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+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

&KDSWHU����)LOWHULQJ�WKH�,PDJHV ���
)LOWHULQJ�LPDJHV�XVLQJ�ORZ�SDVV�ILOWHUV ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���
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'RZQVDPSOLQJ�DQ�LPDJH ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

,QWHUSRODWLQJ�SL[HO�YDOXHV ���
6HH�DOVR ���

)LOWHULQJ�LPDJHV�XVLQJ�D�PHGLDQ�ILOWHU ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

$SSO\LQJ�GLUHFWLRQDO�ILOWHUV�WR�GHWHFW�HGJHV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

*UDGLHQW�RSHUDWRUV ���
*DXVVLDQ�GHULYDWLYHV ���

6HH�DOVR ���
&RPSXWLQJ�WKH�/DSODFLDQ�RI�DQ�LPDJH ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

(QKDQFLQJ�WKH�FRQWUDVW�RI�DQ�LPDJH�XVLQJ�WKH�/DSODFLDQ ���
'LIIHUHQFH�RI�*DXVVLDQV ���

6HH�DOVR ���

&KDSWHU����([WUDFWLQJ�/LQHV��&RQWRXUV��DQG�&RPSRQHQWV ���
'HWHFWLQJ�LPDJH�FRQWRXUV�ZLWK�WKH�&DQQ\�RSHUDWRU ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

'HWHFWLQJ�OLQHV�LQ�LPDJHV�ZLWK�WKH�+RXJK�WUDQVIRUP ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

'HWHFWLQJ�FLUFOHV ���
6HH�DOVR ���

)LWWLQJ�D�OLQH�WR�D�VHW�RI�SRLQWV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

([WUDFWLQJ�WKH�FRPSRQHQWV
�FRQWRXUV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&RPSXWLQJ�FRPSRQHQWV
�VKDSH�GHVFULSWRUV ���
+RZ�WR�GR�LW��� ���
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+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

4XDGULODWHUDO�GHWHFWLRQ ���

&KDSWHU����'HWHFWLQJ�,QWHUHVW�3RLQWV ���
'HWHFWLQJ�FRUQHUV�LQ�DQ�LPDJH ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

*RRG�IHDWXUHV�WR�WUDFN ���
7KH�IHDWXUH�GHWHFWRU
V�FRPPRQ�LQWHUIDFH ���

6HH�DOVR ���
'HWHFWLQJ�IHDWXUHV�TXLFNO\ ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

$GDSWHG�IHDWXUH�GHWHFWLRQ ���
6HH�DOVR ���

'HWHFWLQJ�VFDOH�LQYDULDQW�IHDWXUHV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

7KH�6,)7�IHDWXUH�GHWHFWLRQ�DOJRULWKP ���
6HH�DOVR ���

'HWHFWLQJ�)$67�IHDWXUHV�DW�PXOWLSOH�VFDOHV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

7KH�25%�IHDWXUH�GHWHFWLRQ�DOJRULWKP ���
6HH�DOVR ���

&KDSWHU����'HVFULELQJ�DQG�0DWFKLQJ�,QWHUHVW�3RLQWV ���
0DWFKLQJ�ORFDO�WHPSODWHV ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

7HPSODWH�PDWFKLQJ ���
6HH�DOVR ���

'HVFULELQJ�ORFDO�LQWHQVLW\�SDWWHUQV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&URVV�FKHFNLQJ�PDWFKHV ���
7KH�UDWLR�WHVW ���
'LVWDQFH�WKUHVKROGLQJ ���

6HH�DOVR ���
'HVFULELQJ�NH\SRLQWV�ZLWK�ELQDU\�IHDWXUHV ���



���(!`+"`�+*0!*0/

S`2%%`T

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

)5($. ���
6HH�DOVR ���

&KDSWHU�����(VWLPDWLQJ�3URMHFWLYH�5HODWLRQV�LQ�,PDJHV ���
&RPSXWLQJ�WKH�IXQGDPHQWDO�PDWUL[�RI�DQ�LPDJH�SDLU ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

0DWFKLQJ�LPDJHV�XVLQJ�D�UDQGRP�VDPSOH�FRQVHQVXV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

5HILQLQJ�WKH�IXQGDPHQWDO�PDWUL[ ���
5HILQLQJ�WKH�PDWFKHV ���

&RPSXWLQJ�D�KRPRJUDSK\�EHWZHHQ�WZR�LPDJHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

'HWHFWLQJ�SODQDU�WDUJHWV�LQ�DQ�LPDJH ���
+RZ�WR�GR�LW��� ���
6HH�DOVR ���

&KDSWHU�����5HFRQVWUXFWLQJ��'�6FHQHV ���
'LJLWDO�LPDJH�IRUPDWLRQ ���
&DOLEUDWLQJ�D�FDPHUD ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&DOLEUDWLRQ�ZLWK�NQRZQ�LQWULQVLF�SDUDPHWHUV ���
8VLQJ�D�JULG�RI�FLUFOHV�IRU�FDOLEUDWLRQ ���

6HH�DOVR ���
5HFRYHULQJ�WKH�FDPHUD�SRVH ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

FY��9L]�b�D��'�YLVXDOL]HU�PRGXOH ���
6HH�DOVR ���

5HFRQVWUXFWLQJ�D��'�VFHQH�IURP�FDOLEUDWHG�FDPHUDV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
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7KHUH
V�PRUH��� ���
'HFRPSRVLQJ�D�KRPRJUDSK\ ���
%XQGOH�DGMXVWPHQW ���

6HH�DOVR ���
&RPSXWLQJ�GHSWK�IURP�D�VWHUHR�LPDJH ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

&KDSWHU�����3URFHVVLQJ�9LGHR�6HTXHQFHV ���
5HDGLQJ�YLGHR�VHTXHQFHV ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���
6HH�DOVR ���

3URFHVVLQJ�YLGHR�IUDPHV ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

3URFHVVLQJ�D�VHTXHQFH�RI�LPDJHV ���
8VLQJ�D�IUDPH�SURFHVVRU�FODVV ���

6HH�DOVR ���
:ULWLQJ�YLGHR�VHTXHQFHV ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

7KH�FRGHF�IRXU�FKDUDFWHU�FRGH ���
6HH�DOVR ���

([WUDFWLQJ�WKH�IRUHJURXQG�REMHFWV�LQ�D�YLGHR ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

7KH�PL[WXUH�RI�*DXVVLDQ�PHWKRG ���
6HH�DOVR ���

&KDSWHU�����7UDFNLQJ�9LVXDO�0RWLRQ ���
7UDFLQJ�IHDWXUH�SRLQWV�LQ�D�YLGHR ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

(VWLPDWLQJ�WKH�RSWLFDO�IORZ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���
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7UDFNLQJ�DQ�REMHFW�LQ�D�YLGHR ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

&KDSWHU�����/HDUQLQJ�IURP�([DPSOHV ���
5HFRJQL]LQJ�IDFHV�XVLQJ�WKH�QHDUHVW�QHLJKERUV�RI�ORFDO�ELQDU\
SDWWHUQV ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

)LQGLQJ�REMHFWV�DQG�IDFHV�ZLWK�D�FDVFDGH�RI�+DDU�IHDWXUHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

)DFH�GHWHFWLRQ�ZLWK�D�+DDU�FDVFDGH ���
6HH�DOVR ���

'HWHFWLQJ�REMHFWV�DQG�SHRSOH�XVLQJ�690V�DQG�KLVWRJUDPV�RI
RULHQWHG�JUDGLHQWV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

+2*�YLVXDOL]DWLRQ ���
3HRSOH�GHWHFWLRQ ���
'HHS�OHDUQLQJ�DQG�FRQYROXWLRQDO�QHXUDO�QHWZRUNV��&11V� ���

6HH�DOVR ���

&KDSWHU�����2SHQ&9�$GYDQFHG�)HDWXUHV ���
)DFH�GHWHFWLRQ�XVLQJ�GHHS�OHDUQLQJ ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

2EMHFW�GHWHFWLRQ�ZLWK�<2/2Y� ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

