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INTRODUCTION

The field distortion is an optical aberration inducing a spatial deformation of the imaged object, usually
at the corners of the image. In the presence of field distortion, the magnification is not constant over the
field of view; it is depedent on the XY coordinates.

In any fluorescence microscope, the knowledge of the field distortion is important when spatial
information in an image is aimed to be measured. For positions, lengths, areas or volumes quantification
in images of biological sates, the field distortion shall be known, and eventually corrected, to have
access to accurate measurements.
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II. IMAGE ACQUIBION PROCEDHR

Thedfield distortioné analysis is associatedth thed ¥ A St R pat@rn (RekteynBaséeFigure 1)

CAUTION

INTENSITY-SENSITIVE PATTERN
TO BE IMAGED WITH CARE
See below the chapter on
acquisition recommendations

Figurel: Image example of théfield of ringg  LJI ,wilh& Ndfss at the center, fulfilling tlequisition recommendations.

1. ACQUISITIORECOMMENDATIGN

1 Recommendedmagetype

Z stack Yes(if your microscope allows to do it
Multi-channel Recommended but not mandatory
Tiles No

1 Alignment prior image acquisition
Align precisely theletector orientation and/or the scanning with respect to the XY translation
stage. The analysis, however, can correct a low XY orientation misalignment (a few degrees).

9 Order of acquisitiorfor different objectives
If youwouldlike to image the pattern with different objectives, we recommestartingto acquire
images with the objectivéhat hasthe highest magnificatione(g. 100x), then with the smallest
magnificationobjective(e.g.20x).

1 Sgnatto-background ratio(SBR)
Aaqyuire images with enough contrast between tpattern and the backgroundg.g a signato-
background ratio higher than:2
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9 Signalto-noise ratio(SNR)
Acquire images with enough contrast between thattern and the noiseg.g a signatto-noise
ratio higher than 1€L.

1 Image intensity
Acquire images within the lineaesponserange of the detector, that is above the detection limit
and below the saturation limit. If available in the acquisition software, use the-colded pixels
to adjust properly the image intensityNote that Daybook Analysis cannot analyze images
containng negative values.

1 Imagedynamic range
When possible, acquire images with a detector that captures raw data with a bit depth of 8 or 16
bits, the allowed image dynamic range for computerdyle and 2byte chunks, respectively). If
the detectorcaptures raw data with a bit depth different from 8 or 16 bits, convert the images
into 8 or 16-bit-dynamic range without losing any information. Note that if the image file weight
is too big for the computational capacity of your computer, the analysig not succeed.

1 Image sampling rate
The sampling rate of the image should fulfill the Nyquist criteri@nthe image pixel size should
be at leastthe half of the theoretical resolution limit. However, if possible, we recommend
adjusting the image pixel size to one third of the theoretical resolution limit.

Image examples acquired following the acquisition recommendations can be found hdPeogfam
Files Daybook DaybookAnalysistrial images

We encourage you to process these images to have an idea of the image quality required to perform the
analyzes, and to start being familiar with the use of the software.
2. HOW TO IMAGE BPATTERN

1- Find the patterns

a) Start with a low mag objectivésuch as 18 or 20x). Set the DAPI (408m) or GFP (488m)
channel.

b) Make coincide the center of the slide with respect to the objective.

c) Adjust focus through the eyepieces.

d) Switch to the objective yowould like to use. Movehe slide to the pattern.

2- Adjust your setup

a) Match the central cross of the pattern with the center of the field of view
b) Adjustthe focus.
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The best focus usually correspontdsthe Zplane for which thecentral cross looks thelearest
(qualitative approachand/or for which theintensity histogramis the broadest(quantitative
approach)

3- Image your pattern

a) Image the patterrbyfollowing the acquisition recommendations.

b) Save images into a raw, n@ompressed format (for examglthe acquisition software proprietary
format) or into a lossless compression formatg( & f @ (TheFifdge® file must havedynamic
rangeof 8 or 16 bits.

Important:
The minimum required number of rings in the image is 5x5.

