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Color images have 3 values per

Dlgltal Image pixel; monochrome images have 1

value per pixel.

a grid of squares,
each of which

contains a single ,_ B B
color ARV AEIEN M "

green intensity

blue intensity

each square is
called a pixel (for
picture element)
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o A digital image, /, 1s a mapping from a 2D grid
of uniformly spaced discrete points, {p = (r,c)},
into a set of positive integer values, {I/( p)}, or a
set of vector values, e.g., {{[R G B]'(p)}.

e At ecach column location in each row of / there
1s a value.

e The pair ( p, I( p) ) 1s called a “pixel” (for
picture element).
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Pixels

e p = (r,c) 1s the pixel location indexed by row,
r, and column, c.

e I/( p) = I(r,c) 1s the value of the pixel at
location p.

e If /( p) 1s a single number then / 1s
monochrome.

e If /( p)is a vector (ordered list of numbers)
then / has multiple bands (e.g., a color image).
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Pixels

column ¢

-
Need Relief!

value

I(p) =W(r, c)

p=(r,c)

location
[

Pixel Location: p = (7, ¢)
Pixel Value: I(p) = I(r, c) Pixel : [p, I(p)]
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Pixels Pixel : [ p, I(p)]

column ¢

-
Need Relief!

value

I(p) =W(r, c)

p=(r.c)
location
[

p=(r,c) [ red | [12]
= (rOW #, col #) I(p)=|green |=|43
= (272, 277) | blue | |61
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Sampling and Quantization

A DL DD

real image sampled quantized sampled &
guantized
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Sampling and Quantization

pixel grid —
(——'CO umn inde

|~

row index

4AA

real image sampled quantized sampled &
guantized
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. Take the average l
Sampllng within each square.

cA (c+1)A f
—| |<i
[C(pa)() 1 : T Is(r,c)
continuous image s lialesLia sampled image
Is(r,c)= o j j[c (0. 7)SpSy

rA cA
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. Take the average l
Sampllng within each square.

CcA (c+1)A f
—| |<i
[C(pa)() 1 : T Is(r,c)
continuous image s lialesLia sampled image
o= == j j[c (0. 7)SpSy
A rA cA
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: Take th

Sampling BT e =l l

A
(r+D)A (c+D)A

]S(V:C):é j JICCO,Z)@O(SZ

"
[(r,c)

]c(pa?()

continuous image sampled image
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. Take the average l
Sampllng within each square.

»

]S (l", C)
continuous |mage

(r +1)A (c+DA

I.(r c)—X 122 Co 7)5pSy

rA

sampled image
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Read a Truecolor Image into Matlab

@. Command Window JEI&

File Edit Debug Desktop ‘Window Help

To get started, select MATLAB Help or Demos from the Help menu.

B Figure 1 _lolx
>> cd 'E:\images\Animals%People'Famonus' ; Edit View Insert Tools Deskiop Window Help J_|J,.
>» I = imread(thes Boindgecisie.jpg” " Jogt); NEEae b aa™me ¥ 08 =
»>> class (I}
ans =
uints
»> gsize (1)
ans =

600 1200 3
»>» Tigure
>
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Read a Truecolor Image into Matlab

4). Command Window

File Edit Debug Desktop ‘Window Help

-

To get started,

600
»>» fTigure
>> image (1)

»> xlabel ('Photo:
>

>» title{'Les Boingeoisie:

select MATLAR Help or Demos from the Help menu.

