Digital Image Processing

Arithmetic/Logic/Morphological Operations



i Arithmetic/Logic Operations

Arithmetic/Logic operations are performed on the pixels of two or
more images

= The operation is executed in a pointwise manner for all images taking
part in
= Arithmetic:
= Addition: p+q
= Subtraction: p-q
= Multiplication: p*q
= Division: p/q
= Logic
= And
= Or
= Xor
= Not



i Arithmetic Operations

= Addition: C(x,y) = A(X,y) + B(x,y)
= Applications:

= Remove additive noise
= Generative additive effect



iArithmetic Operations

= Addition:
u C(X’y) — d A(X1y) + B B(X’y)




* Arithmetic Operations

= Addition:Remove additive noise
 gi(Xy) =f(xy) +n (xXy), i=1,2,...,M, n—(0, 0), iid

= Averaging: g(x,E= 1/M (g,(x,y)+9;(X,y)+...+ gy(x,y))
= D(g)=1/M D(n)



Brenda
附注
根据大数定律和中心极限定理，平均后图像波动变小


i Arithmetic Operations

= Subtraction: C(X,y) = A(X,y) - B(X,y)
= Applications:
= Foreground extraction

= Motion detection
= Enhancement




i Arithmetic Operations

= Subtraction:
= Foreground extraction




* Arithmetic Operations

s Subtraction:
= Motion detection

T1(x,y) : Image at time 1,
T2(x,y) : Image at time 2,

g(x,y) = T2 (x,y) - T1(X.y)




Arithmetic Operations

= Subtraction:
= Edge Enhancement




i Logic Operations

= Not: g(x,y) = 255 - f(x,y)




i Logic Operations

= Not: g(X,y) = 2395 - f(X,y)




i Logic Operations

= Xor: g(x,y) = f(x,y) ® h(x,y)

@ .

Foreground: 1; Background: O



i Logic Operations

= Or: g(x,y) = f(x,y) v h(x,y)
= Application: Set union

) .

Foreground: 1; Background: O



i Logic Operations

= And: g(x,y) = f(X,y) A h(X,y)
= Application: Set intersection

) -




Logic Operations

= And: g(x,y) = f(x,y) A h(x,y)

Is it possible to use OR
to achieve this ?



i Binary Image Processing

s Introduction
= Set theory review

= Morphological filtering
= Erosion and dilation
= Opening and closing

= Hit-or-miss, boundary extraction, ...

s Skeleton via distance transform



i Binary Images

= Images only consist of two colors
(tones): white or black

Numerical example (image of a square block)

0 0 0 0
0 0 0 0
255 255 255 255
255 255 255 255
255 255 255 255
255 255 255 255
0 0 0 0
0 0 0 0

OO OO0 0O0O0Oo
OO OO0 0O0O0O0o
olololeloelolele)
eololeolelolollele)



Binary Image Examples
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i Why are binary images special?

= Since pixels are either white or black,
the locations of white (black) pixels
carry ALL information of binary images

Example
O 0 O O
0O 0 0 O L={(3,3),(3,4),(4,3),(4,4)}
O 0 1 1
I
f(m,n) location of white pixels
matrix representation set representation

It is often more convenient to consider the set representation
than the matrix representation for binary images




:“Binary Image Processing

= Introduction
= Set theory review

= Morphological filtering
= Erosion and dilation
= Opening and closing
= Hit-or-miss, boundary extraction, ...

s Skeleton via distance transform



Set Theory Review

AUB AMB

(A)

A" ={w|w¢g A} A-B={w|we A w¢ B}

Think of sets A and B as the collections of spatial coordinates




Translation Operator

(A), ={w|w=a+z,aec A}

e |

Example B

|
|
|
Z1F-—

(A);

L= (21’22)



Reflection Operator

B ={w|w=-b,beB}

Example




:“Binary Image Processing

= Introduction
= Set theory review

= Morphological filtering
= Erosion and dilation
= Opening and closing
= Hit-or-miss, boundary extraction, ...

