150 —
prd ,
( Load /Jl/ Save J

| Logs

Devices

Imaging

Scan = Output = Scripts

» [ 120150508

» [120150520

v [420150521
20150521_102234_scan.hS
20150521_161116_testl.hS
20150521_161122_scan.hS
20150521_161224_test9.hS
20150521_161243_test10.hS
20150521_161555_test2.hS
20150521_161626_test2.hS

[ 20150907_104623_XPSSpectrum.hS
» [ logs
v 5 scanl

channels

spectrum

Type = DATASET
Data Type = FLOAT
Creation = 07/09/15 10:46:27
Layout = CHUNKED
Size = 800

Nimancione — (1001
)

N
b O 00NV D WN O

=

Ready

0

50.0
51.01010101010101
52.02020202020202
53.03030303030303
54.04040404040404
55.05050505050505
56.06060606060606
57.07070707070707
58.08080808080808
59.09090909090909
60.101010101010104
61.111111111111114

0.000000005

0.000000004

0.000000003 4|

0.000000002

0.000000001

0.000000000

-0.000000001

-0.000000002

-0.000000003

-0.000000004 {|

-0.000000005 -

0.0 to 100.0

50

60 70 80 90 100 110 120

(9}
pata browser
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== Panel Plugins

K Workbench x
r Document Tab Pane x

(Console \(Editor \(Panel1 )\(Panel2 )
(" Core ) el | o

before 5
while
after

) cef

rrrrrrrrrrrrrrrr

|

e - {Users/gobba_afdevipshell/c  16:1

Dynamically compiled .java file
extending Panel
(JPanel + Plugin Interface)

Configuration Data Files

Automation in Beamline Control and Data Acquisition - 2019 - HZB Alexandre Gobbo — Paul Scherrer Institut
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T  Panel Plugins

(" Panell )

<]

(" Core )

Detached panel:
No workbench

Configuration Data Files

Automation in Beamline Control and Data Acquisition - 2019 - HZB Alexandre Gobbo — Paul Scherrer Institut
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-

Panel Plugins

5P - NetBeans IDE 5.0.2 (on 3f-1c6a-64-04)

Script edition and debugging in Workbench

Panel plugin edition with Netbeans

SchotttyScan (on st-Ic6a-64-04)

M\

VefPae 104 / "‘
- / \

/ \

/ |

|

‘i
; y, .]

‘,n“."
W AR
Panel plugin loaded in the workbench Panel plugin detached
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-Tq}w» Configuration Repositories https:/git.psi.ch/pshell_config

shall_cordin

@ Ovendew

[

O Wenaies

N Mergn Bnquscts

& Memzers

« Cotsprn skamnar

&weazne projec
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. w02de

&weazne projec

w0ada

foamazene prome

06

anerzme projec

, 07

fuamszene pra

o

weazne projec

L Mima

fuamazene prame

, N

fweazane projec

dev

fuamazene pros

st-ep

oda

af-ph

0450-052

0dxa-as3

014e

pshell config o

s

Clotal -

X x03da

& Project
Details

Activity

*0 O Cycle Analytics

@ Repository

N Merge Requests

*0 Q

w0 O

O Wik

*e Q
e % Settings

*0 O

3 yoar a0

1

<« Collapse sidebar

@ Star

master

1 Y Fork o SSH ~

Add Changelog

x03da o

Awesome project

Files (1.1 MB

Add License

Auto DevOps (Beta)

git@git.psi.ch:pshell_config

Commits (1,518

Add Contribution guide

[ Q- + - A Global ~ |

Branch (1) Tags (0

Add Kubernetes cluster

Set up CI/CD

1t will automatically build, test, and deploy your application based on a predetined CI/CD configuration

Learn more in the Auto DevOps documentation

Enable in settings

x03da + v

Configuration change: Context
gac-x03da authored 8 months ago

Name

W config
W devices
 plugins
W script

[ .gitignore

Last commit

Configuration change: Context

Configuration change: Mipe urce caml

Closedown

Startup

Startup

History Q Findfile WebIDE & ~

3919d676 IR |
Last update
8 months ago

11 months ago

11 months ago

8 months ago

3 years ago
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=)= Conclusion

@citing w

and challenging
system
targeting multiple

» Facilities (SwissFEL, SLS).

» Domains (machine, beamline, instrument control).
» User profiles (programmers and not).

» Platforms (Windows, Linux, Mac).

» Architectures (user front-end, batch, server).
Qata formats (hdf5, txt). J
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o= Questions?

o i o e BN N\ s A P 2
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