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Poitn transformation

- convert images / images to other images

I=>J IxIx.xI=>J

- operations on individual pixels of the image

I(xy)=J(xy)
« The environment of the processed pixel has no effect on the operation
. all pixels of the same intensity are treated identically
« they serve different purposes:
- improvement of image quality (contrast, brightness)
- mining, emphasizing certain features
- histogram change
- change of colors
- arithmetic in images (addition, subtraction)
- Gamma correction
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● the environment of the processed pixel has no effect on the operation
● all pixels of the same intensity are treated identically
● they serve different purposes:
- improvement of image quality (contrast, brightness)
- mining, emphasizing certain features
- histogram change
- change of colors
- arithmetic in images (addition, subtraction)
- Gamma correction


Histogram of a digital image

o graph showing how many pixels of each intensity is in the image
. all possible intensities in the image are put in the OX axis
 The Y position of the point (height of the bar) is proportional to the number of
pixels X-intensity image.

H(i)=card|{(x,y):Image(x,y)=i}

Histogram («]
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Srednia: 115,2 Piksele: 187500
Std dew: 76,0 Licznosc: 187500
Mediana: 104,0 Kafelek procentu: 100,0
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● graph showing how many pixels of each intensity is in the image
● all possible intensities in the image are put in the OX axis
● the Y position of the point (height of the bar) is proportional to the number of    pixels X-intensity image.


Histogram of a digital image

picture with 8 levels of intensity
B g:_*l.l h | '1“-?-» N o . 45000
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Histogram calculation (Scilab)

image=gray imread('W2.]jpg') ;

[h, w]=size(image) ;

hist=zeros (256,1); 2000 —

for y=1:h +800 7
for x=1:w von |
lev=int (image (y,x) *255+0.5) ;, 1200 |
hist(lev+l)=hist(lev+1l)+1l; 1000 -

1600 —

end 800 —
600 —
n
end . 400 —
bar (hist) ; 200 —
xbasc; o
plot (hlSt) . o 25 50 75 100 125 150 175 200 225 250
’

200000 —

180000 —

cumulative histogram

160000 —
140000 —

120000 —

histcum=hist;
for i=2:size (histcum,1l)

100000 —

80000 —

histcum(i)=histcum (i) + 606606 —
histcum(i-1) ; 40000 —
end 20000 —|

o —
(@] 25 50 75 100 125 150 175 200 225 250

plot (histcum) ;
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Histogram of colored

each of the RGB channels separately:

imRGB=imread ('W2-RGB. jpg') ;
[h, w]=size (imRGB) ;
hRGB=zeros (256, 3) ;
for y=1:h

for x=1:w

for k=1:3

1=int (imRGB(y,x,k) *255+0.5) ;
hRGB (1+1,k)=hRGB (1+1,k)+1;

end
end
end
plot (hRGB) ;

for HSV modelof colors:

imHSV=rgb2hsv (imRGB) ;
hHSV=zeros (256, 3) ;
for y=1:h
for x=1:w
for k=1:3
l1=int (imHSV(y,x,k) *255+0.5) ;
if 1<0 then; 1=0; end
hHSV (1+1,k)=hHSV(1+1,k)+1;
end
end
end
plot (hHSV) ;
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skala Y obcieta z 10000
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(@]

skala Y obcieta z 10000

8000 —

7000 —

6000 —

5000 —

4000

3000
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o —!

Saturation
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Changing the pixel value

Look-up Table (LUT)

defines context-free operations

« array specifies the value of the pixel after the operation

I(x,y) = LUT(I(x,y))

function res=LUTgray (image, LUT)
[h, w]=size (image) ;
res=zeros (h,w) ;
for y=1:h
for x=1:w
res (y,x)=LUT (int (image (y,x) *255+0.5) +1) /255;
end
end
endfunction
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identity transformation LUT

example of LUT

piksel

f(piksel)
0 13
1 34
2 234
254 11
255 255

input=output

250

225

200

175

150

125

100

75

50

25

0

0
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● array specifies the value of the pixel after the operation
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input=output


for i=0:255
LUT (i+1)=255-1i;
end

image2=LUTgray (image, LUT) ;

imshow (image2) ;

