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copy constructor

Matrix Matrix::operator*(double v}
Matrix M(rows, cols);
for(i=0; I<rowsxcols; 1++) M[i] = (xthis)[i]*v;

return M;
) // copy constructor
Matrix::Matrix(const Matrix& M) {
o data = new double[rowsxcols];
Matrix A
A | std:copy_n(M.data, rowscols, data); // deep copy |
Matrix M = A*10; }

// move constructor //

https://en.cppreference.com/w/cpp/language/move_constructor
Matrix::Matrix(Matrix&& M) {

data = std::exchange(M.data, nullptr); // no copy



printf v.s. std::cout

* printf(“x=%3.6f, y=%3.1f", X, y);

* std::cout<<"x="<<std:setprecision(b)<<" y="<<std:setprecision(l)<<y:



std::format

e c++20

/7 Print a container (run)

* https://github.com/fmtlib/fmt

#include <vector>
#include <fmt/ranges.h>

/7 Format a string _ |
Int main() {
std:string s = fmt:format("The answer is {}.", 42); std::vector<int>v = {1, 2, 3};
//'s == "The answer is 42." fmt:print("{\n", v);
}
/7 Format a string using positional arguments
. . tput:
std:string s = fmt::format("l'd rather be {1} than {0}.", "right”, "happy"); {Ciuzp 3)
//'s == "I'd rather be happy than right." P




frtlio

/7 Print with colors and text styles

#include <fmt/color.h>

Int main() {
fmt:print(fg(fmt::color::crimson) | fmt::emphasis::bold, "Hello, {}\n", "world");
fmt:print(fg(fmt::color::floral_white) | bg(fmt::.color::slate_gray) | fmt::emphasis::.underline, "Hello, {}\n", "Mup");
fmt:print(fg(fmt::color:steel_blue) | fmt:emphasis:italic, "Hello, {\n", "t&-5&");

}

Output on a modern terminal:
zsh 381

viz@dione fmt % ./color

Hello, mup!

viz@dione fmt % I
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When the modification that we would like to make to a pixel depends on
the pixels around It

* Blurring
* Edge Detection
* etc

In the simplest case, we define a mask of weights which tells us how the
values at adjacent pixels should be combined to generate the new value.



Blurring/Denoising <

To blur across pixels, define a mask:

* Whose value is largest at the center pixel
* Whose entries sum to one

) 1 2 1
fl\ter:1—6 2 4 2
1 2 1




Blurring

Pixel(x,y): red = 36

Green = 36
Blue = 0
1
filter = — | 2
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Blurring

Pixel(x,y): red = 36

Pixel(x,y).red and its red neighbors

Green = 36
Blue = 0
36 | 109 | 146 1
32| 36 |109 | 1
» filter = —12
32 | 36 | 73 16 1

2
4
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Blurring

New value for Pixel(x,y).red =

(36 » 1/16) + (109 *2/16) + (146 » 1/16)
(32« 2/16) + ( 36 = 4/16) + (109 » 2/16)
(32 *1/16) + (36 *2/16) + ( /3 1/16)

36 | 109 | 146 o1

32| 36 | 109

AETAET fl\ter=1—16 2 4 2
1 2 1

Pixel(x,y).red and its red neighbors



Blurring

New value for Pixel(x,y).red = 62.69

36 | 109 | 146
32 | 36 | 109
32 | 36 | 73

Pixel(x,y).red and its red neighbors
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Blurring

New value for Pixel(x,y).red = 63




Blurring

* Repeat for each pixel and each color channel
* Note 1: Keep source and destination separate to avoid “drift”
* Note 2: For boundary pixels, not all neighbors are used, and you

* Need to normalize the mask so that the sum of the values Is correct



Blurring

* Larger kernel gives rise to a wider blur
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Edge Detection

* To find the edges in an Image, define a mask:
* Whose value Is largest at the center pixel
* Whose entries sum to zero.

* Edge pixels are those whose value Is larger (or smaller) than those of its
neighbors

— s = e

-1 -1 -1
filter=1—-1 8 -1
-1 -1 -1




Edge Detection

New value for Pixel(x,y).red =
(36 * -1) + (109 * -1) + (146 * -1)
(32 *-1) + (36 * 8) + (109 * -1)
(32*-1)+ (36 *-1) + (73 *-1)

B 36 | 109 | 146
Yoof 32 | 36 | 109 R
/& | fiter=]-1 8 -1

32 | 36 | 73 -1 -1 -1

Pixel(x,y).red and its red neighbors



Edge Detection

New value for Pixel(x,y).red = -285

36 | 109 | 146
W/ | 32| 36109
g | 32 | 36 | 73

Pixel(x,y).red and its red neighbors

—1
filter =l -1
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Edge Detection

New value for Pixel(x,y).red = 0

36 | 109 | 146
32 | 36 | 109
" Y 32 | 36 | 73

Pixel(x,y).red and its red neighbors

—1
filter =l -1
—1

—1
8
—1

—1
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Edge Detection

New value for Pixel(x,y).red = 0




&% Image Warping
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B ZfFzImage Warping
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B ZfFzImage Warping
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for (int u = 0; u < umax; u+t+)
for (int v = 0; v < vmax; v++) {
float x = fx(u,v);
float v = fy(u,v);
dst(x,y) = src(u,v);
]
u,v
(V) :
0

\O (Xsy)

Source image Destination image
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Rotate
-30
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g1y [ AR5 Multiple source pixels may be
mapped to same destination pixel




B () R 5

Some destination pixels
may not be covered

Rotate
-30
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for (int x = 0; x < xmax; x++)
for (int y = 0; v < ymax; vy++) {
float u = fx1(x,v);
float v = fy 1 (x,Vv);
dst (x,y) = src(u,v);

}

\O (X:y)

Source image Destination image
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Iterate over destination image
* Must resample source
* May oversample, but much simpler!




&5 pImage Compositing

* Separate an image Iinto “elements”
* Render independently
* Composite together

* Applications
* Cel animation
* Chroma-keying
* Blue-screen matting

Bill makes ends meet by going into film



Blue-Screen Matting s X &

* Composite foreground and background images
* Create background image
* Create foreground image with blue background
* [nsert non-blue foreground pixels into background




Blue-Screen Matting s X &

* Composite foreground and background images

* Create background image

* Create foreground image with blue background /
* [nsert non-blue foreground pixels into background




AlphaiBig

* Encodes pixel coverage information
* o = 0: no coverage (or transparent)
* o = 1: full coverage (or opague)
* 0 < a < 1: partial coverage (or semi-transparent)

* ¢ Single Pixel Example: a = 0.3

or

Partial Coverage Semi-Transparent



Compositing with Alpha

* Controls the linear interpolation of foreground and background
pixels when elements are composited

O<a<l




Matting and Segmentation 53
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Matting and Segmentation 3*&| 5#X &
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Matting and Segmentation 3*&| 5#X &
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Image Composition “Goofs’

*\/isible harc
* [Incompatib

* [Incompatib

edges
e lighting/shadows
e camera focal lengths
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Thank you!

Questions?