s Skeleton via distance transform



i Morphological filtering
= Erosion and dilation(J& 15 & iK)

4




Structuring Element B

Definition: a set of local neighborhood with specified origin

Examples
ONONGO O O O
O Oo—— Origin O O O
O O O O O O

Bl

Note: different structuring element leads to different filtering result



‘L Dilation(fi#Z /i)

Definition Y =X ®B= {z|(B)mX # g}

or
Example YZX@B:beUBXb:xEUXBX:B®X
X Y
: : : : mask B Z : : :

© 06 o0 O



lllustration by Animation
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a=(0,0),b=(0,-1),c=(-1,0) X X5,B


Brenda
铅笔
原来它们是白的！！


‘L Erosion(J& 1)

Definition

Example

X

Y=X(=B ={x:B, c X}

°° mask B

e 6 06 O O o

e 6 06 o0 o o



‘L lllustration By Animation

mask B
Y

© 0 O
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i Duality Property*

(XOB): =X®B

Proof:

(XOB)® =z|BcA)
={z|B,NAc=g}°
= {z|B, N A %)

A
=X°¢ ®B



Example
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Opening Operator

i Definition XoB= (X@B) @B

Example o o o 6o 6 o0 o o :::
X o o o o o o o o © e
(@) o o o o o o o @) maSkB
O
O O O O O O O o
O o0 O O o0 o0 o o
o o0 O o o o o o o
|®
O
o O o o 0 o0 o o
XOB @ o o © ¢ o o o
o 0 0 O o0 o o o o



Geometric Interpretation of Opening Operator




Closing Operator

i Definition X eB = (X(®B)>-B

o
Example © o o6 © e o o o

@ oo mask B



| Geometric Interpretation of Closing Operator
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Opening and Closing operations

s JTEEE (Opening) : fF G FI%5E )z AR5
7‘6/"1", P VAL == T8 S =3 T 0
FVE 4IRS B WY) .

s HEE (Closing) :  [RIFEAF KI5 1% 2T
ARG, THERDREZE 11 1] Wi AT 4 1) 7
5, HEREILLIE,  FRIEANS ERZE H T




Matlab demo:
Opening and Closing

clear all;close all;
iptsetpref('lmshowBorder’,'tight");
BW1 = imread(‘circbw.tif");
figure,imshow(BW1);
mask=ones(40,30);
figure,imshow(mask);

SE = strel(‘rectangle',[40 30]);

BW3 = imopen(BW1,SE);
figure,imshow(BW3);

BW4 = imclose(BW1,SE);
figure,imshow(BW4);




Try build a skin color model and
detect skin regions in the following
picture. Submit your code and the
result as a binary image.

temp=bwareaopen(temp,22);




Properties of Opening and Closing Operators*

Opening XoBc X

XY= XoBcYoB
(X oB)oB=XoB

XcY=XeBcCcYeB
(XeB)eB=XeB

Ve ¥

°
°
°
Closing ®@ XcXeB
°
°
X¢oB (XoB)°=XCeB



i A Little Game of Matching

-ﬂz Templates

nnm-



i lllustration by a Simpler Case

X

-

Template B

origin

How to find the match of A in X
using a computer?

Hit: the southwest quadrant must be black in X

Hit: the other three quadrants must be white in X

A

Hit: the southwest quadrant must be black in X
Hit: the other three quadrants must be black in X¢




Matching via Hit-or-Miss

Hit: the southwest quadrant must be black in X
B origin ﬂ

Template B X=X @Bl

[ Hit: the other three quadrants must be black in X¢

Template B, ﬂ

. (s,

Template B,

To satisfy both conditions, we need to take the Intersection of X; and X,



o

QD
Definition X@?): (X @31)m(Xc@ BZ) Why @ ?

