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Motivation

Better sharing of SAS data analysis software

Significant SAS community need satisfied by standardizing a format
— robust
— self-describing
— text-based
— reduced one-dimensional small-angle scattering data, 1(Q)
— Communicate data between users of our facilities

XML
— Sort-of easy to read
— Strong support for languages
— Strong support from community
— Strong support for rules
— Strong support for tools (yes, that rhymes)



Goal is to define such a format with:

minimal verbosity
leaves the data file instantly human-readable
editable in simple editors
importable by simple text import filters
programs need not recognise

— advanced structure in the file

— require advanced programming interfaces.
record of processing steps and analysis results

The file should contain
— primary data, 1(Q)

— metadata --- any other descriptive information about the sample,
measurement, instrument, source, processing, or analysis steps.

Compatible, where possible, with NeXus



Alternative data storage formats

ASCII
— Ubiquitous
— Implied format, ill-defined
NeXus: http://www.nexusformat.org
— Data standard for neutron, electron, X-ray, muon science
— Adopted by many radiation sources
— PSI, Diamond, Solell, just to name a few

— HDF, defined for raw data, standardized for instruments
(note that SAS is a technique, not an instrument)

sasCIF: http://wwl.iucr.org/cif/spec
— International Union of Crystallography standard
— Intended as a 1D archive format for reduced data; ASCII, formatted

— Used by ISIS/LOQ code (COLETTE) 2000-08 until 2007-summer
(replaced by XML predecessor of this work)

— flat file design, only 1 dataset/file




Justifications for XML

Why XML?
— data description language
— not a file format
— can be used to represent any data structure
— Used by business
— Extensible by design
— Lots of tools available
— Easy to translate using XSLT

XML Schema Definition (XSD) language
— strong data typing

— syntax constraints

— XSD written using XML

— validate XML files



Anyone else using XML?

NeXus
— HDF (since beginning of NeXus)
— XML (more recently)

GAML: Thermo Fisher Scientific
— Bruker
— Rigaku

XRDML: Powder Diffraction (PANalytical)



History & Timeline

2000: IUCr-CSAS established sasCIF, ISIS/LOQ adopted
2007-summer: SASXML installed at ISIS/LOQ

2007-10-31: canSAS workshop at NIST

2007-12-15: minimum XML data defined, start on XML Schema (XSD)
2008-12-21: pre-release version ready for committee to test
2008-02-26: various example datasets available on wiki
2008-03-07: project moved into public SVN (+ TRAC) repository
2008-03-14: IgorPro low-level import code available

2008-03-18: XSLT (web browser and Excel) available

2008-05-15: last change to cansas1d/1.0 standard (XSD)
2008-05-15: Java binding available

2008-05: IgorPro support in Irena available

2008-06-02: FORTRAN support

2008-08-04: adopted by ISIS/LOQ

2008-08-15: adopted by DANSE project (Python) for SANS analysis



Current Status

Adopted by facility:
— 1SIS: default format for LOQ instrument, supported by COLETTE
— NIST/NCNR:
— DANSE:

Supported as an input format:
— Web browsers (through XSLT transformation to HTML or native XML)
— Microsoft Excel
— lgorPro Irena tool suite

Support has been implemented in these computer languages:
— lgorPro
— Java (full XML binding available)
— Python (part of DANSE and also separate binding through GNOSIS)
— FORTRAN
— PHP



The Minimum Set of information

Easy to support legacy data

Similar to basic NeXus model




Where is the data? SASdata

Name Type occurrence Description Attributes
Q=@ [/ )sin( ) where is
the wavelength of the radiation
and 2 is the angle through
) which the detected radiation
floating- o _u
Q point [1.1] has been scattered. ) unit ="{
v The unit attribute is required. units}"
number
See
cansasld documentation#Rul
es for acceptable values.
Either 1/A or 1/nm are typical.
Intensity of the detected
radiation.
floating- The unit attribute is required. I
. unit ="{
| point [1..1] See units}”
number cansasld documentation#Rul
es for acceptable values. One
possibility might bel/cm.
Estimated standard deviation
of I.
floating- The unit attribute is required. I
. unit ="{
Idev point [0..1] See units}”
number cansasld documentation#Rul

es for acceptable values. One
possibility might bel/cm.




