How to Automate Neutron
Scattering Experiment with
Python?

Piotr Zotnierczuk, Richard Riedel

Neutron Scattering Science Division
Oak Ridge National Laboratory

* Introduction & Motivation
* PyDas Overview
* Summary

% OAK RIDGE NATIONAL LABORATORY

U.S. DEPARTMENT OF
ENERGY  NOBUGS 2010, Gatlinburg, TN

MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY




Update: From NOBUGS 2008




To NOBUGS 2010

Update




Front-End Building

Klystron Building

Central
Helium
Liquefaction
Bulldlng D,

Radio- 7
Frequency
Facility

Support
Buildings

Central Laboratory
and Office Complex

Linac Tunnel

Future Target
Building

Center for
Nanophase
Materials
Sciences

Joint Institute for
Neutron Sciences

User Housing —JQ

Facility

06-G01707/arm




SNS Instruments

CNCS

300 Hz
Double Disk
Chopper

60 Hz
Bandwidth
Chopper

Shielding

Curved

cor o
Bandwidth
Chopper Primary Shutter and Beam Bender ——

(not shown)
300 Hz
Fermi
Chopper

. Moderator Face
Neutron Guide

Optical Mounti
(incident be o { 5

— Goniometer/Sample Mounting Stage

Beamstop

- Detector Mounting Carriage and Shielding



Spallation Neutron Source at Oak Ridge National Laboratory AN

The world’s most intense pulsed, accelerator-based neutron source
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SNS DAS Architecture
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Why have we done this?

Ideal Instrument User Interface [Z][Z]

PUBLISH!

How to write
and publish
a scientific

paper

Fourth edition




PyDas History

* Project started as a scripting “hook” to the SNS DAS

— soon Instrument Scientists wanted more

* Initially each instruments was a separate project
— Maintenance & support were major issues

— We still use the “old ” at three beam lines ®

* For new beam lines we consolidated the project new PyDas ©

— Customization via configuration files and beam line specific modules



PyDas Architecture

PyDas Main Application

IPyDas shell PyDas GUI
Device Abstraction Experiment Abstraction:
pydas.devices pydas.scan, pydas.lib
Ul Elements
Core Packages REST numpy, scipy,
pydas.core pydas.web matplotlib
Memory Maps Win32 API

dasmapcg, memmap (PyWin32) GUI Base: wxPython



PyDas Communication Overview
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Examples: Scanning in IPyDas

scan( 'motorl',numpy.arange(10.0,90.0,0.5),
RUNTIME, 30.0, go_back=True, plot='counts")

for SsampleTemp.value in [273.0,293.0,313.0,333.0]:
scan( "Energy ', [25.,35.,50], PCHARGE, lel2,
title='Nobel Prize Data at T=%s K' % temp)

tscan(‘myscan.csv’)




Examples: Table scan

* Spreadsheet file example

#Title: , "My Scan"
#Comment: , "comments are good"
, CountFor, Countvalue, Comment
1, 2, 4, 30, 3, pcharge , lel2 , 'set point 1"
\_ = 3 30, , runtime , 3600 , "set point 2" -

* File format
— CSV (via Python module csv)
— Or any other format that Gnumeric!) can convert to CSV
(e.qg. Excel, OpenOffice)

1) http://projects.gnome.org/gnumeric/




Plotting in PyDas

* Use matplotlib
— http://matplotlib.sourceforge.net

* Take (almost) everything literally from the pyplot tutorial
— Do not import pyplot
— Replace plt with fig
— Only single figure at the moment



Some other features

* Simple fitting
s = scan('ml',range(0,10,1), PCHARGE, 1lel0O, plot='counts')

s.fit('gauss+poly2')

* RESTful Web Interface
cli = DaswebClient(‘http://remotehost:8080/Q0Q’)
cli.wait()
newpoints = cli.get(‘/PTS’)

More: Cathy Jiao, RESTful Web Services for Real-Time Neutron
Scattering (Poster Session)



PyDas Shell (IPyDas)

- [Blx]

| Run Info

| [Proposal # | [1P15-2194 FEYGENSON, MARONSON
| 11350 Effects of Magnetic Field on the Magnetic Dynamics of Exchange Biased Co/Co0 Nanoparticles
‘ 178.25 Run Status| [Finning 102389

PCharge 1.86452e +011

Welcome Scan Table Chopper Shell

Welcome to IPyDas Shell.

Python 2.5.4 (r254:67916, Dec 23 2008, 15:10:54) [MSC v.1310 32 bit (Intel)]
Type "copyright", "credits" or "license" for more information.