If the number of ring#n the imageis lower than this value, the algorithm will not work.
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. IMAGEANALYSIS PROCEDURE

1. HOW TO LAUNCH AN ANALYSIS?
a) Selectt C A &rfonéinthed { St SOG Lyl fearaé tAaad

b) ! LX 2F R &2 dzNJ A Y| 3 SFOAE 0S £dzE&oAdyldl 20ykdS &) LI 2 | R
Select the image to be analyzed.

c) { SG GKS NBIJjdZANBR YR 2LJiA2yl+f aSaGdiAy3a o0asSs

d) Qickona { (i F NI GKS Fyltearaséo

e) By default, if one of the ros/(or columrs) of ringsis incompleteor cropped it will be discardd
from the analysislf needed select a region of interest (ROl)a@d A O1 2y &/ NBL¥
(cf. Figure 2)

) /Tt A0l 2y awdzy¢ o
wSadzZ G6a INB RAaLX @SR FyR OFy o6S al @gSR | a
Manager (if avadble in your package).

1! Field distortion
Crop

Undo

Plot profile

Run

Figure2: Cropwindow.
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2. ANALYSIS SETTINGS

1- Required settings

1 Specified ateral pixel size
There are two ways to get the lateral pixel size of the image to be analyzed:
- Either from theproprietary file:
Selectt SEG N} OGSR FNBY GKS AYF3IS FAES YSGrRIFGHE
-Orfromaprevioust TA St R &&lgsis:2 NI A 2y €
Selectt O2 YLJzi SR FNBY (KS 1 3dSad WFASER RA&AG2NI

Specified lateral pixel size (pm)

0.0650 =

extracted from the image file metadata

extracted from the image file metadata
computed from the latest 'field distortion® analysis

2- Optional settings

1 Backgroundsubtraction
Qubtracts the background in images where the sigt@abackground ratio (SBR) is too low to be
analyzed by Dayboeknalysis.
It requires to acquire an image of an area where there is no fluorescent patteral§ackground
image) with the same settings (channdlymination power, exposure time, etc.) as the image of
the pattern to be analyzed.
For multichannel tests, dackgroundmage for each channel is required.

1 Hot pixels removal
Removesthe very intensei(e. hot) pixels that may cause analysis issues.
Use this option only if you have such hot pixels in the image.

1 Specified aial pixel size
On Zstacks analysis, the axial pixel size is determined from the proprietary file.

1 Best focus selection
Works only for moneor multi-channel Zstacks.
It automaticallyselectsfrom a Zstack the image having the best contrast, corresponding to the
best focus for the fluorescent pattern.
The index of the selected image is displayed in the middle top of dbelts page(see figure
below). Information about the selected image can also be found in the algorithm metadata.
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Source: Inhomogeneity Distortion_Chromatic shifts LSF_Matrix of rings_2019_04_30 [index0]

:2' Field distortion

An Theoretical grid superimposed on raw

Relevant parameters

[mean vector magnituge (pxy 03817

Power meter [Mean vector magnitude (pm) 0.0904

J [Minimum vecior magnitude (px) 01040

Reload results Winimum vector magnitude (um) 0.0107
7
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V. RESULIPAGHDESCRIPTION

The picture below shows the resuftagefor this analysig¢cf. Figure 3)
Results are displayed in tfierm of maps, graphsnd tables.

Theoretical grid Field distortion Primary metrics
superimposed on raw image heat map calculated by the analysis

L' Field distortion ‘Source: Uniformity & Distortion & LSF_Field of rings_2-stack_2020_05_15 [index7.0]

Theoretical grid superimposed on raw image Normalized field distortion heat map Primary metrics

Masimum distortion rate 31ong X (%)

its O L L L L L ( < < < Masimum distortion rate along ¥ (%) Eﬂ:

Normalized orlentation entropy (%)
RESULTS Maximum of the vector magnitudes Sanne Affine
B0
1D name Maximum of the vector magnitudes - transformation
um)

parameters

Transformation para s
R A)—
7000

scaling parameter
b scaling parameter
c scaling parameter
d scaling parameter
gl uanslanunn:ta'\vem (%)
ty rigid tran:
e rigid iranslation
Iy rigid translation

Save results

(image & metris)

II-.\ Generate report

(PDF)

Secondary/metrics [+]

& | Algorithm/metadata [+]
Image metadata [+]

<<<((((

€0,142§ 0.1425 ouM oW OnW  aWE AW oo omw  omw  0,2557um

[ cotorvar |—»

€21923 21923 awe B Bne  aMP de dae e e 3.93%2px

Documentation

@ Normalized / non-normalized field distortion heat map

Export metrics Secondary metrics
(only CSV) calculated by the analysis

+ Algorithm metadata
+ Image metadata

Figure3: Results page.

