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napari D PoL
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* Multi-dimensional image viewer in python

opacity:

* https://napari.org/ e e

colormap: gray

blending: translucent
rendering: mip

interpolation:  nearest

‘ @ Home - napani * + [+]

« & napari.org/indexhtml o 538 B

napari

multi-dimensional image viewer for python
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napari
napari is a fast, interactive, multi-dimensional image viewer for Python. It's designed for browsing,
0, Search annotating, and analyzing large multi-dimensional images. It's built on top of ¢t (for the GUI), vispy
(for performant GPU-based rendering), and the scientific Python stack (numpy, seipy).
ity v We're developing napari in the open! But the project is in an alpha stage, and there will still likely be
] * o breaking changes with each release. You can follow progress on this repository, test out new versions
as we release them, and contribute ideas and code.
- v
. We're working on tutorials, but you can also quickly get started by locking below. > @ &= A &
- w0
| v
| installation Image [0 OJ: [154, 147, 151]
| sdr -

which distribution to install
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napari user interface _ PolL
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View Window Plugins Help
. o . opacity: -
VI ew Co nfl g u rat on / ;t;:t::t limits: : r;mﬁua Earcgzcu;rd - . DOC k W I d gets
tOOIS colormap: B ot _ _ e Ve (Custom plugins)
blending: translucent B o LT'LD » ". ) {
: interpolation: nearest n ad
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Label )
processing [ET] Mesh
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@® Result of connected &

<® Result of threshold_ <&
l a ye r.visi b l e = F a l Se © Result of gaussian_t Gd Export Notebook Copy to dipboard

i e Result of top_hat_b [d
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. Function widgets
Viewer controls S Ao EA

- ' (custom plugins)
Result of mean_of_n_nearest_neighbors_map [221 -27]
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The era of napari plugins has just begun ) PoL. |
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https://cellpose-napari.readthedocs.io/en/latest/ https://github.com/clEsperanto/napari _pyclesperanto assistant
i
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Installation D PoL
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M napari = o &

* Install napari via pip

Eile View Window Plugins Help

x B

pip install naparifall]==0.4.8rc3
J

\ J

7 N\

“all” -> default framework
Alternatively: For today only ;-)
“pyqt5” or “pyside2”

* Install napari via conda

conda 1nstall -c¢c conda-forge naparil

e Test if napari works

napari
I
| | _ _ _ _ TECHNISCHE ~
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napari plugins ) PoL
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* Install them via conda, pip or the menu Plugins > Install / Uninstall packages...

dow  Plugins Help

! napari
Installed Flugins

v svg napari-svg 0.1.4  remove

g

Available Plugin Packages

napari-pims-bioformats 0.0.1 instal

napari-pyclesperanto-assistant 0.7.0 install

napari-s3zarr pl

Show Status << Show Sorter  Close

> o qmn

/.
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Scripting napari ) PoL
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* |nitialization
import napari

opacity:

contrast limits: €
# Create an empty viewer . mEm
viewer = napari.Viewer () :ﬁx%:me
# Start it

napari.run ()

image

* Adding images
viewer.add image (1mage)

| : i i i i ~ i i TECHNISCHE ~
§ Chaesleinhucy http://nbviewer.jupyter.org/github/BiAPoL/on th.e_ fly image processing napari/blob/ @ UNIVERSITaT oresoen & 7\
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Scripting napari in notebooks

PolL

* Make screenshots from napari and put them in your jupter notebook

naparil.utils.nbscreenshot (viewer)

Place your viewer here

Physics of Life
TU Dresden
= 0
& 01_napari - Jupyter Notebook X + [~]
C @ localhost:28889/notebooks/01 napari.ipynb g o
"~ Jupyter 01_napari (autosaved) A Lot
File Edit View Insen Cell Kerne: Widgets Help Not Trusted Python3 O

B+ x @B 44 ¢ PRin B C » Code v =

In [1]: M import napari

In [3]: M # Add a new Layer contai
viewer.add_image(image)
Out[3]: <Image layer 'image' at @xla72ea@558e>

With this command, we can make a screenshot of napari and save it in our notebcok.

