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Quiz (recap
*How is this operation called?

stackview.insight(image) new_image = image[4@]

stackview.insight(new_image)
shape (86, 396, 393)

- 250 ; h 396, 393
diype uint8 Shape 898 )
250
: dtype uint8
200 size 12.8 MB
\ 200 size 152.0 kB
min 0 4 O
150 l m a. g e [ ] min 1
max 255 = S
max Pde o)
100 166
SO 50
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
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Quiz (recap)

.Slicing [ Indexing [ Cropping Sampling
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Ask ChatGPT

& ChatGPT
The code "imagel::5, ::5] isusedin Python, typically with libraries like MumPy or similar, to perform
an operation known as "striding” on a 2D array, which is often used to represent an image. This

g Du particular snippet of code will downsample the image by a factor of 5 in both dimensions.

o

What dﬂr_—}_ﬂ thE l:[]dE: imaQE[::E,::E] dﬂ? Here's a breakdown of what each part of the code does:

® “image: This represents the 2D array (or image) being operated on.

e °"[::5, ::5]":Thisisaslicing operation using the ™ : * operator, which is used to access elements

of the array.

e "::5" ineach dimension tells Python to take every 5th element from the respective dimension.

The first *::5" applies to rows, and the second " ::5" applies to columns.

So, if the original image had a size of 100x100 pixels, using “imagel::5, ::5]" would create a new
image of size 20=20 pixels, where each pixel in the new image corresponds to every fifth pixel of the
original image in both horizontal and vertical directions. This method effectively reduces the resolution
of the image, which can be useful for image processing tasks where lower resolution might be sufficient

or to reduce the computational load.

e
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Ask ChatGPT

gDu ’Du

o i

What does the code image[::5.:5] do? Explain me like I'm 12 years old and keep it short

& ChatGPT

Imagine you have a big grid of colored squares, which 1s a picture. If you take every fifth square from
each row and each column, and put those squares together to make a smaller grid, that's what the code
“image[::5, ::5]° does. lt makes the big picture smaller by keeping only some of the squares and

skipping a lot in between. This makes the picture smaller and simpler!
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Training overview: Bio-image Analysis
* [Image] Data Analysis workflows

* Goal: Quantify observations, substantiate conclusions with
numbers
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Feature extraction

Image filtering
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Thresholding: Otsu’s method

» Searching for a threshold where the variance in both classes (above/below threshold

becomes m|n|ma| . Var(I) ... Variance in image |
— - gl g, ... grey value of a pixel i
Var (I) — 9gdi — Y g = Tl— g, ... mean grey value of the whole image |
I n; ... number of pixels in Image |

[ €l [ €l
I I

4000

Below threshold _
Above threshold |

3000

Yariance

2000 —

1000

0 | L L L L | L L L L | L L L L |
a0 100 150 200
Threshold
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Thresholding: Otsu’s method

» Searching for a threshold where the variance in both classes (above/below threshold
becomes minimal.

Var(l) =) gi— g

[ €l

Wariance

gr =

4000

3000
2000

1000

I €l

gi

n;

Var(I) ... Variance in image |
g, ... grey value of a pixel i

g, --- mean grey value of the whole image |
n; ... number of pixels in Image |

Below threshold _
Above threshold

150 200
Threshold

Image Segmentation
BIDS Training School

SC a D S_ml Robert Haase

@haesleinhuepf
DRESDEN LEIPZIG
May 14th 2024

2 | UNIVERSITAT

=
3 sﬁa.j! .

S
e
2L %

LEIPZIG

TECHNISCHE
8 @ UNIVERSITAT
DRESDEN

‘;E!;;-."'i.’—; /



Thresholding: Otsu’s method

» Searching for a threshold where the variance in both classes (above/below threshold

becomes minimal.

Var(l) =) gi— g

[ €l

B8

Wariance

gr =

4000

3000

2000

1000

I €l

Var(I) ... Variance in image |
g, ... grey value of a pixel i

g, --- mean grey value of the whole image |
n; ... number of pixels in Image |

Below thresh
Above threshold
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Thresholding: Otsu’s method

» Searching for a threshold where the variance in both classes (above/below threshold
becomes minimal. \

, Ny np
. Weighted (1) Var(I) =—Var(A) +—Var(B) I=AUB

sum variance n,;
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Thresholding: Otsu’s method

 Searching for a threshold where the variance in both classes (above/below threshold

becomes minimal.

