10t Silx Code Camp
June 17, 2019

T
10th silx code camp - June 17, 2019 - silx team The European Synchrotron | ESRF



J" This talk

Alntroduction
Al\lovelties (version 0.11.0)
/AStatus of silx (version 0.10.1)

/AGoaIs of the code camp

IBFOI' uSers

AEor core developers

A—Iands on!

P
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',A’ silx.opencl: Convolution

AA new module for Convolution (with OpenCL CPU-GPU acceleration):
silx.opencl.convolution

ADesigned to compute convolutions in the real space

:&M y possible use cases
D, batched or separable 1D kernel on 2D/3D data
D, batched or separable 2D on 3D data
D
A/Iultiple padding modes, compatible with scipy:
reflect, nearest, wrap, constant

Anput and/or output can be device arrays
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3" silx.opencl: Convolution

Separable 1D convolution on 2D data

from silx.opencl.convolution import Convolution, gaussian_kernel
g = gaussian_kernel(1.0)

C = Convolution((512, 511), g, mode="wrap")
print(C.use_case_desc)

res = C(mydata)

Separable 2D convolution on 3D data

C = Convolution((512, 511, 513), kern2D, axes=(0, 1))
print(C.use_case_desc)

Batched 2D convolution on 3D data

C = Convolution((512, 511, 513), kern2D, axes=(0, ))
print(C.use_case_desc)

10th silx code camp - June 17, 2019 - silx team ~ 1Synchrotron




3" silx.opencl: Convolution

Separable convolution on 3D data

from silx.opencl.convolution import Convolution, gaussian_kernel
from scipy.misc import ascent

img = ascent().astype("ft")

data = np.tile(img[:, :511], (32, 1, 1))
g = gaussian_kernel(1.0)

C = Convolution(data.shape, g)

res = C(data)

# Compare with scipy

from scipy.ndimage import convolve

g3 = np.multiply.outer(np.outer(g, g), g)
res_scipy = convolve(data, ¢g3)
print(np.max(np.abs(res - res_scipy)))
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silx.gui.plot: StatsWidget

ow managing ltem visibility
AA%VId an update mode in StatsWidget
odes can be manual or automatic (previous behavior)

| PlotlD 4 .0X

Llebd X X v b e HE e A4 S OE o
Curves stats @
=] ™
100 .
Legend Kind Sum Integrg
1/myScatter  scatter 138 None
2 mycurvel curve  507.52051908921363 506.7148471]
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10th silx code camp - June 17, 2019 - silx team The European Synchrotron \ S



silx.gui.plot: Scatter Plot Visualization

R4

* Display scatter plots as a surface using
Delaunay triangulation: scatter.get|
setVisuallzation

 Scatterview: Add a tool button to change
scatter visualisation mode

i ScatterView + . 0%
Uk X o oo 2@ @ G B o
Points 9.99¢-01
Sﬁlid b

+ Symbol
++ Symbol Size 0.3

0.8
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J" silx.gui.plot

e matplotlib >=3.1 compatibility
* Change the handling of default Y axis limits

* Add option to provide an alpha image to a
plotted image



silx.gui.plot: OpenGL Backend

A
L

* Fix leak when creating/deleting widgets in a
oop.

* Fix issue with large images
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33 silx.gui.plot3d: Complex Data
3D complex field visualization: Complex3DField
« Avallable from silx view.

« Still miss a colormapped isosurface
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“ silx.guil.plot3d: Position and Pickin
*’ gul.p 9

Add a PositionInfoWidget and a tool button
to toggle the picking mode to SceneWindow.

B

Selection Info
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silx.gui.plot3d: Other Changes

A
R

* 3D items parameter tree minor updates and
optimizations

» Il API| break: 2D scatter items
supportedvisualizations and
getVisualization methods were returning

str and now returns the corresponding Enum
for consistency with silx.gui.plot API.

10th silx code camp - June 17, 2019 - silx team



B Viscolaneous

Apython 3.8 compatibility
AFix Issues related to Debian packaging

Al\lumpy 1.12.1 required (i.e. Debian9 or Debian8 backports)

P
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B viscelancows
Bob the builder

Snhapshots of silx are available as wheels for

Windows and Linux (and Debian 9 packages)
here: https://silx.qgitlab-pages.esrf.fr/bob/silx/

Source of the machinery:
https://gitlab.esrf.fr/silx/bob



B Viscolaneous

“External” contributions

@schooft: For the plot profile tool window, use the
same backend as the initial plot.

@dnaudet: Improve documentation
@PiRK:
-add a is|setVisible method to plot ROI objects

- Ignore exotic mouse buttons in plot OpenGL
backend



8 Viscellancous
Good bye to @vallsv

Contributions:

* Allows to write HDF5 dataset already encoded
on our side.