>»> cd 'E:\images\Animals\People\Famous'

File Edit Yiew Insert Tools Desktop Window Help E
»>> I = imread('Les Bolingeolsie.jpg','Jpg'); NEESE LK |a™me e 08 =0
»>> class (I} i ;
s Les Boingeoisie: The Boing-Boing Bloggers
uinté
>> size(l)
ans = 100

1200

Bart Nagel,

The Boing-Boing Bloggers')

B Figure 1 _|o| x|

200

2006, www.bartnagel.com') 300

400

500

600
200 400 600 800 1000 1200

Photo: Bart Nagel, 2006, www.bartnagel.com
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u Figure 1 -0 ﬁ
‘ :a 8 File Edit ¥iew Insert Tools Desktop wWindow Help k

DedE K RAOE | E 0B 80

4\ Command Window Les Boingeoisie: The Boing-Boing Bloggers
File Edit Debug Desktop ‘Wind

To get starte

100
>> cd 'E:\image

»>> I = imread(’
»>> class (I}
anss = 200
uints
»> gsize (1)
ans =

600 300

»>» fTigure

>> image (1)

»» Eitle{TLes 1
»> xlabel ('Phot
>> Lruesize

>

400

500

600
200 400 600 800 1000 1200

Photo: Bart Nagel, 2006, www.bartnagel.com
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Read ¢

il Command Window
File Edit Debug Desktop ‘Wind

To get starte

>> cd 'E:\image

»>> I = imread(’
»>> class (I}
ans =
uints
»> gsize (1)
ans =
600

»>» fTigure

>> image (1)

»» Eitle{TLes 1
»> xlabel ('Phot
>> Lruesize

>

u Figure 1

File Edit ¥iew Insert Tools Desktop wWindow Help

DedE K RAOE | E 0B 80

100

200

300

400

500

Mavk Frauanalder

600
200

' [[] http://boingboing.net/ J

Les Boingeoisie: The Boing-Boing Bloggers

David Pascovit = cory Doct,orow

John Bat telle P Xewi Tardin

400 600 800 1000 1200
Photo: Bart Nagel, 2006, www.bartnagel.com

16 January 2007

(€91999-2007 by Richard Alan Peters Il 16



V EECE/CS 253 Image Processing
Vanderbilt University School of Engineering

" B Figure 1 = B
rOp File Edit ¥iew Insert Tools Desktop wWindow Help k

hEedae hfRaMms & 0B =50

il Command Window
File Edit Debug Desktop ‘Wind

. First, select a
.. .. egion using
>> 1 the magnifier.
> Clag
e

>> size (I}
ans =

Les Boingeoisie: The Boing-Boing Bloggers

600 300
»>» fTigure
>> image (1)
»» Eitle{TLes 1
»> xlabel ('Phot
>> Lruesize
>

400

Cut out aregion L. 1

from the image | drag to here and release

200 400 600 800 1000 1200
Photo: Bart Nagel, 2006, www.bartnagel.com

500

600
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From this close-up
nﬁgum we can estimate

HEE

]

CI'OP e neas » | the coordinates of

the region:

ﬂ Command Window
File Edit Debug Desktop ‘Wind

geoisie: The Boing-Boing Bloggers

To get starte 150

>> cd 'E:\image
»>> I = imread(’
»>> class (I} 200
ans =
uints
»> gsize (1)
ans =

250 =

600
»>» fTigure
>> image (1) 300 NS
>> title('Les IS
»> xlabel ('Phot
>> Lruesize

> ss0 A “ " rows: about 125 to 425
e cols: about 700 to 1050

400

750 800 80 900 950 1000 1050
Photo: Bart Nagel, 2006, www.bartnagel.com

[o ),
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)y n Figure 1

HEE

]

( EI Op File Edit ¥iew Insert Tools Desktop wWindow Help

IR EI R EIEIE

ﬂ Command Window
File Edit Debug Desktop ‘Window Help

oing Bloggers

=

To get started, select MATLAB Help or Demos from the Help menu.