. Weighted (1) Var'(I) = —Var(A) + —Var(B) I=AURB

sum variance n,;
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Thresholding: Otsu’s method

» Searching for a threshold where the variance in both classes (above/below threshold
becomes minimal. |

n n
. Weighted (1) Var'(I) = —=Var(A) + —Var(B) I=4AUB
sum variance n; n;

Below threshol
\ Above threshold
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Thresholding: Citing

 Cite the thresholding method of your choice properly

“We segmented the cell nuclei in the images using
Otsu’s thresholding method (Otsu et Al. 1979)
implemented in scikit-image (van der Walt et al. 2014).”

IEEE TRANSACTIONS ON SYSTEMS, MAN, AND CYBERNETICS, VOL. SMC-9, NO. 1, JANUARY 1979

A Threshold Selection Method
from Gray-Level Histograms

NOBUYUKI OTSU

Abstract—A nonparametric and unsupervised method of automa-
tic threshold selection for picture segmentation is presented. An
optimal threshold is selected by the discriminant criterion, namely,
so as to maximize the separability of the resultant classes in gray
levels. The procedure is very simple, utilizing only the zeroth- and the
first-order cumulative moments of the gray-level histogram. It is
straightforward to extend the method to multithreshold problems.
Several experimental results are also presented to support the
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Terminology

Intensity image Binary image Label image

25

50
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100 1.

125

150

175

0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175

No matter how they are displayed
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Connected component labelling

* In order to allow the computer differentiating objects, connected component analysis (CCA) is used t
mark pixels belonging to different objects with different numbers

* Background pixels are marked with O.

 The maximum intensity of a labelled map corresponds to the number of objects.
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Common image segmentation workflows

* Presumably the most common segmentation algorithm used for fluorescent microscof
images:

Limitation: Dense
e Gaussian blur, Otsu’s Threshold, Connected Component Labeling

objects
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Voronoi-Tesselation

* For separating objects using spatial constraints (not intensity-based)
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Common image segmentation workflows

e Combination of Gaussian blur, Otsu’s Threshold and Voronoi-labelin

Local
maxima
detection

Gaussian

W EN !
Voronoi
labeling

Otsu’s

» Gaussian
S Threshold
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Voronoi-Otsu-Labeling

e Gaussian-Blur
e Otsu-Thresholding

e Spot-detection

* Watershed on the binary image

0
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... in a single line of code:

segmented = nsbatwm.voronol otsu labeling(input_ image,

segmented

100
150
200
250
300
350

0 104 200 300 400

500

10

spot_sigma=5,
outline sigma=1

)

nsbatwm made image

shape (395, 695)
dtype int32
size 1.0 MB
min 0
max 25

GO0

Il [ TINIVEDCITAT (#ilf# 200 | Uiy eronial

https://haesleinhuepf.github.io/BiolmageAnalysisNotebooks/20 image segmentation/11 voronoi otsu labeling.html

https://www.youtube.com/watch?v=evgRgDfVuEc
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Watershed

* The watershed algorithm for binary images allows cutting one object into tow where it’s reasonable.

Binary segme
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Watershed

* The watershed algorithm for binary images allows cutting one object into tow where it’s reasonable.

/

Binary segmen Distance map
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Watershed

* The watershed algorithm for binary images allows cutting one object into two where it’s reasonable. "%

* The distance-maps are typicall made from hinary images. It does not take the original image into accouf§

Binary segme ' ' - Labeled waterShed
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Watershed use-cases
* Split dense objects

Image Segmentation

| BIDS Training school TECHNISCHE &,
Sca DS.AI Rober{ﬁ,‘;;s]i choo 23 gEIE\gEDRESdTAT ‘1J:‘ LUEITIIJ}/IEBRSITAT

@haesleinhuepf
DRESDEN LEIPZI
> ¢ May 14th 2024



Watershed use-cases

* Seeded watershed: Flood regions from pre-defined seeds
* Example: Flood cells from nuclei positions

labeled cells = seeded watershed mbrane channel, labeled nuclei)

labeled cells

“Seeded” watershed

Image Segmentation
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Label post-processing / selections

* Remove objects at the image border

* Their measurements (shape, size) would be misleading anyway

Image Segmentation
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Label post-processing / selections

* Excluding small / large objects

* Common correction-step in case segmentations contain noise-related

small particles
Exclude small objects
Exclude large objects

small labels _only = cle.exclude_large labels(label image, minimum_size=size_threshold)