250

225+

200

175

150

125

100

75

50

254

0
0 25 50 75 100 125 150 175 200 225 250
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Negative image

5000 — .
mirror charts
4000 —
3500 —
3000 —
2500
2000
1500
1000

500 —|

0 -
0 25 50 75 100 125 150 175 200 225 250
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1800 —
1600 —
1400 —
1200
1000 —

800 —

600 —

400 —

200 —

0-
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Thresholding

if  Image(x,y)<threshold
255 if  Image(x,y)>threshold ="

225

Image(x,y)=

200
175

150

LUT=zeros (256,1) ;

LUT (prég:256)=1;
image2=LUTgray (image, LUT) ;
imshow (image2) ;

125

100

757

50 4

25+

0

0 1 75 100 125 150 175 200 225 250

50
threshold
threshold=184

threshold=32

Wyktad 2 2008 Cyfrowe Przetwarzanie Obrazow 9


Roland
Pole tekstowe
Thresholding

Roland
Pole tekstowe
if

Roland
Pole tekstowe
if

Roland
Pole tekstowe
threshold

Roland
Pole tekstowe
threshold=32

Roland
Pole tekstowe
threshold=127

Roland
Pole tekstowe
threshold=184

Roland
Pole tekstowe
threshold

Roland
Pole tekstowe
threshold


Increase brightness

/ /Increase brightness +50

for i=0:255

LUT (i+1)=min (255,i+50) ;
end
image2=LUTgray (image, LUT) ;
imshow (image2) ;

250
225+
200
175 - skala Y obcieta
150 5000 — 5000 —
125 - 4500 — 4500 —
100 4 4000 4000 —
3500 3500
3000 3000 —
2500 + 2500 —
2000 — 2000 —
1500 — 1500 —
50 75 100 125 150 175 200 225 250 1000 1000 4
500 — 500 —

0 - 0
0 25 50 75 100 125 150 175 200 225 250

—

75 100 125 150 175 200 225 250
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Decrease brightness

/ /Decrease brightness -50

for i=0:255

LUT (i+1l)=max(0,i-50) ;
end
image2=LUTgray (image, LUT) ;
imshow (image2) ;

PN
250
225
200 <
1751
150 — 5000
125 1 4500 —
4000
100 —
3500 |
75
3000 |
507 2500
N 2000 —|
0 ) 1500 — 1500 —| I
0 75 100 125 150 175 200 225 250 1000 1000 4
500 | 500
0 - [
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200
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Loss of information when changing brightness

brightness -100 brightness +100

skala Y obcieta

5000 — 5000 —
. all dark intensities are cut off =
4000 — 4000 —
3500 « levels > 100 have not changed o0
3000 3000 T
2500 — 2500 T
2000 — 2000 4
1500 — 1500 —
1000 — 1000 —
500 500 —
(O 0
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
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Loss of information when changing brightness

brightness +100 brightness -100

skala Y obcieta

5000 — 5000 —
. all bright intensities have been cut of f <o~
. levels <255-100 have not changed
2000 — 2000 —
500 —| 500
070 25 50 75 100 125 150 175 200 225 250 070 25 50 75 100 125 150 175 200 225 250
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● all bright intensities have been cut off
● levels <255-100 have not changed


Increasing the contrast

//Increase contrast +50
for i1=0:255

LUT (i+1l)=int (127+(i-127) *255/155+0.5) ;
LUT (i+1)=min (255,max (0,LUT (i+1))) ;
end

image2=LUTgray (image, LUT) ;

imshow (image2) ;

=250
225
200
175 - skala Y obcieta
150 5000
125 — 4500 —
100 4 4000
3500 —
75
3000 —
50
2500
257 2000
0 1500
0 1 50 75 100 125 150 175 200 225 250
1000
500

0 -
0 25 50 75 100 125 150 175 200 225 250
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Decreasing the contrast

/ /Decrease contrast -50
for i1=0:255
LUT (i+1)=int (127+(i-127)*155/255+0.5) ;
LUT (i+1)=min (255,max (0,LUT (i+1))) ;
end
image2=LUTgray (image, LUT) ;
imshow (image2) ;

