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The "Methods of Metrology in Microscopy" working group (GT3M) of the Multidimensional 

Fluorescence Photonic Microscopy Technology Network (RTmfm), a network of the CNRS 

Mission for Transversal and Interdisciplinary Initiatives (MITI), has decided to make available 

to the scientific community the results of many years' work in writing flowcharts and 

protocols to monitor the performance of an optical microscope over time using simple tools 

and protocols. 

From the light source to the detection chain, these protocols and limit values, sometimes 

associated with them, will help you to set up a quality control of your microscopes. The use 

and implementation of these protocols allows us to better understand the photonic imaging 

systems we use every day and thus facilitate dialogue with manufacturers in the event of a 

breakdown or failure, for example. 

We would like to remind you that the handling of optical fibers and laser beams should only 

be considered after training in laser safety. The same applies to the handling of electronic 

cards. 

These protocols are not intended to remain static, but to evolve with the improvement of 

know-how, technologies or reference tools. Feel free to download the latest version from 

the RTmfm website. A preprint publication is available under this link to detail precisely the 

protocols and their associated metrics and limit values. 

 

The contributors to this work, current or past members of WG3M, are F. CORDELIERES, A. 

DAUPHIN, O. FAKLARIS, P. FRERE, D. GENY, T. GUILBERT, T. MANOLIU, C MATTHEWS, B. 

MONTERROSO, D. SCHAPMAN, as well as the entire RT MFM community. 

 

Contact: metrologie@groupes.renater.fr 

 

Website: http://rtmfm.cnrs.fr 
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Organization chart 01 

Wide-field microscopy 
 

 

Sy
st

èm
e

Illumination

Source power
Protocol 

P01

Stability
Protocol 

P01

field uniformity
Protocol 

P02

Objective

Resolution
Protocol 

P03

Distorsions

Filters

Co-alignement
Protocol 

P04

Calibration

XYZ Mouvement

Drift
Protocol 

P05_A

Repeatability
Protocol 

P05_B

Detection

Sensitivity

Noise
Protocol 

P06

Calibration

https://creativecommons.org/licenses/by-nc-sa/4.0/deed.fr
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.fr
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.fr


Ce document est mis à disposition selon les termes de la Licence Creative Commons Attribution - Pas 

d’Utilisation Commerciale - Partage dans les Mêmes Conditions 4.0 International. 

 

Organization chart 01 

Confocal microscopy 
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Sample 01 

Bead preparation 
 

Purpose of the protocol 
 

1-Get a preparation of sub-resolution microspheres (beads), sufficiently dispersed to be able 

to register a PSF. 

 

2-Get a preparation with a few large diameter beads (eg. 1 or 4μm) to allow easy focusing 

and measuring the co-alignment of light sources.  

A tutorial is available online, made by the metrology 

group:https://www.youtube.com/watch?v=ll4X_e8_mo8 
 

Reagents and necessary equipment 
 

Reagents 
1-Fluorescent beads with a diameter smaller than expected resolution: ThermoFisher 

Scientific, PS-Speck™ Microscope Point Source Kit (blue, green, orange & deep-red 

fluorescent beads), 0.175µm, ref P-7220 or SpheroTech, yellow particles 0.1-0.3 µm (FP-

0252-2). 

2-Fluorescent multi-color beads of 1 or 4 µm diameter: ThermoFisher Scientific, 

TetraSpeck™ Microspheres, 4.0 µm, fluorescent blue/green/orange/dark red, ref T-7283 or 

SpheroTech 2.5-5 µm (ref. FP-3057-2) . 

3-Water milliQ. 

4-Ethanol. 

5-Mounting medium. 

6-Dental silicone or nail polish. 
 

Material 

1-Eppendorf 1.5ml tubes / 15ml falcon tubes. 

2-Coverslides of 1.5H type (0.17mm thick). 

3-Multi-well plate adapted to the coveslide used. 

4-Microscopy slides. 

5-Clamps for handling the coverslides. 
 

Protocol 
 

1-Clean the slides and coverslides one by one with ethanol. 

2-Prepare a bead dilution: dilute the PS-Check and the TetraSpeck. Try different dilutions, 

the aim is ot have 10 beads / in a 100x100 μm  zone for the PS-Check and times more 

diluted for the 1 or 4μm TetraSpeck beads.  

3-Dry the coverslides as much as possible. 

4-Pour enough of the dilution on each slide to cover it, then allow the bead solution to dyr 

(overnight).   

5- Mount the sample on the slide, using the chosen mounting medium. 

6-Use dental silicon or nail polish for sealing the coverslide on the slide.  
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Sample 02 

Preparation of dye slide 
 

Purpose of the protocol 
 

Obtain a preparation consisting of a thin film of homogeneous fluorescent solution, for 

measuring the uniformity of illumination. 

