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INTRODUCTION

The lateral resolution is the minimal distance between two objects close to each other that an
imaging system can clearly measure. There are different ways to measure the lateral resolution.
The method used in this analysis relies on the contrast transfer function, i.e. the measured

contrast versus the measured distance between gradually spaced lines.

The Al ater al r es ol uuniguelytbe manimal lregadvabke digtanae v ibetveesn
lines close to each other, for a given contrast value, with an associated signal -to-noise ratio

(SNR) value in the image.
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II. IMAGE ACQUISITION PROCEDURE

The filateral resolution 0 analysis is associated with the igr adual | vy s patteress | i
(Pattern E - see Figure 1).

Figure 1:1 mage examples of the 4 fAgradually spaced | inesbo
descending lines), fulfilling the acquisition recommendations.

1. ACQUISITION RECOMMENDATIONS

1 Recommended image type

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

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.

Do not zoom in, this could damage the  pattern.
The area of the scanned zone should not be smaller than the area of the pattern.

9 Lateral pixel size
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The lateral pixel size of the Z-stack should be 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.

2. HOW TO IMAGE THE PATTERN?

1- Find the patterns

a) Start with a low mag objective (such as 10x or 20x). Set the DAPI (405 nm) or GFP (488
nm) 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 you would like to use. Move the slide to the pattern.

2- Adjust your setup

a) Match the center of the pattern with the center of the field of view.
b) Adjust the focus.

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

3- Image the pattern and save the image

a) Image the pattern 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.
Import ant:
This pattern must be imaged entirely. Do not zoom within the pattern.
If the pattern is not imaged entirely, the analysis will not work.
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. IMAGE ANALYSIS PROCEDURE

1. HOW TO LAUNCH AN ANALYSIS ?
a) Select fLateral resolutionointhe i Se laencatl ys.i so | i st

by Upl oad your image(s) using the AUpload fil e
Select the image to be analyzed.

c) Set the required and optional settings (see sectionlll.2 A Anal ysi.s Setti ngs

dClick on AStart the analysiso.

e) If needed, selectaregionofi nt er est (ROl ) and cl i ckfFgue ACr
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).

_

Figure 2: Crop window.

2. ANALYSIS SETTINGS
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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 the proprietary file:
Selectiextract eidmdge nf itlhee met adat ao
-Orfromapreviousif i el d @ralgstssor t i ono
Selecticomputed from the | atest oO0field 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 Contrast criterion
The user can define here the contrast value he would like to apply, from 0 to 100 %. There
are many criteria (Rayleigh A 26.5 %, Schuster A 99.9 %, Sparrow A 0.1 %, etc.) that
can be applied to determine the lateral resolution. Note that the human eye can distinguish
intensity differences that have a minimal contrast value of 2 %.

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 pattern (i.e. a
background image) with the same settings (channel, illumination power, exposure time,
etc.) as the image of the pattern 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 pattern.
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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:x' Field distortion Source: Inhomogeneity_Distortion_Chromatic shifts_LSF_Matrix of rings_2019_04_30 [index0]

Theoretical grid superimposed on raw

Relevant parameters

[Mean vector magnitude (px) 0.8817
[Mean vector magnitude (um} 0.0004
| [Minimum vector magnitude () 01040

[Winimum vector magnitude (um) 0.0107

9 Orientation correction

There might sometimes be a tilt on the acquired images. Tick theii Or i ent ati on ¢
button to 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

Caorrection angle (%)

manual entry

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

manual entry

3- 1 R e dateral resolution analysis 0 wi ndow

To optimize or to check the influence of the analysis settings (specified lateral pixel size, ,
fitting functions, contrast criterion, processed ROI width, interpolation factor, correction
angle, fitting threshold level) on the results, you can click on the i R e duwtton in the results
page and re-run the analysis (cf. Figure 3).

In particular, the fitting functions, the interpolation factor and the processed ROI width can
have a non-negligible influence on whether the analysis works or not. It is advised to
increase the interpolation factor and/or the processed ROI width if the following situations
occur:

o0 The detection of peaks and valleys does not work precisely.

o The image is under-sampled (lateral pixel size too large).

0 The signal-to-noise ratio and/or the signal-to-background ratio are too low.
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Redo lateral rescluti lysi .l E
D_rarﬁoumnﬂay‘sg ‘ ;

Required settings

Specified lateral pixel size (um)
0.0650000016

extracted from the image file metadata
Fitting functions
Lorentzian (best suited for WF microscopes)

Contrast criterion (%)
L] 26.5 W

I'| Processed ROl width (px)
(Increase this value if you get analysis issues)

Ll L

Interpolation factor

Optional settings
[7] Qrientation correction
Correction angle (%)

90.0618 +
manual entry h

Fitting threshold level (a.u.)

SR, R

[ ok 1| cancel |

Figure 3:AiRedo | ater al resolution analysisoOo pe

i Fitting functions
The fitting functions are the mathematical functions used to fit the mean intensity profile
perpendicular to the gradually spaced lines. Gaussian or Lorentzian fitting functions can
be chosen. The Gaussian model is best suited for confocal (CF) and structured illumination
microscopes (SIM). The Lorentzian model is best suited for wide-field (WF) microscopes.

1 Processed ROI width
The processed ROI width is the width of the Region Of Interest (ROI) analyzed by the

algorithm.
It is automatically calculated when launching the analysis, but it can also be set manually
in the fiRedo | ater al resolution analysiso w

The automatic calculation sets the processed ROI width to about one-fourth of the length
of the gradually spaced lines.