250
225
200
175 skala Y obcieta
150 5000 — 4000 —
| 3750
125 | 4500 3500
4000 — 3250
100 | 3000 —
25 3500 5750 |
3000 — 2500
50 2250
2500 — 2000 —
25 1750
2000 1500
0 1500 1250 —
0 25 50 75 100 125 150 175 200 225 250 1000 —
1000 750 —
500 —
500 250 |
0 - o4
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
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Loss of information when changing contrast

contrast -100 contrast +100

5000 — 10000 —
4500 7 « seemingly the output image resembles scoo-
4000 — . 8000 —
3500 — The InPUT 7000 —
3000 - « but looking at the histograms, you can o -
22907 see that the color depth has been 5000 7
2000 — 4000 —
1500 - reduced r000
1000 2000 —

500 — 1000 —

° 0 25 50 75 100 125 150 175 200 225 250 0;) 25 ”570 75 100 125 150 7175 200 7225 250
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● seemingly the output image resembles the input
● but looking at the histograms, you can see that the color depth has been reduced


Loss of information when changing contrast

contrast +100 contrast -100

skala Y obcieta

5000 — 5000 —
4500 7 o the output image has "cropped" 4500 7
4000 . 4000 |
+500 light and dark levels g
3000 - . central levels remained unchanged 000
2500 — 2500
2000 — 2000 —
1500 — 1500 —
1000 — 1000 —
500 500 -

o~ 0 —

0] 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
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● central levels remained unchanged


Gamma correction

* change of intensity according to non-linear function

Y
Image(x
Image(x ,y)=255- gelx, y)
255
* a context-free operation, carried out as a LUT

for i1i=0:255
LUT (i+1)=int (255* (1i/255) ~"gamma+0.5) ;
end Jurohi, Wikipedia
image2=LUTgray (image, LUT) ; 1
imshow (image2) ; -

09 -~

- very frequent adjust operation colors to non- gamma -~
. . . . correction -

linear characteristics CRT monitors o 122 2
- CRT monitors around 2.2 b

- gamma correction1/ 2.2

0 0.1 02 03 04 0.5 08 07 08 08 1
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very frequent adjust operation colors to non-linear characteristics CRT monitors
- CRT monitors around 2.2
- gamma correction 1 / 2.2


Test ustawienia korekcji gamma monitora

Janke, Wikipedia

RGB values apply to
large image; thumbnail
is exaggerated for clarity

0,0,0

6,6,6

15,15,15

* lewe potkole powinno byc¢ praktycznie niewidoczne
* prawe potkole powinno byc¢ jak najbardziej widoczne
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y>1

Y = 2 — gamma expansion, increasing the contrast of bright areas

5000 —
4500 —
4000 —
3500
3000 —
2500 —

2000 — 250

1500 — 225
1000 —

200
500 —

175
o

0 25 50 75 100 125 150 175 200 225 250 150

125

100

75

50
9000 —

25
8000

0
7000 0 25 50 75 100 125 150 175 200 225 250

6000 —
5000 —
4000 —
3000
2000 —
1000 —
0 -

0 25 50 75 100 125 150 175 200 225 250
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y <1

y = 0.5 — gamma compression, increasing the contrast of dark areas

5000
4500
4000
3500
3000
2500 |
2000 - 250 1
1500 — 295 |
1000 |
200
500
175 -
0
0 25 50 75 100 125 150 175 200 225 250 150 |
125 4
100 —
75 7
50 —
4000 —
3750 25
3500
3250 0
3000 — 0 25 50 75 100 125 150 175 200 225 250
2750
2500
2250
2000
1750 |
1500 |
1250 |
1000
750
500
250 |
L o0

0 25 50 75 100 125 150 175 200 225 250
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Histogram correction operation

. are designed to improve the image contrast quality
« change the histogram

o extension of the histogram
- pixels should use all available intensity levels
o equalization of the histogram
- all levels should be approximately parallel
- that is, the histogram should have been flat, without mountains and valleys

The perfect cumulative histogram The ideal histogram
A Number of pixels A Number of pixels
il -
Intensity level Intensity level
max max max max
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● are designed to improve the image contrast quality
● change the histogram