 

Reagents and necessary equipment 
 

Reagents 
1-Fluorescein: Sigma-Aldrich, ref 46960-25G-F. 

2-Rhodamin 6G: Sigma-Aldrich, ref R4127-25G. 

3-Water milliQ. 

4-Ethanol. 

5-Nail polish. 

 

Material 
1-Eppendorf 1.5ml tubes / 15ml falcon tubes. 

2-Coverslides of 1.5H type (0.17mm thick). 

3-Microscopy slides. 

4-Clamps for handling the coverslides. 
 

Protocol 
 

1-Clean the slides and coverslides one by one with ethanol. 

2-Prepare a stock solution at 1mg/ml by solubilizing the fluorescent molecule to H2O. 

3-Drop a drop of fluorescent solution on the coverslide and cover immediately with a slide. 

4-Depose a slat on the drop and seal with nail polish. 

** Alternative for a thicker dye film sample: instead of using a flat slide, use a single cavity 

slide (Thorlabs Ref. MS15C1), pour the dye solution in the cavity, place the coverslide on the 

top and seal with nail polish.  
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Protocol 01-P01 

Power and modulation measurement 

Stability 
 

Purpose of the protocol 
Obtain a measurement of the power and modulation of a source during its life cycle. Measure 

the stability of the source at different time scales. 

 

Measurement principle 
Measure the power of a source using a power-meter. 

 

Prerequisites 

Required tools/samples 
1-Use a power-meter that has been recently calibrated (less than 1 year) 

2-A special probe can be used to place the power-meter at the sample level (e.g. S170C 

Thorlabs).  
3-Turn on the source for as long as it takes for it to reach stable operating conditions. This 

time is to be determined by measurement for each source. 
 

Preliminary tests 
1-Thoroughly cleaned microscopy system 

2-Ensure the proper functioning of the entire microscopy system 

 

Protocol 

Wide-field 
1- Select a filter cube, always the same. 
2- Set up a lens without immersion (10x for example). For the power measurement and 

power losses due to the transmission of the optical components, no lens should be used. For 

monitoring in time the stability, a 10x is convenient.  

3- Position the power meter probe in front of the lens. Set the wavelength adjustment of the 

power-meter to the central wavelength of the excitation filter of the cube.  

4- Open the shutter and the excitation apertures. 

5- Read the value displayed on the power-meter 

6. a-For short term stability: measure and record every second for 5min 

6. b-For mid-term stability: Measure and record every 30 sec for 2h. 

6. c-For long term monitoring: measure once every month the source power and follow its 

performance through its life cycle.  

 

Confocal 
1-Select the laser to be measured. 
2- Set up a lens without immersion (10x for example) 

3- Perform a continuous scanning of the selected laser and define if possible a "bleach point" 

for a time interval long enough to perform the measurement. If that is not possible, perform a 

bi-directional scanning at a highly zoom area. With the acquisition software choose a laser 

power of 50-100% of the max power. The same if an AOTF is used (go up to 80% of the 

AOTF).  
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4-Position the power-meter probe in front of the lens. Set the wavelength adjustment of the 

power-meter to the wavelength of the laser 

5-Read the value displayed on the power-meter 

6. a-For short term stability: measure and record every second for 5min. 

6. b-For mid-term stability: measure and record every 30 sec for 2h. 

6. c-For long term monitoring: measure once every month the laser power (at 100%) and 

follow its performance through its life cycle.  

 

 

 

Analysis 

Quick hot analysis 
Compare the power value obtained with the reference value (at the source installation) and 

the value previously recorded. 

Using the recorded values, plot the power as a function of time to assess the stability of the 

source. 

 

In-depth cold analysis 
From the source power data set compare the laser variations over time. Calculate the 

standard deviation (STD) of the measurements. Calculate the stability factor : S (%)= 100x 

(1- (Pmax-Pmin)/(Pmax+Pmin)). (stability factor as defined: ISO 21073:2019) 
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Protocol 02 – P02 

Field uniformity measurement 
 

Purpose of the protocol 
Measuring the homogeneity of the illumination field of a photonic microscopy system 

 

Measurement principle 
Measure the spatial distribution of the fluorescence of a sample emitting uniformly from an 

image. 

 

Prerequisites 

Required tools/samples 
Preparation of a slide containing a fluorescent solution. 

-OR- 

Plastic fluorescent slide, Argolight or Brakenhoff. 

 

Preliminary tests 
1-Thoroughly cleaned photonic microscopy system. 

2-Verification of the XYZ assembly and laser power. 

 

Protocol 
1-Position the sample 

2-Set the excitation and emission parameters of the microscopy system. 

3-Set the image acquisition parameters. For wide-field microscopy use the right filter set, the 

right frame time of the camera and source excitation, for confocal use a x1 zoom.  