600 1200
»>» fTigure
>> image (1)

> xldkbel ("Phete: Bart Nagel,
>> Lruesize

>» J = I{125:425,700:1050, :);
»» figure

>> image {J)

>> Lruesize

e

>»> cd 'E:\images\Animals\People\Famous' Bl Figure 2 _!Dlil
B I = imread('Les Boingeoisie_jpg" : "jpg—" ) - Filz Edit “iew Insert Tools Desktop \Window Help »
>> class (I) - Neda kRaOHa® € 08/ 50

ang =

e Here it is: l

»>> gsize (1) -

ans =

>» title{'Les Boingeoisie: The Boing-Boing Bloggers')
2006, www.bartnagel.com') 200

3 100 |

150 |

250

300

950 Now close the
other image

bartnagel.com
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" B Figure 1 = B
rop File Edit ¥iew Insert Tools Desktop wWindow Help k

NEdE h|[Ram®|E 08 =0

4\ Command Window Les Boingeoisie: The Boing-Boing Bloggers
File Edit Debug Desktop ‘Wind

To get starte 150

>>» cd 'E:\image

»>>»> I = imread/('’
»>> class (I} 200
ang =
uints [ —— e, o,
>> size (I} 250
ang =
o000

»>» figure
>> image (T} 300 L
>> title('Les I
»>> xlakel ('Phot

>> truesize e Ll ' .. I Br‘lng IT to The
2= T (10580 . .
s >0 L | front using the
figure command,

>> image (J)

>> Lruesize

>> figure(l) 400
>

750 800 80 900 950 1000 1050
Photo: Bart Nagel, 2006, www.bartnagel.com

)
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Crop the Image

4). Command Window
File Edit Debug Desktop ‘Window Help

-

To get started,

>» c¢d '"E:\images\Animals\People\Famous'

»» I = 'imreadiles Boimgeoi=sic.jpg’ . Jjpgt) ;
>>» class (I}
ans =
uintsg
>> gize (I}
ans =
c00 1200 3

»>» figure

>> image (T}

22 title (7 Iss  Beingaeisier Ther BoingePerttig Bliseepicrs )
>>» ®label {'Photc: Bart Nagel,
>> truesize

> J = I({125:425,700:1050, 1} ;
>» figure

>> image (J)

>> truesize

>> figure(l)

>» ¢lose

>

2006, www.kartnagel.ccm')

select MATLAR Help or Demos from the Help menu.

n Figure 2
File Edit Yiew Insert Tools Desktop Window Help

DEWa K RQAO®|E 08 s0

g

then type 'close’
at the prompt.
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Read a Colormapped Image into Matlab

@L Command Window ﬂﬂ

File Edit Debug Desktop Window Help

To get started, select MATLAB Help cor Democs from the Help menu.

>» c¢d 'D:\classes\EECE253\Fall 2006\graphics‘\matlab intro’

>» [I,cmap] = imread{'Jim Woodring - PlusMinus.gif','gif'):;

¥ itigure

»> image (1) Figure 1 ﬂﬁ
>>» class (I; File Edit view Insert Tools Desktop Window Help ~
ans = DedE k|®ARAMe|(E 0E 53

uints

>> size (1)

ang =

383 533 50
>> |

100

150

200

250

300

350 |
= -y ey g
50 100 150 200 250 300 350 400 450 500
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Read a Colormapped Image into Matlab

ﬂ Command Window ;J_D_lil

File Edit Debug Desktop Window Help

To get started, select MATLAB Help cor Democs from the Help menu.

>» c¢d 'D:\classes\EECE253\Fall 2006\graphics‘\matlab intro’

>» [I,cmap] = imread{'Jim Woodring - PlusMinus.gif','gif'):;
¥ itigure
>> image (I) & Figure 1 ngﬁ
»>> class (I) File Edit Yiew Ingert Tools Desktop Window Help ™
ans = D& ke €| 08B =0
Himcd Plus Minus
>> size (TI)
ans =
383 Bias 50
>> colormap (cmap)
>»> title('Plus Minus'); 100

>>» xlabel ('Jim Woodring (http://www.jlmwoodring. com
>» truesize
a e

150

50 100 150 200 250 300 350 400 450 500
Jim Woodring (http:/Awww jimwoodring.com/)
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Colormapped vs. Truecolor in Matlab

ﬂ Command Window ;J_D_lil

File Edit Debug Desktop Window Help

To get started, select MATLAB Help cor Democs from the Help menu.