2 KSy 51@&0221 5FdF alyl3ISNI A& RAAlIOESRYE (KS NBa
NBadzZ Ga¢ 2N G9ELRNI YSGNRO&E odzilizyao

wS LJ2 NIl & 0 A yat) contéirng thiRr@salts (fnapsJgraphs, metrics) can be generated and saved
08 OfAO1lAY3a 2y GKS cfoFd@e/3$ NI §S NBLIRZ2NIE odzidz2y o

@ RSTlLdz G GKS NBadzZ Ga gAatft 0S al @SR Ay (GKS dax
Tomod‘rFe 0KS RSTldzZ G F2f RSNE 32 (2 (GKS a{SGGAy3a¢

When a valid Daybook Data Manadjeense keys registered, thet { I @S NXB adzf Gaé¢ o6 dzii
Ayid2 51 G eslsaletf@NE wWansieredinto Daybook Data Managevhen clickingthe

G { liCita Manager 0 dZliold@ tifatm the saving window interfaceekect the system, acquisition
profile andassociatecchannelfor which you would like to save the results

By default, the results arsaved at the acquisition date of the image. If the acquisition date is not in the
metadata of the image, it is possible to save the results at the present date (date of the analysis) or at &
custom date(cf. Figure 4)
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Daybook Analysis

SAVE RESULTS IN DATABASE

Please choose your configuration used for the Field uniformity analysis
Select your system

Demo microscope R
Select your acquisition profile

Profile 1 [~ |

Selectthe associated channel

DAPI #1 [~ |

Selectthe saving date

Present date (2020-01-20 15:43:56)[Rdl

Selectthe saving date
Acquisition date (2019-10-07 13:32:02) k@
Acquisition date (2019-10-07 13:32:02)

Present date (2020-01-21 18:00:28)
Custom date and time

Save results Cancel

Figure4: Interface window for saving the results in the datahase

1 Image options:
Zoom in and outThe images can be zoomed in and out by using the mouse roller.

1 Graph options:
- Optional features. Right click on the graph to have actaess
U Gt NPLISNIASaedY 9RAG GKS OKIF NI LINRPLISNIASaE
U a{ @S Fa¢y {I@S Fy AYI3IAS Ayd2 | afF ¢LWY 3£
U a!dzi2wly3aSéy ! R2dzad Fdzi2Yl GAOFft& (GKS N

Zoom in and out: Hold the left or right button of the mows®l move it towards the bottom
right to create a selection rectangle. To go back to the initial size, hold the left or right
button of the mouse and move it towards any direction.
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V. ANALYSIBLGORITHM DESCRON

The diagram below describes the algorithm that allows the extraction diefidistortion fromthe ¢ i&ld
of ringg image(cf. Figure5).

Image of a “field of rings”

Segmentation and

rough localization of F;::;L:::is Rectified image of Step and center
rings from contours . the “field of rings” computation

- correction
of the segmentation

Field distortion heat map

Accurate
localization of rings

Regular rings location
computation from the
center and the step

Field distortion vectors

Comparison of
locations

Norm and
orientation vectors
computation
&
Normalized entropy
computation of
orientation vectors

EEEEEREE R
Ay

Regular grid + regular
locations

Primary &
secondary metrics

Figure5: Schematic description of the different steps of the anabigisrithm.

In short the algorithm works as follosv

1 It detectsand segmentshe ringsin the image.

1 It applies arautomaticorientation correction.

1 It determinesthe XY coordinates of the centroid of each ring.

1 It measures the shift between these coordinates and tleordinatesof the nodesfrom a
superimposed theoreticdl.e. perfect) grid.

1 It displays these shiftsto a field distortion heatmap, in which theraws and the colors indicate
respectivelythe direction and the magnitudef the distortion.

