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% Field of Computer Vision

e |mage Processing
e Process of getting better quality video using computer
e Print new video after receiving video
e |mage Enhancement
e |mage Restoration
e Image Compositing
e Image Segmentation
e Computer Vision(CV)
e (Get meaningful info. from video
e Print data from received video
e Object Detection
e Object Recognition
e Object Tracking
e Computer Graphics(CG)
e (Generating video not exiting
e Print new data from received data

“*Image Processing Case

e Improve Image




“*Image Processing Case

e |mprove Image

TRl

e Restore Image




“*Image Processing Case

e Compose Images — :




“* Computer Vision Case
e Detect Objects




“* Computer Vision Case

e Trace Objects
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2. Application Field




“* Fields
e Mobile
e Camerafilter, image messenger
¢ Video, Broadcasting
e Warping, Morphing, Face Swapping,
e Chroma key, Caption
e Medical
e Ultra Sound, X-Ray, CT, MRI Analysis Diagnose
e Sports
e Posture analysis, Video Reading
e Automobile
e Around View, Autonomous Cars
e Security, Safety, Traffics
e [ntruder alarm, trace suspect, protect, figure out accident types, control entrance
e [ndustry
e Process inspection, defect inspection, sense mall-operation

e Robotics
e Recognize objects and faces

“* Mobile
e Snap Chat




< Mobile

e Snow Camera

** Movie, Film
e Warping
e Morphing




**Movie, Film

e Face Swapping

e Chroma key




**Movie, Film

e Chroma key

e Subtitles
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“* Medical diagnosis




s Car

e Around View

UND VIEW MONITOR System

@ Camera
@ Display
Screen Display Camera Assist Sonar

e Autonomous Driving Cars
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< Security, Traffic
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“* Security, Traffic
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“* Industry

e Quality, Defect Inspection

** Robotics
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< OpenCV
http://opencv.org n

Open Source Computer Vision Library

Official Support i. N

e Native : C/C++ R

e Bindings: Python, Java ol

e Support Platform : Windows, Linux, Mac, iOS, Android D pencv

Support Acceleration of OpenCL Activation Hardware

Intel Russia Team
e Began by part of CPU intensive application performance enhancing research

“* History

Launched : 1999' Jan, IPL(Image Processing Library) based, C language
First Ver. alpha : 2000’

5 Betas : 2001 ~ 2005

Ver 1.0 : 2006' Oct

Precompiled Python module included

e Borland C++ makefiles added

Ver 2.0 : 2009' Sep

e new C++ APl , STL Based

e new Python interface

Ver2.2 :2010' Dec

e package reorganized ( core, imgproc, features2d, ml, contrib, ...)
e new Python biding, NumPy Required

Ver 2.3 : 2011" July

e Android porting

e Python module cv2 for OpenCV 2.x

ver 3.4 : 2017' Dec, latest


http://opencv.org/

< OpenCV
e Official Web Site : https://opencv.org

e Source Repository
e Main Repository

https://github.com/opencv/opencv

Code storage for official distribution

e Extra Repository

https://github.com/opencv/opencv_contrib

Include immature or non-popularized details

When completion level increases, move to main storage
Include SIFT, SURFS and other codes with patent issues
BSD License

e Free

Regardless of research or industry
Exclude Extra Repository

e No need for source open obligation

e OpenCV-Python: Support both python 2, 3 (No difference)
o 27,34+

v Environment

D T S

Windows Windows 7 or later WebCam
Mac OS X Siera or later WebCam
Ubuntu 16.04 LTS WebCam
RaspberryPi RaspberryPi3 B Model SD card 16GB
Rasbian Stretch PiCamera or USB WebCam(UVC)

“* Pre Required
e Python 3.4+
e This course Not Supports Python2.7
e NumPy 1.8+
e OpenCV-Python 3.4+, Extra(contrib) included


https://opencv.org
https://github.com/opencv/opencv
https://github.com/opencv/opencv_contrib
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< Setup Python

Python

e Python 3 Only

e Python 3.4+ -
e Python 2 Only l‘ pgthon

e Python 2.7
° Python 3 + Python 2 About Downloads Documentation Commu

o AR wAHFL

e 1. Setup Python 3 Download the latest version for Windows

“* Setup Python 3
e https://www.pvthon.org/downloads/

e Download Python 3.4+
e Numpy not support Python 3.3-

“» Setup Python 3.x
e Start Install wizard
e Check Click "Add Python 3.x to PATH"
e Click "Customize installation”

o Python 3.6.4 (32-bit) Setup = >

) Install Python 3.6.4 (32-bit)
S— Select Install Mow to install Python with default settings, or choose

Customize to enakle or dizable features.