* Fixes, typos, sample code update



2 I
A
A

/AStatus of silx (version 0.10.1)

A
A
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& Structure of silx

:&gui: Graphical User Interface widgets
/&Plot, image display, masks, HDF5 tree view, fitting

Am e: Image processing tools
mage interpolation, registration and drawing primitives

Ao: J&gut /Ouput

upport for SPEC, HDF5 and image formats

Anagl:

east squares fit with constrainispsurfacecalculations, histogram#t, é
/&opencl Optimize the use of GPU (FBP, registration, median fitter, ¢ )
Ahird-party: External utilities

/&utils: Internal utilities

/&ex Convenience module for interactive use

et
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B nstalaion

« Easier installation of all dependencies:

plp 1nstall silx[full]
« Windows standalone application
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B siesouces

Container of iconppenclpr ogr ams, &
Provisions for simplifying handling of frozen binaries
A project can ussilx as resource provider

‘mport silx.resources
PYFAI RESOURCE DIR = None # It has to be set for Debian package
silx.resources.register resource directory (

”F‘}f_fai” ,

pyFAI.resources,

forced path=PYFAI RESOURCE DIR)

filename = silx.resources.resource filename ("pyfai:calibrant/LaB6.C")

import silx.opencl.utils
filename = silx.opencl.utils.get cl file("pyfai:opencl/integrate”)

import silx.gul.icons
icon = silx.gui.icons.getlIcons ("pyfai:icons/pyfai™)
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“‘5 silx.gui: base widgets for scientific applications

k ] ) f|i | pythan NETXT)
rowsing file contents View—Interaction—Daa

X (][]l 55 18- 22 @ A & B & .
ASingIe widget for HDF5, o
SPEC, Images |

10%% |
108}
1015 |

/&Plotting curves |

> 1012}
10|

Awith ROI fitting o -

10* |
102 L

/&Display of images )00 1o

)(: 122.3967 ¥: 2.010226e+10 Value: Noimage
A/\nth masks, profiles p— o

The variable 'plt' is available. Use the ‘whos' and "help(plt)' commands for more information. =

N

o b -8
T

(]

10°

=

Python 3.5.2 (v3.5.2:4def2a29@1a5, Jun 25 2816, 22:18:55) [MSC v.198@ 64 bit (AMDG4)]

Anteractive ConS()le Type "copyright™, “credits" or "license™ for more information.

IPython 4.8.3 -- An enhanced Interactiwve Python.
? -» Introeduction and overview of IPython's features.
#guickref -> Quick reference.

1

help -» Python's own help system.

object? -» Details about 'object', use 'object??’ for extra details.
In [1]:

| Regions Of Interest Console
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33 Plot: Object API

When getting a curve or an image from a Plot widget in silx, it
used to return a list describing this item.

A Since v0.5.0 it returns an object:
- Add support for updating items in the Plot:
curve, image, markers...
- Mostly backward-compatible with previous API

A Documentation:

http://www.silx.org/doc/silx/dev/imodules/gui/plot/items.html

P
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'b’ Plot: Object and Functional APIs

A Example: Getting image information:
fromsilximporsx

w=sX.imshofimg

A Object API:
Image=w.getActivelmdge
data=image.getDdtpy=True)
scale=image.getSc@le

A Legacy API:
Image=w.getActivelmdge
data= image|0]
scale= imagel[4]['scale']

P
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'b’ Plot: Object and Functional APIs

Example: Updating an image:
fromsilximporsx

w=sX.iImshofvng

A Object API:
Image=w.getActivelmdge
Image.setScék 2.)

A Legacy API:
data, legend, infmxmapparams-w.getActivelmdge
w.addImageata
legend=legend
Info=Iinfo
pixmappixmap
scale(2., 2.))
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J; silx.gui.plot API

ASignaIson PlotWidgett ems (1 . e. curves,
notifying updates: sigltemChanged

/&Get all items in the plot: getlitems

AFO”OW plot content update through signals:
sigltemAddexhd sigltemAboutToBeRemoved

P
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J" silx.gui: Plot 1D

AVisuaIize 1D data

AAppIy ROIs on them

/&Control the plot via an interactive console
AEitting capabilities

/&Object oriented API

P
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silx.gui.plot Time series

3

« X axis labels displayed as dates or times
depending on scale

* Thanks to Pepijnh Kenter (SRON:
Netherlands Institute for Space Research)

Doc: htp:/Awww.silx .org/doc/silx/dev/modules/gui/plot/items.html#silx.gui.plot.items.Axis.setTickMode

>
2018-05-08  2018-05-15  2018-05-22  2018-05-29  2018-08-05
X
Options+ X: 1.526309e+09 ¥: 8.722681
-
—
OF /\|
00:00 12:00 00:00 12:00 00:00
x
Options= X: 1.5256183e+09 Y¥: 15.35057
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PlotWidget axis

-
AProvide a plot axis API

axes plot.getXAXisplot.getYAXis
- Provides getters, setters

- Signals on limits, scale, label, direction

/&Constraints on axes
xaxis.setLimitsConstramts?osmaxPos
xaxis.setRangeConstramtdRangenaxRange
- Ademo is available at examples/plotLimits.py

