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EXtra-geom is a Python library to describe the physical layout of multi-module detectors at European XFEL, and to
assemble complete detector images.

CONTENTS

1
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CONTENTS

CHAPTER

ONE

INSTALLATION

EXtra-geom is available on our Anaconda installation on the Maxwell cluster:
module load exfel exfel_anaconda3
You can also install it from PyPI to use in other environments with Python 3.6 or later:
pip install extra_geom
If you get a permissions error, add the --user flag to that command.
There is one optional feature: install extra_geom[interpolate] to use the position_modules_interpolate()
method (slow).

3
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Chapter 1. Installation

CHAPTER

TWO

DOCUMENTATION CONTENTS

2.1 Detector geometry reference
The AGIPD and LPD detectors are made up of several sensor modules, from which separate streams of data are
recorded. Inspecting or processing data from these detectors therefore depends on knowing how the modules are
arranged. EXtra-geom handles this information.
All the coordinates used in this module are from the detector centre. This should be roughly where the beam passes
through the detector. They follow the standard European XFEL axis orientations, with x increasing to the left (looking
along the beam), and y increasing upwards.
Note: This module includes methods to assemble data into a single array. This is sufficient for a quick examination of
detector images, but the detector pixels may not line up with the grid imposed by a single array. For accurate analysis,
it’s best to use a tool that can process geometry internally with sub-pixel precision.

2.1.1 AGIPD-1M
AGIPD-1M consists of 16 modules of 512×128 pixels each. Each module is further subdivided into 8 tiles. The layout
of tiles within a module is fixed by the manufacturing process, but this geometry code works with a position for each
tile.
class extra_geom.AGIPD_1MGeometry(modules, filename='No file', metadata=None)
Detector layout for AGIPD-1M
The coordinates used in this class are 3D (x, y, z), and represent metres.
You won’t normally instantiate this class directly: use one of the constructor class methods to create or load a
geometry.
classmethod from_quad_positions(quad_pos, asic_gap=2, panel_gap=29, unit=0.0002)
Generate an AGIPD-1M geometry from quadrant positions.
This produces an idealised geometry, assuming all modules are perfectly flat, aligned and equally spaced
within their quadrant.
The quadrant positions are given in pixel units, referring to the first pixel of the first module in each quadrant,
corresponding to data channels 0, 4, 8 and 12.
The origin of the coordinates is in the centre of the detector. Coordinates increase upwards and to the left
(looking along the beam).
To give positions in units other than pixels, pass the unit parameter as the length of the unit in metres. E.g.
unit=1e-3 means the coordinates are in millimetres.
5
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Fig. 1: The approximate layout of AGIPD-1M, in a front view (looking along the beam).
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classmethod from_crystfel_geom(filename)
Read a CrystFEL format (.geom) geometry file.
Returns a new geometry object.
offset(shift, *, modules=slice(None, None, None), tiles=slice(None, None, None))
Move part or all of the detector, making a new geometry.
By default, this moves all modules & tiles. To move the centre down in the image, move the whole geometry
up relative to it.
Returns a new geometry object of the same type.
# Move the whole geometry up 2 mm (relative to the beam)
geom2 = geom.offset((0, 2e-3))
# Move quadrant 1 (modules 0, 1, 2, 3) up 2 mm
geom2 = geom.offset((0, 2e-3), modules=np.s_[0:4])
# Move each module by a separate amount
shifts = np.zeros((16, 3))
shifts[5] = (0, 2e-3, 0)
# x, y, z for individual modules
shifts[10] = (0, -1e-3, 0)
geom2 = geom.offset(shifts)
Parameters
• shift (numpy.ndarray or tuple) – (x, y) or (x, y, z) shift to apply in metres. Can be a
single shift for all selected modules, a 2D array with a shift per module, or a 3D array with
a shift per tile (arr[module, tile, xyz]).
• modules (slice) – Select modules to move; defaults to all modules. Like all Python
slicing, the end number is excluded, so np.s_[:4] moves modules 0, 1, 2, 3.
• tiles (slice) – Select tiles to move within each module; defaults to all tiles.
rotate(angles, center=None, modules=slice(None, None, None), tiles=slice(None, None, None),
degrees=True)
Rotate part or all of the detector, making a new geometry.
The rotation is defined by composition of rotations about the axes of the coordinate system (https://en.
wikipedia.org/wiki/Euler_angles), i.e. a rotation around the z axis rotates the xy (detector) plan. We use
the right-hand rule, xy being the detector plan with z increasing looking toward the detector front plan, x
increasing to the left, y increasing to the top. Positive rotations are clockwise.
In other words:
• Positive x angles tilt the top edge of the detector backwards, away from the source
• Positive y angles tilt the right-hand edge (looking along the beam) away from the source
• Positive z angles turn the detector clockwise (looking along the beam)
By default, this rotates all modules & tiles. Returns a new geometry object of the same type.
# Rotate the whole geometry by 90 degree in the xy plan
geom2 = geom.rotate((0, 0, 90))
# Move the tile 0 in the module 0 around its center by 90 degrees
(continues on next page)

2.1. Detector geometry reference
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(continued from previous page)

geom2 = geom.rotate((0, 0, 90), modules=np.s_[:1], tiles=np.s_[:1])
# Rotate each module by a separate amount
rotate = np.zeros((16, 3))
rotate[5] = (3, 5, 1) # x, y, z for individual modules
rotate[10] = (0, -2, 1)
geom2 = geom.rotate(rotate)
Parameters
• angles (np.array or tuple) – (x, y, z) rotations to apply in degree. Can be a single
rotation for all selected modules, a 2D array with a rotation per module, or a 3D array with
a rotation per tile (arr[module, tile, xyz]).
• center (np.array or tuple) – center of rotation. Shape must match angles.shape. If
set to None (default), the rotation center is set to: * all modules: center of the detector *
selected modules: centers of modules * selected tiles: centers of tiles
• modules (slice) – Select modules to rotate; defaults to all modules.
• tiles (slice) – Select tiles to move within each module; defaults to all tiles.
• degrees (bool) – If True (default), angles are in degrees. If False, angles are in radians.
quad_positions()
Retrieve the coordinates of the first pixel in each quadrant
The coordinates returned are 2D and in pixel units, compatible with from_quad_positions().
write_crystfel_geom(filename, *, data_path=None, mask_path=None, dims=('frame', 'modno', 'ss', 'fs'),
nquads=None, adu_per_ev=None, clen=None, photon_energy=None)
Write this geometry to a CrystFEL format (.geom) geometry file.
If the geometry was read from a .geom file by from_crystfel_geom(), some of the optional fields will
be filled from metadata if not specified.
Parameters
• filename (str) – Filename of the geometry file to write.
• data_path (str) – Path to the group that contains the data array in the hdf5 file. Default:
'/entry_1/instrument_1/detector_1/data'.
• mask_path (str) – Path to the group that contains the mask array in the hdf5 file.
• dims (tuple) – Dimensions of the data. Extra dimensions, except for the defaults, should
be added by their index, e.g. (‘frame’, ‘modno’, 0, ‘ss’, ‘fs’) for raw data. Default:
('frame', 'modno', 'ss', 'fs'). Note: the dimensions must contain frame, ss, fs.
• adu_per_ev (float) – ADU (analog digital units) per electron volt for the considered
detector.
• clen (float) – Distance between sample and detector in meters
• photon_energy (float) – Beam wave length in eV
get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector

8
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The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
to_distortion_array(allow_negative_xy=False)
Return distortion matrix for AGIPD detector, suitable for pyFAI.
Parameters
allow_negative_xy (bool) – If False (default), shift the origin so no x or y coordinates are
negative. If True, the origin is the detector centre.
Returns
out – Array of float 32 with shape (8192, 128, 4, 3). The dimensions mean:
• 8192 = 16 modules * 512 pixels (slow scan axis)
• 128 pixels (fast scan axis)
• 4 corners of each pixel
• 3 numbers for z, y, x
Return type
ndarray
to_pyfai_detector()
Make a PyFAI detector object for this detector
You can use PyFAI to azimuthally integrate detector images around the centre point of the geometry. The
detector object holds the positions of all the pixels. See the examples for how to use this.
plot_data(data, *, axis_units='px', frontview=True, ax=None, figsize=None, colorbar=True, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow

2.1. Detector geometry reference
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position_modules(data, out=None, threadpool=None)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
position_modules_symmetric(data, out=None, threadpool=None)
Assemble data with the centre in the middle of the output array.
The assembly process is the same as position_modules(), aligning each module to a single pixel grid.
But this makes the output array symmetric, with the centre at (height // 2, width // 2).
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default,
a new array is created at the minimum size to allow symmetric assembly. If an array is
passed in, its last two dimensions must be at least this size.

10
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• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. See position_modules() for details.
Returns
out – Array with one dimension fewer than the input. The last two dimensions represent pixel
y and x in the detector space.
Return type
ndarray
position_modules_interpolate(data)
Assemble data from this detector according to where the pixels are.
This performs interpolation, which is very slow. Use position_modules() to get a pixel-aligned approximation of the geometry.
Parameters
data (ndarray) – The three dimensions should be channelno, pixel_ss, pixel_fs (lengths 16,
512, 128). ss/fs are slow-scan and fast-scan.
Returns
• out (ndarray) – Array with the one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
inspect(axis_units='px', frontview=True)
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.
data_coords_to_positions(module_no, slow_scan, fast_scan)
Convert data array coordinates to physical positions
Data array coordinates are how you might refer to a pixel in an array of detector data: module number,
and indices in the slow-scan and fast-scan directions. But coordinates in the two pixel dimensions aren’t
necessarily integers, e.g. if they refer to the centre of a peak.
module_no, fast_scan and slow_scan should all be numpy arrays of the same shape. module_no should
hold integers, starting from 0, so 0: Q1M1, 1: Q1M2, etc.

2.1. Detector geometry reference
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slow_scan and fast_scan describe positions within that module. They may hold floats for sub-pixel positions. In both, 0.5 is the centre of the first pixel.
Returns an array of similar shape with an extra dimension of length 3, for (x, y, z) coordinates in metres.
See also:
Converting array coordinates to physical positions demonstrates using this method.
extra_geom.agipd_asic_seams()
Make a boolean array marking the double-width pixels in an AGIPD module
This returns a (512, 128) array with False for normal (square) pixels, and True for the 400 x 200 µm pixels at the
horizontal joins between ASICs.
See Making data masks for an illustration of this.

2.1.2 AGIPD-500K2G
AGIPD-500K2G consists of 8 modules of 512×128 pixels each. Each module is further subdivided into 8 tiles. The
layout of tiles within a module is fixed by the manufacturing process, but this geometry code works with a position for
each tile.

Fig. 2: The approximate layout of AGIPD-500K2G, in a front view (looking along the beam).
class extra_geom.AGIPD_500K2GGeometry(modules, filename='No file', metadata=None)
Detector layout for AGIPD-500k
The coordinates used in this class are 3D (x, y, z), and represent metres.

12
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You won’t normally instantiate this class directly: use one of the constructor class methods to create or load a
geometry.
classmethod from_origin(origin=(0, 0), asic_gap=2, panel_gap=(16, 30), unit=0.0002)
Generate an AGIPD-500K2G geometry from origin position.
This produces an idealised geometry, assuming all modules are perfectly flat, aligned and equally spaced
within the detector.
The default origin (0, 0) of the coordinates is the bottom-right corner of the detector. If another coordinate
is given as the origin, it is relative to the bottom-right corner. Coordinates increase upwards and to the left
(looking along the beam).
To give positions in units other than pixels, pass the unit parameter as the length of the unit in metres. E.g.
unit=1e-3 means the coordinates are in millimetres.
classmethod from_crystfel_geom(filename)
Read a CrystFEL format (.geom) geometry file.
Returns a new geometry object.
write_crystfel_geom(*args, **kwargs)
Write this geometry to a CrystFEL format (.geom) geometry file.
If the geometry was read from a .geom file by from_crystfel_geom(), some of the optional fields will
be filled from metadata if not specified.
Parameters
• filename (str) – Filename of the geometry file to write.
• data_path (str) – Path to the group that contains the data array in the hdf5 file. Default:
'/entry_1/instrument_1/detector_1/data'.
• mask_path (str) – Path to the group that contains the mask array in the hdf5 file.
• dims (tuple) – Dimensions of the data. Extra dimensions, except for the defaults, should
be added by their index, e.g. (‘frame’, ‘modno’, 0, ‘ss’, ‘fs’) for raw data. Default:
('frame', 'modno', 'ss', 'fs'). Note: the dimensions must contain frame, ss, fs.
• adu_per_ev (float) – ADU (analog digital units) per electron volt for the considered
detector.
• clen (float) – Distance between sample and detector in meters
• photon_energy (float) – Beam wave length in eV
get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector
The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
to_distortion_array(allow_negative_xy=False)
Return distortion matrix for AGIPD500K detector, suitable for pyFAI.
Parameters
allow_negative_xy (bool) – If False (default), shift the origin so no x or y coordinates are
negative. If True, the origin is the detector centre.