= Install Now
CowUserse O 5 20A ppDatadl ccalwPrograms#PythcnPython36-52
Includes IDLE, pip and documentation
Creates shortcuks and flle associations

= Custamize installation
Choose locaticn and features

python
for nstall launcher for all users frecormmended)

Wiﬂdows [+ Add Python 2.6 to PATH Cancel



https://www.python.org/downloads/

“» Setup Python 3.x

e Optional Features

g3 python 3.6.4 (32-bit) Setup — pe
Optional Features
Documentation
Installs the Python documentation file,
[ pip
Installs pip. which can download and install other Python packages.
telftk and IDLE
Installs tkinter and the IDLE development enviranment.
Fython test suite
Installs the standard library test suite.
py launcher for all users (requires elevation)
Uze Programs and Features to remeve the 'py’ launcher.
python
for
windows | Back | Next Cancel
J
< Setup Python 3.x
e Change "Install location”
e c:\Python36
e Not necessary
e Python 3.6.4 (32-bit) Setup — =
Advanced Options
[ install for all users
Associate files with Python (requires the py launcher)
Create shortcuts for installed applications
Add Python to environment variables
[ Precompile standard library
] Download debugging symbals
] Download debug kinaries (requires VS 2015 or later)
Customize install location
|C:‘\Pyth0n36| | | Browse
pl:]th()ﬂ You will require write permissions for the selected location.
{n i1 - -
W|ndows l Back , ' install Cancel




< Setup Python 3.x

e |[nstallation Complete

2

) Setup Progress

% Python 3 6.4 (32-bit) Setup =
Installing:

Python 3.6.4 Setup was successful

Special thanks to Mark Hammond, without whose years of
freely shared Windows expertise, Python for Windows would
still be Python for DOS.

New to Python? 5tart with the online tutorial and
h documentation.
python
s df' o See what's new in this release.
@ Disable path length limit
Changes your machine cenfiguration to allow programs, including Python, to
bypass the 260 character "MAX_PATH" limitation

pgth[q_n

WIﬂdOWS Close

“» Setup Python 2.7

e https:// www.python.org/downloads/
e Download Python 2.7

Python

e python’

About Downloads Documentation Commu

Download the latest version for Windows

Download Python 3.6.4 Download Python 2.7.14



https://www.python.org/downloads/

“ Setup Python 2.7

e Star "Install wizard"

e Select users to install
e '"Install for all users"

58 Python 2.7.14 Setup =
Select whether to install Python 2.7.1%
for all users of this computer.

(@) Install for all users
I
a ) Install just for mea (not available on Windows VWista)
python
fioar
windows
Back | cancel

“» Setup Python 2.7

e Select Destination Directory
o Default Path

# Fythen 2.7.14 Setup

Select Destination DHrectory

Please select a directory for the Python 2.7.14 files.

£33 Python27 ~ Up New |

| puthon

for

windows

|Cpython27

N
s}
1]
i8]
=

 ancel




“ Setup Python 2.7
e Enable "Add python.exe to path" Option

i Python 2.7.14 Setup >
Customize Python 2.7.14

Selact the way you want features to be installed.
Click on the icons in the tree below to change the
wray features will be installed.

Register Extensions -~
Tl Tk

Documentation

Utility Scripts

pip

Test suite

Add python.exe to Path ] L 20

wWill be installed on local hard drive

Prepend C:W =22 Entire feature will be installed on loc
variable. This
command pr{ »¢ Entire feature will be unavailable

python {58 -

for This feature reguires OKB on wour hard drive.
windows
| Disk Usage | | Advanced | | = Back ‘ cancel

“* Setup Python 2.7

e |[nstallation Complete

i python 2.7.12 Setup =

Complete the Python 2.7.14 Installer

Specal Windows thanks to:
Mark Harmmond, without whose years of freehy
shared Windows expertise, Python for Windows
wiould still be Python for DOS.

python

Foar

windows

Click the Finish button to exit the Installer.

