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Introduction: Gene Myers lab — Smart Microscopy @ §
N

* 5 Microscopes
* Spinning disc confocal
* Meso-scope
* 3 light sheet microscopes

* Closest collaborators
* Advanced Imaging Facility @ MPI CBG
 Tomancak lab @ MPI CBG
e Juglab @ CSBD / MPI CBG
* Royer lab @ CZ Biohub

U

YW @haesleinhuepf % https://clij.github.io/



https://clij.github.io/

Fast long-term live imagin N <
2 ging B §

* Imaging fast

1:09:18

100 pm
Hatching Drosophila larva @ 20 fpm

W @haesleinhuepf . https://clij.github.io/
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Fast long-term live imaging

* Imaging fast and long-term

1:09:18

0:00:00

Imaging 1 week
with 20 fpm
200 MB each

200000 frames =40 TB

100 pm

Hatching Drosophila larva @ 20 fpm Tribolium embryo development:
1 week, 3506 frames

W @haesleinhuepf . https://clij.github.io/
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Smart Microscopy :

Dear microscope, we just put a Tribolium castaneum
embryo in your chamber. Could you please

* image ventral furrow formation at increased frame
rate?

YW @haesleinhuepf . https://clij.github.io/
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Smart Microscopy

Dear microscope, we just put a Tribolium castaneum
embryo in your chamber. Could you please

* image ventral furrow formation at increased frame
rate?

Sure! | increased frame rate after 17 h 50 min.

YW @haesleinhuepf . https://clij.github.io/
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Smart Microscopy

Dear microscope, we just put a Tribolium castaneum

embryo in your chamber. Could you please

* image ventral furrow formation at increased frame

rate?

Sure! | increased frame rate at 17:50.

* take a time lapse of serosa rupture?

Sure! Serosa rupture happened after 139 h 35 min

YW @haesleinhuepf . https://clij.github.io/
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GPU-accelerated image processing 5)

e Typical computers contain Graphics Processing Units

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

x\—

R XYY YT T

A

Lk 4 ‘
W Sas o 1

Most laptops contain integrated GPUs Alternative: external GPUs

8
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GPU-accelerated image processing . J)| (@

 ...depends on operation, image size, parameters, hardware, ....
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GPU-accelerated image processing

 ...depends on operation, image size, parameters, hardware, ....
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GPU-accelerated image processing

+ 8 MB (2D)

* 64 MB (3D)

YW @haesleinhuepf

Speedup compared to Laptop CPU
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Event driven smart microscopy !

» Spot detection for developmental stage estimation
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Event driven smart microscopy

» Spot detection for developmental stage estimation
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Real-time image processing

e Counting spots in 300 frames o

0:00:00

Drosophila melanogaster, histone-RFP

YW @haesleinhuepf

f light sheet data (including I/0)
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Imagel) on CPU (laptop)

UI

Imagel using the GPU (laptop)
2.2 seconds per frame
11 min (timelapse)

Imagel) using a dedicated GPU
(workstation)

1 second per frame

5 min (timelapse)
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Smart microscopy: in practice

(Fiji Is Just) Image) O » R2D2XWing [Chstructurecode\R2D2XWing] - .. \srcimain'javaawingmain'XWingMain java [R2D2XWing] - Intelli) IDEA
File Edit View Mavigate Code Analyze Refactor Build Run Tools WCS Window Help

File Edit Image Process Analyze FPlugins Window Help SCF
B Ol c|o|4|+|NAl|« || ofsur] g s]a] |-

<<Drag and Drop=> . R2D2XWing o) 4

R2D2XWing sre main java xwing main & XWingMain B AN o XWingMain ~| & & 0 M | Git

Project X g = | € XWingMainjava € XWingMicroscope.java 4 . SpatialPhaseModulatorPanel.java a . DenseMatriximage java - Maven

PIING U a6

Jidea public XWingMicroscope startXWing(boolean pSimulation,
artwork Stage pPrimaryStage,
boolean p2DDisplay,
boolean p3DDisplay,
boolean pUseStages) clean
validate
! int pNumberOfDetectionfrms = 27 compile
xwing int plumberOfLightSheets = 4:
adaptive

