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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 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 vs the measured 

distance between gradually spaced lines. 

¢ƘŜ άƭŀǘŜǊŀƭ ǊŜǎƻƭǳǘƛƻƴέ analysis provides the minimal resolvable distance between 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 άlateral resolutionέ analysis is associated with the άƎǊŀŘǳŀƭƭȅ ǎǇŀŎŜǎ ƭƛƴŜǎέ patterns (Pattern E - see 
Figure 1). 
 

 

 
Figure 1: Image examples of the 4 άgradually spaced linesέ patterns (horizontal, vertical, +45° and -45° lines), fulfilling the 

acquisition recommendations. 

 
 

1. ACQUISITION RECOMMENDATIONS 

 

¶ 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. 

 

¶ Alignment prior image acquisition 
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Lateral resolution 
 
 Align precisely the detector 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). 

 

¶ Signal-to-background ratio (SBR) 

Acquire images with enough contrast between the pattern and the background, e.g. a signal-to-

background ratio higher than 2:1. 

 

¶ Signal-to-noise ratio (SNR) 

Acquire images with enough contrast between the pattern and the noise, e.g. a signal-to-noise 

ratio higher than 10:1. 

 

¶ Image intensity 

Acquire images within the linear response range of the detector, that is above the detection limit 

and below the saturation limit. If available in the acquisition software, use the color-coded pixels 

to adjust properly the image intensity. Note that Daybook Analysis cannot analyze images 

containing negative values. 

 

¶ Image dynamic 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 computers (1-byte and 2-byte chunks, respectively). If 

the detector captures 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 analysis may not succeed. 

 

¶ Image sampling rate 

The sampling rate of the image should fulfill the Nyquist criterion, i.e. the image lateral pixel size 

should be lower or equal to the half of the theoretical lateral resolution limit. However, if possible, 

we recommend adjusting the image lateral pixel size to one third of the theoretical lateral 

resolution limit. 

 

Image examples acquired following the acquisition recommendations can be found in your Daybook 

folder, located here: C:\Program Files\Daybook\Daybook-Analysis\ trial images 

 

We encourage you to process these images to have an idea of the image quality required to perform 
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 objective (such as 10× or 20×). Set the DAPI (405 nm) or GFP (488 nm) 

channel. 

b) Make coincide the center of the slide with respect to the objective. 
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Lateral resolution 
 
 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 central cross looks the clearest 

(qualitative approach) and/or for which the intensity histogram is the broadest (quantitative 

approach). 

 

3- Image your pattern 

 

a) Image the pattern by following the acquisition recommendations. 

b) Save images into a raw, non-compressed format (for example, the acquisition software proprietary 
format) or into a lossless compression format (e.g. άϝΦǘƛŦŦέύΦ ¢ƘŜ ƛƳŀƎŜ ŦƛƭŜ Ƴǳǎǘ ƘŀǾŜ ŀ dynamic 
range of 8 or 16 bits. 

 

Important: 

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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III. IMAGE ANALYSIS PROCEDURE 
 

1. HOW TO LAUNCH AN ANALYSIS? 

 
a) Select άLateral resolutionέ in the ά{ŜƭŜŎǘ ŀƴŀƭȅǎƛǎέ ƭƛǎǘ. 

 

b) ¦ǇƭƻŀŘ ȅƻǳǊ ƛƳŀƎŜόǎύ ǳǎƛƴƎ ǘƘŜ ά¦ǇƭƻŀŘ ŦƛƭŜέ ōǳǘǘƻƴΦ 
Select the image to be analyzed. 

 
c) Set the required and optional settings (see chapter 2 ά!ƴŀƭȅǎƛǎ {ŜǘǘƛƴƎǎέύ. 

 
d) CƭƛŎƪ ƻƴ ά{ǘŀǊǘ ǘƘŜ ŀƴŀƭȅǎƛǎέΦ 

 
 

e) If ƴŜŜŘŜŘΣ ǎŜƭŜŎǘ ŀ ǊŜƎƛƻƴ ƻŦ ƛƴǘŜǊŜǎǘ όwhLύ ŀƴŘ ŎƭƛŎƪ ƻƴ ά/ǊƻǇέ ǘƻ ŎǊƻǇ ǘƘŜ ƛƳŀƎŜ όcf. Figure 2). 

 
f) /ƭƛŎƪ ƻƴ άwǳƴέΦ 
wŜǎǳƭǘǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ŀƴŘ Ŏŀƴ ōŜ ǎŀǾŜŘ ŀǎ άϝΦŎǎǾέΣ άϝΦǇŘŦέΣ ƻǊ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ 5ŀȅbook Data 
Manager (if available in your package). 

