Digital Image Processing

Special topic:
Image Eaditing



Lecture Notes: Pixelization and Quantization

@ This work is licensed under the Creative Commons Attribution-Noncommercial 2.5 License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc/2.5/ or
send a letter to Creative Commons, 543 Howard Street, 5th Floor, San Francisco, California, 94105, USA.



Pixelization ...

... IS a special effect often used to hide identities ...

How to do it?



*Pixelization and Quantization
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Pixelization

Take the average
within each square.

CcA (c+tHA ¢

2 4 b

| — ——

(0. 2) | 1 15(7.C)
1

IDs(r,C)= Z Z | (p’Z); =1t A pixelated image

p=rA Z=CA (upsampled)

high-res image




Pixelization

Take the average
within each square.
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Pixelization

Take the average
within each square.
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Pixelization

Take the average
within each square.
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Pixelization

original image




*ixelization | 8 of &: 256x256




*ixeliza’[ion | 7 of &: 128x128




*ixelization | 6 of 8: 64x64




*ixelization |5 of 8: 32x32




*ixelization | 4 of 8: 16x16
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Pixelization : cross-fade

original image

Cross-fade: a*mask + (1-a)*original



Pixelization by Factor 32

v

I Cross-fade, a=5/5

Cross-fade: a*mask + (1-a)*original



I Cross-fade, a=4/5

gixelization by Factor 32

Cross-fade: a*mask + (1-a)*original



Pixelization by Factor 32
i I Cross-fade, a=3/5

Cross-fade: a*mask + (1-a)*original



Pixelization by Factor 32

i I Cross-fade, a=2/5

Cross-fade: a*mask + (1-a)*original



Pixelization by Factor 32

I Cross-fade, a=1/5

Cross-fade: a*mask + (1-a)*original



Pixelization by Factor 32

original image




Quantization
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Quantization
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‘L Intensity Quantization
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Intensity Quantization

256 128 64 32 16 8 4 2

Usually with 2-bit
quantization, the
output intensities

are mapped to
{0,85,170,255},

and with 1-bit
quantization, the
output intensities
are taken to be

{6,255

8 bits 7 bits 6 bits 5 bits 4 bits 3 bits 2 bits 1 bit
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Quantizing an image into 1, 2, or 3 bits can introduce false
contours.

The addition of signed noise to the image before quantization can
Improve the appearance of the result. This is called dithering.

The noise usually should have p = 0. re . &

The o of the noise must be determined through experimentation

since it depends on the image being quantized. A reasonable first [
choice for uniformly distributed noise is 0 = %M/q, where M is the
maximum intensity value in the image (e.g. 255) and q is the
number of bits in the quantized image. P
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Dithering:
use noise to reduce quant. error




Dithering:
use noise to reduce quant. error




Dithering:
use noise to reduce quant. error
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Dithering:
Lse noise to reduce quant. error

8 bits I 1 bit I 1 bit + noise I



Dithering: Matlab demo
-- Grayscale image

clear all; close all;
iptsetpref(‘ImshowBorder','tight’);

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

BW1 = im2bw(l,0.5);
figure, imshow(BW1);

BW2 = dither(l);
figure, imshow(BW2);




Dithering: Matlab demo
-- Color Image

rgb=imread('onion.png";
height=size(rgb,1);width=size(rgb,2);
figure,imshow(rgb);

map=colormap(colorcube(64));
BWrgb = rgb2ind(rgb,map,'nodither’);
figure,imshow(BWrgb,map);

noise=30.0*randn(height,width,3);
rgbnoise=uint8(double(rgb)+noise);
BWrgbnoise = rgh2ind(rgbnoise,map,'nodither");
figure,imshow(BWrgbnoise,map);

% The following two lines are equivalent

% DITrgb =rgb2ind(rgb,map,'dither");

DITrgb = dither(rgh,map);
figure,imshow(DITrgb,map);

[X_no_dither,map]= rgb2ind(rgb,64,' nodither");
figure, imshow(X_no_dither,map);

[X_dither,map]=rgb2ind(rgb,64,'dither"); ] ]
figure, imshow(X_dither,map); How to choose optimal index colors ?



i Clustering Principle
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8-bit-per-band, 3-band,

ApplICathn Of Quantlza'“()n “original” image
Steganography({m,u ,yar)
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If an image is quantized, say from 8 bits to 6 bits and redisplayed
It can be all but impossible to tell the difference between the two.



Application of Quantization: |

Steganography
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If an image is quantized, say from 8 bits to 6 bits and redisplayed
It can be all but impossible to tell the difference between the two.



Application of Quantization:
Steganography

green-band histogram of 8-bit image green-band histogram of 6-bit image

The histograms of the two versions indicate which is which. If the 6-
Is displayed as an 8-bit image, it has only pixels with values 0, 4, 8, ...,

0,4,8, ..., 252 "



Application of Quantization:
i Steganography

If the 6-bit version is That other information could be
displayed as an 8-bit a message, perhaps encrypted, or
Image then the 8-bit even another image.

pixels all have zeros

in the lower 2 bits: [Image 1] [Image2]
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b=0orl always 0 v T
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This introduces the 7
ap mg= - Ve v
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other information in
the low-order bits. X-Shift n = logical left or right shift by n bits.