In [6]: M napari.utils.nbscreenshot(viewer)

opacty:
contrast Imis:
gamma:

colormap

blendng:

nterpolation:

, @haesleinhuep
@PolDresden master/01 napari.ipynb
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Working with layers ) PoL
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M napari - o *
Window  Plugins  Helr

* Removing layers

for 1 in viewer.layers:

viewer.layers.remove (1)

opacity:
contrast limits:

* Modify visualization while adding layers G
colormap: | green v

translucent v

viewer.add image (image, e

interpolation:  nearest

colormap="green’)

* Modify layers after adding

layer = viewer.add image (image)

layer.colormap|= 'green’

layer.contrast limits|= (0, 128)

yf @haesieinhuep http://nbviewer.jupyter.org/github/BiAPoL/on the fly image processing napari/blob/ @ 'Lr,ﬁ?\ll"ENngﬁﬁ RESDEN (:‘
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Visualizing image segmentation PoL. |
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Help

* Binary images and|labelimages visualized as label layers  prmmmm——m——

A 2
label; : 1 4-
from skimage.filters import threshold otsu opacity:
brush siz
threshold = threshold otsu(blurred image) blending:  tansiucent

color mor  auto

binary image = blurred image > threshold contour: (=0

n edit dir 2

contiguot ¥

preserve | zls: show sel

# Add a new labels layer containing an image %4
U R

binary image

viewer.add labels|(binary image,

name= "bj_l’lary image " ) > blurred_image

image

Name your layers to keep track
of what they contain

enter paint or fill mode to edit labels

| TECHNISCHE ~
, @haesleinhuepf % IHINIVEDCITAT NRFSNFN '1(0‘
@PolDresden http://nbviewer.jupyter.org/github/BiAPolL/on the fly image processing napari/blob/master/01 napari.ipynb




Visualizing image segmentation

* Binary images and label images visualized as label layers

from skimage.measure import label

label image

# add labels to viewer

label layer

= label (binary image)

PolL

Physics of Life
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label:

I opacity:
brush siz
blending: translucent
color mo:  auto

I contour: — 1

= viewer.add labels (label image) [REESE.

contiguot ¥

preserve | zls: show sel

NN

* Visualize contours instead of the overlay —
label layer |contour 1 - :xzzz
label layer |opacity 1 image

> B8 ediif

, @haesleinhuepf
@PolLDresden
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Points layers

* There is also other layer types
e Shapes

* | Points

Surfaces

Tracks

Vectors

from skimage.measure import regionprops

PolL

Physics of Life
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opacity:
point size:
blending:
symbal:

face color:

edge color:

dsplay text:

n-dim:

Points
label_image

binary image

statistics = regionprops (label image) .

points = [s.centroid for s i1n statistics]

# add points to viewer

label layer = viewer.add points

mage

(points, face color='green', symbol='cross', size=5)

@haesleinhuepf . . . TECHNISCHE A‘
L 4 P https://napari.org/tutorials/fundamentals/points.html UNIVERSITAT DRESDEN { 12
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Tables ) PoL
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File View Window Plugins Help

e Support for|tables was added recently. Basic function

opacity:

point size:

blending: translucent
symbal: cross
face color:

edge color:

dsplay text:
n-dim:

from skimage.measure import regilionprops table

major_axis_length minor_axis_length

statistics = regionprops table(label image,
properties=['area’,
'major axis length’,
'minor axis length’])

# Show statistics as table on screen

from magicgui.widgets import

Table (statistics) .show ()

Table

Points
label_image

binary image

. ® blurred_image

mage

> D e o &

Points [ 0-58]

ft

34.56673887933311

20.80269670059058

30.20843327139941

24.606129746348%6

31.07510563816799

20.151369709206482

21.76130160907236

17.729016906987827

9.76175208574853

11.358057403983025

25.83617991194104

33.02088095141446

17.96356809304681

11.377331408159852

16.42854951961423

11.736073970927405

28.409502499432606

23.14399593782219

19.852881546156773

17.523565380843426

15.30908017836905

15.7434578385012394

8.731267915721903

1.967200617175118

24,02806154601964

24.460212090010707

15.724989402112808

8.701455488163451
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Interactive pixel classification ) PoL
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* Prepare an empty layer for annotations

labels = viewer.add labels (

np.zeros (1mage.shape) .astype (1nt) ) % &% s 20
label: = 2 :
opacity:
brush siz
blending: translucent

color mo: auto

e Read annotations

manual_annotations = labels.data

100

150

from skimage.10 import 1mshow

imshow (manual annotations, .

vmin=0, vmax=2) 250 0.00
0 50 100 150 200 250

N @heesieinhucpf https://github.com/BiAPoL/on the fly image processing napari/blob/master LTJE(I:\II-IENRIEFrﬁ Cene 14“
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Interactive pixel classification oL,
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* Pixel classification using scikit-learn

