
Fancy ray-tracing can finely correct the 
background contribution in capillaries
At the cost of a few extra seconds ▼

▲ Processing steps have a universal layout: 
Processing data is modified inplace (for 
performance) and all have access to I/O.

Multiple uncertainty estimates can be 
propagated during the corrections▼
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Benefits:
The quality of an experiment can only be guaranteed 
if all of its parts are consistently performed to a high 
standard. For the data corrections, MoDaCor therefore 
implements:
  - Extensible, graph-driven modular corrections
  - Units handling and validation
  - Propagation of (multiple) uncertainty estimates
  - Full traceability of the multidimensional corrections
  - Server-based Web API with Tiled and HDF5 support
  - Extensive, LLM-compatible documentation

MoDaCor can be used to correct any non-time-of-
flight data from the fields of scattering, diffraction 
and imaging. The modular corrections can be 
composed to form correction pipelines applicable to a 
near-universal range of samples. 
Current application examples include transmission- 
and grazing-incidence X-ray scattering pipelines for 
laboratory- as well as synchrotron instruments, both 
for whole-dataset as well as chunked processing. 
New application cases can be rapidly (interactively) 
deployed using the MoDaCor-example library, 
representative measurements and a coding LLM.

A wide range of self-documenting generic and 
scattering-related correction modules have been 
implemented already. Highlights include: 
  - A module that traverses NeXus transformations to 
calculate detector pixel coordinates in 3D in the lab 
frame of reference
  - An advanced background- and absorption 
correction module for (flow-through) capillary-
contained samples, using reverse ray-tracing. 
  - A generic masking module that can mask detector 
pixels based on any other detector-sized datasets, 
such as flatfields, geometry or uncertainty maps. 

Initial testing shows MoDaCor to be ~2-3x faster than 
a corresponding pipeline in the Data Analysis 
WorkbeNch (DAWN), despite additional work on 
validation and propagation per step. 
This is due to the partial graph rerun of graphs for 
new data; unchanged data is not recalculated. This 
particularly helps with clever pipeline designs.
If much faster performance is needed, MoDaCor can 
be used as a reference benchmark; for a subset of 
measurements, it can validate faster, more bespoke 
data correction implementations (such as PyFAI) 
within the actual application envelope.

We will gradually increase the library of application 
examples to further demonstrate the versatility and 
applicability of the framework, while extending the 
correction module library.
Additional personnel resources permitting, a user 
interface leveraging the already existing graph I/O 
tools will be made to facilitate pipeline modification 
and testing. 
Closer integration with workflows using Bluesky and 
Tiled will allow automated data corrections with a 
minimum of extra plumbing. 
Join in on the fun today! 

Applications:

Corrections:

Performance:

Future work:

◀ MoDaCor 
corrects 
multidimensional 
data to absolute 
units, here 
shown on data 
from a strongly-
scattering 
sample. 
The data has 
been collected 
over a range of 
instrument 
configurations. 
Insets show 
corresponding 
corrected 2D data

Useful for ▲ laboratory- as well as synchrotron ▲ experiments. 

▲ Performance of processing 2M 
frames through a single-worker, 
sequential DLS I22 pipeline on an 
Apple M1 Max. 

▲ Each application may require different graph topologies. From left to right: 
DLS I22 SAXS pipeline, BAM SAXSess reference pipeline, BAM MOUSE operando 
pipeline. Far left on the poster: MOUSE absolute intensity pipeline
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AU:Multiply
Absoluteintensityscale

