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[. INTRODUCTION
This test concerns only the microscopes equipped with a motorized Z stage.

The point spread function (PSF) gives access to the spreading behavior of the light by a point-
like object. Fitting the PSF with a mathematical function (Gaussian, Lorentzian, Sech?) allows to
extract the full width at half maximum (FWHM) along X, Y and Z, which is a parameter that
commonly describes the resolution of the imaging system.

The Apoint spread functiond anal ysi s repds fromiad e s
point-like object, as well as quantitative parameters such as the lateral and axial FHWM of the
PSF and the signal -to-noise ratio (SNR) in the image.
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II.  IMAGE ACQUISITION PROCEDURE

The fipoint spread function 0 analysis is associated with any fipoint -like object 0 (see Figure 1).

Figure 1:1 mage exampl-ei bé abjipoiatf fulfilling. the acqui

1. ACQUISITION RECOMMENDATIONS

1 Recommended image type

Z stack Yes (mandatory)
Multi -channel | Recommended but not mandatory
Tiles No

The Z-stack images should be acquired over a Z-range covering a distance larger than the
size of the point-like object.

When a multi-channel Z-stack is acquired, the reader in Daybook separates each channel
so that one Z-stack per channel can be analyzed.

1 Lateral pixel size
The lateral pixel size of the Z-stack should be lower or equal to the half of the theoretical
lateral resolution limit (Nyquist criterion). However, if possible, we recommend adjusting
the image lateral pixel size to one-third of the theoretical lateral resolution limit.

1 Axial pixel size (interval between each slice)
The axial pixel size of the Z-stack should be equal to the half of the theoretical axial
resolution limit (Nyquist criterion). However, if possible, we recommend adjusting the
image axial pixel size to one-third of the theoretical axial resolution limit.

2. HOW TO IMAGE THE OBJECT OF INTEREST?
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1- Find the object of interest

a) Start with a low mag objective (such as 10x or 20x).

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

c) Adjust focus through the eyepieces.

d) Switch to the objective you would like to use. Move the slide to the object of interest.

2- Adjust your setup

a) Match a single point-like object with the center of the field of view.
b) Adjust the focus.

The best focus usually corresponds to the Z-plane for which the single point-like object
looks the clearest (qualitative approach) and/or for which the intensity histogram is the
broadest (quantitative approach).

3- Image the object of interest and save the image

a) Image the single point-like object by following the acquisition recommendations.

b) Save the image into the acquisition software proprietary format or into a lossless
compressed format. If saved into a lossless compressed format, the image file should have
a dynamic range of 8 or 16 bits. Also, the metadata should be contained within the image
file.

7\ ARGOLIGHT 3

A Precision Company Daybook Analysis i Version 1.8.6 1 August 2021

Copyright 2021 by Argolight SA. All rights reserved. No part of this document may be used or reproduced in any form or stored in a database or retrieval system. Making copies of any part of this
document for any purpose other than your own personal use is a violation of European copyright laws.



' Daybook Analysis Point spread function

IMAGE ANALYSIS PROCEDURE
1. HOW TO LAUNCH AN ANALYSIS ?

a) Sel ePoimts pr ead functiono in the fASelect analy.

Point spread function Eleld o CELGENEEY @ Normalizedimage On/Off

by Upl oad your image(s) wusing the AUpload file
Select the image to be analyzed.

c) Set the required and optional settings (see sectionlll.2 fiAnal ysi s Settings
d) ClickoniSt art the analysi so.

e) Select within a region of interest (ROI) a single point-like objectand c¢cl i ck on ACt
the image (cf. Figure 2).

) Click on ARuno.
Results are displayed and can be saved as CSV, PDF, or transferred into Daybook Data
Manager (if available in your package).

:1' Point spread function
Crop

Undo

Plot profile

Run

Figure 2: Crop window to select a point-like object.

2. ANALYSIS SETTINGS

1- Required settings
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1 Specified | ateral pixel size
There are two ways to get the lateral pixel size of the image to be analyzed:
- Either from the proprietary file:

Selectiextracted fromttaldeatiamage fil e
-Orfromapreviousi f i el d @ralgstssor t i ono
Selecticomputed from the | atest oO6field distort

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

1 Fitting model type
Select the type of mathematical model used in the fitting of the raw intensity line profiles:
o0 Single Gaussian A One Gaussian function.
o Single Lorentzian A One Lorentzian function.
o Single Sechz A One hyperbolic secant squared function.