● extension of the histogram
   - pixels should use all available intensity levels
● equalization of the histogram
   - all levels should be approximately parallel
   - that is, the histogram should have been flat, without mountains and valleys
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Stretching the histogram
255

I(x,y)=|I(x,y)-min|

max—min

12000 - 12000 —
11000 - 11000
10000 10000 |
9000 — 9000 |
8000 — 8000 |
7000 | 7000 |
6000 —| 6000 |
5000 | 5000 -
4000 4000
3000 | 3000 4
2000 | 2000 4
1000 1000 4
0 0
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
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Stretching the histogram

because the "tails" of the histogram can be very low and long - instead of
max and min, for example, the quantiles 5% and 95% (percentiles) which can
be calculated from the cumulative histogram

200000 —
95 °/° 180000 — /

160000 —

140000 —
120000 —
100000 —
80000 —
60000 —|

40000 —

5 °/° 20000 —

R —
(o)
o 25 50 75 100 125 150 17% 200 225 250

154 183

12000 —
4 22500
11000 — 250
10000 — 225 | 20000 |
9000 — 200 | 17500 —
8000 —
1759 15000 —
7000 —
6000 — 130 12500 —|
5000 — 1257 10000 |
4000 — 100
7500
3000 754
2000 — 5000
50
1000 —| 2500 -
o 254
0 25 50 75 100 125 150 175 200 225 250 0 o~

[0} 25 50 75 100 125 150 175 200 225 250
0 25 50 75 100 125 150 175 200 225 250
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because the "tails" of the histogram can be very low and long - instead of max and min, for example, the quantiles 5% and 95% (percentiles) which can be calculated from the cumulative histogram


Stretching the histogram

after stretching, they can still leave hills and valleys

4000 — 4000 —
3750 3750 |
3500 | 3500
3250 3250
3000 3000 |
2750 5750
2500 5500 |
2250 5250 |
2000 —| 5000 4
1750 | 1750
1500 | 1500 |
1250 1250
1000 1000

750 | 250

500 | 500 |

250 | 250

o] ° X

0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
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Alignment of the histogram

the cumulative histogram is taken as the LUT table

histogram cumulative histogram
4000 — 200000 — N AR
37307 180000 |
3500 —
3250 — 160000 |
3000
2750 140000 —|
2500 — 120000
2250 —
2000 — 100000
1750 —|
1500 | 80000 —|
1250 — 60000 —
1000 —|
750 40000 —|
500 7 20000 |
250
o-! o
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250

LUT G

result histogram

250
4000 —
3750 | 225
3500 —
3250 200
3000 175 |
2750 —
2500 150 |
2250
2000 — 125
1750
1500 100
1250
1000 —| 757
750 —
500 — 50 7
250 25 |
0- R U -
0 25 50 75 100 125 150 175 200 225 250 “ 0

0 25 50 75 100 125 150 175 200 225 250
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Stretch histogram versus histogram alignment

stretch histogram

4000 —
3750 —

3500
3250
3000
2750
2500
2250
2000
1750
1500
1250
1000

750

500 —

250 —
o —!

o 25 50 75 100 125 150 175 200 225 250

. alignment gives better results (such "smart"
stretching), you can see more details

. aligned histogram is not ideal but better than in

stretching

. alignment:

- extends "peaks"

- compresses "valleys"

““+uUuUuuuv
3750 —
3500 —
3250 —
3000 —
2750 —
2500 —
2250 —
2000 —
1750 —
1500 —
1250 —
1000 —

750 —

500 —

250 UH

= Jull Il

o 25 50 75 100 125 150 175 200 225 250
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● alignment gives better results (such "smart"
   stretching), you can see more details
● aligned histogram is not ideal but better than in stretching
● alignment:
- extends "peaks"
- compresses "valleys"
● stretching is linear, alignment - non-linear


Operacja na histogramach
obrazow kolorowych

wykonywane na wszystkich kanatach (RGB, HSV) niezaleznie
lub z tymi samymi parametrami

o 25 50 75 100 125 150 175 200 225 250

o 25 50 75 100 125 150 175 200 225 250
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Wyrownanie histogramu obrazu kolorowego

kazdy kanat RGB wyrownywany niezaleznie

o 25 50 75 100 125 150 175 200 225 250
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Negatyw obrazu barwnego