# for training, we need to generate features

feature stack = generate feature stack(image)

X, y = format data(feature stack, manual annotations)

# train classifier
from sklearn.ensemble import RandomForestClassifier
classifier = RandomForestClassifier (max depth=2, random state=0)

classifier.fit (X, V)

N @heesieinhucp https://github.com/BiAPoL/on the fly image processing napari/blob/master LT,Efl:\l,-lENngIr_:rﬁ Cene 15“
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Interactive pixel classification ) PoL
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* Pixel classification using scikit-learn

AL L

label: = 1

opacity:
) brush siz
# process the whole image and show result blending: (RS
. . . color mo  auto
result 1d = classifler.predict (feature stack.T) |REG—G—G—_=—G—_—GE,
. neditdir = 2
result 2d = result ld.reshape (image.shape) contiguo
preserve | zls: show sel
N R
@ result_2d [1]
# make sure background = 0
(m} result_2d
result 2d = result 2d - 1 : Labels
> image enter paint or fill mode to edit labels
viewer.add labels (result 2d) > 6 oo M

result_2d [1] [-45 126]

N @heesieinhucpf https://github.com/BiAPoL/on the fly image processing napari/blob/master LTJE(I:\II-IENRIEFri'E Cene 71'?‘
@PoLDresden /02 interactive pixel classification sklearn.ipynb DRESDEN concept W g




Key bindings

* Bind short-cuts to operations

import napari

viewer

dviewer.bind key ("w")
def up (event) :
print ("UP")

def left (event) :
print ("LEFT")

viewer.bind key("a",

napari.vViewer ()

) PolL

Physics of Life
TU Dresden

Window

File  View Plugins  Help

Command Prompt - python 03_key bindings.py
(te_oki) C:\structure\teaching\on_the fly image_processing napari> &
python @3 _key bindings.py

]

]

RIGHT

RIGHT

DOWN

DOWN

LEFT

LEFT

LEFT

DOWN

DOWN

DOWN

DOWN

DOWN

@haesleinhuepf
@PolLDresden

W

https://github.com/BiAPolL/on the fly image processing napari/blob/master/ TECHNISCHE 17“
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Key bindings D Pol. |
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* Control microscope stages, or

File View Window lugins

opacity:

contrast limits: &
gamma: =]
colormap: i
blending: translucent

interpolation:  nearest

> oo M

: 1:2

result [-52 23]
I

.
g @hoesleinhuept  hitns://github.com/haesleinhuepf/natari/blob/master/napari_ping pong.py @ LTJEI(I:\II-IENRISFr:% DRESDEN ';8‘
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Multi-threading

* Python code typically runs in the

* User-interaction
* Parallel processing

main thread

| Multi-threading|might be necessary for

* Device handling (camera, stage,...)

e Read more:

https://napari.org/guides/stable/threading.html

PolL

Physics of Life
TU Dresden

import napari
import time
from napari. gt.gthreading import thread worker

viewer = napari.Viewer ()

@thread worker
def loop run():
while True: # endless loop
print ("Hello world", time.time())

time.sleep(0.5)

ARSI Stops here once
napari closes

# Start the loop

worker = loop run ()

worker.start ()

# Start napari

napari.run ()

@haesieinhuept  NEEDS://github.com/BiAPolL/on the fly image processing napari/blob/master TECHNISCHE A‘
’ . UNIVERSITAT DRESDEN \19
@PolDresden /04 threading.py DRESDEN concept W g




Multi-threading: processing images D PoL
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import napari

| Pitfall: You cannot access the viewer from other
threads but the main thread.

import time

from napari. gt.gthreading import thread worker

viewer = napari.Viewer ()

@thread worker
def loop run():

while True: # endless loop

B Command Prompt - - .

