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Quiz: Memory constraints

* Assume your computer runs out of memory while
processing this image dataset.
What can you do to avoid this?

1.

2.
3. Tiled image processing

The full data set is
about
1024 (width)
2048 (height)
100 (depth)
3700 (frames)
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Optimal performance through smart memory management

* The classical way of dealing with large image stacks...

> Preprocessing >
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Optimal performance through smart memory management

* The classical way of dealing with large image stacks... is suboptimal

Preprocessing

Preprocessing

Preprocessing

This strategy does not just

take long; it also costs a

lot of memory!
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Optimal performance through smart memory management

* Processing time-point by time-point is more efficient!

-> Preprocessing Segmentation

This strategy also works
tile-by-tile on large 3D
stacks and timelapse data!
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Optimal performance through smart memory management

e Even better: Distribute tasks between parallelized computation systems
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Optimal performance through smart memory management

e Even better: Distribute tasks between parallelized computation systems

p pgthon For this strategy,

advanced
programming skills

r‘ daSk are necessary.
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Delayed processing with Dask

* Not not deal with details behind scheduling data loading and processing, we use
Dask delayed and Dask stacks.

import dask
import dask.array as da

Decorator @delayed

def render_level(i):

Normal from mandelbrot import SCALE®, ZOOM_PER_LEVEL
Python scale = SCALE® / (ZOOM_PER_LEVEL ** i)
function

return mandelbrot_array(scale=scale)
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Delayed processing with Dask

* Not not deal with details behind scheduling data loading and processing, we use,
Dask delayed and Dask stacks.

levels = [ Delayed function calls,

da.from_delayed( NOT executed (yet)
render_level(1i

shape=(HEIGHT, WIDTH), dtype=DTYPE

)

for 1 in range(number_of images)

]

stack = da.stack(levels, axis=8)

Stack of delayed / not

yet computed data

Robert Haase
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Delayed processing with Dask

* Not not deal with details behind scheduling data loading and processing, we use,

Dask delayed and Dask stacks.

stack

Array Chunk
Bytes 512.00 kiB

Shape (200000, 512, 512) (1,512, 512) é’% o

Dask graph 200000 chunks in 400001 graph layers 512 ak
Data type uint16 numpy.ndarray

At this point, no image
has been computed yet.
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Delayed processing with Dask

* Not not deal with details behind scheduling data loading and processing, we use
Dask delayed and Dask stacks.

stackview.imshow(stack[20000])

Computation of L :

one chunk is "*
nvoked when we
need the data
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image = np.asarray(stack[©:20000:1600,::2,::2])
image.shape

Also works with
(20, 256, 256)

multiple chunks

stackview.animate(image)
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Tiling

* The last perimeter against processing big image data

bt 5 - © * |fthe image is too large for the computer mem
image processing as a whole is not possible.
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Processing tile-by-tile poses new challenges [NINNRNNNNSESSSS ===
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Tiling
: : B Optimal margin size depends
* Example: Gaussian blur (sigma = 20)

on algorithm and its
* Solution: Process with overlapping tiles (size + margin) parameters
Margin: O pixels Margin: 10 pixels Margin: 20 pixels

[ CLUxt_gaussianBlur3D_result3 - O X [ CLUxt_gaussianBlur3D_result6 O X [ CLUxt_gaussianBlur3D_resultd O X
512x512 pixels; 8-hit; 256K 512x512 pixels; 8-bit; 256K

512x512 pixels; 8-bit; 256K

-

-
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Tiling

* Example: Gaussian blur (sigma = 20 pixels)

Computation time depends
* Solution: Process with overlapping tiles (size + margin) on tile size and margin width

|57 grey_spirals-2.tif — O x

512612 pts 5.t 255 - ] . Margin: 20 pixels
g = ==SNnnea Size: 5x original
—— M\
7 A Margin: 10 pixels
&’/Zﬁfé == AHuunw b Size'g 2.7x orriJ inal
" A\ 2.7xori
7= )
ﬁﬁ/ﬁ%@? 44%%%m% Tile
Wi . ), 32x32 pixels
i (NN ‘{égf/%///
it W& 7
W\ = .
&{\\\ TUINNANY __égg? 52x52 pixels
\\ R e,
s .
A 72x72 pixels
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Tiling
 Some algorithms are hard to solve by processing tiles

e Example: Connected component analysis

Checking which labels touch £
and combine them is
feasible.