= Hack Canceal




“* Python Command Setup

e Make Link
e Open Window Command Line as Administator
e mklink c:\windows\python2.exe c:\python27\python.exe
e mklink c:\windows\python3.exe c:\python36\python.exe

e Check Python Version
e Python 2
e python --version
e python2 --version
e Python 3
e python3 --version

e Check Pip Version
e Python 2
e pip --version
® pip2 --version
e Python 3
e pip3 —version

“* Python Command Setup




< Setup Dependent Library

e Numpy C Mlser ip install numpy
e |nstallation  Down
e pip install numpy
e pip3 install numpy
e Check in Python

import numpy as " Down loading numpy=1.14.0 'ﬂmwwnuwﬂdir_
. ;| I | © .-
np.__version__ stal ling col lected & UMY

+» Setup Dependent Library

e Matplotlib
e |nstallation
e pip install matplotlib
e pip3 install matplotlib

e Check in Python

import matplotlib
matplotlib. version_




< Setup OpenCV-Python
o 371X HIH
e OpenCV Pre-Built Library Manually
e Windows Only
e Python 2.7 Only

e Easy to select OpenCV version
e OpenCV 24, 34

e Not included contrib packages
e PyPi Pre-Built Using pip
e Almost platform support
e Python 2, 3 Supported
e OpenCV 3.x Only
e contrib package provided separately
e Source code build
e VisualStudio / MinGW
e CMake
e https://docs.opencv.org/master/d3/d52/tutorial_windows install.html

“» OpenCV Pre-Built Library

e Download Windows Pack
e https://opencv.org/releases.html
e 34,24

0O
&y

OpenCV

ke % 24135 ®

B 34.0 | M pocumentatir

ces

I8 Win pack


https://docs.opencv.org/master/d3/d52/tutorial_windows_install.html
https://opencv.org/releases.html

“*OpenCV Pre-Built Library

e Self-Extracting Archive

£ 25% Extracting

Elapsed time: ClF e 22
Remaining time: 0005
Files: ]

Compression ratio:

i 7-Fip self-extracting archive >
Extract to:
CWOpenCyad ]
Extract Cancel J
Total size: Thd MB
Speed; 3873 KB
Processed: 150 MB
Compressed size:
Background ﬂ Pause Cancel

“* OpenCV Pre-Built Library
e Copy library to site-packages

e From

e opencv/build/bin/python/2.7/x64/cv2.pyd
e opencv/build/bin/python/2.7/x86/cv2.pyd

e To

o c:\Python27\Lib/site-packages

St

—~

CEEnCY
Build
Ecin
Lina
include
java
~ python
s 2
da iy
=86

[# cve.pwd




“* OpenCV Pre-Built Library
e Check out Installed OpenCV Version in Python 2
import cv2
cv2._ version_

e Not support in Python 3

e 19 2017, OB:04:45) [MSC

or "|icense" for more information.

ImportError: Module use -JHr v thic uHLT- -HI conflicts with this wversion of Python

< OpenCV-Python Installation - PyPi

e Unofficial OpenCV packages for Python

e OpenCV-Python(Latest Version)
o https://pypi.python.org/pypi/opencv-python
e Core modules without Extra(contrib) modules
e Install OpenCV-Python
e pip install opencv-python
e pip3 install opencv—python

|"||'lr'|_‘| ‘-1 I 1._' cpP .:T
|########################ﬁ# it | e
£ §4+| =fied: numey>=1.11.1 in c:

-'Hu n

(22 . 8MB)

itz | te—packages



https://pypi.python.org/pypi/opencv-python

< OpenCV-Python Installation - PyPi
e Unofficial OpenCV packages for Python
e OpenCV-Contrib-Python(Latest Version)

o https://pypi.python.org/pypi/opencv-contrib-python

e contains contrib modules

e Install OpenCV-Contrib-Python
e pip install opencv-contrib-python
e pip3 install opencv-contrib-python

Iﬁ#ﬁﬁﬁﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁﬁ

t already s:

contrib-python
sthon
thon-3.4.0,12-

: 4FUT|H instal led ¢

<* OpenCV-Python Installation - PyPi

e Version Specific Installation
e List up OpenCV Version (3.x only)
e pip install opencv-python==
e [nstall specific version (example)
o p|p install opencv-python=3.1.x.x

Eh:::II |HIZ1'IH.1 Opency -p rthon==7 )

n'l” |:.|n|h| I IT.':”EI

Tlll ||:'|| |+""_F ar |' ades

32.wh!| (27.5MB)