>» c¢d 'D:\classes\EECE253\Fall 2006\graphics‘\matlab intro’

>» [I,cmap] = imread{'Jim Woodring - PlusMinus.gif','gif'):;
>>»> figure Bl Figure 2 ngﬂ
s image (I) File Edit “iew Insert Tools Desktop wWindow Help N ﬂ
»>> class (T) DeEd& K RANe (£ | 0B 8O | IS
ans =
nints |
>> size (TI)
ans = =

383 Bias

>> colormap (cmap)

>> title("Plus Minus');

>>» xlabel ('Jim Woodring (http://www.jlimwoodring.
>» truesize

>» T = imread('Jim Woodring - PlusMinus.Jjpg',']Jr
»>» figure

>> image (T

>» truesize

>

100
150
200 3
250
300 5

350

50 100 150 200 250 300 350 400 450 500

50 100 150 200 250 300 350 400 450 500
Jim Woodring (http:/Awww jimwoodring.com/)
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n Figure 2 _ ||:||ﬂ
File Edit “iew Insert Tools Desktop Window Help ar
i = =
Colormeezes aos c5a atlab

ﬂ Command Window
File Edit Debug Desktop Window Help 50

100
To get started,

150
>> cd 'D:\classes\
>» [I,cmap] = imre
¥ itigure
>> image (1)

200

M=

250

>>» class (I; window  Help ~
ans = 0&E| = O
300
ulnts Plus Minus
>» g5ize(I) 350
ang =
383 533

>> colormap (cmap)

>> title("Plus Minus');
>>» xlabel ('Jim Woodring (http://www.jlmwoodring. com
>» truesize

>» T = imread('Jim Woodring - PlusMinus.jpg’', 'jpg’]
»>» figure

>> image (T

>» truesize

>

50 100 150 200 250 300 350 400 450 500
Jim Woodring (http:/Awww jimwoodring.com/)
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Colormapped vs. Truecolor in Matlab

ﬂ Command Window
File Edit Debug Desktop Window Help

- T (231,326, :)
Intensity values “J‘EM

>>» Lruesize

>» figure

>> image (T)

>> Lruesize

i M (2 35l s Denen )

anisEi, Lodl =
227
ansf{:,:1,2) =
222
ans (1, :,3) =
96
>

>> title("Plus Minus');
>»> xlabel ("Jim Woodring (http://www.Jji

>> T = imread('Jim Woodring - PlusMinus.]Jpg', ' J@¥J')s

are integers
between O and 255.

227
222

BN Fieure 2
image class: uint8
image type: truecolor

ols Desktop Window  Help

C®E 08 =0

—row: 231

16 January 2007
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Colormapped vs. Truecolor in Matlab

ﬂCommandWindow . — O] % T(231,326,:)
Intensity values “u‘J

File Edit Debug Desktop ‘Window Help

>> title{'Plus Minus'); areinTegerS 0.89
>> xlapel ('Jim Woodring (http://www.3i hotween O and 1
>> truesize . 0.87

>» T = imread{'Jim Woocdring - PlusMinus.jpg',
>» figure

>> lmage (T)

>> truesize

> T{(231,326, 1)

BN Ficure 2
image class: double

ols Desktop Window  Help

. _ . m®e 08 =0
an;;;ﬁ"'” = image type: truecolor —
ansf({:,:,2) =
222
ans (2, :,3) = .

>> T = double (T) /255;
> T(231,326, 1)

anEiticn, Ll =
0.89%901
ansf({:,:,2) =
08705
ans (=, :,3) =
0.3765
>
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location is an index
into a colormap. 1 colormap
0.1804 | 0.1882 | 0.0627 X
CO O 1(231,326,:) = 214 0.6863 | 0.7098 | 0.2902
0.8863 | 0.9059 | 0.2549
ﬂCommandW"indow
File Edit Debug Desktop
o> title('p © 256 red green blue
>> xzlabel (' o
>> truesize
»>» T = imread('Jim Woddrimg - PlusMinus.jpg', "Jpg’);