CLIZ_threshold...
266x254 pixels; B-hit, 64K

CLIJxt_connecte... — O X
2656x254 pixels; 8-hit; 64k

— O X CLI2_connected... — O X

266x254 pixels; 32-bit; 254K
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Tiling

: : : There are algorithms for
* Some algorithms are hard to solve by processing tiles that, but hardly available
* Example: Connected component analysis tools.

512x512 pixels; 32-hit, 1MB 512x51 2 pixels; 8-hit; 256k

512x512 pixels; 8-hit; 256K
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Tiled image processing in Python

e Key: tiled file formats, for parallel, distributed, lazy loading
After executing this,

| = | P1_H_C3H_MO004_17-cropped.zarr — O x .
Home Share View hd e no plxel has been
<« v 4 « data » P1_H_C3H_MO04_17-cropp.. w|® | Search P1_H_C3H_MO04_17-cropped.zarr o read yet
» Ola_setting_up_local_environment A O Mame - Type Size ~
01b_setting_up_sc_ulei_environment D zamay ZARRAY File 1 KB . .
+ || Olc_testing_environment [ 00 S File . zarr_image = da.from_zarr{zarr_filename)
» 02a_remote files D 0.1 1File KB zdarr imElgE
02b_meta_data [7o2 2 File 1KB -
03a_pull_requests % Ej i::':e :: E:
; ile
» 03b_image_processing )
> 03c_dependency_management S EZ Z :z::: :: E: Array c h un k
» da_image_segmentation D 07 7 Eile 1 KB
> 0db_napari_notebooks D 0.8 8 File 1KB Ejl’tES- .EI 54 M IE .EI ?’? |'§..| B E
> 05a_surface reconstruction D 0.9 9 File TKB D
> 05b_quality_assurance D 0.10 10 File 1KB oJ
> 05¢c_feature_extraction D 01 11 File 1kB ShaPE EEDDD, 5‘{:":' D] |:‘1 DD.- 1 CID}
s Tl 06 chatbots 1012 12 File 1KB
- _ [ 013 13 File 1 KB )
» [ 0agpu_sceeleration [ 0.14 14 File 1k8 Dask graph 1000 chunks in 2 graph layers
hd O7hb_tiled_image_processing D 015 15 File 1 KB
{ipynb_checkpeints [ 018 16 File 1KB .
v || data [ oa7 17 File 1KB Data type uint8 num PY- nda ray
P1_H_C3H_MO04_17-cropped.zar - [ 018 18 File 1KE ¥
1,001 items =l
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Tiled image processing in Python

* Delayed processing

After that,
results are
available

After executing this, no
pixel has been read or

processed yet.

'5]: tile map = da.map blocks(count nuclei, zarr_image) recult = tile map CEI'FI'IFIUtE'[::]

tile map

- _ Processing image of size (1@é, 188)

Efciismg snage of =ize (6. ©) Processing image of size (1@@, 1886)
Processing image of size (1, 1) Processing image of size (1e@, 188)

] b Processing image of size (1@é, 188)
) Array Chunk Processing image of size (1@@, 188)
Bytes 7629 MiB 78.12 kiB -§ Processing image of size (1@@, 1886)

Shape  (2000,5000) (100, 100) N Processing image of size (1@, 188)

Dask graph 1000 chunks in 3 graph layers

Data type floated numpy.ndarray

Robert Haase

@haesleinhuepf TECHNISCHE i)

