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Image Segmentation




Image Segmentation

Image segmentation is the process of partitioning
a digital image into multiple segments
(sets of pixels, also known as superpixels).



https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Pixel

Image Segmentation

Thresholding Methods



Simple Threshold Segmentation

Thresholding is the simplest method of image
segmentation. From a grayscale image, thresholding
can be used to create binary images

~ _ |1wherel(j) =6
1) = {O where I(j) < 6

Thresholding


https://en.wikipedia.org/wiki/Image_segmentation
https://en.wikipedia.org/wiki/Grayscale
https://en.wikipedia.org/wiki/Binary_image

Simple Threshold Segmentation

~ _|lwherel(j) =6
1) = {0 where I(j) < 6

What is the 6 for snow segmentation



Simple Threshold Segmentation

1() = 1wherel(j) =6
~ |0 wherel(j) <8




Simple Threshold Segmentation

~ _|lwherel(j) =6
1) = {0 where I(j) < 6

What is the 6 for trees segmentation



Simple Threshold Segmentation

1() = 0 wherel(j) = 6
|1 wherel(j) <8




Simple Threshold Segmentation

~ _|Owherel(j) =6
1) = {1 where I(j) < 6

Can we calculate determine 6 automatically?
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Simple Threshold Segmentation

Otsu's method

Nobuyuki Otsu (K2R 2z Otsu Nobuyuki)



https://en.wikipedia.org/w/index.php?title=Nobuyuki_Otsu&action=edit&redlink=1

Otsu’s method
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Otsu’s method
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Within-Class Variance

2500 I I I I I I I I I I

2000
1500

1000
500

0 1
{67, 515, 898, 1025, 1040, 1057, 623, 413, 100, 2193}

~ (0x67)+(1x515)+(2%x898)+(3%x1025)

Meanb Up = = 2.1501
67+515+898+1025
— )2 — )2 — )2 )2
Variance b g2 = (07 #)?X67) + (1 = 1p)?x 515) + (2 — 1)°x 898) + (3 — pp)*x 1025)
67 + 515 + 898 + 1025
=0.6992

67 + 515 + 898 + 1025

Weight b —
5 Wb 67 + 515+ 898 + 10254+10404+1057+623+ 413+ 100+ 2193

= 0.3158
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Within-Class Variance

2500 I I I I I I I I I I
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500

0 1
{67, 515, 898, 1025, 1040, 1057, 623, 413, 100, 2193}

_ (4%1040)+(5%x1057)+(6X623)+(7Xx413)+(8x100)+(9%x2193) _

_ — 6.747
Meanf  Hf 1040+1057+623+413+100+2193

- 2 _ 2 . 2
Variance f oz = (4= #y)?X 1040) + (5 — )*x 1057) + ... +((9 — ty)*x 2193)
f 1040 + 1057 + 623 + 413 + 100 + 2193

=4.1903

1040 + 1057 + 623 + 413 + 100 + 2193
67 + 515+ 898 + 1025+1040+1057+623+ 413+ 100+ 2193

Weightf  w, =
=0.6842

2 2
Within-Class Variance O'v%/ — (Wb X O-b) + (Wf X O-f) !



Within-Class Variance
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{67, 515, 898, 1025, 1040, 1057, 623, 413, 100, 2193}

up =2.1501 o7 =0.6992 w,; = 0.3158
ur = 6747 g7 = 41903  wy = 0.6842

Within-Class Variance GV%, = (Wb X Ulf) + (Wf X sz)

o2 = (0.3158 x 0.6992) + (0.6842 x 04.1903)=3.0878
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Within-Class Variance