Note: the origins of the distortion vectors are the nodes of theoretical {.e.perfect) grid.
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VI. OUTPUMETRIC DESCRIBN

1. PRIMARY METRICS

1 Distortion rateis a parameter providing information about the amount of distortion in a specific
part of an image. It is the ratio, expressed in %, between the heytand the lengthlf of the
distorted line, according to the following formula:

O"@i¢ 1 O @EOEQ T

Maximum distortion rate along ¥ the maximum distortion rate along the horizontal direction,
corresponding to the row of rings which presents the maximum amount of distortion in the image.

Maximum distortion rate along ¥ the maximum distortion rate along the vertical direction,
corresponding to the column of rings which presents the maximum amount of distortion in the
image.

1 Normalized orientation entropgrovides information on the orientation disparity of tlkstortion
vectors, normalized with respect to the maximum entropy. It is expressed in %, according to the

following formula:
" p 1T o R Nl
—_— 1
O ) ol lo

Where 0 is the presence probability of the vectors orientatidound among 360 possible
orientations (one probability per degree).

The maximum entropy is calculated for a uniform distribution of orientations going from 0° to 360°
with an increment of 1°, as follows:

§O) 01 10

Whered  —is theequally distributedbrobability, according to a uniform law (1 vector for any
of the 360 possible orientations).

To provide numbers, if all the distortion vectors are oriented along the same direction, the
normalized orientation entropy isero. If for example 360 distortion vectors are radially oriented
with an increment of 1°i. a first vector has an orientation of 1°, a second vector has an
orientation of 2°, and so on until 360°), the normalized orientation entropy is 100%.

1 Maximum d the vector magnitudegs the magnitude of the vector showing the highest amount
of distortion. It is expressed both in pixels and pm.
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2. TRANSFORMATION PARAMETERS

1 Theimagetransformation required to overlay the location of each ring (determined from the raw
image) to one of each node of a perfect theoretical grid is expressed as follows:
. oA W W 0w ,
¥ 900 ngen @ @ P
Where @ Nw and @ N are the coordinates of the rings and of the nodes of a
perfect theoretical grid, respectively.
This transformation is limited to combinations of translation, uniform scgliogm) and rotation

only.
1 &, b,candd are the uniform scalingzoom) and rotatiorparameters.They are unitless.

i txandty are the rigid translation parameters. They are expressed both in pixels and in pum.

3. SECONDARY METRICS

1 Meanof thevector magnitudsis the mean of all thdistortion vectormagnitudes It is expressed
both in pixels and pm.

i Standard deviation of the vector magnitudsghestandard deviation of all the distortion vector
magnitudedt is expressed both in pixels and pm.

1 Minimumof thevector magnitudsis the magnitude of the vector showing the lowest amount of
distortion. It is expressed both in pixels and pum.

1 Measured lateral pixel sids the size of one pixel, measured fronetaverage ring spacing in the
GFASER 2F NAy3Iaé¢ LI GGSNY ® spediied@atesspix8l €& yrovitedt &
by the metadata in the proprietary files. It is expressed in pum.

1 Lateral pixel size differenigthe relative difference between the lateral pixel size specified in the
image metadataand the lateral pixel size measured by the algorithm. It is expresséd, in
according to the following formula:

0 @0 Q) @R VQQM Q¢ o
YN Q w "BraxdE Qoo R Qi 0a MW QoidXda Q
YR 'Q o "EBOH "QoisRa Q

pTT

4. ALGORITHM METADATA

1 Analysis datds the date at which the analysis has begmformed.

1 Software versioiis the version of the software.
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)l

Product typds the type of Argolight product selected in the panel settings.

1 Angle value calculated for the orientation correctisthe angle value calculated by the algorithm,
that can be pplied later to analyze images that would require a low orientation correction, usually
due to camera or laser scanning misalignment in microscopes. It is expressed in degree.

1 Estimated limit of the algorithms the evaluated practical limit of thalgorithm on the
measurement of the shifts. It is expressed both in pixel and pm.