2.1. Detector geometry reference
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Returns
out – Array of float 32 with shape (4096, 128, 4, 3). The dimensions mean:
• 8192 = 8 modules * 512 pixels (slow scan axis)
• 128 pixels (fast scan axis)
• 4 corners of each pixel
• 3 numbers for z, y, x
Return type
ndarray
to_pyfai_detector()
Make a PyFAI detector object for this detector
You can use PyFAI to azimuthally integrate detector images around the centre point of the geometry. The
detector object holds the positions of all the pixels. See the examples for how to use this.
plot_data(data, *, axis_units='px', frontview=True, ax=None, figsize=None, colorbar=True, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
position_modules(data, out=None, threadpool=None)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.

14
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• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
position_modules_symmetric(data, out=None, threadpool=None)
Assemble data with the centre in the middle of the output array.
The assembly process is the same as position_modules(), aligning each module to a single pixel grid.
But this makes the output array symmetric, with the centre at (height // 2, width // 2).
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default,
a new array is created at the minimum size to allow symmetric assembly. If an array is
passed in, its last two dimensions must be at least this size.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. See position_modules() for details.
Returns
out – Array with one dimension fewer than the input. The last two dimensions represent pixel
y and x in the detector space.
Return type
ndarray

2.1. Detector geometry reference
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inspect(axis_units='px', frontview=True)
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.
data_coords_to_positions(module_no, slow_scan, fast_scan)
Convert data array coordinates to physical positions
Data array coordinates are how you might refer to a pixel in an array of detector data: module number,
and indices in the slow-scan and fast-scan directions. But coordinates in the two pixel dimensions aren’t
necessarily integers, e.g. if they refer to the centre of a peak.
module_no, fast_scan and slow_scan should all be numpy arrays of the same shape. module_no should
hold integers, starting from 0, so 0: Q1M1, 1: Q1M2, etc.
slow_scan and fast_scan describe positions within that module. They may hold floats for sub-pixel positions. In both, 0.5 is the centre of the first pixel.
Returns an array of similar shape with an extra dimension of length 3, for (x, y, z) coordinates in metres.
See also:
Converting array coordinates to physical positions demonstrates using this method.
The agipd_asic_seams() also applies to AGIPD-500K2G.

2.1.3 LPD-1M
LPD-1M consists of 16 supermodules of 256×256 pixels each. Each supermodule is further subdivided into 16 sensor
tiles, which this geometry code can position independently.
class extra_geom.LPD_1MGeometry(modules, filename='No file', metadata=None)
Detector layout for LPD-1M
The coordinates used in this class are 3D (x, y, z), and represent metres.
You won’t normally instantiate this class directly: use one of the constructor class methods to create or load a
geometry.
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Fig. 3: The approximate layout of LPD-1M, in a front view (looking along the beam).
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classmethod from_quad_positions(quad_pos, *, unit=0.001, asic_gap=None, panel_gap=None)
Generate an LPD-1M geometry from quadrant positions.
This produces an idealised geometry, assuming all modules are perfectly flat, aligned and equally spaced
within their quadrant.
The quadrant positions refer to the corner of each quadrant where module 4, tile 16 is positioned. This is
the corner of the last pixel as the data is stored. In the initial detector layout, the corner positions are for
the top left corner of the quadrant, looking along the beam.
The origin of the coordinates is in the centre of the detector. Coordinates increase upwards and to the left
(looking along the beam).
Parameters
• quad_pos (list of 2-tuples) – (x, y) coordinates of the last corner (the one by module
4) of each quadrant.
• unit (float, optional) – The conversion factor to put the coordinates into metres. The
default 1e-3 means the numbers are in millimetres.
• asic_gap (float, optional) – The gap between adjacent tiles/ASICs. The default is 4
pixels.
• panel_gap (float, optional) – The gap between adjacent modules/panels. The default is 4 pixels.
classmethod from_h5_file_and_quad_positions(path, positions, unit=0.001)
Load an LPD-1M geometry from an XFEL HDF5 format geometry file
By default, both the quadrant positions and the positions in the file are measured in millimetres; the unit
parameter controls this. The passed positions override quadrant positions from the file, if it contains them:
see from_h5_file() to use them.
The origin of the coordinates is in the centre of the detector. Coordinates increase upwards and to the left
(looking along the beam).
This version of the code only handles x and y translation, as this is all that is recorded in the initial LPD
geometry file.
Parameters
• path (str) – Path of an EuXFEL format (HDF5) geometry file for LPD.
• positions (list of 2-tuples) – (x, y) coordinates of the last corner (the one by module 4) of each quadrant.
• unit (float, optional) – The conversion factor to put the coordinates into metres. The
default 1e-3 means the numbers are in millimetres.
classmethod from_h5_file(path)
Load an LPD-1M geometry from an XFEL HDF5 format geometry file
This requires a file containing quadrant positions, which not all XFEL geometry files do.
from_h5_file_and_quad_positions() to load a file which does not have them.

Use

Parameters
path (str) – Path of an EuXFEL format (HDF5) geometry file for LPD.
classmethod from_crystfel_geom(filename)
Read a CrystFEL format (.geom) geometry file.
Returns a new geometry object.
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offset(shift, *, modules=slice(None, None, None), tiles=slice(None, None, None))
Move part or all of the detector, making a new geometry.
By default, this moves all modules & tiles. To move the centre down in the image, move the whole geometry
up relative to it.
Returns a new geometry object of the same type.
# Move the whole geometry up 2 mm (relative to the beam)
geom2 = geom.offset((0, 2e-3))
# Move quadrant 1 (modules 0, 1, 2, 3) up 2 mm
geom2 = geom.offset((0, 2e-3), modules=np.s_[0:4])
# Move each module by a separate amount
shifts = np.zeros((16, 3))
shifts[5] = (0, 2e-3, 0)
# x, y, z for individual modules
shifts[10] = (0, -1e-3, 0)
geom2 = geom.offset(shifts)
Parameters
• shift (numpy.ndarray or tuple) – (x, y) or (x, y, z) shift to apply in metres. Can be a
single shift for all selected modules, a 2D array with a shift per module, or a 3D array with
a shift per tile (arr[module, tile, xyz]).
• modules (slice) – Select modules to move; defaults to all modules. Like all Python
slicing, the end number is excluded, so np.s_[:4] moves modules 0, 1, 2, 3.
• tiles (slice) – Select tiles to move within each module; defaults to all tiles.
rotate(angles, center=None, modules=slice(None, None, None), tiles=slice(None, None, None),
degrees=True)
Rotate part or all of the detector, making a new geometry.
The rotation is defined by composition of rotations about the axes of the coordinate system (https://en.
wikipedia.org/wiki/Euler_angles), i.e. a rotation around the z axis rotates the xy (detector) plan. We use
the right-hand rule, xy being the detector plan with z increasing looking toward the detector front plan, x
increasing to the left, y increasing to the top. Positive rotations are clockwise.
In other words:
• Positive x angles tilt the top edge of the detector backwards, away from the source
• Positive y angles tilt the right-hand edge (looking along the beam) away from the source
• Positive z angles turn the detector clockwise (looking along the beam)
By default, this rotates all modules & tiles. Returns a new geometry object of the same type.
# Rotate the whole geometry by 90 degree in the xy plan
geom2 = geom.rotate((0, 0, 90))
# Move the tile 0 in the module 0 around its center by 90 degrees
geom2 = geom.rotate((0, 0, 90), modules=np.s_[:1], tiles=np.s_[:1])
# Rotate each module by a separate amount
rotate = np.zeros((16, 3))
(continues on next page)
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(continued from previous page)

rotate[5] = (3, 5, 1) # x, y, z for individual modules
rotate[10] = (0, -2, 1)
geom2 = geom.rotate(rotate)
Parameters
• angles (np.array or tuple) – (x, y, z) rotations to apply in degree. Can be a single
rotation for all selected modules, a 2D array with a rotation per module, or a 3D array with
a rotation per tile (arr[module, tile, xyz]).
• center (np.array or tuple) – center of rotation. Shape must match angles.shape. If
set to None (default), the rotation center is set to: * all modules: center of the detector *
selected modules: centers of modules * selected tiles: centers of tiles
• modules (slice) – Select modules to rotate; defaults to all modules.
• tiles (slice) – Select tiles to move within each module; defaults to all tiles.
• degrees (bool) – If True (default), angles are in degrees. If False, angles are in radians.
quad_positions(h5_file=None)
Get the positions of the 4 quadrants
Quadrant positions are returned as (x, y) coordinates in millimetres.
from_h5_file_and_quad_positions().

Their meaning is as in

To use the returned positions with an existing XFEL HDF5 geometry file, the path to that file should be
passed in. In that case, the offsets of M4 T16 in each quadrant are read from the file to calculate a suitable
quadrant position. The geometry in the file is not checked against this geometry object at all.
to_h5_file_and_quad_positions(path)
Write this geometry to an XFEL HDF5 format geometry file
The quadrant positions are stored in the file, but also returned. These and the numbers in the file are in
millimetres.
The file and quadrant positions produced
from_h5_file_and_quad_positions().

by

this

method

are

compatible

with

write_crystfel_geom(filename, *, data_path=None, mask_path=None, dims=('frame', 'modno', 'ss', 'fs'),
nquads=None, adu_per_ev=None, clen=None, photon_energy=None)
Write this geometry to a CrystFEL format (.geom) geometry file.
If the geometry was read from a .geom file by from_crystfel_geom(), some of the optional fields will
be filled from metadata if not specified.
Parameters
• filename (str) – Filename of the geometry file to write.
• data_path (str) – Path to the group that contains the data array in the hdf5 file. Default:
'/entry_1/instrument_1/detector_1/data'.
• mask_path (str) – Path to the group that contains the mask array in the hdf5 file.
• dims (tuple) – Dimensions of the data. Extra dimensions, except for the defaults, should
be added by their index, e.g. (‘frame’, ‘modno’, 0, ‘ss’, ‘fs’) for raw data. Default:
('frame', 'modno', 'ss', 'fs'). Note: the dimensions must contain frame, ss, fs.
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• adu_per_ev (float) – ADU (analog digital units) per electron volt for the considered
detector.
• clen (float) – Distance between sample and detector in meters
• photon_energy (float) – Beam wave length in eV
get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector
The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
to_distortion_array(allow_negative_xy=False)
Return distortion matrix for LPD detector, suitable for pyFAI.
Parameters
allow_negative_xy (bool) – If False (default), shift the origin so no x or y coordinates are
negative. If True, the origin is the detector centre.
Returns
out – Array of float 32 with shape (4096, 256, 4, 3). The dimensions mean:
• 4096 = 16 modules * 256 pixels (slow scan axis)
• 256 pixels (fast scan axis)
• 4 corners of each pixel
• 3 numbers for z, y, x
Return type
ndarray
to_pyfai_detector()
Make a PyFAI detector object for this detector
You can use PyFAI to azimuthally integrate detector images around the centre point of the geometry. The
detector object holds the positions of all the pixels. See the examples for how to use this.
plot_data(data, *, axis_units='px', frontview=True, ax=None, figsize=None, colorbar=True, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
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• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
position_modules(data, out=None, threadpool=None)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
position_modules_symmetric(data, out=None, threadpool=None)
Assemble data with the centre in the middle of the output array.
The assembly process is the same as position_modules(), aligning each module to a single pixel grid.
But this makes the output array symmetric, with the centre at (height // 2, width // 2).
Parameters
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• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default,
a new array is created at the minimum size to allow symmetric assembly. If an array is
passed in, its last two dimensions must be at least this size.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. See position_modules() for details.
Returns
out – Array with one dimension fewer than the input. The last two dimensions represent pixel
y and x in the detector space.
Return type
ndarray
inspect(axis_units='px', frontview=True)
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.
data_coords_to_positions(module_no, slow_scan, fast_scan)
Convert data array coordinates to physical positions
Data array coordinates are how you might refer to a pixel in an array of detector data: module number,
and indices in the slow-scan and fast-scan directions. But coordinates in the two pixel dimensions aren’t
necessarily integers, e.g. if they refer to the centre of a peak.
module_no, fast_scan and slow_scan should all be numpy arrays of the same shape. module_no should
hold integers, starting from 0, so 0: Q1M1, 1: Q1M2, etc.
slow_scan and fast_scan describe positions within that module. They may hold floats for sub-pixel positions. In both, 0.5 is the centre of the first pixel.
Returns an array of similar shape with an extra dimension of length 3, for (x, y, z) coordinates in metres.
See also:
Converting array coordinates to physical positions demonstrates using this method.
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2.1.4 DSSC-1M
DSSC-1M consists of 16 modules of 128×512 pixels each. Each module is further subdivided into 2 sensor tiles, which
this geometry code can position independently.
The pixels in each DSSC module are tesselating hexagons. This is handled in get_pixel_positions() and
to_distortion_array(), but assembling an image treats the pixels as rectangles to simplify processing. This is
adequate for previewing detector images, but some pixels will be approximately half a pixel width from their true
position.
class extra_geom.DSSC_1MGeometry(modules, filename='No file', metadata=None)
Detector layout for DSSC-1M
The coordinates used in this class are 3D (x, y, z), and represent metres.
You won’t normally instantiate this class directly: use one of the constructor class methods to create or load a
geometry.
classmethod from_quad_positions(quad_pos, *, unit=0.001, asic_gap=None, panel_gap=None)
Generate a DSSC-1M geometry from quadrant positions.
This produces an idealised geometry, assuming all modules are perfectly flat, aligned and equally spaced
within their quadrant.
The position given should refer to the bottom right (looking along the beam) corner of the quadrant.
The origin of the coordinates is in the centre of the detector. Coordinates increase upwards and to the left
(looking along the beam).
Parameters
• quad_pos (list of 2-tuples) – (x, y) coordinates of the last corner (the one by module
4) of each quadrant.
• unit (float, optional) – The conversion factor to put the coordinates into metres. The
default 1e-3 means the numbers are in millimetres.
• asic_gap (float, optional) – The gap between adjacent tiles/ASICs. The default is 2
mm.
• panel_gap (float, optional) – The gap between adjacent modules/panels. The default is 4 mm.
classmethod from_h5_file_and_quad_positions(path, positions, unit=0.001)
Load a DSSC geometry from an XFEL HDF5 format geometry file
The position given should refer to the bottom right (looking along the beam) corner of the quadrant. The
passed positions override quadrant positions from the file, if it contains them: see from_h5_file() to use
them.
By default, both the quadrant positions and the positions in the file are measured in millimetres; the unit
parameter controls this.
The origin of the coordinates is in the centre of the detector. Coordinates increase upwards and to the left
(looking along the beam).
This version of the code only handles x and y translation, as this is all that is recorded in the initial LPD
geometry file.
Parameters
• path (str) – Path of an EuXFEL format (HDF5) geometry file for DSSC.

