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Contexts

• #1. Introduction and Examples

• #2. Basics of Matlab, Image Processing Toolbox

• #3. 3D input, Segmentation, Edge detection & Transformation



3D data input in Matlab



Segmentation #1

• Measuring the size of a lake

• Google Earth RGB image

Level = 0.3608 (Otsu’s method) Max_area = 41190Lake.JPG



Segmentation #1

• Measuring the size of a lake

• Different size depending different value of threshold

Level = 0.3608 (threshold fn.)

Max_area = 41190

Level = 0.2

Max_area = 33118

Level = 0.1

Max_area = 11921

Level = 0.8

Max_area = 187979

Level = 0.6

Max_area = 156086

Original image



Segmentation #1

• Classifying minerals in thin section

Original image

nColors=8 nColors=12nColors=3



Segmentation #1

• Classifying minerals in thin section

• Selecting N colors by N mouse clinks (hand)

Original image

Right click after selecting N colors



Segmentation #2 (Filtering)

• Filtering (basic threshold)

8718 pixels

Original image



Segmentation #2 (Filtering)

• Filtering (taking average)

7611 pixels

Original image



Segmentation #2 (Filtering)

• Filtering (Entropy filtering)

Original image

3474 pixels 4628 pixels



Segmentation #2 (Filtering)

Original image

• Filtering (Entropy filtering)



Segmentation #2 (Filtering)

• Entropy Filter + Gray threshold + Closing (removing)



Segmentation #2 (Filtering)

• Entropy Filter + Gray threshold + Closing (removing)

Original image



Segmentation #2 (Filtering)

• Entropy, Standard Deviation Filter, Gradients

EntropyOriginal Range Filter Standard Deviation Filter Gradients



Segmentation #3 (Morphological operations)

• Matlab likes to operate on objects

• Example of Closing

Original image Closing



Segmentation #3 (Morphological operations)

• Morphological operations (Image Erosion, Image Dilation, Image Opening, Image Closing)

Structural 
Element

- Does B “fit” in the set X?
- Retain all points (i,j) in X such that when B is centered at (i,j), B is 

contained in X
- Mathematically:

- In Matlab: imerode(Img,Elt)

 ( )B XX X B X  



Segmentation #3 (Morphological operations)

• Morphological operations (Image Erosion, Image Dilation, Image Opening, Image Closing)

Structural 
Element

- Does B “touch” in the set X?
- Add to X all points (i,j) in B such that when B is centered at (i,j), B 

is overlapping with X
- Mathematically:

- In Matlab: imdilate(Img,Elt)

( ) _B

b B

X X b






Segmentation #3 (Morphological operations)

• Morphological operations (Image Erosion, Image Dilation, Image Opening, Image Closing)

Structural 
Element

- Does B “fit” in the set X?
- Like with erosion, retain all points (i,j) in X such that when B is 

centered at (i,j), B is contained in X
- When the previous is true, also keep all of B
- Mathematically:

- In Matlab: imopen (Img,Elt)

 ( )B X X

X

X B B X  



Segmentation #3 (Morphological operations)

• Morphological operations (Image Erosion, Image Dilation, Image Opening, Image Closing)

Structural 
Element

- Does B “fit” in the backround of the set X?
- When the previous is true, all of B belongs to the background
- The complement of the new background define X
- Mathematically:

- In Matlab: imclose(Img,Elt)
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Segmentation #4 (Mean & Covariance)

• Compute the mean and the covariance matrix

• Then similarity implies being with a weighted distance

• The pixels that are within an ellipsoid centered at the mean color are similar

Mean Covariance Matrix

Covariance:

Variance: Average:

Covariance Matrix:



Segmentation #4 (Mean & Covariance)

• Mahalanobis distance

(From Matlab Help)



Segmentation #4 (Mean & Covariance)

• Compute Forest area in the Photo

• Input & Smoothening



Segmentation #4 (Mean & Covariance)

• Use roipoly() for selecting Region of Interest (ROI)



Segmentation #4 (Mean & Covariance)

• Compute Mahalanobis distance for all pixels



Segmentation #4 (Mean & Covariance)

• Segmentation & Histogram



Edge Detection #1

• Watershed Transformation



Edge Detection #1

• Watershed Transformation



Edge Detection #1

• Smoothed + Watershed Transformation



Edge Detection #1

• Median Filter + Watershed Transformation



Edge Detection #1

• Regional Extended Minima + Watershed Transformation



Edge Detection #2

1. Canny -> Dilation -> Skeletonization

2. Bottom-hat -> Distance -> Watershed

3. gPb -> Distance -> Watershed

4. gPb -> OWT -> UCM



Edge Detection #2 

1. Canny -> Dilation -> Skeletonization

Greyscale 
Image

Apply median filter

Edge detection

Apply 
morphological 

dilation with disc 
structuring element

Skeletonise

Prune spurs

Segmented 
Image
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Edge Detection #2 