1 BackgroundsubtractionA Y RA O G S&a A T subtrécBoréa . 2 LAGARNE diTRAE 06 S S
not.

§ Hotpixelsremovall Y RA Ol S48 AF (KS d&| 2héen advaSbranotNB Y2 JI f
f Bestfocusselectichy RAOI 1S4 AT GKS . Sad F20dza aSt SO0

1 Index of the selected image in the standicates the index of the image in the stack that has been

A > 4 A X

aSt SOGSR ¢KSy ITQOdalr GBS BOIRRYyE. 2ad A2y o

f Number of detectedringgd G KS ydzYoSNJ 2F NAy3Ia FNRY (GUKS a
by the algorithm and used in the analysis.

 Numberofrejectedringgda G KS ydzyo SNJ 2 T N galein tHathR detedtdd S &
by the algorithm but not used in the analysis. Rejected rings often are rings cut on the rim of the
image.

1 X coordinate of the R@ the coordinate along X (starting from the top left corner) of ¢hepped
areain the image A null valuecorresponds to an uncropped imagdeis expressed in pixel.

1 Y coordinate of the R(% the coordinate along Y (starting from the top left corner) of the cropped
area in the image. A null value corresponds to an uncropped image. It is eeghiagzxel.

1 ROI widthis the width of the cropped area in the imaga value equal to the image width
corresponds to an uncropped imagdeis expressed in pixel.

1 ROI heighis the height of the cropped area in the image. A value equal to the irhegght
corresponds to an uncropped image. It is expressed in pixel.

9 Distance between the rindsom the center of the field of view (FG§jheaverage distance of the
first rings surrounding the center of the theoretical gilidis expressed in pixel.
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1 X coordinate of the theoretical grid centisrthe coordinate along X (starting from the top left
corner) of the center of the theoretical grid. It is expressed in pixel.

1 Y coordinate of the theoretical grid cenisrthe coordnate along Y (starting from the top left
corner) of the center of the theoretical grid. It is expressed in pixel.

5. IMAGE METADATA

1 Acquisition dates the date at which the acquisition of the image has been performed. If this
informationisnotO2 y Gk AYSR Ay GKS YSGOGIFIRFGEFE 2F GKS AYL

1 Specified lateral pixel sii2the size of one pixel, provided by the metadata associated to the raw
image. It is expressed in pum.

1 Specified axial pixel siigetheinterval between each slice of the stack, provided by the metadata
associated to the raw image. It is expressed in pum.

1 Image dynamic rangis thedynamic range of the image, provided by the metadata associated to
the raw image. It is expressed in bits (8 omiis).

9 Detector bit depthis the data capturing range of the detector, provided by the metadata
associated to the raw image. It is expres$e bits. For example, a 46t detector can capture®
= 65536 intensity levels.

1 Image widthis thewidth of the image, provided by the metadata associated to the raw image. It
is expressed in pixel.

1 Image heighis theheight of the image, provided by the metadata associated to the raw image. It
is expressed in pixel.
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Vil. HOW TO CORRESDISTORTHBELD

To correcta distorted fieldn an image of a biological sample, one sawethe transformation parameters
Ayiaz | GF PGEGE FAES YR GKSyYy dza8S F2N Ayal
(https://imagescience.org/meijering/software/transform)j/ to process the correctianlf using the
Transformplugin make sure all the different options are unchecked, as illustratédguare 6.

r Bl
[i# Transforml: Affine g
Matrix file: I
Browse | Create |
Interpolation: -

Backaground: IU.U

[~ Adjust bounds to fit result
[~ Resample isotropically
[~ Anti-alias borders

oK | Cancell

Figure6: Interface window of the TransformJ plugin in Imagddwing that all the different options are unchecked

The transformation parametensrovided by Daybook Analysis allowafine (.e.linear)correction, that
is a correction for any combination ahiform scaling(zoom),translationand rotation If the correction

to be applied idoth linear andhonlinear, then applying an affine transformation will rio sufficientto
perfectly correct a distorted field

¢tKS afF dlEGE FAES aK2dZ R 0SS 2NHIYAT SR & F2ft2¢6
a,b,0,tx
c,d,0,ty
0,01,0
0,0,0,1
Here,tx andty must be expressed ipm; a, b, c & d are unitless.

{dzOK | aGfF®liEGE FAES OFy RANBOGt&@ 068, class yoSthal G S
GCNF YyaF2NNEGA2yCcl.Egunl7)Y SGSNERe GFofS
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