Profiles
RZD2XWing

°re Lifecycle

| £ FindBestZWith5ample.py main

java

File Edit Language Templates Run Tools Git Tabs Options clearcontrol

usARl 3

test

r FindBestZInside Sample.py r FindBestZWith Sample.py

package

int 1MaxStackProcessingQueuelength = 32;

int 1ThreadPoolSize = 1: verify

int 1lNumberOfContrclPlanes = 3; install
site

copilot

fastimage

gui

€ XWingGui try (ClearCL 1ClearCL = new ClearCL(ClesarCLBackends.getBestBacksnd())) deploy

icon 1

imaging for (ClearCLDevice 1ClearCLDevice : 1ClearCL.getRllDewvices())

info( pFormat "OpenCl devices available: &s \n",
1ClearCLDevice.getlame());

# The XWingScope is an instance of EasylightSheetMicroscope,

7 # LXWingScope is a LightSheetMicroscope we know from ClearControl
1Scope = XWingScope.getInstance();
lLightsheetMicroscope = 1Scope.getlightSheetMicroscope();

Plugins

Dependencies
main

€ XWingMain
multicalor ClearCLContext
= configuration.bd 15tackFusionContext =

¥WingMicroscope 1ClearCL. getDeviceByName ( sMachineCanfiguratian.getStringProperty |

fni [ Errer Cluster From Eror Code.vi Block D . S .
def main() 3 Error Cluster From Error Code.vi Block Diagram target L

File Edit View Project Operate Tools Window Help = .gitignore
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lLaser.set . Ta[No Error ~ = RZD2XWing.iml Mew Open Save s fo B % | Breakpoints  Run  Runand |5l Advance Run and
1laser.set| Eueming? (ake) W[Fals= ] = README.md - - > (= Print ¥ Indent || \y Find * - ~  Advance Time:

=
ILaser.set
error in (no error)

c = e e | PR Y U b Imf » D = » MATLAE »
ILaser. set :E I: LightSheetTimelapseToolbar = ﬁ € miuser ocuments

lLaser.set atorcode ) ] I: LightSheetTimelapseToolbar|| CurrentFolder
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Selected: ARdaptation: Change
I: InstructionlistBuilder&UI:
I: LightSheetTimelapseToolbar

= @ISearch Docurnentation

= W=

I Structure

L XWingMain FILE EDIT NAVIGATE BREAKPOINTS RUN
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=] testFilexml
readTGMM...

* 2:Favorites

show call chain? (False) 0
: E® Terminal o Jjp2_fernando psiz = get (0,

All files are up-to-date (yesterday 16:55) hmain = figure( sprincE(’ 1 (ver. %s)',cfg.ver), 'Tag', 'digMain’, ize!, 'off"

Simple and General Er| ixel 'Pos n (psiz (4)-height) /2, width, height],
Handler.vi 1 "SIMToolbox (' "dlgMain ongquit'',gcbo, []

): p=iz(1:2) = [0 height]:;

[m]

call chain header
[abek

height = hTitle+3*dlgmargin+2*hLine+4*hTxtInf;
hdata = uipanel ('Paren I ir ' ' 'pixels', 'Position', [dlgmargin, psiz(2)-height, width
psiz = get(hdata, "Posit 1) - hTitle - dlgmargins

Details

error message () Manually inlined the
Ge : : Trim Whitespacevi
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[itinhris] hit.

Select afile to view ¢
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] i
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Smart microscopy for the end user

¥ Schedule

Schedule

Acquisition +1/0: 9 s

Image analysis: 0.7 s

Downsampling
* Background subtraction
* Maximum projection

* Determine bounding box
* Spot detection

YW @haesleinhuepf . https://clij.github.io/
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Modulating temporal resolution

\\\v

Increasing temporal detail when it matters.
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Outlook: Complex image analysis enabled by GPU-acceleration C’)\

= §\\v

* Algorithmic complexity is the challenge towards real-time analysis

Complexity
4:00:02
23%5%
LA o. .o“
at "
€
*.
100 “m TTTTTTTTTT
nuclei-GFP, Cylinder-max-projection
Background subtracted + spot count

YW @haesleinhuepf . https://clij.github.io/
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Outlook: Complex image analysis enabled by GPU-acceleration @)
o..' $’

* Algorithmic complexity is the challenge towards real-time analysis

Complexity

4:00:02

235% B
A R »o;!‘ e LTI,
’ LA 8 F <
Whole workflow duration: 5-10 s per frame
(Work in progress)

1:;:}‘:.
100 pm

nuclei-GFP, Spot detection (3D) Theoretical membranes Neighbor mesh Average distance to

Background subtracted (pseudo Voronoi map) neighbors

W @haesleinhuepf % https://clij.github.io/ 0 um
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GPU-accelerated image processing for everyone

 Just activate/enter the CLIJ update site(s)