M| i b | te—packages



https://pypi.python.org/pypi/opencv-contrib-python

< OpenCV-Python Installation - PyPi

e Check out Installed Version
e import cv2
e Cv2._ version__

, Deg 19-2

"credits" or

e Test Code

import cv2

img file = "../img/model. jpg"
img = cv2.imread(img_file)

if not img is None:
cv2.imshow('IMG', img)
while True:
key = cv2.waitKey(0) #& OxFF
if key == :
cv2.destroyAllWindows ()
break
else:
print('No image file.")
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< Setup Python
e Pre-installed Python not support pip

e Python 3 Only
e Python 3.4+

e Python 2 Only
e Python 2.7

e Python 3 + Python 2
e Installation order does not matter
e 1. Setup Python 3
o 2. Setup Python 2

“» Setup Python 3
e https://www.pvthon.org/downloads/

e Download Python 3.4+
e Numpy not support Python 3.3

Python

& python’

About Downloads Documentation Comm

Download the latest version for Mac 0S X

J Download Python 3.6.4 M Download Python 2.7.14



https://www.python.org/downloads/

< Setup Python 3.x
e Start Install wizard

& we Install Python

Welcaome to the Python Installer

This package will instali Python 3.6.4 for Mac OS X 10.6 or later.
@ Introduction . »
Python for Mac OS X consists of the Python programming language
imerpreter, plus a set of programs 1o allow easy access 1o it for Mac OS5 X
users including an imtegrated development environment IDLE.

MEW: There are important changes in this release regarding network
security and trust certificates. Please see the ReadMe for more details.

IMPORTANT: IDLE and other programs using the tkinter graphical user
interface toolkit require specific versions of the Tel/Tk platform
independent windowing toolkit. Visit hitps JAwww. python.org/download/
mac/iclik’ for current information on supported and recommended
versions of Tel/Tk for this version of Python and Mac OS X.

LorHnLe
e License Agreement
W Install Python

To continue installing the software you must agree to the terms of

the software license agreement.
] Click Agree to continue or click Disagree to cancel| the installation and
o PRe: quit the Installer.
& Lic

Read License Disagree Agree I

In 1995, Guido continued his work on Python at the Corporation for
Mational Research Initiatives (CMNRI, see http'www.cnri.reston.va.us)
in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved 1o
BeQOpen.com to form the BeOpean PythonlLabs team. In October of the
sama year, the PythonLabs team moved te Digital Creations (now
Zope Corporation, see httpiwww.zope.com). In 2001, the Python
Software Foundation (PSF, see hitp:fwww.python.org/psf) was
formed, a non-profit organization created specifically to own Python-
related Intellectual Property. Zope Corporation is a sponsoring member
of the PSF.

PRE..... SO b Back Continug



< Setup Python 3.x

e Standard Install
@d o Install Python

Standard Install on "MacOS"

This will take 106.1 MB of space on your computer.

¢ Introduction

Click Install to perform a standard installiation of this software
on the disk "MacOS5"

Change Install Location...

Customize Go Back | Install

¢ |[nstallation Completed

@.® C ' Install Pytnon

The installation was completed successfully.

« Install Pythen o Introduction

Installing Pythen

o Introduction

The software was installed.

Moving items into place

The installation was successful.



“* Check up Python 3
e python3 --version

*+» Check Pip Version
e pip3 --version

|rainer#swMBA:~$ pythond --version
Python 3.6.4

i roiner@swMBA:~% pipd --version
pip 9.8.1 from /Library/Frameworks/Python. framework/Versions/3.6/1ib/python3.6/s
ite-packages (python 3.6)

“» Setup Python 2.7

e https://www.pvthon.org/downloads/
¢ Download Python 2.7

Python

e python’

About Downloads Documentation Comm

Download the latest version for Mac OS X

Download Python 3.6.4 | Download Python 2.7.14



https://www.python.org/downloads/

“ Setup Python 2.7

e Star "Install wizard"
@ w Install Python

Welcome to the Python Installer

This package will instali Python 2.7.14 for Mac 0OS X 10.6 or later.
¢ Introduction _ )
Python for Mac OS X consists of the Python programming language
interpreter, plus a set of programs 1o aliow easy access to it for Mac OS5 X
users including an integrated development environment IDLE.