: : ' : ' . . 2, 2
WARNING: QObject::connect: Cannot queue arguments of type 'QVector<int>' WELETTSE o IS, TEIG]S (019 o EEaE Ol 2Eaeiel [ (2, )))

(Make sure 'QVector<int>' is registered using qRegisterMetaType().) time.sleep(0.5)
WARNING: Attempting to create QWindow-based QOffscreenSurface outside the ,
gui thread. Expect failures. yield

WARNING: Cannot make QOpenGLContext current in a different thread

(te_oki) C:\structure\teaching\on_the_fly_image_processing_napari>g # Start the loop

worker = loop run()

worker.start ()

# Start napari

napari.run ()
e

N @hacsleinhuepf https://github.com/BiAPoL/on the fly image processing napari/blob/master LT,ﬁfli\l;lENﬂlgﬁﬁ CResnEn 'zr‘oi
@PolDresden /04 threading error.py DRESDEN concept W 4




Multi-threading: processing images PoL
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import napari

e Solutionyyield [results

* “Return something but continue
processing” from napari. gt.gthreading import thread worker

* a.k.a. Generator pattern viewer = napari.Viewer ()
* https://wiki.python.org/moin/Generators

import time

@thread worker

e Add/update layers on demand def loop run():
while True: # endless loop

def update_ layer (image) : yield np.random.random( (2, 2))

time.sleep(0.5)
Updates the image in the laye

Big thanks to

or adds this layer.
# Start the loop

fry: worker = loop run()
viewer.layers['result'].data = image worker.yilelded.connect (update layer)

except KeyError: worker.start () Talleyzlf'.l\ll.lasgnbert
viewer.add image (image, name='result') @TalleyJLambert

g @haesleinhucpt https://github.com/BiAPoL/on the fly image processing napari/blob/master LT,E?#ENI.\Egﬁi.E DRESDEN 2?\
@PolDresden /04 threading vield.py DRESDEN concept W g




Reading camera output ) PoL.
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* Image acquisition: OpenCV

from cv2.cv2 import VideoCapture
from skimage.color import rgbZgray

camera = VideoCapture (camera index)

def acquire image (camera : VideoCapture) :
_, pilcture = camera.read()
1f picture 1s None:

return

# convert to single channel image

return rgb2gray (picture)

, . - - ' TECHNISCHE
o ©hseskeinhuesf https./{opencv python fcutroaI§.readthedqcs.|o/e.n/latest/ @ JECHNISCHE cooen '2(‘2‘
@PolDresden py tutorials/py gui/py video display/py video display.html DRESDEN concept W g




Multi-threading: processing camera images PoL.

1 TUDresden
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magicgui PoL. |
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* magicgui automatically generates a user interface for your function

 Read more: https://napari.org/magicgui/

def gaussian blur (image, sigma = 2):

wiwiw

Apply a gaussian blur to an 1mage.

wiew

return gaussian (image, sigma)

o Chaesleihuept https://github.com/BiAPolL/on the fly image processing napari/blob/master/ @LTJE(I:\II-IENRIEFrﬁ Ceesoen 24“
. Ny
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magicgui ) PoL
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| magicguilautomatically generates a user interface for your function

 Read more: https://napari.org/magicgui/

Input parameters
@magicguif(call button='Run') ———

def gaussian_blurdimage : ImageData, sigma : float = ﬁ) -> ImageData:

Return type

wiwiw

Apply a gaussian blur to an 1mage.

wiiw

return gaussian (image, sigma)

blobs (data)

# add user interface to napari viewer 2 o0

viewer.window.add dock widget (gaussian blur)

o Chaesleihuept https://github.com/BiAPoL/on the fly image processing napari/blob/master/ @LTJE?\I;IENAEE%E oresoen 7o\
@PolDresden 06_magicgui.py DRESDEN concept g




Dock widgets ) PoL
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 |Dock widgets|are user-interface plugins that snap to napari’s window Add image =]

import napari

title from gtpy.QtWidgets import QWidget

* They have a

Create

viewer = napari.Viewer ()

Undockable ;-)

class| AddImageWidget|(QWidget) :

def init (self, napari viewer: napari.Viewer):
super () . init ()
self. viewer = napari viewer

self.setObjectName ("Add 1image")

# add the dock widget to the viewer

viewer.window.add dock widget (AddImageWidget({(viewer))

N @heesieinhucpf https://github.com/BiAPolL/on the fly image processing napari/blob/master @LTJEI?\I;IENRE%}E T 26“
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Dock widgets ) FoL..
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* User interfaces are made with Qt for python. Qt is the “cute” library. Read more: https://doc.qgt.io/gtforpython/

self.
self

self.
self

self.
self.

