


1D Fourier Transform
Fu)= [ fl)e?*™" da,
f(@) = [ Fu)e”™ du
« Example
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x : time, u : frequency

F(u)
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« 2D Fourier Transform

I Y e —j2m(uz+vy)
Fu,v) = /;oo f_oof(a:,y)e dz dy, (x,y) : spatial domain
flz,y) = f_oo f_m F(u, v)e??™ ) dy dy (u,v) : frequency domain

« Properties
F(u,v) = Fr(u,v) + jFi(u,v)
o |F(u,v)| is the magnitude spectrum
e arctan(Fi(u,v)/Fgr(u,v)) is the phase angle spectrum.
e Conjugacy: f*(z,y) & F(—u,—v)
e Symmetry: f(z,y)is evenif f(z,y) = f(—z, —y)
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FT pair example 1

rectangle centred at origin
with sides of length Xand Y

F(u,v) //f z,y)e T drdy, Jx,y) |F(u,v)|

Xz _ TUL Y/2 —927v =g
= [y, [ ™y, separability
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= XYsinc(wXu)sine(wYV). \F(u,v)
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2D Discrete Fourier Transform

1 _ _ - ux, vy
F(u,v) = —¥350 X520 f(x, y)e 2 Gr ),
MN

Frea(w,v) + j Fimag (u,v)
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*» FFT (Fast Fourier Transform)
M?N? Multiplications

f(x,y) : average intensity of image

— MN log,MN multiplications
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F A
OpenCV &= dft()
void dft(InputArray src, OutputArray dst, int flags=0, int nonzeroRows=0)

mj7H B4 | Mo
src BIEE *@#omu A%)
dst & Y *——EH:LOH Tf2pA 2719 %3#01 =*awc+
el Zal, CreTt 22 Zhse] Kaolck
« DFT_INVERSE O—“,Efj
« DFT_SCALE Z1}gk S AFH|SICE A2 Q0| 2 L=C}
- DFT_COMPLEX_OUTPUT $:8iZni7t ST} ECt
cg;‘d_‘j_l.j} A|A71, 5“:[.

DFT REAL_ OUTPUT
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int main()

{

Mat src = imread("d:/lenna.jpg"”, CV_LOAD_IMAGE_GRAYSCALE);

Mat src_float;
Mat dft_image;

/] Ad0IAAHY QA4S A QHOF HESHTT
src.convertTo(src_float, CV_32FC1, 1.0 / 255.0);
dft(src_float, dft_image, DFT_COMPLEX_OUTPUT);
shuffleDFT(dft_image);

displayDFT(dft_image);

return 1;

void displayDFT(Mat& src)
{

// @ DFT 21t YAS 2)H0 A2 226t
split(src, image_array);

Mat mag_ image;

// @ Felol HeE H=52 BUgtsS AHlAHStCh

magnitude(image_array[0], image_array[1], mag_image);

Mat image_array[2] = { Mat:zeros(src.size(), CV_32F), Mat::zeros(src.size(),CV_32F) };

// @ F2ol HE H+S2 46l 27 20 22 AHL=2
// 0801 2Kl == 18 Holl=LCt.

mag_image += Scalar:all(1);

log(mag_image, mag_image);

// @ O0llAl 2552 B2 & 736
normalize(mag_image, mag_image, 0, 1, CV_MINMAX);
imshow("DFT", mag_image);

waitKey(0);

void shuffleDFT(Mat& src)
{
int cX = src.cols / 2;
int cY = src.rows / 2;

0, 0, cX, cY));
cX, 0, cX, cY));
0, cY, cX, cY));
cX, cY, cX, cY));

Mat q1(src, Rect
Mat g2(src, Rect
Mat q3(src, Rect
Mat g4(src, Rect

I~ A~ A~ —~

Mat tmp;
ql.copyTo(tmp);
g4.copyTo(q1);
tmp.copyTo(g4);
g2.copyTo(tmp);
g3.copyTo(g2);
tmp.copyTo(qg3);
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int main()

{
Mat img = imread("d:/lenna.jpg”, IMREAD_GRAYSCALE);

Mat img_float, dft1, inversedft, inversedft1;
img.convertTo(img_float, CV_32F);
dft(img_float, dft1, DFT_COMPLEX_OUTPUT);
/) SHstS AT

T =2 T o

idft(dft1, inversedft, DFT_SCALE | DFT_REAL_OUTPUT);

inversedft.convertTo(inversedft1, CV_8U);
imshow("invertedfft", inversedft1);

imshow("original”, img);
waitKey(0);
return O;
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* Filtering

original

high pass
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void shuffleDFT(Mat& src) { ... }
void displayDFT(Mat& src) { ... }

// 28 EHE OtEC.