Image Segmentation
BIDS Training School

S Ca D S.ml Robert Haase

@haesleinhuepf
DRESDEN LEIPZIG
May 14th 2024

e UNIVERSITAT
BRI EY | LEIPZIG
l



ScaDS.All

DRESDEN LEIPZIG

CENTER FOR SCALABLE DATA ANALYTICS AND
ARTIFICIAL INTELLIGENCE

Funded by

% Bundesministerium
flir Bildung
und Forschung
SACHSEN

Napari

Robert Haase

Diese MaBnahme wird gefdrdert durch die Bundesregierung
aufgrund eines Beschlusses des Deutschen Bundestages.
Diese MaBnahme wird mitfinanziert durch Steuermittel auf
der Grundlage des von den Abgeordneten des Séchsischen
Landtags beschlossenen Haushaltes.

"VI
il

Chan
Zuckerberg
Initiative @

UNIVERSITAT
LEIPZIG

|BFT|WSSg(_%|_S§gmenStagionl These slides and the related training materials can be reused under the TECHNISCHE it
S D S AI I Robertralglars]i cnoo terms of the CC-BY 4.0 license. https://doi.org/10.5281/zenodo.10207321 UNIVE RS|TKT j ‘
c a . https://scads.github.io/napari-tutorial-2023 DRESDEN gl

@haesleinhuepf
DRESDEN LEIPZIG
May 14th 2024



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.10207321
https://scads.github.io/napari-tutorial-2023

Napari

* A viewer for n-dimensional image data written in Python

ow  Plugins Help

opacity:

contrast limits:

gamma:

colormap: green
blending: additive

interpolation: linear

rendering: mip

(0]
Mesh 4
Estimated membrar [
Segmented cells <
Detected spots [
Background subtrac [
Tribolium Cd

>Deoo:#fM

Mesh [ O 351049 -536]
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Napari— Graphical User Interface

B napari - [m] X

File View Window Plugins Tools Help

» Q

opacity:

View Configuration / contrast limits: DOCk Widgets
auto-contrast: = once continuous 2Dt B> T TI> 59 ':.'>> o)

tools i 3 __ Sk | . b (custom plugins)

Filter Combine
noise backgrou...
colormap: B turbo 9

blending: translucent i i : o
: : 4 ¥ 6> ®
interpolation: inear 3 4 £ .

Transform Projection

rendering: mip

depiction: volume

IR POL S )

Measure : Compare
labeled label
image images

Process Measure
labels labels

Tl SR

§: ® Resultofaverage._... G

) )
AN A
LN D W20
[ .

Label
P _ - 2 2 8 neighbor Label filters Measure
ti @® Result of mean_ext... G ; X 4 filters

Layers

> Result of standard... . : ] o x(y)
Result of mean_int... G
® Result of label_pix... G

@® Result of voronoi_...
Labels  Result of voronoi_otsu_labeling (desperanto)

@® Result of top_hat_... L

i B o | Operatic average_distance_of n_dosest_neighbors_map (desperar F un Ct i onw i d get S
~EedEf " (custom plugins)

Result of average_distance_of_n_closest_neighbors_map (clesperanto) [ 69 1267 -172] “ activity

Viewer controls
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Napari— Graphical User Interface

* Context / data type dependent tools

ow Plugins Tools Help

opacity:
contrast imits:
auto-contrast:
gamma:
colormap:
blending:

interpolation:

> 6

ScaDS.All

DRESDEN LEIPZIG

View Window Plugins Tools

once continuous

translucent

nearest

1,00 A7 2 Q

label: 1
opacity: 0,7C
1,00 brush sz 10

A ooy blending: translucent

color mor  auto

contour: 0

n edi din 2

contiguot

preserve show
labels: selected:

blobs

>Oeoci#

Result of voronoi_otsu_labeling [306 256]

enter paint or fill mode to edit labels “ activity
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Napari - Python Scripting

. Mixing interactivity and reproducibility

_ napariipynb - JupyterLab x

& 2 C @ localhostB888/lab/tree/docs/31_graphical_user interfaces/napari.ipynb = Y » = 0O o :
: File Edit View Run Kernel Tabs Settings Help
5 * C | [£ Launcher x IEnapari.ipynb L ] cga
B+ XDOO » m Cc » Cod v #  Python 3 (ipykemel) O
Filter files by name QK -
L= 2 &
/ docs / 31_graphical user interfaces / Interactive image visualization with
= Name - Last Modified ha parl
[ napari_crop... a month ago
'- ) napari_das... a month ago napari is a python-based image viewer. This notebooks demonstrates how
[ napari_mag.. 2 month ago to remote control it from python.
» [ napari.ipynb 23 days ago e
M readme.md a month ago
* napari viewer tutorial
* napari image layer tutorial
* napari labels layer tutorial
® Multi-dimensional image visualization in Python using napari [NEUBIAS
Academy@Home] webinar
For opening an image, we still use scikit-image:
[ ]: |from skimage.ic import imread
image = imread(’../../data/blobs.tif")
# print out the spatial dimensions ef the image
image.shape
L — -
Simple (. 0 [ 1 & Python 3 (ipykemel) | Idle Mode:Edit @ Ln2 Col1 napariipynb
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Napari— Python Scripting