Sca DS AII Delayed processing 18 @ UNIVERSITAT i

DRESDEN LEIPZIG él School Leibnitz I0M DRESDEN et
ctober 2025

UNIVERSITAT
LEIPZIG




Tiling with/out overlap

* Processing of images in tiles: artifacts at tile borders

tile map = da.map blocks(procedure, tiles)

50 50
6 result = tile map.compute() 65
150 —BO
200 200

250

o

250

0 50 100 150 200 250

100

150

200
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Tiling with/out overlap

* Processing of images in tiles: artifacts at tile borders

overlap width = 1
tile map = da.map_overlap(procedure, tiles, depth=overlap width)

result = tile map.compute()
100

150 0
200 50 S0 50 S0
250 100 100 100 100
0 50 100 150 200 250
150 150 150 150
200 200 200 200
250 50 250 250
0 50 100 150 i 0 50 100 150 i 0 50 100 150 20 0 50 100 150 200 250

sum difference 1.5288188631 sum difference 2.898167090988 sum difference -8.8857617838 sum difference 6.8
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Exercise: Delayed processing

* Determine the first Jz e e - —

.. File Edit View Run Kemmel Tabs Settings Help

image index when all  © =m-. - .

| + ¥ @ » m C » Code v Notebook [] & hon 3 (ipykernel =
‘ B / docs / day2.1_data_wrangling / 8 XDbOo 0 Python 3 (ipykerel) O

pixels h ave th e Sa m e o N:":;m R Modified Exercise 1*

localhost:8888/lab/tree/docs/day2.1_data_wrangling/11_dask_delayed_mandelbrot.ipynb aQ W 3 ;J

23 minutes ago

A 01_pandas_introductionipynb yesterday Find the first image in the stack where all pixels values have the same intensity.

] .
I I | ") 02_pandas_select_dfipynb yesterday stack. shape
I | e I l S y | * " 03_pandas_appending_dfipynb yesterday
200000, 512, 512
" 04_pandas_datatypes.ipynb yesterday ( ’ ’ )

M M| 05_pandas_missing_data.ipynb yesterday stackview. imshow(stack[@])
a p p rOXI I I | ate y ° | " 06_pandas_group_by.ipynb yesterday
# 07_tidy_data.ipynb yesterday
< 11_dask_delayed mandelbrot.ipynb 50 seconds ago
« A} 21_tiling_images_naive_approach.ipynb 23 minutes ago
‘ « M 22 tiling_images_with_overlap.ipynb 23 minutes ago
« M 23_tiled_image_file_formats_zarr.ipynb 22 minutes ago
« A 24 _tiled_nuclei_counting_quick.ipynb 22 minutes ago
mandelbrot.gif 20 minutes ago
@ mandelbrotpy 40 minutes ago
pandas-dataframe.png yesterday
M readme.md yesterday
|
|
stackview. imshow(stack[-1]) |
v
Simple 5 & Python 3 (ipykernel) | Idle Mode: Command & Ln1,Col1 11_dask delayed_mandelbrot.ipynb m
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Exercise: Tiled image processing

* Apply background-removal to an
image in tiles. Determine the
overlap width that’s necessary to
have artifact-free results.

v T 22iiling_im... (2) - Jupyterlab % + - ] x
€« - C ® localhost:8888/lab/tree/docs/day2.1_data_wrangling/22_tiling_images_with_overlap.ipynb Q % o} EJ H
: File Edit View Run Kernel Tabs Settings Help

o =

m / docs / day2.1_data_wrangling /

,,,,,,, N
Name - Modified Overlap width 8 -
B data 23 minutes ago pm(ess%"g @, 2)

processing (1, 1)

[A] 01_pandas_introduction.ipynb yesterday processing (144, 144)

. processing (144, 144)

[%] 02_pandas_select_df.ipynb yesterday processing (144, 144)

