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The European XFEL has gathered about 1.5PB of raw data in the first year of operation. We
describe the data analysis capabilities [1] of the Karabo distributed control system [2] and
related software developed at the European XFEL to supporting scientific experiments. The
range of requirements for data analysis includes near-real time during experiments and
offline analysis.
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Fig 1. train structure at EUXFEL
Online Processing
During experiments, feedback to users and beam scientists is important in

order to optimize the experiment setup and collect the best data possible. We provide
solutions to process data and give visualization feedback in the order of seconds.
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Fig 2. Schematic view of data flow for rapid feedback during experiment
Data Pipelines

The Karabo framework support messaging between
devices, allowing the implementation of processing pipelines with :
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Fig 3. example of pipeline processing

Online Detector Calibration

X The used at the

e European XFEL need
appropriate and
calibration before further
processing can be applied on
the data they produce. This is
carried out using the data
pipelines the data

| over 8 GPU processing nodes
on a HPC cluster.

Fig 4. Live feedback of calibrated data from the LPD detector on a Karabo scene

Karabo Bridge
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The allows data analysis tools to from the Karabo control
system without having to be build against the framework. It uses and to
send data efficiently. In the future, this will be extended to send data back to Karabo as well.
The European XFEL provides [3] and [4] clients.
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Fig 5. Fast Azimutal integration tool getting data from.the Karabo Bridge Fig 6. OnDA[6] integrated Karabo Bridge interface
The has been used to analysis tools such as [6],
[7], [8], [9] and [10] based software for near-real time feedback.

Offline Processing

We develop and provide a Python package for data analysis: [5]. It is designed
for stored by the service and offer a range of
function and routines to users

Karabo-data is an open source project and is in active development. Feature requests and
contributions are welcome. Some of the current features:

Run data reading and exploration L ——
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Data correlation (Pandas, Xarray) e
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from karabo
from karabo_data.geonetry2

Stream data as the Karabo Bridge Al
Apply detector geometry o
Data conversion (from HDF5)

1: (16, 512, 128)

Worki

wilh non-delector data Generate a simpie geometry given the (x, y) coordinates of the first pixel in the first module of each quadrart, in pixel units
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- o il s s gy 148 relative to the certre, where the beam passes through the detector.

There are also methods 1o load and save CrystFEL format geometry files.

This geometry aliows for modudes to be at an angle, so assembiing datain a 2D amay requres interpolation, which is siow:

In [6]: data, centre = geom.position all _modules({stacked pulse)
print(data. shape)

(1296, 1132)

But we know that the modules are closely aligned with the axes, 5o we can ‘snap’ the geometry to the grid and copy data
more efficiently

snap geom = geom. snap( )
snap_geom.plot_data(np.clip(stacked pulse, 8, 106a})
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Fig 7. karabo-data example using Pandas dataframe Fig 8. applying geometry correction on detector data
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