 

 
Figure 2: Crop window. 
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Lateral resolution 
 
 2. ANALYSIS SETTINGS 

 
1- Required settings 

 

¶ Specified lateral pixel size 

There are two ways to get the lateral pixel size of the image to be analyzed: 
- Either from the proprietary file: 
Select άŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ƛƳŀƎŜ ŦƛƭŜ ƳŜǘŀŘŀǘŀέ. 
- Or from a previous άŦƛŜƭŘ ŘƛǎǘƻǊǘƛƻƴέ analysis: 
Select άŎƻƳǇǳǘŜŘ ŦǊƻƳ ǘƘŜ ƭŀǘŜǎǘ ΨŦƛŜƭŘ ŘƛǎǘƻǊǘƛƻƴΩ ŀƴŀƭȅǎƛǎέ. 

 
 

¶ Contrast criterion 

There are many criteria (Rayleigh, Schuster, {ǇŀǊǊƻǿ ŎǊƛǘŜǊƛƻƴΧύ ǘƘŀǘ Ŏŀƴ ōŜ ŀǇplied to determine 

the lateral resolution. 

The user can define here the value he would like to apply. 

 

¶ Processed ROI width & Interpolation factor 

- The processed ROI width is the width of the Region Of Interest (ROI) analyzed 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 non-negligible 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: 

o The detection of peaks and valleys does not work precisely. 
o The image is under-sampled (pixel size too large). 
o The signal-to-noise ratio and/or the signal-to-background ratio are too low. 

 
/ƭƛŎƪ ƻƴ άwŜŘƻέ ǘƻ Ŝŀǎƛƭȅ ŎƘŀƴƎŜ ǘƘŜ whL ǿƛŘǘƘΣ ƛƴǘŜǊǇƻƭŀǘƛƻƴ ŦŀŎǘƻǊΣ ŎƻǊǊŜŎǘƛƻƴ ŀƴƎƭŜΣ pixel 
size, Gaussian fitting threshold level and re-run the analysis. 

 
 

2- Optional settings 
 

¶ Background subtraction 

Subtracts the background in images where the signal-to-background ratio (SBR) is too low to be 
analyzed by Daybook Analysis. 
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 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. 

 

¶ 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. 

 

¶ Specified axial pixel size 

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

 

¶ 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. 

 

 
 

¶ Orientation correction 

¢ƘŜǊŜ ƳƛƎƘǘ ǎƻƳŜǘƛƳŜǎ ōŜ ŀ ǘƛƭǘ ƻƴ ǘƘŜ ŀŎǉǳƛǊŜŘ ƛƳŀƎŜǎΦ ¢ƛŎƪ άhǊƛŜƴǘŀǘƛƻƴ ŎƻǊǊŜŎǘƛƻƴέ ǘƻ ōǳǘǘƻƴ 

enable the correction angle option. 

 

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

 

 
 

¶ Gaussian fitting threshold level 

The Gaussian fitting 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 analysis, we advise to do so only as last 

option. 
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IV. RESULTS PAGE DESCRIPTION 
 
The picture below shows the results page for this analysis (cf. Figure 3). 
Results are displayed in the form of images, maps, graphs and tables.  
 

 
Figure 3: Results page. 

 
²ƘŜƴ 5ŀȅōƻƻƪ 5ŀǘŀ aŀƴŀƎŜǊ ƛǎ ŘƛǎŀōƭŜŘΣ ǘƘŜ ǊŜǎǳƭǘǎ Ŏŀƴ ōŜ ǎŀǾŜŘ ƛƴǘƻ ŀ άϝΦŎǎǾέ ŦƛƭŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ ά{ŀǾŜ 
ǊŜǎǳƭǘǎέ ƻǊ ά9ȄǇƻǊǘ ƳŜǘǊƛŎǎέ ōǳǘǘƻƴǎΦ 
 
wŜǇƻǊǘǎ όƛƴ ŀ άϝΦǇŘŦέ ŦƻǊƳŀǘύ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ǊŜǎǳƭǘǎ όƳŀǇǎΣ ƎǊŀǇƘǎΣ ƳŜǘǊƛŎǎύ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘ ŀƴŘ ǎŀǾŜŘ 
by clicƪƛƴƎ ƻƴ ǘƘŜ άDŜƴŜǊŀǘŜ ǊŜǇƻǊǘέ ōǳǘǘƻƴ όcf. Figure 3). 
 