(Fiji Is Just) lmagel — O W @ CLk: GPU-accelerated image pro. X | o
File Edit Image Process Analyze Plugins Window Help SCF SpimCat < C @ hitpsy//dijgithublio
EO_‘E‘@|/:|.£. ey ”\‘A‘ O\|{"r9||:|| Dev_|5tk_‘ UJT_‘ g ‘ A | @:.|| =

Cornrnand finished: Up-to-date check

CLI): GPU-accelerated image
processing in Fiji

| £ Manage update sites Introduction

I"-Ja"‘ie URL CLY is an OpenCL - Image) bridge and a Fiji plugin allow

) entry-le skills in programming to build GPU-accelera v
Biomat hﬁp:i.:-' [sitie: _i"""|L'-||;|E’_[‘|EtEi|:|"""|aT_-' speed up their image pro 1g. Increased efforts were put on

| = . - - f— 3 - r documentation, code mples, interoperability, and extensibility. CLI is
EIL'"'IEE':;F']LI[I hﬁp,:. ! L .IH'ISI;IE,.FIEILEl':lw-lel.ngr'_'LlE' based on ClearCL, Imglib2, Image] and Scijava.

BioVoxxel hitps /isites.imagej.net/BioVoxxel/

| . - . . . m . CLIJ - GPU-accelerated image processing
Blind Analysis Tools https:/isites.imagej.net/Astjal in Fil

I " . . - - Robert Haase, Loic Alain Royer, Peter Steinbach, Deborah Schmidt, Alexandr
_B':ll-le_l e:‘-perlﬁental hﬁpé‘ » > 'IH‘I'HQE.-'HEILEDHEJ' View My GitHub Profile Dibrov, Uwe Schmidt, Martir >rt, Nicola Maghelli, Pavel Tomancak,
CALM hitps /isites.imagej.net’CALM! erler g, Fuoene e e e e procesing
! — in Fiji. BioRxiv preprint. https://doi.org/10.1101/66070

CAMDU hitps./isites.imagej.net/CAMDUY

CellTrackingChallenge https:/isites.imagej.net’Ulman,

CIP hitps /isites.imagej.net/CIP
|CircleSkinner hitps lisites.imagej.net/CircleSkinner/ o

clij hitps./isites.imagej.net/cliy/

|clij2 hitps lisites.imagej.net/clij2/

Cookbook https:/isites.imagej.net/Cookbook/ -
T We build
Ernl CRA hitnelicitac imanai natiC MBI CHAJ bridges

135390305105

If you use CLIJ, please cite it:

If you search for support, please open a thread on the image.sc forum.

Add my site Add update site Remove Upds

hitps:elij. github.ic

@haesleinhuepf
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GPU-accelerated image processing for everyone

 The Image) macro recorder does the main part of the jOb'

B i
o~

o A

o 0 Ol

(Fiji - O
B, Masts m Window Help SCF SpimCat
Shortcuts L—=1 J
Utiities Hxkey "}
New Custom
Compile and Run... Dt e
Install... Ctrl+Shift+it | T er -
Install Plugin._ Image calculation ‘ v e
Labeling Y ‘o Mo Bl
Macro tools W 2 ‘ o ‘-j'-,-.:-.‘ :_: S
3D Viewer Math v ' oy S e :
Analyze Monsire ! N2 000 % e . Sy
.

BigDataViewes Standard deviation Z-projection (experimental)

{ oo
»

Bio-Formats

- @haesleinhuepf

"§7

BoneJ

Cluster

Color Inspector 3D
Examples

Feature Extraction
FeatureJ

HDF5

Image5D

ImageJ on GPU (CLI) >

Integral Image Filters
Janelia H265 Reader
LOCI

LSM Toolbox
Landmarks

MTrackJ

MorphoLibJ

Multiview Reconstruction

NeuronJ

Optic Flow

OrientationJ

Threshold
Transform
CLIJx Version 0.16.0

How to cite CLIJ

CLWJ Online help

CLIJ Macro functions reference
CLIJ Version 1.4.3

CLIJ Bar

CLIJ Macro Extensions

€. https://clij.github.io/

»

»

IR

Median Z-projection (experimental)

Maximum X-projection (experimental)
Maximum Y-projection (experimental)

Bounded maximum Z-projection (experimental)
Mean-Z-projection on GPU

Minimum-Z-projection on GPU

Maximum-Z-projection on GPU =

Sum-Z-projection on GPU

Maximum-X/Y/Z-projection on GPU

ArgMaximum-Z-projection on GPU

e EQIT T Language ™ Tempraes ™ RunTo0IS ™ Tans

=] rober
=] macro
=] main

‘uptions

| persistent
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GPU-accelerated image processing for everyone

