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Digital Image Representation

Representation

A (greyscale) digital image is a matrix of numbers.

Processing

and Analysis

Acquisition

Transforms Each number is called a
Enhancement pixel value <p|Xe| = piC-

ture element).

Usually the minimum
number is shown black
and the maximum
L white.




Notation

Representation

Notation for image pixels in this course:

Processing
and Analysis

The pixel values of image I are denoted [;, with
ie€l,2,...,n, where n is the number of pixels in the
image.

Acquisition
Transforms

Enhancement
If spatial position matters, the pixel at row r and column ¢
is denoted I, . or I [r,c].

Another convention (used e.g. in ImageJ) is to use x for ¢
and y for r and reverse the order of the coordinates: Iy y.
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Notation (continued)

The first (topmost) row is
row 0 and row numbers
increase towards the bot-
tom.

The first (leftmost) column
is column 0 and column
numbers increase towards
the right.




Digital Images - Spatial Resolution

Representation

and A The size of the image is the number of rows and columns
Acquisition of the matrix.

fessionns With n rows and m columns there are n x m pixels.
Enhancement

The (physical) spatial resolution is the number of pixels per
length unit in the real world (e.g. pixels per gm).

For cameras, the number of rows/columns or total number
of pixels is given instead (e.g. 5 megapixels).
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Digital Images - Bit Depth

The bit depth or radiometric resolution is the number of bits
(0s and 1s) used to represent each pixel value.

Bits range Notes
1 0-1 Binary image
8 0-255 Typical greyscale image
12 0-4095 High quality greyscale
16 0-65535 Very high quality greyscale
32 (0.0-1.0) Floating point format
8+8+8 3 x 0-255 “24 bit True Colour” (monitor)
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Image Processing

Representation

Image processing takes an input image and produces an

Processing

and Analysis OUtpUt image_

Acquisition i ) . .
There is no interpretation of the image.

Transforms

Enhancement Examples: Noise reduction; visual enhancement;
thresholding; edge detection; compression; texture
detection...

Most image processing techniques are generic (not
application specific).
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Example Processing

Correct range of image and suppress noise.




Image Analysis

Representation

Image analysis (|A) interprets images.

Processing

d Analysi . 3 g
one Anehee Examples: Find, count and measure objects; fit model to

image data.

Acquisition

Transforms
Will (almost) always use the spatial information in the
image.

Enhancement

Often specific to a certain application or type of application.

IA systems are often created by |A experts in collaboration
with application domain specialists.



Image Analysis Chain

Processing :
and Analysis Raw Images .

~U/ preprocessing, e.g. noise removal

Preprocessed images .

~U/ segmentation / detection

Segmented images / objects L d

»U/ object level analysis

777

Information



Exemplary Image Analysis Project

Representation

Processing
and Analysis

Determining the thickness of subcutaneous fat at multiple
sites from CT images.

Acquisition

Transforms

Frhencement Course project by Fintan J. McEvoy, KU-LIFE / IMHS.

The application is coded as a macro in ImageJ.
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Exemplary Image Analysis Project

CT Image (abdomal slice) of a pig:
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Exemplary Image Analysis Project

Step 1: Remove table and center the subject area.
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Exemplary Image Analysis Project

Step 2: Edge detection along line to find transitions.

Repeat for n different angles.



Exemplary Image Analysis Project

Result:

Representation
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Measurements exported in text file; can be imported by
other software.



Exemplary Image Analysis Project

An |IA system must be robust to variations in input.

(Position of subject on table; position of slice; ...)

Processing
and Analysis . )
This system can actually handle sheep as well as pigs!
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Image Acquisition Concerns

Most important prerequisite for succesful image analysis:
The information must be there!

IF TV SCIENCE WAS MORE LIKE REAL SCIENCE

SPECIAL AGENTS WOULD NEVER
FIGURE OUT WHO THE VILLAN (5,

WWW.PHPCOMICS. COM

Sufficient spatial resolution (and sharpness) is just one
concern.
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Radiometric Range

You want to assure the radiometric range is correctly
calibrated.