24

Chapter 2. Documentation contents

European XFEL Python data tools Documentation, Release 1.9.0

Fig. 4: The approximate layout of DSSC-1M, in a front view (looking along the beam).
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Fig. 5: Detail of hexagonal pixels in the corner of one DSSC module.
• positions (list of 2-tuples) – (x, y) coordinates of the corner of each quadrant (the
one with lowest x and y coordinates).
• unit (float, optional) – The conversion factor to put the coordinates into metres. The
default 1e-3 means the numbers are in millimetres.
classmethod from_h5_file(path)
Load a DSSC geometry from an XFEL HDF5 format geometry file
This requires a file containing quadrant positions, which not all XFEL geometry files do.
from_h5_file_and_quad_positions() to load a file which does not have them.

Use

Parameters
path (str) – Path of an EuXFEL format (HDF5) geometry file for DSSC.
offset(shift, *, modules=slice(None, None, None), tiles=slice(None, None, None))
Move part or all of the detector, making a new geometry.
By default, this moves all modules & tiles. To move the centre down in the image, move the whole geometry
up relative to it.
Returns a new geometry object of the same type.
# Move the whole geometry up 2 mm (relative to the beam)
geom2 = geom.offset((0, 2e-3))
# Move quadrant 1 (modules 0, 1, 2, 3) up 2 mm
geom2 = geom.offset((0, 2e-3), modules=np.s_[0:4])
(continues on next page)
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(continued from previous page)

# Move each module by a separate amount
shifts = np.zeros((16, 3))
shifts[5] = (0, 2e-3, 0)
# x, y, z for individual modules
shifts[10] = (0, -1e-3, 0)
geom2 = geom.offset(shifts)
Parameters
• shift (numpy.ndarray or tuple) – (x, y) or (x, y, z) shift to apply in metres. Can be a
single shift for all selected modules, a 2D array with a shift per module, or a 3D array with
a shift per tile (arr[module, tile, xyz]).
• modules (slice) – Select modules to move; defaults to all modules. Like all Python
slicing, the end number is excluded, so np.s_[:4] moves modules 0, 1, 2, 3.
• tiles (slice) – Select tiles to move within each module; defaults to all tiles.
rotate(angles, center=None, modules=slice(None, None, None), tiles=slice(None, None, None),
degrees=True)
Rotate part or all of the detector, making a new geometry.
The rotation is defined by composition of rotations about the axes of the coordinate system (https://en.
wikipedia.org/wiki/Euler_angles), i.e. a rotation around the z axis rotates the xy (detector) plan. We use
the right-hand rule, xy being the detector plan with z increasing looking toward the detector front plan, x
increasing to the left, y increasing to the top. Positive rotations are clockwise.
In other words:
• Positive x angles tilt the top edge of the detector backwards, away from the source
• Positive y angles tilt the right-hand edge (looking along the beam) away from the source
• Positive z angles turn the detector clockwise (looking along the beam)
By default, this rotates all modules & tiles. Returns a new geometry object of the same type.
# Rotate the whole geometry by 90 degree in the xy plan
geom2 = geom.rotate((0, 0, 90))
# Move the tile 0 in the module 0 around its center by 90 degrees
geom2 = geom.rotate((0, 0, 90), modules=np.s_[:1], tiles=np.s_[:1])
# Rotate each module by a separate amount
rotate = np.zeros((16, 3))
rotate[5] = (3, 5, 1) # x, y, z for individual modules
rotate[10] = (0, -2, 1)
geom2 = geom.rotate(rotate)
Parameters
• angles (np.array or tuple) – (x, y, z) rotations to apply in degree. Can be a single
rotation for all selected modules, a 2D array with a rotation per module, or a 3D array with
a rotation per tile (arr[module, tile, xyz]).
• center (np.array or tuple) – center of rotation. Shape must match angles.shape. If
set to None (default), the rotation center is set to: * all modules: center of the detector *
selected modules: centers of modules * selected tiles: centers of tiles
2.1. Detector geometry reference

27

European XFEL Python data tools Documentation, Release 1.9.0

• modules (slice) – Select modules to rotate; defaults to all modules.
• tiles (slice) – Select tiles to move within each module; defaults to all tiles.
• degrees (bool) – If True (default), angles are in degrees. If False, angles are in radians.
quad_positions(h5_file=None)
Get the positions of the 4 quadrants
Quadrant positions are returned as (x, y) coordinates in millimetres.
from_h5_file_and_quad_positions().

Their meaning is as in

To use the returned positions with an existing XFEL HDF5 geometry file, the path to that file should be
passed in. In that case, the offsets of M1 T1 in each quadrant are read from the file to calculate a suitable
quadrant position. The geometry in the file is not checked against this geometry object at all.
to_h5_file_and_quad_positions(path)
Write this geometry to an XFEL HDF5 format geometry file
The quadrant positions are stored in the file, but also returned. These and the numbers in the file are in
millimetres.
The file and quadrant positions produced
from_h5_file_and_quad_positions().

by

this

method

are

compatible

with

get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector
The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
to_distortion_array(allow_negative_xy=False)
Return distortion matrix for DSSC detector, suitable for pyFAI.
Parameters
allow_negative_xy (bool) – If False (default), shift the origin so no x or y coordinates are
negative. If True, the origin is the detector centre.
Returns
out – Array of float 32 with shape (2048, 512, 6, 3). The dimensions mean:
• 2048 = 16 modules * 128 pixels (slow scan axis)
• 512 pixels (fast scan axis)
• 6 corners of each pixel
• 3 numbers for z, y, x
Return type
ndarray
to_pyfai_detector()
Make a PyFAI detector object for this detector
You can use PyFAI to azimuthally integrate detector images around the centre point of the geometry. The
detector object holds the positions of all the pixels. See the examples for how to use this.
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plot_data(data, *, axis_units='px', frontview=True, ax=None, figsize=None, colorbar=False, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
plot_data_cartesian(data, **kwargs)
Plot the given data converted to square pixels
This converts the data from DSSC’s hexagonal pixels to a similar number of pixels on a square grid, and
displays the image. It accepts all the same keyword arguments as plot_data().
plot_data_hexes(data, *, frontview=True, ax=None, figsize=None, colorbar=False, vmin=None,
vmax=None, norm=None, cmap=None, module=None)
Plot data from the detector showing hexagonal pixels
Most of the arguments are like those for plot_data(). This method is slower, but sometimes useful to
look at small details. It can also plot data for a single module, if you pass a suitable 2D array as data and a
module number as module.
position_modules(data, out=None, threadpool=None)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
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• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
position_modules_cartesian(data, out=None, threadpool=None)
Assemble DSSC data on a square pixel grid
This converts the data from DSSC’s hexagonal pixels to a similar number of pixels on a square grid, and
displays the image. The arguments are the same as for position_modules().
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
inspect(axis_units='px', frontview=True)
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.
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2.1.5 JUNGFRAU
JUNGFRAU detectors can be made with varying numbers of 512×1024 pixel modules. Each module is further subdivided into 8 sensor tiles.
Note: Reading & writing geometry files for JUNGFRAU is not yet implemented.
class extra_geom.JUNGFRAUGeometry(modules, filename='No file', metadata=None)
Detector layout for flexible Jungfrau arrangements
The base JUNGFRAU unit (and rigid group) in combined arrangements is the JF-500K module, which is an
independent detector unit of 2 x 4 ASIC tiles.
In the default orientation, the slow-scan dimension is y and the fast-scan dimension is x, so the data shape for
one module is (y, x).
classmethod from_module_positions(offsets=((0, 0),), orientations=None, asic_gap=2, unit=7.5e-05)
Generate a Jungfrau geometry object from module positions
Parameters
• offsets (iterable of tuples) – iterable of length n_modules containing a coordinate
tuple (x,y) for each offset to the global origin. Coordinates are in pixel units by default.
These offsets are positions for the bottom, beam-right corner of each module, regardless of
its orientation.
• orientations (iterable of tuples) – list of length n_modules containing a unitvector tuple (x,y) for each orientation wrt. the axes
Orientations default to (1,1) for each module if this optional keyword argument is lacking;
if not, the number of elements must match the number of modules as per offsets
• asic_gap (float) – The gap between the 8 ASICs within each module. This is in pixel
units by default.
• unit (float) – The unit for offsets and asic_gap, in metres. Defaults to the pixel size (75
um).
classmethod from_crystfel_geom(filename)
Read a CrystFEL format (.geom) geometry file.
Returns a new geometry object.
write_crystfel_geom(filename, *, data_path=None, mask_path=None, dims=('frame', 'modno', 'ss', 'fs'),
nquads=None, adu_per_ev=None, clen=None, photon_energy=None)
Write this geometry to a CrystFEL format (.geom) geometry file.
If the geometry was read from a .geom file by from_crystfel_geom(), some of the optional fields will
be filled from metadata if not specified.
Parameters
• filename (str) – Filename of the geometry file to write.
• data_path (str) – Path to the group that contains the data array in the hdf5 file. Default:
'/entry_1/instrument_1/detector_1/data'.
• mask_path (str) – Path to the group that contains the mask array in the hdf5 file.
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• dims (tuple) – Dimensions of the data. Extra dimensions, except for the defaults, should
be added by their index, e.g. (‘frame’, ‘modno’, 0, ‘ss’, ‘fs’) for raw data. Default:
('frame', 'modno', 'ss', 'fs'). Note: the dimensions must contain frame, ss, fs.
• adu_per_ev (float) – ADU (analog digital units) per electron volt for the considered
detector.
• clen (float) – Distance between sample and detector in meters
• photon_energy (float) – Beam wave length in eV
get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector
The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
to_distortion_array(allow_negative_xy=False)
Generate a distortion array for pyFAI from this geometry.
plot_data(data, *, axis_units='px', frontview=True, ax=None, figsize=None, colorbar=True, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
position_modules(data, out=None, threadpool=None)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
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• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
inspect(axis_units='px', frontview=True, module_names=[])
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.
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2.1.6 PNCCD
PNCCD detectors have two movable modules of 1024×512 pixels, each of which is a single tile.
class extra_geom.PNCCDGeometry(modules, filename='No file', metadata=None)
Detector layout for pnCCD
The large-area, pn-junction Charge Coupled Device detector consists of two movable modules with a single tile
each.
In its default configuration, the complete detector frame is read out and written to file as a single image, with
the modules split along the slow-scan dimension y. The public methods of this type support both the combined
image array as well as separated module with expected_data_shape.
expected_data_shape = (2, 512, 1024)
classmethod from_relative_positions(gap=0.004, top_offset=(0.0, 0.0, 0.0), bottom_offset=(0.0, 0.0,
0.0))
Generate a pnCCD geometry from relative module positions.
The modules are assumed to be separated by the a gap centered around the beam (at the origin) in x, y and
z = 0, with an optional offset applied to each module.
Parameters
• gap (float) – The gap between the detector modules centered around the beam, 4mm
(~50 px) by default.
• top_offset (array_like of length 3) – Optional offset (x, y, z) for each module
relative to the centered position.
• bottom_offset (array_like of length 3) – Optional offset (x, y, z) for each module
relative to the centered position.
classmethod from_absolute_positions(top, bottom)
Generate a pnCCD geometry from absolute module positions.
Parameters
• top (array_like of length 3) – Absolute position (x, y, z) for the first pixel of each
module.
• bottom (array_like of length 3) – Absolute position (x, y, z) for the first pixel of
each module.
plot_data(data, *args, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
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• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
position_modules(data, *args, **kwargs)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
inspect(axis_units='px', frontview=True)
Plot the 2D layout of this detector geometry.
Returns a matplotlib Figure object.
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compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.