>
>
>
>
ans (:,

227
ansf({:, :;

figure

image (T
truesize
T A saa venas
Sl =

o
0

B T (2332058 )
ans =

214
> cmap (214, &}
ang =

0.8863 =055 0.254%
»» round{Z55*cmap (214, )}
ang =
226 23 65
>

u Figure 1

File Edit View Insert Tools Desktop Window Help

50

100

150

250

300

DeEE KeaaAaOe ¥ 08B 80

Plus Minus

100 150 200 250

300 350 400 450 500
Jim Woodring (hitp:/Awww jimwoodring.com/)

Intensity values
are integers
between O and 1.

x 255 = [226 231 65]°
226
231
_
65
M=

image class: uint8
image type: colormapped

16 January 2007
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How to Make Colormaps

¢ Command Window

File Edit Debug Desktop ‘Window Help

SEE

This code, 0:255 ,

L]

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

generates a 1 row by

ramp = (0:255)'/255;
kcm = [ramp ramp ramp]; gray color'map:
1 | 256 * 3 matrix R(k)=6(k)=B(k)
R
rcm = [ramp zeros (256,2)]1; red color'map:
G=B=0;
gcm = [zeros(256,1) ramp zeros(256,1)];
green colormap:
R=B=0;
rcm = [zeros (256,2) ramp 1];
blue colormap:
% apply one by selecting the figure R=G=0;

% then entering:

colormap (kcm)

256 element vector
of class double that
contains numbers O
through 255 inclusive.

This, (0:255) , has
the same contents
and class but is a 256
row by 1 column
vector. The
apostrophe (') is the
matrix transpose

operator.

16 January 2007
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DR TS AT SR T 8 :ﬁlgjf-‘?'{’ - - 8
>> I = imread('blue_grapes_sm.jpg', 'jpg'); 4 >>Rd = I(:,:,1);

>> colormap (kcm) ;

' >> B1 2, :0,3)
>> colormap (kcm) ;

>> Gn
>> colormap (kcm) ;
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X 3 v
=
5 e i
0 W‘ e
1

, 1
kcm

) ;
) ;
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>> colormap (gcm) ;

>> Rd = ,0,1);
>> colormap (rcm) ;

I(:,: >> Bl = 2,0, 3)

>> colormap (bcm) ;

16 January 2007 (€91999-2007 by Richard Alan Peters Il 32
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>> Gn
>> col

16 January 2007 (€91999-2007 by Richard Alan Peters Il 33
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truecolor image displayed

with grayscale colormaps Vanderbilt University School of Engineering

X 3 v
=
5 e i
0 W‘ e
1

, 1
kcm

) ;
) ;
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Saving Images as Files

4l Command Window JE| ﬂ

File Edit Debug Desktop ‘Window Help ]

>>

>> % truecolor as .bmp

>> imwrite (I,’image name.bmp’,"bmp’);

>>

>> % truecolor as .Jjpg (default quality = 75)

>> imwrite (I,’1image name.jpg’,’'Jpg’);

>>

>> % truecolor as .Jjpg (quality = 100)

>> imwrite (I,’1image name.jpg’,’Jjpg’,’'Quality’,100);

o7 Assuming that

>> % colormapped as .bmp - . .

>> imwrite (I, cmap,’image name.bmp’,’'bmp’) ; L' contains the 'mage of

os ~ the correct class,

>> % colormapped as .gif Th?* .

>> imwrite (I, cmap,’image name.bmp’,’gif’); cmap Is a C°|°rmap'

>> B and that
'image_name’ is the
file-name that you

want.

