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Use OpenCV 4 in secret projects to classify cats, reveal the
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set PYINSTALLER=pyinstaller

REM Remove any previous build of the app.
rmdir build /s /q
rmdir dist /s /q

REM Train the classifier.
python HistogramClassifier.py
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        <activity
            android:name="�&DPHUD$FWLYLW\"
            DQGURLG�VFUHHQ2ULHQWDWLRQ �ODQGVFDSH�
������������DQGURLG�WKHPH �#DQGURLG�VW\OH�7KHPH�1R7LWOH%DU�)XOOVFUHHQ�>
            <intent-filter>
                <action android:name="android.intent.action.MAIN" />

                <category android:name="android.intent.category.LAUNCHER"
/>
            </intent-filter>
        </activity>
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%*/0�((!./`"+.`�50$+*`�.!`�2�%(��(!`".+)`http://www.python.org/getit/K`�+3*(+� `�* 
.1*`0$!`(�0!/0`.!2%/%+*`+"`�50$+*`:K>L`%*`!%0$!.`0$!`:9_�%0`2�.%�*0`+.`0$!`=;_�%0`2�.%�*0K

�+`)�'!`�50$+*`/�.%,0/`.1*`1/%*#`+1.`*!3`�50$+*`:K>`%*/0�((�0%+*`�5` !"�1(0L`(!0W/`! %0`0$!
/5/0!)W/`��0$`2�.%��(!`�* `�,,!* `;C:\Python3.7`Q�//1)%*#`�50$+*`:K>`%/`%*/0�((! `%*`0$!
 !"�1(0`(+��0%+*RK`�!)+2!`�*5`,.!2%+1/`�50$+*`,�0$/L`/1�$`�/`;C:\Python2.7K`�+#`+10
�* `(+#`���'`%*`Q+.`.!�++0RK

�50$+*`�+)!/`3%0$`�`,��'�#!`)�*�#!.`��((! `pipL`3$%�$`/%),(%"%!/`0$!`0�/'`+"`%*/0�((%*#
�50$+*`)+ 1(!/`�* `0$!%.` !,!* !*�%!/K`�,!*`�+))�* `�.+),0`�* `.1*`0$!`"+((+3%*#
�+))�* `0+`%*/0�((`numpyL`scipyL`requestsL`wxPythonL`�* `pyinstallerM

! SLS�LQVWDOO���XVHU�QXPS\�VFLS\�UHTXHVWV�Z[3\WKRQ�S\LQVWDOOHU

�+3L`3!`$�2!`�`�$+%�!K`�!`��*`!%0$!.`%*/0�((`0$!`�%*�.%!/`+"`OpenCV`�* `opencv_contrib
�/`�`,.!�1%(0`�50$+*`)+ 1(!L`+.`3!`��*`�1%( `0$%/`)+ 1(!`".+)`/+1.�!K`�+`%*/0�((`�`,.!�1%(0
)+ 1(!L`/%),(5`.1*`0$!`"+((+3%*#`�+))�* M

! SLS�LQVWDOO���XVHU�RSHQFY�FRQWULE�S\WKRQ

�(0!.*�0%2!(5L`0+`�1%( `OpenCV`�* `opencv_contrib`".+)`/+1.�!L`"+((+3`0$!`%*/0.1�0%+*/
%*`0$!`/!�0%+*`�1%( %*#`�,!*��`+*`�%* +3/`3%0$`���'!`�* `�%/1�(`�01 %+L`�/`"+((+3K
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�"0!.`!%0$!.`%*/0�((%*#`�`,.!�1%(0`OpenCV`�* `opencv_contrib`)+ 1(!`+.`�1%( %*#`%0`".+)
/+1.�!L`3!`3%((`$�2!`!2!.50$%*#`3!`*!! `0+` !2!(+,`�,!*��`�,,(%��0%+*/`"+.`�%* +3/K`�+
 !2!(+,`"+.`�* .+% L`3!`*!! `0+`/!0`1,`�* .+% `�01 %+`�/` !/�.%�! `%*`0$!`/!�0%+*`�!00%*#
1,`�* .+% `�01 %+L`�* `�,!*��L`(�0!.`%*`0$%/`�$�,0!.K

%XLOGLQJ�2SHQ&9�RQ�:LQGRZV�ZLWK�&0DNH�DQG�9LVXDO
6WXGLR
�+`�+),%(!`�,!*��`".+)`/+1.�!L`3!`*!! `�`#!*!.�(`,1.,+/!`�BB` !2!(+,)!*0
!*2%.+*)!*0K`�/`+1.`�BB` !2!(+,)!*0`!*2%.+*)!*0L`3!`3%((`1/!`�%/1�(`�01 %+`978<`+.
(�0!.K`�/!`�*5`%*/0�((�0%+*`)! %�`5+1`)�5`$�2!`,1.�$�/! L`+.`#+`0+`0$!` +3*(+� /`,�#!
�0`https:/b/bvisualstudio. bmicrosoft. bcom/bdownloads/ bK`�+3*(+� `�* `.1*`0$!`%*/0�((!.`"+.
+*!`+"`0$!`"+((+3%*#M

�%/1�(`�01 %+`�+))1*%05`978>L`3$%�$`%/`".!!
�*5`+"`0$!`,�% `�%/1�(`�01 %+`978>`2!./%+*/L`3$%�$`$�2!`:7_ �5`".!!`0.%�(/

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

�,!*��`1/!/`�`/!0`+"`�1%( `0++(/`��((! `���'!L`3$%�$`3!`)1/0`%*/0�((K`�,0%+*�((5L`3!`)�5
%*/0�((`/!2!.�(`0$%. _,�.05`(%�.�.%!/`%*`+. !.`0+`!*��(!`!40.�`"!�01.!/`%*`�,!*��K`�/`�*
!4�),(!L`(!0W/`%*/0�((`�*0!(`�$.!� `�1%( %*#`�(+�'/`Q���RL`3$%�$`�,!*��`��*`(!2!.�#!`%*
+. !.`0+`+,0%)%6!`/+)!`"1*�0%+*/`"+.`)1(0%�+.!`���/K`�"0!.`%*/0�((%*#`���L`3!`3%((
�+*"%#1.!`�* `�1%( `�,!*��K`��/0(5L`3!`3%((`!*/1.!`0$�0`+1.`�BB`�* `�50$+*`!*2%.+*)!*0/
��*`"%* `+1.`�1%( `+"`�,!*��K