* Discover operations with Fijis search bar

I* (Fiji Is Just) ImageJ
File Edit Image Process Analyze Plugins Window Help SCF SpimCat

¢ Blur3D on GPU /Plugins/In
4

¢ Gaussian Blur 3D... /Proc
! . "
¢ Gaussian Blur... /Proc

Ops

P‘ Script templates
Filters/Blur_Image.scala

[] 1mage3 wiki
[] image? Forum

Classes

¥ @haesleinhuepf

¢ Blur3D slice by slice on GPU

R RAS OB Al W Ty §

.| Blur2D on GPU

Menu path

Plugins > ImageJd on GPU (CLIJ) > Filter > Blur2D on GPU

Identifier
legacy:net.haesleinhuepf.clij.macro.modules.Blur2D

3
1

/C:/Programs/FIJI-W~2/Fiji.app/plugins/clij -1.4.3.jar

Source




GPU-accelerated image processing for everyone

* |cy Bioimaging

Image / Sequence Region Of Interest Image) Detection & Tracking Processing

Plugins
m ﬂ Angle Helper  [@) WE = ImageBrowser | 4 Annotation

- Protractor ® Video Recorder _' .7 Painting 88 55IM toolbox
ROI Workspace Protocols  Script
Statistics Analysis "' Ruler Helper I;I Editor

iD Micro-Manager Webcam
Editor . Import ROl from Image) Rotation for lgy

% Sequence comparator

Measurement

Snap
Interface

Scripting Annotations Compare Visualization Acquisition

@ fly_florence_400.tif

@ Protocols editor (Blocks engine v.5.2)

"B Load B Save Save as E| Embed P Run

t N projection.protocol %

¥

EY clear (cli) B Cl jx_push sequence 1 !
© input Active Sequence v Q

input

Wy P Clijx_subtract background3D 2 |

© cl_device (] Wy P Clijx_release buffer 5 !
ClearCLBuffer [mClearCL Context... o—0 input ClearCLBuffer [mClearCL... (+]
© sigmaX 100

input

]
© sigma¥ 100 (]
Q sigmaZ 0.0 (]

destination

clear (clij)

Wy P ClUjx_maximum Z projection 3 ! Wy P ClUjx_release buffer 4 !

Q cl_device gJ—o input ClearClBuffer [mClearCL... @
source  ClearCLBuffer [mClearCLConte...

i . ) :
AL e W P Cljx_release buffer T !

Public description:

input ClearClL Buffer [nClearCL... ‘@
Wy P Cljx_pull sequence 6 !

input ClearCLBuffer [mClear 1 Show sequence

input @——————Q sequence fly_florence

The workflow executed successfully (total running time: 2.1 seconds)

24
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GPU-accelerated image processing for everyone

* Icy got a JavaScript recorder!

Image / Sequence Region Of Interest Image) Plugins CLUx filters s
inary BinarySubtract DilateBox 2 Mask gz n ¥ Threshold

g & AffineTransforn Flip2D & Transpos:
aApplt,r'v’ectorF:eldlD Flip3D &3 Transpos > p Watershed
S BinaryAnd §
i £xcludel abelsOnEdges

£ Resample &3 TransposeYZ

£ BinaryEdgeDetection ngBox % 7 =
AutomaticThreshold ConnectedComponentsLabeling

AffineTransform2D Y
E&3 BinaryNot ErodeBox OpeningBox

Transformation Binary Segmentation

SubtractBackground3d T

cl_device
input Active
sigmaX ination_max  |Active Sequen.

sigmaY
sigmaZ
destination

>

File Edit Templates Options
Untitled % | ne

Lang: | JavaScript

, 1024, 121], clijx.UnsignedShort A
subtractBackground3D(buffer2, buffer3, 10.8, 10.0, 0.€
sequenced4 = cli pullSequence(buffe

Icy.addSequence quenced);

clijx.create([512, 1024], clijx.UnsignedShort);
maximumZProjection(bufferS, buf; )

sequence? = clijx.pullSequence(buffers);

Icy.addSequence(sequenc .