A—Ielper to synchronize axes
fromsilx.gui.plot.utils.armpor6yncAxes
sync =SyncAxdfplotl.getXAxis(),

plot2.getXAxis(),
plot3.getXAxis()])
- A demo Is available at examples/syncaxis.py £t ]
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3
A PlotWidget: Add support for

context menu:
plotContextMenu.py

A PlotWindow, Plot2D
- Addcolorbar
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] PlotWidget with a context menu 4+ - 0OX

Right-click on the plot to access context menu

10 -
05 /
= 00F
Zoom Back

&k Crosshair Cursor

B Save as... Ctrl+5
—0.5¢ w Print... Ctrl+P
-1.0 . \/
4] 1 2 3 4 5 5]
X
] StackView + - 0X

File Edit Profile

[x+ Xy mix@E e x w1 =g

—

Image z=-10

05 —

dim1: -10 to 5 (150 samples)
|
(]

—4 -2 0 2 4 6 8 10
dim2: -5 to 10 (120 samples)
-2,17e-01
laxes selection: |7 DimL-Dim2 | Image index (Dim0); _jf————— 4 | 4 IO limits: 0, 189 » | »

|| timits: %: [-5 [10 v [-10 [5




silx.gui.plot: CurveLegendWidget

3
silx.gul.plot.CurvelLegendWidget:

Curve legends 3

------random -~ @ sin cos

« Display legends of curves in a plot
« Compact alternative to LegendSelector.

‘H I wadide,
S
E |" [
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Plot SaveAction : add save as NXdata

Save active curve, active scatter or active image to NXdata

Output File Selection

Look in: [r’userSf’knobeLfdatafplotsave ¢l i C @

g Compu... Name Size Type Date Modifiec *
| knobel /7] nxdata.h5 10 KB h5File  2/8/18 8:26 AM
|| nxdataZd.nexus.hdfs 801 KB hdfS File 2/8/18 &:26 AM
|| irreg_img_as_NXdata.h5 200 KB h5File  2/8/18 8:25 AM
|| rgba_image_as_MNXdatahdf.nxs 11 KB nxs File 2/8/18 825 AM
|| scatter_as_MXdata. hdf% 43 KB hdfs File 2/8/18 825 AM
|| py3_scatter_as_MXdata hdf5 16 KB hdf5 File 2/8/18 8:25 AM
|| rgba_image_as_MNXdata.h5 11 KB h5File  2/8/18 825 AM
|| rgba_image_as_NXdata.nxs 11 KB nxs File 2/8/18 825 AM
File name: 2| Save
Files of type: [Elmage as NXdata (*.nx5 *.nxs * hdf *.hdf5 *.cxi *.h5) |4 ] ‘ !-EanceL|

Can save some parts of plot state (title, axis labels, active data...)
but not all (no curve style, colormap info, additional data items...)

Future improvements: add a dialog to specify output group in an
existing HDF5 file
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J’ silx.gui: Plot 2D

AVisuaIize 2D data (Images and Stacks of Images)
A‘Support Median Filters, Profiles and Masks on them
AVisuaIize 3D data as scatter plots
ASupport Masks on them
AAppIy different colormaps
APIot an image with associated histograms

AVisuaIize 3D scalar fields (Isosurfaces)

P
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Interactive Regions of Interest

3

e silx.guli.plot.tools.ro1i:

- Regions of Interest on a plot with different shapes
- Editable interactively

Doc: http/iwwwsilx org/doc/silx/devimodules/gui/plot/tools. htmEmodule-silx.gui.plot.tools.roi

Sample code: plotinteractivelmageROl.py

Plot2D .o X
N o= X o2 vorvv“@ SHl=N X Wil

1.292603
1000

800

600

Rows

400

200

0 200 400 600 800 1000
Columns

0.0
3.04e-07
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'3; Plot Widget Toolbars

* Ildea: Make plot widgets more modular:

— Allow to reuse OAction and QToolBar:

from silx.guli import gt
from silx.gui.plot import PlotWidget, tools
[...1]

window = gt.QMainWindow() # Create a window
plot = PlotWidget (window) # Create a plot
window.setCentralWidget (plot) # Place plot in window

# Add plot zoom/pan toolbar to the window
window.addToolBar (tools.InteractiveModeToolBar (parent=window, plot=plot))

# Add copy/save/print toolbar to the window
window.addToolBar (tools.OutputToolBar (parent=window, plot=plot))
[...]

window. show ()
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Colormap Object (silx.gui.plot.Colormap)

Colormaps are now defined as a Colormap object instead of a dictionary.