!.!`�.!`0$!` !0�%(! `/0!,/M

�+3*(+� `�* `%*/0�((`0$!`(�0!/0`/0��(!`2!./%+*`+"`���'!`".+)`https:/ b/bcmake.8K
org/bdownload/ bK`���'!`:`+.`�`*!3!.`2!./%+*`%/`.!-1%.! K`�2!*`%"`3!`�.!`1/%*#`=;_
�%0`(%�.�.%!/`�* `�+),%(!./L`:9_�%0`���'!`%/`�+),�0%�(!K`�$!*`0$!`%*/0�((!.`�/'/
��+10`)+ %"5%*#`���
L`/!(!�0`!%0$!.`�  `���'!`0+`0$!`/5/0!)`���
`"+.`�((
1/!./`+.`�  `���'!`0+`0$!`/5/0!)`���
`"+.`�1..!*0`1/!.K
�"`5+1.`/5/0!)`1/!/`�`,.+45`/!.2!.`0+`���!//`0$!`%*0!.*!0L` !"%*!`03+`!*2%.+*)!*09K
2�.%��(!/L`HTTP_PROXY`�* `HTTPS_PROXYL`3%0$`2�(1!/`!-1�(`0+`0$!`,.+45
/!.2!.W/`���L`/1�$`�/`http://myproxy.com:8080K`�$%/`!*/1.!/`0$�0`���'!`��*
1/!`0$!`,.+45`/!.2!.`0+` +3*(+� `/+)!`�  %0%+*�(` !,!* !*�%!/`"+.`�,!*��K`Q�"
%*` +1�0L` +`*+0` !"%*!`0$!/!`!*2%.+*)!*0`2�.%��(!/N`5+1`�.!`,.+���(5`*+0`1/%*#
�`,.+45`/!.2!.KR
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�+3*(+� `0$!`�,!*��`�%*`,��'`".+)`http://opencv.org/releases.htmlK:K
Q�$++/!`0$!`(�0!/0`2!./%+*KR`�$!` +3*(+� ! `"%(!`)�5`$�2!`�*`.exe`!40!*/%+*L
�10`��01�((5L`%0`%/`�`/!("_!40.��0%*#`���K`�+1�(!_�(%�'`+*`0$!`"%(!`�* L`3$!*
,.+),0! L`!*0!.`�*5` !/0%*�0%+*`"+( !.L`3$%�$`3!`3%((`.!"!.`0+`�/
<opencv_unzip_destination>K`�`/1�"+( !.L
<opencv_unzip_destination>/opencvL`3%((`�!`�.!�0! K
�+3*(+� `opencv_contrib`�/`�`���`".+)`https:/ b/bgithub. bcom/ bopencv/;K
opencv_bcontrib/ breleasesK`Q�$++/!`0$!`(�0!/0`2!./%+*KR`�*6%,`%0`0+`�*5
 !/0%*�0%+*`"+( !.L`3$%�$`3!`3%((`.!"!.`0+`�/
<opencv_contrib_unzip_destination>K
�+3*(+� `0$!`(�0!/0`/0��(!`2!./%+*`+"`���`".+)<K
https://www.threadingbuildingblocks.org/downloadK`�0`%*�(1 !/`�+0$`:9_�%0
�* `=;_�%0`�%*�.%!/K`�*6%,`%0`0+`�*5` !/0%*�0%+*L`3$%�$`3!`3%((`.!"!.`0+`�/
<tbb_unzip_destination>K
�,!*`�+))�* `�.+),0K`�.!�0!`�`"+( !.`0+`/0+.!`+1.`�1%( M=K

! PNGLU��EXLOGBIROGHU!

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

! FG��EXLOGBIROGHU!


�2%*#`/!0`1,`+1.` !,!* !*�%!/L`3!`��*`*+3`�+*"%#1.!`�,!*��W/`�1%( `/5/0!)K>K
�+`1* !./0�* `�((`0$!`�+*"%#1.�0%+*`+,0%+*/L`3!`��*`.!� `0$!`�+ !`%*
<opencv_unzip_destination>/opencv/sources/CMakeLists.txtK

+3!2!.L`�/`�*`!4�),(!L`3!`3%((`&1/0`1/!`0$!`+,0%+*/`"+.`�`.!(!�/!`�1%( `0$�0
%*�(1 !/`�50$+*`�%* %*#/`�* `)1(0%,.+�!//%*#`0$.+1#$`���M

�+`�.!�0!`�`:9_�%0`,.+&!�0`"+.`�%/1�(`�01 %+`978>L`.1*`0$!`"+((+3%*#
�+))�* `Q�10`.!,(��!`0$!`�*#(!`�.��'!0/`�* `0$!%.`�+*0!*0/`3%0$`0$!
��01�(`,�0$/RM

! &$//��WEEBXQ]LSBGHVWLQDWLRQ!?ELQ?WEEYDUV�EDW�LD���YV����
! FPDNH��'&0$.(B%8,/'B7<3( 5(/($6(�':,7+B23(1*/ 21��
':,7+B7%% 21
�'23(1&9B6.,3B3<7+21B/2$'(5 21
�'3<7+21�B/,%5$5< &��3\WKRQ���OLEV�S\WKRQ���OLE
�'3<7+21�B,1&/8'(B',5 &��3\WKRQ���LQFOXGH��
'23(1&9B(;75$B02'8/(6B3$7+ ��RSHQFYBFRQWULEBXQ]LSBGHVWLQDWLRQ!�
PRGXOHV���*��9LVXDO�6WXGLR���������
��RSHQFYBXQ]LSBGHVWLQDWLRQ!�RSHQFY�VRXUFHV�
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�(0!.*�0%2!(5L`0+`�.!�0!`�`=;_�%0`,.+&!�0`"+.`�%/1�(`�01 %+`978>L`.1*`0$!
"+((+3%*#`�+))�* `Q�10`.!,(��!`0$!`�*#(!`�.��'!0/`�* `0$!%.`�+*0!*0/
3%0$`0$!`��01�(`,�0$/RM

! &$//��WEEBXQ]LSBGHVWLQDWLRQ!?ELQ?WEEYDUV�EDW�LQWHO���YV����
! FPDNH��'&0$.(B%8,/'B7<3( 5(/($6(�':,7+B23(1*/ 21��
':,7+B7%% 21
�'23(1&9B6.,3B3<7+21B/2$'(5 21
�'3<7+21�B/,%5$5< &��3\WKRQ���OLEV�S\WKRQ���OLE
�'3<7+21�B,1&/8'(B',5 &��3\WKRQ���LQFOXGH��
'23(1&9B(;75$B02'8/(6B3$7+ ��RSHQFYBFRQWULEBXQ]LSBGHVWLQDWLRQ!�
PRGXOHV���*��9LVXDO�6WXGLR���������:LQ���
��RSHQFYBXQ]LSBGHVWLQDWLRQ!�RSHQFY�VRXUFHV�

���'!`3%((`,.+ 1�!`�`.!,+.0`+*`0$!` !,!* !*�%!/`0$�0`%0` % `+.` % `*+0
"%* K`�,!*��`$�/`)�*5`+,0%+*�(` !,!* !*�%!/L`/+` +`*+0`,�*%�`Q5!0R
��+10`)%//%*#` !,!* !*�%!/K`
+3!2!.L`%"`0$!`�1%( ` +!/`*+0`"%*%/$
/1��!//"1((5L`0.5`%*/0�((%*#`)%//%*#` !,!* !*�%!/K`Q��*5`�.!`�2�%(��(!
�/`,.!�1%(0`�%*�.%!/KR`�$!*L`.!,!�0`0$%/`/0!,K

�+3`0$�0`+1.`�1%( `/5/0!)`%/`�+*"%#1.! L`3!`��*`�+),%(!`�,!*��K`�,!*?K
<build_folder>/OpenCV.sln`%*`�%/1�(`�01 %+K`�!(!�0`0$!`�!(!�/!
�+*"%#1.�0%+*`�* `�1%( `0$!`/+(10%+*K`Q�+1`)�5`#!0`!..+./`%"`5+1`/!(!�0`�*+0$!.
�1%( `�+*"%#1.�0%+*`�!/% !/`�!(!�/!L`�!��1/!`)+/0`�50$+*`%*/0�((�0%+*/` +`*+0
%*�(1 !` !�1#`(%�.�.%!/KR
�!`/$+1( `!*/1.!`0$�0`+1.`�50$+*`%*/0�((�0%+*` +!/`*+0`�(.!� 5`%*�(1 !`/+)!@K
+0$!.`2!./%+*`+"`�,!*��K`�%* `�* ` !(!0!`�*5`�,!*��`"%(!/`%*`5+1.`�50$+*`DLLs
"+( !.`�* `5+1.`�50$+*`site-packages`"+( !.K`�+.`!4�),(!L`0$!`,�0$/`0+`0$!/!
"%(!/`)%#$0`)�0�$
0$!`C:\Python37\DLLs\opencv_*.dllL`C:\Python37\Lib\site-
packages\opencvL`�* `C:\Python37\Lib\site-
packages\cv2.pyd`,�00!.*/K
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�%*�((5L`3!`*!! `0+`%*/0�((`�,!*��`0+`�`(+��0%+*`3$!.!`�50$+*`�* `+0$!.87K
,.+�!//!/`��*`"%* `%0K`�+` +`0$%/L`.%#$0_�(%�'`+*`0$!`�,!*��`/+(10%+*W/`�������
,.+&!�0`Q%*`0$!`�+(10%+*`�4,(+.!.`,�*!`+"`�%/1�(`�01 %+R`�* `�1%( `%0K`�$!*`0$%/
�1%( `"%*%/$!/L`-1%0`�%/1�(`�01 %+K`� %0`0$!`/5/0!)W/`Path`2�.%��(!`�* 
�,,!* `;<build_folder>\install\x86\vc15\bin`Q"+.`�`:9_�%0`�1%( R
+.`;<build_folder>\install\x64\vc15\bin`Q"+.`�`=;_�%0`�1%( RL`3$%�$`%/`0$!
(+��0%+*`3$!.!`0$!`�,!*��`���`"%(!/`�.!`(+��0! K`�(/+L
�,,!* `;<tbb_unzip_destination>\lib\ia32\vc14`Q:9_�%0R
+.`;<tbb_unzip_ destination>\lib\intel64\vc14Q=;_�%0RL`3$%�$`%/`0$!
(+��0%+*`3$!.!`0$!`���`���`"%(!/`�.!`(+��0! K`�+#`+10`�* `(+#`���'`%*`Q+.
.!�++0RK`�$!`�,!*��`�50$+*`)+ 1(!`%/`(+��0! `�0`�`,�0$`/1�$`�/
C:\Python37\Lib\site-packages\cv2.pydK`�50$+*`3%((`"%* `%0`0$!.!L`/+`5+1
 +`*+0`*!! `0+`0�'!`�*5`"1.0$!.`/0!,/K

