Paul Bloembergen, Msc. Frans van der Have, PhD
Developer Developer
paul@svi.nl frans@svi.nl

Scientific Volume Imaging
Deconvolution — Visualization - Analysis Huygens Software
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Super-resolution light-microscopy
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Isaac Newton (1642-1725)

Christiaan Huygens
(1629-1695)
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econvolution

Lens TECNIS®=Lens = AcrySof™"IQ I0L | B&L LIGIAOIOL  Spherical IOL

Point Spread
Function*t

Help | Reports 0 08 setip
ST | Deconvolving the
20/20* Eae nvolving the image
Max Rerations: 50 In this stag nag the basis of
Qually change tresnoid: 0.010 the PSF fod in the. , iectod algority
Using theoretical PSF. CMLE
eration 1 The result will be stored In image decon:Cho.
Heration 2: qualty 1453
Neration 3 Below are the detault values for deconvolving images. If necessary you can
Heration 4: qualtty 1.551 etk
Amage Comeal SA +.27 +.27 +.27 +.27 Heration 5: quallty 9.812 Maximunm iterations 50
Meration 6: qualty 10.463
Rl 7 il 056 Signal to noise ratio 40
Lens SAH =27 -17 0.0 +.15 Neration 8: qualty 11.187 ~ | | uality threshoid 0.01
~ Iteration mode Optimized  ~
Total Residual SA 0.0 +.10 +0.27 +0.42 merpcm leaching correction i possivle -
Obtained Inisial par | Brick layout Auto -

Stop deconvolution
Deconvolusion starled
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Deconvolution

Raw
Surface rendered

5l 00-1m

Deconvolved
Surface rendered e
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Microtubular staining after methanol fixation using a primary antibody against a Tubulin and an Oregon Green 488 conjugated secondary

antibody.

Image acquired by: Elisa Berdalet, CSIC Institute of Marine Sciences/Timo Zimmermann, Center for Genomic Regulation, Barcelona

Widefield imaging of Neurons.

Deconvolved , |

R

Image provided by Leica Microsystems



3D data visualization

@ @ Huygens Ortho Slicer
File View Plot Help

Hela cmle

Position
value

Zoom: 11,20 px/pm
3040x

Frequency

500 1000 1500 2000 2500
Intensity

3000

-9.04 pn

slice X: origin 468

Projection mode | (@ MIP Geometry origin 212
sum Z: origin |0
Time frame Zoom Colors

Image size: 650x500x12 Projection mode: MIP
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File Edit Tools Deconvolution Visualization Analysis Help

Size Color New Open SaveAs Decon Param Ops Batch Del. Delal Clear Copy Repl. Crop

B il
& A -
Join Spiit

Thumbnail overview

Ready Memory usage 2079 MB
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B & |2 72 & B 2]
New Open Save As Decon Param Ops Batch Del. Del. all Clear
ca @ * EE @ e E‘@
E H 6 () 9 N = &4 « :
Tcl ser. Movie About Usage Analyzer Ortho Save rep Coloc Pref. Close W.
D x . S’ =}, BE iml
& & X O L L A T R
Save hist Convert Adjust BL Help Features License Distiller Mip Open last Stats
= ‘ ’ 8, @) 0 ‘
@ bk @ N X A €
Hot pix Nyquist Histogram Sfp Slicer Track A Stabilizer FWHM Quit Plot flux
g w W Q & B &
Surf Tracker Twin Crosstak  Chromatic Brightf Edit dec.
Search: 8%
9 Cancel fiil Clear [4] settodefault A Revert o Accept

Task reports | Statistics | Optical | Nyquist | Histogram
| Q| L] 91 % |

Histogram Info
Current channel: 0 v
Current bin: -
Bin count: -

Frequency

50 100 150 200 250
Previous Image §@ =) Next Image

Huygens Tcl Scripting @
i.: 1> img open

|{{/raid/office/shared/Conferences Courses/Huygens Trainings I
[Nhouse/2013June STED_training/DemoImages/Surf 0A/e959-2ch-sm
all.ics} -query -logEnable -series tool

€959-2ch-small

€959-2ch-small show -mode thumb

:HuTitanThumbnail: :processMethod 4

< 3> img open
|{{/raid/office/shared/Conferences Courses/Huygens Trainings I
|Nhouse/2013June STED_training/DemoImages/MIP/WF-deconvolved.
ics} -query -logEnable -series tool