(QDEOLQJ�+DOLGH�WR�LPSURYH�HIILFLHQF\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
6HH�DOVR ���

2SHQ&9�MV�LQWURGXFWLRQ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
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// compute distance from target color
if (getDistanceToTargetColor(*it)<=maxDist) {
        *itout= 255;
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Mat scores = outs[i].row(j).colRange(5, outs[i].cols);
3RLQW�FODVV,G3RLQW�
double confidence;  // Get the value and location of the maximum score
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#include <opencv2/core/core.hpp>
#include <opencv2/imgproc/imgproc.hpp>
#include <opencv2/highgui/highgui.hpp>
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�*�(1 !`0$!`$!� !.`"%(!/L` !�(�.%*#`0$!`�(�//!/`�* `"1*�0%+*/`5+1`3%((`1/!K`
!.!L8K
3!`/%),(5`3�*0`0+` %/,(�5`�*`%)�#!L`/+`3!`*!! `0$!`core`(%�.�.5`0$�0` !�(�.!/
0$!`%)�#!` �0�`/0.1�01.!`�* `0$!`highgui`$!� !.`"%(!`0$�0`�+*0�%*/`�((`0$!
#.�,$%��(`%*0!."��!`"1*�0%+*/M

#include <opencv2/core/core.hpp>
#include <opencv2/highgui/highgui.hpp>

�1.`main`"1*�0%+*`/0�.0/`�5` !�(�.%*#`�`2�.%��(!`0$�0`3%((`$+( `0$!`%)�#!K`�* !.9K
OpenCV2L` !"%*!`�*`+�&!�0`+"`0$!`cv::Mat`�(�//M

cv::Mat image; // create an empty image

�$%/` !"%*%0%+*`�.!�0!/`�*`%)�#!`/%6! `7`4`7K`�$%/`��*`�!`�+*"%.)! `�5`���!//%*#:K
0$!`cv::Mat`/%6!`�00.%�10!/M

std::cout << "This image is " << image.rows << " x "  << image.cols
<< std::endl;

�!40L`�`/%),(!`��((`0+`0$!`.!� %*#`"1*�0%+*`3%((`.!� `�*`%)�#!`".+)`0$!`"%(!L;K
 !�+ !`%0L`�* `�((+��0!`0$!`)!)+.5M

image= cv::imread("puppy.bmp"); // read an input image

�+1`�.!`*+3`.!� 5`0+`1/!`0$%/`%)�#!K`
+3!2!.L`5+1`/$+1( `"%./0`�$!�'`3$!0$!.<K
0$!`%)�#!`$�/`�!!*`�+..!�0(5`.!� `Q�*`!..+.`3%((`+��1.`%"`0$!`"%(!`%/`*+0`"+1* L`%"
0$!`"%(!`%/`�+..1,0! L`+.`%"`%0`%/`*+0`%*`�`.!�+#*%6��(!`"+.)�0R`1/%*#`0$!`empty()
"1*�0%+*K`�$!`empty`)!0$+ `.!01.*/`true`%"`*+`%)�#!` �0�`$�/`�!!*`�((+��0! M

if (image.empty()) {  // error handling
  // no image has been created...
  // possibly display an error message
  // and quit the application
  ...
}
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�$!`"%./0`0$%*#`5+1`)%#$0`3�*0`0+` +`3%0$`0$%/`%)�#!`%/`0+` %/,(�5`%0K`�+1`��*` +=K
0$%/`�5`1/%*#`0$!`"1*�0%+*/`+"`0$!`highgui`)+ 1(!K`�0�.0`�5` !�(�.%*#`0$!
3%* +3`+*`3$%�$`5+1`3�*0`0+` %/,(�5`0$!`%)�#!/L`�* `0$!*`/,!�%"5`0$!`%)�#!`0+
�!`/$+3*`+*`0$%/`/,!�%�(`3%* +3M

// define the window (optional)
cv::namedWindow("Original Image");
// show the image
cv::imshow("Original Image", image);

�/`5+1`��*`/!!L`0$!`3%* +3`%/`% !*0%"%! `�5`�`*�)!K`�+1`��*`.!1/!`0$%/`3%* +3
0+` %/,(�5`�*+0$!.`%)�#!`(�0!.L`+.`5+1`��*`�.!�0!`)1(0%,(!`3%* +3/`3%0$` %""!.!*0
*�)!/K`�$!*`5+1`.1*`0$%/`�,,(%��0%+*L`5+1`3%((`/!!`�*`%)�#!`3%* +3`�/`"+((+3/M

�+3L`5+1`3+1( `*+.)�((5`�,,(5`/+)!`,.+�!//%*#`0+`0$!`%)�#!K`�,!*��`+""!./`�>K
3% !`/!(!�0%+*`+"`,.+�!//%*#`"1*�0%+*/L`�* `/!2!.�(`+"`0$!)`�.!`!4,(+.! `%*`0$%/
�++'K`�!0W/`/0�.0`3%0$`�`2!.5`/%),(!`+*!`0$�0`"(%,/`�*`%)�#!`$+.%6+*0�((5K`�!2!.�(
%)�#!`0.�*/"+.)�0%+*/`%*`�,!*��`��*`�!`,!."+.)! `%*_,(��!L`)!�*%*#`0$�0`0$!
0.�*/"+.)�0%+*`%/`�,,(%! ` %.!�0(5`+*`0$!`%*,10`%)�#!`Q*+`*!3`%)�#!`%/`�.!�0! RK
�$%/`%/`0$!`��/!`3%0$`0$!`"(%,,%*#`)!0$+ K`
+3!2!.L`3!`��*`�(3�5/`�.!�0!
�*+0$!.`)�0.%4`0+`$+( `0$!`+10,10`.!/1(0L`�* `0$�0`%/`3$�0`3!`3%((` +M

cv::Mat result; // we create another empty image
cv::flip(image,result,1); // positive for horizontal
                          // 0 for vertical,
                          // negative for both

�!`�.!`#+%*#`0+` %/,(�5`0$!`.!/1(0`+*`�*+0$!.`3%* +3M?K

cv::namedWindow("Output Image"); // the output window
cv::imshow("Output Image", result);
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�%*�!`%0`%/`�`�+*/+(!`3%* +3`0$�0`3%((`0!.)%*�0!`3$!*`%0`.!��$!/`0$!`!* `+"@K
0$!`main`"1*�0%+*L`3!`�  `�*`!40.�`highgui`"1*�0%+*`0+`3�%0`"+.`�`1/!.`'!5,.!//
�!"+.!`!* %*#`0$!`,.+#.�)M

cv::waitKey(0); // 0 to indefinitely wait for a key pressed
                // specifying a positive value will wait for
                // the given amount of msec

�+1`��*`0$!*`/!!`0$�0`0$!`+10,10`%)�#!`%/` %/,(�5! `+*`�` %/0%*�0`3%* +3L`�/
/$+3*`%*`0$!`"+((+3%*#`/�.!!*/$+0M

�%*�((5L`5+1`3%((`,.+���(5`3�*0`0+`/�2!`0$!`,.+�!//! `%)�#!`+*`5+1.` %/'K`�$%/`%/87K
 +*!`1/%*#`0$!`"+((+3%*#`highgui`"1*�0%+*M

cv::imwrite("output.bmp", result); // save result

�$!`"%(!`!40!*/%+*` !0!.)%*!/`3$%�$`�+ !�`3%((`�!`1/! `0+`/�2!`0$!`%)�#!K`�0$!.
,+,1(�.`/1,,+.0! `%)�#!`"+.)�0/`�.!`��	L`����L`�* `��	K

+RZ�LW�ZRUNV���
�((`�(�//!/`�* `"1*�0%+*/`%*`0$!`�BB`���`+"`�,!*��`�.!` !"%*! `3%0$%*`0$!`cv`*�)!/,��!K
�+1`$�2!`03+`3�5/`0+`���!//`0$!)K`�%./0L`,.!�! !`0$!`main`"1*�0%+*W/` !"%*%0%+*`3%0$`0$!
"+((+3%*#` !�(�.�0%+*M

using namespace cv;

�(0!.*�0%2!(5L`,.!"%4`�((`�,!*��`�(�//`�* `"1*�0%+*`*�)!/`�5`0$!`*�)!/,��!`/,!�%"%��0%+*L
0$�0`%/L`cv::L`�/`3!`3%((` +`%*`0$%/`�++'K`�$!`1/!`+"`0$!`,.!"%4`)�'!/`0$!`�,!*��`�(�//!/
�* `"1*�0%+*/`!�/%!.`0+`% !*0%"5K
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�$!`highgui`)+ 1(!`�+*0�%*/`�`/!0`+"`"1*�0%+*/`0$�0`�((+3/`5+1`0+`2%/1�(%6!`�* `%*0!.��0
3%0$`5+1.`%)�#!/`!�/%(5K`�$!*`5+1`(+� `�*`%)�#!`3%0$`0$!`imread`"1*�0%+*L`5+1`�(/+`$�2!
0$!`+,0%+*`0+`.!� `%0`�/`�`#.�5_(!2!(`%)�#!K`�$%/`%/`2!.5`� 2�*0�#!+1/`/%*�!`/!2!.�(
�+),10!.`2%/%+*`�(#+.%0$)/`.!-1%.!`#.�5_(!2!(`%)�#!/K`�+*2!.0%*#`�*`%*,10`�+(+.`%)�#!`+*
0$!`"(5`�/`5+1`.!� `%0`3%((`/�2!`5+1.`0%)!`�* `)%*%)%6!`5+1.`)!)+.5`1/�#!K`�$%/`��*`�!
 +*!`�/`"+((+3/M