VAR DA AR 15 44 29053

Value 1 X 601.13

YW @haesleinhuepf . https://clij.github.io/
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e Tryitin Matlab!
kg

(=] L Find Files < Insert (=1 fx [g| ~
[iz/Compare v )| GoTow Comment 9 52

- Lﬁ! Run Section

Open Save i Breakpoints Run Run and 1=k Advance Run and
v v (= Print - 4 Find « Indent |=| | |5 > v Advance Time
FILE NAVIGATE EDIT BREAKPOINTS RUN
= ol = » C: » structure » code » clatlab » src » main » matlab
Current Folder @  [A Editor - C\structure\code\clatlab\src\main\matlab\spotDetection3D.m
Name Git *'5 addlmages_m ini ; i thresholdi
£ | matrx_multiply_elemen... T - T
&) maximumProjection.m
‘j meanFilter.m @ R )
) meshClosestPoints.m 5 clijx.detectMaximaBox (blurred, detected, maximumSearch); background.
) nantes.m LD background.
"] outline.m % o spo in background €] blurred

F‘i pastem »1ix. maticThreshold (blurred, thresholded, thresholdAlgorithm); E l;:ur;Y
- blur.

c¢lijx.mask (detected, thresholded, masked); @ cli
1] clijx

75
background.

0
1

push_pull.m
2] push_transposed.m
i:] reslicem
"_,.] segmentation.m
&) simplePipeline.m
“] spotDetection3D.m
Details

c¢lijx.connectedComponentsLabeling (masked, labelled);

% read out

i arOfNatranta e . S . alhalladii.

82
83
84
ac
g

File Edil Viev Inser Tool Desktc Windo Helj ¥

i< -
20 | ide | @ 0 K[E

Select a file to view details
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* Python via Pylmagel

rl
B File Edit View N vigate Code Refactor

python demo.py
Project = deme.
python
demo.py
L ENvironment.yml
rnal Libraries

Scratches and C

@ Python Console Terminal

O Typo: In word 'clijpy

Run Tools VC5 Wi

leinhuepf.clijpy.CLIIPY")
tInstance();
Figure 1

irnpol‘t.-m;rnp:,.' as np. o - - ﬁ 6’ + .*. Q -— Ii
—-_— -

np_arr = np.arra img)

ij_img = ij.py.t a(np_arr)

ai_to_numpy(ij_img_

@haesleinhuepf <. https://clij.github.io/

6 chars

21:

Add Configuration...

CRLF UTF-8 4 spaces
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* Available in the Zeiss Apeer cloud service: https://github.com/clij/clij-apeer-template

My Workspace > My Modules > clij-apeer-template

Draft | Aug 24, 2019 | Latest

RH ik ) i
clij-apeer-template
o
Summary Created by
ﬂ[].ﬂ. A template module for GPU-accelerated image processing using CLLJ in Apeer. It just applies Robert Haase | |
Gaussian blur to an image for demo purposes. oy C IJ'a peef'temp ate
Processing
@ View Results
<
Output Image
Description
You find details on G4
»

'b“"
e =

YW @haesleinhuepf . https://clij.github.io/
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GPU-accelerated image processing for everyone

_é Multi-Dimensional Acquisition

o WO rk i n p rog ress : Time Points Acquisition Order

Count:

MicroManager integration .

Time, Channel

(TIC1Z1) (TIC1Z2) ... (TIC2Z1) (TIC2Z) ...
(T2C1Z1) (T2C1Z2) ...

i

W Autofocus
W Multiple Positions (XY)

Skip frarmna{s): -

7-Stacks (Slices) Summary

Number of time points: 1
Number of positions: 1
Number of slices: 17
Number of channels: 1
Total images: 17

Total memory: 136 MB
Duration: Oh Om 55

[N Ke=p shutter open Order: Time, Channel, Slice

Start Z:

End Z: 400

o
o

Step size: |50 pm

Channels

Channel group: w . Keep shutter open

Exposure

W Save Images

Saving format: . .

CLILJ Postprocessing

Directory root: [0 _MPICEG -Data\Robert | .
Denoise

Median radius (pixels): | 1 |
. Unsweep

Unsweep angle (deg): 350

Unsweep translation X (pixels): |0.0

Save stack

Save projection

Acquisition Comments

29
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Support: Image.sc

@ Imagesc Forum x +

< c @ https://forum.image.sc

@ image.sc
v @ Community Partners

|-r..-
. @9 .
All Topics Bio-Formats
H v

- DeeplabCut @ Fili

" ImgLib2 W] ImJoy

-

+ ® ¢+ OMERO ' OpenSPIM

- -

e scikit-image .@‘a SciView

m
=
=
[1e]
—
\
]

=]

=
53]

CellProfiler

o Cytomine
@ ImagePy

NEUBIAS vl. .vl OME
*e

g Scenery ;‘. SCIFIO

SLIM Curve Your lcon Here

all categories » all tags » all =

Unread (110) Categories Unanswered

4+ New Topic

—
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