This allow modifications on colormaps objects to be managed by other

classes such as PlotWidget or ColorBar (using Qt.Signal).

from silx.gui.plot.Colormap import Colormap

colormap = Colormap(name="'temperature’,
normalization=Colormap.LOGARITHM,

vmin=None,
vmax=None)

APl with colormaps as a dictionary is kept but deprecated.
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A
=T silx.gui.plot.StackView

File Edit Profile

AViewing 3D arrays, 3D X 7eiv. @ @ ne K
datasets or list of 2D arrays as
stack of images

AAxes selection

:8Profile tool to extract a 2D
slice from the 33stack

Dimension 1

A_azy loading for datasets
(except when doing diagonal 3
profile)

0 500 1000 1500 2000 2500 3000 3500 4000
Dimension 2

Axes selection: @Diml-DimZ‘v ' 4 |25 limits: 0, 34, P |

Limits: X: O 4096 Y: |0 4096

Data: 35x4096x4096 (uint16), Position: (25, 3975, 3890), Value: 105
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S

e

numpy
5YS
m silx.gul import gt
m silx.gui.plot import

AL

R

Fh
H H

[

Plot2D

app = at.Qhpplication([])
win = Plot2D()
win.addScatter (x=numpy.random.random (1000),

y=numpy.random.random (1000},

value=numpy.arange (1000},
legend="my scatter")

sCc = win.getScatter("my scatter")
sc.setSymbol ("s") #
sc.setSymbolSize (50)

sc.setColormap ({ "name': 'temperature',

"mormalization": 'linear"',
'autoscale': True,
"vmin': 0.0, 'wvmax': 1,})

win.resetZoom/()
win.show ()
sys.exit (app.exec_())
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square

Rows

1.0

0.8

0.6

0.4

0.2+

X: 0.8047394

Plot2D

¥: 0.9932109 Data: -
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'3; ScatterView. Features

* Standard plot control, colorbar
* Points size/shape control

ScatterView 4+ - 0OX

’*’ X o oy vHI-::E@ . B
e Mask I G

e Profile

0.0
7.28e-04

X: 0.2827865 Y¥: 1.008188 Data: - Index: -

from silx.guli.plot.ScatterView import
ScatterView

Doc: http:/Awvww.silx.org/doc/silx/dev/modules/gui/plot/scatterview. html
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|iI."| PlotWindow -I C=RlEl X

| View Interaction Data

X [X]v]im fm 3

»

0
20
40
60
80
>
100
120
140
160
0 20 40 60 80 100
X
)(: 58.34484 ¥: 3.120155 Value: (3, 58, 243.0)
Console X
The wvariable 'plt" is awvailable. Use the 'whos' and "help(plt)’ commands for more -
information.
Python 3.5.2 (v3.5.2:4def2a2981a5, Jun 25 2816, 22:18:55) [MSC v.198@ 64 bit (AMDE4)]
Type “"copyright™, "credits” or "license™ for mere information.
IPython 4.8.3 -- An enhanced Interactive Pythoen. e
-» Introduction and overview of IPython's features.
%qulckref -» Quick reference.
help -» Python's own help system.
object?  -»> Details about 'object', use 'object??' for extra details.
In [1]: |
il

[#°] Plot1D

X [X[¥) n

y =-0.463104 * x +41.0725 ; width=1

i
E
3
>

6000

5000

4000

3000

2000

1000

4] 5 10 15 20 25 30 35 40
Distance
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e

] ImageView

File Edit Profile

@ Ene

Image

I
300 400 500 600 700
X
+3.793e8
500000 [
I
400000 |
300000
200000 -
100000 Lt L L L . .
300 400 500 600 700
Limits: X: 202.667 7553.2 Y. 225.466 889.499

Data: 1024x1024 (floate4), Row: 856, Sum: 4.8587e+08
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2 B

Print Preview

A:)rint preview d|a|0g Hide Print Clear All | Remove | Setup | Zoom+ | Zoom -
(withaddlmage :
addPixmaand
addSvgltemethods)

F Y

ATooI button for a plot wid

(to send the plot as an S
item)

Altems can be dragged
and resized.((eometry can

be configured prior to sent |
plot). -

Printerctb222c2u
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silx.gui.data.Array TableWidget

/&Display arrays and datasets of any number of dimension&ahblaView

Aazyloading for datasets: only the currently displayed 2D slice is read from
HDF5file

x

4 | 4 2 limits: 0, 7 | P

Rows dimension (0|v Columns dimension |2 |v

1.04858e+... |1.081534e+.. (1.11411e+... |1. e+... |1.24518e+...
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A . . .
L3 silx.gui.widgets.PeriodicTable

ADeriodic table, list@QTreeView) and combo/dropdown list providing minimal
data for elements: symbol, name, atomic number, mass

ASeIectabIe elements, signals for element clicksikelection changed events

periodicTable.py X

I PeriodicTable | PeriodicList | PeriodicCombo
H Ni(28) - nickel M
Li Be B C N O F Ne
MNa Mg Al Si P 5 Cl Ar

K Ca Sc Ti V' Cr Mn Fe Co Mi Cu Zn Ga Ge As Se Br Kr

Rb 5r Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In 5n Sb 1= Xe

iS5 Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Fr Ra Ac Rf Db 5g Bh Hs Mt
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silx.gui.widgets.RangeSlider

A
L

silx.gul.widgets.RangeSlider:

BV

=]

N

. 2 sliders defining a range with settable color-

mapped background.

o Initial version developed by Damien Naudet in

XSocs application.
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A
-

Stats Widget

Deal with:

* Ccurves

* Images

« Scatters

* Histograms

Can calculate on:

« All items or active items

« Full data range or visible
one (no interpolation !

