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• 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

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

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

http://icalepcs2017.vrws.de/papers/tush102.pdf
https://github.com/paulscherrerinstitute/pshell
https://github.com/paulscherrerinstitute/pshell/releases


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
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Python 

Java 

Single jar 

Intuitive API & Tutorials 

CLI, GUI, Web, Mobile 

Plugins 

GIT 

REST, ZMQ

No NumPy!



PShell @ SLS  
 

X03DA

X11MA

X04SA-ES2

X07MA
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In Production for DAQ In Commissioning Beamline Setup / Device Testing

• X03DA (Pearl) 
• X07MA (X-Treme) 
• X11 (SIM) 
• X04SA-ES2 (MS PD) 

• X07MB (Phoenix) 
• X10DA (SuperXAS) 
• X05LA (MicroXAS) 

• Replacing FDA 
• X04SA-ES3 (MS SD) 

- Replacing SPEC 

• X06SA (PXI) 
• X10SA (PXII) 
• X06DA (PXIII) 

- Replacing IDL 
• X12SA (CSAXS) 
• X01DC (IR)

X04SA-ES3 Proscan Test Sequencer

Using 
Diamond’s 

Diffcalc 



PShell @ SwissFEL  
 

A DAQ script in development in the Control Room.

Panel plugin: BLM DAQ

Time plot utility (“StripChart”)

Panel plugin: correlation utilitySimple scan using Scan Editor

Panel plugin: CamServer visualization
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PShell @ Tell  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Delivered In Commissioning Following
• SwissFEL MX 

Experiment at 
Bernina beamline

• SLS X06SA • SLS X06DA 
• SLS X10SA

PShell is also suited for  
developing  and packaging 
instrumentation software:   

smooth transition from 
prototyping to final software 

and easy integration.

SwissFEL ESBSLS X06SA - PXI



Architecture
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Core

Scripting Engine Data Manager

Data Files

Device Pool

CLIConfiguration 
(Local GIT Repo)

Remote GIT Repo Plotting

Plugin

Extension

Static (.jar) or  
dynamic(.java)

Reloadable

Class 
Library

Service 
 Provider



Device Pool
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Core

Configuration 
(Local GIT Repo)

Scripting Engine Data ManagerDevice Pool

Startup Script

Device 1

Device 2

Device n

DAQ can use local devices instead. 

Or just channels! 

Names 
included in the 
scripts global 
namespace 

• Supported out-of-box: 
- EPICS 
- BSREAD 
- Modbus 
- Serial / network 
- PSI detectors (ZMQ) 

• Imaging:  
- MJPG 
- AreaDectector 
- Webcams 

• New types can be added:  
- Extensions. 
- Scripted.



Data Manager
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Core

Configuration 
(Local GIT Repo)

Scripting Engine Data ManagerDevice Pool

Data Files

HDF5

Common API for different data formats

• Hierarchical 
• MD Datasets 
• Tables 
• Metadata 

TXT CSV Default

Scan data written using a layout

Table SF

All data generated by 
a DAQ script is 

packaged in a single 
file



Scripting Engine
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Core

Configuration 
(Local GIT Repo)

Scripting Engine Data ManagerDevice Pool

Data Files

User Scripts

Utility 
Libraries

Startup Script
Jython 2.7 or JS 
(Java Scripting API)

Device 
Pool

Builtin 
Functions

CLI Plotting



Builtin Functions and Libraries
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Core

Configuration 
(Local GIT Repo)

Scripting Engine Data ManagerDevice Pool

Data Files

User Scripts

Utility 
Libraries

Startup Script
Jython 2.7 or JS 
(Java Scripting API)

