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Reasons for archiving raw data

• Allow reproducibility of scientific data

• Safeguarding against error and fraud

• Allow further research based on the 
experimental data and comparative studies

• Allow future analysis with improved 
techniques, changed standards or new science

• Provide example materials for teaching



Processed data

• Crystallographic structure determination is 
based on integration of Bragg spots

• Structure refinement against I or F (i.e.
derived data) and prior knowledge

• PDB  stores/requires:

– Final refined coordinates

– Derived data (structure factors)

– Associated publication

– Allows systematic re-analysis of all structures in 
the PDB, e.g. PDB-REDO



Raw data

• Raw images contain additional information:

– Detector non-uniformity, spatial distortion, background 
scattering, detector gain: allows error analysis

– Symmetry (unmerged data could be stored in PDB)

– Shape of the spots (crystal size; mosaicity; lattice): improve 
spot integration

– Composite patterns 

– Scattering between the spots: 

• diffuse scattering: streaks for packing defects; variational 
for protein dynamics

• satellites due to incommensurately modulated structure

– Development of validation criteria



Raw data

• Raw diffraction data  that did not lead to 
structure solution: 

– no associated publication.... 

– but very useful for methods development (see 
Michael Wall) 

– Data lost for ever?.....



What would be needed to run a 
project like PDB-REDO on raw data?

• Well documented data format, but not 
necessarily just one: CBF/imgCIF.... 

• Meta data: long term preservation

sufficient meta data to allow
• Discovery

• Interpretation

• Re-use

What is the current status?



DLS/ESRF and meta data

• Diamond Light Source and ESRF use data 
management system ISPyB

• Data analysis is automatically performed

• Scripts with meta data are provided for 
Mosflm, XDS..

• User is responsible for transfer and backup

• Long term preservation?



Experience with making diffraction 
image data available

• Initially data of 11 lysozyme crystals, on two different 
diffractometers, originally processed with the 
equipment’s built-in software, which we wanted to re-
process with EVAL to rule out software effects 

• Data were transferred from Manchester to Utrecht

• 35.3 Gb of uncompressed data. Transfer took 30 hours, 
spread over several days

• Data were compressed in Utrecht, using ncompress 
(lossless data compression with LZW algorithm) to 
20 Gb, and can readily be read with EVAL software



Unwarping and data conversion

• Proteum Bruker images were in native u8-
format (.sfrm)

• Unwarped in Manchester using .p4p file 
containing the distortion table

• Written to “Mosflm” format (2 byte) using 
FrameUtility

• Could not be read into EVAL in Utrecht 
because end-of-header at end of line



rawdata.chem.uu.nl



rawdata.chem.uu.nl

• Downloads by other groups: 150 GB was 
retrieved from rawdata.chem.uu.nl and some 
data were reprocessed

• Discussion with Kay Diederichs on Bruker 
Fixed CHI goniometer: see Acta Cryst. D70
(2014) 2520 supplemental

• We welcome the interest in cisplatin binding 
to histidine studies by Shabalin et al., who 
reprocessed at least 1 data set 



J. Appl. Cryst. link to raw data





J. Appl. Cryst. link to raw data



Tardis



• Has integrated submission for a growing 
list of journals (hundreds of journals 
already)

• Data have their own DOI but have to be 
associated with some sort of publication

• Max. 10 GB (otherwise additional costs)
• Data publishing charges:

-sometimes covered by the journal
-80 $ per data package

General purpose repositories

• Cloud based
• Unlimited storage space for 

publicly available data
• Publish negative data
• All data has a DOI
• Papers under CC-By
• Data under CC0
• Figshare for publishers: host data 

for online papers



• EU-funded OpenAIRE project:
• Uses the cloud infrastructure of CERN 

Large Hadron Collider
• Uploaded data get DOI
• All research outputs welcome! 
• Files up to 3 GB
• Searching for “diffraction data” gave 

15 hits of which 6 protein data sets

General purpose repositories

• A repository for research data 
that: takes care of long term 
preservation

• No DOI’s
• Up to 1TB (max 2 GB per file)
• Works together with Dryad



Diffraction data repositories

• DIMER: University of Queensland Diffraction 
Image Experiment Repository (37)

• JCSG: Joint Center for Structural Genomics 
(1720)

• TARDIS/Store.Synchrotron (31 public data)



Meta data

• Usually limited amount of listed meta data, 
e.g. DIMER repository:

• Publication

• PDB entry



Experience

• What is our experience with the level of meta 
data ?