16 January 2007
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Double Exposure:
Adding Two Images
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Double Exposure: Adding Two Images

>> cd 'D:\Classes\EECE253\Fall 2006\Graphics\matlab intro'

>> JW = imread('Jim Woodring - Bumperillo.jpg', 'jpg'); EAXGI’I\'\[EJQC d
>> figure atla —

>> image (JW)

>> truesize

>> title('Bumperillo"')

>> xlabel ('Jdim Woodring')

>> MR = imread('Mark Ryden - The Ecstasy of Cecelia.jpg','jpg'):;
>> figure

>> image (MR)

>> truesize

>> title('The Ecstasy of Cecelia')

>> xlabel ("Mark Ryden')

>> [RMR,CMR,DMR] = size (MR);

>> [RJIW,CJW,DJW] = size (JW);

>> rb = round ((RIJW-RMR) /2) ;

>> cb = round((CJW-CMR) /2) ;

>> JWplusMR = uint8 ( (double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :))+double (MR)) /2);
>> figure

>> image (JWplusMR)

>> truesize

>> title('The Ecstasy of Bumperillo')

>> xlabel ('Jim Woodring + Mark Ryden')
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Double Exposure: Adding Two Images

>> cd 'D:\Classes\EECE253\Fall 2006\Graphics\matlab intro'

>> JW = imread('Jim Woodring - Bumperillo.jpg', 'jpg'): EAXGI’I\'\[EJQC d
>> figure afla e

>> image (JW)

>> truesize

>> title('Bumperillo"')

>> xlabel ('Jdim Woodring')

>> MR = imread('Mark Ryden - The Ecstasy of Cecelia.jpg','jpg'):;
>> figure

>> image (MR)

>> truesize

>> title('The Ecstasy of Cecelia')

>> xlabel ("Mark Ryden')

>> [RMR,CMR,DMR] = size (MR);
>> [RJIW,CJW,DJW] = size (JW);
>> rb = round ((RIJW-RMR) /2) ;
>> cb = round((CJW-CMR) /2) ;
>> JWplusMR = uint8 ( (double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :)|) +double (MR)) /2) ;
>> figure

>> image (JWplusMR)
>> truesize

>> title('The Ecstasy of Bumperillo')
>> xlabel ('Jim Woodring + Mark Ryden')

Cut a section out of the middle of the larger

image the same size as the smaller image.
b
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Double Exposure: Adding Two Images

>> cd 'D:\Classes\EECE253\Fall 2006\Graphics\matlab intro'

>> JW = imread('Jim Woodring - Bumperillo.jpg', 'jpg'); EAXGI’I\'\[EJQC d
>> figure atla —

>> image (JW)

>> truesize

>> title('Bumperillo"')

>> xlabel ('Jdim Woodring')

>> MR = imread('Mark Ryden - The Ecstasy of Cecelia.jpg','jpg'):;
>> figure

>> image (MR)

>> truesize

>> title('The Ecstasy of Cecelia')

>> xlabel ('Mark Ryden') Note that the images are averaged,
>> [RMR,CMR,DMR] = size (MR); pixelwise
>> [RJIW,CIW,DIW] = size (JIW); . T

>> rb = round ((RIJW-RMR) /2) ;
>> cb = round((CIJW-CMR) /2) :
>> JWplusMR = uint8|( (double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :)) +double (MR)) /2)|;
>> figure

>> image (JWplusMR)
>> truesize

>> title('The Ecstasy of Bumperillo')
>> xlabel ('Jim Woodring + Mark Ryden')
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Double Exposure: Adding Two Images

>> cd 'D:\Classes\EECE253\Fall 2006\Graphics\matlab intro'

>> JW = imread('Jim Woodring - Bumperillo.jpg', 'jpg'); EAXGI’I\'\[EJQC d
>> figure atla ——

>> image (JW)

>> truesize

>> title('Bumperillo"')

>> xlabel ('Jdim Woodring')

>> MR = imread('Mark Ryden - The Ecstasy of Cecelia.jpg','jpg'):;
>> figure

>> image (MR)

>> truesize

>> title('The Ecstasy of Cecelia')
>> xlabel ("Mark Ryden')

>> [RMR,CMR,DMR] = size (MR);

>> [RJIW,CJW,DJW] = size (JW);

>> rb = round ((RIJW-RMR) /2) ;

>> cb = round((CJW=CMR) /2) :

>> JWplusMR F uint8 (|{double (W (rb: (rb+RMR-1),cb: (cb+CMR-1), :)) tdouble (MR)) /2) ;

>> figure !
>> image (JWplusMR) 1 Note the data class l
conversions.