// read the input image as a gray-scale image
image= cv::imread("puppy.bmp", cv::IMREAD_GRAYSCALE);

�$%/`3%((`,.+ 1�!`�*`%)�#!`)� !`+"`unsigned bytes`Qunsigned char`%*`�BBR`0$�0
�,!*��` !/%#*�0!/`3%0$`0$!`CV_8U` !"%*! `�+*/0�*0K`�(0!.*�0%2!(5L`%0`%/`/+)!0%)!/
*!�!//�.5`0+`.!� `�*`%)�#!`�/`�`0$.!!_�$�**!(`�+(+.`%)�#!`!2!*`%"`%0`$�/`�!!*`/�2! `�/`�
#.�5_(!2!(`%)�#!K`�$%/`��*`�!`��$%!2! `�5`��((%*#`0$!`imread`"1*�0%+*`3%0$`�`,+/%0%2!
/!�+* `�.#1)!*0M

// read the input image as a 3-channel color image
image= cv::imread("puppy.bmp", cv::IMREAD_COLOR);

�$%/`0%)!L`�*`%)�#!`)� !`+"`0$.!!`�50!/`,!.`,%4!(`3%((`�!`�.!�0! L` !/%#*�0! `�/`CV_8UC3`%*
�,!*��K`�"`�+1./!L`%"`5+1.`%*,10`%)�#!`$�/`�!!*`/�2! `�/`�`#.�5_(!2!(`%)�#!L`�((`0$.!!
�$�**!(/`3%((`�+*0�%*`0$!`/�)!`2�(1!K`�%*�((5L`%"`5+1`3%/$`0+`.!� `0$!`%)�#!`%*`0$!`"+.)�0`%*
3$%�$`%0`$�/`�!!*`/�2! L`0$!*`/%),(5`%*,10`�`*!#�0%2!`2�(1!`�/`0$!`/!�+* `�.#1)!*0K`�$!
*1)�!.`+"`�$�**!(/`%*`�*`%)�#!`��*`�!`�$!�'! `�5`1/%*#`0$!`channels`)!0$+ M

std::cout << "This image has " << image.channels() << " channel(s)";

��5`�00!*0%+*`3$!*`5+1`+,!*`�*`%)�#!`3%0$`imread`3%0$+10`/,!�%"5%*#`�`"1((`,�0$`Q�/`3!
 % `$!.!RK`�*`0$�0`��/!L`0$!` !"�1(0` %.!�0+.5`3%((`�!`1/! K`�$!*`5+1`.1*`5+1.`�,,(%��0%+*
".+)`0$!`�+*/+(!L`0$%/` %.!�0+.5`%/`+�2%+1/(5`+*!`+"`5+1.`!4!�10��(!`"%(!/K`
+3!2!.L`%"`5+1
.1*`0$!`�,,(%��0%+*` %.!�0(5`".+)`5+1.`���L`0$!` !"�1(0` %.!�0+.5`3%((`)+/0`+"0!*`�!`0$!`+*!
0$�0`�+*0�%*/`5+1.`,.+&!�0`"%(!K`�+*/!-1!*0(5L`)�'!`/1.!`0$�0`5+1.`%*,10`%)�#!`"%(!`%/
(+��0! `%*`0$!`.%#$0` %.!�0+.5K

�$!*`5+1`1/!`imshow`0+` %/,(�5`�*`%)�#!`)� !`1,`+"`%*0!#!./`Q !/%#*�0! `�/`CV_16U`"+.
8=_�%0`1*/%#*! `%*0!#!./L`+.`�/`CV_32S`"+.`:9_�%0`/%#*! `%*0!#!./RL`0$!`,%4!(`2�(1!/`+"`0$%/
%)�#!`3%((`�!` %2% ! `�5`9<=`"%./0L`%*`�*`�00!),0`0+`)�'!`%0` %/,(�5��(!`3%0$`9<=`#.�5
/$� !/K`�%)%(�.(5L`�*`%)�#!`)� !`+"`"(+�0%*#`,+%*0/`3%((`�!` %/,(�5! `�5`�//1)%*#`�`.�*#!
+"`,+//%�(!`2�(1!/`�!03!!*`0.0`Q %/,(�5! `�/`�(��'R`�* `1.0`Q %/,(�5! `�/`3$%0!RK`��(1!/
+10/% !`0$%/` !"%*! `.�*#!`�.!` %/,(�5! `%*`3$%0!`Q"+.`2�(1!/`��+2!`1.0R`+.`�(��'`Q"+.`2�(1!/
�!(+3`1.0RK
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�$!`highgui`)+ 1(!`%/`2!.5`1/!"1(`"+.`�1%( %*#`-1%�'`,.+0+05,�(`�,,(%��0%+*/K`�$!*`5+1
�.!`.!� 5`0+`,.+ 1�!`�`"%*�(%6! `2!./%+*`+"`5+1.`�,,(%��0%+*L`5+1`3%((`,.+���(5`3�*0`0+`1/!
0$!`	��`)+ 1(!`+""!.! `�5`5+1.`���`%*`+. !.`0+`�1%( `�*`�,,(%��0%+*`3%0$`�`)+.!
,.+"!//%+*�(`(++'K


!.!L`+1.`�,,(%��0%+*`1/!/`�+0$`%*,10`�* `+10,10`%)�#!/K`�/`�*`!4!.�%/!L`5+1`/$+1( 
.!3.%0!`0$%/`/%),(!`,.+#.�)`/1�$`0$�0`%0`0�'!/`� 2�*0�#!`+"`0$!`"1*�0%+*W/`%*_,(��!
,.+�!//%*#L`0$�0`%/L`�5`*+0` !�(�.%*#`0$!`+10,10`%)�#!`�* `3.%0%*#`%0`%*/0!� M

cv::flip(image,image,1); // in-place processing

7KHUH
V�PRUH���
�$!`highgui`)+ 1(!`�+*0�%*/`�`.%�$`/!0`+"`"1*�0%+*/`0$�0`$!(,`5+1`0+`%*0!.��0`3%0$`5+1.
%)�#!/K`�/%*#`0$!/!L`5+1.`�,,(%��0%+*/`��*`.!��0`0+`)+1/!`+.`'!5`!2!*0/K`�+1`��*`�(/+` .�3
/$�,!/`�* `3.%0!`0!40/`+*`%)�#!/K

&OLFNLQJ�RQ�LPDJHV
�+1`��*`,.+#.�)`5+1.`)+1/!`0+`,!."+.)`/,!�%"%�`+,!.�0%+*/`3$!*`%0`%/`+2!.`+*!`+"`0$!
%)�#!`3%* +3/`5+1`�.!�0! K`�$%/`%/` +*!`�5` !"%*%*#`�*`�,,.+,.%�0!`��((���'`"1*�0%+*K`�`
��((���'`"1*�0%+*`%/`�`"1*�0%+*`0$�0`5+1` +`*+0`!4,(%�%0(5`��((`�10`3$%�$`%/`��((! `�5`5+1.
�,,(%��0%+*`%*`.!/,+*/!`0+`/,!�%"%�`!2!*0/`Q$!.!L`0$!`!2!*0/`0$�0`�+*�!.*`0$!`)+1/!
%*0!.��0%*#`3%0$`�*`%)�#!`3%* +3RK`�+`�!`.!�+#*%6! `�5`�,,(%��0%+*/L`��((���'`"1*�0%+*/
*!! `0+`$�2!`�`/,!�%"%�`/%#*�01.!`�* `)1/0`�!`.!#%/0!.! K`�*`0$!`��/!`+"`0$!`)+1/!`!2!*0
$�* (!.L`0$!`��((���'`"1*�0%+*`)1/0`$�2!`0$!`"+((+3%*#`/%#*�01.!M

void onMouse( int event, int x, int y, int flags, void* param);

