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1- Human vision background 

2- Digital images 

3- Introduction to digital image processing 

4- Image processing vs. data manipulation-examples 

5- Introduction to imaging processing with ImageJ 
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Section 1 - Human vision  

Section 1 Plan  

 

1- The human eye and visual representation of the real world 

2- Introduction to digital images  

3- Introduction to image processing 

4- Digital image manipulation-examples  
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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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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
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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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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 

+ 

0,4,6 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 RGBA64: 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: 

A 1D image can be produced using the plot profile function  

 

Part 3 ð Introduction to Digital images  

 

 

2D 

1D 

Exercise: 

Using ImageJ: 

Open image (File/Open Samples/Dot Blot) 

Draw a line with line tool 

Generate plot profile (Analyse/plot profile) 



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  

 

 