Example:
examples/plotStats. py

10th silx code camp June 17, 2019 silx team

L Plot1D 4 _0X

Ul =X Xy oo g e A -

Optionss X: 3.978241

Curves stats

Legend sum
1 myCurve 210

2| myCurve2 215

3 myScatter 138

//
—
—
—
—
—
//
/
// q
L ]
10 15 20
X
Y: 6.235119
®
Integral coM
200.0 1367
3000 12,44
MNone 11.43

The European Synchrotron ‘ ESRF



dd BasicGridStatsWidget

b‘ silx.gui.plot.StatsWidget

min: |D.GDD |ccmrds min: (-2.0,)

COM:99989999999998,) mean: 0.404

std:

max:|1.596
0.541

coords max:92998599719942,)
fwhm:

1.665

AAdd support osilx.gui.plot3d

A o
mprovements

ndemand mode
AOptimizations

Kind

Legend

1| Scatter3D scatter

2|ScalarField3D image
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[ ]

=]

Min
0.001

-0.217

widgets

GO me

Coords min

(0.7411012, 0.3505736) 0.998

(31, 19,9)

Object parameters

3]
ltem
b Settings
- ¥l @ Data
Eounding box 4
b Transform
b ¥l @ Scatter3D
b v @ ScalarField3D

Value

4 v
Object parameters | Global parameters

@ &

Max Coords max

(0.5604845, 0.3981525) (0.50292

1.000 (31,31, 31) (31.4999

]




',A’ OpenGL in plot3dand plot

ASupport forQt >= 5.4 OpenGL Widget&®OpenGLWidget

/&Better support of OpenGL context issues (i.e. misQt@penGL
sshGLX forwarding disabl ed, &)
than raising exceptions.

/&First steps of Continuous Integration for Openrkdsed widgets

P
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oS silx.gui.plot OpenGL Rendering

Matplotlib andOpenGL renderingpackendsn silx.gui.plotwidgets

/&Usage Setargument backendgo widget constructor for:
PlotWidget PlotWindow PlotlD, Plot2D StackView ImageView

AExampIe

fromsilximporsx
plot= sx.Plot2D(backegt)='
plot.sho(y

P
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2
L silx.gui.plot3d

FAOEHAED

S-S

Silx 3D Visualization

A Dependencies BRI B
e
- PyQt.QtOpenGL '1.G7,' T
- PyOpenGL 3.x |
- OpenGL 2.1 subset
A Qt widgets for 3D plotting
- ScalarFieldView (scalar field visualization) e ™
- Iso-surfaces vowe”
- Cutting plane T
A Based on an internal 3D scene structure

Mormalization linear
Orientation XZ-Plane
Autoscale v
Min
Max
10th silx code camp June 17, 2019 silx team
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SICSE silx.gui.plot3d: ScalarFieldView

| + - 0O X

ﬂAdd light control | € + & & % © B =«

Parameters [
Mame Value
- Style

Background
Foreground [ ]
Highlight
Bounding Box ¥
Axes indicator ¥
= Light Direction
Azimuth
Altitude

b Isosurfaces 1
B Cutting Plane

ﬂ Support of 3x3 matrix transform (for non-orthogonal axes support)
to 3D scalar field visualization widget (ScalarFieldView  ):

scalarFieldView.setTransformMatrix((
(1.,1.,0.), -\
(0.,1., 0.,
(0., 0., 1))

B0tk itk x cocle mampRENE31Z0 2D Silsiheteam The European Synchrotron ‘ ESRF



silx.gui.plot3d: Scene widgets

General purpose 3D visualization widget and associated tools:
ﬂ Goal: Replacement candidate for PyMca OpenGL tab

-+ _ox]
$ 4+ F TG B mr

Object parameters )

| ltem Value

b Settings

= vl @ Data
Bounding box ¥
Transform

¥ @ ImageRgba
® ImageData
@ ScatterzD
B ScatterzD 1
B ScatterzD 2
B ScatterzD 3
B ScatterzD 4
B Scatter2D 5
@ Groupltem

v v VWV VW WV V¥
o e Y Y

Global parameters 3]
Colormap Set..,

Marker Circle ¥ || Set
Marker Size 1 B 20 | Set

Line width 1 10 | Set

G0thisdx code arampriNE31Z0 2D Silsibeteam The European Synchrotron ‘ E



silx.gui.plot3d: Scene available items

silx.gui.plot3d.items :
Images: ImageData , ImageRgba
Scatter plots: Scatter2D , Scatter3D

Scalar fields SNith a cut plane and isosurfaces):
ScalarField3

. Aclipping plane: ClipPlane
3D meshes: Mesh
Groups: Groupltem , GroupWithAxesltem

00
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SceneWindow

16+ @ 9 & rme

SceneWidget

: =
iem Walue
b Settings

~ vl @ Data
Bounding box v
Transform

® ImageRgba
® ImageData
@ Scatter2D
@ Scatter2D 1
@ Scatter2D 2
@ Scatter2D 3
@ Scatter2D 4
B Scatter2D 5
@ Groupltem

AR A S A
xRS

groTEpETaTTE Lm |
Colarmap Set...