�$!`"%./0`,�.�)!0!.`%/`�*`%*0!#!.`0$�0`%/`1/! `0+`/,!�%"5`3$%�$`05,!`+"`)+1/!`!2!*0`$�/
0.%##!.! `0$!`��((`0+`0$!`��((���'`"1*�0%+*K`�$!`+0$!.`03+`,�.�)!0!./`�.!`/%),(5`0$!`,%4!(
�++. %*�0!/`+"`0$!`)+1/!`(+��0%+*`3$!*`0$!`!2!*0`+��1..! K`�$!`"(�#/`�.!`1/! `0+` !0!.)%*!
3$%�$`�100+*`3�/`,.!//! `3$!*`0$!`)+1/!`!2!*0`3�/`0.%##!.! K`�%*�((5L`0$!`(�/0`,�.�)!0!.
%/`1/! `0+`/!* `�*`!40.�`,�.�)!0!.`0+`0$!`"1*�0%+*`%*`0$!`"+.)`+"`�`,+%*0!.`0+`�*`+�&!�0K`�$%/
��((���'`"1*�0%+*`��*`�!`.!#%/0!.! `%*`0$!`�,,(%��0%+*`0$.+1#$`0$!`"+((+3%*#`��((M

cv::setMouseCallback("Original Image", onMouse,
reinterpret_cast<void*>(&image));
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�*`0$%/`!4�),(!L`0$!`onMouse`"1*�0%+*`%/`�//+�%�0! `3%0$`0$!`%)�#!`3%* +3
��((! `Original ImageL`�* `0$!`�  .!//`+"`0$!` %/,(�5! `%)�#!`%/`,�//! `�/`�*`!40.�
,�.�)!0!.`0+`0$!`"1*�0%+*K`�+3L`%"`3!` !"%*!`0$!`onMouse`��((���'`"1*�0%+*`�/`/$+3*`%*`0$!
"+((+3%*#`�+ !L`0$!*`!��$`0%)!`0$!`)+1/!`%/`�(%�'! L`0$!`2�(1!`+"`0$!`�+..!/,+* %*#`,%4!(
3%((`�!` %/,(�5! `+*`0$!`�+*/+(!`Q$!.!L`3!`�//1)!`0$�0`%0`%/`�`#.�5_(!2!(`%)�#!RM

void onMouse( int event, int x, int y, int flags, void* param)  {

  cv::Mat *im= reinterpret_cast<cv::Mat*>(param);
  switch (event) {  // dispatch the event
  case cv::EVENT_LBUTTONDOWN: // left mouse button down event
        // display pixel value at (x,y)
        std::cout << "at (" << x << "," << y << ") value is: " <<
        static_cast<int>(im->at<uchar>(cv::Point(x,y))) << std::endl;
        break;
    }
}

�+0!`0$�0`%*`+. !.`0+`+�0�%*`0$!`,%4!(`2�(1!`�0`(x,y)L`3!`1/! `0$!`at`)!0$+ `+"
0$!`cv::Mat`+�&!�0`$!.!N`0$%/`%/` %/�1//! `%*`Chapter 2L`��*%,1(�0%*#`0$!`�%4!(/K`�0$!.
,+//%�(!`!2!*0/`0$�0`��*`�!`.!�!%2! `�5`0$!`)+1/!`!2!*0`��((���'`"1*�0%+*`%*�(1 !
cv::EVENT_MOUSE_MOVEL`cv::EVENT_LBUTTONUPL`cv::EVENT_RBUTTONDOWNL
�* `cv::EVENT_RBUTTONUPK

'UDZLQJ�RQ�LPDJHV
�,!*��`�(/+`+""!./`�`"!3`"1*�0%+*/`0+` .�3`/$�,!/`�* `3.%0!`0!40/`+*`%)�#!/K`�$!
!4�),(!/`+"`��/%�`/$�,!_ .�3%*#`"1*�0%+*/`�.!`circleL`ellipseL`lineL`�* `rectangleK
�$!`"+((+3%*#`%/`�*`!4�),(!`+"`$+3`0+`1/!`0$!`circle`"1*�0%+*M

cv::circle(image,  // destination image
            cv::Point(155,110), // center coordinate
            65,                 // radius
            0,                  // color (here black)
            3);                 // thickness

�$!`cv::Point`/0.1�01.!`%/`+"0!*`1/! `%*`�,!*��`)!0$+ /`�* `"1*�0%+*/`0+`/,!�%"5`�`,%4!(
�++. %*�0!K`�+0!`0$�0`$!.!`3!`�//1)!`0$�0`0$!` .�3%*#`%/` +*!`+*`�`#.�5_(!2!(`%)�#!N`0$%/
%/`3$5`0$!`�+(+.`%/`/,!�%"%! `3%0$`�`/%*#(!`%*0!#!.K`�*`0$!`*!40`.!�%,!L`5+1`3%((`(!�.*`$+3`0+
/,!�%"5`�`�+(+.`2�(1!`%*`0$!`��/!`+"`�+(+.`%)�#!/`0$�0`1/!`0$!`cv::Scalar`/0.1�01.!K`�0`%/`�(/+
,+//%�(!`0+`3.%0!`0!40`+*`�*`%)�#!K`�$%/`��*`�!` +*!`�/`"+((+3/M

cv::putText(image,  // destination image
            "This is a dog.",// text
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            cv::Point(40,200), // text position
            cv::FONT_HERSHEY_PLAIN,  // font type
            2.0, // font scale
            255, // text color (here white)
            2);  // text thickness

��((%*#`0$!/!`03+`"1*�0%+*/`+*`+1.`0!/0`%)�#!`3%((`0$!*`.!/1(0`%*`0$!`"+((+3%*#`/�.!!*/$+0M

�!0W/`/!!`3$�0`$�,,!*/`3$!*`5+1`.1*`0$!`!4�),(!`1/%*#`�0K

5XQQLQJ�WKH�H[DPSOH�ZLWK�4W
�"`5+1`3%/$`0+`1/!`�0`0+`.1*`5+1.`�,!*��`�,,(%��0%+*/L`5+1`3%((`*!! `0+`�.!�0!`,.+&!�0`"%(!/K
�+.`0$!`!4�),(!`+"`0$%/`.!�%,!L`$!.!`%/`$+3`0$!`,.+&!�0`"%(!`QloadDisplaySave.proR`3%((
(++'M

QT += core
QT -= gui

TARGET = loadDisplaySave
CONFIG  += console
CONFIG  -= app_bundle

TEMPLATE = app

SOURCES += loadDisplaySave.cpp
INCLUDEPATH += C:\OpenCV4.0.0\build\include
LIBS += -LC:\OpenCV4.0.0\build\x86\MinGWqt32\lib \
-lopencv_core400 \
-lopencv_imgproc400 \
-lopencv_highgui400
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�$%/`"%(!`/$+3/`5+1`3$!.!`0+`"%* `0$!`include`�* `(%�.�.5`"%(!/K`�0`�(/+`(%/0/`0$!`(%�.�.5
)+ 1(!/`0$�0`�.!`1/! `�5`0$!`!4�),(!K`��'!`/1.!`0+`1/!`0$!`(%�.�.5`�%*�.%!/`�+),�0%�(!
3%0$`0$!`�+),%(!.`0$�0`�0`%/`1/%*#K`�+0!`0$�0`%"`5+1` +3*(+� `0$!`/+1.�!`�+ !`+"`0$!
!4�),(!/`"+.`0$%/`�++'L`5+1`3%((`"%* `0$!`CMakeLists`"%(!/`0$�0`5+1`��*`+,!*`3%0$`�0`Q+.
���'!R`%*`+. !.`0+`�.!�0!`0$!`�//+�%�0! `,.+&!�0/K

6HH�DOVR
�$!`cv::Mat`�(�//`%/`0$!` �0�`/0.1�01.!`0$�0`%/`1/! `0+`$+( `5+1.`%)�#!/`Q�* 
+�2%+1/(5L`+0$!.`)�0.%4` �0�RK`�$%/` �0�`/0.1�01.!`%/`�0`0$!`�+.!`+"`�((`�,!*��
�(�//!/`�* `"1*�0%+*/N`0$!`*!40`.!�%,!`+""!./`�` !0�%(! `!4,(�*�0%+*`+"`0$%/` �0�
/0.1�01.!K
�+1`��*` +3*(+� `0$!`/+1.�!`�+ !`+"`0$!`!4�),(!/`"+.`0$%/`�++'`".+)`https:/ c/
github.ccom/ cPacktPublishing/ cOpenCV- c4-cComputer- cVision- cApplication-
Programming- cCookbook- cFourth- cEditionK