* kazdy kanat z RGB odwracany jest niezaleznie

Image(x,y,kanat) = 255 - Image(x,y,kanat)

* operacja bezstratna — odwracalna
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Zwiekszenie intensywnosci kanatu R

» dodanie do kazdego piksela wartosci (50,0,0)
e ,zaczerwienienie” obrazu
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Zmniejszenie intensywnosci kanatu R

 odjecie od kazdego piksela wartosci (50,0,0)
* dodanie sktadowej cyjan do obrazu
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Zwiekszenie intensywnosci kanatu G

» dodanie do kazdego piksela wartosci (0,50,0)
* ,zazielenienie” obrazu
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Zmniejszenie intensywnosci kanatu G

 odjecie od kazdego piksela wartosci (0,50,0)
» dodanie sktadowej magenta (purpura, réz) do obrazu
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Zwiekszenie intensywnosci kanatu B

» dodanie do kazdego piksela wartosci (0,0,50)
 ,zaniebiesczenie” obrazu
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Zmniejszenie intensywnosci kanatu B

 odjecie od kazdego piksela wartosci (0,0,50)
* ,zazotcenie” obrazu

Wyktad 2 2008 Cyfrowe Przetwarzanie Obrazow 36



Balans kolorow

* balans kolorow (skala kazdego z kanatéw RGB) decyduje o naturalnosci
kolorow (zgodnoscig z percepcjg cztowieka w swietle naturalnym)
* r6zne oswietlenie zmienia balans koloréw, konieczna jest korekcja balansu
* w prostych urzgdzeniach odbywa sie to poprzez ,korekcje balansu bieli”
- mierzy sie kolor wzorcowej bieli w danym oswietleniu (Rg, Gg, Bp)

- wszystkie kolory modyfikuje sie wg rownania macierzowego

[R] [255/R, 0 0 ] [R]
[G] = | 0 255/ Gy 0O 1 * [G]
[ B] [ 0 0 255/By ] [B]

* w bardziej zaawansowanych urzgdzeniach wykonuje sie kalibracje kolorow
wg tablicy kolorow wzorcowych - zaleznosci sq bardziej ztozone niz powyzej
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Zwiekszenie jasnosci

» dodanie do kanatu Value w modelu kolorow HSV statej wartosci
* barwy i nasycenie nie ulegajg zmianie
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Zmniejszenie jasnosci

 odjecie od kanatu Value w modelu koloroéw HSV statej wartosci
* barwy i nasycenie nie ulegajg zmianie
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Zwiekszenie nasycenie kolorow

» dodanie do kanatu Saturation w modelu kolorow HSV statej wartosci
* barwy i jasnosc nie ulegajg zmianie
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Zmniejszenie nasycenie kolorow

* odjecie od kanatu Saturation w modelu kolorow HSV statej wartosci
* barwy i jasnosc nie ulegajg zmianie

* ustawienie kanatu Saturation na 0O
tworzy obraz czarno-biaty
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Przesuniecie kolorow

* cykliczna przesuniecie kanatu barwy Hue w modelu koloréw HSV
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* przesuniecie 0 60° .-
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LUT Hue| ™

0 25 50 75 100 125 150 175 200 225 250
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Przesuniecie kolorow

* cykliczna przesuniecie kanatu barwy Hue w modelu koloréw HSV
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* przesuniecie 0 120° ! -
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LUT Hue| Zz*
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-_— -  ——
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Przesuniecie kolorow

* cykliczna przesuniecie kanatu barwy Hue w modelu koloréw HSV
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* przesuniecie 0 180/ 1s
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Przesuniecie kolorow

* cykliczna przesuniecie kanatu barwy Hue w modelu koloréw HSV
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* przesuniecie 0 240° ! .-
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Przesuniecie kolorow

* cykliczna przesuniecie kanatu barwy Hue w modelu koloréw HSV
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Arytmetyka obrazéw

