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I. INTRODUCTION

The lateral resolution is the minimal distance between two objects close to each other that an imaging
system can cledy 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 vs the measured
distance between gradually spaced lines.

¢ KS af I GS Nantysis\dodides ttehiringal/résolvable distancéetween lines close to each

other, for a givercontrastvalue, with an associatesignal-to-noise ratio(SNR)alue in the image.
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II. IMAGE ACQUISITION PROCEDURE

Thedlateral resolutioré analysis is assiatedwith the @ 3 NI Rdzl f f & paitédis@&térn B see/ S & €
Figure 1).

Figurel: Imageexamples othe 4dgradually spaced linépatterns (horizontal, vertical, +45° ardb® lines), fulfilling the
acquisition recommendations.

1. ACQUISITIORECOMMENDATIONS

1 Recommended imagg/pe

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

When a multichannel Ztack is acquired, the reader in Daybook separates eachnethan that
one Zstack per channel can be analyzed.

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

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

1 Signalto-background ratio (SBR)
Acquire images with enough contrast between the pattern and the backgraig.a signato-
background ratio higher than 2:1.

91 Signalto-noise ratio (SNR)
Acquire images with enough contrast between the pattern and these@.g. a signato-noise
ratio higher than 10:1.

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-colied pixels
to adjust properly the image intensityNote that Daybook Analysis cannot analyze images
containing negative values.

1 Image dynamic range
When possible, acquire images with a detector that captures raw data viathdepth of 8 or 16
bits, theallowedimage dynamic rangir computers (3byte and 2byte chunks, respectively). If
the detector captires raw data with @it depth different from 8 or 16 bits, convert the images
into 8 or 16-bit-dynamic rangeavithout losing any information. Note that if the image file weight
is too big for the computational capacity of your computer, the analysis maagucceed.

1 Image sampling rate
The sampling rate of the image should fulfill the Nyquist criteri@nthe imagelateral pixel size
should bdower or equal tahe half of the theoreticalateralresolution limit. However, if possible,
we recommend adjsting the imagelateral pixel size to one third of the theoreticdhteral
resolution limit.

Imageexamples acquired following the acquisition recommendations can be found in your Daybook
folder, located here: €Program FiledaybookDaybookAnalysistrial images

We encourage you to process these images to have an idea of the image quality requoestbtom
the analysis, and to start being familiar with the use of the software.

2. HOW TO IMAGE THE PATTERN

1- Find the patterns

a) Start with a low mag objéwe (such as 10or 20x). Set the DAPI (405m) or GFP (488m)
channel.
b) Make coincide theenter of the slide with respect to the objective.
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c) Adjust focus through the eyepieces.
d) Switch to the objective yowould like to use. Move the slide to the pattern.

2- Adjust your setup

a) Match thecenter d the pattern with the center of the field ofiew.

b) Adjust the focus.
The best focus usually corresponds to thpl@he for which the central cross looks the clearest
(qualitative approach) and/or for which the intebs histogram is the broadest (quantitative
approach).

3- Image your pattern

a) Image thepattern by following the acquisition recommendations.

b) Save images into a raw, n@mompressed format (for example, the acquisition software proprietary
format) or into a bssless compression forma..a F PGAFFEé 0P ¢ KS dyvamdsS T
rangeof 8 or 16 bits.

Important:
This pattern must be imaged entire[o not zoom within the pattern.

If the pattern isnot imaged entirely the analysiswill not work.
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lll. IMAGE ANALYSIS PROCEDURE

1. HOW TO LAUNCH AN ANALYSIS
a) SelectdLateralresolutioréinthea { St SOG Lyl feaAraée fAai

b) ! L 2FR @2dzNJ AYIF3ISo6a0v dzaAy3d GKS a! LJX2FR FALS:
Select the image to be analyzed.

c) Set therequired and optional settings (see chapte#t2 y I f @ A4 { SGGAy3I&aso

d) & A0l 2y G{dGFNI GKS Iylteaaraso

e) fySSRSR>Y aStSOG | NBIA2Z2Y 27F Ay SNBfFigue2vhL o |

fy /Tt A0l 2y awdzy¢ o
wSadzZ Ga NS RAaLIFT@SR YR OFly 0S &doka | & a
Manager (if available in your package).