�"`5+1`�.!`1/%*#`�%/1�(`�01 %+`978<L
.!,(��!`vs2017`3%0$`vs2015`L`.!,(��!`Visual Studio 15
2017`3%0$`Visual Studio 14 2015L`�* `.!,(��!`vc15`3%0$`vc14K

+3!2!.L`"+.`���L`*+0!`0$�0`0$!`"+( !.`*�)! `vc14`�+*0�%*/`0$!`���`"%(!/
0$�0`3+.'`"+.`�+0$`�%/1�(`�01 %+`978<`�* `�%/1�(`�01 %+`978>K

�+1`)%#$0`3�*0`0+`(++'`�0`0$!`�+ !`/�),(!/`%*
<opencv_unzip_destination>/opencv/sources/samples/pythonK

�0`0$%/`,+%*0L`3!`$�2!`!2!.50$%*#`3!`*!! `0+` !2!(+,`�,!*��`�,,(%��0%+*/`"+.`�%* +3/K
�+`�(/+` !2!(+,`"+.`�* .+% L`3!`*!! `0+`/!0`1,`�* .+% `�01 %+L`�/` !/�.%�! `%*`0$!`�!00%*#
1,`�* .+% `�01 %+`�* `�,!*��`/!�0%+*L`(�0!.`%*`0$%/`�$�,0!.K

6HWWLQJ�XS�3\WKRQ�DQG�2SHQ&9�RQ�0DF
���`�+)!/`3%0$`�50$+*`,.!%*/0�((! K`
+3!2!.L`0$!`,.!%*/0�((! `�50$+*`$�/
�!!*`�1/0+)%6! `�5`�,,(!`"+.`0$!`/5/0!)W/`%*0!.*�(`*!! /K`�+.)�((5L`3!`/$+1( `*+0`%*/0�((
�*5`(%�.�.%!/`+*`0+,`+"`�,,(!W/`�50$+*K`�"`3!` +L`+1.`(%�.�.%!/`)%#$0`�.!�'` 1.%*#`/5/0!)
1, �0!/L`+.`3+./!L`0$!5`)%#$0`�+*"(%�0`3%0$`,.!%*/0�((! `(%�.�.%!/`0$�0`0$!`/5/0!)`.!-1%.!/K
�*/0!� L`3!`/$+1( `%*/0�((`/0�* �. `�50$+*`:K>`�* `0$!*`%*/0�((`+1.`(%�.�.%!/`+*`0+,`+"`%0K

�+.`���L`0$!.!`�.!`/!2!.�(`,+//%�(!`�,,.+��$!/`0+`+�0�%*%*#`/0�* �. `�50$+*`:K>`�* 
�50$+*_�+),�0%�(!`(%�.�.%!/L`/1�$`�/`�,!*��K`�((`�,,.+��$!/`1(0%)�0!(5`.!-1%.!`/+)!
�+),+*!*0/`0+`�!`�+),%(! `".+)`/+1.�!L`1/%*#`��+ !` !2!(+,!.`0++(/K`
+3!2!.L
 !,!* %*#`+*`0$!`�,,.+��$`3!`�$++/!L`0$!`0�/'`+"`�1%( %*#`0$!/!`�+),+*!*0/`%/`�10+)�0! 
"+.`1/`�5`0$%. _,�.05`0++(/`%*`2�.%+1/`3�5/K



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`8>`T

�!0W/`�!#%*`�5`/!00%*#`1,`��+ !`�* `0$!`��+ !`�+))�* _(%*!`0++(/L`3$%�$`#%2!`1/`�
�+),(!0!`�BB` !2!(+,)!*0`!*2%.+*)!*0M

�+3*(+� `�* `%*/0�((`��+ !`".+)`0$!`���`�,,`�0+.!`+.`https:/ b/ bdeveloper.8K
apple.bcom/ bxcode/ bK`�"`0$!`%*/0�((!.`,.+2% !/`�*`+,0%+*`0+`%*/0�((`�+))�* _(%*!
0++(/L`/!(!�0`%0K
�,!*`��+ !K`�"`�`(%�!*/!`�#.!!)!*0`%/`,.!/!*0! L`���!,0`%0K9K
�"`�+))�* _(%*!`0++(/`3!.!`*+0`�(.!� 5`%*/0�((! L`3!`)1/0`%*/0�((`0$!)`*+3K`	+:K
0+`��+ !`^`�.!"!.!*�!/`^`�+3*(+� /`�* `�(%�'`+*`0$!`�*/0�((`�100+*`*!40`0+
�+))�* _(%*!`0++(/K`��%0`"+.`0$!`%*/0�((�0%+*`0+`"%*%/$K`�$!*L`-1%0`��+ !K
�(0!.*�0%2!(5L`%"`5+1` +`*+0`"%* `�*`+,0%+*`0+`%*/0�((`�+))�* _(%*!`0++(/`".+)
%*/% !`��+ !L`+,!*`0$!`�!.)%*�(`�* `.1*`0$!`"+((+3%*#`�+))�* M

� [FRGH�VHOHFW�LQVWDOO

�+3L`3!`3%((`(++'`�0`3�5/`0+`�10+)�0!`+1.`�1%( /`1/%*#`����+.0/`+.`
+)!�.!3K`�$!/!
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(�.#!`*1)�!.`+"`��)!.�/`".+)`��*+*L`�1&%L`�!%��L`�%'+*L`�(5),1/L`��*�/+*%�L
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cmake3`,��'�#!` +!/`*+0`!4%/0N`.�0$!.L`0$!`cmake`,��'�#!`%/`���'!`:K`�*/0�((`%0L
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�"`5+1.`/5/0!)`1/!/`�`,.+45`/!.2!.`0+`���!//`0$!`%*0!.*!0L` !"%*!`03+`!*2%.+*)!*09K
2�.%��(!/L`HTTP_PROXY`�* `HTTPS_PROXYL`3%0$`2�(1!/`!-1�(`0+`0$!`,.+45`/!.2!.
���L`/1�$`�/`http://myproxy.com:8080K`�$%/`!*/1.!/`0$�0`���'!`��*`1/!`0$!
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�%* %*#/`�* `"+.`2% !+`��,01.!`".+)`�% !+;�%*14`Q�;�R_�+),�0%�(!`��)!.�/L
%*�(1 %*#`)+/0`3!���)/M

� VXGR�DSW�JHW�LQVWDOO�S\WKRQ�GHY�OLEY�O�GHY

�"`5+1`,.!"!.`0+`1/!`�50$+*`:L`.!,(��!`python-dev`3%0$`python3-dev`%*
0$!`,.!�! %*#`�+))�* K

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

� VXGR�DSW�JHW�LQVWDOO�OLEGF��������GHY�OLEJSKRWR��GHY

�+3*(+� `0$!`�,!*��`/+1.�!W/`���`".+)`http://opencv.org/releases.htmlK<K
Q�$++/!`0$!`(�0!/0`2!./%+*KR`�*6%,`%0`0+`�*5` !/0%*�0%+*`"+( !.L`3$%�$`3!`3%((`.!"!.
0+`�/`<opencv_unzip_destination>K`
�+3*(+� `opencv_contrib`�/`�`���`".+)`https:/ b/bgithub. bcom/ bopencv/=K
opencv_bcontrib/ breleasesK`Q�$++/!`0$!`(�0!/0`2!./%+*KR`�*6%,`%0`0+`�*5
 !/0%*�0%+*`"+( !.L`3$%�$`3!`3%((`.!"!.`0+
�/`<opencv_contrib_unzip_destination>K
�,!*`�+))�* `�.+),0K`�.!�0!`�`"+( !.`0+`/0+.!`+1.`�1%( M>K

� PNGLU��EXLOGBIROGHU!