« z dwoch lub wiecej obrazéw powstaje jeden wynikowy
» zwykle stosowana do obrazow w skali szarosci lub binarnych (ale nie tylko)

Imagel(x,y) x Image2(x,y) = Imagel(x,y) operation Image2(x,y)

» dodawanie obrazéw

« odejmowanie obrazow

* mnozenie obrazow

» dzielenie obrazéw

* operacje bitowe (OR, AND, XOR, NOT)
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Dodawanie obrazow

« efekt podwdjnej ekspozycji

Image(x,y) = Imagel(x,y) + Image2(x,y)
lub
Image(x,y,kanat) = Imagel(x,y,kanat) + Image2(x,y,kanat)

* moze pojawic sie problem z wartosciami powyzej maksymalnej wartosci
* rOzne sposoby poradzenia sobie z tym zjawiskiem:
- przeskalowanie obrazu wynikowego do oryginalnej skali
Image(x,y) = ( Imagel(x,y) + Image2(x,y) )/ 2
- ustawienie wartosci przekraczajacych maks na maks
Image(x,y) = min( maks, Imagel(x,y) + Image2(x,y) )
- efekt cyklicznosci — wartos¢ wynikowa modulo maks
Image(x,y) = ( Imagel(x,y) + Image2(x,y) ) % 256
e zastosowania:
- efekt artystyczny
- naktadanie tekstur
- usuwanie szumu poprzez usrednianie (dodanie proporcjonalne) kolejnych
obserwacji tej samej sceny
- uwypuklenie pewnych cech po dodaniu ich obrazu
(np. wyostrzanie przez dodanie krawedzi)

- dodanie statej wartosci rozjasnia obraz
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Proporcjonalnhe dodawanie obrazow

Image(x,y) = ( Imagel(x,y) + Image2(x,y) )/ 2
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Wazone dodawanie obrazow

Image(x,y) = W * Imagel(x,y) + (1-W) * Image2(x,y), 0< W< 1

* automatyczne wyskalowanie obrazu wynikowego
 efekt przejscia miedzy 2 obrazami ptynnie zmieniajac W: 0 — 1
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Kanat alfa obrazow

* czwarty kanat, obok RGB, HSV, ...
(lub drugi dla obrazow monochromatycznych)

 okresla, w ktorym miejscu obraz jest przezroczysty (transparentny,
najczesciej reprezentowany przez kolor czarny, waga W=0) a w ktorym
nieprzezroczysty (ang. solid, opaque, reprezentowany zwykle
przez kolor biaty, waga W=1)

* obraz przezroczysty , przepuszcza” czes¢ obrazu pod nim w stopniu
okreslonym przez alfe (przezroczystosc)

* ma to znaczenie przy naktadaniu sie kilku obrazéw
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Kanat alfa obrazow

obraz + Jego kana’r alfa

da] Je nas‘rqpu jacy wymk
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* mato czytelne obrazy
* regiony dominujace
» duzo obszaréw z efektem saturacji - biatych
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Dodawanie obrazéw z ,,zawinieciem” wartosci

Image(x,y) = modulo (Imagel(x,y) + (1-W) * Image2(x,y), 256 )

* mozna odnalez¢ wiecej szczegdtow z obu obrazéw
* nadal mato naturalny obraz
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* dodawanie proporcjonalne

* obraz w dole po operacji dodania z saturacjq
tta oryginalnego obrazu kuli
(tto uzyskane przez progowanie)

Wyktad 2 2008 Cyfrowe Przetwarzanie Obrazow 55



Usuwanie szumu przez usrednianie

Obraz oryginalny

* nazywane usrednianiem czasowym
* szum musi miec srednig zero
i statg wariancje

5 kolejnych obserwacji z urzadzenia ktére dodaje znaczacy szum

Dodanie proporcjonalne
5 powyzszych obserwacji
(szum zmalat)

Dodanie proporcjonalne
10 obserwacji
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Obraz oryginalny (rozmyty) ” ~ Obraz kr;-QWdei (Laplci;jc{h)
| ~ po wyrdwnaniu histogramu
dla lepszej wizualizacji

Obraz wynikowy po dodaniu | &
obrazu oryginalnego

i krawedzi

(tak naprawde

po 2 takich operacjach)
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Odejmowanie obrazow