1 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 Lanczos interpolation.
It is automatically calculated when launching the analysis, but it can also be set manually
i n t h elatéraRrestlation analysisd wi ndow.
An interpolation factor of 1 does not change the data.

1 Fitting threshold level
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The fitting threshold level is the intensity level above which the Gaussian of Lorentzian
fitting is performed on the intensity line profile.

It is automatically computed when launching the analysis, but it can also be set manually
i n t helatéraRrestlation analysis0 wi ndo w.
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IV. 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.

Analyzed ROI superimposed Mean intensity profile and fitting Primary metrics
on raw image functions calculated by the analysis

:1' Lateral resolution Source: Argo-POWER-HM_Lateral resolution_Horizontal gradu:illy spaced lines_Z-stack_2021_02_25 [index7.0]

Primary metrics

Analyzed ROI superimposed on raw image Mean intensity profile and fitting functions

[Contrast citerion (%) 2650
Lateral resolution (um) 0.4034
39,000 ILateral resolution at zero contrast (um) 0.1908
Re esults 25,000 sNR 766
Boladieans Contrast transfer
= 20,000 Contrast transfer function values <€———
i function values
RESULTS g lLine group [Measured line Specified line Measured mean
2 15,000 index pacing (ut
1D name £ 10000 1 not detected 0.1000£0.1100 _|not detected
* 0.0464£00650 _ [0.150020.1100 _|not detected
3000 00962400850 [0.2000+0.1100 _|not detected
0 01338+0.0850  [0.250020.1100 | not detected

0.2453+0.0650  [0.3500£0.1100  |1.80752 1.7754
0.3022+0.0650  |0.4000+ 01100 |7.8206 = 1.0756
0.3570£0.0650  [0.4500+0.1100  |18.4242+2.7479

9 0.4015+0.0650  [0.5000+ 01100 |25.2627 +1.2225

0 5 10 15 20 25 30 35 40 45 50
Distance along line profile (um)

2
3
n
5 0.1908 £ 0.0650  |0.3000£0.1100 _|not detected
5
7
8

[+ Mean profile — Fitted mean profile — Lorentzian1 - Lorentzian2 ---- Lorentzian3 |

Lorentziand & Threshold weighted residual & Non-weighted residual o 04531200650 05500 20.1100 |357283225915

11 10.5013 = 0.0650 0.6000 = 0.1100 42.8772+ 38778

o access mere options Contrast transfer function 12 0541120.0850  [0.65000.1100  |46.0852.+2.9684
13 0.5925 + 0.0650 0.7000 £ 0.1100 53.1148 £3.1133 SaVe results
Contrast transfer . ;
i ‘ I T | (26 & metrics)

function: contrast . : e

T2 : Generate report

Generate report

(PDF)

Please right-click on the images and graphs

B Export metrics

VS. spacing 0

Documentation

Contrast (%)
3 8

8

[+] Secondary metrics

[+] Algorithm metadata

i Documentation
000 005 010 045 020 025 030 035 040 045 050 055 060/065 [*]Image metadata
Measured line spacing (um)

[ Contrast — sth-order polynomial ft -#- Contrast criterion|
Secondary metrics

Change the Contrast criterion (%) (-]
contrast criterion + / calculated by the analysis

Enter to recalculate Export metrics + Algorithm metadata
) Redo the test +1 tadat:
the resolution (only CSV) mage metadata

Figure 4: Results page.

2. OPTIONS

i Saving options:
When Daybook Data Manager is disabled, the results can be saved into a CSV file thanks to the
ASave resultsodo or fAExport metricso buttons.

Reports (in a PDF format) containing the results (maps, graphs, metrics) can be generated and
saved by clicking on t kfeFigir6é8.ner ate reporto but

By default, the results wil I\Dagyyb ookv erde siunl ttshoe fi
withinthe Dayboo k di rectory. To modify the default fol
left corner.

When a valid Daybook Data Manager | icense key i
ASave into Data Manager 0. R e s Dayboak Data Managen where f o r
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clicking the ASave in Data Managero button. To
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

— = Acquisition date (2019-10-07 13:32:02)

Select the 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) Rl - AlREICEIIIIIC

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 JPEGafip,eor thergtagh vadues into a
TXT file.

0 AAut oRangeo: Adjust automatically the r

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.



-2 ' Daybook Analysis Lateral resolution

V. ANALYSIS ALGORITHM DESCRIPTION
1. DIAGRAM

The diagram below describes the algorithm that allows the extraction of the lateral resolution from
the fgradually spaced linesoimage (cf. Figure 6).

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 fgradually spaced linesoin the image.
T 1t determines the orientation of the fAgradu
ascending or descending.
It applies an automatic orientation correction, if necessary.
It plots an intensity line profile perpendicular to the lines.
It applies a slight smoothing to the intensity line profile.
It detects the peaks (in red) and the valleys (in blue) for each group of lines.
It computes the mean contrast for each group of lines. A low pass filtering is applied when
the number of peaks per group of lines is higher than 4.
Note that the offset (background) is not subtracted prior the mean contrast calculation. If
you want the offset (background) to be subtracted, you need to acquire a background
i mage and wuse t hBacokpgtrioounnadl ssuebtttriancgt ifion o bef o

E
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