2.1.7 ePix100/ePix10K
ePix100 detectors have one module of 704 × 768 pixels. Module built from 4 ASICs with 352 rows and 384 columns
of pixels with wide pixes on inner edges. Normal pixels are 50 × 50 um.
ePix10K detectors have one module of 352 × 384 pixels. Module built from 4 ASICs with 176 rows and 192 columns
of pixels with wide pixes on inner edges. Normal pixels are 100 × 100 um.
Note: References are given for Epix100Geometry providing ePix100 layout. For ePix10K, use Epix10KGeometry
with the same interface.
class extra_geom.Epix100Geometry(modules, filename='No file', metadata=None)
Detector layout for ePix100
ePix100 detectors have one module, which is built from 4 ASICs with wide pixes on inner edges.
In its default configuration, the complete detector frame is read out and written to file as a single image, with the
ASICs split along the both dimensions.
There are 4 more rows in raw data. These are calibration pixels. They have the same electronics as normal pixels
but aren’t wired to the sensor. They are two first and two last rows in the raw data array. This class assumes that
calibration rows are cut.
classmethod from_origin(origin=(0, 0), asic_gap=None, unit=None)
Generate an ePix100 geometry from origin position.
This produces an idealised geometry, assuming all modules are perfectly flat, aligned and equally spaced
within the detector.
The default origin (0, 0) of the coordinates is the center of the detector. If another coordinate is given as the
origin, it is relative to the center. Coordinates increase upwards and to the left (looking along the beam).
To give positions in units other than pixels, pass the unit parameter as the length of the unit in metres. E.g.
unit=1e-3 means the coordinates are in millimetres.
Note: ePix100 has 2 different geometry layout:
• A single monolithic sensor with a 2x2 array of four ASICs bonded to it. These would have no dead
gaps but would have large pixels in the central cross. This is the current default gap implementation.
• A pair of sensors with each sensor being bonded to two ASICs. These would have a dead gap equal to
twice the guard ring width (~450-500um) plus a mechanical gap of about 200-300 microns. This would
result in a total dead gap of about 1.25 millimeters. For this case see from_relative_positions()
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classmethod from_relative_positions(asic_gap=None, unit=None, top=(0.0, 0.0, 0.0), bottom=(0.0,
0.0, 0.0))
Generate an ePix100 geometry from relative Asics-pair positions.
ePix100 has 2 assemblies:
• a single monolithic sensor with a 2x2 array of four ASICs bonded to it. These would have no dead
gaps but would have large pixels in the central cross. Use from_origin() if your detector has this
layout.
• A pair of sensors with each sensor being bonded to two ASICs. These would have a dead gap equal
to twice the guard ring width (~450-500um) plus a mechanical gap of about 200-300 microns. This
would result in a total dead gap of about 1.25 millimeters.
For the later case, one can determine determine the exact gap existing between the 2 (top and bottom) asic
pair. A rough estimation of the gap has been seen at ~25 pixels. This can be generated with:
geom = Epix100Geometry.from_relative_positions(
top=[386.5, 364.5, 0.], bottom=[386.5, -12.5, 0.]
)
Parameters
• asic_gap (float) – The gap between asics within a pair (default 250um)
• unit (float) – To give positions in units other than pixels, pass the unit parameter as the
length of the unit in metres. E.g. unit=1e-3 means the coordinates are in millimetres.
• top (array_like of length 3 Optional) – offset (x, y, z) for asic pair relative to the
centered position.
• bottom (array_like of length 3 Optional) – offset (x, y, z) for asic pair relative
to the centered position.
classmethod from_crystfel_geom(filename)
Read a CrystFEL format (.geom) geometry file.
Returns a new geometry object.
write_crystfel_geom(filename, *, data_path=None, mask_path=None, dims=('frame', 'modno', 'ss', 'fs'),
nquads=None, adu_per_ev=None, clen=None, photon_energy=None)
Write this geometry to a CrystFEL format (.geom) geometry file.
If the geometry was read from a .geom file by from_crystfel_geom(), some of the optional fields will
be filled from metadata if not specified.
Parameters
• filename (str) – Filename of the geometry file to write.
• data_path (str) – Path to the group that contains the data array in the hdf5 file. Default:
'/entry_1/instrument_1/detector_1/data'.
• mask_path (str) – Path to the group that contains the mask array in the hdf5 file.
• dims (tuple) – Dimensions of the data. Extra dimensions, except for the defaults, should
be added by their index, e.g. (‘frame’, ‘modno’, 0, ‘ss’, ‘fs’) for raw data. Default:
('frame', 'modno', 'ss', 'fs'). Note: the dimensions must contain frame, ss, fs.
• adu_per_ev (float) – ADU (analog digital units) per electron volt for the considered
detector.
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• clen (float) – Distance between sample and detector in meters
• photon_energy (float) – Beam wave length in eV
get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector
The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
plot_data(data, *args, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
position_modules(data, *args, **kwargs)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.
Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
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• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
classmethod normalize_data(data)
Remove diagnostic pixels from the data
EuXFEL ePix data can contain extra rows with diagnostic information. this method remove these row if
they are present.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
inspect(axis_units='px', frontview=True)
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this one.
It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful to
show small differences clearly.
classmethod asic_seams()
Make a boolean array marking the wide pixels
This returns a full frame array with False for normal pixels, and True for the wide pixels at inner edges of
ASICs.
2.1. Detector geometry reference
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classmethod pixel_areas()
Make an array of pixel areas
This returns a full frame array with pixel areas. Pixels on inner edges of ASICs are bigger.

2.1.8 Generic Detector
Generic detector may represent an unconstrained detector of your choice.
class extra_geom.GenericGeometry(modules, filename='No file', metadata=None)
A generic detector layout based either on the CrystFEL geom file or on a set of parameters.
The coordinates used in this class are 3D (x, y, z), and represent metres.
The expected_data_shape is a following triple :
1. the number of modules which is the length of the corner_coordinates array
2. the number of tiles in a module along the slow-scan direction multiplied by the number of slow-scan pixels
per tile frag_ss_pixels
3. the number of tiles in a module along the fast-scan direction multiplied by the number of fast-scan pixels
per tile frag_fs_pixels
classmethod from_simple_description(pixel_size: float, slow_pixels: int, fast_pixels: int,
corner_coordinates: List[ndarray] = [array([0.0, 0.0, 0.0])],
ss_vec: ndarray = array([1, 0, 0]), fs_vec: ndarray = array([0,
1, 0]), n_tiles_per_module: int = 1, tile_gap: Optional[float] =
None, tile_vec: Optional[ndarray] = None)
Creates a generic detector from a dictionary.
Parameters
• pixel_size (float) – the size of a pixel in meters (reversed CrystFEL’s res)
• slow_pixels (int) – the size of a tile along the slow- and the fast-scan axes
• fast_pixels (int) – the size of a tile along the slow- and the fast-scan axes
• corner_coordinates (ndarray) – 3D coordinates of the first pixel of each module
• ss_vec (ndarray) – 3D unit vectors of the slow- and the fast-scan directions in the lab
coordinates (the X-axis points to the left looking along the beam, the Y-axis points up, and
the Z-axis goes with the beam). Example: np.array([0, 1, 0])
• fs_vec (ndarray) – 3D unit vectors of the slow- and the fast-scan directions in the lab
coordinates (the X-axis points to the left looking along the beam, the Y-axis points up, and
the Z-axis goes with the beam). Example: np.array([0, 1, 0])
• n_tiles_per_module (int) – the number of tiles in each module, default=1
• tile_gap (float) – the gap between two tiles in metres, default=pixel_size
• tile_vec (ndarray) – the direction of tile replication, default=[1, 0, 0]
write_crystfel_geom(filename, *, data_path=None, mask_path=None, dims=('frame', 'modno', 'ss', 'fs'),
nquads=None, adu_per_ev=None, clen=None, photon_energy=None)
Write this geometry to a CrystFEL format (.geom) geometry file.
If the geometry was read from a .geom file by from_crystfel_geom(), some of the optional fields will
be filled from metadata if not specified.
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Parameters
• filename (str) – Filename of the geometry file to write.
• data_path (str) – Path to the group that contains the data array in the hdf5 file. Default:
'/entry_1/instrument_1/detector_1/data'.
• mask_path (str) – Path to the group that contains the mask array in the hdf5 file.
• dims (tuple) – Dimensions of the data. Extra dimensions, except for the defaults, should
be added by their index, e.g. (‘frame’, ‘modno’, 0, ‘ss’, ‘fs’) for raw data. Default:
('frame', 'modno', 'ss', 'fs'). Note: the dimensions must contain frame, ss, fs.
• adu_per_ev (float) – ADU (analog digital units) per electron volt for the considered
detector.
• clen (float) – Distance between sample and detector in meters
• photon_energy (float) – Beam wave length in eV
get_pixel_positions(centre=True)
Get the physical coordinates of each pixel in the detector
The output is an array with shape like the data, with an extra dimension of length 3 to hold (x, y, z) coordinates. Coordinates are in metres.
If centre=True, the coordinates are calculated for the centre of each pixel. If not, the coordinates are for the
first corner of the pixel (the one nearest the [0, 0] corner of the tile in data space).
plot_data(data, *, axis_units='px', frontview=True, ax=None, figsize=None, colorbar=True, **kwargs)
Plot data from the detector using this geometry.
This approximates the geometry to align all pixels to a 2D grid.
Returns a matplotlib axes object.
This method was previously called plot_data_fast, and can still be called with that name.
Parameters
• data (ndarray) – Should have exactly 3 dimensions, for the modules, then the slow scan
and fast scan pixel dimensions.
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• ax (~matplotlib.axes.Axes object, optional) – Axes that will be used to draw the image. If
None is given (default) a new axes object will be created.
• figsize (tuple) – Size of the figure (width, height) in inches to be drawn (default: (10,
10))
• colorbar (bool, dict) – Draw colobar with default values (if boolean is given). Colorbar appearance can be controlled by passing a dictionary of properties.
• kwargs – Additional keyword arguments passed to ~matplotlib.imshow
position_modules(data, out=None, threadpool=None)
Assemble data from this detector according to where the pixels are.
This approximates the geometry to align all pixels to a 2D grid.
This method was previously called position_modules_fast, and can still be called with that name.

2.1. Detector geometry reference
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Parameters
• data (ndarray or xarray.DataArray) – The last three dimensions should match the
modules, then the slow scan and fast scan pixel dimensions. If an xarray labelled array is
given, it must have a ‘module’ dimension.
• out (ndarray, optional) – An output array to assemble the image into. By default, a
new array is allocated. Use output_array_for_position() to create a suitable array.
If an array is passed in, it must match the dtype of the data and the shape of the array
that would have been allocated. Parts of the array not covered by detector tiles are not
overwritten. In general, you can reuse an output array if you are assembling similar pulses
or pulse trains with the same geometry.
• threadpool (concurrent.futures.ThreadPoolExecutor, optional) – If passed,
parallelise copying data into the output image. By default, data for different tiles are copied
serially. For a single 1 MPx image, the default appears to be faster, but for assembling a
stack of several images at once, multithreading can help.
Returns
• out (ndarray) – Array with one dimension fewer than the input. The last two dimensions
represent pixel y and x in the detector space.
• centre (ndarray) – (y, x) pixel location of the detector centre in this geometry.
output_array_for_position(extra_shape=(), dtype=<class 'numpy.float32'>)
Make an empty output array to use with position_modules
You can speed up assembling images by reusing the same output array: call this once, and then pass the
array as the out= parameter to position_modules(). By default, it allocates a new array on each call,
which can be slow.
Parameters
• extra_shape (tuple, optional) – By default, a 2D output array is generated, to assemble a single detector image. If you are assembling multiple pulses at once, pass
extra_shape=(nframes,) to get a 3D output array.
• dtype (optional (Default: np.float32)) –
inspect(axis_units='px', frontview=True, aspect='auto')
Plot the 2D layout of this detector geometry.
Returns a matplotlib Axes object.
Parameters
• axis_units (str) – Show the detector scale in pixels (‘px’) or metres (‘m’).
• frontview (bool) – If True (the default), x increases to the left, as if you were looking
along the beam. False gives a ‘looking into the beam’ view.
• aspect (str, float) –
Set the aspect ratio of the plot, possible values:
– ’auto’ (default): automatic; fill the position rectangle with data
– ’equal’: same scaling from data to plot units for x and y
– a number: a figure will be stretched such that the height is num times the width.
aspect=1 is the same as ‘equal’.
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compare(other, scale=1.0)
Show a comparison of this geometry with another in a 2D plot.
This shows the current geometry like inspect(), with the addition of arrows showing how each panel is
shifted in the other geometry.
Parameters
• other (DetectorGeometryBase) – A second geometry object to compare with this
one. It should be for the same kind of detector.
• scale (float) – Scale the arrows showing the difference in positions. This is useful
to show small differences clearly.