# put spinners and buttons in the user interface

self.
self.
self.
self.

width spinner = QSpinBox () Add image -

.width spinner.setValue (50) \

height spinner = QSpinBox ()

. height_spinner .setValue (50) —

create button = QPushButton ("Create") Create

create button.clicked.connect (self. create)

setLayout (QVBoxLayout (self))

layout () .addWidget (self.width spinner)
layout () .addWidget (self.height spinner)
layout () .addWidget (self.create button)

@haesleinhuept  NEEPS://github.com/BiAPoL/on_the fly image processing napari/blob/master TECHNISCHE (A‘
’ : UNIVERSITAT DRESDEN \ 27
@PolDresden /07 dock Wldgets,py DRESDEN concept v‘




On the fly processing + dock widgets ; PoL. |
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* Measure image quality on the fly

o ©hseskeinhuesf https://github.com/haesleinhuepf/napari-webcam @ .LrlEl(I:\II-IENRIEIqrﬁ Cecoen 28A‘
@PolDresden https://github.com/haesleinhuepf/napari-image-quality-analyzer DRESDEN concept B g
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Napari plugins

* Instead of adding functions and dock widgets Learn from Rafa
to the napari viewer: in our session

) on Friday!
* Make plugins! y
 Use the cookiecutter!

€) napari/cookiecutter-napari-plug X -+ Qo - U = ‘
&< — C a& github.com/napari/cookiecutter-napari-plugin o &5 B W o :
:= README.md

sudrea pelow

Getting Started

Create your plugin package

Install Cockiecutter and generate a new napari plugin project:

pip install cookiecutter
cookiecutter https://github.com/napari/cookiecutter-napari-plugin

Cookiecutter prompts you for information regarding your plugin (A new folder will be
created in your current working directory):

/.
gy @haesleinhuepf https://github.com/napari/cookiecutter-napari-plugin LT,E?\I,'IENAEFrﬁ DRESDEN ';9‘
@PolDresden DRESDEN concept v‘
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clEsperanto: Building image data flow graphs in napari f PolL

M napari

File View Window Plugins Help

x Q

opacity: - ' J
contrast limits: & ¢ ! ot ! o
gamma: Dise Backgrou IE Combine
colormap: green

blending: additive - ' @ '. "- ', ‘ .
¥ w0 U] [ ] e

Transform Projection Binarize Label

6 I ' I ¢

Label Map Mesh

interpolation: nearest

(]

zfish_eye-3 d

zfish_eye-1 Cd

Fantastic
support by

>_ @ ae D\ E EE ﬁ Export Python Export Notebook Copy to clipboard Talley J. Lambert
(HMS)
@TalleyJLambert

. -/ /s : - TECHNISCHE -
w @haesleinhuepf : : clesperanto_assistant UNIVERSITKT DRESDEN ’;O‘

@PolLDresden Image data source: Mauricio Rocha Martins, Norden lab, MPI CBG (now at IGC Ciéncia) DRESDEN concept B g

zfish_eye-3 [1009 171]: 11638
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M napari = O X

* The button order is o ——
intentional.

opacity: : *a" -
PO
contrast limits: " s ¥ ’
r PNy Noise Background
gamma: ~ ‘¥ removal removal
- -

colormap: i oo

* Work from the top left to .
the bOttom right rendering: mip

Label
processing

.'5' & ¢ . ..n'. ‘.:' [ !..

@ Lund_000500 Mesh

aan
>— D (e D\ -4 ﬁ Export Python Export Notebook  Copy to dipboard

Lund_000500 [ 37 222 55]: 175

@h leinh : https://clesperanto.github.io/napari_pyclesperanto_assistant/ TECHN'SCHE (A‘
L 4 @Paese'” "“P"" Image data source: Daniela Vorkel, Myers lab, MPI CBG / CSBD @ UNIVERSITAT DRESDEN { 31
oLDresden DRESDEN concept 'V)



Code export ) PoL
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Y Export Code from napa ri | ] 'l  ~ " » ‘. : . . : : s " ‘ .".’-'; . ': . : -' File Edit Image Process Analyze Plugins Window Help

H o|c|o|/ <)/ A|lQ @ d] ofs|u] 2| 4] 8]

s | S o f
[! " 2 1 :
a n d Ny 2 ; ’ ) 49 3 . | g ‘ - S n . "More Tools™ menu (switch todlsats or add tools)
R ’ ’ \d ’ » g - o 1 o= A

