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OBJECTIFS ET MÉTHODOLOGIE  

Donner des connaissances pratiques et théoriques sur les sujets suivants : 

¶Analyse d'image quantitative  

¶Utilisation de ç ImageJ è (logiciel libre pour l'acquisition et lõanalyse des donn®es) 

¶Acquisition d'images et de vidéos, formats de fichiers et gestion des données. 

¶Méthodes acceptables et inacceptables d'analyse et de manipulation d'images 

¶Composantes  dõun  microscope  optique  (sources  de  lumi¯re,  objectifs,  platines 

motoris®es et d®placement de lõ®chantillon, d®tecteurs, etc.) 

¶Utilisation et entretien des microscopes optiques 

¶Modes  de  fonctionnement:  transmission,  réflexion,  champ  clair,  champ  sombre, 

épifluorescence, contraste de phase, etc. 

 

Et, si le temps le permet, des concepts avancés: 

¶-Imagerie  spectrale,  microscopie  confocale  à  balayage  laser,  techniques  super- 

résolutives, FLIM, FCS et autres techniques de mesure de diffusion. 

NUMÉRO /  

TITRE DU COURS: 

CHM -7001 / Techniques de micro-imagerie pour la science et 
l'ingénierie des matériaux  

NOMBRE DE CRÉDITS: 3 crédits 
TRIMESTRE: 
HORAIRE:  

H-2015 
Mardi 8h30-10h20 
Mercredi 12h30-14h20 

PROFESSEURS 
RESPONSABLE: 

Jesse Greener, VCH 1207 (jesse.greener@chm.ulaval.ca)  
Denis Boudreau, POP-2135 (denis.boudreau@chm.ulaval.ca) 
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ÉVALUATION DES APPRENTISSAGES  

Projet individuel 40% 

Participation à lôatelier de formation 10% 

Participation aux discussions en classe 20% 

Devoirs (Ò6) 30% 

Pourcentage Note Pourcentage Note 

90 et + A+  66-70 C+ 
86-90 A 62-66 C 
82-86 A- 58-62 C- 
78-82 B+ 54-58 D+ 
74-78 B 50-54 D 
70-74 B- 

Gri l le f ixe d'évaluati on 
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QUELQUES RÉFÉRENCES ET LIENS 

1.Notes  de  cours:  en  format   PDF,  disponibles  sur  un  site  web  (instructions  données par le prof) . 

2.Ferreia, T. et Rasband, W. Ieds) « ImageJ User Guide : IJ1.46r », National Institues of Health, 2012.  (lien) 

3.Baecker,  V.  (ed)    «  Workshop:  Image  Processing  and  Analysis  with  ImageJ  », Montpellier RIO Imaging, 

2013. (lien) 

4.Miure, K (ed) « Basics of image processing and analysis », Centre for Molecular and Cellular Imaging EMBL 

Heidelberg, 2014. (lien) 

5.Dean, Z. (ed) « Micro-Manager Userôs Guide è, Vale Lab, UCSF, 2014. (lien) 

6.Tsuchida, M. (ed) « Micro-Manager Configuration Guide », Vale Lab, UCSF, 2014. (lien) 

7.A.  Edelstein,  N.  Amodaj,  K.  Hoover,  R.  Vale,  N.  Stuurman,  ñComputer  Control  of Microscopes Using 

ɛManagerò, Current Protocols in Molecular Biology, 12.20.1, 2010. (lien) 

8.IA. Méndez-Vilas (ed) F. Paquet-Mercier, M. Safdar, M. Parvinzadeh, J. Greener,  « Emerging Spectral Microscopy 

Techniques and Applications to Biofilm Detection », in Microscopy: advances in scientific research and education, 

Formatex, 638, 2014 (lien) 
 

LECTURES COMPLEMENTAIRES  

9.Amodaj, N. (ed) « Micro -Manager Programming Guide », Vale Lab, UCSF, 2006. (lien) 