File View Window Plugins Help

* |nitialization
= . . 8 napari
import naparil e o o B i

opacity:
contrast limits:

gamma:

# Create an empty Vj_ewer colormap:

blending:

Viewer = napari . Vj_ ewer ( ) interpolation: ~  neares

* Adding images
viewer.add 1mage (1mage)

Image Segmentation
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Napari— Python Scripting

* Removing layers

for 1 in viewer.layers:

viewer.layers.remove (1)

opacity:

* Modify visualization while adding layers contast imis:

gamma:

colormap:

viewer.add i1mage (1mage, bendig:

interpolation:

colormap="'green’)

* Modify layers after adding

image

layer = viewer.add image (image)

layerlcolormag = 'green’

layer|contrast limitg = (0, 128)

Image Segmentation
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Napari— Python Scripting

* Binary images and label|images visualized as label layers

File View Window Plugins Help

X Q

from skimage.filters import threshold otsu X &L 2 Q

label: 1

threshold = threshold otsu(blurred image) opacity:

brush siz

blending: translucent

binary image = blurred image > threshold

color mor  auto
contour: 0
n edit dir 2

contiguor v

# Add a new labels layer Containing an image preserve | =ls:  show sel

viewer Jadd labels|(binary image)

binary image
blurred_image

image

> ed i f

enter paint or fill mode to edit labels

Image Segmentation TECHNISCHE &
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The Napari Assistant

Assistant n
CALC

* A pocket-calculator-like
interface to build image
analysis workflows >er el e 5

F-991MS

Enter operation or plugin name to search

Remove noise Remove i Combine
. “*  background .

> >0 2> 2D
Transform Projection Binarize Label

M| 2N | 2N

Process labels Combine Measure Measure
- - labels labels labeled image

»:{ t“.»:{ l“.» | | >>_

- Label
Compare T T Ty e
label images r1$:|t_1:|rl_lc-r Label filters Mesh

x(v) |5

Meas ¢ Generate Save and load Und
VIEGSLrEMEN code... workflows (THE

UNIVERSITAT
LEIPZIG 4
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https://www.napari-hub.org/plugins/napari-assistant

The Napari Assistant

* Classical image processing g
operations + advanced tools ; ,
* Saving&loading supported oo
 Undo [redo] o .
e Hints for next steps
Big thanks to:r % =

Q)

Ryan Savill
@RyanSavill4

Robert Haase
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Workflow building

* Try different
algorithms,
e.g. for
removing
noise

 Find them in
the pulldown
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File View Window Plugins Tools Help

w Q ® Q

opacity: 1.0C Enter operation or plugin name to search

contrast limits: [o

O | | ‘ | Sl
auto-contrast: once Cont. Reset ‘{>>:,‘ lﬂ»:'_ :{» ')o,- n.:>> :..‘

gamma: 1.0C

2 Remove £ g
Remove noise background Filter Combine

colormap: 2 ooy v

blending: translucent. ¥ 6)) 6)} W 2>
B ..

interpolation: nearest v

Transform Projection Binarize

f >> l >> 2 I >>l.,_

g

Oemrner lnbals

Combine Measure Measure v

o Q

b

Image blobs

@ Result of gaussian_...
Operation gaussian_blur (desperanto)
&
i blobs Gaussian {n-SimpleITK)
sigma_x Gaussian (sckitimage, nsbatwm)
gaussian_blur (desperanto)
mean_box (desperanto)
mean_sphere {desperanto)
Median (n-SimpleITK)
Median (scipy, nsbatwm)
- nam ; median_box (desperanto)
>_ D e £l Eas ﬂ Sigma_z median_sphere (desperanto)

Percentile (scipy, nsbatwm)

sigma_y

“ activity
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Workflow building