:r' Lateral resolving power © Normalize image ON/OFF
Crop

Undo

Plot profile

Run

Figure2: Crop window.
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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:
- Eitherfrom the proprietary file:
Selectt SEGNI OGSR FNRBY (KS AYF3IS FAtS YSGFREFEGLE
-Orfromaprevioust TA St R &&lysia:2 NI A 2Y €
Selectt 02 YLJzi SR FTNRY (KS tFrdSad WFASER RA&G2NI)

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
There are many criteria (Rayleigh, Schugtet,Jr NN2 ¢ ONXR G S NJPplidtodetermifel (1
the lateralresolution
The user can define here the value he would like to apply.

1 ProcessedROl width &Interpolation factor
- TheprocessedrOl width is the width of the Region Of Interest (R@&ly2zd by the algorithm
- The interpolation factor, also known as resampling factor, allows the increase of the number
of points of the intensity line profile, by applying a linear interpolation.

- The ROI width and the interpolation factor can have a-negligble influence on whether the
analysis works or not.

It is advised to set the ROI width to at least 1/3 of the pattern size, as well as to increase the
interpolation factor up to 1 if the following situations occur:

o0 The detection of peaks angilleys doesiot work precisely.

o The image is undesampled (pixel size too large).

o0 The signato-noise ratio and/or the signdb-background ratio are too low.

/I ftA01 2y GwSR2¢ (2 SlLairfte OKIFIy3aS GKDixavhlL
size, Gaussigfitting threshold level and reun the analysis.

2- Optional settings

9 Backgroundsubtraction

Subtracts the background in images where the sigoddackground ratio (SBR) is too low to be
analyzed bypaybook Analysis
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It requires to aquire an image ofmarea where there is no fluorescent patteire(abackground
image) with the same settings (channel, illumination power, exposure time, etc.) as the image of
the pattern to be analyzed.

For multichannel tests, dackgroundmage for each channel is reged.

1 Hot pixels removal
Removes the very intensed. 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 frarptoprietary file.

1 Best focus selection
Works only for moneor multi-channel Zstacks.
It automatically selects from asfack the image having the best contrast, corresponding to the
best focus for the fluorescent pattern.
The index of the selected ege is displayed in the middle top of thesults paggsee figure
below). Information about the selected image can also be found in the metrics and reports.

B Daybook-Analysis (Argo-POWER-HM): ield distortion

:»' 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) 0.0904
| [Minimum ve ctor magnitude (px) 01040
[Minimum vector magnitude (um) 00107

9 Orientation correction
¢KSNBE YAIKG a2YSUGAYSEa 60S || GARy DOFNNEOIRDN 4z
enable thecorrection angle option.

91 Correction angle
The correction angle is computed from otharalysegfield distortionor lateral resolutior). It

can also be set manually.

[] Crientation correction

Correction angle (%)

manual entry

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

manual entry

9 Gaussian fitting threshold level
The Gaussian fihg threshold level is the intensity level above which the Gaussian fitting is
performed on the intensity line profile. It is automatically computed (recommended option). It can
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also be set manually when there is a problem with the anglyse advise tao so only as last
option.
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V. RESULTS PAGESCRIPTION

The picture below shows the results page for this analg$igigure 3).
Results are displayed in the form of images, maps, graphs and tables.

Analyzed ROl superimposed
on raw image

Mean intensity profile with peaks
and valleys detection

Primary metrics
calculated by the analysis

:1' Lateral resolution Source: Lateral resolution_Horizontal gradually spaced lines_Z-stack_2019_11_27 [index7]

Analyzed ROI superimposed on raw image Mean intensity profile with peaks and valleys detection Primary metrics