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

� FG��EXLOGBIROGHU!


�2%*#`/!0`1,`+1.` !,!* !*�%!/L`3!`��*`*+3`�+*"%#1.!`�,!*��W/`�1%( `/5/0!)K?K
�+`1* !./0�* `�((`0$!`�+*"%#1.�0%+*`+,0%+*/L`3!`��*`.!� `0$!`�+ !
%*`<opencv_unzip_destination>/opencv/sources/CMakeLists.txtK

+3!2!.L`�/`�*`!4�),(!L`3!`3%((`&1/0`1/!`0$!`+,0%+*/`"+.`�`.!(!�/!`�1%( `0$�0
%*�(1 !/`�50$+*`�%* %*#/L`/1,,+.0`"+.`�,!*	�`%*0!.+,!.��%(%05L`�* `/1,,+.0`"+.
!40.�`��)!.�`05,!/`�* `2% !+`05,!/K`�+`�.!�0!`��'!"%(!/`"+.`�,!*��`3%0$
�50$+*`9K>`�%* %*#/L`.1*`0$!`"+((+3%*#`�+))�* `Q�10`.!,(��!`0$!`�*#(!`�.��'!0/
�* `0$!%.`�+*0!*0/`3%0$`0$!`��01�(`,�0$/RM

� FPDNH��'�&0$.(B%8,/'B7<3( 5(/($6(��'�%8,/'B(;$03/(6 21��'
:,7+B���� 21
�'�:,7+B*3+272� 21��'�%8,/'BRSHQFYBS\WKRQ� 21
�'�3<7+21�B(;(&87$%/( �XVU�ELQ�S\WKRQ���
�'�3<7+21B/,%5$5<� �XVU�OLE�S\WKRQ����FRQILJ�[��B���OLQX[�
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JQX�OLES\WKRQ����VR��'�3<7+21B,1&/8'(B',5� �XVU�LQFOXGH�S\WKRQ�����
'�%8,/'BRSHQFYBS\WKRQ� 2))
�'
23(1&9B(;75$B02'8/(6B3$7+ �RSHQFYBFRQWULEBXQ]LSBGHVWLQDWLRQ!�PRGXOH
V��RSHQFYBXQ]LSBGHVWLQDWLRQ!

�(0!.*�0%2!(5L`0+`�.!�0!`��'!"%(!/`"+.`�,!*��`3%0$`�%* %*#/`"+.`�50$+*`:L`.1*`0$!
"+((+3%*#`�+))�* `Q�10`.!,(��!`0$!`�*#(!`�.��'!0/`�* `0$!%.`�+*0!*0/`3%0$`0$!
��01�(`,�0$/L`�* `.!,(��!`3.6`3%0$`5+1.`��01�(`�50$+*`:`2!./%+*L`%"`%0`%/`*+0`:K=RM

$ cmake -D CMAKE_BUILD_TYPE=RELEASE -D BUILD_EXAMPLES=ON -D
WITH_1394=ON -D WITH_GPHOTO2=ON -D BUILD_opencv_python2=2))
-D BUILD_opencv_python3=21 �'�3<7+21�B(;(&87$%/( �XVU�ELQ�S\WKRQ���
�'�3<7+21�B,1&/8'(B',5 �XVU�LQFOXGH�S\WKRQ���
�'�3<7+21�B/,%5$5< �XVU�OLE�S\WKRQ����FRQILJ����P�[��B���OLQX[�
JQX�OLES\WKRQ����VR -D
OPENCV_EXTRA_MODULES_PATH=<opencv_contrib_unzip_destination>
<opencv_unzip_destination>
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��L`�* `�!*0��L`0$!`python`!4!�10��(!`%/`�50$+*`9K>L`3$%�$`�+)!/
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� VXGR�\XP�LQVWDOO�QXPS\�VFLS\�S\WKRQ�UHTXHVWV�Z[3\WKRQ

�$!`/0�* �. `.!,+/%0+.5` +!/`*+0`+""!.`�`�5�*/0�((!.`,��'�#!K`�*/0!� L`(!0W/`1/!`�50$+*W/`
+3*`,��'�#!`)�*�#!.L`pipL`0+`+�0�%*`�5�*/0�((!.K`�%./0L`0+`!*/1.!`0$�0`pip`%/`%*/0�((! L`.1*
0$!`"+((+3%*#`�+))�* M

� VXGR�\XP�LQVWDOO�S\WKRQ�SLS
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� SLS�LQVWDOO���XVHU�RSHQFY�FRQWULE�S\WKRQ
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� SLS�LQVWDOO���XVHU�S\LQVWDOOHU
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,��'�#!`"+.`�50$+*`:RL`�10`%0`%/`�*`+( `2!./%+*`+"`�,!*��`Q:K;K:`+.`+( !.L` !,!* %*#`+*`0$!
+,!.�0%*#`/5/0!)RK`�$1/L`3!`3�*0`0+`1/!`,%,`0+`+�0�%*`�,!*��`;`3%0$`0$!
opencv_contrib`)+ 1(!/K`�1*`0$!`"+((+3%*#`�+))�* M

� SLS�LQVWDOO���XVHU�RSHQFY�FRQWULE�S\WKRQ

�"`5+1`,.!"!.`0+`1/!`0$!`python3`!4!�10��(!L`3$%�$`%/`�50$+*`:K;L`:K=L`+.
:K>`Q !,!* %*#`+*`0$!`+,!.�0%*#`/5/0!)RL`.!,(��!`0$!
,.!�! %*#`pip`�+))�* /`3%0$`0$!`pip3`�+))�* /K`�+1` +`*+0`*!! `0+
)+ %"5`0$!`yum`�+))�* /L`�/`0$!`.!(!2�*0`,��'�#!/L`/1�$`�/`python-
numpyL`%*�(1 !`/1�_,��'�#!/`"+.`�+0$`�50$+*`9`�* `�50$+*`:K

�+3L`3!`$�2!`!2!.50$%*#`3!`*!! `0+` !2!(+,`�,!*��`�,,(%��0%+*/`"+.`+,!*����`+.`�
 !.%2�0%2!K`�!40L`3!`*!! `0+`"+((+3`0$!`�.+//_,(�0"+.)`/0!,/`"+.`/!00%*#`1,`�*`�* .+% 
 !2!(+,)!*0`!*2%.+*)!*0K
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�* .+% `�01 %+`%/`	++#(!W/`+""%�%�(`%*0!#.�0! ` !2!(+,)!*0`!*2%.+*)!*0`Q���R`"+.
�* .+% `�,,` !2!(+,)!*0K`�%*�!`%0/`"%./0`/0��(!`.!(!�/!`%*`978;L`�* .+% `�01 %+`$�/`#.+3*
%*`,+,1(�.%05`�* `$�/`.!,(��! `��(%,/!`�/`0$!`���`+"`�$+%�!`"+.`�* .+% ` !2!(+,!./K
�(0$+1#$`/+)!`+"`0$!`�,!*��` +�1)!*0�0%+*`/0%((`�+*0�%*/`+10 �0! `010+.%�(/`+*`�* .+% 
 !2!(+,)!*0`%*`��(%,/!L`*+3� �5/L`0$!`�,!*��`�* .+% `(%�.�.5`�* `�* .+% `/�),(!
,.+&!�0/`�.!`,.%)�.%(5`%*0!* ! `"+.`1/!`3%0$`�* .+% `�01 %+L`%*/0!� K