�!W2!`/1��!//"1((5`(!�.*! `$+3`0+`(+� L` %/,(�5L`�* `/�2!`%)�#!/K`�+3L`(!0W/`)+2!`+*`0+
0$!`*!40`.!�%,!P

([SORULQJ�WKH�FY��0DW�GDWD�VWUXFWXUH
�*`0$!`,.!2%+1/`.!�%,!L`5+1`3!.!`%*0.+ 1�! `0+`0$!`cv::Mat` �0�`/0.1�01.!K`�/`)!*0%+*! L
0$%/`%/`�`'!5`!(!)!*0`+"`0$!`(%�.�.5K`�0`%/`1/! `0+`)�*%,1(�0!`%)�#!/`�* `)�0.%�!/`Q%*`"��0L`�*
%)�#!`%/`�`)�0.%4`".+)`�`�+),10�0%+*�(`�* `)�0$!)�0%��(`,+%*0`+"`2%!3RK`�%*�!`5+1`3%((`�!
1/%*#`0$%/` �0�`/0.1�01.!`!40!*/%2!(5`%*`5+1.`�,,(%��0%+*` !2!(+,)!*0/L`%0`%/`%),!.�0%2!`0$�0
5+1`�!�+)!`"�)%(%�.`3%0$`%0K`�+0��(5L`5+1`3%((`(!�.*`%*`0$%/`.!�%,!`0$�0`0$%/` �0�`/0.1�01.!
%*�+.,+.�0!/`�*`!(!#�*0`)!)+.5`)�*�#!)!*0`)!�$�*%/)L`�((+3%*#`!""%�%!*0`1/�#!K

+RZ�WR�GR�LW���
�!0W/`3.%0!`0$!`"+((+3%*#`0!/0`,.+#.�)`0$�0`3%((`�((+3`1/`0+`0!/0`0$!` %""!.!*0`,.+,!.0%!/`+"
0$!`cv::Mat` �0�`/0.1�01.!L`�/`"+((+3/M

�*�(1 !`0$!`opencv`$!� !./`�* `�`c++ i/o stream`10%(%05M8K

#include <iostream>
#include <opencv2/core/core.hpp>
#include <opencv2/highgui/highgui.hpp>
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�!`�.!`#+%*#`0+`�.!�0!`�`"1*�0%+*`0$�0`#!*!.�0!/`�`*!3`#.�5`%)�#!`3%0$`�` !"�1(09K
2�(1!`"+.`�((`%0/`,%4!(/M

cv::Mat function() {
  // create image
  cv::Mat ima(500,500,CV_8U,50);
  // return it
  return ima;
}

�*`0$!`main`"1*�0%+*L`3!`�.!`#+%*#`0+`�.!�0!`/%4`3%* +3/`0+`/$+3`+1.`.!/1(0/M:K

// define image windows
  cv::namedWindow("Image 1");
  cv::namedWindow("Image 2");
  cv::namedWindow("Image 3");
  cv::namedWindow("Image 4");
  cv::namedWindow("Image 5");
  cv::namedWindow("Image");

�+3L`3!`��*`/0�.0`0+`�.!�0!` %""!.!*0`)�0/`Q3%0$` %""!.!*0`/%6!/L`�$�**!(/L`�* ;K
 !"�1(0`2�(1!/R`�* `3�%0`"+.`0$!`'!5`0+`�!`,.!//! M

// create a new image made of 240 rows and 320 columns
  cv::Mat image1(240,320,CV_8U,100);

  cv::imshow("Image", image1); // show the image
  cv::waitKey(0); // wait for a key pressed

  // re-allocate a new image
  image1.create(200,200,CV_8U);
  image1= 200;

  cv::imshow("Image", image1); // show the image
  cv::waitKey(0); // wait for a key pressed

  // create a red color image
  // channel order is BGR
  cv::Mat image2(240,320,CV_8UC3,cv::Scalar(0,0,255));

  // or:
  // cv::Mat image2(cv::Size(320,240),CV_8UC3);
  // image2= cv::Scalar(0,0,255);

  cv::imshow("Image", image2); // show the image
  cv::waitKey(0); // wait for a key pressed
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�!`�.!`#+%*#`0+`.!� `�*`%)�#!`3%0$`0$!`imread`"1*�0%+*`�* `�+,5`%0`0+`�*+0$!.<K
)�0M

// read an image
  cv::Mat image3= cv::imread("puppy.bmp");

  // all these images point to the same data block
  cv::Mat image4(image3);
  image1= image3;

  // these images are new copies of the source image
  image3.copyTo(image2);
  cv::Mat image5= image3.clone();

�+3L`3!`�.!`#+%*#`0+`�,,(5`�*`%)�#!`0.�*/"+.)�0%+*`QflipR`0+`�`�+,%! `%)�#!L=K
/$+3`�((`%)�#!/`�.!�0! L`�* `3�%0`"+.`�`'!5,.!//M

// transform the image for testing
  cv::flip(image3,image3,1);

  // check which images have been affected by the processing
  cv::imshow("Image 3", image3);
  cv::imshow("Image 1", image1);
  cv::imshow("Image 2", image2);
  cv::imshow("Image 4", image4);
  cv::imshow("Image 5", image5);
  cv::waitKey(0); // wait for a key pressed

�+3L`3!`�.!`#+%*#`0+`1/!`0$!`"1*�0%+*`�.!�0! `�!"+.!`0+`#!*!.�0!`�`*!3`#.�5`)�0M>K

// get a gray-level image from a function
  cv::Mat gray= function();

  cv::imshow("Image", gray); // show the image
  cv::waitKey(0); // wait for a key pressed

�%*�((5L`3!`�.!`#+%*#`0+`(+� `�`�+(+.`%)�#!`�10`�+*2!.0`%0`0+`#.�5`%*`0$!`(+� %*#?K
,.+�!//K`�$!*L`3!`3%((`�+*2!.0`%0/`2�(1!/`0+`"(+�0`)�0M

  // read the image in gray scale
  image1= cv::imread("puppy.bmp", IMREAD_GRAYSCALE);
  image1.convertTo(image2,CV_32F,1/255.0,0.0);

  cv::imshow("Image", image2); // show the image
  cv::waitKey(0); // wait for a key pressed

�1*`0$%/`,.+#.�)`�* `0�'!`�`(++'`�0`0$!`"+((+3%*#`%)�#!/`,.+ 1�! M
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�+3L`(!0W/`#+`�!$%* `0$!`/�!*!/`0+`1* !./0�* `0$!`�+ !`�!00!.K

+RZ�LW�ZRUNV���
�$!`cv::Mat` �0�`/0.1�01.!`%/`!//!*0%�((5`)� !`1,`+"`03+`,�.0/M`�`$!� !.`�* `�` �0�`�(+�'K
�$!`$!� !.`�+*0�%*/`�((`0$!`%*"+.)�0%+*`�//+�%�0! `3%0$`0$!`)�0.%4`Q/%6!L`*1)�!.`+"
�$�**!(/L` �0�`05,!L`�* `/+`+*RK`�$!`,.!2%+1/`.!�%,!`/$+3! `5+1`$+3`0+`���!//`/+)!`+"`0$!
�00.%�10!/`+"`0$%/`/0.1�01.!`�+*0�%*! `%*`%0/`$!� !.`Q"+.`!4�),(!L`�5`1/%*#`colsL`rowsL
+.`channelsRK`�$!` �0�`�(+�'`$+( /`�((`0$!`,%4!(`2�(1!/`+"`�*`%)�#!K`�$!`$!� !.`�+*0�%*/`�
,+%*0!.`2�.%��(!`0$�0`,+%*0/`0+`0$%/` �0�`�(+�'N`%0`%/`0$!`data`�00.%�10!K`�*`%),+.0�*0
,.+,!.05`+"`0$!`cv::Mat` �0�`/0.1�01.!`%/`0$!`"��0`0$�0`0$!`)!)+.5`�(+�'`%/`+*(5`�+,%! 
3$!*`%0`%/`!4,(%�%0(5`.!-1!/0! K`�* !! L`)+/0`+,!.�0%+*/`3%((`/%),(5`�+,5
0$!`cv::Mat`$!� !.`/1�$`0$�0`)1(0%,(!`+�&!�0/`3%((`,+%*0`0+`0$!`/�)!` �0�`�(+�'`�0`0$!`/�)!
0%)!K`�$%/`)!)+.5`)�*�#!)!*0`)+ !(`)�'!/`5+1.`�,,(%��0%+*/`)+.!`!""%�%!*0`3$%(!
�2+% %*#`)!)+.5`(!�'/L`�10`%0/`�+*/!-1!*�!/`$�2!`0+`�!`1* !./0++ K`�$!`!4�),(!/`"+.`0$%/
.!�%,!`%((1/0.�0!`0$%/`"��0K