Raxis format



Beam_x     Beam_y

λ # pix/cm when 512 pixels

Mostly manufacturers provide detailed description of the image format 

Bruker smart format



2θ ω φ χ



gain =3.83 ADU/ph 



Standard deviations of integrated 
reflection intensities

• Realistic standard deviations:                    

c = K [I
2+(g<I>)2]1/2 I=  I Poisson

K and g determined from 2

typically: K≈1 and g≈0.02-0.04 if gain is correct

• Alternatively from:                  

int=[i(Ii-<I>)2/(N-1)]1/2

I/2



Pilatus 6M header

What axis?

Which plane?

Origin?

Knowledge is required 
about experimental set-
up

EVAL: horax goniometer



• Header  contains usually limited information: only in 
the context of the equipment/beam line

• Goniometer set-up: axes orientations and rotation 
directions; zero positions; type of scan (continuous 
rotation, still, helical scan); oscillation range

Meta data for raw diffraction data

kappa    axes: omega=z kappa=k phi=z swing=z
rotationdirection -1 -1 -1 -1
values: omega kappa phi swing dist alpha

euler     axes: omega=z chi=x phi=z swing=z
rotationdirection 1 1 1 1
values: omega chi phi swing dist

horax    axes: omega=y chi=x phi=z swing=y
rotationdirection 1 1 1 1
values: omega chi phi swing dist

dtb       axes: omega=z chi=-x phi=z swing=y
rotationdirection -1 -1 -1 1
values: omega chi phi swing dist

x8          axes: omega=z chi=x phi=z swing=z
direction 1 -1 -1 1
values: omega+180 chi phi+90 swing

x8c               axes: omega=z chi=x phi=z swing=z
direction 1 -1 -1 1
values: omega+180 chi phi+90 swing

raxis            axes: omega=z chi=x phi=z swing=z
direction -1 1 -1 1
values: omega chi phi swing

kappa180    axes: omega=z kappa=k phi=z swing=z
direction: -1 -1 -1 -1
values: omega+180 kappa phi swing



..continued..

• Detector: 

– Type and serial number

– Data format: byte-storage architecture

– Overflow handling; base line offset; gain

– Swing axis; Distance

– Fast, slow running pixel coordinates

– Origin: LL, LR, UR, UL

– Number of pixels, pixel size, binning

– Corrections applied:

• Dark curent

• Distortion table: usually manufacturer applied

• Non-uniformity: flood field



..continued..

• Beam properties: beam_x,y; divergence_x,y; 
polarization

• Photon flux, exposure time; number of 
repeats;dose; wavelength; date

• crystal shape/size; chemical composition; heavy-
atom derivatives; multiple wavelength 
experiments on one crystal; 

• Sample mounting
• Sample name/characterization
• Type of diffraction: single crystal, twin, diffuse...



Crystal mounted in open capillary
CuKα radiation
Shadow and reflections sneaking through

Photo of set-up is useful

Tanley, Schreurs, Kroon-Batenburg, Helliwell, Acta. Cryst. F68 (2012), 1300
Link to video



Meta data

• Machine and human readable

• In imgCIF format?

• In HDF5-Nexus trees?

• Photo of set-up is not useful for high-
throughput



Comparison of .sfrm and .cbf



Comparison of .sfrm and .cbf



Pilatus image

-1=strip

ADSC => 0



Argonne National Laboratory
Beamine 15ID-B

Images were converted to standard Bruker
Fixed CHI goniometer orientation

Data: Jozef Kozisek

Synchrotron polarization:
weak component in horizontal plane 
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Conclusions

• Long term data preservation and future use 
requires detailed and strict meta data policies

• Machine and human readable meta data 
format

• Meta data should be discoverable/searchable