NEW for Python 2.7.9: This package installs a version of ip, the
recommended too! for installing and managing Python packages. Type
pip2.7 --help for an overview. 2.7.9 also includes a number of
network security enhancements that may require changes to your Python
applications. See the ReadMe file and the Python documentation for
more information.

IMPORTANT: IDLE and other programs using the tkinter graphical user
interface toolkit reqguire specific versions of the Tel/Tk platform
independent windowing toolkit. Visit httpsyfheww. python.org/downloads
mac/teltk! for current information on supporied and recommended
versions of Tel/Tk for this version of Python and Mac OS X.

Continue

e Important Information

® w Install Python

Important Information

This package will install Python 2.?.14 for Mac OS5 X 10.6 or later for
o Introduction the following architecture(s): i386, x86_64.

Which installer variant should | use?

Python.org provides two installer variants for download: one that
installs a 64-bit’32-bit Intel Python capable of running on Mac OS5 X
10.6 (Snow Leopard) or later; and one that installs a 32-bit-only (Inte!
and PPC) Python capabie of running on Mac OS5 X 10.5 (Leopard] or
later. This ReadMe was installed with the 70.6 or later variant. Unless
you are installing to an 10.5 system or you need to build applications
that can run on 10.5 systems, use the 10.6 variant if possible. There
are some additional operating system functions that are supported
starting with 10.6 and you may see better performance using 64-bit
mode. By default, Python will automatically run in 64-bit mode if your
system supports it. Also see Certificate verification and OpenSSL
befow. The Pythons installed by these installers are built with private
copies of some third-party libraries not included with or newer than
those in OS X itself. The list of these libraries varies by installer
variant and is included at the end of the License.rt file.

Update your version of Tel/Tk to use IDLE or other Tk applications

Print... Save... Go Back Continue



“* Setup Python 2.7
e License Agreement

w Install Python

To continue installing the software you must agree to the terms of
the software license agreement.

i Click Agree to continue or click Disagree to cancel the installation and
o Re: quit the Installer.
o Lic

Head VI_V!'c:‘ense Diggg_reg Agree I

In 1995, Guido continued his work on Python at the Corporation for
MNational Research Initiatives (CNRI, see hitpfwww.cnri.reston . va.us)
in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to
BeOpen.com o form the BeOpen PythonLabs team. In October of the
same year, the PythonLabs team mowved to Digital Creations (now
Zope Corporation, see hitpu/f'www.zope.comy). In 2001, the Python
Software Foundation (PSF, see htipyiwww. python.org/psff) was
formed, a non-profit organization created specifically to own Python-
related Intellectual Property. Zope Corporation is a sponsoring member
of the PSFE.

Pt Sode... S Blacik Contine

e Standard Install
@ w Install Python
Standard Install on "MacOS"

This wiill take 87.3 MB of space on your computer.

Introduction

-]

Click Install to perform a standard instaliation of this software
on the disk "MacOS",

o

Customize Go Back Install



“ Setup Python 2.7
e |[nstallation Completed
L] & Install Python =

The installation was completed successfully.

»  Introduction

Read Mes

License

The installation was successful.

The software was installed.

“* Check up Python 2

e python --version
“* Check Pip Version
® pip --version
\rainerfswMBA:~$ python --version

Python 2.7.14
\raineréswiBA:~$ pip --version

pip 9.8.1 from /Library/Fromeworks/Python. framework/Versions/Z.7/11b/pythonZ. 'r’fs
ite-packeges (python 2.7)




< Setup Dependent Library

e Numpy Installation
e pip install numpy
e pip3 install numpy

[roiner@swMBA:~% pip install numpy

Coliecting numpy
Downloading numpy-1.14.@-cpZ7=-cp?fm-mocosx_ 1@ 6_intel .mocosx_18_9 intel .mocosx

_18 9 x86_bd.mocosx_10_10_intel .maocosx_10_16 x86_b4.whl (4.7MB3
180% | I | <. PME 233kBSs

Installing collected pockages: numpy

successfully instolled numpy-1.14.8

roiner@swMBA:~-$ pip2 install numpy

tollecting numpy
Downloading numpy-1.14.8-cp36-cp3bm-macosx_18_6. intel .mocosx_18_9_intel .mocosx

_18 9 xB6_b64.macosx_10_10_intel .mocosx_10_18_x86_b4.whl (4.7MB3
100% | I | 4. /ME 6BKB/s