1 PSF processed ROI width
The PSF processed ROI width is the width of the Region Of Interest (ROI).

2- Optional settings

9 Background subtraction
Subtracts the background in images where the signal-to-background ratio (SBR) is too low
to be analyzed by Daybook Analysis.
It requires to acquire an image of an area where there is no fluorescent object of interest
(i.e. a background image) with the same settings (channel, illumination power, exposure
time, etc.) as the image of the object of interest to be analyzed.
For multi-channel tests, a background image for each channel is required.

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

1 Specified a xial pixel size
On Z-stacks analysis, the axial pixel size is determined from the proprietary file.

1 Best focus selection
Works only for mono- or multi-channel Z-stacks.
It automatically selects from a Z-stack the image having the best contrast, corresponding
to the best focus for the fluorescent object of interest.
The index of the selected image is displayed in the middle top of the results page (see
figure below). Information about the selected image can also be found in the metrics and
reports.

S
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2! Field distortion Source: Inhomogeneity_Distortion_Chromatic shifts_LSF_Matrix of rings_2015_04_30 [index0]

Theoretical grid superimposed on raw

Relevant parameters

[Mean vector magnitude (px) 03817
[Mean vector magnitude (um) 0.0904
| Minimum vecior magnitude (px) 01040

[Minimum vector magnitude (um) 0.0107

Power meter

Reload results

9 Orientation correction
There might sometimes be a tilt on the acqu
button enable the correction angle option.

1 Correction angle
The correction angle is computed from other analyses (field distortion or lateral resolution).
It can also be set manually.

[] Orientation correction

Carrection angle (%)

manual entry

computed from the latest 'field distortion” o
‘lateral resolution” analysis

manual entry

3-nfRedhefitd wi ndow

To optimize or to check the influence of the fitting parameters (interpolation factor,
smoothing factor, low threshold, X and Y centroid location, ROI length and width) on the
results, you can click on the frRettanalysisEt t on
Figure 3).
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Point spread function

Redo the fit

interpotation tactor [ TKEHN -
Smoothing factor _
Low threshold (a.u.) -
Xlocation (px)
Y location (px) - o]
psr Rotengtn (o0 [IEN
psr rolwian (o0 IR

Figure :AiRedo the .fito window

Interpolation factor

The interpolation factor, also known as resampling factor, allows the increase of the
number of points of the intensity line profile, by applying a bicubic interpolation.

It is automatically calculated when launching the analysis, but it can also be set manually
in the ARedo the fito window.

An interpolation factor of 1 does not change the data.

Smoothing factor

The smoothing factor allows to improve the peak detection before the fitting, in the
presence of noise.

It is set at 1 by default.

A smoothing factor of 1 does not change the data.

Low threshold

The low threshold is the intensity value above which the experimental data are fitted. If it
is set at zero, all the data are fitted.

It is set at 0 by default.
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V. RESULTS PAGE DESCRIPTION
1. INTERFACE

The picture below shows the results page for this analysis (cf. Figure 4).
Results are displayed in the form of images, maps, graphs and tables.

Primary metrics
calculated by the analysis

Orthogonal views Line intensity profiles

:1' Point spread function Source: Nen-Argelight product PSF_Point-like object_Z-stack_2021_02_20 [index22.0]

XY orthogonal vie ‘ YZ orthogonal view Horizontal line intensity prefile (yellow ROI) Primary metrics

z Metrics name X thorizontal) Y (vertical) Z (3al)
Z ults 2 P 103 [FWHIM (um) 02808 02967 06546 Save results
g 4000 r wli R 56.1 520 415 : :
RESULTS £ 30000 teE  lem e — o (image & metrics)
gzmuw : 04 ; R for the fiting 100 100 0 y/
ID name E 10,000 02 3 function
o e e 00 £ Generate report
\ & oo )
& Raw_profile & Fitted_profile & Low_threshold
Vertical line intensity profile (green ROI) .
A z Redo the fit

a 10 3
540000 r s B [+] Seqondary metrics
£ 30,000 2 N
g 06 5 [+] Alggrithm metada
& 20,000 04 8 .
£ 10000 02§ [Image metadata Secondary metrics
o )

calculated by the analysis
06 .04 0. 0.0 0.2 04 0.6 .
+ Algorithm metadata
+ Image metadata

Distance (jm)

A Raw_profile A Fitted_profile & Low_threshold

Axial line intensity profile (red line)

Z
o - - i H
103
g
XY cursor coordinates (9x): |-~ ' 88
. 05 5
Please right-click on the images ang/gray oo \ 0.4 %
1o access more options. 022 | Export metrics .
: 0w Documentation
2 A o 1 2 = (only CSV)

Distance (um)

& Raw_profile &Fitled_profile » Low_threshold

Axial line Horizontal line Vertical line
intensity profile intensity profile intensity profile

Figure 4: Results page.