Marker Circle ¥ | Set
Marker Size 1 :I:k\ 20 | Set
Linewidth 1[ | ] 10 Set

G0thisdx code arampriNE31Z0 2D Silsibeteam

ParamTreeView

tools.GroupPropertiesWidget

The European Synchrotron ‘ ESRF



silx.gui.plot3d: ParamTreeView

[tem YWalue
= Settings

Content/Parameter tree based on: Background

Foreground

silx.gui.plot3d.ParamTreeView Text O

. Highlight
SceneWidget.model() Axes Indicator v
b Light Direction
v vl @ Data
Bounding box v

T If there is interest, b Transform

b ¥l @ ImageRgba
this can be adapted to 1D, 2D PlotWidget > ¥ @ ImageData
= ¥ @ ScatterzD
Bounding box
b Transform
Mode Points
Height map
> Colormap —
Marker Circle
Marker size =] |
Line width
@ ScatterzD 1
@ Scatter2D 2
@ Scatter2D 3
@ ScatterzD 4
@ Scatter2D 5
® Groupltem
Bounding box
Transform
¥ @ ClipPlane
¥ @ Scatter3D
¥ @ ScalarField3D

4 = = = = =
R ROR RS

b
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silx.gui.plot3d: PositionInfoWidget

silx.gul.plot3d.tools.PositionInfoWi
dget:

. Widget displaying data at mouse position on
double-click.

|e[+@F|¢C Bee

X: 4609.65 Y: 560.415 Z:1023.94 Data: 0.989984  Item: Scatter3D
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silx.gui.plot3d: Picking

o
silx.gui.plot3d.SceneWidget: Add
picking of 3D items at a position on the screen:

pickItems (x, y, condition=None)

Implementation choices:

« CPU-based ray-casting

« NO preprocessing (e.g., space partitioning)
« Pure Python/numpy implementation

rrrrrrrrrrrrrrrrrrrrrr




silx.gui.plot3d: Simple 3D Shapes

3

* Simple shapes: Cubes, cylinders, hexagons

* Allows to render many similar shapes at
once

* Thanks to Guillaume Communie
(ISDD/Detector & Electronics)
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‘,‘, sllx.math: miscellaneous mathematical functions

/&Non-linear least squares with constraints on fitting parameters
/&Has a configuration widget for easy integration into GUIs
AlD peak search
Asosurface:alculations with Marching Cubes algorithm
/&For 4D visualization (visualization of scalar fields)
/&N-dimensional histograms based on lagktables
/&Fitting functions with automatic estimation of initial parameters

AlD and 2D mediafilters

AeFT

et
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',A’ silx.math.fft: silx FFT

AA new module for Fast Fouri@dransform:silx.math.fft

Ao’riiunique Interface with Hackends
umpy fftw, OpenCL CUDA.

AlD, 2D, 3D; possibly batched
/&RZQ C2C
AForGPU transforms, input and/or output can be device arrays.
/&C:&rentlynot supported
n-placetransforms

ermitiantransforms
AAutomaticzeropadding (exfft (data, size=2048))

10th silx code camp Jure 17, 2019 silx team . The European Synchrotron \
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3‘3 silx.math.fft: silx FFT

Simple FFT with numpy

import numpy as np

from scipy.misc import ascent
from silx.math.fft import FFT

img = ascent().astype(np.float32)

F = FFT(data=img, backend="numpy") # automatically chooses R2C transform
img_f = F.fft(img)

Using FFTW

F = FFT(data=img, backend="fftw", num_threads=4)
img_f = F.fft(img)

# do some operation of img_f

F.ifft(img_f1)
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3" silx.math.fft: silx FFT

Using OpenCL

import pyopencl.array as parray

F = FFT(data=img, backend="opencl")

# All the Host <-> Device copiles are handled under the hood
img_f = F.fft(img) # by default, result is a numpy array

# Input and/or output can be device array as well

d_in = parray.to_device(F.queue, 1img)

d_out = parray.zeros(F.queue, F.shape_out, dtype=F.dtype_out)
F.fft(d_in, output=d_out)

Using CUDA

import pycuda.autoinit

import pycuda.gpuarray as gpuarray

F = FFT(data=img, backend="cuda")

d_in = gpuarray.to_gpu(img)

d_out = gpuarray.zeros(F.shape_out, F.dtype_out)

F.fft(d_in, output=d_out) # CUFFT is twice faster than clfft for R2C transforms



3’ Filtered Back Projection in silx
* Filtered Back-Projection (FBP) is the usual reconstruction
method in (parallel) tomography

 silx now provides a FBP module
* The filtering can be omitted if the data is already filtered
* Works on both GPU and CPU (Mac OS is not supported)