	++#(!`,.+2% !/`�`#++ `�.+//_,(�0"+.)`010+.%�(`+*`�* .+% `�01 %+`%*/0�((�0%+*`�0`https:/ b/
developer.bandroid. bcom/ bstudio/ binstallK`�+((+3`0$!`,�.0`+"`0$!`010+.%�(`0$�0`%/`.!(!2�*0`0+
5+1.`+,!.�0%*#`/5/0!)K

�+3*(+� `0$!`(�0!/0`2!./%+*`+"`0$!`�,!*��`�* .+% `,��'`".+)`https:/ b/bopencv. borg/
releases.bhtmlK`�*6%,`%0`0+`�*5` !/0%*�0%+*L`3$%�$`3!`3%((`.!"!.`0+`�/
<opencv_android_pack_unzip_destination>K`�$%/`$�/`03+`/1�"+( !./M

<opencv_android_pack_unzip_destination>/sdk`�+*0�%*/`0$!
OpenCV4Android`��
K`�$%/`�+*/%/0/`+"`��2�`�* `�BB`(%�.�.%!/L`�/`3!((`�/`�1%( 
%*/0.1�0%+*/L`3$%�$`3!`��*`%),+.0`%*0+`�* .+% `�01 %+`,.+&!�0/K
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,.+&!�0/`0$�0`��*`�!`�1%(0`%*`�* .+% `�01 %+K`�*"+.01*�0!(5L`�/`+"`�,!*��`;K7K8L
0$!/!`/�),(!/`�.!`+10 �0! K`�*`�* .+% `=K7`�* `*!3!.`2!./%+*/L`0$!`/�),(!/`"�%(
0+`���!//`0$!`��)!.�L`�!��1/!`0$!5` +`*+0`.!-1!/0`1/!.`,!.)%//%+*`�0`.1*0%)!`%*
0$!`.!-1%.! `)�**!.K

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

6HWWLQJ�XS�8QLW\�DQG�2SHQ&9
�*%05`Qhttps:/b/bunity3d. bcomR`%/`�`0$.!!_ %)!*/%+*�(`#�)!`!*#%*!`0$�0`/1,,+.0/
 !2!(+,)!*0`+*`=;_�%0`�%* +3/`+.`���L`�* ` !,(+5)!*0`0+`)�*5`,(�0"+.)/L`%*�(1 %*#
�%* +3/L`���L`�%*14L`%��L`�* .+% L`�!�	�L`�* `/!2!.�(`#�)!`�+*/+(!/K`�+.`+*!`+"`+1.
,.+&!�0/L`3!`3%((`1/!`�*%05`�(+*#`3%0$`�`,(1#%*`��((! `�,!*��`"+.`�*%05L`3$%�$`%/
 !2!(+,! `�5`�*+4`�+"03�.!`Qhttp:/ b/benoxsoftware. bcom/ bKR``�$!`)�%*`,.+#.�))%*#
(�*#1�#!`"+.`�*%05`,.+&!�0/`%/`�HL`�* `�,!*��`"+.`�*%05`,.+2% !/`�`�H`���`0$�0`%/`)+ !(! 
+*`0$!`�,!*��`��2�`���`"+.`�* .+% K

�*%05`$�/`0$.!!`(%�!*/!`,(�*/L`�!./+*�(L`�(1/L`�* `�.+L`3$%�$`�((`/1,,+.0`0$!`,(1#%*`0$�0`3!
3�*0`0+`1/!K`�$!` %""!.!*0`! %0%+*/`�.!`"+.` %""!.!*0`/%6!/`+"`�+),�*%!/L`�/` !/�.%�! `%*`0$!
(%�!*/%*#`%*"+.)�0%+*`�0`https:/ b/bstore. bunity.bcomK`�$!`�!./+*�(`(%�!*/!`%/`".!!K`�$!`�(1/
�* `�.+`(%�!*/!/`$�2!`/1�/�.%,0%+*`�+/0/K`�"`5+1`�.!`*+0`�(.!� 5`�`�*%05`/1�/�.%�!.L`5+1`)�5
3�*0`0+`3�%0`�* `,1.�$�/!`�`/1�/�.%,0%+*`3$!*`5+1`�.!`.!� 5`0+`/0�.0`3+.'%*#`+*`+1.
�*%05`,.+&!�0`%*`Chapter 6L`�.!�0%*#`�`�$5/%�/`�%)1(�0%+*`��/! `+*`�`�!*`�* `��,!.`�'!0�$K
�*�!`5+1`�.!`.!� 5L`+�0�%*`5+1.`(%�!*/!`".+)`https:/ b/bstore. bunity. bcom`�* ` +3*(+� 
�*%05`
1�`".+)`https:/ b/bunity3d. bcom/ bget-bunity/ bdownloadK`�*%05`
1�`%/`�*`�,,(%��0%+*
0+`)�*�#!`5+1.`�*%05`(%�!*/!/`�* `%*/0�((�0%+*/K`�/!`%0`0+`/!0`1,`�*%05`+*`5+1.`/5/0!)K`�+1
��*`,1.�$�/!`�,!*��`"+.`�*%05`".+)`0$!`�*%05`�//!0`�0+.!`�0`https:/ b/ bassetstore. bunity.
com/bpackages/btools/ bintegration/ bopencv- bfor- bunity- b21088L`�10`3!`3%((`�+2!.` !0�%(/
��+10`+�0�%*%*#`0$!`,(1#%*`%*`Chapter 6L`�.!�0%*#`�`�$5/%�/`�%)1(�0%+*`��/! `+*`�`�!*`�* 
��,!.`�'!0�$L`3$!*`3!`/!0`1,`�`�*%05`,.+&!�0K



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`9@`T

�2!*`�!"+.!`%*/0�((%*#`�*%05L`3!`��*`#!0`%*/,%.�0%+*`".+)`0$!` !)+/`�0
https://unity3d.com/unity/demos/K`�$!/!` !)+/`%*�(1 !`2% !+/L`�.0%�(!/`��+10`0$!
 !2!(+,)!*0`,.+�!//L`�* `%*`/+)!`��/!/L`,(�5��(!`#�)!/`0$�0`5+1`��*` +3*(+� `"+.
2�.%+1/`,(�0"+.)/K`�$!5`�(/+`%*�(1 !`/+1.�!`�+ !`�* `�.0`�//!0/`0$�0`5+1`��*`+,!*`%*`�*%05K
�"0!.`%*/0�((%*#`�*%05L`3!`��*`(!�.*`".+)`0$!/!`�* `+0$!.` !)+`,.+&!�0/K`��'!`�`(++'`�0`0$!
.!/+1.�!/`�2�%(��(!`"+.` +3*(+� `�0`https:/ b/bunity3d. bcom/ blearn/ bresources/ bdownloadsK
�(/+L`�$!�'`+10`0$!`010+.%�(/L`2% !+/L`�* ` +�1)!*0�0%+*`�0`https://unity3d.com/learnK

�/`5+1`��*`/!!L`0$!.!`�.!`�`(+0`+"`+""%�%�(`.!/+1.�!/`"+.`�*%05`�!#%**!./L`/+`�`3%((`(!0`5+1
!4,(+.!`0$!/!`+*`5+1.`+3*`"+.`*+3K

6HWWLQJ�XS�D�5DVSEHUU\�3L
��/,�!..5`�%`%/`�`/%*#(!_�+�. `�+),10!.`Q���R`3%0$`�`(+3`�+/0`�* `(+3`,+3!.
�+*/1),0%+*K`�0`��*`�!`1/! `�/`�` !/'0+,L`�`/!.2!.L`+.`�*`!)�!  ! `/5/0!)`0$�0`�+*0.+(/
+0$!.`!(!�0.+*%�/K`�$!`�%`�+)!/`%*`/!2!.�(`)+ !(/K`�1..!*0(5L`0$!`"(�#/$%,`%/`�+ !(`:`�BL
3$%�$`�+/0/`��+10`I:<K`�+),�.! `0+`+0$!.`)+ !(/L`%0`+""!./`�`"�/0!.`���L`)+.!`)!)+.5L
�* `�`"�/0!.`�0$!.*!0`,+.0L`/+`%0`%/`�`#++ `��* % �0!`"+.`�+),10!.`2%/%+*`!4,!.%)!*0/`0$�0
.!(5`+*`!%0$!.`(+��(`�+),10%*#`.!/+1.�!/`+.`0$!`�(+1 K`
+3!2!.L`+0$!.`)+ !(/`�.!`�(/+`
1/��(!`"+.`�+),10!.`2%/%+*`,.+&!�0/K