) File  View Window Plugins Help

* runitin Fiji
* run it in Python Lo ol IRl ) 8

removal removal Filter
opacity:
size: W B .
brush size ) » A j
brush shape drcle - - 4

blending: translucent Binarize Combine

color mode: auto ) ol 5 =

E v b {10
contiguous: ¥ n-dim: 'j
- Lzbe!
processing

a - ’ X o !.R

Label
1easurement Map

preserve lab¢ : show select

o

Result of connected <
Result of threshold_ <&
Result of top_hat_b Gad & Measure

Lund_000500 resar [a

Resuit of threshoid_otsu
> 0% z
-— e D connected_components_labeling_box

Result of connected components_labeling_box [ 101 -116 117] enter paint or fill mode to edit labels

@haesle_nh oof https://clesperanto.github.io/napari_pyclesperanto assistant/ TECHNISCHE (A‘
, @PoLDre'sdgnp Image data source: Daniela Vorkel, Myers lab, MPI CBG / CSBD @ UNIVERSITAT DRESDEN { 32
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The ¢ 1e gateway ) PoL

TU Dresden
from skimage.i0 import imread, imshow
image = 1mread ("blobs.tif")
imshow (1mage)
. Fantastic
import pyclesperanto prototype as|cle support by

# noise removal

blurred =|clelgaussian blur (image, sigma x=1, sigma y=1) 0

Juan Nunez-Iglesias
(Monash)
@jnuneziglesias

# binarization

binary = |cle{threshold otsu(blurred)

100

# labeling
150
labels = |cle|connected components labeling box (binary)
# visualize results 200 o £
Talley J. Lambert
clelimshow (labels, labels=True) 250 (HMS)
@TalleyJLambert
| TECHNISCHE -
, @haesleinhuepf UNIVERSITAT DRESDEN '?:3‘
@PolDresden DRESDEN concept v}



PolL

Physics of Life
TU Dresden

The c1e gateway

... allows you to explore available functions for given purposes E

‘ 1
pe o
e & L L
Moise Background
remaoval removal

cle.operations( 'denoise’).keys()

dict keys(['gaussian_blur', 'mean_box', 'mean_sphere’])

. e,
cle.operations( 'background removal’).keys() ] 1 '—_-r'].,_|r

(N
dict keys([ "bottom hat box', "bottom_hat sphere’', "difference of gaussian’, 'divide by gaus

Combine Transform Projection
_background®, "top _hat_box', 'top _hat_sphere’]) e .

cle.operations( 'binarize’).keys() ."‘ i ."
dict keys([ 'detect label edges’, "detect maxima box', 'detect minima box', 'equal’, 'equal -4 e
ant’, ‘'greater_or _equal’', 'greater or _equal constant’, 'label to mask', 'local threshold’, Binarize Label prc-seiing
"smaller', "smaller constant', 'smaller or equal', 'smaller or_equal constant', "threshold’

O -
cle.operations(’'label’).keys() | b L )

| Y | "N |

dict keys(['connected components labeling box', 'connected components labeling diamond®, '1 Label

Map Mesh
g', "voronoi labeling', 'voronoi otsu labeling']) Ao EEN— ;

. TECHNISCHE s
, @haesleinhuepf UNIVERSITAT DRESDEN 34‘
@PolDresden DRESDEN concept ‘



clEsperanto categories D PoL

TU Dresden

Moise . - Background |
removal .. - removal

Label
measurem...

Exclude edges Extension ratio Mesh proximal neighbors  Maximum of n-nearest n.

processing

_ TECHNISCHE -
g Ghaesieinhuept UNIVERSITI\T orespen § 35
@PolDresden DRESDEN concept 'V‘



clEsperanto: interoperability PoL. |

TU Dresden

* clEsperanto’s images are numpy-compatible arrays.
from skimage.measure import reglonprops

statistics = regionprops (labels)

import numpy as np

np.mean([s.area for s 1n statistics])

* Sometimes, they have to be converted to numpy arrays:

from skimage.i1o import 1msave

imsave (' output.tif’, |[np.asarray(labels))

. TECHNISCHE g
, @haesleinhuepf UNIVERSITAT DRESDEN \
@PolDresden DRESDEN concept “ ‘



clEsperanto: GPU-accelerated image processing

e Why?

* Because operations can run orders of magnitude faster!