2. OPTIONS

1 Saving options:
When Daybook Data Manager is disabled, the results can be saved into a CSV file thanks to the

~ by

ASave resultsodo or fAExport metricso buttons.

Reports (in a PDF format) containing the results (maps, graphs, metrics) can be generated and
saved by clickingonthe A Gener at e rcfeRigore4).0 button (

By default, the results wil I\Dayyb ocokv erde siunl ttshoe fi
within the Daybook directory. To modify the def
left corner.

When a valid Daybook Data Manager | icense key i
ASave into Data Manager 0. Results are therefor
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clicking the ASave in Data Man a gqdowioterfacetselectthe T o
system, the acquisition profile and the associated channel whose results you wish to save.

By default, the results are saved 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 upload date (date of the
image upload), at the present date (date of the image analysis) or at a custom date (cf. Figure 5).

SAVE RESULTS IN DATABASE

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

Select your acquisition profile —
Profile 1 S Acquisition date (2019-10-07 13:32:02) §d

Selectthe saving date

Select the associated channel Acquisition date (2019-10-07 13:32:02)
DAPI #1 [~ | Upload date (2021-01-29 10:43:18)
Select the saving date Present date (2021-01-29 10:44:45)

Present date (2020-01-20 15:43:56) S AMREICEIRIIT

Save results Cancel

Figure 5: Interface window for saving the results in the database.

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

1 Graph options:
- Zoom in and out: Hold the left or right button of the mouse and 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.

- Optional features. Right click on the graph to have access to:

O APropertieso: Edit the chart properties

0 ASave aso: S a v e PNGror JPEGafitp,eor thergtagh vadues into a
TXT file.

0 AAutoRangeodo: Adjust automatically the r

1 Redo the fit:
It is possible to redo the fit with other parameters than the default ones. These parameters
are:
¥ The fitting model :
o0 Single Gaussian A One Gaussian function.
o Single Lorentzian A One Lorentzian function.
o Single Sechz A One hyperbolic secant squared function.
¥ The interpolation factor : change (increase or decrease) the number of values of the
fit, and therefore make it appropriately sampled. The interpolation is bicubic.
%% ARGOLIGHT ?
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¥ The smoothing factor : in the presence of noise, improve the peak detection before
the fitting.

¥ The low threshold : change the intensity value above which the experimental data are
fitted.

¥ The Xand Y locations : change the central locations of the profiles, in the X (horizontal)
and Y (vertical) directions. Use the position indication cursor in the raw image to guess
these values.

¥ The PSF ROI height and width : change the size of the green and yellow regions of
interest (ROI) in the raw image.

10
Daybook Analysis i Version 1.8.6 1 August 2021

Copyright 2021 by Argolight SA. All rights reserved. No part of this document may be used or reproduced in any form or stored in a database or retrieval system. Making copies of any part of this
document for any purpose other than your own personal use is a violation of European copyright laws.



' Daybook Analysis Point spread function

V. ANALYSIS ALGORITHM DESCRIPTION
1. DIAGRAM

The diagram below describes the algorithm that allows the extraction of the point spread function
from a fpoint-like objectoimage (cf. Figure 6).

Single pattern Subpixel intensity profile XY orthogonal view YZ orthogonal view
detection extraction

Extraction of profiles
from position, ROI
size and interpolation
factor

Centroid
calculation and
ROl extraction

XZ orthogonal view
Horizontal intensity profile fitting Vertical intensity profile fitting

Fitting based on least Fitting based on least
squares method with squares method with
constraints constraints

Fitting based on least
squares method with
constraints

[em——"

e B B «n:as/
=§§!§§§§§§ﬂ

s 2 2 B B OB B
- & % 8 E 3 3 3

Figure 6: Schematic description of the different steps of the analysis algorithm.

2. DESCRIPTION

In short, the algorithm works as follows:
1 It detects and segments the point-like object in the image.
1 It plots three intensity line profiles, passing through the centroid of the point-like object, in
the horizontal (green), the vertical (yellow) and the axial (red) directions.

1 It fits the horizontal, vertical and axial intensity line profiles with the selected mathematical
model:
o MSingleGaussiano
o fSingle Lorent zi
o fBSingeSech] o
An automatic bicubic interpolation is applied, so that there are about 200 points per
fitting function.
1 Itdisplays the raw intensity line profiles and the fitting functions into three graphs.
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