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(Probability Distribution)
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Ol Al: Comparison of histogram shape (distribution)
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Histogram of dark image

Histogram of light image
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Uniform distribution can give a
good visual information.
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How to improve the visual quality? (& 7§ 2HtH)
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Histogram Equalization (S|AE1% HEro}): 3THA|
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Histogram Equalization (S|2E1% HE3): 3THA|
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Ol Al: Comparison of histogram shape (distribution)
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Histogram of dark image

Histogram of light image
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Histogram of high-contrast image

Uniform distribution can give a
good visual information.
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Histogram processing(S|2E1 % X 2|)-Practical Exercise:

B Histogram X 2| Zt& AP

= calcHist

* Calculates a histogram of a set of arrays.

* void calcHist(const Mat images, int nimages, const int* channels, InputArray mask,
OutputArray hist, int dims, const int* histSize, const float** ranges, bool uniform=true,

bool accumulate=false )

Parameters:

simages — Source arrays. They all should have the same depth, CV_8U or CV_32F , and the same size. Each of the
m can have an arbitrary number of channels.

*nimages — Number of source images.

schannels — List of the dims channels used to compute the histogram. The first array channels are numerated fro
m O to images[0].channels()-1 , the second array channels are counted from images[0].channels() to images[0].ch
annels() + images[1].channels()-1, and so on.

*mask — Optional mask. If the matrix is not empty, it must be an 8-bit array of the same size as images[i] . The n
on-zero mask elements mark the array elements counted in the histogram.

*hist — Output histogram, which is a dense or sparse dims -dimensional array.

«dims — Histogram dimensionality that must be positive and not greater than CV_MAX_DIMS (equal to 32 in the
current OpenCV version).

*histSize — Array of histogram sizes in each dimension.

sranges — Array of the dims arrays of the histogram bin boundaries in each dimension. When the histogram is un
iform (uniform =true), then for each dimension i it is enough to specify the lower (inclusive) boundary of the 0-t
h histogram bin and the upper (exclusive) boundary for the last histogram bin histSize[i]-1 . That is, in case of a
uniform histogram each of ranges|i] is an array of 2 elements. When the histogram is not uniform ( uniform=fals
e ), then each of ranges|i] contains histSize[i]+1 elements: . The array elements, that are not between and , are n
ot counted in the histogram.

suniform — Flag indicating whether the histogram is uniform or not (see above).

saccumulate — Accumulation flag. If it is set, the histogram is not cleared in the beginning when it is allocated. T
his feature enables you to compute a single histogram from several sets of arrays, or to update the histogram in
time.

34/55



Histogram processing(S|2E1 % X 2|)-Practical Exercise :

= compareHist

- Compares two histograms.

- double compareHist(inputArray H1, InputArray H2, int method)

*H1 — First compared histogram.
*H2 — Second compared histogram of the same size as H1 .
‘method — Comparison method that could be one of the following:

Parameters: .

CV_COMP_CORREL Correlation

CV_COMP_CHISQR Chi-Square

CV_COMP_INTERSECT Intersection
CV_COMP_BHATTACHARYYA Bhattacharyya distance
CV_COMP_HELLINGER Synonym for CV_COMP_BHATTACHAR
YYA
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Histogram processing(c|2E1% X2|) -Practical Exercise:

= equalizeHist
 Equalizes the histogram of a grayscale image.
 void equalizeHist(InputArray src, OutputArray dst)

src — Source 8-bit single channel image.