Device 
Pool

Builtin 
Functions

CLI Plotting

Scan Plot Data EPICS Execution Devices Math Utilities
lscan 
vscan 
ascan 
rscan 
cscan 
hscan 
bscan 
tscan 
mscan 
escan 

bsearch 
hsearch

plot 
get_plots

load_data 
get_attributes 
save_dataset 
create_group 

create_dataset 
create_table 

append_dataset 
append_table 

flush_data 
set_attribute 

set_exec_pars 
get_exec_pars 

log

caget 
cawait 
camon 
caput 
caputq 

fork 
join 

parallelize 
run 

abort 
start_task 
stop_task 
set_return 
exec_cmd 

exec_cpython 

add_device 
remove_device 

get_device 
set_device_alias 

stop 
update 
reinit 

create_device 
create_averager

arrmul, arradd, 
arrdiv, arrsub, 
arrabs, arroff 

mean 
variance 

stdev 
center_of_mass 

poly 
histogram 

convex_hull

get_setting 
set_setting 

bsget 
frange 
flatten 

to_array 
to_list 
inject 
notify 
help 

mathutils ijutils plotutils jeputils diffutills
Facade to Apache Commons Math: 
• Derivative  
• Interpolation 
• Least square 
• Fitting  
• Peak search 
• FFT

Facade to ImageJ: 
• Image manipulation & conversion 
• Convolution 
• Threshold 
• Binary Functions 
• Particle Analysis 
• Image Operators, Rank, EDM, FFT

Simplify 
plotting of 

CommonMath 
functions and 

simple 
shapes.

Facade do JEP: 
• Run /  Call / Eval 

Support: 
• NumPy 
• SciPy 
• Pandas

Interface to  
Diamond’s Diffcalc, 
mapping HKL to 
PShell positioners.

Replacement 
of NumPy for  

common tasks as 
sample alignment  

and beamline 
setup



CPython Integration

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

Core

Configuration 
(Local GIT Repo)

Scripting Engine Data ManagerDevice Pool

Data Files

Utility 
Libraries

Startup Script
Jython 2.7 or JS 
(Java Scripting API)

Device 
Pool

Builtin 
Functions

CLI Plotting
CPython Scripts

CPython 3.5

Exchange 
data through 

command line 
and files 

User Scripts CPython Scripts

JEP
CPython 3.5

• Small overhead 
(memcpy to/from np) 

• 1  instance per thread 
• No matplotlib 
• Wrapper functions

CPython 3.5

Server Process

Exchange 
data through 

ZMQ 

Future possibilities 
for seamless use of 

NumPy: 

• JyNI 

• GraalVM 



Server
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Client Software

Web Interface

Static Content

Browser

HTTPServerCore

Configuration Data Files

REST Interface

Data Server 
(ZMQ) 

Scan Publisher 
(ZMQ) 



Web UI  

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

The standard web client.

• Complete for managing server installation. 
• Unfinished for end-user front end.



GUI on caQtDM 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HTTPServerCore

REST Interface

EPICS

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

CAS



Workbench
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Configuration Data Files

Workbench 

Core
Device configuration window

Image renderer

Motor panels: control, visualize and config

Data browser

Plotting environment StripChart

Scan Editor 

Script editor and debugger

Interactive console

Code 
completion, 

highlighting and 
history. 



Workbench & User Panel
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Workbench 

Core
Device configuration window

Image renderer

Motor panels: control, visualize and config

Scan Editor 
Configuration Data Files

Data browser

Plotting environment StripChart

Script editor and debugger

Interactive console

Code 
completion, 

highlighting and 
history. 
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Workbench 

Core

Document Tab Pane

Console Panel1 Panel2Editor 

Panel Plugins

Dynamically compiled .java file 
extending Panel  

(JPanel + Plugin Interface)
Configuration Data Files
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Panel1

Core

Panel Plugins

Detached panel: 
No workbench

Configuration Data Files



Panel Plugins  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Panel plugin edition with Netbeans

Panel plugin loaded in the workbench Panel plugin detached

Script edition and debugging in Workbench



Configuration Repositories  
 

https://git.psi.ch/pshell_config
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Conclusion  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Exciting  
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). 
‣ Data formats (hdf5, txt).



Questions?
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