2.2 Frequently Asked Questions
2.2.1 Why is my image “flipped” when I display it?
At EuXFEL, the convention is to show detector images looking at the front of the detector, meaning the beam coming
from behind you. You can get the other view with EXtra-geom’s plotting methods by passing frontview=False.
If you use matplotlib’s imshow(array) to display an image, it may be upside down. You can correct this by passing
imshow(array, origin='lower'). If you also want to flip the displayed image horizontally, pass arr[:, ::-1]
or np.fliplr(arr).

2.2.2 What are “slow-scan” and “fast-scan”?
We talk about “slow-scan” and “fast-scan” rather than just “x” and “y” axes, because the axes of the data array in
HDF5 files do not always represent the same physical directions. For example, working along the fast-scan axis might
be increasing y in one AGIPD module, and decreasing y in another.
Fast-scan is the inner dimension of the data, so a row of pixels along the fast-scan dimension are stored together. One
way to see how the dimensions are arranged is to use geom.inspect() in EXtra-geom. The dashed ‘first row’ lines
in the diagram are always in the fast-scan direction.
EXtra-geom provides a method, data_coords_to_positions(), which converts (module_no, slow_scan, fast_scan)
coordinates to physical positions.

2.3 Performance notes
These are some notes on how to load and process data efficiently.

2.3.1 Reduce before assembling
Assembling detector images (see Detector geometry reference) is relatively slow. If your analysis involves a reduction
step like summing or averaging over a number of images, try to do this on the data from separate modules before
assembling them into images.
This also applies more generally: if a step in your processing makes the data smaller, you want to do that step as near
the start as possible.

2.2. Frequently Asked Questions
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2.4 AGIPD-1M Geometry
The AGIPD-1M detector, which is used at the SPB & MID experiments, consists of 16 modules of 512×128 pixels
each. Each module is further divided into 16 ASICs, but these are arranged in pairs, so we treat a module as 8 tiles.
To view or analyse detector data, we need to apply geometry to find the positions of pixels.
[1]: %matplotlib inline
from extra_geom import AGIPD_1MGeometry
Generate a simple geometry given the (x, y) coordinates of the first pixel in the first module of each quadrant, in pixel
units relative to the centre, where the beam passes through the detector.
[2]: geom = AGIPD_1MGeometry.from_quad_positions(quad_pos=[
(-525, 625),
(-550, -10),
(520, -160),
(542.5, 475),
])
[3]: geom.inspect()
[3]: <matplotlib.axes._subplots.AxesSubplot at 0x2b4e041f9588>
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We can also load AGIPD-1M geometry from a CrystFEL format geometry file. These are text based files, often saved
with a .geom extension. EXtra-geom expects the tiles in the file to be named p0a0 (panel 0, ASIC 0) up to p15a7.
[15]: # Create a CrystFEL format geometry file to demonstrate loading it
geom.write_crystfel_geom('agipd_example.geom', clen=0.3, adu_per_ev=1)
[16]: # Load geometry from CrystFEL format file
geom2 = AGIPD_1MGeometry.from_crystfel_geom('agipd_example.geom')
geom2.inspect()
[16]: <matplotlib.axes._subplots.AxesSubplot at 0x2b4e0ace8be0>

2.4. AGIPD-1M Geometry
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The code above creates a geometry object for AGIPD-1M. See these examples for how to use a geometry object:
• Assemble images
• Convert positions in the data array into physical positions
• Create masks
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2.5 LPD-1M geometry
The LPD-1M detector, used in FXE, consists of 16 supermodules of 256×256 pixels each. Each module is divided into
16 tiles.
[1]: %matplotlib inline
from extra_geom import LPD_1MGeometry
We can generate a simple geometry from (x, y) coordinates of the top, beam-left (left looking along the beam) corner
of each quadrant:
[2]: quadpos = [(11.4, 299), (-11.5, 8), (254.5, -16), (278.5, 275)]
geom = LPD_1MGeometry.from_quad_positions(quadpos)
geom.inspect()

# in mm

[2]: <matplotlib.axes._subplots.AxesSubplot at 0x2afb34c5af28>

2.5. LPD-1M geometry
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We can also load geometry information within each quadrant from an EuXFEL HDF5 geometry file. These files do
not store the quadrant positions, so we need to use it along with the quadrant positions, in the same format as above.
[3]: # From March 18; converted to XFEL standard coordinate directions
geom2 = LPD_1MGeometry.from_h5_file_and_quad_positions('lpd_mar_18_axesfixed.h5',␣
˓→quadpos)
geom2.inspect()
[3]: <matplotlib.axes._subplots.AxesSubplot at 0x2afb34b9dc18>

Q2M2 was missing and not measured for this geometry file, so there’s a gap at the bottom right. In fact, all of the tiles
for this module have ended up overlapped inside Q2M4.
The code above creates a geometry object for LPD-1M. See these examples for how to use a geometry object:
• Assemble images
• Convert positions in the data array into physical positions
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• Create masks

2.6 DSSC geometry
The DSSC detector used at SCS consists of 16 modules of 128×512 pixels each. Each module consists of two tiles.
[1]: %matplotlib inline
from extra_geom import DSSC_1MGeometry
We can generate a simple geometry from (x, y) coordinates of the bottom, beam-right (right looking along the beam)
corner of each quadrant:
[2]: # Made up numbers!
quad_pos = [
(-130, 5),
(-130, -125),
(5, -125),
(5, 5),
]
g = DSSC_1MGeometry.from_quad_positions(quad_pos)
g.inspect()
[2]: <AxesSubplot:title={'center':'DSSC detector geometry (No file)'}, xlabel='pixels',␣
˓→ylabel='pixels'>

2.6. DSSC geometry
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We can also load geometry information for DSSC from an EuXFEL HDF5 geometry file. These files do not store the
quadrant positions, so we need to use it along with the quadrant positions, in the same format as above.
[3]: g2 = DSSC_1MGeometry.from_h5_file_and_quad_positions('dssc_geo_june19.h5', quad_pos)
g2.inspect()
[3]: <AxesSubplot:title={'center':'DSSC detector geometry (dssc_geo_june19.h5)'}, xlabel=
˓→'pixels', ylabel='pixels'>
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The code above creates a geometry object for DSSC. See these examples for how to use a geometry object:
• Assemble images
• Create masks

2.6. DSSC geometry
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2.6.1 Hexagonal pixels
DSSC has unusual hexagonal pixels. Assembling an image treats the pixels as uniform rectangles so that one input
pixel is one output pixel, but the geometry object does know about the real shape and layout of the pixels.
Let’s have a close up look at some pixels in Q1M1. get_pixel_positions() gives us pixel centres.
to_distortion_array() gives pixel corners in a slightly different format, suitable for PyFAI.
PyFAI requires non-negative x and y coordinates. But we want to plot them along with the centre positions, so we pass
allow_negative_xy=True to get comparable coordinates.
[4]: pixel_pos = g2.get_pixel_positions()
print("Pixel positions array shape:", pixel_pos.shape,
"= (modules, slow_scan, fast_scan, x/y/z)")
q1m1_centres = pixel_pos[0]
cx = q1m1_centres[..., 0]
cy = q1m1_centres[..., 1]
distortn = g2.to_distortion_array(allow_negative_xy=True)
print("Distortion array shape:", distortn.shape,
"= (modules * slow_scan, fast_scan, corners, z/y/x)")
q1m1_corners = distortn[:128]
Pixel positions array shape: (16, 128, 512, 3) = (modules, slow_scan, fast_scan, x/y/z)
Distortion array shape: (2048, 512, 6, 3) = (modules * slow_scan, fast_scan, corners, z/
˓→y/x)
[5]: import matplotlib.pyplot as plt
from matplotlib.patches import Polygon
from matplotlib.collections import PatchCollection
fig, ax = plt.subplots(figsize=(10, 10))
hexes = []
for ss_pxl in range(4):
for fs_pxl in range(5):
# Create hexagon
corners = q1m1_corners[ss_pxl, fs_pxl]
corners = corners[:, 1:][:, ::-1] # Drop z, flip x & y
hexes.append(Polygon(corners))
# Draw text label near the pixel centre
ax.text(cx[ss_pxl, fs_pxl], cy[ss_pxl, fs_pxl],
' [{}, {}]'.format(ss_pxl, fs_pxl),
verticalalignment='bottom', horizontalalignment='left')
# Add the hexagons to the plot
pc = PatchCollection(hexes, facecolor=(0.75, 1.0, 0.75), edgecolor='k')
ax.add_collection(pc)
# Plot the pixel centres
ax.scatter(cx[:5, :6], cy[:5, :6], marker='x')
# matplotlib is reluctant to show such a small area, so we need to set the limits␣
(continues on next page)

52

Chapter 2. Documentation contents

European XFEL Python data tools Documentation, Release 1.9.0

(continued from previous page)

manually
ax.set_xlim(-0.007, -0.0085)
ax.set_ylim(0.0065, 0.0075)
ax.set_ylabel("metres")
ax.set_xlabel("metres")
ax.set_aspect(1)
˓→

# To match the convention elsewhere, draw x right-to-left

Every second row of pixels is offset half a pixel width relative to its neighbours.

2.7 JUNGFRAU geometry
JUNGFRAU detectors can be made with different numbers of modules, each containing 512 × 1024 pixels. Each
module contains 8 tiles. At the time of writing, SPB has a JUNGFRAU-4M detector with 8 modules.
[1]: %matplotlib inline
from extra_geom import JUNGFRAUGeometry
You can specify the position and orientation of each module. This is an example for a typical JUNGFRAU-4M layout:
[2]: # Positions are given in pixels
x_start, y_start = 1125, 1078
mod_width = (256 * 4) + (2 * 3)
mod_height = (256 * 2) + 2

# inc. 2px gaps between tiles

(continues on next page)
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# The first 4 modules are rotated 180 degrees relative to the others.
# We pass the bottom, beam-right corner of the module regardless of its
# orientation, requiring a subtraction from the symmetric positions we'd
# otherwise calculate.
module_pos = [
(x_start - mod_width, y_start - mod_height - (i * (mod_height + 33)))
for i in range(4)
] + [
(-x_start, -y_start + (i * (mod_height + 33))) for i in range(4)
]
orientations = [(-1, -1) for _ in range(4)] + [(1, 1) for _ in range(4)]
geom = JUNGFRAUGeometry.from_module_positions(module_pos, orientations=orientations,␣
˓→asic_gap=6)
[3]: geom.inspect()
Expected data shape: (8, 512, 1024)
[3]: <AxesSubplot:title={'center':'Jungfrau detector geometry (No file)'}, xlabel='pixels',␣
˓→ylabel='pixels'>
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We can also load JUNGFRAU geometry from a CrystFEL format geometry file. These are text based files, often saved
with a .geom extension.
[4]: # Create a CrystFEL format geometry file to demonstrate loading it
geom.write_crystfel_geom('jf_example.geom', adu_per_ev=0.0042, clen=0.101)
[5]: # Load geometry from CrystFEL format file
geom2 = JUNGFRAUGeometry.from_crystfel_geom('jf_example.geom')
geom2.inspect()
Expected data shape: (8, 512, 1024)
[5]: <AxesSubplot:title={'center':'Jungfrau detector geometry (jf_example.geom)'}, xlabel=
˓→'pixels', ylabel='pixels'>

2.7. JUNGFRAU geometry
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The code above creates a geometry object for JUNGFRAU. See these examples for how to use a geometry object:
• Assemble images
• Convert positions in the data array into physical positions
• Create masks
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2.8 ePix100/ePix10K geometry
ePix100 detectors have one module of 704 × 768 pixels. Module built from 4 ASICs with 352 rows and 384 columns
of pixels. Normal pixels are 50 × 50 um. The pixels on the inner edges of ASICs are bigger.
ePix10K detectors have one module of 352 × 384 pixels. Module built from 4 ASICs with 176 rows and 192 columns
of pixels. Normal pixels are 100 × 100 um. The pixels on the inner edges of ASICs are bigger.
Layouts implemented in classes Epix100Geometry and Epix10KGeometry with the identical interface.
There are 4 more rows in raw data. These are calibration pixels. They have the same electronics as normal pixels but
aren’t wired to the sensor. They are two first and two last rows in the raw data array. Classes Epix100Geometry and
Epix10KGeometry assume that calibration rows are cut.
[1]: %matplotlib inline
from extra_geom import Epix100Geometry
Idealized ePix100 geometry layout may be created without any parameters. You may specify the origin. By default,
the origin is at the detector center.
[2]: geom = Epix100Geometry.from_origin([0, 0])
geom.inspect()
[2]: <AxesSubplot:title={'center':'ePix100 detector geometry (No file)'}, xlabel='pixels',␣
˓→ylabel='pixels'>