RÈGLES DISCIPLINAIRES  

Tout étudiant qui commet une infraction au R¯glement disciplinaire ¨ lõintention des ®tudiants 
de lõUniversit® Laval dans le cadre du présent cours, notamment en matière de plagiat, est 
passible des sanctions qui sont prévues dans ce règlement. Il est très important  pour  tout  
étudiant  de  prendre  connaissance  des  articles  28  à  32  du Règlement disciplinaire. 
Celui-ci peut °tre consult® ¨ lõadresse suivante: 
http://www.ulaval.ca/sg/reg/Reglements/Reglement_disciplinaire.pdf  
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http://imagej.nih.gov/ij/docs/guide/user-guide.pdf
http://dev.mri.cnrs.fr/attachments/download/1057/Image_processing_and_analysis_with_ImageJ.pdf
http://dev.mri.cnrs.fr/attachments/download/1057/Image_processing_and_analysis_with_ImageJ.pdf
http://jgreener.chm.ulaval.ca/fileadmin/jgreener/documents/CHM_7001/Resources/CMCIBasicCourse201102Bib-1.pdf
https://www.micro-manager.org/wiki/Micro-Manager_User's_Guide
https://www.micro-manager.org/wiki/Micro-Manager_Configuration_Guide
http://jgreener.chm.ulaval.ca/fileadmin/jgreener/documents/CHM_7001/Resources/2010-Computer_control_of_Microscopes_using_micromanager.pdf
http://jgreener.chm.ulaval.ca/fileadmin/jgreener/documents/CHM_7001/Resources/Chapter-Spectral_Microscopy_for_Biofilms-638-649.pdf
https://www.micro-manager.org/wiki/Micro-Manager_Programming_Guide
http://www.ulaval.ca/sg/reg/Reglements/Reglement_disciplinaire.pdf
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TABLE DES MATIÈRES  

1. Introduction et Analyse dõimages avec le logiciel libre ImageJ (3 semaines) 

-2 devoirs 

Revu de microscopie optique et des principales composantes  (3 semaines) 

-2 devoirs 

Atelier de formation sur produits Olympus (1 semaine) 

-1 devoir 

Aquisition dõimage avec le logiciel libre Micromanager (1 semaine) 

-1 devoir 

Microscopie avancée (2 semaines)  

Projets individuels (4 semaines) 

2. 

3. 

4. 

5. 
 

6. 
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Part 2 ð Human imaging: the eye  

 

 

The human eye:  

We all have them.  

Data is acquired and represented in very similar way to scientific instrumentation: 

consisting of optical elements and photo detectors. 
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Part 2 ð Human imaging: the eye  

 

 

Detection elements: cones and rods:  

Cones : colour discrimination high resolution imaging. 

Rods: colourless, high sensitivity for low-light levels, primary detector for 

peripheral vison.  

Photo transduction describes mechanism for capture of a photon and conversion 

to a neural signal. It is a complicated biological process. 
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Part 2 ð Human imaging: the eye  

 

 
Detectible colour range : ñvisible spectrumò 
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Part 2 ð Human imaging: the eye  

 

 
Primary colours : inspired by 3 types of cone detectors in the eye 

Ὓ,ɓ,ɟ cones differences in  

-frequency 

-sensitivity 

Colour blindness test : 

http://www.xrite.com/online-color-

test-challenge 

Colour sensitivity spectrum  

after sensitivity adjustment  

of Ὓ,ɓ,ɟ cones 
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Part 2 ð Human imaging: the eye  

 

 
Rods for colourless vision, in low-light environments: 

 

All frequencies are collected, buté 

they do not register in the brain as colour.  

Maximum light sensitivity at 550nm.  

Corresponds to what? 
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Part 2 ð Human imaging: the eye  

 

 
Spatial resolution (visual acuity): measured ability to discriminate b/w two 

closely spaced objects. Measured by: 

Eye charts:       Contrast sensitivity: 
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Part 2 ð Human imaging: the eye  

 

 
Similar concepts in human and scientific vision:  

-Light intensity 

-Light frequency 

-Position, changing position (motion) 

-Photodetectors (colour/b&w) 

-Frequency reconstruction based on RGB detector elements 

-Limits of detection (intensity, target duration, spectral window, spatial and spectral 

resolution) 

 

 Sensitive to:  

-Colour (100 different colours  ). 
-Intensity (16 -32 shades of grey,  
-Minimum number of photons to be registered by humans is 5 -14). 
-Differences in position (1 -3 cm from 20 m)  

-Motion via simultaneous imaging with peripheral vision (low resolution due to low 
clustering of cones and rods away from central focal point)  

-Flickering light (100 ms rods, 10-15ms cones) 
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Part 3 ð Introduction to Digital images  

 

 

What is an image? : A visual representation of a real-world target object. 
 