> WF-deconvolved

4> WF-deconvolved show -mode thumb

uTitanThumbnail: :processMethod 5

< WF-deconvolved del

< 6> img open
|{/raid/office/shared/Conferences Courses/Huygens Trainings I
|Nhouse/2013June_STED_training/DemoImages/Coloc/test image de
con.h5} -query -logEnable -series tool

=> test_image decon

test_image decon show -mode thumb

:HuTitanThumbnail: :processMethod 6

< 8> img open
{/raid/images/DemoImages/Confocal/confocalTimeSeries.ics}
-query -logEnable -series tool

=> confocalTimeSeries

confocalTimeSeries show -mode thumb

:HuTitanThumbnail: :processMethod 7

<10> confocalTimeSeries del

<11> img open

{/raid/images/DemoImages/Confocal/dudok dendriteOriginal CF_
2CH.h5} -query -logEnable -series tool

=> dudok dendriteOriginal CF 2CH

<12> dudok dendriteOriginal CF 2CH show -mode thumb
:HuTitanThumbnail: :processMethod 8

< img open

{/raid/images/DemoImages/Confocal/dudok dendriteDeconvSNR35.
|h5} -query -logEnable -series tool

=> dudok_dendriteDeconvSNR35

<14> dudok dendriteDeconvSNR35 show -mode thumb e
=> ::HuTitanThumbnail::processMethod 9




Chromatic Aberration

500 nm
—

Huygens Chromatic Aberration Corrector

File View Plot Help

1. Estimate chromatic aberration

B
Select reference channel |0 -
Select correction method  Full correction (Correlation) -
2. Correct chromatic aberration
013 0.2 6.64
5000 0.0 0.07 241
01 0.2 04
0.0 0.0 0.0
1.0 1.0 1.0
"""""" 4 [
Edit vector | o [ 5] Channel |1 -
Position (pm)
Correct aberration
Chromatic aberration templates
Boris_Airy -
%@ 15 gn nups
! Save Load
|
Help
The plot shows a profile of a specific channel with the aberration from the table
Active channels All None | 4 |ChO|Ch1|Ch2|Ch3| ] (dashed line) applied. Prior to correcting the image the aberrations can be
. modified for each channel with the "Edit vector” tool.
Color scheme | Emission colors =
Custom colors - . ] Click on the "Correct aberration” button to correct the image for chromatic
aberration as defined by the aberration in the table. A new corrected image will be
Time frame Colors Contrast Projection created
Estimated chromatic abemation
=
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.
Huygens Stitcher

Position: (25304.69 -2860.58 0.00) um
Value: ch 0: -

ch 1: -

ch 2: -

An impressive 1700+ tile compound merged by the
Huygens Stitcher to a large 60GB dataset. Notice
| 4000.00 pn the scaling bar indicating 2 mm. Raw data by ©
= & Carl Zeiss Microscopy GmbH.

Tile image of a mouse Embryo being stitched.
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Huygens Stitcher

ignetting problem

s
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Huygens Stitcher

Automatic vignetting correction
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Titan: Indexing Microscopic Images

Huygens
File Help

(&) Browser | #& Search (376) Light Box (0)

bra
-] Debug
[=) Generator failed
2] Annotation
B[ Project
2] Huygens demo images

&2 SVIimages 11
2] UnitTest
] Benchmark 2
[ Jpeg 1
B Leica_lif 4
[, keratin.lif 4
G- Olympus_vsi
2 Zeiss czi ¢
Demolmages 355
2008 5
BeadIimages 1
ChromaticShiftCorrector 3
Confocal 11
Courselmages 2
CrossTalkCorrector 2
DemolmagesForShiva 9
DemolmagesNicolasFeteBIOPSwitze
Golgi 1
HDF5 1
Image)
Images_TimoZimmerman_3D_STED
Movie 1
New_STED
Nipkow 8
ObjectAnalyzer 1
Stabilizer 3
STED
Stitcher 1
Tirf 2
Tracker 5
Training
Visualization 6
.| VSl file reader 1
B[ _Process 2015_
[, Process 2005.vsi 1
L] Widefield &