4]

200 175000

a0 150000

GO0

100000
&00

TZ000
1000

o000
1200

25000

1400

o 200 400 603 800 1000

sinogram slice
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13 ’ silx.opencl.backprojection silx backprojector

A\Iew features isilx.opencl.backprojection
A:iltering IS done withsilx.math.fft (possibly on GPU)
AJsercan choose other builh and custom filters

Alnputand/or output obackprojFBP can be&aumpyandpyopencl
arrays

P
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silx.opencl.backprojection silx backprojector

import numpy as np

import pyopencl.array as parray

from silx.opencl.backprojection import Backprojection
from silx.test.utils import utilstest

from silx.gui import qt

from silx.gui.plot.CompareImages import CompareImages

sino = np.load(utilstest.getfile("sino5600.npz"))["data"]

B1 = Backprojection(sino.shape)
recl = B1(sino)

B2 = Backprojection(
sino.shape,
filter_name="hamming",
extra_options={"cutoff": 0.7}
)
d_sino = parray.to_device(B2.queue, sino)
d_rec2 parray.zeros(B2.queue, B2.slice_shape, "f")
B2(d_sino, output=d_rec2)

app = qt.QApplication([])
C = CompareImages()
C.setData(recl, d_rec2.get())
C.show()

app.exec_()
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silx.opencl: Filtered Back Projection in silx

J;
Principle : define a geometry and use it to reconstruct one
or several sinograms.

« Geometry = sinogram shape, [series of angles, slice
shape, rotation center position]

from silx. opencl backprejectlon import Backprojection

tomo_qeometry - Backprojectlon{51noqrams_5tack.shape[1:],
axlis position=1337,
devicetype="GPU")

num sinos = 51noqram5 stack shape[ﬂ]
reco = np. zeros{(num sinos,) + tomo _geometry.shape)

for 1 in range (num sinos) :
reco[i] = tomo.fbp(sinograms stack[i])

\\\\
NN

AW
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3& CoDec : Byte offset for CBF processing on GPU

- silx.opencl.codec.byte offset
. OpenCL-based CBF compression

. 10x speed-up for compression/decompression of CBF streams
. Compatible with the new Image processing framework
. Compatible with pyFAI azimuthal integration

. Accepted in J. Synchrotron Radiation
https://doi.org/10.1107/S1600577518000607
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600000 -
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six.image: image processing tools

S
:&Basic shapes for masks

/&Line profiles

H
Agilinear interpolation mra‘-
./

200

/&Used to scale up/down images
to diSpIay 0 200 400 . 600 800 1000

umns

X: 417.1676 Y: 990.0229 Data: 21

/&Gaussian blurring of images
/&GPU accelerated vi@penCL A Marching Squares
Amage registration and alignment (SIFT) A Median Filter

/&GPU accelerated vi@penCL

10th silx code camp June 17, 2019 silx team

Display:
Transparent opaq
Invert Clear
Undo
Load... Save...
Draw tools
N| |

¢ Mask Unmask

Threshold

A A& o

Save mask and quit

/AGPU accelerated vi@penCL



Marching Squares Algorithm

3’

* Designed to speed up
PyFAl calibration GUI
- Cython + OpenMP
— Support masking

- Optimization to reach
many contours from the
same gradient image

- Reach contours or pixels .?:. -..

 Example:
examples/findContours. py l
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w Image processing on opencl devices (GPU)

ﬂ New image processing framework:
. Allows to exchange buffers on the device
. Allows the creation of work-flow without copying data back & forth
Better performances

ﬂ Few image treatments implemented:
Buffer conversion to float arrays from any integer
Min/Max search (double-reduction)
Image normalization
Image histogram

ﬂ Tutorial available:
https://github.com/kif/silx/blob/1199 ocl image/doc/source/Tutorials/Image.ipynb

et
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3& Sift: Image alignment

Use the Ani mageo framewor k.
Major re-work for compatibility with PyOpenCL > 2015
Compat i bispecttey owvd rtrhe dit i on s
Many memory-leak corrected

New tutorial based on jupyter notebook.
https://github.com/silx-kit/silx/blob/master/doc/source/Tutorials/Sift/sift.ipynb

original rotated aligned

100 W 100

200 = Y200

300 300

400 400

500
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& silx.sx a module to simplify interactive use

ot 1D

pylablike module on steroids

AlD plotting: ROI, fitting & printing

>>> fromsilx import sx
>>> from numpyimport sin,linspace
>>> sx.plo(sin(inspacg-10, 10, 1000)))

Options |X:|763‘8187 ¥: [0.6888887

AZD display: intensity, mask, profile

Ix: o v@B& B e~ By =

>>> from scipy.misamport ascent
>>> sx.imshowascent())

X: [264.5333 Y: [261.4468 Data: [71
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L3 silx.10: input / output

:&Built-in support of CSV, SPEC and TIFF

Amages, SPEC files accessed in the same way as HDFb5 files

/&Provide bridges SPE&E A HDF5 and octava A HDF5
/&Utilities to save and restore configurations as HD§&n or ini files
/&HDFS IS supported via h5py

Amages (and many detector formats) are supportedabtO

et
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B s iocommonts

AThis new module provides a common basesiixio.speckdnd
silx.l0.fabiohlb provide the h5pyike API for various data formats.