Contrast crterion (%) 265000
Lateral resolution (Um) 0.4462
30,000 1 L ateral resolution at zero contrast (um) 0.3001
RESULTS 25,000 1 1 5 uncertainty of the lateral resolution (um) 0.0650
=7 t SR 50.7
ID name & 20,000 Jgr uncertainty of the SNR 03 Contrast transfer
£ s Contrasttransfer function values 4— function values
5 Line group |Measured line Specified line Measured mean
£ 10,000 index spacing (um) contrast (%)
| 1 not detected 0.1000 = 0.1100 not detected
L R e S A A VAR VAR VAR VAR VAR VAR VAR I VIRt 2 0.0853+0,0650  [0.150020.1100 _|not detected
0 _J v vV Vv U v vViv vy \_. 3 0.1359 = 0.0650 10,2000 = 0.1100 not detected
4 0.1796 + 0.0650 0.2500 2 0.1100 not detected
0 5 1o 1:| " 20 i 25 i %0 il 35 a0 4 so 5 0.2468 £ 0.0650 0.3000 = 0.1100 not detected
stance along line profile (um) 6 0.3001 £ 0.0650 0.3500 2 0.1100 not detected
+ Mean profile » Peaks e Valleys between the peaks 7 0.3549 £ 0.0650 10,4000 2 0.1100 9.1320 £ 1.6588
g 0402300650 [0.45002 01100 |17.9073 226175
Please right-click on the graphs to access more options. Contrast transfer function o 04428200650 [0500020.1100 _[255135 = 23048
10 0.4890 + 0.0650 0.5500 2 0.1100 35.2839 + 2.6780
€0 11 0.5281 + 0.0650 0.6000 = 0.1100 42.1176 + 3.4784
Contrast transfer o 12 05646+ 00850 06500201100 _|46.9455+ 28698 Save results
. 13 06107200650 0.700020.1100 _ |520561%27775 i :
function: contrast (image & metrics)
; _ 40
Vvs. spacing £
g 30 Export metrics B Generate r. part
g " Po L7 Generate report
© 20 Documentation (PDF)
10
0 e i Secondary metrics [+]
0.0 0. 02 03 04 05 06 0, Algorithm metadata [+] Documentation
Measured line spacing (um)
- Image metadata [+]
+ Contrast —S5th-order polynom\al fit = Contrast criterion
Change the Secondary metrics

/ Contrast criterion (%) [EIEN ©

Export metrics
(only CSV)

contrast criterion +
Enter to recalculate
the resolution

calculated by the analysis
+ Algorithm metadata
+ Image metadata

Redo the test

Figure3: Results page.
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profile and associated channel for which you would like to save the results.

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, isipossible to save the results at the present date (date of the analysis) or at a
custom date(cf. Figure 4)
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SAVE RESULTS IN DATABASE

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

Select your acquisition profile
—— =i Acquisition date (2019-10-07 13:32:02) K@l

e R ssEne R Ea s e T Acquisition date (2019-10-07 13:32:02)
DAPI #1 ﬂ Present date (2029-01-21 18:00:28)
P ——— Custom date and time

Present date (2020-01-20 15:43:56) k@

Selectthe saving date

Save results Cancel

Figure4: Interface window for saving the results in the datahase

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

1 Graph options:

- Zoom in and out: Hold the left or right button thfe 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 ofthe mouse and move it towards any direction.

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

U GE2NISNIAS&EEY 9RAG GKS OKIFNI LINPLISNIASa®
U a{l @S La¢y {I @S Iy AYI3IAS Ayd2 | afF oLy 3£
U a! dzi 2 wl y JabténvatichlliRtBedznges of the axes.
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V. ANALYSIS ALGORITHM DESCRIPTION

The diagram below describes the algorithm that allows the extraction of the latesalutionfrom the
ogradually spaced linésmage(cf. Figureb).

Figure5: Schematic description of the different steps ofadhalysis algorithm.

In short, the algorithm works as follows:

T

1
1
1
1

It detects and segments thigradually spaced linésn the image.

It applies an automatic orientation correction.

It plots an intersity line profile perpendicular to the lines.

It detects thepeaks (in red) and the valleys (in blue) for each group of lines.

It computes the mean contrast for each group of lindste that the offset (background) is not
subtracted prior the mean contrascalculation. If you want the offset (background) to be
subNF OG0 SR> @2dz YSSR (2 [OljdZANB I o6F O13INRdzyR
adzo GNF OGA2yé¢ o06STF2NB adl NIAy3d GKS Fylfearao
It fits each line with a Gaussian function, from which it measuhe spacing between the two
inner lines of each grougAnautomaticinterpolationis applied, so that there are about 20 points
per Gaussian fitting function

It displays the mean contrast versus the measured line spacing into the contrast transf@sriunc
graph.

It also computes the SNR, by dividing the avenegjae of the intensity of each pixel along one
line of each group with the standard deviation of the intensity values.

Note that this algorithm does not perform correctly on images containggative valuedNegative values
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