�!2!.�(`+,!.�0%*#`/5/0!)/`�.!`�2�%(��(!`"+.`��/,�!..5`�%K`�!`3%((`1/!`��/,�%�*L`3$%�$`%/`�
,+.0`+"`�!�%�*`�0.!0�$`Q�`)�&+.`�%*14` %/0.%�10%+*R`0+`���K

�+3*(+� `0$!`(�0!/0`��/,�%�*` %/'`%)�#!`".+)
http://downloads.raspberrypi.org/raspbian_latestK`�+1` +`*+0`*!! `0+`1*6%,`0$!
 +3*(+� ! `"%(!K`�0`0$!`0%)!`+"`3.%0%*#L`0$!`���`%/`��((! `2018-11-13-raspbian-
stretch.zip`K`�%*�!`5+1.`"%(!*�)!/`)�5` %""!.L`3!`3%((`.!"!.`0+`0$!`"%(!`�/
<raspbian_zip>K

�$!`<raspbian_zip>`"%(!`�+*0�%*/`�` %/'`%)�#!L`3$%�$`3!`*!! `0+`�1.*`0+`�*`��`��. `3%0$
�`��,��%05`+"`�0`(!�/0`;`	�K`Q�+0!`0$�0`?`	�`+.`(�.#!.`%/`,.!"!.��(!L`0+`�((+3`,(!*05`+"`.++)
"+.`�,!*��`�* `+1.`,.+&!�0/KR`�*5`!4%/0%*#` �0�`+*`0$!`��. `3%((`�!`(+/0`%*`0$!`,.+�!//K`�+
�1.*`0$!`��. L`(!0W/`1/!`�`�.+//_,(�0"+.)L`+,!*`/+1.�!`�,,(%��0%+*`��((! `�0�$!.K`�+3*(+� `%0
".+)`https:/b/bwww. bbalena. bio/ betcher/ b`�* `/!0`%0`1,K`Q�*`%*/0�((!.`%/`�2�%(��(!`"+.`�%* +3/
+.`���K`�(0!.*�0%2!(5L`�`,+.0��(!`�,,(%��0%+*`%/`�2�%(��(!`"+.`�%* +3/L`���L`+.`�%*14RK
�*/!.0`�*`��`��. `�* `+,!*`�0�$!.K`�+1`/$+1( `/!!`0$!`"+((+3%*#`3%* +3M



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:7`T

�0�$!.W/`1/!.`%*0!."��!`%/`/+`/!("_!4,(�*�0+.5`0$�0`!2!*`��)!/`�+* `)%#$0`/0.1##(!`0+`"%* `�
 +1�(!`)!�*%*#`%*`%0K`�(%�'`+*`0$!`�!(!�0`%)�#!`�100+*`�* `/!(!�0`<raspbian_zip>K`�(%�'
+*`0$!`�!(!�0` .%2!`�100+*`�* `/!(!�0`5+1.`��` .%2!K`�(%�'`+*`0$!`�(�/$P`�100+*`0+`�1.*`0$!
%)�#!`0+`0$!`��`��. K`��%0`"+.`0$!`�1.*%*#`,.+�!//`0+`"%*%/$K`�1%0`�0�$!.`�* `!&!�0`0$!`��. K

�+3L`(!0W/`01.*`+1.`�00!*0%+*`0+`0$!`��/,�!..5`�%`$�. 3�.!K`�*/1.!`0$�0`0$!`��/,�!..5`�%
)%�.+_���`,+3!.`���(!`%/` %/�+**!�0! K`�+**!�0`�*`
���`)+*%0+.`+.`��L`���`'!5�+�. L
���`)+1/!L`�* `Q+,0%+*�((5R`�0$!.*!0`���(!K`�$!*L`%*/!.0`0$!`��`��. `"%.)(5`%*0+`0$!`/(+0`+*
0$!`�+00+)`+"`0$!`�%K`�+**!�0`0$!`�%`,+3!.`���(!K`�$!`�%`/$+1( `/0�.0`�++0%*#`".+)`0$!`��
��. K`�1.%*#`0$%/`"%./0`�++01,L`0$!`"%(!/5/0!)`!4,�* /`0+`"%((`0$!`!*0%.!`��`��. K`�$!*`0$!
��/,�%�*` !/'0+,`�,,!�./`"+.`0$!`"%./0`0%)!L`0$!`/5/0!)` %/,(�5/`�`/!.%!/`+"`/!01,` %�(+#/K
�+((+3`0$!`%*/0.1�0%+*/`%*`0$!` %�(+#/`%*`+. !.`0+`/!0`5+1.`(+#%*`,�//3+. L`�* `/!(!�0`�*
�,,.+,.%�0!`(+��(!L`0%)!`6+*!L`�* `'!5�+�. K`��/,�%�*` !"�1(0/`0+`�`�
`'!5�+�. `(�5+10L
3$%�$`3%((`��1/!`,.+�(!)/`%"`5+1`$�2!`�`��`+.`+0$!.`'!5�+�. K`�"`5+1`$�2!`�*`%*0!.*!0
�+**!�0%+*L`5+1`��*`�(/+`1/!`0$!`/!01,` %�(+#/`0+`,!."+.)`�`/5/0!)`1, �0!K



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:8`T

�*�!`0$!`/!01,`%/`�+),(!0!L`0�'!`/+)!`0%)!`0+`� )%.!`0$!`��/,�%�*` !/'0+,`3�((,�,!.`�* 
!4,(+.!`0$!`/5/0!)W/`%*"%*%0!`$+.%6+*/L`�/`�`�)` +%*#`%*`0$!`"+((+3%*#`,$+0+#.�,$M

�*`%0/`$!�.0`Q+.`%*`%0/`/!! /RL`��/,�%�*`%/`&1/0`�!�%�*`�%*14`3%0$`�*`����` !/'0+,`�* `/+)!
/,!�%�(` !2!(+,!.`0++(/K`�"`5+1`�.!`"�)%(%�.`3%0$`�!�%�*`+.` !.%2�0%2!/`/1�$`�/`��1*01L`5+1
/$+1( `"!!(`.%#$0`�0`$+)!K`�0$!.3%/!L`5+1`)%#$0`3�*0`0+`!4,(+.!`0$!` +�1)!*0�0%+*`�* 
#1% !/`"+.`�!#%**!./`0$�0`�.!`,+/0! `+*`0$!`��/,�!..5`�%`3!�/%0!L`�0`https:/ b/bwww.
raspberrypi.borg/ bhelp/ bK

�+3L`�/`�*`!4!.�%/!L`(!0W/`/$�.!`+1.`��/,�%�*` !/'0+,`0$.+1#$`�%.01�(`�!03+.'
�+),10%*#`Q���R`/+`0$�0`3!`��*`�+*0.+(`%0`".+)`�`�%* +3/L`���L`+.`�%*14`)��$%*!K

�*`0$!`�%L`3!`*!! `0+`"%./0` !0!.)%*!`+1.`(+��(`*!03+.'`�  .!//L`3$%�$`3!`3%((`.!"!.`0+`�/
<pi_ip_address>K`�,!*`���!.)%*�(`�* `.1*`0$!`"+((+3%*#`�+))�* M

� LIFRQILJ



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:9`T

�$!`+10,10`/$+1( `%*�(1 !`�`(%*!`�!#%**%*#`3%0$`/+)!0$%*#`(%'!`inet
addr:192.168.1.93L`�(0$+1#$`0$!`*1)�!./`3%((`,.+���(5` %""!.K`�*`0$%/`!4�),(!L
<pi_ip_address>`%/`192.168.1.93K