2.8. ePix100/ePix10K geometry
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We can also load ePix100 geometry from a CrystFEL format geometry file. These are text based files, often saved with
a .geom extension.
[3]: # Create a CrystFEL format geometry file to demonstrate loading it
geom.write_crystfel_geom('epix100_example.geom', adu_per_ev=1, clen=1)
[4]: # Load geometry from CrystFEL format file
geom2 = Epix100Geometry.from_crystfel_geom('epix100_example.geom')
geom2.inspect()
[4]: <AxesSubplot:title={'center':'ePix100 detector geometry (epix100_example.geom)'}, xlabel=
˓→'pixels', ylabel='pixels'>
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We can get physical coordinates of pixels and plot diffraction image according to the detector geometry
[5]: import numpy as np
import matplotlib.pyplot as plt
from matplotlib.colors import LogNorm
from mpl_toolkits.axes_grid1 import make_axes_locatable
R0 = 5e2
r = np.linalg.norm(geom.get_pixel_positions(), axis=3)
q = np.pi * r * R0
f = (np.sin(q) * q - np.cos(q)) / (q*q*q)
a = np.random.poisson(f*f*1e5)+np.random.randn(*r.shape)
fig, ax = plt.subplots(figsize=(12,9))
(continues on next page)
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divider = make_axes_locatable(ax)
cax = divider.append_axes('right', size='5%', pad=0.05)
geom.plot_data(a, norm=LogNorm(vmax=1e4), ax=ax, colorbar={'cax': cax})
[5]: <AxesSubplot:xlabel='pixels', ylabel='pixels'>

The code above creates a geometry object for ePix100. See these examples for how to use a geometry object:
• Assemble images
• Convert positions in the data array into physical positions
• Create masks
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2.9 Generic Geometry
Extra-geom allows to create a generic detector. It might be useful, for example, for simulation purposes. There are no
restrictions on the number of modules or tiles there.
To do this, one need to specify the following parameters:
• pixel_size: the size of a pixel in meters (reversed CrystFEL’s res)
• slow_pixels, fast_pixels: the size of a tile along the slow- and the fast-scan axes
• ss_vec, fs_vec: 3D unit vectors of the slow- and the fast-scan directions in the lab coordinates (the X-axis
points to the left, the Y-axis points up, and the Z-axis goes with the beam). Example: np.array([0, 1, 0])
• corner_coordinates: 3D coordinates of the first pixel of each module
• n_tiles_per_module: the number of tiles in each module, default=1
• tile_gap: the gap between two tiles, default=pixel_size
• tile_vec: the direction of tile replication, default=[1, 0, 0], see “One module, several tiles” section below
[1]: %matplotlib inline
from extra_geom import GenericGeometry
import numpy as np

2.9.1 One module with one tile
The simplest possible config will create a one-tile detector, with the first pixel in the origin, i.e. (0, 0, 0):
[2]: simple_config = {
'pixel_size': 0.001,
'slow_pixels': 64,
'fast_pixels': 128
}
simple = GenericGeometry.from_simple_description(**simple_config)
simple.inspect();

2.9. Generic Geometry
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More complicated case is when we set up the corner coordinates and the direction the fast and slow scan axes.
Make sure that these axes are perpendicular.
[3]: pixel_size = 0.001
simple_config = {
'pixel_size': pixel_size,
'slow_pixels': 64,
'fast_pixels': 128,
'corner_coordinates': [pixel_size * np.array([10, 5, 0.])],
'ss_vec': np.array([-1, 0, 0]),
'fs_vec': np.array([0 , 1, 0]),
}
simple = GenericGeometry.from_simple_description(**simple_config)
simple.inspect();
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2.9.2 One module, several tiles
The concept of tiles allows to “copy and paste” a tile easily.
n_tiles_per_module (by default it is equal to 1):

You just need to set an integer value of

[4]: pixel_size = 0.001
simple_config = {
'pixel_size': pixel_size,
'fast_pixels': 128,
'slow_pixels': 64,
'corner_coordinates': [pixel_size * np.array([10, 5, 0.])],
'n_tiles_per_module': 8
(continues on next page)
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}
simple = GenericGeometry.from_simple_description(**simple_config)
simple.inspect();

By default, the gap between two tiles is one pixel size but one can adjust it via tile_gap (also in meters). Then, by
default, the direction tile replication is the same as slow scan axis ss_vec. However, one can set an arbitrary direction
with a vector tile_vec. In the next example, the fast-scan vector fs_vec = (0, 1, 0) is co-directed with the
Y-axis, while the tile-replication vector tile_vec = (0, -1, 0) is directed opposite to it. This means that, since
Y-axis points up, every next tile is situated below the previous one:
[5]: pixel_size = 0.001
simple_config = {
'pixel_size': pixel_size,
'slow_pixels': 64,

64
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'fast_pixels': 128,
'corner_coordinates': [pixel_size * np.array([5, 1, 0])],
'n_tiles_per_module': 4,
'ss_vec': np.array([1, 0, 0]),
'fs_vec': np.array([0 , 1, 0]),
'tile_gap': 2 * pixel_size,
'tile_vec': [0, 1, 0]
}
simple = GenericGeometry.from_simple_description(**simple_config)
simple.inspect();

2.9. Generic Geometry
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2.9.3 Several modules, many tiles
You can set up several detector modules in one config.
corner_coordinates as you need:

In order to do that you simply put as many

[6]: pixel_size = 0.001
simple_config = {
'pixel_size': pixel_size,
'slow_pixels': 64,
'fast_pixels': 128,
'corner_coordinates': [
pixel_size * np.array([5, 1, 0]),
pixel_size * np.array([-133, 5, 0]),
pixel_size * np.array([2, -133, 0]),
pixel_size * np.array([-131, -130, 0])
],
'n_tiles_per_module': 2,
'ss_vec': np.array([1, 0, 0]),
'fs_vec': np.array([0 , 1, 0]),
}
simple = GenericGeometry.from_simple_description(**simple_config)
simple.inspect();
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The code above creates a geometry object for a generic detector. See these examples for how to use a geometry object:
• Assemble images
• Convert positions in the data array into physical positions
• Create masks

2.9. Generic Geometry
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2.10 Assembling detector data into images
The X-ray detectors at EuXFEL are made up of a number of small tiles. To assemble an image from the data, or analyse
it spatially, we need to know where each piece is located.
This example focuses mainly on LPD data, but the same methods work for all supported detectors. The example loads
data from EuXFEL HDF5 files using EXtra-data, but you can assemble an image from any stored or streamed data that
can give a NumPy array of the correct shape.
[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
import h5py
from extra_data import open_run, stack_detector_data
from extra_geom import LPD_1MGeometry
Load an example run containing LPD data:
[2]: run = open_run(proposal=700000, run=7, data='proc')
run.info()
# of trains:
Duration:
First train ID:
Last train ID:

507
0:00:50.7
1487289920
1487290426

13 detector modules (FXE_DET_LPD1M-1)
e.g. module FXE_DET_LPD1M-1 0 : 256 x 256 pixels
FXE_DET_LPD1M-1/DET/0CH0:xtdf
30 frames per train, up to 15210 frames total
0 instrument sources (excluding detectors):
0 control sources:

Find the first train with data from all the LPD modules in use:
[3]: sel = run.select('*LPD1M-1/DET/*', 'image.data')
for tid, train_data in sel.trains(require_all=True):
print(f"Found detector data in train {tid}")
break
for dev in sorted(train_data.keys()):
print(dev, train_data[dev]['image.data'].shape, sep='\t')
Found detector data in train 1487289920
FXE_DET_LPD1M-1/DET/0CH0:xtdf (30, 256, 256)
FXE_DET_LPD1M-1/DET/11CH0:xtdf
(30, 256,
FXE_DET_LPD1M-1/DET/12CH0:xtdf
(30, 256,
FXE_DET_LPD1M-1/DET/13CH0:xtdf
(30, 256,
FXE_DET_LPD1M-1/DET/14CH0:xtdf
(30, 256,
FXE_DET_LPD1M-1/DET/15CH0:xtdf
(30, 256,
FXE_DET_LPD1M-1/DET/1CH0:xtdf (30, 256, 256)

256)
256)
256)
256)
256)
(continues on next page)
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FXE_DET_LPD1M-1/DET/2CH0:xtdf
FXE_DET_LPD1M-1/DET/4CH0:xtdf
FXE_DET_LPD1M-1/DET/6CH0:xtdf
FXE_DET_LPD1M-1/DET/7CH0:xtdf
FXE_DET_LPD1M-1/DET/8CH0:xtdf
FXE_DET_LPD1M-1/DET/9CH0:xtdf

(30,
(30,
(30,
(30,
(30,
(30,

256,
256,
256,
256,
256,
256,

256)
256)
256)
256)
256)
256)

Extract the detector images into a single Numpy array:
[4]: modules_data = stack_detector_data(train_data, 'image.data')
modules_data.shape
[4]: (30, 16, 256, 256)
Prepare LPD geometry (see LPD geometry for more about this specific detector):
[5]: # From March 18; converted to XFEL standard coordinate directions
quadpos = [(11.4, 299), (-11.5, 8), (254.5, -16), (278.5, 275)] # mm
geom = LPD_1MGeometry.from_quad_positions(quadpos)
Reassemble and show a detector image using the geometry:
[6]: geom.plot_data(modules_data[12], vmin=0, vmax=3000)
[6]: <AxesSubplot:xlabel='pixels', ylabel='pixels'>

2.10. Assembling detector data into images
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To focus in on a specific area, use the matplotlib Axes object returned by plot_data().
The coordinates are in pixel units by default, but by passing plot_data(..., axis_units='m') you can specify
the region in metres instead.
[7]: ax = geom.plot_data(modules_data[12], vmin=0, vmax=3000)
ax.set_xlim(200, -200) # x limits back to front - keep the 'front view' generally used␣
˓→at EuXFEL
ax.set_ylim(-200, 200)
[7]: (-200.0, 200.0)
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You can also assemble detector data into a numpy array for further analysis.
When assembling floating point data, the areas with no data have the special value ``nan`` to mark them as missing.
For integer data, the gaps are filled with 0.
[8]: res, centre = geom.position_modules(modules_data)
print(res.shape)
plt.figure(figsize=(8, 8))
plt.imshow(res[12, 250:750, 450:850], vmin=0, vmax=3000, origin='lower')
(30, 1202, 1104)
[8]: <matplotlib.image.AxesImage at 0x2b8abdf2d610>

2.10. Assembling detector data into images
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Let’s have a closer at the image from a single module. You can see where it’s divided up into tiles:
[9]: plt.figure(figsize=(8, 8))
plt.imshow(modules_data[10, 2], vmin=0, vmax=3000, origin='lower')
[9]: <matplotlib.image.AxesImage at 0x2b8abdf7ddc0>
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The geometry object has a .split_tiles() method which cuts the array up into tiles, and puts them in the order that
the tiles are numbered.
[10]: tiles = LPD_1MGeometry.split_tiles(modules_data[10, 2])
plt.figure(figsize=(8, 8))
plt.imshow(tiles[11], vmin=0, vmax=3000)
[10]: <matplotlib.image.AxesImage at 0x2b8abdff9430>

2.10. Assembling detector data into images
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2.10.1 AGIPD example
We can do the same with AGIPD data:
[11]: agipd_run = open_run(proposal=700000, run=5, data='proc')
tid, train_data = agipd_run.select('*/DET/*', 'image.data').train_from_index(60)
stacked = stack_detector_data(train_data, 'image.data')
stacked_pulse = stacked[10]
stacked_pulse.shape
[11]: (16, 512, 128)
Create an AGIPD geometry object:
[12]: from extra_geom import AGIPD_1MGeometry
agipd_geom = AGIPD_1MGeometry.from_quad_positions(quad_pos=[
(-525, 625),
(-550, -10),
(520, -160),
(542.5, 475),
])
And use it to assemble an image. The geometry object has the same methods as the LPD examples above.
[13]: agipd_geom.plot_data(stacked_pulse, vmin=0, vmax=1000)
[13]: <AxesSubplot:xlabel='pixels', ylabel='pixels'>
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You can control the plot using keyword arguments for axis and colorbar. For example, to plot two images in the same
figure:
[14]: fig, (ax0, ax1) = plt.subplots(ncols=2, figsize=(12, 7.5))
ax_cbar = fig.add_axes([0.15, 0.08, 0.7, 0.02]) # Create extra axes for the colorbar
# Plot a single pulse in the left axes
agipd_geom.plot_data(stacked_pulse, vmin=0, vmax=1000, ax=ax0, colorbar={
'cax': ax_cbar,
'shrink': 0.6,
'pad': 0.1,
'orientation': 'horizontal'
})
ax0.set_title('11th pulse')
# Label the colorbar associated with the first image
(continues on next page)
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colorbar = ax0.images[0].colorbar
colorbar.set_label('Photon Count')
# Plot the average over all pulses on the right.
# Disable the colorbar because it's the same scale as the left image.
agipd_geom.plot_data(stacked.mean(axis=0), vmin=0, vmax=1000, ax=ax1, colorbar=False)
ax1.set_title('Average of pulses in one train')
[14]: Text(0.5, 1.0, 'Average of pulses in one train')