2. Bottom-hat -> Distance -> Watershed

Greyscale 
Image

Apply median filter
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morphological 
bottom-hat 
transform

Apply watershed 
segmentation 
(with minima 
suppression)
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Feature AND
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Threshold 
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Calculate 
threshold 2 

value

Threshold 
with 2
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Edge Detection #2 

2. Bottom-hat -> Distance -> Watershed

Greyscale 
Image

Apply median filter

Edge detection

Apply 
morphological 

dilation with disc 
structuring element

Skeletonise

Prune spurs

Segmented 
Image

1. Canny -> Dilation -> Skeletonization



Edge Detection #2 
4. gPb -> OWT -> UCM

Color Image

gPb

OWT-UCM

Extract UCM 
regions

Threshold UCM

Segmented 
Image

3. gPb -> Distance -> Watershed

Color Image

Do edge detection: 
gPb

Threshold gPb

Distance Transform

Impose Minima

Watershed

Segmented 
Image



Transformation

Fourier Transform

Wavelet Transform

Hough Transform

- FT is a particular type of integral transform that enables us to view 
imaging and image processing from an alternative viewpoint by 
transforming the problem to another space. 

- We are usually concerning with 2-D spatial distributions of intensity or 
color which exist in real space (i.e., 2-D Cartesian space in which the axes 
define units of length)

- The FT operates on such a function to produce an entirely equivalent 
form which lies in an abstract space called frequency space.



Transformation (Fourier Transform)

Harmonic content of signals. Any signal can be expressed as a weighted linear combination of harmonic 
(i.e., sine and cosine) functions having different periods or frequencies. These are called the (spatial) 
frequency components of the signal. 

Fourier basis functions

Spatial frequency

Fourier or frequency spectrum

Time series

Spatial series

Note: n-> infinite for exact reproducibility



Transformation (Fourier Transform)

Fourier representation of a signal as a weighted combination 
of harmonic functions of different frequencies, the assigned 
weights constitute the Fourier spectrum. It is a complete and 
valid, alternative representation of the signal. 

The space domain and the Fourier domain are reciprocal. 
Harmonic terms with high frequencies (short periods) are 
needed to construct small-scale (i.e. sharp or rapid) changes in 
the signal. 
Conversely, smooth features in the signal can be represented 
by harmonic terms with low frequencies (long periods). The 
two domains are thus reciprocal. 

Fourier series expansion and Fourier transform
The difference is that the Fourier series breaks down a 
periodic signal into harmonic functions of discrete frequencies. 
Whereas, the Fourier transform breaks down a nonperiodic
signal into harmonic functions of continuously varying 
frequencies. 



Transformation (Fourier Transform)

Calculation of the Fourier spectrum 

Complex exponential formHarmonic function form



Transformation (Fourier Transform)

Fourier transform of f(x):

Fourier transform

Specific weight (contribution) assigned to the harmonic (complex 

exponential) functions are given by the function 

Inverse Fourier transform:



Transformation (Fourier Transform)

Fourier method in Image processing

(1) Images are not, in general, periodic functions

(2) Images are typically 2-D spatial functions of finite support

2-D Fourier transform

(Images from Fundamentals of Digital Image Processing, 
Solomon and Breckon 2010)



Transformation (Fourier Transform)

Fourier method in Image processing

Frequency domain Original image FT of imageFT of image Original image



Transformation (Fourier Transform)

Discrete Fourier Transform (DFT)

For M x N matrix, forward and inverse Fourier 

transform can be:



Transformation (Fourier Transform)

Discrete Fourier Transform (DFT)

For M x N matrix, forward and inverse Fourier 

transform can be:

(Images from Fundamentals of Digital Image Processing, 
Solomon and Breckon 2010)



Transformation (Fourier Transform)

Discrete Fourier Transform (DFT)



Transformation (Fourier Transform)

Discrete Fourier Transform (DFT)

(Images from Fundamentals of Digital Image Processing, 
Solomon and Breckon 2010)



Transformation (Fourier Transform)

Examples

Images from 



Transformation (Fourier Transform)

Examples

#7 Fourier Transformation of TEM image

Lattice images of nanocrystalline regions in 
C-S-H in OPC specimen 28 d old



Transformation

many balls.jpg one ball.jpg