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

� VXGR�DSW�JHW�LQVWDOO�WLJKWYQFVHUYHU

�+`/0�.0`0$!`/!.2!.L`.1*`0$%/`�+))�* M

� WLJKWYQFVHUYHU

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

��YQFSDVVZG

�*(!//`0$!`�%`Q+.`0$!`�0$!.*!0`/+�'!0`0+`3$%�$`%0`%/`�+**!�0! R`$�/`�`/0�0%�
��`�  .!//L`0$!`�  .!//`)�5`�$�*#!`3$!*!2!.`3!`.!�++0K`�$1/L`1,+*
.!�++0L`3!`3+1( `*!! `0+`.1*`ifconfig`�#�%*`0+` !0!.)%*!`0$!`*!3
�  .!//K`�(/+L`�"0!.`.!�++0%*#L`3!`*!! `0+`.1*`tightvncserver`0+
.!(�1*�$`0$!`���`/!.2!.K`�+.`%*/0.1�0%+*/`+*`)�'%*#`0$!`�%W/`��`�  .!//
/0�0%�`�* `�10+)�0%��((5`.1**%*#`tightvncserver`1,+*`�++0L`/!!`�!%(
�(��'W/`+*(%*!`��/,�!..5`�%`�!#%**!.`	1% !L`�0`http:/ b/bwww. bneil- bblack.
co.buk/ braspberrypi/ braspberry- bpi- bbeginners- bguide/ bK

�+3L`+*`�*+0$!.`)��$%*!`+*`0$!`/�)!`(+��(`*!03+.'L`3!`��*`���!//`0$!`�%W/` !/'0+,
0$.+1#$`�`���`�(%!*0K`�$!`/0!,/`�.!`,(�0"+.)` !,!* !*0L`�/`"+((+3/M

�*`�%* +3/L` +3*(+� `���`�%!3!.`".+)8K
https://www.realvnc.com/download/K`�*6%,`%0`0+`�*5` !/0%*�0%+*`�* `.1*`0$!
!4!�10��(!`"%(!`Q/1�$`�/`VNC-Server-6.4.0-Windows.exeRL`3$%�$`%/`%*/% !`0$!
1*6%,,! `"+( !.K`�*0!.`vnc://<pi_ip_address>:5901`%*`0$!`���`/!.2!.`"%!( 
�* `�(%�'`+*`0$!`�+**!�0`�100+*K`�$!*`,.+),0! L`!*0!.`0$!`���`,�//3+. `0$�0
5+1`�.!�0! `!�.(%!.K
�*`���L`+,!*`��"�.%`�* `!*0!.`vnc://<pi_ip_address>:5901`%*`0$!`�  .!//9K
��.K`�`3%* +3L`�+**!�0`0+`�$�.! `�+),10!.L`/$+1( `�,,!�.K`�(%�'`+*`0$!
�+**!�0`�100+*K`�$!*`,.+),0! L`!*0!.`0$!`���`,�//3+. `0$�0`5+1`�.!�0! 
!�.(%!.K



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`::`T

��1*01`*+.)�((5`�+)!/`3%0$`�`���`�(%!*0`��((! `�%*�#.!K`
+3!2!.L`%"`3!` +:K
*+0`�(.!� 5`$�2!`�%*�#.!L`3!`��*`%*/0�((`%0`+*`��1*01`+.`�*5`�!�%�*_��/! 
/5/0!)`�5`.1**%*#`0$!`"+((+3%*#`�+))�* `%*`�!.)%*�(M

� VXGR�DSW�JHW�LQVWDOO�YLQDJUH

�,!*`�%*�#.!`Q%0`)%#$0`�!`(%/0! `�/`�!)+0!`�!/'0+,`�%!3!.`%*`0$!
/5/0!)W/`�,,(%��0%+*/`)!*1`+.`(�1*�$!.RK`�(%�'`+*`0$!`�+**!�0`�100+*`%*`0$!
0++(��.K`�*0!.`vnc://<pi_ip_address>:5901`%*`0$!`
+/0M`"%!( K`�(%�'`+*`0$!
�+**!�0`�100+*`%*`0$!`(+3!._.%#$0`�+.*!.K

�+3`5+1`'*+3`$+3`0+`,.!,�.!`�* `/!.2!`�%K

6HWWLQJ�XS�WKH�5DVSEHUU\�3L�FDPHUD�PRGXOH
��/,�%�*`/1,,+.0/`)+/0`���`3!���)/`+10`+"`0$!`�+4K`�(/+L`%0`/1,,+.0/`0$!`"+((+3%*#
��)!.�`�!.%�(`�*0!."��!`Q���R`��)!.�/L`3$%�$`+""!.`"�/0!.`0.�*/"!.`/,!! /M

��/,�!..5`�%`��)!.�`)+ 1(!M`�`I9<`�	�`��)!.�
�%`�+��M`�`I:7`2�.%�*0`+"`0$!`/�)!`��)!.�L`3%0$`0$!`%*".�.! `.� %�0%+*`Q��R
�(+�'`"%(0!.`.!)+2! `/+`0$�0`%0`%/`/!*/%0%2!`0+`*+0`+*(5`2%/%�(!`(%#$0L`�10`�(/+`0$!
*!�.!/0_0+_2%/%�(!`,�.0`+"`0$!`%*".�.! `/,!�0.1)L`*!�.`%*".�.! `Q���R

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

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

�!!`0$!`+""%�%�(`010+.%�(`�0`http:/ b/ bwww.braspberrypi. borg/bhelp/ bcamera- bmodule- bsetup/ b`"+.
 !0�%(/`��+10`/!00%*#`1,`!%0$!.`0$!`��)!.�`)+ 1(!`+.`0$!`�+��K`�*�!`0$!`$�. 3�.!`%/`/!0`1,L
5+1`*!! `0+`�+*"%#1.!`��/,�%�*`0+`1/!`0$!`��)!.�K`�.+)`0$!`��/,�%�*`(�1*�$`)!*1L`/!(!�0
�.!"!.!*�!/`^`��/,�%�*`�%`�+*"%#1.�0%+*L`�/`/$+3*`%*`0$!`"+((+3%*#`/�.!!*/$+0M



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:;`T

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

�(%�'`+*`�
`�* L`3$!*`,.+),0! L`.!�++0`0$!`/5/0!)K



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:<`T

�0`0$!`0%)!`+"`3.%0%*#L`0$!`��)!.�`)+ 1(!`�* `�+��` +`*+0`3+.'`+10`+"`0$!`�+4`3%0$
�,!*��K`�!`*!! `0+`(+� `�`'!.*!(`)+ 1(!`0$�0`�  /`/1,,+.0`"+.`0$!`��)!.�/`0$.+1#$`0$!
�% !+`"+.`�%*14`9`Q�;�9R` .%2!./K`�+` +`0$%/`"+.`�`/%*#(!`/!//%+*L`.1*`0$!`"+((+3%*#
�+))�* `%*`�!.)%*�(M

� VXGR�PRGSUREH�EFP�����Y�O�

�(0!.*�0%2!(5L`0+`�(3�5/`(+� `0$!`'!.*!(`)+ 1(!`1,+*`�++01,L`.1*`0$!`"+((+3%*#`�+))�* L
3$%�$`�,,!* /`0$!`)+ 1(!`0+`0$!`/etc/modules`"%(!M

� HFKR��EFP�����Y�O���_�VXGR�WHH��D��HWF�PRGXOHV

�101.!`2!./%+*/`+"`��/,�%�*`Q(�0!.`0$�*`2!./%+*`978?_88_8:R`)%#$0`�!
,.!�+*"%#1.! `0+`1/!`0$%/`'!.*!(`)+ 1(!K`�+1`��*`! %0`/etc/modules`0+
�$!�'`3$!0$!.`bcm2835-v4l2`%/`�(.!� 5`(%/0! `0$!.!K

�!�++0`0$!`/5/0!)`�#�%*`/+`0$�0`0$!`'!.*!(`)+ 1(!`%/`(+� ! K`�+3L`3!`��*`1/!`0$!
Camera`)+ 1(!`+.`0$!`�+��`3%0$`�*5`��)!.�`/+"03�.!`0$�0`/1,,+.0/`�;�9` .%2!./L
%*�(1 %*#`�,!*��K