Check the histogram!

Count: 65536 Min: 0
Mean: 30.245 Max: 254
StclDev; 49.323 Mocdle: 0 (28259)

Example of almost perfect calibration.



Retain Radiometric Resolution

Representation

Processing High quality cameras (and instruments) often have 12-bit
and Analy . . . .

e e radiometric resolution internally.

Acquisition

You may have to save in a special “raw” mode to avoid
truncation to 8 bits.

Transforms

Enhancement
8 bits are OK for computer monitors and print (even a little
overkill).

For image analysis / processing we generally want to
retain all the bits!



Image File Formats

Representation

Processing
and Analysis Instrument software often has its own proprietary image
Acquisition file format.

Transforms

If you want to use other software you must export/save in a
standard format.

Enhancement

Popular formats: TIFF, PGM, PNM, DICOM...

| recommend using TIFF.



Image Compression

Representation

To save disk space, images may be compressed.

Processing

and Analysis 0 5 . . ] i
e With lossless compression all information is retained.
Acquisition

Transforms With lossy compression only the “appearance” is retained.

Enhancement

Never use lossy compression!!!

JPEG is lossy! Don’t use it except for holiday snapshots.

Use TIFF instead. (though not spEG compressed TIFF..)
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TIFF vs. JPEG (Grayscale)

Original TIFF

JPEG




TIFF vs. JPEG (Colour)
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JPEG

Original TIFF
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Pixel-wise Transformations (1)

In a pixel-wise transformation, pixel values are changed

Representation independently of their neighbourhood:
Processing

and Analysis

Acquisition Oi = f(Il)
Transforms

Example: Pixel values scaling (normalization)

Enhancement

O
0 = ——————(I; — Imin)

[max - Imin
Example: Thresholding

01_:[ 255 ifI; > T,

0 otherwise.



Example: Thresholding
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Pixel-wise Transformations (II)

Representation

S Sometimes the pixel coordinates may be used in the
and /\na\;\s COmpUtation:

Acquisition

Transforms Or’c = f(lr,c> r, C)

Enhancement

Example: lllumination correction

Ir,c

Ope = ————
e Illumination(r, ¢)



Example: Illumination Correction

Known (modelled) illumination:
Representation N

Processing
and Analysis
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Enhancement

IIlumination




Pixel-wise Transformations (llI)

Itis also a pixel-wise transformation if the computation

Representation uses pixel values from the same position in multiple
Processing |mages (Or bandS)I

and Analysis

Acquisition

Or,c = f(lr,w Jr,c’ KI‘,Carac)

Transforms

Enhancement

Example: Background subtraction

Or,c == Ir,c - Br,c

or (background normalization)




Example: Background Subtraction
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Example: Background Normalisation
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Visual Enhancement

Representation

Processing Visual enhancement is done to assist human

and Analysis intel’pretation.

Acquisition

Transforms Typically you will want to maximize contrast.
Enhancement

Always keep the original images!
Always do processing / analysis on the original images...

In publications: Mention you have used enhancement.



Normalisation

Representation

Processing

and Analysis Normalization linearly scales pixel values to use the full
Agusisifer available range.
== Original Normalized

Enhancement

Comt 65536 Wi 30
Mean 103982 Nax 208
Sabev 22835 Modk: 90 @9386)




Histogram Equalisation

Representation

Processing i . . i
and Analysis Histogram equalization re-maps pixel values to make the
Acquisition accumulated histogram approximately linear.

Transforms Original Equalized

Enhancement




Look-up Tables

Representation

Processing

and Analyais Visual enhancement can be done by applying a /look-up
table (LUT) mapping pixel values to displayed colour.

Acquisition
Transforms
Enhancement Ii Oi

LuT

Changing the LUT does not change the image pixel
values, only the appearance of the image.



Inversion
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Sometimes it is useful to invert the grey values (especially
in print).
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Transforms Original Inverted

L
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Colourisation

Sometimes colour may be useful (and/or eye-catching).

Original

Colourized

Humans can distinguish less than 100 grey levels but
thousands of colours...
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