Scipy

import time
from scipy import ndimage as sndi

scaled = np.ndarray(output_shape)
for i in range(®, 18):
start_time = time.time()

sndi.affine_transform{image, matrix, output=scaled, out
print{"scipy affine transform duration: "

imshow(scaled[128])

scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:
scipy affine transform duration:

W w000 0o W 0o WO w0

.B85393266677856
. B48228263854828
.BBOT797019053406
.864004764328683
.B638158321338862
L875829362869263
.582888256149282
.115242058668848
.178432567596436
.BB86284637451172

+ str{time.ti

clEsperanto
ocl_image = cle.push(image)
ocl scaled = cle.create(output_shape)

for i in range(®, 18):
start_time = time.time()

cle.affine_transform(ocl_image, ocl_scaled, transform=np.lina
print("clEsperanto affine transform duration: "

result = cle.pull{ocl_scaled)
imshow(result[128])

clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:
clEsperanto affine transform duration:

LD DO DD O DD

.B365908147399562344
.B@3954648971557617
.B829942089349365234
.B@308564338084082
.B836252033502197266
.082968205878125
.B@3583081246948242
.B@3989696502685547
.B936260086859578312
.0@305488730136719

Note: This is just a snapshot! GPU-acceleration speedup /
performance depends on many aspects such as image size,
operation, parameters, used GPU, repetions, ...

+ str(time.ti

cupy

import time

import cupy

PolL

Physics of Life
TU Dresden

CUDA based GPU-acceleration:
https://cupy.dev/
https://github.com/rapidsai/cucim

from cupyx.scipy import ndimage as ndi

cuda

_image

cupy.asarray(image)

cuda_scaled = cupy.ndarray(output_shape)

for i in range(®, 18):
Ltime()

result = cupy.asnumpy(cuda_scaled)

start_time = time
ndi.affine_transform{cuda_image, cupy.asarray(matrix), output=cuda_scaled, output_shape=output_shape)
cupy.cuda.stream.get_current_stream().synchronize() # we need to wait here to measure time properly

print({"cupy affine transform durationm: "

imshow(result[128])

+ str{time.time() - start_time))

C:\Programs\miniconda3‘\envs\beetlesafariilib\site-packages\cupyx\scipy\ndimage‘\interpolation.py:15: Userka
he default order of affine_transform is 1. It is different from scipy.ndimage and can change in the future
warnings.warn{'In the current feature the default order of {} is 1. °'

cupy
cupy
cupy
cupy
cupy
cupy
cupy
cupy
cupy
cupy

affine
affine
affine
affine
affine
affine
affine
affine
affine
affine

transform
transform
transform
transform
transform
transform
transform
transform
transform
transform

duration:
duration:
duration:
duration:
duration:
duration:
duration:
duration:
duration:
duration:

a.
@.818885235671927a7

©.0818988473802211914
8.818272261428823888
8.8189219551638642573
a.
e
e
e
@

4258244837628174

811812792587288273

.819975122451782227
.BB9923934936523438
.811812554168781172
.819978354880200195

o Chaesleinuest https://github.com/clEsperanto/pyclesperanto prototype/blob/master/bench
@PolDresden marks/affine transforms.ipynb

TECHNISCHE f’A‘
UNIVERSITAT II'RESDEI\:
DRESDEN concept B 4



Graphics Processing Units (GPUs) ) PoL

TU Dresden

e ...don’t have to be expensive.

Central Processing Unit (CPU) Graphics Processing Unit (GPU)

o ) -
- GEFORCEGTX - I

. NS
&£ L

dedicated GPUs integrated GPUs | external “eGPUSs”

. TECHNISCHE s
, @haesleinhuepf UNIVERSITAT DRESDEN 38‘
@PolDresden DRESDEN concept “




Checklist

PolL

Physics of Life
TU Dresden

When does GPU-accelerated image processing make sense?

Eyﬁggﬁmm
You need L
* a workflow that is slow, ideally: -

* image processing time 10 : 1 image loading time,

* Enough graphics card memory,

Processes P App history Startup  Users  Details  Services
cpPU
2% 121 GHz

G PU Intel(R) UHD Graphics 620

Shared GPU memary usage

Utilization

GPU Memory
0.4/7.9 GB

* > 5 timesimage size
e Basic coding experience

* Arecent Intel, AMD or Nvidia GPU (integrated, dedicated, external)

If you really want to get the most out of it:

* agraphics card with GDDR6 memory (memory bandwidth > 400 Gb/s).

, gggfgfeizgsspf Disclosure: | don’t receive any money or anything from any GPU vendor.

TECHNISCHE f“
@ UNIVERSITAT DRESDEN {{' 39
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Online tutorials: clEsperanto

cle.