* Try different
b i n a ri Za t i O n — BT Q AR (@) Enter operation or plugin name to search
algorithms 1

opacity: 0.7¢ cA> 0l >R s> RY

brush size: 10

- Remove noise b F!.Emc-:e d
blending: translucent ackgroun

color mode: auto -
> > .
: 58 o

contour:

n edit dim:
contiguous: +
preserve

Transform Projection Binarize

=

Image or labels Result of gaussian_blur (desperant

. Operation thresheld_otsu (desperanto)
b J o]
® Result of threshold_... &

> Result of gaussian_... [d

blobs Cd "
Simple:

Hweshald, ot fdesperanio)

use < 1= for activate the label eraser, use <2 for activate the paint brush, use for activate the fill bucket, use <4= for pick mode “ activity
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The Tools menu

* Organized in categories

File

View Window Plugins [laglss Help
= 0 Blender 4
Filtering / background removal

opacty: Filtering / deconvolution »

contrast limits: Filtering / edge enhancement »

auto-contrast: once cc  Filtering / noise removal 4 Bilateral (n-SimplelTK)

gamma: Filtering » Bineminal blur (n-SimplelTK)
Games 4 Butterworth (scikit-image, nsbatwm)

colormap: l gray Image math 4 Curvature flow (n-SimplelTK)

blending: additive Measurement maps 4 Gaussian (clesperanto)

incerpolation: nearest Measurement post-processing 4 Gauss?an (n—.Si.m!aIel'I'IQ
Measurement tables 4 Gaussian (scikit-image, nsbatwm)
Measurement 4 Mean (box, clesperanto)
Points 4 Median (n-5implelTK)
Registration 4 Median (scipy, nsbatwm)
Segmentation / binarization 4 Percentile (scipy, nsbatwm)

= Q Segmentation / labeling 4 .

Segmentation post-processing 4

Surfaces

& nuclei Tracking 4

Transforms

Utilities

Visualization

Tools Info

Image Segmentation
BIDS Training School
Robert Haase
@haesleinhuepf
May 14th 2024
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lools | Help

Blender

Filtering / background removal
Filtering / deconvolution
Filtering / edge enhancement
Filtering / noise removal
Filtering

Games

Image math

Measurement maps
Measurement post-processing

Measurement tables

Points
Registration
Segmentation / binarization

Segmentation / labeling

Segmentation post-processing

Surfaces
Tracking
Transforms
Utilities
Visualization

Tools Info

Black top-hat (n-SimplelTK)

Black top-hat (scipy, nsbatwm)

Divide by Gaussian background (clesperanto)

Maxirmum (scipy, nsbatwm)

Minimum (scipy, nsbatwm)

Relling ball (scikit-image, nsbatwm)

Subtract Gaussian background (clesperanto)

Top-hat (box, clesperanto)
White top-hat (n-SimplelTK)
White top-hat (scipy, nsbatwm)

Connected component labeling (clesperanta)

Connected component labeling (n-SimplelTK)

Connected component labeling (scikit-image, nsbabwm)

Create labels from points (nppas)

Eroded-Otsu-labeling (clesperanto)

Gauss-Otsu-labeling (clesperanto)

Gauss-Otsu-labeling (nsbatwm)

Morphological watershed (n-SimplelTK)
Object segmentation (APOC)

Object segmentation (apply pretrained, APOC)

Scalar image K-means clustering (n-Simplel

TECHNISCHE
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DRESDEN
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Short-cuts: Voronoi-Otsu-Labeling

Also check out the Tools > Segmentation / labeling menu

File

= 0

View Window Plugins Tools Help

blobs (data)

RAESL QL Q
label: 1
opacity: 0.7C
10

brush siz

blending: translucent

color mor auto File View Window Plugins Tools Help

= 0

w

contour: 0
n edit din 2
contiguot v

preserve show
labels: selected:

image blobs (data)

BAES QL Q
label: 1
opacity: 0.7C
brush siz 10

spot sigma 3.50

outline sigma 0.00

Run

= 0

FE SR

blending: translucent

color mor auto

@ Result of gauss_ots...
contour: 0

n edi din 2
contiguot +

- W mm=m preserve show .
> D N B s ﬂ labels: selected:
Result of gauss_otsu_labeling [ -4 236] = O
2Ol S

Gauss-Otsu-Labeling .