2.11 Converting array coordinates to physical positions
If you find features of interest in the data for individual modules, these are likely to be located in array coordinates e.g. module 5, centred at 57.1 pixels across and 32.8 pixels up.
You can use EXtra-geom to convert these array coordinates into physical (x, y, z) positions in metres in the assembled
detector. There is also a separate method to get (x, y, z) coordinates for every pixel - see Making masks for that.
This example uses an AGIPD geometry, but the same method should work for other supported detectors. However, this
method does not yet work for DSSC, due to complications with its hexagonal pixels.
[1]: import matplotlib.pyplot as plt
import numpy as np
from extra_geom import AGIPD_1MGeometry
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[2]: geom = AGIPD_1MGeometry.from_quad_positions(quad_pos=[
(-525, 625),
(-550, -10),
(520, -160),
(542.5, 475),
])
geom.inspect();

Coordinates within the module are described as slow-scan and fast-scan dimensions, referring to the order in which
the data is stored. The ‘First row’ lines in the diagram above run along the fast-scan dimension for each module, with
slow-scan = 0.
Let’s generate 16 points in array coordinates.
[3]: # Place one point in each module
(continues on next page)
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module_no = np.arange(0, 16)
# For AGIPD, slow-scan is the x dimension, increasing from the edges towards the centre
slow_scan = np.linspace(10, 500, num=16)
fast_scan = np.full(fill_value=40.1, shape=16) # Fixed y position in each module
geom.data_coords_to_positions() converts these array positions into physical coordinates. The points we generated above are plotted on top of the detector layout below.
[4]: positions = geom.data_coords_to_positions(module_no, slow_scan, fast_scan)
print("positions.shape =", positions.shape) # (point, x/y/z)
ax = geom.inspect(axis_units='m')
px = positions[:, 0]
py = positions[:, 1]
ax.scatter(px, py);
positions.shape = (16, 3)
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2.12 Making data masks
This example shows how to make pixel masks using simple expressions. These masks can be used on the data without
assembling detector images, which is useful as assembly is relatively slow, and reduces accuracy slightly by rounding
pixel coordinates.
This example uses AGIPD geometry, but the same technique should work for any supported detector.
[1]: %matplotlib inline
import numpy as np
from extra_geom import AGIPD_1MGeometry

2.12. Making data masks
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[2]: geom = AGIPD_1MGeometry.from_quad_positions(quad_pos=[
(-525, 625),
(-550, -10),
(520, -160),
(542.5, 475),
])
geom.inspect(axis_units='m')
[2]: <AxesSubplot:title={'center':'AGIPD-1M detector geometry (No file)'}, xlabel='metres',␣
˓→ylabel='metres'>

The get_pixel_positions() method gives (x, y, z) coordinates for the centre of each pixel. Here, as is typical, the z
coordinates are zero (on the detector plane), so we’ll only use x and y.
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[3]: pixpos = geom.get_pixel_positions()
px, py, pz = np.moveaxis(pixpos, -1, 0) # Separate x, y, z coordinates
px.shape # (modules, slow scan, fast scan)
[3]: (16, 512, 128)
A rectangular mask is defined by four limits. These numbers are in metres:
[4]: rect_mask = (0.01 < px) & (px < 0.05) & (-0.05 < py) & (py < -0.02)
This makes a mask which is true (1) inside the rectangle. Multiplying mask * data will zero out everything outside
the selected area. If you need a mask where 0 indicates pixels to keep, invert it with ~mask.
By plotting the mask itself like an image, we can see what area it includes.
[5]: def visualise_mask(mask_arr):
return geom.plot_data(
# converting to float allows gaps to be distinguished as NaN.
mask_arr.astype(float), colorbar=None, axis_units='m'
)
visualise_mask(rect_mask)
[5]: <AxesSubplot:xlabel='metres', ylabel='metres'>

2.12. Making data masks
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We
√ can make circular shapes by using Pythagoras’ theorem to get the distance from the centre to each point ( 𝑐 =
𝑎2 + 𝑏2 ):
[6]: radius = np.sqrt(px**2 + py**2)
ring_mask = (0.04 < radius) & (radius < 0.05)
visualise_mask(ring_mask)
[6]: <AxesSubplot:xlabel='metres', ylabel='metres'>
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arctan2() converts x, y coordinates to angles in radians, which enables things like this:
[7]: angle = np.arctan2(py, px)
wedge_mask = (np.pi * 5/8 < angle) & (angle < np.pi * 7/8)
visualise_mask(wedge_mask)
[7]: <AxesSubplot:xlabel='metres', ylabel='metres'>

2.12. Making data masks
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We can combine masks with & (intersection) and | (union) to create more complex shapes:
[8]: complex_mask = (ring_mask & wedge_mask) | rect_mask
visualise_mask(complex_mask)
[8]: <AxesSubplot:xlabel='metres', ylabel='metres'>
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This mask only includes data in four detector modules. If we’re selecting that data, we might be able to skip loading
the data from the other modules. We can check which module numbers the mask includes:
[9]: modules_included = np.any(complex_mask, axis=(1, 2))
modules_included.nonzero()[0]
[9]: array([2, 3, 8, 9])

2.12. Making data masks
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2.12.1 Mask AGIPD wide pixels
AGIPD modules contain double width pixels at the boundaries between ASICs. Being larger, these catch more photons,
so they can affect results. EXtra-geom contains a function to select them for masking:
[10]: from extra_geom import agipd_asic_seams
[11]: # Get the mask, and repeat it for 16 modules
module_mask = agipd_asic_seams()
all_modules_mask = np.repeat(module_mask[np.newaxis], 16, axis=0)
ax = visualise_mask(all_modules_mask)
# Zoom in to see the masked edges
ax.set_xlim(0.04, 0)
ax.set_ylim(0, 0.04)
[11]: (0.0, 0.04)
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2.13 Azimuthal integration
Azimuthal integration is a common analysis step with 2D detector data. The aim is to get an average of the radial profile
around the beam, turning rings into peaks:

2.13. Azimuthal integration
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The PyFAI package, developed at ESRF, performs azimuthal integration with a range of different options and methods.
[1]: %matplotlib inline
import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np
from extra_geom import LPD_1MGeometry
from pyFAI.azimuthalIntegrator import AzimuthalIntegrator
mpl.rcParams['font.size'] = 14
mpl.rcParams['figure.figsize'] = (8, 6)
WARNING:silx.opencl.common:The module pyOpenCL has been imported but can't be used here
This example is written with LPD geometry, but the same method should work with AGIPD and DSSC (support for
other detectors is still to come).
[2]: quadpos = [(11.4, 299), (-11.5, 8), (254.5, -16), (278.5, 275)]
geom = LPD_1MGeometry.from_quad_positions(quadpos)

# in mm

We’ll generate an idealised detector image with two rings - one sharper, and one broader. This is where you’d normally
load real detector data.
[3]: # Generate a simple pattern with a sharper ring and a broader one
px, py, pz = np.moveaxis(geom.get_pixel_positions(), -1, 0)
r = np.sqrt((px ** 2) + (py ** 2))
a1, b1, c1 = 1, 0.15, 0.08
a2, b2, c2 = 1, 0.06, 0.002
frame = (
a1 * np.exp(- ((r-b1) ** 2) / (2 * c1 ** 2)) +
a2 * np.exp(- ((r-b2) ** 2) / (2 * c2 ** 2))
)
[4]: geom.plot_data_fast(frame, axis_units='m');
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To use PyFAI, we’ll get a PyFAI detector object, and use that to create an AzimuthalIntegrator:
[5]: ai = AzimuthalIntegrator(
detector=geom.to_pyfai_detector(),
dist=0.2, # sample-detector distance (m)
wavelength=(12.3984 / 9.3) * 1e-10 # wavelength (m)
)
wavelength is optional, but some PyFAI features (like giving results in terms of Q) require it. The example above
shows how to convert a photon energy (9.3 keV) to a wavelength.
The data we’ll give PyFAI is not assembled into a 2D image, because PyFAI knows the position of every pixel:
[6]: frame.shape

# 16 separate modules

[6]: (16, 256, 256)
Now we can do the azimuthal integration:
2.13. Azimuthal integration
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[7]: rint, I = ai.integrate1d(
frame.reshape(16*256, 256),
npt=300,
unit="r_mm",
)
plt.plot(rint, I)
plt.xlabel('radius (mm)')
[7]: Text(0.5, 0, 'radius (mm)')

The two rings have become two peaks.
PyFAI can also unroll the image around the centre, which can be useful to check if your geometry is centred correctly:
[8]: I, rint2d, chi = ai.integrate2d(
frame.reshape(16*256, 256),
npt_rad=300,
unit="r_mm",
method=("pseudo", "histogram", "cython"),
)
plt.figure(figsize=(6, 8))
plt.imshow(I, aspect='auto',
extent=(rint2d[0], rint2d[-1], -180, 180))
plt.xlabel('radius (mm)')
plt.ylabel('chi (degrees)')
[8]: Text(0, 0.5, 'chi (degrees)')
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integrate2d turns each ring into a vertical stripe. In this case, it works perfectly, because we generated the rings
using the same geometry we’ve given to PyFAI.
Let’s see what happens if the geometry information is not correct. In the code below, we shift the whole geometry by
5 mm (10 pixels) before passing it to PyFAI, so the centre position is wrong.
[9]: # .offset() shifts the geometry, so we're giving PyFAI bad pixel positions
ai_bad = AzimuthalIntegrator(
detector=geom.offset((5e-3, 0)).to_pyfai_detector(),
dist=0.2, # sample-detector distance (m)
)
I, rint2d, chi = ai_bad.integrate2d(
frame.reshape(16*256, 256),
npt_rad=300,
unit="r_mm",
method=("pseudo", "histogram", "cython"),
)
plt.figure(figsize=(6, 8))
plt.imshow(I, aspect='auto',
(continues on next page)
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extent=(rint2d[0], rint2d[-1], -180, 180))
plt.xlabel('radius (mm)')
plt.ylabel('chi (degrees)')
plt.axvline(50, color='white') # Vertical lines to highlight the curve
plt.axvline(200, color='white');

The incorrect centre position results in curved stripes, instead of completely straight ones like above.
If you see this with real data, and you have data containing sharp rings, you may be able to use the centreOptimiser
routine to improve your geometry.

PyFAI is a very powerful library, with extensive documentation of its own. This example has only scratched the surface. PyFAI’s introductory tutorial and `AzimuthalIntegrator API docs <https://pyfai.readthedocs.io/en/master/
api/pyFAI.html#pyFAI.azimuthalIntegrator.AzimuthalIntegrator>`__ are particularly useful starting points to find out
more.
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2.14 Release Notes
2.14.1 1.9
2022-10-28
• New methods to assemble DSSC data and convert the hexagonal pixels onto a square grid:
position_modules_cartesian() and plot_data_cartesian() (PR #174).

2.14.2 1.8
2022-10-18
• New method DSSC_1MGeometry.plot_data_hexes() to plot DSSC data, drawing a hexagon for each pixel.
This is slower than regular plotting, but more accurately represents what the detector ‘saw’ (PR #167).
• More useful labels, and an option to supply custom module labels, for JUNGFRAU geometry in inspect() (PR
#177).
• Fix assembling JUNGFRAU images from labelled array with module numbers starting from 1 (PR #169).
• Fix a bug writing some geometry objects to CrystFEL format .geom files (PR #163)

2.14.3 1.7.1
2022-05-19
• Fix the pattern of hexagonal pixels in the DSSC detector (PR #160). Thanks to Loïc le Guyader for identifying
and investigating this issue.

2.14.4 1.7
2022-03-02
• New method to_pyfai_detector() for AGIPD, DSSC and LPD to make a PyFAI detector object (PR #139).
See Azimuthal integration for an example.
• New method rotate() to rotate all or selected parts of the detector by given angles in 3D (PR #128).
• Rename plot_data_fast to plot_data, and position_modules_fast to position_modules (PR #143).
The old names remain as aliases.
• EXtra-geom now works with (and requires) cfelpyutils 2.x for reading CrystFEL format .geom files (PR #114).