2500 : :
2000 |- b
1500 |-
1000 |-
500 |-

f

{67, 515, 898, 1025, 1040, 1057, 623, 413, 100, 2193}
A

up = 2.1501
Ur = 6.747

Within-Class Variance

2
w

S

o] =0.6992 w, = 0.3158
gfz' =4.1903 w; = 0.6842

= (Wb X alf) T (Wf X afz)

o2 = (0.3158 x 0.6992) + (0.6842 x 04.1903)=3.0878

I

*¥**0Otsu algorithm move this, to find the smallest of this
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Iteration
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Otsu’s method
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Otsu’s method
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Ilteration
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Iteration
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A Faster Approach

Within-Class Variance

Between Class Variance

However

Otsu’s method

o5 = (wp X 0f) + (W x 0f

o5 = 0% — o}

= wp Xup)+ (Wf X .Uf)

o = wp(Up — 1)* + wr (i — )

o5 = wpWy(Up — Uy)?

1

O'V%OC—Z
Op
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Otsu’s method

Within-Class Variance O'v%, = (Wb X a,f) + (Wf X O'fz)

N

Traditional Otsu move threshold to minimize Within-class Variance

Traditional Otsu move threshold to maximize Between-class Variance

e

Between Class Variance Ug = Wbe(,ub — yf)z
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Otsu’s method(Fast)
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Otsu’s method(Fast)
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Otsu’s method(Fast)
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Otsu’s method(Fast)
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Otsu’s method(Fast)
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Otsu’s method(Fast)
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Otsu’s method(Fast)
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Pixel Neighborhood
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Pixel Neighborhood

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

21 22 23 24 25
1 2 3 4 5 1 2 3 4 5
6 7 8 9 10 6 7 8 9 10
11 12 13 14 15 11 12 13 14 15
16 17 18 19 20 16 17 18 19 20
21 22 23 24 25 21 22 23 24 25

4-connected neighbors

8-connected neighbors
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Pixel Neighborhood

Connected-component labelling

0 1 0 1 0 0 0 0 0 0
0 1 0 1 0 0 0 0 0 0
0 1 0 1 0 0 0 0 0 0
0 1 1 1 0 0 0 0 0 0
0 1 0 1 0 1 1 0 0 0
0 1 0 1 0 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0
VvV
p is current pixel
If all neighbours are 0 then assign a new label to p
else
If only one neighbour has V={1} then assign its label to p
else

If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences.
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Pixel Neighborhood

Connected-component labelling

O|l0o|l0OojlO0O|OC|O | O

[ Y I I B S I

co|loco|l0oO|m|O|O|O

O|lr|(LPr|RLr|FL|[kFL|KL

oO|l0ojl0ojlO0|OC|O | O

Ol O|lO|0O0|O

ol O|lO|O|O

oO|l0ojl0o|lO0|O0|O|O

oO|l0ojl0ojlO0|OC|O | O
oO|l0ojl0o|lO0|O0|O|O

4-connected neighbors

8-connected neighbors
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Pixel Neighborhood

Connected-component labelling
o (2 ([0 |1 (O (O |O (O (O |O
0 1 0 1 o |0 |0 (O |0 |O
0 1 0 1 o |0 |0 (O |0 |O
0 |1 1 i1 10 |0 (O (O (O |O
0 1 0 1 0 1 1 O |0 |0
0 1 0 1 0 1 1 O |0 |0
O |0 |0 1 (0 |10 (O (O |0 |O
Vv 4-connected neighbors

If all neighbours are 0 then assign a new label to p
else

If only one neighbour has V={1} then assign its label to p
else
If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences. 44



Pixel Neighborhood

Connected-component labelling

X

OO0 |0O|0C|OC|OC | O
OlRr | R(R|R|R|R

oO|l0o|lO0O|m|O|O|O

OlRr | R R[(R|[(RWR|MW

oO|l0ojl0o|lO0|O|O|O

Ol O|lO|O|O

O|lm|=m I O|lO0O|O|O

oO|l0o|l0O|lO0O|OC|O | O

oO|l0ojl0o|lO0|OC|O|O

oO|l0|l0O|lO0O|OC|O | O

Vv 4-connected neighbors

) |f V={1} then

If all neighbours are 0 then assign a new label to p
else
If only one neighbour has V={1} then assign its label to p
else
If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences.