&t

-5

-

&

G313 G-
i I IV IV Y T Y Y Y Y Y T Y Y Y Y AV AV AV

Add Watch Directory...
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Indexer Info

]

bead04.h5

bla77-crop2Samplin

g50_5-_.h5.serie

cSliceYZ tif.serie

decon6.lsm

demoSpheres.h5

ELMI-Epi-Nikon60x-oi

Lics

bead04.ics

bSliceYZ tif.serie

deconl.lsm

decon7.lsm

demoSpheres.ics

ELMI-TIRF-Nikon60x-
oil.ics

bead05.h5

BUB1_560nm_100x_
good_cropped.h5

decon10.lsm

decon8.lsm

demoSpheres.ics

faba.h5.serie

bead05.ics

color combined
480nm 560nm ...

decon2.lsm

decon9.lsm

dividingCellTwoPhoto

n.ics

faba.ics

bla77-crop2.ics

confocalTimeSeries.h

decon3.Ilsm

Deconv_expPSF.h5

DrosophilaOmmatidi
a_decon.h5

faba.ics

1-100 of 376

bla77-crop2Samplin
g100_100_.h5.serie

confocalTimeSeries.i
cs

decon4.lsm

Deconv_TheorPSF.h5

Too big
for now

dudok_dendriteDeco
nvSNR35.h5

fabal28.ics

bla77-crop2Samplin
g200_200_.h5.serie

Cropped_G_beads.h5

>

decon5.Ism

Demo_zorigTwoChan
_metFouten.h5

Too big
for now

dudok_dendriteOrigi
nal_CF_2CH.h5

faba64.ics

apr 3 2015 11:57:49

Optical | Nyquist | Histogram | Annotations

Image name:

Image statistics:

-X, Y, Z size (pixel)

- Number of time frames
- Number of channels

- Type of data

Image statistics for channel:

- Scaling factor

- Max value

- Min value

- Position of max (x,y,z,t)
- Position of min (x,y,z,t)
- Mean

- Sum

- Standard Deviation

- Norm

- Center of mass (x,y,z,1)

Image statistics for channel:

- Scaling factor

- Max value

- Min value

- Position of max (x,y,z,t)
- Position of min (x,y,z.t)
- Mean

- Sum

- Standard Deviation

- Norm

- Center of mass (x.y,z,t)

Image statistics for channel:

- Scaling factor
- Max value
- Min value
- Position of max (xy.z,1)
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Open in
Professional

583 576 20
0
3
unsigned byte

0

1

255

0

(208, 174, 5,0)
(3,0,0,0)

18.6

1.25e+08

215

7.36e+04
(291.6,262.7,9.4,0.0)

1

1

187

0

(236, 279, 16, 0)
(2,0,0,0)

&

Open in
Essential

Titan activity:

M up-to-date

232
376
7.13 GB

refresh M postponed M pending ' failed

Il Pause indexing



Huygens GPU acceleration

Confocal dataset: 2 channels, 1445 * 1439 * 18 (X*Y*Z) pixels

Deconvolution Deconvolution wizard

File Options Help File Options Help

Images: Comparison view Images Comparison view

Help | Reports Deconvolution wizard - microscopic parameters Help | Reports Deconvolution wizard - microscopic parameters
5 Template selection
Select a deconvolution template. || Template selection Select a deconvolution template S P
Select a deconvolution template from the list, or load a template manually by
Selecta deconvolution template from the list, or load a template manually by iore vou can selocta deconvoliion L 0
ate from the 1 J

Here you can select a deconvolution template from the clicking the 'Load a template from file’ button. i ¥ el ok P 5 clicking the ‘Load a template from file’ button
list, or manually load a deconvolution template with the £ of manually joad & deomohiion empiate with te Available deconvolution templates:
Load a templale from file bution, Available deconvolution templates: "Load a template from file' button. vai econy plates:
By pressing 'Execute template’, the template will be Confocal_HighSignal - By pressing ‘Execute template', the template will be Confocal_HighSignal
executed and deconvolution will start \Confocal_LowSignal | executed and deconvolution wil start. Confocal LowSignal
If you wish to use a measured PSF in combination with \Confocal_Normal Ifyou wish to use a measured PSF in combination with a ‘gxgcf;_v:‘;":;l

articilar selecod mplate; press 'Override PSF.buition. ISTED_LowsSignal particular selected template, press ‘Override PSF bution. _LowSig
B penp ISTED_Normal STED_Normal