�5` !"�1(0L`0$!`cv::Mat`+�&!�0/`$�2!`�`6!.+`/%6!`3$!*`0$!5`�.!`�.!�0! L`�10`5+1`��*`�(/+
/,!�%"5`�*`%*%0%�(`/%6!`�/`"+((+3/M

// create a new image made of 240 rows and 320 columns
cv::Mat image1(240,320,CV_8U,100);
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�*`0$%/`��/!L`5+1`�(/+`*!! `0+`/,!�%"5`0$!`05,!`+"`!��$`)�0.%4`!(!)!*0N`CV_8U`$!.!L`3$%�$
�+..!/,+* /`0+`8_�50!`,%4!(`%)�#!/K`�$!`(!00!.`U`)!�*/`%0`%/`1*/%#*! K`�+1`��*`�(/+` !�(�.!
/%#*! `*1)�!./`�5`1/%*#`0$!`(!00!.`SK`�+.`�`�+(+.`%)�#!L`5+1`3+1( `/,!�%"5`0$.!!`�$�**!(/
QCV_8UC3RK`�+1`��*`�(/+` !�(�.!`%*0!#!./`Q/%#*! `+.`1*/%#*! R`+"`/%6!`8=`�* `:9`Q"+.
!4�),(!L`CV_16SC3RK`�+1`�(/+`$�2!`���!//`0+`:9_�%0`�* `=;_�%0`"(+�0%*#_,+%*0`*1)�!./`Q"+.
!4�),(!L`CV_32FRK

���$`!(!)!*0`+"`�*`%)�#!`Q+.`�`)�0.%4R`��*`�!`�+),+/! `+"`)+.!`0$�*`+*!`2�(1!`Q"+.
!4�),(!L`0$!`0$.!!`�$�**!(/`+"`�`�+(+.`%)�#!RN`0$!.!"+.!L`�,!*��`$�/`%*0.+ 1�! `�`/%),(!
 �0�`/0.1�01.!`0$�0`%/`1/! `3$!*`,%4!(`2�(1!/`�.!`,�//! `0+`"1*�0%+*/K`�0`%/
0$!`cv::Scalar`/0.1�01.!L`3$%�$`%/`#!*!.�((5`1/! `0+`$+( `+*!`2�(1!`+.`0$.!!`2�(1!/K`�+.
!4�),(!L`0+`�.!�0!`�`�+(+.`%)�#!`%*%0%�(%6! `3%0$`.! `,%4!(/L`5+1`3%((`3.%0!`0$!`"+((+3%*#
�+ !M

// create a red color image
// channel order is BGR
cv::Mat image2(240,320,CV_8UC3,cv::Scalar(0,0,255));

�%)%(�.(5L`0$!`%*%0%�(%6�0%+*`+"`0$!`#.�5_(!2!(`%)�#!`�+1( `�(/+`$�2!`�!!*` +*!`1/%*#`0$%/
/0.1�01.!`�5`3.%0%*#`cv::Scalar(100)K

�$!`%)�#!`/%6!`�(/+`+"0!*`*!! /`0+`�!`,�//! `0+`"1*�0%+*/K`�!`$�2!`�(.!� 5`)!*0%+*! `0$�0
0$!`cols`�* `rows`�00.%�10!/`��*`�!`1/! `0+`#!0`0$!` %)!*/%+*/`+"`�`cv::Mat`%*/0�*�!K`�$!
/%6!`%*"+.)�0%+*`��*`�(/+`�!`,.+2% ! `0$.+1#$`0$!`cv::Size`/0.1�01.!`0$�0`/%),(5`�+*0�%*/
0$!`$!%#$0`�* `3% 0$`+"`0$!`)�0.%4K`�$!`size()`)!0$+ `�((+3/`5+1`0+`+�0�%*`0$!`�1..!*0
)�0.%4`/%6!K`�0`%/`0$!`"+.)�0`0$�0`%/`1/! `%*`)�*5`)!0$+ /`3$!.!`�`)�0.%4`/%6!`)1/0`�!
/,!�%"%! K`�+.`!4�),(!L`�*`%)�#!`�+1( `�!`�.!�0! `�/`"+((+3/M

// create a non-initialized color image
cv::Mat image2(cv::Size(320,240),CV_8UC3);

�$!` �0�`�(+�'`+"`�*`%)�#!`��*`�(3�5/`�!`�((+��0! `+.`.!�((+��0! `1/%*#
0$!`create`)!0$+ K`�$!*`�*`%)�#!`$�/`�!!*`,.!2%+1/(5`�((+��0! L`%0/`+( `�+*0!*0`%/
 !�((+��0! `"%./0K`�+.`.!�/+*/`+"`!""%�%!*�5L`%"`0$!`*!3(5`,.+,+/! `/%6!`�* `05,!`)�0�$`0$!
�(.!� 5`!4%/0%*#`/%6!`�* `05,!L`0$!*`*+`*!3`)!)+.5`�((+��0%+*`%/`,!."+.)! M

// re-allocate a new image
// (only if size or type are different)
image1.create(200,200,CV_8U);
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�$!*`*+`)+.!`.!"!.!*�!/`,+%*0`0+`�`#%2!*`cv::Mat`+�&!�0L`0$!`�((+��0! `)!)+.5`%/
�10+)�0%��((5`.!(!�/! K`�$%/`%/`2!.5`�+*2!*%!*0`�!��1/!`%0`�2+% /`0$!`�+))+*`)!)+.5`(!�'
,.+�(!)/`+"0!*`�//+�%�0! `3%0$` 5*�)%�`)!)+.5`�((+��0%+*`%*`�BBK`�$%/`%/`�`'!5
)!�$�*%/)`%*`�,!*��`9`0$�0`%/`���+),(%/$! `�5`$�2%*#`0$!`cv::Mat`�(�//`%),(!)!*0
.!"!.!*�!`�+1*0%*#`�* `/$�((+3`�+,5%*#K`�$!.!"+.!L`3$!*`�*`%)�#!`%/`�//%#*! `0+`�*+0$!.
+*!L`0$!`%)�#!` �0�`Q0$�0`%/L`0$!`,%4!(/R`%/`*+0`�+,%! N`�+0$`0$!`%)�#!/`3%((`,+%*0`0+`0$!`/�)!
)!)+.5`�(+�'K`�$%/`�(/+`�,,(%!/`0+`%)�#!/`,�//! `�5`2�(1!`+.`.!01.*! `�5`2�(1!K`�
.!"!.!*�!`�+1*0`%/`'!,0L`/1�$`0$�0`0$!`)!)+.5`3%((`�!`.!(!�/! `+*(5`3$!*`�((`0$!`.!"!.!*�!/
0+`0$!`%)�#!`3%((`�!` !/0.+5! `+.`�//%#*! `0+`�*+0$!.`%)�#!M

// all these images point to the same data block
cv::Mat image4(image3);
image1= image3;

�*5`0.�*/"+.)�0%+*`�,,(%! `0+`+*!`+"`0$!`,.!�! %*#`%)�#!/`3%((`�(/+`�""!�0`0$!`+0$!.
%)�#!/K`�"`5+1`3%/$`0+`�.!�0!`�` !!,`�+,5`+"`0$!`�+*0!*0`+"`�*`%)�#!L`1/!
0$!`copyTo`)!0$+ K`�*`0$�0`��/!L`0$!`create`)!0$+ `%/`��((! `+*`0$!` !/0%*�0%+*`%)�#!K
�*+0$!.`)!0$+ `0$�0`,.+ 1�!/`�`�+,5`+"`�*`%)�#!`%/`0$!`clone`)!0$+ L`3$%�$`�.!�0!/`�*
% !*0%��(`*!3`%)�#!`�/`"+((+3/M

// these images are new copies of the source image
image3.copyTo(image2);
cv::Mat image5= image3.clone();