Image(x,y) = Imagel(x,y) — Image2(x,y)
lub
Image(x,y,kanat) = Imagel(x,y,kanat) - Image2(x,y,kanat)

* moze pojawic sie problem z wartosciami ujemnymi
* rOzne sposoby poradzenia sobie z tym zjawiskiem:
- wartos¢ bezwzgledna rdoznicy
Image(x,y) = | Imagel(x,y) - Image2(x,y) |
- ustawienie wartosci ujemnych na 0
Image(x,y) = maks( 0, Imagel(x,y) — Image2(x,y) )
- efekt cyklicznosci — wartos¢ wynikowa modulo maks
Image(x,y) = ( Imagel(x,y) - Image2(x,y) + 256 ) % 256
* operacja w zasadzie asymetryczna
e zastosowania:
- obrazy réznicowe — wyodrebnianie réoznic miedzy obrazami podobnych
obiektéw lub tego samego obiektu w na réznych obrazach
- odejmowanie od obrazu niejednorodnego tta — w sytuacji gdy np.
oswietlenie przy akwizycji byto nierowne
- odjecie statej wartosci zmniejsza jasnos¢ obrazu
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Odejmowanie — desaturacja

Image(x,y) = maks (0, Imagel(x,y) — Image2(x,y) )

» duzo regiondw czarnych - nieczytelnych
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Odejmowanie — desaturacja

Image(x,y) = maks (0, Image2(x,y) — Imagel(x,y) )

* operacja komplementarna - inny obiekt jest pierwszoplanowy, a inny jest ttem
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Odejmowanie cykliczne

Image(x,y) = modulo (Imagel(x,y) - Image2(x,y), 256)

* wiecej widocznych szczegotow
» efekt nieczytelny - co wida¢ na tym obrazie ?
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Odejmowanie cykliczne

Image(x,y) = modulo (Image2(x,y) - Imagel(x,y), 256)

* operacja komplementarna - negatyw poprzedniej
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Odejmowanie bezwzgledne

Image(x,y) = | Image2(x,y) - Imagel(x,y) |

* operacja symetryczna
« widac 2 obrazy, troche jak w dodawaniu
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Obrazy r

» zagadka - czym rdznig sie te dwa obrazy ?

Cyfrowe Przetwarzanie Obrazow

64
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Obrazy roznicowe

Obraz réznicowy (réznica bezwzgledna) Negatyw réznicy

» obrazy roznicowe wykazujg réznice
» czesto wykorzystywana technika w ocenie jakosci segmentacji obrazow
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Odejmowanie tta

Obraz wejsciowy
"' :‘;11:— i:ll-

Kamera filmuje jednolite tto

Odjecie tta od obrazu z obcieciem wartosci Negatyw odejmowania
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Mnozenie obrazéow

Image(x,y) = Imagel(x,y) * Image2(x,y)
lub
Image(x,y,kanat) = Imagel(x,y,kanat) * Image2(x,y, kanat)

* jak w dodawaniu moze sie pojawic¢ problem z przekraczaniem zakresu

 rzadko stosuje sie mnozenie 2 rzeczywistych, roznych obrazow

* wyjgtek — mnozenie przez obraz binarny — naktadanie maski, ale lepiej
nadajg sie tu bitowe operacje (AND)

« czesciej mnozenie obrazu przez liczbe - rozjasnia to obraz lepiej niz
dodanie do obrazu statej

* jesli sktadowe obrazu reprezentowane sg
przez wartosci z przedziatu [0,1] o
wynik mnozenie nie wykracza z zakresu 200

* mnozenie takiego obrazu przez samego siebie
powoduje pociemnienie obrazu 20

250

125
100

75

LUT potegowania obrazu
Z wartosciami z zakresu [0,1] -
(wykres y=x* w przedziale (0,1) °

0 1 50 75 100 125 150 175 200 225 250
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Potegowanie obrazow

» potegowanie obrazu ktérego
wartosci nalezg do zakresu [0,1] -
obraz ciemnieje, wartosci nie
wychodzg z zakresu