Parameters: «dst — Destination image of the same size and type as src.
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

O1==7|
A P

® Histogram A4t 3 ol HO
= Histogram A4F & Jd2f= 9

//--- S|IAET™ utH FejA £+H --//
class Histogram1D{
private:
int histSize[1]; // S|AE1 HIE 4~
float hranges[2]; // SIAE™ x| A/%|C] ShAZt
const float* ranges[1];
int channels[1]; // 1X| 22t At

HJ|.U|.|I

public:

Histogram1D(){ // 1At S|AET M-S QI3 QIXt F=H|
histSize[0] = 256;
hranges[0] = 0.0;
hranges[1] = 255.0;
ranges[0] = hranges;
channels[0] = O;

}

// 1AHA S|AER A4t
MatND getHistogram(const Mat &image){
MatND hist;
// O|0|X| 2| S|AETIZ A4k
calcHist(&image, 1, channels, Mat(), hist, 1, histSize, ranges);
// UKt 3t O[O|X|, EHAG A THARYY, OFAS AbBOHSH ZIMS|AE 12
// 1A SIAED™ Yk opAgf He
return hist;

!
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

(A%)
// OlAEORMS flot B 2= Mg

Mat getHistogramlmage(const Mat &image){
MatND hist = getHistogram(image); // SI2E 12 A At

double maxVal = 0; // Z|Cf Yl ==
double minVal = 0; // & BlE
minMaxLoc(hist, &minVal, &maxVal, 0, 0);

// BIAEIUME S=5HY| Qo G4
Mat histimg(histSize[0], histSize[0], CV_8U, Scalar(255));

// nbins2| 90%E XM =Z HH
int hpt = static_cast<int>(0.9*histSize[0]);

for (int h = 0; h < histSize[0]; h++){
float binVal = hist.at<float>(h);
int intensity = static_cast<int> ( binVal*hpt / maxVal);

/)5 Bt A2l OE
line(histimg, Point(h, histSize[0]), Point(h, histSize[0] - intensity), Scalar:all(0));
}

return histimg;
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

= main & ¢

From documentation, the

int main( int argc, char** argv ) actua“y iS
{

Mat image, dst;

/// Load image
image = imread( "testjpg", 0); // Read the fife as grayscale image

if (image.empty()){ // Check for invalid input
cout << "Could not open or find“the image" << std:endl;
return -1;

}
namedWindow("Disptay window", WINDOW_AUTOSIZE); // Create a window for display.

imshow("Display-window", image );

HistogramiD h; // S| AE 1S 9|5 2%
MatND histo = h.getHistogram(image); // S|2E 13 A4t

for (inti =0;i < 256; i++) // S|AEHO| HIEE X3
stdicout << "Value" << i << "=" << histo.at<float>(i) << std:endl;

//82EQME Aoz 52|
namedWindow("Histogram");
imshow("Histogram", h.getHistogramlmage(image));

/NS & IE0R Lk 222 FA O R Hals] Hol

Mat thresholdedimage; // BAZt2 2 O[T S 49
threshold(image, thresholdedimage, 60, 255, THRESH_BINARY);

(A=)
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

(A=)

/1 &S dA 51| RI8ll S| 2EOR £2 SRE[(60) B2 SI5HY| HHEQl gz Yot
namedWindow("Binary Image");
imshow("Binary Image", thresholdedimage);

waitKey(0);

return O;

}
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Histogram processing(S|2E % X 2|) -Practical Exercise:

Histogram A4t S ot HO| 2| F=7]. X 2|41}
E| X

= JHE bino| S 20T 10 StHO| S| AEOH =8, O|TUSY &

" | Histogram

alue255=0
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

B Histogram equalization (S|AE1 ™ Hes)
= Histogram A4F 2 J2f= M SefA o

//--- S|IAET™ utH FejA £+H --//
class Histogram1D{
private:
int histSize[1]; // S|AE1 HIE 4
float hranges[2]; // SIAE™ x| A /x| ShAZt
const float* ranges[1];
int channels[1]; // 1X| 2t At

public:

Histogram1D(){ // 1At S|AE S Q|St QIX} FH
histSize[0] = 256;
hranges[0] = 0.0;
hranges[1] = 255.0;
ranges[0] = hranges;
channels[0] = O;

}

// 1AHA S| AER A4t
MatND getHistogram(const Mat &image){
MatND hist;
// O|0|X| 2| S|AETTZ A4k
calcHist(&image, 1, channels, Mat(), hist, 1, histSize, ranges);
// QRt gk - O[O|X|, SHUGIAL CHAIRY'E, DLA S ALROHSH ZTMS|AEIH,
// 1AHY SIAEDR™ Yk ofAgf He
return hist;
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