PolL

Physics of Life
TU Dresden
o o o
* Th -clE t bsite off mpl d simple benchmarking f k t
€ py-ClESperanto wepsite orrers exa es anda si e penc drking 1or snake county.
Z (] = . = O >
) cdEsperanto/pyclesperanto_prot- X + o ) dEsperanto/pyclesperanto_prot- X + [~} [ Jupyter Notebook Viewer X + Q
& > C @ githubcom/clEsperanto/pyclesperanto_prototype B Q & > (C @& githubcom/clEsperanto/pyclesperanto_prototype 3] <« C & nbviewerjupyter.org/github/clEsperanto/pyclesperanto_p.. BE o o :
‘= README.md In [3]: # thresholding with scikit-image
‘= README.md A result_image = None
Example gallery for i in range(s, 10):
IE start_time = time.time()
py-C Spera ntO threshold = filters.threshold otsu(test_image)
e - result_image = test_image »= threshold
- print({“skimage thresholding duration: " + str(time.time() -
) EEEE O 51 Qoo ;
. s g
[ python S RSN codecov 525 Select GPU skimege thresholding duration: @.3397221565246582
skimage thresholding duration: @.3586922721862793
py-clEsperanto is a prototype for clEsperanto - a multi-platform multi- S'Eimage t’;f‘e-"uoiji”g ju"ationi ©.35404443748844727
3 e & skimage thresholding duration: @.3540225628991699
language framework for GPU-accelerated image processing. It uses OpenCL skimage thresholding duration: @.3549243775482178
kernels from CLIJ. <o repr x skimage thresholding duration: @.3759934982191162
Nusber of s in the image: 45.@
skimage thresholding duration: @.3985@5313873291
For users convenience, there are code generators available for napari and Fiji. skimage thresholding duration: ©.42533421516413457
skimage thresholding duration: ©.3860032138324463
skimage thresholding duration: @.3799574375152588
1
In [4]: # thresholding with pyclesperanto

Reference

Er
.
»  Counting blobs
g
i

.. Voronoi-Otsu I;,beling

result_image = None
test_image_gpu = cle.push_zyx(test_image)

for i in range(8, 18):
start_time = time.time()
result_image = cle.threshold otsu(test_image_gpu, result_im
print(“pyclesperanto thresholding duration: " + str(time.ti
13

pyclesperanto thresholding duration: @.8827185@453186835
pyclesperanto thresholding duration: @.84976248741149982
pyclesperanto thresholding duration: ©.83821372985839844
pyclesperanto thresholding duration: ©.8382983684535794%9
pyclesperanto thresholding duration: @.83852185148686035
pyclesperanto thresholding duration: @.838860808262634277 -

W

@haesleinhuepf
@PolDresden

https://github.com/clEsperanto/pyclesperanto prototype

TECHNISCHE
UNIVERSITAT

DRESDEN

DRESDEN
concept
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Online tutorials: napari

PolL

Physics of Life
TU Dresden

= x
@ napan viewer tutorial - napari X |+ (-] g ‘
€ 2 C & naparioroft damentals/viewerhtm! H N o
= o x
7 image |ayer tutorial - napari X + [~}
&< - X 8 napari.crg/tutorials/fundamentals/image htm & % o : k&‘,‘ areas

A simple example of viewing an image is as follows:

@ surface layer tutorial - napari X +

€ >C &

napan.org/tutorials fundamentals/surface html

3D rendering of images

ene g

napari
LN O
Community i &, gradient
Tatos ~ ® pase

undamentals

ari installation tutorial

getting started with napari

napari viewer tutona

I utorial

@haesleinhuepf

All our layers can be rendered in both 2D and 3D mode, and ane of our viewer buttons can toggle
between each mode. The number of dimensions sliders will be 2 or 3 less than the total number ot
dimensions of the layer. See for example these brain surfaces rendered in 30x

https://napari.org/tutorials/

canvas

D—DK
w o @ :

Click to show g

aimension
sliders

TECHNISCHE
UNIVERSITAT DRESDEN { 4
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Let’s take a break ) PoL

TU Dresden

git clone https://github.com/BiAPoL/on the fly image processing napari.git
cd on the fly image processing napari

plp 1install -r requirements.txt

conda 1nstall -c conda-forge pyopencl

plip 1install napari-pyclesperanto-assistant

naparli —--with clEsperanto Assistant

Linux users: you may need to install OpenCL, e.g.
apt-get install ocl-icd-devel

yf @nhaesleinhuept https://github.com/BiAPoL/on the fly image processing napari @ ONIVERSITAT oResoen 4:‘
@PolDresden PS://8 - y g€ D & D DRESDEN concept v}