PL_IQ:Plot1DVisualization
LiveSAXSI(Q)plot

SV_IQ:SinkProcessingData
SaveSAXSsampleafterI(Q)plot

AV:IndexedAverager
SAXSazimuthalintegration

CU:CombineUncertaintiesMax
CombineSAXSuncertainties

BG:SubtractDatabundles
Subtractcorrectedbackground

CP_background_raw_mask:CopyDataBundleKeys
Attachbackgroundrawmask

CP_static_sample_maps:CopyDataBundleKeys
AttachSAXSstaticmaps

BS_background:Divide
Backgrounddiodenormalization

TI_background:Divide
Backgroundcount-timenormalization

BS_sample:Divide
Beamstop-diodenormalization

TI_sample:Divide
SAXScount-timenormalization

MK_combined:BitwiseOrMasks
Combinedetectormasks

MK_instrument_dilate:DilateMask
DilateSAXSmask

DE:DetectorEfficiencyCorrection
SAXSdetectorefficiencycorrection

PO:PolarizationCorrection
SAXSpolarizationcorrection

FA_background:ReduceDimensionality
Averagebackgroundframes

MK_raw_background_reduce:ReduceMask
Collapsebackgroundmask

FA_sample:ReduceDimensionality
AverageSAXSframes

MK_raw_sample_reduce:ReduceMask
Collapseraw-countmask

GX_static:XSGeometryFromPixelCoordinates
SAXSscatteringgeometry

IP_static:IndexPixels
IndexSAXSpixels

SP:SolidAngleCorrection
SAXSsolid-anglecorrection

MK_raw_background:ThresholdMask
Backgroundraw-countmask

PU_background:PoissonUncertainties
BackgroundPoissonuncertainties

MK_raw_sample:ThresholdMask
Raw-countvaliditymask

PU_sample:PoissonUncertainties
SAXSPoissonuncertainties

PC_static:PixelCoordinates3D
SAXSpixelcoordinates

PD_background:AppendProcessingData
LoadSAXSbackground

PD_sample:AppendProcessingData
LoadSAXSsample

PD_static_mask:AppendProcessingData
LoadSAXSmask

PD_static_signal:AppendProcessingData
LoadSAXScalibrationshape

PL_2D:Plot2DVisualization
LiveSAXScorrected2Dimage

SV_2D:SinkProcessingData
SaveSAXSsampleafter2Dplot

AU:MultiplyDatabundles
Applyint.cal.scalefactor

IP:IndexPixels
Pixelindexingforaveraging

AV:IndexedAverager
Azimuthalaveraging

CU:CombineUncertainties
Combinegeometryuncertainties

CU2:CombineUncertaintiesMax
MaxofpoissonandSTDunc.

CUQ:CombineUncertainties
CombineQuncertainties

AV_i:IndexedAverager
Azim.avg.forint.cal.

SF_i:FindScaleFactor1D
Calcint.cal.scalefactor

BG:SubtractDatabundles
Backgroundsubtraction

PC:PixelCoordinates3D
Calc.pixelcoordinatesinlabframe

BG_i:SubtractDatabundles
Bgndsubtractionforint.cal.

PC_i:PixelCoordinates3D
Pixelcoordsforint.cal.

CU12:CombineUncertaintiesMax
Combinegeom.andint.unc.

DO:SinkProcessingData
ExporttoCSV

CUQ2:CombineUncertainties
MaxofQpixeluncandSTD

DC:Subtract
Subtractdarkcurrent

FL:Divide
Normalizebyrelativeflux

DC_bg:Subtract
Subtractdarkcurrent

FL_bg:Divide
Normalizebyrelativeflux

DC_i:Subtract
Subtractdarkcurrent

FL_i:Divide
Normalizebyrelativeflux

DC_i_bg:Subtract
Subtractdarkcurrent

FL_i_bg:Divide
Normalizebyrelativeflux

DS_data_ical:AppendSource
Addint.cal.HDF5toIoSources

PD_intensity_calibration:AppendProcessingData
Addint.cal.meas.toPD

DS_data_ical_bgnd:AppendSource
Addint.cal.bgndtoIoSources

PD_intensity_calibration_background:AppendProcessingData
Addint.cal.bgndmeas.toPD

DS_data_sample:AppendSource
AddsampleHDF5toIoSources

PD_sample:AppendProcessingData
AddsamplemeasurementtoPD

DS_data_sbg:AppendSource
AddsamplebgndHDF5toIoSources

PD_sample_background:AppendProcessingData
Addsamplebackgroundmeas.toPD

DS_defaults:AppendSource
AdddefaultsYAMLtoIoSources

DS_export_csv:AppendSink
AddoutputCSVIoSink

DS_gc_calibration:AppendSource
AddGCcal.CSVtoIoSources

PD_intensity_calibration_reference_I:AppendProcessingData
Addint.cal.ref.ItoPD

FA:ReduceDimensionality
Reducedimensionality(mean)

FA_bg:ReduceDimensionality
Reducedimensionality(mean)

FA_i:ReduceDimensionality
Reducedimensionality(mean)

FA_i_bg:ReduceDimensionality
Reducedimensionality(mean)

TR:Divide
Normalizebytransmission

TR_bg:Divide
Normalizebytransmission

TR_i:Divide
Normalizebytransmission

TR_i_bg:Divide
Normalizebytransmission

GX:XSGeometryFromPixelCoordinates
XSgeometryfrompixelcoords

SP:SolidAngleCorrection
Solidanglecorrection

GX_i:XSGeometryFromPixelCoordinates
XSgeometryforint.cal.