B Histogram equalization (S| AE 13 Heta}

= Histogram equalization & 73

int main( int argc, char** argv )

(A=) {

~N A~~~

// Equalizes the source image.
MatND equalize(const cv::Mat &image) { Histogram1D h; // S|A2E1=Z ot 2K

cvi:Matresult, |~~~
cv::equalizeHist(image,result);

// Equalize the image
return result; MatND eqgHist= h.equalize(image);

}

// Show the result
L//EEAs M B B2 namedWindow("Equalized Image");
imshow("Equalized Image",eqHist);

// Show the new histogram

namedWindow("Equalized Histogram");

imshow("Equalized Histogram",
h.getHistogramlmage(eqHist));

waitKey(0);
return O;
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Histogram processing(c|2E1 % X 2|) -Practical Exercise:

m Color Histogram 4 Sl Xz

= Color histogram 2220 draw 7|5 =7}
cv:MatND getHistogramCimage(const Mat &image){

/// Separate the image in 3 places (B, G and R))
Mat bgr_planes[3];
split( image, bgr_planes );

/// Establish the number of bins
int histSize = 256;

/// Set the ranges ( for B,GR) )
float range[] = { 0, 256 };
const float* histRange = { range };

bool uniform = true; bool accumulate = false;

Mat b_hist, g_hist, r_hist;

/// Compute the histograms:

calcHist( &bgr_planes[0], 1, 0, Mat(), b_hist, 1, &histSize, &histRange, uniform, accumulate );
calcHist( &bgr_planes[1], 1, 0, Mat(), g_hist, 1, &histSize, &histRange, uniform, accumulate );
calcHist( &bgr_planes[2], 1, 0, Mat(), r_hist, 1, &histSize, &histRange, uniform, accumulate );
// Draw the histograms for B, G and R

int hist w = 512; int hist_h = 400;
int bin_w = cvRound( (double) hist_w/histSize );
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Histogram processing(c|2E1 % X 2|) -Practical Exercise:

(A=)
Mat histimage( hist_h, hist_w, CV_8UC3, Scalar( 255,255,255) );

/// Normalize the result to [ 0, histimage.rows ]

normalize(b_hist, b_hist, 0, histimage.rows, NORM_MINMAX, -1, Mat() );
normalize(g_hist, g_hist, 0, histimage.rows, NORM_MINMAX, -1, Mat() );
normalize(r_hist, r_hist, 0, histimage.rows, NORM_MINMAX, -1, Mat() );

/// Draw for each channel
for(inti = 1;i < histSize; i++ )

{
line( histimage, Point( bin_w*(i-1), hist_h - cvRound(b_hist.at<float>(i-1)) ),
Point( bin_w*(i), hist_h - cvRound(b_hist.at<float>(i)) ),
Scalar( 255, 0, 0), 2, 8,0 );
line( histimage, Point( bin_w*(i-1), hist_h - cvRound(g_hist.at<float>(i-1)) ),
Point( bin_w*(i), hist_h - cvRound(g_hist.at<float>(i)) ),
Scalar( 0, 255, 0), 2, 8,0 );
line( histimage, Point( bin_w*(i-1), hist_h - cvRound(r_hist.at<float>(i-1)) ),
Point( bin_w*(i), hist_h - cvRound(r_hist.at<float>(i)) ),
Scalar( 0, 0, 255), 2, 8,0 );
}

return histimage;
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

= main &= L} Alel 3 CE

int main( int argc, char** argv )
{
Mat image, dst;

/// Load image
image = imread( "Desert.bmp”, 1); // Read the file

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std::end|;
return -1;

}
namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.
imshow("Display window", image );

ColorHistogram h;

MatND histo
MatND Chist

h.getHistogram(image); // S| 2 E 13 A4t
h.getHistogramClmage(image);