Example: 1994 SAXS data from dry chick collagen

Raw data file

ca.1994 reduced
data file



canSAS XML data file: 1994 dry chick collagen SAXS



Various clients



Rules

canSAS1d/1.0 XML data files will adhere to the standard if they can
successfully validate against the established XML Schema
(cansasld.xsd)

Q=(4 [/ )sin( ) where 2 s scattering angle

units to be given in standard Sl abbreviations (eg, m, cm, mm, nm, K)
with the following exceptions:

— um (micrometres), C (celsius), A (Angstroms), percent (%), fraction,
a.u. (arbitrary units), none (dimensionless, no relevant units)

where reciprocal units need to be quoted, the format shall be
"1/abbreviation"

when raised to a power, use similar to "A"3" or "1/m”™4" (and not "A3" or
"m-4")

X, Y, & z axes: right-hand rule, origin not defined

orientation (angles): roll, pitch, & yaw

Unicode characters MUST NOT be used

Binary data is not supported at this time




Just how hard can it be to get data into this forma  t?
Fill out a simple WWW form
Leave blank what you don’t know.

http://www.smallangles.net/canSAS/xmlIWriter

Enter basic SAS data (Q, I, and
Idev) & some metadata

— SAS data is likely copied
from ASCII file in a text
editor

— Line breaks or commas are
treated as white-space



Nicely formatted view
Save to samplename.xml from browser



Raw XML data

<?xml version="1.0" encoding="UTF-8"?>
<?xml-stylesheet type="text/xsl" href="cansasxml-html.xsl"?>
<SASroot xmIns="cansas1d/1.0" xmlIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" version="1.0"
xsi:schemalocation="cansas1d/1.0 http://svn.smallangles.net/svn/canSAS/1dwg/trunk/cansasld.xsd">
<l--canSAS XML created by canSAS1d/1.0 XML formatter-->
<SASentry name="entry1">
<Title>This is a test</Title>
<Run>not assigned</Run>
<SASdata>
<ldata> <Q unit="1/A">1</Q> <l unit="1/cm">2</I> <Idev unit="1/cm">3</Idev> </Idata>
<ldata> <Q unit="1/A">4</Q> <l unit="1/cm">5</I> <Idev unit="1/cm">6</Idev> </Idata>
</SASdata>
<SASsample>
<ID>no sample</ID>
<thickness unit="mm">0</thickness>
<details>DTE 27 mi</details>
</SASsample>
<SASinstrument>
<name>imaginary</name>
<SASsource>
<radiation>virtual</radiation>
<wavelength unit="A">1.54</wavelength>
</SASsource>
<SAScollimation/>
<SASdetector>
<name>oldest</name>
<SDD unit="m">0.3</SDD>
</SASdetector>
</SASinstrument>
<SASprocess>
<name>canSAS1d/1.0 XML formatter</name>
<date>2009-09-15 21:05:13</date>
<SASprocessnote name="svnid">Id: index.php 87 2009-09-03 01:38:04Z prjemian</SASprocessnote>
<SASprocessnote name="titleStr">formatting of text data into canSAS XML 1D standard</SASprocessnote>
</SASprocess>
<SASnote/>
</SASentry>
</SASroot>



Higher dimensionality data

2-D area detectors
Time series
Other parametric studies

Rely on NeXus

— NeXus adopted by major facilities as standard (Diamond, Australian
Light Source, others)

— Waiting on next generation of NeXus
* NeXus is developing better way to describe “Application data”
 Better support for how synchrotron X-ray data is collected
* NXsas is one of the reasons for this change in the design of NeXus
— But NeXus is not quite ready yet so we are waiting ...



Comments & Conclusions

Good idea long time in the making

— Agreement on standard between many user facilities

— Flexible design tailored for specific community (small-angle)

— Format allows access to data by variety of methods

— Multiple measurements may be included within a single XML file
Perceived competition with other standards bodies (NeXus, CIF)

— Consider NeXus for 2-D (& higher) SAS data (see poster PB58 today)

— Possibly use NeXus/XML and base64binary encoding for big data?
XML is a good method to store scientific data

— Rich tools & support exist

— XSLT to transform between different standards

The cansasl1d/1.0 standard meets the objectives for a 1D standard,
incorporating experiment metadata, and parametersa  nd results of
processing or analysis steps

http://www.smallangles.net/wgwiki/index.php/cansasl d_documentation



Thank you for your attention!