 

Sensing based on :  
 

Å Optical imaging microscopy, spectral imaging Ą photons.  

 

Å Electron microscopy Ą electrons, tunneling barrier between sample and tip. 

 

Å Atomic force microscopy Ą force-distance curves, tip deflection, etc, from 

interaction between AFM tip and sample. 

 

CHM 7001 optical imaging microscopy/spectral imaging.  

Ą Therefore, we talk about photons and optical elements. 
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Part 3 ð Introduction to Digital images  

 

 

Why use micro imaging?  

 

To acquire optical images at the microscale that reveal information that cannot 

be seen by the eye:  
 

Å Discriminate between very close objects  

(improve spatial resolution and magnification)  

Å Discriminate between subtle differences in photon intensity 

Å Extend the sensitivity outside of visible spectral bandwidth  

Å Analyse very small that chages/movemement in samples in time 

Å Precisely coordinate measurements with other events  
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Part 3 ð Introduction to Digital images  

 

 How are images represented by a computer? 

 

An image 

is a visual representation ofé    éan array of numbers 
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2010-03-18 ©2010 Gabriel Lapointe Certains 

droits réservés 
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Images  

= 

http://gabriellapointe.ca/
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/deed.fr
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/deed.fr
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/deed.fr


2010-03-18 ©2010 Gabriel Lapointe Certains 
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Plage dynamique (Dynamic range) 

2 (2¹ niveaux de gris) 

256 (2ϓ niveaux de gris) 

65 536 (2¹ϑ niveaux de gris) 

4 096 (2¹² niveaux de gris) 

4 294 967 296 (2³² niveaux de gris) 

... 

... 

... 

Binaire: Fax, 
Masque 

8-bit: Caméra 
numérique, Écran 
d'ordinateur... 

12 et 16-bit: 
Caméra CCD, 
PMT... 

32-bit: images 
déconvoluées... 

4 (2² niveaux de gris) 

8 (2³ niveaux de gris) 

16 

32 

64 

128 

http://gabriellapointe.ca/
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/deed.fr
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/deed.fr
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/deed.fr
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Plus de bit donne plus de 
détails  

Courtoisie de Claire Brown, McGill 
University 



Part 3 ð Introduction to Digital images  

 

 

Pixel resolution: 

 

Screen resolution : Pixels Per Inch (PPI)  

Print resolution : Dots Per Inch (DPI)  

 

 

Dots/Pixels per square inch :  
Monitor resolution = 68-110 PPI 
9ƎΥ тн ttL Ґ тн ǎǇŀǘƛŀƭ Ǉƻǎƛǘƛƻƴǎ όǇƛȄŜƭǎύ ƛƴ мέ 
 
      72 PPI image has 722 (=5184) pixels in a  
       мέ Ȅ мέ ǎǉǳŀǊŜ 

Dots/Pixels per square inch :  
млулȄмфнл Ғ нa  
Screen dimensions  = 11 in x26 in = 286 in2 

Resolution  = 7250 PPI2 

  = 85 PPI  
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Part 3 ð Introduction to Digital images  

 

 

Pixel resolution: 

 

Note: Camera resolution often quoted in Megapixels 

 

Estimated DPI 35mm film: 
 20 megapixels 

MegaPixels :  
Total number of camera sensing pixels 
 
Example : 5 Megapixel camera 
 
 
нрслȄмфнлҐп фмр нлл Ғ р aǇƛȄŜƭ 
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Part 3 ð Introduction to Digital images  

 

 

Pixel resolution: 

 

Note: Camera resolution often quoted in Megapixels 

 

Pixels distributed over the sensing area 

MegaPixels :  
Total number of camera sensing pixels 
 
Example : 5 Megapixel camera 
 
 
нрслȄмфнлҐп фмр нлл Ғ р aǇƛȄŜƭ 

Which requires a certain pixel size 
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Part 3 ð Introduction to Digital images  

 

 
Display resolution: Due to fixed monitor display resolution, higher megapixel 

resolution means larger display size. 
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Note: This is why when you change your monitor resolution, the size of all 

display items change. 