Installing collected packoges: numpy

Successfully instaolled numpy-1.14.8

e Numpy Check in Python
import numpy as np
np.__version

 rainer@swMBA: ~% python
Python Z2.7.14 (vZ.7.14:84471935%ed, Sep 1b 2017, 12:01:12)

[GCC 4.2.1 (Apple Inc. build S6b6) (dot 3)] on darwin

Type "help”, "copyright”, “"credits"” or "license" for more information.
>»> import numpy

B AUMpY . version__

'1.14.9°

lrainer@swMBA 1 ~§ python3

Python 3.6.4 (v3.6.4:dd48ecebodS, Dec 18 2017, Z21:@87:Z28)

[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "help", "copyright®, "credits" or "iicense® for more information.
I»»x» import numpy

[»>> numpy.__wersion__

'1.14.@8°




< Setup Dependent Library
e Matplotlib Installation
e pip install matplotlib
e pip3 install matplotlib

roiner@swMBA:~% pip install matplotiib
Collecting matplotlib
Downloading matplotlib-Z.1.7-cpZ7-cpZ/m-macosx_18 b _inmtel .macosx_18_9_intel .mg
cosx_ 108 9 x86 b3 .macosx_18 18 intel .mocosx 18 18 x86 64.whl (13.7MB)
100 | I | 13. MB BOKBS S
Eeguirement alreody sotisfied: mumpy-==1.7.1 in /Librory/Fromeworks.Python. frome

roiner@swMBA: -$ pip3 instoll matplotlib
Lollecting matplotiib
Downlooding matplotlib-2.1.72-cp3b-cp3bm-macosx_1@_6_imtel .macosx. 18 _9_intel .ma
cosx_18_9_xB6 a4.mocosx_16_ 10 intel .macosx. 18 10 x86 64.whl (13.2MB]
100% | | 13 .7MB 95kB's
Requirement olready satisfied: pytr in /Librory/Fromeworks/Python.fromework/Vers

e Matplotlib Check in Python
e import matplotlib
e matplotlib.  version

lroiner@swMBA:~3 python

Python 2.7.14 (vZ.7.14:84471935%ed, Sep 1b 2017, 12:01:12)

FGCC 4.2.1 CApple Inc. build 5606) (dot 3)] on darwin

Type "help”, "copyright", "credits" or "license" for more information.
|=>> import matplotlib

i=»> matplotlib._ wversion__

'Z2.1.2°

rainer@swMBA:~-% python3

Python 3.06.4 (v3.6.4:d48ecebadS, Dec 18 2017, Z1:87:28)

[GCC 4.2.1 (Apple Inc. build 566b6) (dot 337 on dorwin

Type “help™, "copyright", "credits" or "license" for more information.
|=»> import matplotlib

|>>> motplotlib._ wversion__

g




< OpenCV-Python Installation - PyPi
e Unofficial OpenCV packages for Python

e OpenCV-Python(Latest Version)
o https://pypi.python.org/pypi/opencv-python
e Core modules without contrib modules
e Install on OpenCV-Python
e pip install opencv-python
e pip3 install opencv-python

[rainer®swMBA:~1 pip instoll opencv-python

follecting opencv-python

Downloading opencv_python-3.4.8.12-cpZ7-cpZ?fm-macosx_18_6_intel .macosx_1@ 9 in
tel.macosx_ 18 9 x86 pd.mocosx_ 1@ 18 intel .macosx 10 18 x86_64.whl (41.7MB)
160% | | 1. AME ZSkBSs

Requirement olready satisfied: numpy»>=1.11.1 in /Library/Fromeworks/Python.frome
work/¥ersions/Z.7/1ib/pythonZ. 7/site-packages (from opencv-python)

Installing collected packages: opency-python

Successfully installed opencv-python-3.4.8.17

iroiner@swMBA ~$ pip3 instoll opencv-python

Collecting opencv-python

Downloading opency_python-3.4 .8.17-cp3b-cplom-macosx_18 6_intel .mocosx_18 9 in
tel .macosx_ 109 xR6_ 64 .maocosx_18_10_intel.mocosx_ 18 1@ xB6_5d.whl (41.2MB3