>> truesize
>> title('The Ecstasy of Bump
>> xlabel ('Jim Woodring + Mark Ryden')
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Intensity Masking:
Multiplying Two Images

Rayden Woodring - Bumperillo Ecstasy (?)

Mark Rayden - The Ecstasy of Cecelia
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Intensity Masking: Multiplying Two Images

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

JW = imread('Jim Woodring - Bumperillo.jpg', 'jpg'); Example
MR = imread('Mark Ryden - The Ecstasy of Cecelia.jpg','jpg');
[RMR, CMR, DMR] = size (MR) ; I Matlab Code
[RJW, CIW, DJW] = size (JW);

rb = round( (RJW-RMR) /2) ;

cb = round((CJW-CMR) /2) ;

JWplusMR = uint8 ( (double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :)) +double (MR)) /2) ;
figure

image (JWplusMR)

truesize

title('The Extacsy of Bumperillo')

xlabel ('Jim Woodring + Mark Ryden')

JWtimesMR = double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :)) .*double (MR) ;
M = max (JWtimesMR (:)) ;

m = min (JWtimesMR (:)) ;

JWtimesMR = uint8 (255* (double (JWtimesMR)-m) / (M-m)) ;

figure

image (JWtimesMR)

truesize

title('EcstasyBumperillo')
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Intensity Masking: Multiplying Two Images

>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>
>>

[RMR, CMR, DMR] = size (MR) ;
[RIW, CJW, DJW] = size (JW);
rb = round ((RJW-RMR) /2);
cb = round ((CJW-CMR) /2) ;
JWplusMR = uint8 ( (double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :)) +double (MR)) /2) ;
figure

image (JWplusMR)
truesize
title('The Extacsy of Bumperillo')
xlabel ('Jim Woodring + Mark Ryden')

JWtimesMR = double (JW(rb: (rb+RMR-1),cb: (cb+CMR-1), :)
M = max (JWtimesMR (:)) ;

m = min (JWtimesMR (:));

JWtimesMR = uint8|(255* (double (JWtimesMR) -m) / (M-m) )|;
figure

image (JWtimesMR)
truesize
title('EcstasyBumperillo')

JW = imread('Jim Woodring - Bumperillo.jpg', 'Jjpg'); Example
MR = imread('Mark Ryden - The Ecstasy of Cecelia.jpg','jpg'):; l MGTIGFE) Code

Note that the images are multiplied, pixelwise.

double (MR) ;

Note how the image intensities are
scaled back into the range 0-255.
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Pixel Indexing in Matlab

“IP_Function" is
some arbitrary
image processing

“For” loops in Matlab are inefficient, whereas Matlab’s function that you or

native indexing procedures are very fast.

Rather than

use, if possible

But, sometimes that is not possible.
For example, if the output, J, is decimated with respect to the input, 7,

someone else has

written.

J(r,c,:) 2))

= IP Function(I(r,c,

IP Function(I);

the above will not work (unless, of course, it is done within IP_function).

16 January 2007

(€91999-2007 by Richard Alan Peters Il 44



V EECE/CS 253 Image Processing
Vanderbilt University School of Engineering

=

Pixel Indexing in Matlab | &5

A

=

H
5
=i

[1€ 82 ST TZ 61 91 €1 01 L ¥ 1J

Q
Il
—
5
N

B

To decimate the above image by a factor of n,
create a vector, r, that contains the index of
every nth row, and a similar vector, c.

[1€ 82 ST TZ 61 91 €T 01 L v 11=2

N
(&)
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: .. el ]
Pixel Indexing in Matlab “ni'”; il

-
Take the
pixels
indexed
by both
This is called, l rand c.
'vectorizing'.

Then, vectors r and ¢ used as index
arguments for image / select every
nth column in every nth row.