//BIA2EOUME YL Z ERT|
namedWindow("Color Histogram");
imshow("Color Histogram", Chist);
waitKey(0);

return O;
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Histogram processing(c|2E1 % X 2|) -Practical Exercise:

A Zut

A
i

‘\I Color Histogram = [m] X

" I
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Histogram processing(c|2E1 % X 2|) -Practical Exercise:

= O|X ZE ofs)
FJ|REOo R i HA WES 2424 X2|5t0) ChA| B e WA

int main( int argc, char** argv )
{
Mat image, dst;

/// Load image
image = imread( "Desert.bomp”, 1); // Read the file

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std::end];
return -1;

}
namedWindow("Display window", WINDOW_AUTOSIZE);
imshow("Display window", image );

//--de] B Bt --//
Mat channels[3];

/M8 M2 =22
split(image,channels);
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Histogram processing(c|2E1 % X 2|) -Practical Exercise:

m 0K ZE O|g|
(A=)
//equalize histogram on the each channel
equalizeHist(channels[0], channels[0]);
equalizeHist(channels[1], channels[1]);
equalizeHist(channels[2], channels[2]);

//merge 3 channels including the modified 1st channel into one image
merge(channels, 3, image);

namedWindow("Equalized Image", WINDOW_AUTOSIZE);

// Create a window for display.
imshow("Equalized Image", image );

waitKey(0);

return O;
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Histogram processing(c|2E1 % X 2|) -Practical Exercise:

e
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Histogram processing(c|2E 1% X2|) -Practical Exercise:

m A APl 29I

= split()
 Divides a multi-channel array into several single-channel arrays.

= void split(const Mat& src, Mat* mvbegin) EE= void split(inputarray m, OutputArrayOfArrays
mv)
, src — input multi-channel array.
Parameters:

*mv — output array or vector of arrays

= cvtColor()

« Convert color space.

= void cvtColor(putArray src, OutputArray dst, int code, int dstCn=0)
rRGB -> GRAY (CV_BGR2GRAY, CV_RGB2GRAY, CV_GRAY2BGR, CV_GRAY2RGB )
- RGB -> YCrCb JPEG (or YCC) ( CV_BGR2YCrCb, CV_RGB2YCrCb, CV_YCrCb2BGR, CV_YCrCb2RGB )
- RGB->HSV ( CV_BGR2HSV, CV_RGB2HSV, CV_HSV2BGR, CV_HSV2RGB )
- RGB->CIE XYZ.Rec 709 with D65 white point ( CV_BGR2XYZ, CV_RGB2XYZ, CV_XYZ2BGR, CV_XYZ2RGB )
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= merge()

 Creates one multichannel array out of several single-channel ones.

= void merge(const Mat* mv, size_t count, OutputArray dst)

Parameters:

*mv — input array or vector of matrices to be merged; all the matrices
in mv must have the same size and the same depth.

scount — number of input matrices when mv is a plain C array; it mus
t be greater than zero.

«dst — output array of the same size and the same depth as mv[0];
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o] 1 : At
m YOl A2 histogram equalization
A_‘- —t — — u — e |l -t
= V8 BHE HE =3WSIX| 0 YCbCrE Wt T Y I 2T el oict
int main( int argc, char** argv )
{

Mat image, dst;

/// Load image

image = imread( "Desert.bmp”, 1); // Read the file

(B2 ~~n
//--2e Y B} --//
Mat channels[3];
/2B Het
cvtColor(image, dst, CV_BGR2YCrCb);
/1 NE ME 22
split(dst,channels);
//equalize histogram on the 1st channel (Y)
equalizeHist(channels[0], channels[0]);
//merge 3 channels including the modified 1st channel into one image
merge(channels, 3, dst);
//2 2 H e to BGR
cvtColor(dst, image, CV_YCrCb2BGR);
namedWindow("Equalized Image", WINDOW_AUTOSIZE); // Create a window for display.
imshow("Equalized Image", image );
waitKey(0);
return O;
}
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