>~ O%oif

Result of voronoi_otsu_labeling [ -5 250]

enter paint or fill mode to edit labels “ activity

Image Segmentation
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Watershed

Also check out the Tools > Segmentation / labeling menu

File View Window Plugins Tools Help

* Q ® Q

XAI L Q kil _'~ : image nudei (data)

spot sigma 9.00

label: 1
opacity: 0.7¢
brush siz 10

outline sigma 2.00

Run

w
blending: translucent v

membranes membrane (data)
color moi  auto

labeled nudlei Result of voronoi_otsu_labeling (data)
contour: = 0

T \ R
n edit din - 2 =
contiguot v

preserve show
labels: selected:

- o
| R
@® Result of seeded_w...
® Result of voronoi_o...
membrane

nuclei

>Deoon#

Result of seeded_watershed [ 30 118 80] enter paint or fill mode to edit labels “ activity

Image Segmentation -~
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Label erosion, dilation, opening, closing, .

* In Napari Assistant: Process labels

M nepari = m] X

File View Window Plugins Tools Help

* Q ® Q
x Q / &. / o\ Y Enter operation or plugin name to search

v /7 LAV [ LAV

label: 1 t 7 W |7 = w7 el w7

opacity:
brush size:

Transform Projection Binarize Label

blending: translucent N> >N | >N "‘>>..’_

color mode: ' auto Combine Measure Measure

Process labels labels labels labeled image

contour:
n edit dim:

Seal thy sl ahy >

preserve Compare Labe
labels: : - : label images

contiguous:

neighbor Label filters
filters

show
selected: AL

* Q : Labels Result of Connected component labi

L SR

Operation dilate_labels (desperanto)
@® Result of dilate_labe... A
radius 0.00
@ Result of Connected...
# Result of threshold_...

Result of gaussian_....

blobs

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode “ activity
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Browse operations

* Use the search... This only works if
developers documents

their plugins well ;-)

V

Enter the library name Enter the structure you )
y : y oo X Search the internet
you want to use would like to segment

¢ @ 0

Enter operation or plugin name to search scikit-mal membrane] the unknown

SI>Cs >l My WL | Wbl P W ]

Generate  Save and load Search napari Search . h Bl
hub image.sc STl

cADr > Y Ta>Kg

Remove Remove
Label

Remove Remove noise Binarize
1 ] 15 [7|
) . background ! background code... workflows

1 - e
SRR background

- Turn images into label images by labeling obje

G>@ @8 vt o - RO
Operations:

* Seeded watershed using local minima as

= et TR - - . Generate Save and load = . i}
Transform Projection Binarize Label Process labels [ Measure... code... T AT Undo * Seeded watershed using local minima as see

- 7 Measure features and show results in a table.
> TP Dot D0
N = = Operations:
i i pera
* Regionprops (scikit-image, nsr)

TR TR Combine Measure Measure
= . labels labels labeled image

UNIVERSITAT

Robert Haase
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Export code to Jupyter Notebooks

File View Window Plugins Tools Help

w Q

nsba

opacity:
contrast limits:

T ITMTV I S

gamma: 9
Rﬁr:g:e baR(ekE?t‘:/: Filter Combine

D

auto-contrast: once continuous

colormap: B ooy
blending: translucent ¥ 3 ’ :‘._>>:, :.t>> | | B » x(y)

interpolation: nearest v AR ‘
g - 4 Process Generate
Binarize Labe} labels code...

(I

Save and
load
workflows

zfish_eye_c1

>~DOeoif

zfish_eye_c1[1090 886]

4 activity

UNIVERSITAT
LEIPZIG 5

April 23rd 20bnage data source: Mauricio Rocha Martins, Norden lab, MPI CBG (now at |
9]
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Export code to Jupyter Notebooks

. testipynb - Jupyterlab X +
File View Window Plugins Tools Help & 5 C @ localhost:8288/lab/tres/testipynb
R § : File Edit View Run Kernel Tabs Settings Help
b7 4 Q / & , O\ Enter operation or plugin name to search - & Launcher % | M testipynb
label: = 1 i : B + X O [ » m C » Code v # Python 3 (ipykemel) O
2o @ . - - re) .
opacity: 0.7¢ e/ Vet WDl 2DRY A () threshold otsu &
brush size: 10
R 3 Remove Filt . .
€MOVE NOISE 3 ckground nter = image2_to = cle.threshold_otsu(imagel_gb)

blending: translucent

image2_to

color mode: = auto >> S»D | { i » cle._image

contour: - 1 g shape (254, 256)
n ed.ﬂi dim: . 1 ’ Transform Projection Binarize 10 dtype Linta
contiguous: «
preserve . . o size 63.5 kB
Ishale- . - . >> .
snow 1 5 o8 min 0.0
calartad-