4-Focus on the sample with the eyepieces. 

5-Make a "Live" from the acquisition software and adjust the detection parameters. 

6-Acquire an image of the sample. 

7-Repeat the protocol as many times as necessary (at least one measurement per detection 

channel, adapting the reference sample). 

 

Analysis 

Quick hot analysis 
Trace the intensity profiles of the 2 diagonals of the image.  

Calculate the loss of the signal from the opposite corners.  

 

In-depth cold analysis 
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Use the MetroloJ-QC ImageJ plugin. A user manual is available.  

Calculate the following 2 parameters: 

Uniformity (%)= 100x (max intensity of the acquired field)/(min intensity of the acquired field) 

Centering (%) = 100-100*√((Xmax-Xcenter)2+(Ymax-Ycenter)2 )*  2/√(w2+h2 ), where Xmax and Ymax 

the coordinates of the maximum intensity pixel taking into account the 100% region from an 

iso-intensity map, Xcenter and Ycenter the coordinates of the center of the FOV, w and h the 

width and the height of the image. The uniformity and centering parameter are similar to the 

parameters presented in ISO 21073:2019 document.  
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Protocol 03 – P03 

Measurement of the PSF 
 

Purpose of the protocol 
Measure the point-spread function or PSF of a light microscope. 

 

Measurement principle 
Measure the lateral and axial resolution of an objective. 

 

Prerequisites 

Required tools/samples 
1- Slide of fluorescent sub-resolution beads (TetraSpeck beads 200 nm and/or PS-Speck 

175 nm and/or SpheroTech beads). The mounting of the slide should be carefully done, to 

avoid the aberrations. A tutorial video of preparing such a sample can be found under this 

link. 

 

Preliminary tests 
1-Thoroughly cleaned photonic microscopy system. 

2-Verification of the XYZ assembly 

 

Protocol 
1- Focus on the beads with the eyepieces. Place the beads in the center of the field and 

make sure they are far enough apart so that their diffraction halos do not overlap when they 

are outside the focal plane. 

2- Set the image acquisition parameters to Nyquist conditions in xy.  

3- Acquire an image stack of the sample under Nyquist conditions. For a 63x wide field, 1.4 

ON, z step of 0.2 μm, for 8 μm. For confocal: z step 0.15 μm for 4 μm. 

4- Repeat the protocol as many times as necessary (at least five beads per detection 

channel in 2 different regions, adapting the reference sample) to obtain the resolutions 

according to the emission wavelengths. 

 

Analysis 

Quick hot analysis 
The shape of the diffraction rings gives a first indication of the health state of the objective.  
 

In-depth cold analysis 
1- To calculate the average value of the PSF, the beads must be located in the central 

quarter of the field of view from at least 2 different fields of view. The shape of the PSFs is 

analyzed before the resolution is measured. A non-symmetrical PSF should be mentioned. 

2. Measure the full width at half maximum (FWHM) with the MetroloJ_QC ImageJ plugin. The 

measuredFWHM values are compared with the reference and theoretical values. A user 

manual is available specifying all the calculation steps as well as the formulas used. 
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Protocol 04 – P04 

Co-alignment measurement 
 

Purpose of the protocol 
Measure the chromatic aberrations of the lenses 

 

Measurement principle 
-Acquiring a stack of a log in different channels 

-Measure the offset between the ball centers of the different channels. 

 

Prerequisites 

Required tools/samples 
Fluorescent bead slide (e. g. TetraSpeck, diameter 1 µm preferentially) 

 

Preliminary tests 
1-Thoroughly cleaned microscope. 

2-Verification of the xyz assembly. 

 

Protocol 
1-Perform the adjustment of the beads with the eyepieces. Select an isolated bead in the 

center of the field. Example here with a 63x lens, 1.4 ON. 

2-Set the excitation parameters (source intensity). 

3-Set the image acquisition parameters to Nyquist's conditions in xy (zoom, aspect ratio - xy 

around 90 nm). 

4-From the acquisition software, select the different channels (choice of filter blocks) 

5-Effect a "Live" to adjust the detection so as not to have saturation for all the selected 

channels (exposure and camera gain). 

6-Acquire a z-image stack (at 0.2 μm, out of a total z of 8 μm for 63x). Measure at least 5 

beads at 2 different fields.  