 



Part 3 ð Introduction to Digital images  

 

 

Bit-depth resolution in greyscale: 

8-bit: intensity ranging from black to white is binned into 28 = 256 different values 

(approximately 4 times more intensity sensitivity than the eye). 

16-bit: represents 216 = 65 536 different values. 

N
u

m
b

e
r 

o
f 

p
ix

e
ls

  

Pixel intensity  
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Part 3 ð Introduction to Digital images  

 

 

RGB colour images: 
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RGB histogram 



Part 3 ð Introduction to Digital images  

 

 

RGB colour images: 

 

 

 

 

 

 

Bit-depth resolution in colour: 

15-bit rgb colour (5-bit red, 5-bit green, 5-bit blue)=25x25x25=215=32 768  

16 bit rgb (5-bit red, 6-bit green, 5-bit blue)=25x26x25=215=65 536  

wƎōнп όά¢ǊǳŜ ŎƻƭƻǳǊέύΥ н8 bits red, 28 bits green, 28 bits blue 
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Part 3 ð Introduction to Digital images  

 

 

R G B 

*0*  0 0 

1 1 1 

2 *2*  2 

3 3 *3*  

4 4 4 

5 5 5 

6 6 6 

7 7 7 

+ 
= 

0,2,3 

RGB limited intensity values: 

 

Example: RGB9: 23 bits Red, 23 bits Green, 23 bits Blue 
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R G B 

*0*  0 0 

1 1 1 

2 2 2 

3 3 3 

4 *4*  4 

5 5 5 

6 6 *6*  

7 7 7 

+ 

0,4,6 0,2,3 

+ 
= 

Therefore, RGB9 can only 
represent 2 intensities for  
pixel : 40% G 60% B 
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RGB limited intensity values: 

 

Example: RGB9: 23 bits Red, 23 bits Green, 23 bits Blue 



Part 3 ð Introduction to Digital images  

 

 

RGBA Bit-depth resolution in colour 4 components: 

 

άwD.онέΥ RGBA32: 28 bits Red, 28 bits Green, 28 bits Blue, 28 bits Alpha (for intensity) 

άwD.спέΥ RGBA32: 216 bits Red, 216 bits Green, 216 bits Blue, 216 bits Alpha  (for intensity) 

RGB rumber 

Alpha 
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Part 3 ð Introduction to Digital images  

 

 

R G B 

*0*  0 0 

1 1 1 

2 *2*  2 

3 3 *3*  

4 4 4 

5 5 5 

6 6 6 

7 7 7 

+ 

RGBA Bit-depth resolution in colour - 4 components: 

 

Example: RGBA12: 23 bits Red, 23 bits Green, 23 bits Blue, 23 bits Alpha 

A RGBA 

= 
= 

0,2,3 
RGB 

1,2,4,A 

+ 
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Image dimensionality: 

 

2D 

3D 

4D 

5D 

Part 3 ð Introduction to Digital images  
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Why use Image Processing? 

1. To improve the appearance of the image. 

2. To bring out obscure details in an image. 

3. To carry out quantitative measurements. 

Global contrast/brightness change 

Local changes based  

on original intensity 

Local changes 

based on position 

Part 4 ð Introduction to image processing  
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Image processing : 

Ranges from simple global changes to contrast, to complex multistep data 

analysis using: 

- macros for automation 

- other programs (matlab) for data preprocessing 

- batch processing of many files at once 

- Etc. 

Part 4 ð Introduction to image processing  
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Image processing : 

Ranges from simple global changes to contrast, to complex multistep data 

analysis using: 

- macros for automation 

- other programs (matlab) for data preprocessing 

- batch processing of many files at once 

- Etc. 

 

When processing goes too far:  

Image manipulation is data manipulation 
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Part 5 ð Image manipulation =  

        data manipulation  

 

 



ɗ 
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Part 5 ð Image manipulation =  

        data manipulation  

 

 