�"`5+1`*!! `0+`�+,5`�*`%)�#!`%*0+`�*+0$!.`%)�#!`0$�0` +!/`*+0`*!�!//�.%(5`$�2!`0$!`/�)!
 �0�`05,!L`5+1`$�2!`0+`1/!`0$!`convertTo`)!0$+ M

// convert the image into a floating point image [0,1]
image1.convertTo(image2,CV_32F,1/255.0,0.0);

�*`0$%/`!4�),(!L`0$!`/+1.�!`%)�#!`%/`�+,%! `%*0+`�`"(+�0%*#_,+%*0`%)�#!K`�$!`)!0$+ 
%*�(1 !/`03+`+,0%+*�(`,�.�)!0!./—�`/��(%*#`"��0+.`�* `�*`+""/!0K`�+0!`0$�0`�+0$`0$!`%)�#!/
)1/0L`$+3!2!.L`$�2!`0$!`/�)!`*1)�!.`+"`�$�**!(/K

�$!`�((+��0%+*`)+ !(`"+.`0$!`cv::Mat`+�&!�0/`�(/+`�((+3/`5+1`/�"!(5`0+`3.%0!`"1*�0%+*/`Q+.
�(�//`)!0$+ /R`0$�0`.!01.*`�*`%)�#!M

cv::Mat function() {
  // create image
  cv::Mat ima(240,320,CV_8U,cv::Scalar(100));
  // return it
  return ima;
}
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  // get a gray-level image
  cv::Mat gray= function();

�"`3!` +`0$%/L`0$!*`0$!`gray`2�.%��(!`3%((`*+3`$+( `0$!`%)�#!`�.!�0! `�5`0$!`"1*�0%+*
3%0$+10`!40.�`)!)+.5`�((+��0%+*K`�* !! L`�/`3!`!4,(�%*! L`+*(5`�`/$�((+3`�+,5`+"`0$!
%)�#!`3%((`�!`0.�*/"!..! `".+)`0$!`.!01.*! `cv::Mat`%*/0�*�!`0+`0$!`gray`%)�#!K`�$!*
0$!`ima`(+��(`2�.%��(!`#+!/`+10`+"`/�+,!L`0$%/`2�.%��(!`%/` !�((+��0! L`�10`/%*�!`0$!`�//+�%�0! 
.!"!.!*�!`�+1*0!.`%* %��0!/`0$�0`%0/`%*0!.*�(`%)�#!` �0�`%/`�!%*#`.!"!..! `0+`�5`�*+0$!.
%*/0�*�!`Q0$�0`%/L`0$!`gray`2�.%��(!RL`%0/`)!)+.5`�(+�'`%/`*+0`.!(!�/! K

�0W/`3+.0$`*+0%*#`0$�0`%*`0$!`��/!`+"`�(�//!/L`5+1`/$+1( `�!`��.!"1(`�* `*+0`.!01.*`%)�#!
class`�00.%�10!/K`
!.!`%/`�*`!4�),(!`+"`�*`!..+._,.+*!`%),(!)!*0�0%+*M

class Test {
  // image attribute
  cv::Mat ima;
  public:
  // constructor creating a gray-level image
 Test() : ima(240,320,CV_8U,cv::Scalar(100)) {}

  // method return a class attribute, not a good idea...
  cv::Mat method() { return ima; }
};


!.!L`%"`�`"1*�0%+*`��((/`0$!`)!0$+ `+"`0$%/`�(�//L`%0`+�0�%*/`�`/$�((+3`�+,5`+"`0$!`%)�#!
�00.%�10!/K`�"`(�0!.`0$%/`�+,5`%/`)+ %"%! L`0$!`class`�00.%�10!`3%((`�(/+`�!`/1..!,0%0%+1/(5
)+ %"%! L`3$%�$`��*`�""!�0`0$!`/1�/!-1!*0`�!$�2%+.`+"`0$!`�(�//`Q�* `2%�!`2!./�RK`�+`�2+% 
0$!/!`'%* /`+"`!..+./L`5+1`/$+1( `%*/0!� `.!01.*`�`�(+*!`+"`0$!`�00.%�10!K
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�$%(!`5+1`�.!`)�*%,1(�0%*#`0$!`cv::Mat`�(�//L`5+1`3%((` %/�+2!.`0$�0`�,!*��`�(/+
%*�(1 !/`/!2!.�(`+0$!.`.!(�0! `�(�//!/K`�0`3%((`�!`%),+.0�*0`"+.`5+1`0+`�!�+)!`"�)%(%�.`3%0$
0$!)K
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�"`5+1`(++'`�0`0$!`�,!*��` +�1)!*0�0%+*L`5+1`3%((`/!!`0$�0`)�*5`)!0$+ /`�* `"1*�0%+*/
���!,0`,�.�)!0!./`+"`0$!`cv::InputArray`05,!`�/`0$!`%*,10K`�$%/`05,!`%/`�`/%),(!`,.+45
�(�//`%*0.+ 1�! `0+`#!*!.�(%6!`0$!`�+*�!,0`+"`�..�5/`%*`�,!*��L`�* `0$1/L`�2+% `0$!
 1,(%��0%+*`+"`/!2!.�(`2!./%+*/`+"`0$!`/�)!`)!0$+ `+.`"1*�0%+*`3%0$` %""!.!*0`%*,10
,�.�)!0!.`05,!/K`�0`��/%��((5`)!�*/`0$�0`5+1`��*`/1,,(5`�`cv::Mat`+�&!�0`+.`+0$!.
�+),�0%�(!`05,!/`�/`�*`�.#1)!*0K`�$%/`�(�//`%/`&1/0`�*`%*0!."��!L`/+`5+1`/$+1( `*!2!.` !�(�.!
%0`!4,(%�%0(5`%*`5+1.`�+ !K`�0`%/`%*0!.!/0%*#`0+`'*+3`0$�0`cv::InputArray`��*`�(/+`�!
�+*/0.1�0! `".+)`0$!`,+,1(�.`std::vector`�(�//K`�$%/`)!�*/`0$�0`/1�$`+�&!�0/`��*`�!`1/! 
�/`0$!`%*,10`0+`�,!*��`)!0$+ /`�* `"1*�0%+*/`Q�/`(+*#`�/`%0`)�'!/`/!*/!`0+` +`/+RK`�0$!.
�+),�0%�(!`05,!/`�.!`cv::Scalar`�* `cv::VecN`0$%/`(�0!.`/0.1�01.!`3%((`�!`,.!/!*0! `%*
Chapter 2L`��*%,1(�0%*#`0$!`�%4!(/K`�$!.!`%/`�(/+`�`cv::OutputArray`,.+45`�(�//`0$�0`%/
1/! `0+` !/%#*�0!`0$!`�..�5/`.!01.*! `�5`/+)!`)!0$+ /`+.`"1*�0%+*/K

6HH�DOVR
�$!`�+),(!0!`�,!*��` +�1)!*0�0%+*`��*`�!`"+1* `�0`https:/ c/cdocs. copencv.
org/cK
Chapter 2L`��*%,1(�0%*#`0$!`�%4!(/L`3%((`/$+3`5+1`$+3`0+`���!//`�* `)+ %"5`0$!
,%4!(`2�(1!/`+"`�*`%)�#!`.!,.!/!*0! `�5`0$!`cv::Mat`�(�//`!""%�%!*0(5K

�$!`*!40`.!�%,!`3%((`!4,(�%*`$+3`0+` !"%*!`�`.!#%+*`+"`%*0!.!/0`Q���R`%*/% !`�*`%)�#!K
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�,!*��`%*�+.,+.�0!/`�*`!(!#�*0`�* `/%),(!`)!�$�*%/)`0+` !"%*!`�`/1�.!#%+*`%*`�*`%)�#!
�* `)�*%,1(�0!`%0`�/`�`.!#1(�.`%)�#!K`�$%/`.!�%,!`3%((`0!��$`5+1`$+3`0+` !"%*!`�*`���
%*/% !`�*`%)�#!K
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�1,,+/!`3!`3�*0`0+`�+,5`�`/)�((`%)�#!`+*0+`�`(�.#!.`+*!K`�+.`!4�),(!L`(!0W/`/�5`3!`3�*0`0+
%*/!.0`0$!`"+((+3%*#`/)�((`(+#+`%*0+`+1.`0!/0`%)�#!M