Alf new formats are handled Isyix in the future, and they inherit the
commonhb5 classes, they will benefit from the existing tools:

- silx.lo.convert
- silx.lo.util@s_datasets _groupis file, € )

P
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3& silx.lo.nxdata

ﬂ New functions
Is_NXentry with_default_NXdata(group)
Is_NXroot_with_default NXdata(group)
get_default(group)

Returns default silx.io.NXdata object or None. Group parameter can be
NXdata, NXentry or NXroot.

save_NXdata(filename, signal, axes=None,
sighal_name= i d a dxesonames=None,
signal_long_name=None, axes_long_names=None,
signal_errors=None, axes_errors=None,
titte=None, interpretation=None,
nxentry _name="entry", nxdata_name=None)

et
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silx.io.utils: HDF5 External storage helpers

\'wo helper functions to create an external dataset:
A:roma vol file (pyhs):

Y vol to_h5 external dataset( file, output_ur]
Info_file=None

vol_dtypeenumpy.float32

overwrite=Falsg

A:roma binary file

Y rawfile_to _h5 external datadeitf file,

output_ur]

shape,

dtype overwrite=Falsg
A\Ieethpy >=2.9
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B sixoconer
A\/Iodule

- Before only SPEC files could be convertsix(io.specton5
- New silx.io.convestipports Fabio images (replasgectohb)

AAppIication
- New command line application to convert files to HDF5

silxconverthelp
silxconvert filename

P
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W iconer

ﬂ Convert series of single frame images (EDF, TIFF...) into a
HDF5 multiframe stack

silx  convert -- file - patternch09 mca_ 0005 0000 %d.edf -0 ch09__mca_multiframe.h5

[]

Mame Type  Shape Value

- chD9__mca_multiframe.h5
- scan_0
- instrument
- detector_0
| data float32 71 x 80 x 2000 3D data

- others
~ DCM_Energy float32 71 1D data
~ Date string 71 1D data
~ Focallength float32 71 1D data
~ MCA 2 float32 71 1D data

silx convert -h
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W conver

ﬂ Merging SPEC and EDF files.

. Step 1. Convert the SPEC file to HDF5 file

silx  convert spec_file_name I o hdf5_file_name.h5

. Step 2. Convert the EDF files selecting target path in generated HDF5 file

silx convert 1-file - pattern=root %04d.edf -7 begin=100 -7end=199 \
T - mode=r+ 10 hdf5_file_name.h5::/1.1/instrument/detector_0O

CHi nt Mul tiple indices supported (i

root_ssss_dddd _nnnn.edf

-Tfile - pattern=root_%04d_%04d_$04d.edf I begin=1,0,0 i end=1,0,99
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[ Silx HDF5 widget example

| | Name Type il
: 0 2 3 4 5 ind
4 = alltypes_stgs7o.h5
N 4 | arrays 0o 1 2 3 4 5 £
@ cube int32 1 10 11 12 13 14 15
® hyperaube int32 1| 1, 5y 21 22 23 24 25 ‘
W image int32
~s list int32 3 30 3 32 33 34 35 =
* scalar int32 11 |4 40 41 42 43 44 45 ¢
> | dtypes
e 5 50 51 52 53 54 55 !
6 60 61 62 63 64 65 £
7 70 7 72 73 74 75 Il |
8 80 81 82 83 84 85 ¢
[ - T = | ] - »
Axis selection
Dimension 0 E D EE 0 limits: 0, 9 B@
Dimension 1
Dimension 2
. 0 . @ HDF5 B curve [] image & cube i HH Raw I Image stack
Create HDFS Tree options Header options
[Containing all types v] || Enable sorting Auto-size headers
l Create l [] Multi-selection Popup to hide/show columns
|:| Async load Drop external file [Defauh columns w7
Reorder files




-1 Silx HDF5 widget example

MName
4 alltypes_stgs70.h5

4 | arrays
@ cube
& hypercube
B image
~v list
» scalar

> . diypes

I T

Type

int32
int32
int32
int32
int32

X: 2.606408 ¥: 9.359807 Data: 92

Axis selection

Dimension 0 E] D
Dimension 1
Dimension 2

15

EE ] limits: 0, 9 B@

Create HDFS

8 HDF5 B curve

Tree options

[Contalmng all types

v] || Enable sorting

l Create

l || Multi-selection

[ ] Async load

Drop external file
Reorder files

i [] Image I (7 Cube HH raw Image stack

Header options

Auto-size headers
Popup to hide/show columns

[Default columns -




{.’5 Dialog to reach data

File system

silx.io.open
(h5py-like context)

URL

silx.io.get_data
(numpy data)

silx.gui.dialog
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