Why complement?

i Hit-or-Miss Operator ‘7 o

[ [ Why intersection?
Hit MIss
Structuring element example
origin
o o/ o o Xo o O _1 _1
@ 0 ©O o} o |:> @ @ O 1 1 _1
O @ O O O O Xo X
0 10
mask B, mask B, mask B MATLAB

(MATLAB function: bwhitmiss)



Example 1
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origin

Example 2 /

© 0 O
© 0 O
mask B,
0O O O OoO © o o
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Now, take the intersection
and note that only two points
Remain (highlighted by red)



Roadmap of Morphological

i Filtering

basic set operators (complement, union, intersection, difference)
dilation/erosion operators

|

closing/opening, Hit-or-Miss operators

morphological filters/algorithms
(boundary, region filling, thinning)




i 1. Boundary Extraction

Definition OX=X-(X (©)B) How about
Example Z 2 Z 8X:(X@B) - X7
© 00
mask B
© o o o © o o o ° e °°
© o o o ©c e e O ° ° °°
© o o o © o o o ° e °°
© o o o ——» O 0 o0 © — ° e °°
© o o o ©c e e O ° ° °°
© o o o © o o o ° e °°

X X>©B X-(X© B)

MATLAB function: bwmorph(...,’remove’)



i Image Example




2. Region Filling

+ P

'
X

Idea: recursively expand the region around the seed P ., .

but stop the expansion at the boundary X 0 e o0

Iterations:

expansion stop at the boundary

Y =P l ‘7
_ © _ Why dilation?
YiE (Y ®B)nX*, k=1,2,3... Why intersection with X°2_ :
Q

Terminate when Y, =Y, _,,output Y, UX






Additional Example

— Origin

X, X, X,UA



i 3. Thinning

I — " thinning [—*

Intuitively, thinning finds the skeleton of a binary image (you will learn a
different way of finding skeleton by distance transform later)




Thinning Algorithm*

Basic idea: e Use Hit-or-Miss operator as a sifter
e Use multiple masks to characterize different patterns
oo o Xo o @ X o o o X ® o o Xeo6 o Xo © o X
X o X @0 0 o0 O @ @ O © 06 o O ©®@e o0 o O e o
0@ ©06 X ©XO0 Xo o X o X oo x O©0©Xe Xe o
Bl B2 B3 B4 B> B6 B7 B8
X, =X

X =(...((X,,©BY) ®B? ... ® BY)

where X ® B:X—X@ B

Stop the iteration when X, =X, ;

Why eight different B’s?
Why hit-or-miss?



Image Example

I_ﬂﬂpjli
'I_ k"] K K £ Fd x
= 1 x w -4
o L3 o x = -
B g il figl 3 & .4 i
ll—C'rIj_!Ju
1
A Ada g As B
A g A g Ae g
AT B A@ BE FET L

As B-I-.:‘LE..?.H,IJJ



ﬂBinary Image Processing

= Introduction

= Set theory review

= Morphological filtering
= Erosion and dilation

= Opening and closing
= Hit-or-miss, boundary extraction, ...

= Skeleton via morphological filtering



Medial Axis (Skeleton)

e Definition

Suppose that a fire line propagates with constant speed from the
contour of a connected object towards its inside, then all those
points lying in positions where at least two wave fronts of the fire
line meet during the propagation will constitute a form of a skeleton

N

o Examples




Matlab demos:

clear all;close all;
Iptsetpref(‘'lmshowBorder’,'tight’);
BW = imread('circles.png');
figure,imshow(BW);

BW2 = bwmorph(BW,'remove');
figure, imshow(BW2);

BW3 = bwmorph(BW,'skel',Inf);
figure, imshow(BW3);

BW4 = bwmorph(BW,'thin’,Inf);
figure, imshow(BW4);




Grayscale image demos

clear all;close all;
iptsetpref(‘ImshowBorder','tight’);
originalBW = imread('circles.png');
figure,imshow(originalBW);

se = strel('disk',11);

erodedBW = imerode(originalBW,se);
figure, imshow(erodedBW);

| = imread(‘cameraman.tif);
figure,imshow(l);

se = strel("ball',5,5);

12 = imerode(l,se);

figure, imshow(12);




Digital Image Processing

Representation and Description
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de(F’,Q)=\/(x—u)2+(y—v)2 (9-10)

(2) WXFEE:
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