100% | I | 41 . ZME 24KkB/s

Reguirement already sotisfied: numpy»=1.11.1 in /Library/Frameworkss/Python. frome
work/Versions/3.6/1ib/pythond.6/site-packages (from opencv-python)
Installing collected packages: opencw-python
Successfully instolled opencv=-python-3.4.0.12

e Unofficial OpenCV packages for Python
e OpenCV-Contrib-Python(Latest Version)
o https://pypi.python.org/pypi/opencv-contrib-python
e contains contrib modules
e Install OpenCV-Contrib-Python
e pip install opencv-contrib-python
e pip3 install opencv-contrib-python


https://pypi.python.org/pypi/opencv-python
https://pypi.python.org/pypi/opencv-contrib-python

L opency-contrib-python
[n'!_lectt ng npenr:v contrib-python
Downloading opency_contrib_python-3.4.9.12-cpZ7-cp2¥m-mocosx_1@_6_intel .macosx
_19. 9 inmtel .mocosx_18 9 x86_064.macosx_18_10_intel .macosx_10_18 xA6_bd.whl (40.4M

B3

100% | I | 46 .4ME 25kB/s
Reqguirement olready satisfied: numpy»=1.11.1 in /Library/Fromeworks/Python, frome
work/Versions/2.7/1ib/pythonZ . 7/site-packages (from opencv-contrib-python)
Installing collected packages: opencv-contrib-python
Successfully installed opencv-contrib-python-3.4.8.12

|roiner@swMBA:~§ pip3 instoll opencv-contrib-python
Collecting opencv-contrib-python

Downloading aopencv_contrib_python-3.4.8.12-cp36-cplem-mocosx_18_b_intel .macosx
_10_9 intel.macosx_10_9 x86_64 .macosx_10_10_intel .mocosx_10_18_xBo_5d.whi (46.4M
B)

108% | I | 4G . 4ME Z7KB/s

Requirement already sotisfied: numpy»=1.11.1 in /library/Frameworks/Python.frame
work/Versions/3.6/11b/python3.b/site-packages (from opencv-contrib-python)
Installing collected packages: opencv-contrib-python
Successfully instolled opencv-contrib-python-3.4.9.12

“* OpenCV-Python Installation - PyPi
e Version Specific Installation
e List up OpenCV Version (3.x only)
e pip install opencv-python==
e |nstall specific version (example)
e pip install opencv-python=3.1.x.x

\rainer@swMBA:~5 pip install opencv-python=?
{ollecting opencv-python=?




< OpenCV-Python Installation - PyPi
e Check out Installed Version
e import cv2
e Cv2._ version__

[roiner@swMBA:~$ python

Python Z.7.14 (vZ.7.14:84471935%ed, Sep 16 2017, 12:81:1Z2)

FGCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on dorwin

Type "help", "copyright", "credits” or "license" for more information.
I>>> impart cvl

|#>> CwZ.__wersion__

: :~3 python3
Python 3.6.4 (v3.6.4:d48ecebnd5, Dec 18 2017, Z1:@87:Z28)

[GCC 4.2.1 (Apple Inc. build Sbek) (dot 33] on darwin

Type "help", "copyright", "credits" or "license" for more information.
»>» import ové

\»»» cwZ.__wversion__

'3.4.8"

»» Test Code

import cv2

img file = "./img/girl.jpg" #
Path to image
img = cv2.imread(img_file)

if not img is None:
cv2.imshow('IMG', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()
else:

print('No image file.") (x=193, y=0) ~ R:40 G:43B:26




Opencv with Python

1. OpenCV3 Intro

2. Setup on Windows
3. Setup on Mac

4. Setup on Ubuntu

5. Setup on Raspberry-P1



“» Setup Python

Ubuntu 16.04 LTS

lee@vbox-opencv:~5 python --version

Check Already installed Python 2.7.12

_ . leefivbox-opencv:~5% python3 --version
e python verspn Python 3.5.2
e python3 --version lee@vbox-opencv:~5 i

If Python Not Installed
e |Install Python2

e sudo apt-get install python
e [nstall Python 3

e sudo apt-get install python3

Pip install & check

e pip for python
e sudo apt-get install python-pip
® pip --version

ee@vbox-opencyv: -5 sudo apt-get install python-pip

Reading package lists... Done

Building dependency tree

Reading state information... Done

The following packages were automatically installed and are no longer required:
libllvm4.8 libpython3-dev libpython3.5-dev python3-dev python3-whesl

python3.5-dev

Use 'sudo apt autoremove' to remove them.