Combine Measure Measure X max 1.0

Processilabels labels labels labeled image

O - L2501 85| >

© (5

@® Result of Connected... = Label
DImbare ighbor  Labelfilters
label images n?g
Result of threshold._... ] ilters

o
Result of gaussian_... G x(y) B

connected component labeling

blobs . Ger
Og i

-~ W msm Export Jupyter Notebook image
~Deoo=Ef At Kggser Rl ge3

Export Python script to file
F,) 2 .p image3_C = nsbatwm.connected_component_labeling(image2_to, False)

Export Jupyter Notebook using Napari
nshatwm made

image

shape (254, 256)

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the Copy Python code to clipboard

dtype int64

size  508.0 kB

min 0

Sca Dsml E{@Oht;eer;gﬁ?cisteas‘f://fzithub.com/haesleinhuepf/napari-assistant

BIDS Lecture 4/14 d .
DRESDEN LEIPZIG April 23rd 2024 #code-generation
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Napari - Exercises

e Start napari from the terminal!

* Follow the instructions to set up a workflow and export a Jupyter notebook

. napari

File View Window Plugins Tools Help File Vig ~ testipynb - Jupyterlab % AL %

€& > C @ localhost:8888/lab/tree/test.ipynb e v % 0O o :

opacity: 1.0C Enter operation or plugin name to search

File Edit View Run Kernel Tabs Settings Help
opact ) h (¢ 2 Launcher X | [ testipynb o |+ 0
B + XD O » = c » Code v &  Python 3 (ipykemel) O
Q - -
l voronoi otsu labeling 2

contrast limits:
auto-contrast: once Cont. Reset :I_>> .-" ._ﬂ)) .-" :">> 100’

gamma: 1.0C

Remove

Remove noise background Filter

colormap: 3 oay v

imagel_vol = cle.voronoi_otsu_labeling(imaged_n, None, 9.0, 2.0)

blending: translucent_ ¥ ° o
p a» e >> D .{»." .— | Name - Last Modified T
s v > = W CUIMEcts Z5uays agu babn Kb 2
interpolation: nearest & imagel_vol, name='Result of voronoi_otsu_labeling (clesperanto)')
Transform  Projection Binarize 8 Desktop aday ago napari.utils.nbscreenshot(viewer)
ot * B Docume.. 8 days ago
-
" >> >> 7] M Cownloa.. aday ago
L "%
e L W ravorites 25 days ago

B Links 25 days ago

B mambaf... 11 days ago

= a » a
.:'. ‘ 0 mage nudei

| Music 25 days ago

® i w -
Result of Connected... s EAs lesperanto) M napari_w.. 9 days ago
M OneDrive 3 days ago

® Result of threshold_...

B OpenVPN
W® Pictures
B Saved Ga...
M Searches
M Videos

10 days ago
@® Result of gaussian_... [

25 days ago

® nuclei

@ membrane

0 B 1 & Python 3 (ipykemel) | Idle Mode: Command @ Ln1,Col1 testipynb
o Va2 »

>-D'®D‘lﬁ o b K

Result o...peranto) widget: do_re..noise  [30 559 334]

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode 4 activity

https://github.com/ScaDS/BIDS-lecture- https://github.com/ScaDS/BIDS-lecture-
2024 /blob/main/04b napari notebooks/napari-assistant.md 2024/blob/main/04b napari notebooks/notebook export.md
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https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/notebook_export.md
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/04b_napari_notebooks/notebook_export.md

Napari - Exercises

e Start using napari from Python

~ napariintre.. - Jupyterlab x o+ — O X

< c Q@ localhost:8888/1ab/tree/04b_napari_notebooks/napari_intro.ipynb w ) 3]

~ File Edit View Run Kernel Tabs Settings Help

m Launc B3 * c (2 Launcher ¥ | [A napari_intro.ipynb X |+ .