Pixel Neighborhood

Connected-component labelling
0 i ]/0 |1 (0 |[O |O (O (O |O X
0 1 0 1 0 0O (0 0O |0 0
0 1 0 1 0 0O (0 0O |0 0
0 |1 1 i |10 (0 |[O |[O |O (O
0 1 0 1 0 1 1 0O |0 0
0 1 0 1 0 1 1 0O |0 0
0O (0 O |0 (O 0O (0 0O |0 0
Vv 4-connected neighbors
If V={1} then
mmmmm) [f all neighbours are 0 then assign a new label to p

else

If only one neighbour has V={1} then assign its label to p

else

If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences.



Pixel Neighborhood

Connected-component labelling
0 i ]/0 |1 (0 |[O |O (O (O |O 1
0 1 0 1 0 0O (0 0O |0 0
0 1 0 1 0 0O (0 0O |0 0
0 |1 1 i |10 (0 |[O |[O |O (O
0 1 0 1 0 1 1 0O |0 0
0 1 0 1 0 1 1 0O |0 0
0O (0 O |0 (O 0O (0 0O |0 0
Vv 4-connected neighbors
If V={1} then
mmmmm) [f all neighbours are 0 then assign a new label to p

else

If only one neighbour has V={1} then assign its label to p

else

If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences.



Pixel Neighborhood

Connected-component labelling

1 (X

OO0 0O0O|O0COC|]OC||OC | O
OlRr | R(R|R|R|R

oO|l0o|lO0O|m|O|O|O

OlRr | R R[(R|[(RWR|MW

oO|l0ojl0o|lO0|O|O|O

Ol O|lO|O|O

O|lm|=m I O|lO0O|O|O

oO|l0o|l0O|lO0O|OC|O | O

oO|l0ojl0o|lO0|OC|O|O

oO|l0|l0O|lO0O|OC|O | O

Vv 4-connected neighbors

s |If V={1} then

If all neighbours are 0 then assign a new label to p
else
If only one neighbour has V={1} then assign its label to p
else
If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences.



Pixel Neighborhood

Connected-component labelling
O |1 |0 i (0 |0 (O |O (O (O 1 X
0 1 0 1 0 0O (0 0O |0 0
0 1 0 1 0 0O (0 0O |0 0
0 |1 1 i |10 (0 |[O |[O |O (O
0 1 0 1 0 1 1 0O |0 0
0 1 0 1 0 1 1 0O |0 0
0O (0 O |0 (O 0O (0 0O |0 0
Vv 4-connected neighbors
If V={1} then
) |f al| neighbours are 0 then assign a new label to p

else

If only one neighbour has V={1} then assign its label to p

else

If more than one of the neighbours have V={1} then assign one of the labels
to p and make a note of the equivalences.



Pixel Neighborhood

Connected-component labelling
O |1 |0 i 10 |0 (0O (O (O |O 1 2
0 1 0 1 0 0O (0 0O |0 0
0 1 0 1 0 0O (0 0O |0 0
0 |1 1 i |10 (0 |[O |[O |O (O
0 1 0 1 0 1 1 0O |0 0
0 1 0 1 0 1 1 0O |0 0
0O (0 O |0 (O 0O (0 0O |0 0
Vv 4-connected neighbors
If V={1} then
) |f al| neighbours are 0 then assign a new label to p

else

If only one neighbour has V={1} then assign its label to p

else

If more than one of the neighbours have V={1} then assign one of the labels
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Homework !

Segment this image using

1) 4-connected neighbors )

2) 8-connected neighbors



Matlab image processing function

Labelling:

L=bwlabel(im);
Coordinate search:

[r c]=find(L==/abel);
Coloring Label:

im_rgb=Ilabel2rgb(L);
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Pixel connectivity

https://en.wikipedia.org/wiki/Pixel _connectivity