» potegowanie obrazu ktérego
wartosci nalezg do zakresu [0,255] -
wartosci prawie wszedzie wychodzg
z zakresu (tu: obciecie wartosci poza
zakresem - saturacja)
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Maskowanie binarne obrazow

O - czarny
1 - biaty
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Maskowanie ciggte obrazéw

O - czarny
1 - biaty
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Dzielenie obrazéow

Image(x,y) = Imagel(x,y) / Image2(x,y)
lub
Image(x,y,kanat) = Imagel(x,y,kanat) /| Image2(x,y, kanat)

* uwaga na dzielenie przez zero !!!
» podobne zastosowanie do odejmowania obrazéw (lepsze efekty)
- dzielenie przez tfo

S
S o :
;;w;@%g%m}
e A

|
|

@
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Dzielenie obrazéow w wykrywaniu ruchu

jedna z komérek poruszyta sie, ktora ?

Obraz II Obraz I2
A > e -2 ¢ ¢ "‘3 €3 -2 u
T2 o € L& Filfe g e Ty A ty € LE T e 7.0 p
ﬂ\: o oy B : J %: o & § s ‘ j
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% 27 & 2SI ¢ =~ & ool e
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s @ O G ] - QD. & & y
SO S SRR
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Dzielenie obrazéw w wykrywaniu ruchu

Obraz I1/I2 - pozycja poczatkowa Obraz I2/I1- pozycja kohcowa

Obraz (I1/I2- 12/11)
- dynamika ruchu
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Operacje na bitach obrazow

* najczesciej sktadanie z obrazami — maskami 00000000 - czarny

1111111 - biaty (255)

/“ ""‘" & o W

== O OT
= O = OO0
= O O o>
= = O OT
= O = O
=== OoO<

operacja OR

/! EREE YT 5
/ e = |
W }

B
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Roland
Pole tekstowe


Operacja XOR

= = O OT
= O~ OO0

» ze wzgledu na fakt bycia wtasng ~_ dwrotng
(o=, (XeY)oY=X ) byla czesto stosowana
do tymczasowego zaznaczania ksztattdw na obrazach
* usuniecie ksztattu odbywa sie poprzez jego ponowne narysowanie
* jest to szybka operacja
* algorytm opatentowany !!!: U.S. Patent 4,197,590 firma Cadtrack
 od jakiegos czasu znikngt z rozwigzan bibliotek GUI :-(

Wyktad 2 2008 Cyfrowe Przetwarzanie Obrazow 75


Roland
Pole tekstowe

Roland
Pole tekstowe


GNU Free Documentation License

Version 1.2, November 2002

Copyright (C) 2000,2001,2002 Free Software Foundation, Inc.
51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either
commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this
License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or
reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy,
modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and
contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical
connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition
of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-
Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or
(for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text
formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if
used for any substantial amount of text. A copy that is not "Transparent” is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF
designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the
DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as
such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name
mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this
definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all
copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept
compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
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3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry,
clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the
full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these
conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network
location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take
reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque
copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the
Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

* A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the
same title as a previous version if the original publisher of that version gives permission.

* B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors,
if it has fewer than five), unless they release you from this requirement.

* C. State on the Title page the name of the publisher of the Modified Version, as the publisher.

* D. Preserve all the copyright notices of the Document.

* E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

* F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.

* G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.

* H. Include an unaltered copy of this License.

* 1. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the
Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.

* J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be
placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.

* K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.

* L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.

* M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.

* N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.

* 0. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To
do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements"”, provided it contains nothing but endorsements of your Modified Version by various parties--for example, statements of peer review or that the text has been approved by an organization as
the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-
Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on
behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
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6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided
that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding
verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not
used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves
derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but
you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty
Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a
notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any other attempt to copy, modify, sublicense or distribute the Document is void, and will automatically terminate your
rights under this License. However, parties who have received copies, or rights, from you under this License will not have their licenses terminated so long as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems
or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions
either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published
(not as a draft) by the Free Software Foundation.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the
original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title
of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant
Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled
"Dedications". You must delete all sections Entitled "Endorsements."

(not as a draft) by the Free Software Foundation.
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