Widefield_neurons Widefield_neurons

|
|
|
B - | < 3
~|[! = | = i :
- - Load a deconvolution template from file: Load file 1 Wizard status e Lod e
Wizard status e st ot s i v i e oy || Loaded template: Confocal_Normal
e - &~ ;i N | 16:03:19 CEST 2015 loaded. :
16:03:19 CEST 2015 loaded. PSF in template: theoretical ! oedo PSF in template: theoretical
3 | = =
<l ) ) - 5 = Using theoretical PSF, as specified in the template. e - Override PSF from template Executd¥emplate

5 =% Using theoretical PSF, as specified in the template. < = Override PSF from template Execpte template |
| Ready

Ready

.
.
]
Using CPU Geforce GTX Titan-X
]
Intel Xeon E5-2667 v3 3072 CUDA cores
.
cores : Y4 12 GB video-RAM
CPU
Multiple Cores CPU GPU
Multiple Cores Thousands of Cores

—
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Languages used

GUI Low level image
processing
(deconvolution, filters, etc)

Internal tcl shell Renderings:
(surface, volume slices,
etc)
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Window Editor

File Linking View Plot Help
58x120nm_PH1.0_stable ¥ Go to Basic Mode 58x120nm_PH1.0_stable decon_CMLE_it10-30-30_SNR15-30-20
Position: (130 566 9) px
. ey Value: ch 0: 0 0002

3 & % aly yooo2 . F

15-30-20
Select Channel:

mld 0: Confocal
SV 1: Confocal
LIV 2: confocal

L J)

Contrast Editor - 58x120nm_PH1.0_stable_decon_CMLE_it10-30-30_SNR

'

All None
Inverse selection
Plot mode:
Linear
® Spline

Compression:
Linear

Intensity

Gamma: 1.0
Soft Threshold: |0.00

400 600 NEGHAN

y

20,00 um
i

Master Brightness Master
%/ Link channels 4 Contrast Editor

Contrast Editor Linear X/ Link channels Gamma Linear

Per screen Contrast stretch | Per screen

Conf

Left mouse button draws a ruler. Right mouse button zooms in on bright spots. Press <c> to center the image.

Sc?‘%dific Volume Imaging



Tcl extensions

 Internal Tcl shell

* Register image names as Tcl commands
img1 save “foo1.png”

Imgl + img2 ->img3

.= rtific Volume Imaging



» All of the GUI,

e windows, widget

« Tkphoto

from 2D pixel array -> photo

e Movie

From multiple pixel array -> avi

.= rtific Volume Imaging



Our tcl approach

« Mainly namespace

« 1000 lines each
« 50 procedures

1,2 or 3 array’s to store namespace variables.

 Few objects

« Widgets, window

.= rtific Volume Imaging



Typical use of tcl

namespace eval

::myTool {
variable vP

proc getTotalPixels { v }
variable vP

{

set dimX SvP (dimx, Sv

)
set dimY SvP (dimy, Sv)
set dimZ SvP (dimz, Sv)

return
}

[expr {SdimX * $dimY * SdimZ}]

Sc¢.= rtific Volume Imaging




Questions from our side

openSceneGraph
OpenG
Faster TkPhoto

Advantages of using objects vs hamespaces

Font / widget scaling

Sc,.:?rtific Volume Imaging



Font / Widget scaling

Huygens Twin Slicer - Advanced Mode
Eile Linking View Plot Help
58x120nm_PHO,5 ¥ | Go to Basic Mode | 58x120nm_PH1.0_stable_decon_CMLE_it10-30-30_SNR15-30-20

Master Brightness | Master
Contrast Editor Linear +| X Link channels Gamma Linear ~| X Link channels Contrast Editor 2 B c
Global - Contrast stretch | Perscreen  ~ B i
Time frame Zoom Orientation Projection Mode Channels & Colors Contrast Linking, View & Plot Animate ‘Shortcut info e - e - —

Left mouse button draws a ruler. Right mouse button zooms in on bright spots. Press <c> to center the image.

—
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