2.14.5 1.6
2021-09-22
• Store and read (with new from_h5_file() method) quadrant positions in EuXFEL HDF5 format geometry files
(PR #92).
• Read some metadata from CrystFEL format .geom files and use it as defaults when writing a new .geom file
(PR #87).
• Fix writing coffset (z coordinates) correctly in .geom files (PR #102).
• Require cfelpyutils < 2 until we fix compatibility with the new version (PR #107).
2.14. Release Notes

93

European XFEL Python data tools Documentation, Release 1.9.0

2.14.6 1.5
2021-08-30
• Add method to make geometry from ASIC pairs positions for ePix100 detector and method to normalize ePix
data (PR #97). See ePix100/ePix10K.
• Make scipy an optional dependency (PR #90).
• Add method to make DSSC-1M geometry from only quadrant positions (PR #89). See DSSC geometry (example)
and DSSC-1M (reference).
• Fix method name in docstring (PR #84).

2.14.7 1.4
2021-06-16
• Added support for ePix100 & ePix10k detectors (PR #73). See ePix100/ePix10K geometry (example) and
ePix100/ePix10K (reference).
• GenericGeometry.inspect() now labels modules and tiles if there are more than one (PR #74).
• Allocating output arrays to assemble integer data should be faster (PR #78).
• Use NotImplementedError to make it clear that creating GenericGeometry from a .geom file is not yet
supported (PR #77).
• Some code reorganisation (PR #75, PR #76).

2.14.8 1.3
2021-05-20
• A new GenericGeometry class allows describing the layout of an unknown detector, with the user specifying
details such as pixel size and number of modules (PR #72). See Generic Geometry for an introduction.
• Fix a small discrepancy in module positions with JUNGFRAUGeometry.from_module_positions() (PR #69).

2.14.9 1.2.1
2021-04-20
• Fix assembling images from an extra_data StackView object (PR #67).

2.14.10 1.2
2021-04-16
• JUNGFRAU geometry can now be saved to and loaded from CrystFEL format .geom files - see
the JUNGFRAU example, JUNGFRAUGeometry.write_crystfel_geom() and JUNGFRAUGeometry.
from_crystfel_geom() (PR #49).
• Images can now be assembled from an xarray.DataArray with a dimension named ‘module’ labelled with
module numbers counting from 0 (PR #62).
• Fix how coffset information is handled when reading CrystFEL geometry files (PR #60).
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• PNCCDGeometry, added in 0.10, is now documented and tested (PR #45).
• New Frequently Asked Questions document (PR #51)
• Avoid importing scipy.ndimage unnecessarily (PR #50).

2.14.11 1.1.1
2020-12-17
• Fix module orientation for AGIPD 500k detector (PR #41).

2.14.12 1.1
2020-12-04
• New position_modules_symmetric() method to assemble data with the detector centre at the midpoint of
the output array (PR #31).
• New offset() method to move part or all of a geometry in 2 or 3 dimensions (PR #27).
• New function agipd_asic_seams() to select or mask the double-width pixels where AGIPD tiles touch.
• Examples in documentation rearranged and improve (PR #32, PR #36).
• CI moved to Github Actions (PR #34) and integrated with Dependabot to control new versions of dependencies
(PR #35).

2.14.13 1.0
2020-10-01
• Added support for AGIPD ‘mini-half’ detector (8 modules) - see AGIPD-500K2G (PR #26).
• Added methods to write XFEL HDF5 geometry files and get quadrant positions from geometry objects (PR #24).
• Fixed y-axis scale in metres for plotting DSSC data (PR #23).
• Faster image assembly with less overhead (PR #16).
• Allow parallel image assembly using a thread pool (PR #17), which can speed up assembling several images to
a single 3D array.

2.14.14 0.10
2020-06-24
• Added support for pnCCD detector (PR #13).
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2.14.15 0.9
2020-03-24
• Initial support for JUNGFRAU detectors (PR #6).
• Fix compare() method to draw arrows the right size (PR #4).
• New example showing how to construct masks: Making data masks (PR #1).
• Correct code in LPD_1MGeometry.from_h5_file_and_quad_positions() which was working only by numeric coincidence (PR #7).

2.14.16 0.8
2019-11-18
First separated version. No functional changes from karabo_data 0.7.

2.14.17 Earlier history
The code in EXtra-geom was previously released as karabo_data, up to version 0.7. See the karabo_data release notes
for changes before the separation.
See also:
Data Analysis at European XFEL
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Chapter 3. Indices and tables

PYTHON MODULE INDEX

e
extra_geom, 5
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Python Module Index

INDEX

A
AGIPD_1MGeometry (class in extra_geom), 5
AGIPD_500K2GGeometry (class in extra_geom), 12
agipd_asic_seams() (in module extra_geom), 12
asic_seams() (extra_geom.Epix100Geometry class
method), 39

C
compare() (extra_geom.AGIPD_1MGeometry method),
11
compare()
(extra_geom.AGIPD_500K2GGeometry
method), 16
compare() (extra_geom.DSSC_1MGeometry method),
30
compare() (extra_geom.Epix100Geometry method), 39
compare() (extra_geom.GenericGeometry method), 42
compare() (extra_geom.JUNGFRAUGeometry method),
33
compare() (extra_geom.LPD_1MGeometry method), 23
compare() (extra_geom.PNCCDGeometry method), 35

D
data_coords_to_positions()
(extra_geom.AGIPD_1MGeometry
method),
11
data_coords_to_positions()
(extra_geom.AGIPD_500K2GGeometry method),
16
data_coords_to_positions()
(extra_geom.LPD_1MGeometry method), 23
DSSC_1MGeometry (class in extra_geom), 24

E
Epix100Geometry (class in extra_geom), 36
expected_data_shape (extra_geom.PNCCDGeometry
attribute), 34
extra_geom
module, 5

F
from_absolute_positions()
tra_geom.PNCCDGeometry

class

(exmethod),

34
from_crystfel_geom()
(extra_geom.AGIPD_1MGeometry class method),
5
from_crystfel_geom()
(extra_geom.AGIPD_500K2GGeometry
class
method), 13
from_crystfel_geom()
(extra_geom.Epix100Geometry class method),
37
from_crystfel_geom()
(extra_geom.JUNGFRAUGeometry class method),
31
from_crystfel_geom()
(extra_geom.LPD_1MGeometry class method),
18
from_h5_file()
(extra_geom.DSSC_1MGeometry
class method), 26
from_h5_file() (extra_geom.LPD_1MGeometry class
method), 18
from_h5_file_and_quad_positions()
(extra_geom.DSSC_1MGeometry class method),
24
from_h5_file_and_quad_positions()
(extra_geom.LPD_1MGeometry class method),
18
from_module_positions()
(extra_geom.JUNGFRAUGeometry class method),
31
from_origin() (extra_geom.AGIPD_500K2GGeometry
class method), 13
from_origin() (extra_geom.Epix100Geometry class
method), 36
from_quad_positions()
(extra_geom.AGIPD_1MGeometry class method),
5
from_quad_positions()
(extra_geom.DSSC_1MGeometry class method),
24
from_quad_positions()
(extra_geom.LPD_1MGeometry class method),
16
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from_relative_positions()
tra_geom.Epix100Geometry
36
from_relative_positions()
tra_geom.PNCCDGeometry
34
from_simple_description()
tra_geom.GenericGeometry
40

class

(exmethod),

class

(exmethod),

class

(exmethod),

extra_geom, 5

N
normalize_data()
(extra_geom.Epix100Geometry
class method), 39

O

GenericGeometry (class in extra_geom), 40
get_pixel_positions()
(extra_geom.AGIPD_1MGeometry
method),
8
get_pixel_positions()
(extra_geom.AGIPD_500K2GGeometry method),
13
get_pixel_positions()
(extra_geom.DSSC_1MGeometry
method),
28
get_pixel_positions()
(extra_geom.Epix100Geometry method), 38
get_pixel_positions()
(extra_geom.GenericGeometry method), 41
get_pixel_positions()
(extra_geom.JUNGFRAUGeometry
method),
32
get_pixel_positions()
(extra_geom.LPD_1MGeometry method), 21

offset() (extra_geom.AGIPD_1MGeometry method), 7
offset() (extra_geom.DSSC_1MGeometry method), 26
offset() (extra_geom.LPD_1MGeometry method), 18
output_array_for_position()
(extra_geom.AGIPD_1MGeometry
method),
10
output_array_for_position()
(extra_geom.AGIPD_500K2GGeometry method),
15
output_array_for_position()
(extra_geom.DSSC_1MGeometry
method),
30
output_array_for_position()
(extra_geom.Epix100Geometry method), 39
output_array_for_position()
(extra_geom.GenericGeometry method), 42
output_array_for_position()
(extra_geom.JUNGFRAUGeometry
method),
33
output_array_for_position()
(extra_geom.LPD_1MGeometry method), 22
output_array_for_position()
(extra_geom.PNCCDGeometry method), 35

I

P

G

inspect() (extra_geom.AGIPD_1MGeometry method),
11
inspect()
(extra_geom.AGIPD_500K2GGeometry
method), 15
inspect() (extra_geom.DSSC_1MGeometry method),
30
inspect() (extra_geom.Epix100Geometry method), 39
inspect() (extra_geom.GenericGeometry method), 42
inspect() (extra_geom.JUNGFRAUGeometry method),
33
inspect() (extra_geom.LPD_1MGeometry method), 23
inspect() (extra_geom.PNCCDGeometry method), 35

J
JUNGFRAUGeometry (class in extra_geom), 31

L
LPD_1MGeometry (class in extra_geom), 16

M
module
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pixel_areas() (extra_geom.Epix100Geometry class
method), 39
plot_data()
(extra_geom.AGIPD_1MGeometry
method), 9
plot_data() (extra_geom.AGIPD_500K2GGeometry
method), 14
plot_data()
(extra_geom.DSSC_1MGeometry
method), 28
plot_data() (extra_geom.Epix100Geometry method),
38
plot_data() (extra_geom.GenericGeometry method),
41
plot_data()
(extra_geom.JUNGFRAUGeometry
method), 32
plot_data() (extra_geom.LPD_1MGeometry method),
21
plot_data() (extra_geom.PNCCDGeometry method),
34
plot_data_cartesian()
(extra_geom.DSSC_1MGeometry
method),
29
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plot_data_hexes() (extra_geom.DSSC_1MGeometry
method), 29
PNCCDGeometry (class in extra_geom), 34
position_modules()
(extra_geom.AGIPD_1MGeometry
method),
9
position_modules()
(extra_geom.AGIPD_500K2GGeometry method),
14
position_modules()
(extra_geom.DSSC_1MGeometry
method),
29
position_modules() (extra_geom.Epix100Geometry
method), 38
position_modules() (extra_geom.GenericGeometry
method), 41
position_modules()
(extra_geom.JUNGFRAUGeometry
method),
32
position_modules() (extra_geom.LPD_1MGeometry
method), 22
position_modules() (extra_geom.PNCCDGeometry
method), 35
position_modules_cartesian()
(extra_geom.DSSC_1MGeometry
method),
30
position_modules_interpolate()
(extra_geom.AGIPD_1MGeometry
method),
11
position_modules_symmetric()
(extra_geom.AGIPD_1MGeometry
method),
10
position_modules_symmetric()
(extra_geom.AGIPD_500K2GGeometry method),
15
position_modules_symmetric()
(extra_geom.LPD_1MGeometry method), 22

9
to_distortion_array()
(extra_geom.AGIPD_500K2GGeometry method),
13
to_distortion_array()
(extra_geom.DSSC_1MGeometry
method),
28
to_distortion_array()
(extra_geom.JUNGFRAUGeometry
method),
32
to_distortion_array()
(extra_geom.LPD_1MGeometry method), 21
to_h5_file_and_quad_positions()
(extra_geom.DSSC_1MGeometry
method),
28
to_h5_file_and_quad_positions()
(extra_geom.LPD_1MGeometry method), 20
to_pyfai_detector()
(extra_geom.AGIPD_1MGeometry
method),
9
to_pyfai_detector()
(extra_geom.AGIPD_500K2GGeometry method),
14
to_pyfai_detector()
(extra_geom.DSSC_1MGeometry
method),
28
to_pyfai_detector()
(extra_geom.LPD_1MGeometry method), 21

W

write_crystfel_geom()
(extra_geom.AGIPD_1MGeometry
method),
8
write_crystfel_geom()
(extra_geom.AGIPD_500K2GGeometry method),
13
write_crystfel_geom()
(extra_geom.Epix100Geometry method), 37
Q
write_crystfel_geom()
(exquad_positions() (extra_geom.AGIPD_1MGeometry
tra_geom.GenericGeometry method), 40
method), 8
write_crystfel_geom()
(exquad_positions() (extra_geom.DSSC_1MGeometry
tra_geom.JUNGFRAUGeometry
method),
method), 28
31
quad_positions()
(extra_geom.LPD_1MGeometry write_crystfel_geom()
(exmethod), 20
tra_geom.LPD_1MGeometry method), 20

R
rotate() (extra_geom.AGIPD_1MGeometry method), 7
rotate() (extra_geom.DSSC_1MGeometry method), 27
rotate() (extra_geom.LPD_1MGeometry method), 19

T
to_distortion_array()
tra_geom.AGIPD_1MGeometry
Index

(exmethod),
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