 

Analysis 

Quick hot analysis 
1- Check roughly the xy and z-shift of the different images by superimposing the images 

 

In-depth cold analysis 
Use the MetroloJ_QC ImageJ plugin to measure the possible offset between the different 

channels. It finds the coordinates of the different channels and calculates 2 characteristic 

distances, the experimental distance of 2 channels and the theoretical reference 3D 

distance. Take the ratio rexp/rref of each color couple. It should be inferior to 1. A user manual 

is available specifying all the calculation steps as well as the formulas used. 
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Protocol 05 A – P05 A 

Stage drift measurement XYZ 
 

Purpose of the protocol 
Measure the lateral drift and loss of focus of a microscopy system 

 

Measurement principle 
Monitor the evolution over time of the centroid of a fluorescent object 

 

Prerequisites 

Required tools/samples 
Use a slide of large fluorescent beads (e. g. TetraSpeck 4µm) 
 

Preliminary tests 

1-Thoroughly cleaned microscopy system. 

2-Ensure the proper functioning of the entire microscopy system 

 

Protocol 
1-Focus on the reference object (fluorescent beads 1 or 4 µm). 

2-Apply the appropriate acquisition parameters to detect the reference object. 

3-Center a fluorescent bead in the illumination field and adjust the z-position. 

4-Make a time-lapse in z stack (on a total of 15µm). For microscopes used only for fixed 

sample imaging, do a time lapse of 1h with interval of 2min. For long times (e.g. over-night) 

time lapse of 15h, interval of 10 min. At room temperature and at 37°C if possible. The 

measurement starts as soon as the bead slide is put in. 

 

Analysis 

Quick hot analysis 
Observe the time series: 

-A XY drift is visible by following the evolution of the center of the bead.  

-A drift Z is visible by following the evolution of the bead surface. 
 

In-depth cold analysis 
Use the TrackMate ImageJ plugin. Find the bead trajectory in 3D. Save the xyz values of the 

90 time points (for 15h). Calculate the mean speed. Plot a graph of the xyz drift evolution in 

time. Find the stabilization time which depends on the resolution of your setup.  
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Protocol 05 B – P05 B 

Measurement of the repeatability of the stage XY positioning 
 

Purpose of the protocol 
Measure the accuracy of the repositioning of a motorized xy stage. 

 

Measurement principle 
Repeatedly acquire an image of a fluorescent bead. 

 

Prerequisites 

Required tools/samples 
Use a slide of fluorescent beads (1 or 4 µm) such as TetraSpeck or FocalCheck. 
 

Preliminary tests 
1-Thoroughly cleaned microscopy system. 

2-Ensure the proper functioning of the entire microscopy system 

 

Protocol 
1- When starting the acquisition software, initialize the board in xy 

2-Select a 10x or 20x dry lens and select the xyt acquisition mode. 

3-After adjusting the detection acquisition parameters, select a single fluorescent bead in the 

field of view 

4-Activate the multipoint measurement, then position the fluorescent bead in the center of the 

image. If necessary, adjust the detection parameters. Record the position of the ball 

5-Shift the ball 300 µm on a diagonal on the top right. Record the position. Then return to the 

initial position. Record the position again.  

6-Shift the ball 300 µm on a diagonal on the bottom right. Record the position. Then return to 

the initial position. Record the position again. 

7-Do the same for the two other positions (bottom left and top left).  

8-Launch an acquisition of 20 cycles 

9. Repeat the whole procedure for a distance of 3mm.  

 

Analysis 

Quick hot analysis 
Observe the difference of the repositioning at x, y of the central position.  
 

In-depth cold analysis 
Use the TrackMate ImageJ plugin. Find the bead trajectory and save the x-y 20 positions. 

Calculate the standard deviation. Compare this value with the one in the stage data sheet.  
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Protocol 06 – P06 

Camera read out noise and uniformity measurement 
 

Purpose of the protocol 
Measure the read out noise and the Dark Signal Non Uniformity of a matrix detector. 

  

Measurement principle 
The read-out noise is an electronic noise that comes from the conversion of the number of 

the detected photons to an electrical voltage. The DSNU (Dark Signal Non Uniformity) is 

measured  to  establish  the  stability  and  uniformity  of  the  camera  offset. The dark offset 

is also calculated. 

 

Prerequisites  

Required tools/samples 

No tools or samples are required for this type of measurement 

Preliminary tests 

1-Camera control from the acquisition software. Be aware of corrections that can be applied 

on your set-up. 

  

Protocol 
1-Select the acquisition mode "time-lapse". 

2-Set the following parameters in the acquisition software: no binning (1x1), no light (all 

shutters closed), 
3-Acquire 100 images at the minimum exposure time of the detector. If possible, repeat the 

operation for different camera settings (frequency, gain...). 

 

Analysis 

Quick hot analysis 

Calculate the average of the standard deviations of the value of all pixels of the 100 images. 

 

In-depth cold analysis 
Use the MetroloJ_QC ImageJ plugin to measure read-noise and DSNU of your cameras. 

Compare the obtained values with the ones given by the constructor. A user manual is 

available specifying all the calculation steps as well as the formulas used. 
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