Mat getFilter(Size size)

{
Mat filter(size, CV_32FC2, Vec2f(0, 0));
circle(filter, size / 2, 50, Vec2f(1, 1), -1);
return filter;

}

int main()

{
Mat src = imread("d:/lenna.jpg”, IMREAD_GRAYSCALE);
Mat src_float;
imshow("original", src);

// AdI0IAAH Y SaS A JAOCZ HESHT.
src.convertTo(src_float, CV_32FC1, 1.0 / 255.0);
Mat dft_image;

dft(src_float, dft_image, DFT_COMPLEX_OUTPUT);
shuffleDFT(dft_image);

Mat lowpass = getFilter(dft_image.size());
Mat result;

/) EE BHS DFT So4= AZ =S8t
multiply(dft_image, lowpass, result);
displayDFT(result);

Mat inverted_image;

shuffleDFT(result);

idft(result, inverted_image, DFT_SCALE | DFT_REAL_OUTPUT);
imshow("inverted", inverted_image);

waitKey(0);

return 1;







Mat getFilter(Size size)

{
Mat filter = Mat:ones(size, CV_32FC2);
circle(filter, size / 2, 10, Vec2f(0, 0), -1);
return filter;

——
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e Butter-worth Z E

1~
H u,v,= 0.8+
) (AU D(w) Dy

D{u,v)zxfuz +v2, n=12,...

v Kok ZHO| Hig XLz By dd
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// HEI/RIM EHHE Bt=Ch
Mat getFilter(Size size)
{
Mat tmp = Mat(size, CV_32F);
Point center = Point(tmp.rows / 2, tmp.cols / 2);
double radius;
double D = 50;
double n = 2;

for (inti =0; i < tmp.rows; i++) {
for (intj = 0; j < tmp.cols; j++) {
radius = (double)sqrt(pow((i - centerx), 2.0) + pow((double)(j - centery), 2.0));
tmp.at<float>(i, j) = (float)(1 / (1 + pow((double)(radius / D), (double)(2 * n))));

}

Mat toMerge([] = { tmp, tmp };
Mat filter;

merge(toMerge, 2, filter);
return filter;
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Periodic Structure

[Fu,v)|

FT has peaks at spatial frequencies of repeated texture
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Forensic application

Periodic background removed

|F(u,v)|

remove
peaks
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// 2HE Bt=Ch
Mat getFilter(Size size)
{
Mat tmp = Mat(size, CV_32F);

for (inti = 0; i < tmp.rows; i++) {
for (intj = 0; j < tmp.cols; j++) {
if (j>(tmp.cols/2 - 10) && j<(tmp.cols/2 + 10) && i >(tmp.rows/2 + 10)) tmp.at<float>(i, j) = O;
else if (j>(tmp.cols/2 - 10) && j<(tmp.cols/2 + 10) && i <(tmp.rows/2 - 10)) tmp.at<float>(i, j) = O;
else tmp.at<float>(i, j) = 1;
}

}

Mat toMerge[] = { tmp, tmp };
Mat filter;

merge(toMerge, 2, filter);
return filter;
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int main()

{

Mat src = imread("d:/lunar.png"”, IMREAD_GRAYSCALE);
Mat src_float, dft_image;
imshow("original”, src);

// AdI0[AAHY SasS A SAOZ HESHT.
src.convertTo(src_float, CV_32FC1, 1.0 / 255.0);
dft(src_float, dft_image, DFT_COMPLEX_OUTPUT);
shuffleDFT(dft_image);

displayDFT(dft_image);

Mat lowpass = getFilter(dft_image.size());
Mat result;

/] 2E 2 DFT &S A2 =8tHC
multiply(dft_image, lowpass, result);
displayDFT(result);

Mat inverted_image;

shuffleDFT(result);

idft(result, inverted_image, DFT_SCALE | DFT_REAL_OUTPUT);
imshow("inverted", inverted_image);

waitKey(0);

return 1;
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e Convolution (mask operation)
f(x,y) xh(z,y) < F(u,v)H(u,v)

Space convolution = frequency multiplication

Gaussian
- scale=3 pixels..

‘Inverse Fourier
' transform

1. Compute FT of image and FT of Gaussian
2. Multiply FT's

3. Compute inverse FT of the result.

|F(u,v)| | \G(u,v)|

28



Inverse Fourier
' transform

\F(u,v)| \G(u,v)|

> Frequency domain O A{Q| G4 2|7t HHFE A0 X
(O: Of23 37|17t 2 8%F)
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+ Image Compression (B4 &%)
(ex) cosine transformation: JPEG, MPEG
(ex) wavelet transformation: MPEG4

original

compressed

30



1. WX} Exercise 3

2. WX} Exercise 4t
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