IPython 0.9.1 -- An enhanced Interactive Python.
? -> Introduction and overview of IPython's features.
%quickref -> Quick reference.
Python's own help system.
Details about 'object'. ?object also works, ?? prints more.
Execute command in shell
Autocompletion
[1]: das.sleep(1.0)
True
[2]: das.sleep(1l.0)
True
In [3]: das.sleep(1.0)
True
In [4]:

Log:
[INFO ] 10/05/12 10:04:02: DAS waiting: sleeping for 1 seconds: done!
[INFO ] 10/05/12 10:04:02: DAS waiting: PCharge >= 300000000000.0
[INFO ] 10/05/12 10:04:28: DAS waiting: sleeping for 1 seconds
[INFO ] 10/05/12 10:04:30: DAS waiting: sleeping for 1 seconds: done!
] 10/05/12 10:04:42: new value assigned to SERotator2Request: 0.5

[INFO

Status: Started | 74%

=n




PyDas GUI Examples

Run Info

[Proposal #] [1pT5-2194

| [FEYGENSON, MARONSON

Run ] [11350

| [Effects of ic Field on the

Biased Co/Co0 Nanoparticles

Run Time | [6.41

e S (G-

| 3653

| [PCharge

| |6.77672e +009

‘ Table

Scan Title
| | Save Events
Scan Levels
Level1 |geRotator2 v| [range(0.5,50.1,1.0) | 37.5006 | |aTPOSITION
Level 2 ] v‘| |
Level 4 1 .,‘I I 200000
Scan Parameters
Condition Units: |PCharge ‘ |pC Plot Variable: 180000 \
160000 \*
1400C0
y 120000
<
5
g
2 100000
80000 \
0000 L\
40000 \
Status: Started O e T 20000 = ) 5 35 55 36 35 20




Legacy PyDas in Action

% PyDas BeamLine: 4A (TEST)

Version:3.2.3 Revision: 188 Date: 2009-07-20 15:06:43 -0400 (Mon, 20 Jul 2009)

B[=1%

5

Point_6 7.00000  14.00000

Point_7 8.00000  16.00000

Point_8 9.00000 18.00000

Point_9 10.00000  20.00000

Point_10 1100000  22.00000

Point_11

Point_12

Point_13

Point_14

Point_15

Point_16

Point_17

Point_18

300.000

300.000

300.000

300.000

300.000

COUNTS

COUNTS

COUNTS

COUNTS

COUNTS

Drive Motor/Interactive Scan Motor Chopper Flipper{Magnet ‘ Acquire Data ‘
Data Acquisition-Conventional [(toad | [ save | [ Print |

SANGLE | DANGLE | Keample | Pollrans | Polangle | SLWidth| 52 Width| S cippert | ripperz | MO TEMD Count s vaue
Point_0 1.00000 2.00000 2.450 -0.123 -4.580 5.649 10.062 5.961 ON OFF 0.000 300,000 COUNTS 500000
Point_1 2.00000 4.00000 2,450 -0.123 -4.580 5.649 10,062 5.961 ON OFF 0.000 300,000 COUNTS 500000
Point_2 3.00000 6.00000 2,450 -0.123 -4.580 5.649 10,062 5.961 ON OFF 0.000 300,000 COUNTS 500000
Point_3 4.00000 §.00000 2,450 -0.123 -4.580 5.649 10,062 5.961 ON OFF 0.000 300,000 COUNTS 500000
Point_4 5.00000 10.00000 2.450 -0.123 -4.580 5.649 10.062 5.961 ON OFF 0.000 300,000 COUNTS 500000
Point_5 6.00000  12.00000 2,450 -0.123 -4.580 5.649 10.062 5.961 ON OFF 0.000 300,000 COUNTS 500000

500000

500000

500000

500000

500000

[enUaAUDD

uonezue(od

Save Scan Data

[ Action ][ ][ Cancel ]

Stop




Best Practices

NOBUGS 2010 Web Site:

... this time we try to do something different. We wish to put NOBUGS 2010 under the
general theme "Best Practices”. We want you to share your experiences. Thus we encourage
you to enter presentations which follow the theme: this is what we tried, this is what we
learned, this is what worked for us, this failed! A good example of what we are after is the
talk given by Paul Lewis at NOBUGS 2008 in Sydney. We envisage that we arrange
contributions of this style into appropriate sessions followed by a discussion in which we
work out the best practices as a guide for newcomers and managers. The program
committee will prefer presentations following this pattern.



Test Environment — Mock Objects

Real Object Mock Object




Test Environment — Unit Testing with Mock Objects

import unittest

import pydas.devices as devices
import pydas.core.snsnake as snsnake
import pydas.core.mocksnake as mocksnake

class MotorTestCase(unittest.TestCase):
"Test cases for Motor class”

def setUp(self):
"Unit test set-up method"
mocksnake.create_vars(devices.Motor , 'motorl')

def testvalueProperty(self):
"Motor value property test case”
motl = devices.Motor('motorl', units='deg')
motl.value = 2.0

self.asserteEquals(motl.value , 2.0)
self.asserteEquals(motl.request, 2.0)
self.assertEquals(motl.status , 'ATPOSITION')
self.asserteEquals(motl.units , 'deg')



Test Environment — Test Beam Line




Test Environment — Real Instrument

Source — Sample
Distance: 36.2 m




Summary & Outlook

* PyDas “glues” various DAS components together
* need to support 24 different instruments
* testing, testing, and more testing

* exploring IronPython/.NET: see Madhan Sundaram

poster Das4Net: Next Generation Das Suite of Software

Thanks to all engineering staff from NSS DAS Group
Lloyd Clonts, Gayle Greene, Steve Hicks, Andre Parizzi,
Richard Riedel, Mariano Ruiz-Rodriguez, Madhan

Sundaram and Wenduo Zhou
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