SP_i:SolidAngleCorrection
Solidanglecorr.forint.cal.

IP_i:IndexPixels
Pixelindexingforint.cal.averaging

PU_i:PoissonUncertainties
Poissonunc.forint.cal.

PU_i_bg:PoissonUncertainties
Poissonunc.forint.cal.bgnd

PD_intensity_calibration_reference_Q:AppendProcessingData
Addint.cal.ref.QtoPD

PU:PoissonUncertainties
CalculatePoissonuncertainties

PU_bg:PoissonUncertainties
CalculatePoissonuncertainties

TI:Divide
Normalizebyframeexposuretime

TI_bg:Divide
Normalizebyframeexposuretime

TI_i:Divide
Normalizebyframeexposuretime

TI_i_bg:Divide
Normalizebyframeexposuretime

SF_i_units:UnitsLabelUpdate
Setunitsofint.cal.scalefactor

TH:Divide
Thicknessnormalization

TH_i:Divide
Thicknessnorm.forint.cal.

Initial/full New sample
partial rerun
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Chunked HDF

AV: IndexedAverager
Azimuthal averaging

CU: CombineUncertaintiesMax
Max of poisson and SEM unc.

CUQ: CombineUncertainties
Combine Q vector unc.

BG: SubtractDatabundles
Background subtraction

CP_static_sample_maps: CopyDataBundleKeys
Attach static maps to sample

CP_static_sample_mask: CopyDataBundleKeys
Copy static mask to sample

CP_threshold_mask_bg: CopyDataBundleKeys
Attach background threshold mask to sample

MK_merge_dynamic: BitwiseOrMasks
Combine static and raw-count masks

PL_IQ: Plot1DVisualization
Live MOUSE I(Q) plot

DC: Subtract
Darkcurrent subtraction

FF: Multiply
Apply detector flatfield correction

DC_bg: Subtract
Darkcurrent subtraction

FF_bg: Multiply
Apply background detector flatfield correction

DE: DetectorEfficiencyCorrection
MOUSE detector efficiency correction

PO: PolarizationCorrection
MOUSE polarization correction

FA: ReduceDimensionality
Frame averaging

MK_reduce: ReduceMask
Collapse sample raw-count mask

FA2_bg: ReduceDimensionality
Second frame averaging

MK_reduce_bg: ReduceMask
Collapse background raw-count mask

FA_bg: ReduceDimensionality
Frame averaging

FL: Divide
Flux normalization

FL_bg: Divide
Flux normalization

TR: Divide
Transmission normalization

TR_bg: Divide
Transmission normalization

GX_static: XSGeometryFromPixelCoordinates
XS Geometry calc

IP_static: IndexPixels
Index pixels for averaging

MK_flatfield_static:ThresholdMask
Mask pixels with excessive flatfield

MK_merge_static: BitwiseOrMasks
Combine pixel, flatfield and beamstop masks

MK_instrument_dilate: DilateMask
Dilate combined MOUSE mask

SP: SolidAngleCorrection
Solid angle correction

PC_static: PixelCoordinates3D
Calc. Pixel coordinates

MK_threshold:ThresholdMask
Sample raw-count validity mask

TI: Divide
Time normalization

MK_threshold_bg:ThresholdMask
Background raw-count validity mask

TI_bg: Divide
Time normalization

PD_background:AppendProcessingData
Add bgnd data to PD

PD_sample:AppendProcessingData
Add sample data to PD

PD_sample_static_bs_mask:AppendProcessingData
Add beamstop mask to PD

PD_sample_static_flatfield:AppendProcessingData
Add detector flatfield to static PD

PD_sample_static_mask:AppendProcessingData
Add pixel mask to PD

PD_sample_static_signal:AppendProcessingData
Add static sample shape signal to PD

PL_2D: Plot2DVisualization
Live MOUSE corrected 2D image

SA: FlatPlateSelfAbsorptionCorrection
Flat-plate sample self-absorption correction

TH: Divide
Thickness normalization