.ȅ ŘŜŦŀǳƭǘΣ ǘƘŜ ǊŜǎǳƭǘǎ ǿƛƭƭ ōŜ ǎŀǾŜŘ ƛƴ ǘƘŜ άκ5ŀȅōƻƻƪ ǊŜǎǳƭǘǎέ ŦƻƭŘŜǊΣ located within the Daybook directory. 
¢ƻ ƳƻŘƛŦȅ ǘƘŜ ŘŜŦŀǳƭǘ ŦƻƭŘŜǊΣ Ǝƻ ǘƻ ǘƘŜ ά{ŜǘǘƛƴƎǎέ ƳŜƴǳ ŀǘ ǘƘŜ ōƻǘǘƻƳ ƭŜŦǘ ŎƻǊƴŜǊΦ 

 
When a vŀƭƛŘ 5ŀȅōƻƻƪ 5ŀǘŀ aŀƴŀƎŜǊ ƭƛŎŜƴǎŜ ƪŜȅ ƛǎ ǊŜƎƛǎǘŜǊŜŘΣ ǘƘŜ ά{ŀǾŜ ǊŜǎǳƭǘǎέ ōǳǘǘƻƴ ōŜŎƻƳŜǎ ά{ŀǾŜ 
ƛƴǘƻ 5ŀǘŀ aŀƴŀƎŜǊέΦ wŜǎǳƭǘǎ ŀǊŜ ǘherefore transferred into Daybook Data Manager when clicking the 
ά{ŀǾŜ ƛƴ 5ŀǘŀ aŀƴŀƎŜǊέ ōǳǘǘƻƴΦ ¢ƻ Řƻ ǘƘŀǘΣ ƛƴ ǘƘŜ ǎŀǾƛƴƎ ǿƛƴŘƻǿ ƛnterface, select the system, acquisition 
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, it is possible to save the results at the present date (date of the analysis) or at a 
custom date (cf. Figure 4). 
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Figure 4: Interface window for saving the results in the database. 

 

¶ Image options: 

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

 

¶ 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: 

ü άtǊƻǇŜǊǘƛŜǎέΥ 9Řƛǘ ǘƘŜ ŎƘŀǊǘ ǇǊƻǇŜǊǘƛŜǎΦ 

ü ά{ŀǾŜ ŀǎέΥ {ŀǾŜ ŀƴ ƛƳŀƎŜ ƛƴǘƻ ŀ άϝΦǇƴƎέ ŦƛƭŜΣ ƻǊ ǘƘŜ ƎǊŀǇƘ ǾŀƭǳŜǎ ƛƴǘƻ ŀ άϝΦǘȄǘέ ŦƛƭŜΦ 

ü ά!ǳǘƻwŀƴƎŜέΥ !ŘƧǳǎǘ automatically the ranges of the axes. 
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V. ANALYSIS ALGORITHM DESCRIPTION 
 

The diagram below describes the algorithm that allows the extraction of the lateral resolution from the 

άgradually spaced linesέ image (cf. Figure 5). 

 

 

Figure 5: Schematic description of the different steps of the analysis algorithm. 

 

In short, the algorithm works as follows: 

¶ It detects and segments the άgradually spaced linesέ in the image. 

¶ It applies an automatic orientation correction. 

¶ It plots an intensity line profile perpendicular to the lines. 

¶ 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. Note that the offset (background) is not 
subtracted prior the mean contrast calculation. If you want the offset (background) to be 
subtǊŀŎǘŜŘΣ ȅƻǳ ƴŜŜŘ ǘƻ ŀŎǉǳƛǊŜ ŀ ōŀŎƪƎǊƻǳƴŘ ƛƳŀƎŜ ŀƴŘ ǳǎŜ ǘƘŜ ƻǇǘƛƻƴŀƭ ǎŜǘǘƛƴƎ άōŀŎƪƎǊƻǳƴŘ 
ǎǳōǘǊŀŎǘƛƻƴέ ōŜŦƻǊŜ ǎǘŀǊǘƛƴƎ ǘƘŜ ŀƴŀƭȅǎƛǎΦ 

¶ It fits each line with a Gaussian function, from which it measures the spacing between the two 
inner lines of each group. An automatic interpolation is 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 transfer function 
graph. 

¶ It also computes the SNR, by dividing the average value 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 containing negative values. Negative values 


