)LQGLQJ�2SHQ&9�GRFXPHQWDWLRQ��KHOS��DQG
XSGDWHV
�,!*��W/` +�1)!*0�0%+*`%/`+*(%*!L`�0`https:/ b/ bdocs. bopencv. borg/ bmaster/ bK`�$!
 +�1)!*0�0%+*`%*�(1 !/`�`�+)�%*! `���`.!"!.!*�!`"+.`0$!`(�0!/0`�,!*��`�BB`���`�* `%0/
(�0!/0`�50$+*`���`Q3$%�$`%/`��/! `+*`0$!`�BB`���RK`�$!`(�0!/0`��2�`���` +�1)!*0�0%+*`%/
+*(%*!L`�0`http://docs.opencv.org/master/javadoc/K

�"`0$!` +�1)!*0�0%+*`/!!)/`0+`(!�2!`5+1.`-1!/0%+*/`1*�*/3!.! L`0.5`.!��$%*#`+10`0+`0$!
�,!*��`�+))1*%05`%*/0!� K`�$!`"+((+3%*#`/%0!/`�.!`#++ `2!*1!/`"+.`-1!/0%+*/L`�*/3!./L
�* `/$�.! `!4,!.%!*�!M

�$!`+""%�%�(`�,!*��`"+.1)L`�0`http:/ b/banswers. bopencv. borg/ bquestions/ b
�$!`�5�)�#!�!�.�$`/%0!L`3$!.!`� .%�*`�+/!�.+�'`0!��$!/`�+),10!.`2%/%+*`�* 
)��$%*!`(!�.*%*#L`�0`https:/ b/bwww.bpyimagesearch. bcom/ b
�$!`/1,,+.0`/%0!`"+.`)5`�,!*��`�++'/L`�0`http://nummist.com/opencv/



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:=`T

�%*�((5L`%"`5+1`�.!`�*`� 2�*�! `1/!.`3$+`3�*0/`0+`0.5`*!3`"!�01.!/L`�1#_"%4!/L`�* `/�),(!
/�.%,0/`".+)`0$!`(�0!/0`Q1*/0��(!R`�,!*��`/+1.�!`�+ !L`$�2!`�`(++'`�0`0$!`,.+&!�0W/
.!,+/%0+.5`�0`https:/ b/bgithub. bcom/ bopencv/ bopencv/ bL`�/`3!((`�/`0$!`.!,+/%0+.5`"+.`0$!
opencv_contrib`)+ 1(!/`�0`https:/ b/bgithub. bcom/ bopencv/ bopencv_ bcontrib/ bK

$OWHUQDWLYHV�WR�5DVSEHUU\�3L
�!/% !/`��/,�!..5`�%L`)�*5`+0$!.`(+3_�+/0`���/`�.!`/1%0��(!`"+.`.1**%*#`�` !/'0+,`�%*14
 %/0.%�10%+*`�* `�,!*��`�,,(%��0%+*/K`�$!`��/,�!..5`�%`:`)+ !(/`+""!.`�`-1� _�+.!
���2?`,.+�!//+.`�* `8`	�`���K`
+3!2!.L`/+)!`+"`0$!`�+),!0%*#`���/`+""!.`+�0�_�+.!
���`,.+�!//+./`�* `9`	�`���`�* `��*`.1*`)+.!`�+),(!4`�+),10!.`2%/%+*`�(#+.%0$)/
%*`.!�(`0%)!K`�+.!+2!.L`1*(%'!`�*5`�1..!*0`)+ !(`+"`�%L`/+)!`+"`0$!`�+),!0%0+./`+""!.`�`���
:`%*0!."��!L`3$%�$`/1,,+.0/`�`3% !`.�*#!`+"`$%#$_.!/+(10%+*`+.`$%#$_/,!! `��)!.�/K`�$!/!
� 2�*0�#!/`0!* `0+`�+)!`3%0$`�`$%#$!.`,.%�!`0�#`�* `$%#$!.`,+3!.`�+*/1),0%+*K`
!.!`�.!
/+)!`!4�),(!/M

� .+% `��;`Qhttps:/ b/bwww.bhardkernel. bcom/ bshop/ bodroid- bxu4- bspecial- bprice/ bRM
�*`+�0�_�+.!`���`3%0$`9`	�`���`�* `�`���`:`%*0!."��!K`�0`��*`.1*`��1*01`�* 
+0$!.`�%*14` %/0.%�10%+*/K`�0`0$!`0%)!`+"`3.%0%*#L`%0`%/`�2�%(��(!`".+)`� .+% `�0`�
,.+)+0%+*�(`,.%�!`+"`I;@K
��*�*�`�%`�:`Qhttp:/ b/bwww.bbanana- bpi. borg/ bm3.bhtmlRM`�*`+�0�_�+.!`���`3%0$`9
	�`���`�* `�`����`%*0!."��!`"+.`"�/0`/0+.�#!` !2%�!/K`�0`%/`�+),�0%�(!`3%0$
)�*5`��/,�!..5`�%`���!//+.%!/`�* `��*`.1*`��1*01L`��/,�%�*L`�* `+0$!.`�%*14
 %/0.%�10%+*/K`�0`05,%��((5`�+/0/`�.+1* `I><L`%"`+. !.! `"��0+.5_ %.!�0K
�.�*#!`�%`:`Qhttp:/ b/ bwww. borangepi. borg/ bOrange%20Pi%203/ bRM`�`-1� _�+.!`���
3%0$`9`	�`���`�* `�`���`:`%*0!."��!K`�0`��*`.1*`��1*01`�* `+0$!.`�%*14
 %/0.%�10%+*/K`�0`05,%��((5`�+/0/`�.+1* `I;7L`%"`+. !.! `"��0+.5_ %.!�0K

�"`5+1`3+1( `(%'!`0+`/$�.!`5+1.`!4,!.%!*�!`3%0$`1/%*#`���/`%*`�+),10!.`2%/%+*`,.+&!�0/L
,(!�/!`3.%0!`0+`)!`�0`josephhowse@nummist.comK`�`3%((`,+/0`0$!`�+))1*%05W/`3%/ +)`0+
http:/b/bnummist.bcom/ bopencv/ bK



�.!,�.%*#`"+.`0$!`�%//%+* �$�,0!.`8

S`:>`T

6XPPDU\
�$%/`3�/`�((`�`/!01,P`�`$!�.`5+1`#�/,K`�!/L`�10`3!` % `%0`"+.`#++ `.!�/+*K`�+3L`3!`$�2!`�
 %2!./!`/!0`+"` !2!(+,)!*0`0++(/`0$�0`3%((`!*��(!`1/`0+`!4,(+.!`�,!*��`%*`)�*5`�+*0!40/K
�!/% !/L`%0`*!2!.`$1.0/`0+`(!�.*`/+)!`0$%*#/`��+10`�`(+0`+"`�,,(%��0%+*`".�)!3+.'/`�* `0+
$�2!`0$!)`�((`/!0`1,L`%*`��/!`/+)!+*!`�/'/`1/`0+` +`�`,.+&!�0`%*`�`$1..5K

�!)!)�!.L`��)!/`�+* `$�/`!*�5�(+,! %�`'*+3(! #!K`�*`�`$%#$(5`/5)�+(%�`�+*2!./�0%+*
��+10`.�.!`�* ` !� (5`"%/$L`$!`#+!/`0+!_0+_0+!`3%0$`
�.(`�0.+)�!.#L`0$!` %��+(%��(
+�!�*+#.�,$!.`Q�$!`�,5`�$+`�+2! `�!L`8@>>RK`�(0$+1#$`3!`*!2!.`/!!`�+* `/01 5%*#`0$!
"%/$`�++'/L`$!`)1/0` +`%0`�/`�! 0%)!`.!� %*#`�"0!.`0$!`��)!.�`�10/`+10K

�$!`)+.�(`%/L`�!`,.!,�.! K`�!40L`3!`3%((`1/!`�,!*��L`�(+*#`3%0$`/!2!.�(`+"`0$!`�50$+*
(%�.�.%!/`�* `0++(/`0$�0`3!`$�2!`%*/0�((! L`0+`�1%( `�`	��`�,,(%��0%+*`0$�0`"%* /`�* `�(�//%"%!/
%)�#!/`+*`0$!`3!�K


