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Image analysis
workshop plan

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



Section1l - 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



Part 2 0o 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 0o 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 0o Human imaging: the eye

Detectible colour range Avisi ble spec
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Sensitivity

Part 2 0o Human imaging: the eye

Primary colours : inspired by 3 types of cone detectors in the eye
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Part 2 0o Human imaging: the eye

Rods for colourless vision, in low-light environments:

All freqguencies are collected, buté

they do not register in the brain as colour.
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Part 2 0o 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 0o 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 humansis  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) 10
-Flickering light (100 msrods, 10-15ms cones)



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

Part 3 0 Introduction to Digital images

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

Sensing based on :
A Optical imaging microscopy, spectral imaging A photons.
A Electron microscopy A electrons, tunneling barrier between sample and tip.

A Atomic force microscopy A force-distance curves, tip deflection, etc, from
interaction between AFM tip and sample.

CHM 7001 optical imaging microscopy/spectral imaging.

A Therefore, we talk about photons and optical elements.
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Part 3 0 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:

A Discriminate between very close objects
(improve spatial resolution and magnification)
A Discriminate between subtle differences in photon intensity
A Extend the sensitivity outside of visible spectral bandwidth
A Analyse very small that chages/movemement in samples in time

A Precisely coordinate measurements with other events

12



Part 3 0 Introduction to Digital images

How are images represented by a computer?

An image
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Part 3 0 Introduction to Digital images

Pixel resolution:

_ _ Dots/Pixels per square inch :
Screen resolution : Pixels Per Inch (PPI) Monitor resolution = 68L10 PPI
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Part 3 0 Introduction to Digital images

Pixel resolution:

Note: Camera resolution often quoted in Megapixels

MegaPixels :
Total number of camera sensing pixels

Example : 5 Megapixel camera/

Y
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Mount
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Part 3 0 Introduction to Digital images

Pixel resolution:

Note: Camera resolution often quoted in Megapixels

MegaPixels :

Total number of camera sensing pixels

/ E Specifications
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Part 3 0 Introduction to Digital images

Display resolution: Due to fixed monitor display resolution, higher megapixel
resolution means larger display size.

5.6 Megapixel

Note: This is why when you change your monitor resolution, the size of all
display items change. 17



Part 3 0 Introduction to Digital images

Bit-depth resolution in greyscale:
8-bit: intensity ranging from black to white is binned intv=2256 different values

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

16-bit: represents 2= 65 536 different values.

A histogram

Number of pixels

N
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(g |
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Pixel intensity 18



Part 3 0 Introduction to Digital images

RGB colour images:

= RGB histogram

19



Part 3 0 Introduction to Digital images

RGB colour images:

Bit-depth resolution in colour:

15-bit rgb colour (5bit red, 5bit green, 5bit blue)=2x2°x2°=21°=32 768
16 bit rgb (5hit red, 6-bit green, 5bit blue)=2x26x2°=21°=65 536
w3IoHN Oa ¢ NYSs red,Zhi’ dudel, @bits biue
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Part 3 0 Introduction to Digital images

RGB limited intensity values:

Example: RG® 2 bits Red, 2 bits Green, 2 bits Blue
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Part 3 0 Introduction to Digital images

RGB limited intensity values:

Example: RG® 2 bits Red, 2 bits Green, 2 bits Blue
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Part 3 0 Introduction to Digital images

RGBA Bit-depth resolution in colour 4 components:

ow D . oRGBA2: 2 bits Red, 2 bits Green, 2 bits Blue, 2 bits Alpha (for intensity)
ad wD. R@BAY: 2°bits Red, 2% bits Green, 2% bits Blue, Z° bits Alpha (for intensity)

Alpha >
RGB rumber
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Part 3 0 Introduction to Digital images

RGBA Bit-depth resolution in colour - 4 components:

Example: RGBE: 2 bits Red, 2 bits Green, 2 bits Blue, 2 bits Alpha
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Part 3 0 Introduction to Digital images

Image dimensionality:

2550

1D

Gray Value

0o Distance (pixals) 2200

Exercise:

Using ImageJ:

Open image (File/Open Samples/Dot Blot)
raw a line with line tool

Generate plot profile (Analyse/plot profile)

=E

4 Imagel
File Edit Image s5  Analyze Plugins Window Help
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*Straight®, segmented or freehand lines, or arrows (right click to switch)




Part 3 0 Introduction to Digital images

Image dimensionality:




Part 4 0O Introduction to image processing

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.

Local changes

Local changes based >
based on position N

on original intensity



Part 4 0O Introduction to image

Image processing :

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.

28



Part5 0 Image manipulation =
data manipulation

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

29



Part5 0 Image manipulation =
data manipulation

30