HENENAEE (SN NEERE NN
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Pixel Indexing in Matlab u
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Pixel Indexing in Matlab

Indexing in Matlab is fully general. H H H H H H
If T sRx Cx B, vectors r and ¢ ¢ [5Tnlzss]ea]
can contain any numbers 1 <7, <R ’L‘ * ]
and 1 < CkS C. ¢ 5 11 14 19 25 28
The numbers can be in any order
and can be repeated within r and c. I I -
_<_J_10
The result of T (r, ¢) 1s an ordinal i
. . 1 [|15|~—"a"15
shuffling of the pixels from I as — ;:L_ i
indexed by r and c. m— D
o |—23
— 27
Whenever possible, T

avoid using ‘for’ loops;
vectorize instead.
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Pixel Indexing in Matlab

Indexing in Matlab 1s fully general.

If T sRx Cx B, vectors r and ¢

can contain any numbers 1 <7, <R
and 1< ¢, <C.

The numbers can be in any order
and can be repeated within r and c.

The result of T (r, ¢) 1s an ordinal
shuffling of the pixels from I as
indexed by r and c.

Whenever possible,
avoid using ‘for’ loops;
vectorize instead.

LA

¢ |5 ]11]28]25]19]14]

* A A

Ly

T

11 14 19 25 28
rr

— 7

10
]
e B
T 15
- |
<__1_20

L3 -

NI I —_
[BIR[R[=]~[s] -
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Pixel Indexing in Matlab

Indexing in Matlab 1s fully general. H a El a i

If T sRx Cx B, vectors r and ¢

¢ |5 ]11]28]25]19]14]

. * * T
can contain any numbers 1 <7, <R ‘ ’J | |
and 1 < CkS C. ¢ s 11 14 19 25 28
-
The numbers can be in any order
and can be repeated within r and c. A I -
: : o]
The result of I (r, c) 1s an ordinal % g el
. . 15 F
shuffling of the pixels from I as ;:L_ g
indexed by r and c. % e i - -
B n ]
— 27
Whenever possible, 8

avoid using ‘for’ loops;
vectorize instead.
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Pixel Indexing in Matlab

Whenever possible,
avoid using ‘for’ loops;
vectorize instead.

Indexing in Matlab is fully general. Hgaai
If T sRx Cx B, vectors r and ¢ @ ¢ [ [ilas]2s]10]14]
can contain any numbers 1 <7, <R | ,U : |
— 1|
and 1 < Ckg C. ¢ s 11 14 19 25 28
The numbers can be in any order
and can be repeated within r and c. T E
_4__|—10
The result of I (r, c) 1s an ordinal — -
. . -«—T15
shuffling of the pixels from I as % ;:l_
indexed by r and c. - %:EZO
o 23 F
— 27 i
\
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Pixel Indexing in Matlab

Indexing in Matlab 1s fully general. a a H a a i

If T sRx Cx B, vectors r and ¢ @ ¢ [ [ilas]2s]10]14]
. * * T
can contain any numbers 1 <7, <R ‘ | ‘
and 1 < CkS C. ¢ s 11 14 19 25 28
-
The numbers can be in any order
and can be repeated within r and c. A I -
I _I—IO L
. . 10| g
The result of I (r, c) 1s an ordinal = [ 5
. . -«—T15
shuffling of the pixels from I as % ;:l_
indexed by r and c. A
— |Lx
— 27
Whenever possible, i '
[

avoid using ‘for’ loops;
vectorize instead.
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Pixel Indexing in Matlab

Indexing in Matlab 1s fully general. a a H a a i

Whenever possible,
avoid using ‘for’ loops;
vectorize instead.

If T sRx Cx B, vectors r and ¢ @ ¢ [ [ilas]2s]10]14]
. * * T
can contain any numbers 1 <7, <R ‘ | ‘
and 1 < CkS C. ¢ s 11 14 19 25 28
-
The numbers can be in any order
and can be repeated within r and c. A I -
I _I—IO
. . 10|
The result of I (r, c) 1s an ordinal = [ 5
. . -«—T15
shuffling of the pixels from I as % ;:l_
indexed by r and c. A
= |Lxc
— 27 i
[
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