[A] 03_pandas_appending_dfipynb yesterday processing (144, 144)
[W] 04_pandas_datatypes.ipynb yesterday
[%] 05_pandas_missing_data.ipynb yesterday
[A] 06_pandas_group_by.ipynb yesterday
[®] 07_tidy_data.ipynb yesterday
« [W] 11_dask_delayed_mandelbrotipynb 50 seconds ago
« [W] 21_tiling_images_naive_approach.ipynb 23 minutes ago
_overlap.ipynb 23 minutes ago
«+ [M] 23 tiled_image_file_formats_zarr.ipynb 22 minutes ago
« [A] 24_tiled_nuclei_counting_quick.ipynb 22 minutes ago

mandelbrot.gif

@ mandelbrot.py

M pandas-dataframe.png yesterday
M readme.md yesterday
sum difference 0.3836489788163834
As you can see, the sum difference becomes smaller the wider the overlap is. This is
obviously related to the procedure we applied. Depending on the filters applied to
the image, we need a different overlap width to eliminate the error.
Exercise
Determine the overlap width you need to get artifact-free images.
[1:
v
Simple 5 & Python 3 (ipykernel) | Idle Mode: Command @ Ln 1, Col 1 22_tiling_images_with_overlap.ipynb m

I'e} 4 [%] 11_dask_delayed_mandelbro ® | [ 22_tiling_images_with_overlaX | + %
B+ X O & » m C » Makdown v  Notebook[?7 #& Python 3 (ipykemel) O =

20 minutes ago

40 minutes ago
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Exercise: Counting Nuclei in tiles

[m]

~v O 24tiled_nuc.. (4) - Jupyterlab X +

¢ Afte r S eg m e nti n g a n d CO u nti n g n u C I e i € > C @ localhost:8888/lab/tree/docs/day2.1_data wrangling/24 tiled nuclei_counting_quickipynb Q ¥ o3 £y
in tiles, compare the result to ELC I

+ c T (%] 11_dask _delayed_mX | [%] 22 tiling_images_ wiX | [® 23 tiled_image_file_X | [® 24 tiled_nuclei_cou X | + ov
B + XDOTM » m C »w Makdown v Notebook [ & Python 3 (ipykemel) O =

processing the whole image. Try out [ =it 1.

Name - Modified [12]: np.float64(5545.8)

H f d H h | = i data 23 minutes ago Again, as the result map is small, we can just visualize it.
St ra te g I e S O r re u C I n g t e e r ro r. ‘ = [M] 01_pandas._introduction.ipynb yesterday
| [®] 02_pandas_select_dfipynb yesterday [11]: stackview.insight(result)
; * [M] 03_pandas_appending_dfipynb yesterday
| ) - shape (20, 50)
[M| 04_pandas_datatypes.ipynb yesterday .
[®] 05_pandas_missing_data.ipynb yesterday | s dtype  floatb4
[®] 06_pandas_group_by.ipynb yesterday o size  7.8kB
[®] 07_tidy_data.ipynb yesterday s min 00
+ [A] 11_dask_delayed_mandelbrotipynk now . max 205
« ] 21_tiling_images_naive_approach.ipynb 23 minutes ago e
« [A] 22_tiling_images_with_overlap.ipynb 23 minutes ago oo
« [A] 23_tiled_image_file_formats_zarr.ipynb 22 minutes ago s
i}
mandelbrot.gif 20 minutes ago
@ mandelbrot.py 40 minutes ago
pandas-dataframe.png yesterday .
¥ readme.md yesterday Sanlty CheCk
Applying the count nuclei function to the whole zarr image allows us to check
for the error of the computation above.
Note that this would not work with big data.
12]:  count_nuclei(np.asarray(zarr_image))
[12]: array([[5423.5]])
Exercise
Use the function da.from_zarr(zarr_image).rechunk( (580, 56@)) to apply
cound_nuclei to differently chunked data. Depending on the chunk size, the error
of the method seems different. why?
v
Simple 5 {8 Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col 1 24 tiled_nuclei_counting_quick.ipynb m
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