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Statistics for data quality 
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Correlation between two half datasets 
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Accuracy vs precision 

Internal consistency Spread of observation around the true value 
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Anomalous signal-to-noise ratio:  Anomalous signal:   
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 Expected: 

Anomalous signal indicators 
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More noisy data 

Pilatus3 6M detector at APS 24-ID-C 
Rotation increment 0.4°  
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Statistics 

SBgrid 583 



Data evaluation, integration and analysis II 

7 

icr = intensity control reflection 

Radiation damage? 

Cell dimensions 
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Scaling in SADABS 

B(start)  B(mid)   B(end)   Rad. damage factors 
  0.000   17.497   34.995     0.558 -   4.381 
 

• Increased disorder -> larger B 
• Loss in intensity due to structural 

change: correction to zero dose 
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Statistics after scaling 



          

Multi-scan data 

Bruker APEXII CCD 
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Resolution: 
θmax=27.5 d=0.77 Å 
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• Bruker .sfrm image files have an ascii header 
• We normally rely on the data processing 

software to read metadata from the header 
and make correct use of it 

 

VIEW (EVAL software suite) 

Binary image header 
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Twin crystal: indexing 
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Non-merohedral twin crystal: indexing 

(h,k,l) transforms to ~ (h,-k,-l) 
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Twin crystal: indexing 

View ~ a* 
A: hkl 2 2 9 
B: hkl 2 -2 -9 

Frame 1 Frame 200 
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Inspect the images: 
• Where all Bragg spots predicted and integrated? 
• Did we understand all features we observed? 
• Are we confident the structure solution and 

refinement is not (strongly) affected by 
remaining unexplained features 

• Data may be useful for other researcher or 
software developers. Open science is advocated 
by research funders: please archive you data in a 
public repository 

• Take care the data is FAIR. Correct and sufficient 
metadata is essential. 

Validation and open science 



Core Metadata 
 
• Data binary format 
 
• Number of pixels, pixel size 

(binning mode) 
• Beam Center (mm, pixels) 
• Origin of data frame 

 
• Wavelength 
• Rotation axis 
• Rotation  range per frame 
 
• Axes and offsets 
• Detector-to-sample distance 

imgCIF tags 
 
_array_structure_byte_order,_array_structur
e_compression_type 
 
_array_structure_list.index; 
_array_structure_list.dimensions 
_array_element_size.size 
 
_diffrn_detector_element.center[1] 
_diffrn_detector_element.center[2]  
 
_diffraction_radiation.wavelength.wavelengt
h 
_diffrn_scan_axis.axis_id, 
_diffrn_scan_axis.displacement_start 
_diffrn_scan_axis.displacement.increment 
 
_axis.id, _axis.vector[1].., _ 
_axis.offset[1].. 

Data evaluation, integration and analysis II 17 

Core Metadata  
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E. coli enzyme N-acetyl-neuraminic lyase  

Incommensurate modulation 
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Incommensurate modulation: example 

Porta et al. (2011). Acta Cryst. D67, 628–638, 745 



Data evaluation, integration and analysis II 20 

Incommensurate modulation: q-vector 

Reciprocal space reconstruction 
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Incommensurate modulation 
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Watch out! Diffuse scattering 

Frame 1 

ROR2-CRD protein 
R. Van Scherpenzeel 
Thesis, Utrecht 2018 

Pilatus 6M hybrid pixel 
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Frame 45 

23 

Frame 90 

Watch out! Diffuse scattering 
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Pixel -> η 

Mapping detector pixels to reciprocal space 

IMG2HKL 

Detector panel Ewald sphere 
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Reciprocal space reconstructions 

hk0 0kl 5kl 

Streaks in b*-direction 
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c 

a 

b 

Distorted packing in b-direction 

1

20
𝑎 
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Space group determination 

XPREP 

Chiral -> P21 

SBgrid 583 
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Negative intensities 

From Intensities to structure factor amplitudes 

𝐹 = 𝐼 

2
𝜎𝐹
𝐹
=
𝜎𝐼
𝐼

 𝜎𝐹 =
1

2

𝜎𝐼

𝐼
 

Conserving relative errors 
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Unconditional structure factor probability distribution 

𝑃(𝐼|𝐽) =
1

𝜎 2𝜋
exp( − (𝐼 − 𝐽)2/2𝜎2) 

I 

I = -1.0 

= 1.0 

𝑃(𝐽) = exp (−𝐽/ N)
−1

𝑁
 

𝑃(𝐽) = 0 

if J0 

if 0 N = mean I in resolution shell=20 

Estimate:  𝐸(𝐽|𝐼) =  𝐽 𝑃 𝐼 𝐽 𝑃(𝐽)𝑑𝐽

∞

0

 =0.51 

French & Wilson (1978): Bayesian statistics 

Inflating negative and weak intensities 

J 

J 

J = true value 

𝑃 𝐽 𝐼 = 𝑃 𝐼 𝐽 𝑃(𝐽) 

Wilson distribution 

Implemented in TRUNCATE 
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Average over resolution shells 

Wilson plot 

Wilson B-factor 
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After determining the scale factor and B-factor, Fcalc and Fobs can be compared in 
refinement 

𝐹calc(ℎ𝑘𝑙) = 𝑓𝑗

𝑁

𝑗=1

exp{ − 𝐵𝑗(𝑠𝑖𝑛𝜃/𝜆)
2} exp{ 2𝜋𝑖(ℎ𝑥𝑗 + 𝑘𝑦𝑗 + 𝑙𝑧𝑗)} 

 𝐹𝑜𝑏𝑠(ℎ𝑘𝑙) − 𝑘 𝐹𝑐𝑎𝑙𝑐(ℎ𝑘𝑙)
2

ℎ𝑘𝑙

 Minimize: 

Scale factor and B-factor 
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Cherish your data 

 Check that you have understood what you see in the 
diffraction images 

 Could unprocessed features influence your structure 
determination/refinement results? 

 Archive your raw data in a FAIR way to: 
• Allow other researchers to conduct further research 

based your experiments  
• Allow reanalysis at a later date, especially to extract 

‘new’ science as new techniques are developed 
• Provide example materials for teaching and learning.  