�+` +`0$%/L`�*`���`��*`�!` !"%*! `+2!.`3$%�$`0$!`�+,5`+,!.�0%+*`��*`�!`�,,(%! K`�/`3!`3%((
/!!L`0$!`,+/%0%+*`+"`0$!`���`3%((` !0!.)%*!`3$!.!`0$!`(+#+`3%((`�!`%*/!.0! `%*`0$!`%)�#!K
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�$!`"%./0`/0!,`�+*/%/0/`+"` !"%*%*#`0$!`���K`�!`��*`1/!`Rect`0+` !"%*!`0$!`���M8K

cv::Rect myRoi= cv::Rect(image.cols-logo.cols, //ROI coordinates
                image.rows-logo.rows,
                logo.cols,logo.rows)

�*�!`0$!`���`%/` !"%*! L`3!`��*`�.!�0!`�`*!3`)�0`�,,(5%*#`0$!`���`0+`�*+0$!.9K
)�0`�* `%0`��*`�!`)�*%,1(�0! `�/`�`.!#1(�.`cv::Mat`%*/0�*�!K`�$!`'!5`%/`0$�0`0$!
���`%/`%* !! `�`cv::Mat`+�&!�0`0$�0`,+%*0/`0+`0$!`/�)!` �0�`�1""!.`�/`%0/`,�.!*0
%)�#!`�* `$�/`�`$!� !.`0$�0`/,!�%"%!/`0$!`�++. %*�0!/`+"`0$!`���K`�*/!.0%*#`0$!
(+#+`3+1( `0$!*`�!`���+),(%/$! `�/`"+((+3/M

  // define image ROI at image bottom-right
  cv::Mat imageROI(image, myRoi);

  // insert logo
  logo.copyTo(imageROI);
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!.!L`image`%/`0$!` !/0%*�0%+*`%)�#!L`�* `logo`%/`0$!`(+#+`%)�#!`Q+"`�`/)�((!.
/%6!RK`�$!`"+((+3%*#`%)�#!`%/`0$!*`+�0�%*! `�5`!4!�10%*#`0$!`,.!2%+1/`�+ !M

�+3L`(!0W/`#+`�!$%* `0$!`/�!*!/`0+`1* !./0�* `0$!`�+ !`�!00!.K
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�*!`3�5`0+` !"%*!`�*`���`%/`0+`1/!`�`cv::Rect`%*/0�*�!K`�/`0$!`*�)!`%* %��0!/L`%0` !/�.%�!/
�`.!�0�*#1(�.`.!#%+*`�5`/,!�%"5%*#`0$!`,+/%0%+*`+"`0$!`1,,!._(!"0`�+.*!.`Q0$!`"%./0`03+
,�.�)!0!./`+"`0$!`�+*/0.1�0+.R`�* `0$!`/%6!`+"`0$!`.!�0�*#(!`Q0$!`3% 0$`�* `$!%#$0`�.!`#%2!*
%*`0$!`(�/0`03+`,�.�)!0!./RK`�*`+1.`!4�),(!L`3!`1/! `0$!`/%6!`+"`0$!`%)�#!`�* `0$!`/%6!`+"
0$!`(+#+`%*`+. !.`0+` !0!.)%*!`0$!`,+/%0%+*`3$!.!`0$!`(+#+`3+1( `�+2!.`0$!`�+00+)_.%#$0
�+.*!.`+"`0$!`%)�#!K`��2%+1/(5L`0$!`���`/$+1( `�(3�5/`�!`�+),(!0!(5`%*/% !`0$!`,�.!*0
%)�#!K

�$!`���`��*`�(/+`�!` !/�.%�! `1/%*#`.+3`�* `�+(1)*`.�*#!/K`�`.�*#!`%/`�`�+*0%*1+1/
/!-1!*�!`".+)`�`/0�.0`%* !4`0+`�*`!* `%* !4`Q!4�(1 %*#`�+0$RK`�$!`cv::Range`/0.1�01.!`%/
1/! `0+`.!,.!/!*0`0$%/`�+*�!,0K`�$!.!"+.!L`�*`���`��*`�!` !"%*! `".+)`03+`.�*#!/N`%*`+1.
!4�),(!L`0$!`���`�+1( `$�2!`�!!*`!-1%2�(!*0(5` !"%*! `�/`"+((+3/M

imageROI= image(cv::Range(image.rows-logo.rows,image.rows),
                cv::Range(image.cols-logo.cols,image.cols));
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�*`0$%/`��/!L`0$!`operator()`"1*�0%+*`+"`cv ::Mat`.!01.*/`�*+0$!.`cv::Mat`%*/0�*�!`0$�0
��*`0$!*`�!`1/! `%*`/1�/!-1!*0`��((/K`�*5`0.�*/"+.)�0%+*`+"`0$!`���`3%((`�""!�0`0$!`+.%#%*�(
%)�#!`%*`0$!`�+..!/,+* %*#`�.!�`�!��1/!`0$!`%)�#!`�* `0$!`���`/$�.!`0$!`/�)!`%)�#!` �0�K
�%*�!`0$!` !"%*%0%+*`+"`�*`���` +!/`*+0`%*�(1 !`0$!`�+,5%*#`+"` �0�L`%0`%/`!4!�10! `%*`�
�+*/0�*0`�)+1*0`+"`0%)!L`*+`)�00!.`0$!`/%6!`+"`0$!`���K

�"`+*!`3�*0/`0+` !"%*!`�*`���`)� !`+"`/+)!`(%*!/`+"`�*`%)�#!L`0$!`"+((+3%*#`��((`�+1( `�!
1/! M

cv::Mat imageROI= image.rowRange(start,end);

�%)%(�.(5L`"+.`�*`���`)� !`+"`/+)!`%)�#!`�+(1)*/L`0$!`"+((+3%*#`�+1( `�!`1/! M

cv::Mat imageROI= image.colRange(start,end);
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�$!`�,!*��`)!0$+ /`�* `"1*�0%+*/`%*�(1 !`)�*5`+,0%+*�(`,�.�)!0!./`0$�0`�.!`*+0
 %/�1//! `%*`0$!`.!�%,!/`+"`0$%/`�++'K`�$!*`5+1`3%/$`0+`1/!`�`"1*�0%+*`"+.`0$!`"%./0`0%)!L`5+1
/$+1( `�(3�5/`0�'!`0$!`0%)!`0+`(++'`�0`0$!` +�1)!*0�0%+*`0+`(!�.*`)+.!`��+10`0$!`,+//%�(!
+,0%+*/`0$�0`0$%/`"1*�0%+*`+""!./K`�*!`2!.5`�+))+*`+,0%+*`%/`0$!`,+//%�%(%05`0+` !"%*!`%)�#!
)�/'/K
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�+)!`�,!*��`+,!.�0%+*/`�((+3`5+1`0+` !"%*!`�`)�/'`0$�0`3%((`(%)%0`0$!`�,,(%���%(%05`+"`�
#%2!*`"1*�0%+*`+.`)!0$+ L`3$%�$`%/`*+.)�((5`/1,,+/! `0+`+,!.�0!`+*`�((`0$!`%)�#!`,%4!(/K`�
)�/'`%/`�*`?_�%0`%)�#!`0$�0`/$+1( `�!`*+*6!.+`�0`�((`(+��0%+*/`3$!.!`5+1`3�*0`�*`+,!.�0%+*
0+`�!`�,,(%! K`�0`0$!`,%4!(`(+��0%+*/`0$�0`�+..!/,+* `0+`0$!`6!.+`2�(1!/`+"`0$!`)�/'L`0$!
%)�#!`%/`1*0+1�$! K`�+.`!4�),(!L`0$!`copyTo`)!0$+ `��*`�!`��((! `3%0$`�`)�/'K`�!`��*
1/!`%0`$!.!`0+`�+,5`+*(5`0$!`3$%0!`,+.0%+*`+"`0$!`(+#+`/$+3*`,.!2%+1/(5L`�/`"+((+3/M

// define image ROI at image bottom-right
imageROI= image(cv::Rect(image.cols-logo.cols,image.rows-logo.rows,
logo.cols,logo.rows));
// use the logo as a mask (must be gray-level)
cv::Mat mask(logo);

// insert by copying only at locations of non-zero mask
logo.copyTo(imageROI,mask);
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�$!`���'#.+1* `+"`+1.`(+#+`3�/`�(��'`Q0$!.!"+.!L`%0`$� `0$!`2�(1!`0RN`0$!.!"+.!L`%0`3�/`!�/5
0+`1/!`%0`�/`�+0$`0$!`�+,%! `%)�#!`�* `0$!`)�/'K`�"`�+1./!L`5+1`��*` !"%*!`0$!`)�/'`+"`5+1.
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