: - . . Image 1 in upper 6-bits.
Application of Quantization: ZImeezinlower2bits |
Steganography
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The second image is invisible because the value of each pixel is between 0 and 3.
For any given pixel, its value is added to the to the collocated pixel in the first image
that has a value from the set {0, 4, 8, ... , 252}. The 2" image is noise on the 1,



. - . . Image 1 i.n upper 6-bijfs.
Application of Quantization: ZImeezinlower2bits |
Steganography

L-Shift 6
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To recover the second image (which is 2 bits per pixel
per band) simply left shift the combined image by 6 bits.



Image 2 in upper 2-bits. I
App“Cathn Of Quant|zat|on: Imagelshifﬁzdouf
i Steganography
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To recover the second image (which is 2 bits per pixel
per band) simply left shift the combined image by 6 bits.



Application of Quantization:
Steganography

This is so effective that two
4-bit-per-pixel images can be
superimposed with only the
Image in the high-order bits
visible. Both images contain
the same amount of information
but because one takes on values
between 0 and 15, the other
takes on values from {16, 32,
48, ..., 240}, and the smaller
values are added to the larger,
the image in the low-order bits
Is effectively invisible

Images 1 and 2 each
have 4-bits per pixel
when combined.

[ Image 1 ] [ Image 2 ]
R-S‘P'lift 4 R-S‘F'lift 4
L-S;ift 4 =<">

Imag"e Out




Application of Quantization: =~ =————
Steganography
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Application of Quantization: _‘I‘r-nbag: 353"53:5”
Steganography
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. . _ . Image 1 ir\ upper 4—b{Ts,
Application of Quantization: ZIuge2inlower 4bits |
Steganography
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Application of Quantization

Steganography

Phototographer Unknown




i Hidden image creation




i Hidden image creation

= What happens when you press CTRL+a?

= Assume the image as a chessboard with each pixel act as one squares,
black(even-pixel) or white(odd-pixel).

= All even pixels corresponding to black squares are masked with the
color (49,106,197).




Hidden image creationt

= Basic idea
= Put background image into odd pixels
= Put foreground image into even pixels

= Foreground image should be strong enough to mask
background image

= Background image should be strong enough to show
up when foreground image is masked
« What kinds of image to choose?
« Brightness adjustment
= Contrast adjustment
« Saturation adjustment




‘L Hidden image creation

= An example




Challenge —
* From grayscale to color




Texture transfer

= We want to add color to the right grayscale image to
make it have the style of the left color image




Texture transfer

= Work in Lab space instead of RGB space.
m Use local brightness to search for best match.
= Copy the color components from the source image to the target image.




— 2T AR Stereogram
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YA ZNTH] Stereogram
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= RDS (Random Dot Stereogram)

AutoStereogram /SIRDS (Single Image Random
Dot Stereogram) .

SIRTS (Single Image Random TEXT
Stereogram, EYasciistereograms).

Hollusion.
SIS (Single Image Stereograms) .
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* http://www.vision3D.com/stereo.ntml




— YA ] Stereogram
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Stereogram



VAR H]

Stereogram




BYTE *bytePixels = new BYTE[pH * pWB]; //E1rH#l

bmp->GCetBitmapBits (pH*pWB, bytePixels);

srand (time (0))

for(i = 0; 1 < pH * pWB; i += 3)

{
bytePixels[i] = rand() %
bytePixels[i + 1]
bytePixels[i + 2] = rand(
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SetBitmapBits (m hBmpShow, rcHeight * rcWidth * 3, bytePixels):;

color = m cDepthBmp.GetPixel (i*nBgBmpWidth+x,y)

grey = int(float (GetRValue (color) )*0.59%+
float (GetGValue (color) ) *0.34+
float (GetBValue (color) ) *0.11+0.5%);
grey = (LONG) (grey / Depth3D):
if (x+grey>=nBgBmpWidth)
{
newcolor = cBGBmp.GetPixel (x + grey - nBgBmpWidth, vy):
cBGBmp .SetPixel (x, y, newcolor);:
}
else
{

newcolor = cBGBmp.GetPixel (X + grey, y):
cBGBmp .SetPixel (x, y, newcolor):



— 2 T AR Stereogram

= The property of the background
= Periodic(JA 1)
= Random(BaHLIE)

« Tileable(r] Hf41%)
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Textures

2D texture synthesis




Image Inpainting
Photo repair




Image Inpainting Example
scene edit




Image Inpainting

Original scene recovery




i Homework

= Perform an image editing task. The work can
be , but not limited to the following topics:
= Dithering
= Segmentation
= Steganography / Hidden image
= Texture transfer
= Stereogram
= inpainting
= Others...
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