‘ a B + X M@ [ RunSelected Cells Interrupt Kernel Restart Kernel... Restart Kemeland RunAllCells.| v = napari_intro... - JupyterLab x + = O x
o M / 04b_napari_notebooks / Opening the napari ViEWEr < c @ localhost:8888/lab/tree/04b_napari_notebooks/napari_intro.ipynb W 3 }J :
.— | Name - Last Modified

= ) ) : File Edit view Run Kernel Tabs Settings Help
— In order to open the viewer, we first have to import napan

| datz 7 minutes age
v Launc t [4 Launcher X | [A] napari_intro.ipynb X |+ @
B images an hour ago R . L = - ¢ par i Ee]
* - . " import napari B + X B [ RunSelected Cells InterruptKernel Restart Kernel... Restart Kernel and Run All Cells... %
= [M] napari_intro.ipynb [ tes ago | Q
. . i . . . . -
A napari-assistant.md 5 months ago Now, we can open the viewer with the following command: 0 Segmentation visualization -3
B / 04b_napari_notebooks /
A natebook_expartmd 5 manths ago . .
viewer = napari.Viewer() | Name - Last Modified You can also add a segmentation result to the viewer, which will get overlayed with the criginal
| stz 8 minutes aga {mage.
Napari should open in a separated window. Some warning messages in the cell above are normal.
m images an hour ago
blurred = gaussian(mri, sigma=5)
Let's show a screenshot of the viewer here. We pass the variable viewer to the function. « [A] nap: ipynb 7 minutes ago
A| napari-assistantmd 5 months ago binary_image = blurred > threshold otsu(blurred)
napari.utils.nbscreenshot(viewer) =
R natebook exportmd 5 months ago viewer.add_labels{binary_ image)
napari.utils.nbscreenshot(viewer)
Simple 0 [ 5 @& Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col 1 napariintrod

Simple oM™ s Python 3 (ipykernel) | Idle Mode: Command @& Ln1,Col1  napari_intre.ipynb m_
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Image segmentation exercises

* Try out segmentation algorithms and apply them to other datas

v : T_voronoi_o... - JupyterLab X +

=« [A] 13_watershed.ipynb

Simpla

4 minutes ago

label_image

0 [ 5 @ Python 3 (ipykernel) | Idle

spot_sigma=5,
outline_sigma=1) * « [A] 09_gauss_otsu_labeling.ipynb

pynb

= W] 11_voron

= [A] 12_Segmentation_3D.pynb

nshatwm made
image
(200, 200)

=« [A] 13_watershed.ipynb

shape
dtype int32
size 1562 kB
mirn 0

max 12

Mode: Command &  Ln 1, Col 1 11_voronoi_otsu_labeling.ipynb m_

Simpla

2 minutes ago
8 minutes ago
5 minutes ago

4 minutes ago

0 [ 5 @ Python 3 (ipykernel) | Idle

< c (6] localhost:8888/lab/tree/04a_image_segmentation/11_voronoi_otsu_labeling.ipynb ¥ D m
: File Edit View Run Kemel Tabs Settings Help - ~ Ti_veronoi_o... - JupyterLab x + _ o x
- Launc * C [2 Launcher [®] 11_voronoi_otsu_labelingipy X | + N
| B + X M [ RunSelscted Cells Interrupt Kemel Restart Kernel Restart Kernel and Run All Cells & € G ® localhost:8888/labytree/04a image_segmentation/11_voronoi_otsu_labeling.ipynb ¥ o m :
Filter files by name Q -
i I - ~ File Edit View Run ¥ernel Tabs Settings Help
o I / 04a_image_segmentation / Applylng the algorlthm g
: . - Launc * s 4 Launcher X | M 11_voronoi_otsu_labelingipy X | + O
w— | Mame - Last Modified Voronoi-Otsu-labeling is a segmentation algorithm, which asks for two sigma parameters. The first
= : B + X M [ RunSelscted Cells Interrupt Kemel Restart Kernel Restart Kernel and Run All Cells &
m stz 5 minutes ago sigma contrals how close detected cells can be ( spot_sigma ) and second contrals how precise | Filter files by name Q
. ted objects are outlined ( outline_sigma ). This is the algorithm implemented in the o . - -
« [W] 09_gauss_otsu_labeling.ipynb 2 minutes ago segmen =
* " " napari-segment-blobs-and-thingz-with-membranes: W/ 04a_image_segmentation / ExerCIse
= W] 11_voron su_lab pynb 8 minutes ago
- [A] 12_Segmentation_3D.ipynb 5 minutes ago — - A— T = Name - Last Modified Load the blobs.tif example dataset from last week - without moving the file! Apply the two
abel imsge = nsbatum.voronoi otsu labeling(cropped image, | data 5 minutes ago algorithms Gauss-Otsu-Labeling and Voronoi-Otsu-Labeling to it. Get the number of objects from

both images in a variable and print out the variable.

Optional: Write a function that loads the image, segments it and returns the number of objects.

Mode: Command &  Ln 1, Col 1 11_voronoi_otsu_labeling.ipynb
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