The following NEW packages will be installed:
python-pip

lee@vbox-opency: -5 pip --version
pip 8.1.1 from fusrflib/python2.7/dist-packages (python 2.7)




< Setup Python
e Pip install & check
e pip3 for python3
e sudo apt-get install python3-pip
e pip3 --version

lee@vbox-opencv:~$ sudo apt-get install python3-pip

Reading package lists... Done

Building dependency tree

Feading state information... Done

The following package was automatically installed and is no
libllvm4.0

Use 'sudo apt autoremove' to remove it.
The following MEW packages will be installed:
thon3-pip

ee@vbox-opencv:~5 pip3 --version
pip 8.1.1 from fusr/lib/python3/dist-packages (pvthon 3.5)

< Setup Dependent Library
e Numpy Installation
e pip install numpy
e pip3 install numpy

lee@vbox-opencv:i~% pip install numpy
Collecting numpy
Using cached numpy-1.14.0-cp27-cp27mu-manylinuxl x86 54.whl
Installing collected packages: numpy
Successfully installed numpy-1.14.0

lee@vbox-opencv:~$S pip3d install numpy
Collecting numpy
Using cached numpy-1.14.0-cp35-cp3sm-manylinuxl x8&6 64 .whl
Installing collected packages: numpy
successfully installed numpy-1.14.0

e Numpy Check in Python
e import numpy

e numpy.__version__

lee@vbox-opencv:i~5% python
Python 2.7.12 {default, Nov 20 20817, 18:23:56)
[GCC 5.4.8 201560609] on Llinux2

Type "help", "copyright”, "credits" ar "license” fTor more information
>>> import numpy

=»> NUMpyY. version

o e R Bl




lee@vbox-opencv:~5 python3
Python 3.5.2 {default, Mowv 23 2917, 16:37:91)}

[GCC 5.4.9 2016358%9] on linux

Type "help", "copyright”, "credits" or "license"” for more information.
=== import numpy

>>> nuUmpyY. wversion

i b B Bl

< Setup Dependent Library

e Matplotlib Installation
e pip install matplotlib
e pip3 install matplotlib

eedvbox-opencv:~5 pip install matplotlib
ollecting matplotlib

Downloading matplotlib-2.1.2-cp27-cp2¥mu-manylinuxl x86 64.whl (15.9MB)
ook | R | 5. of 54K5,s

pllecting numpy=>=1.7.1 {from matplotlib}
| ¥ e e L L DO T R e, My e -

leefivbox-opencv:~S pip3 install matplotlib
Collecting matplotlib

Downloading matplotlib-2.1.2-cp35-cp35m-manylinuxl x86 64.whl (15.0MB)
oo | N | 1 .05 ©5ko /s
Collecting six==1.16 (from matplotlib)

e Matplotlib Check in Python
e import matplotlib
e matplotlib.  version

lee@vbox-opencv:~5 python

Python 2.7.12 {default, Nov 20 2817, 18:23:55)

[GCC 5.4.8 20156609] on LlinuxZ2

Type "help”, "copyright”, "credits” or "license" for more information
»»> import matplotlib

»»> matplotlib. wversion

I DA

lee@vbox-opencv:-~% python2

Python 3.5.2 {default, NHov 23 2017, 16:37:01)

[GCC 5.4.08 201606092] on linux

Type "help”", "copyright", "credits" or "license" for more information.
=»> import matplotlib

»>>> matplotlib. wversion

Bt Sy




< OpenCV-Python Installation - PyPi
e Unofficial OpenCV packages for Python

e OpenCV-Python(Latest Version)
o https://pypi.python.org/pypi/opencv-python
e Core modules without contrib modules
e Install OpenCV-Python
e pip install opencv-python
e pip3 install opencv-python

lee@vbox-opencv:~% pip install opencv-python
Collecting opencv-python

Using cached opencv python-3.4.0.12-cp27-¢cp2¥mu-manylinuxl x86 64.whl
Collecting numpy==1.11.1 {from opencv-python}

Using cached numpy-1.14.0-cp27-cp27mu-manylinuxl_x86_64.whl
Installing collected packages: numpy, opencv-python
successfully installed numpy-1.14.0 opencv-python-2.4.9.12

leed@vbox-opencv:~% pip3 install opency-python
Collecting opencv-python
Downloading opencv python-3.4.08.12-cp35-cp3sm-manylinuxl x86 64.whl {24.9MB)
| 24.9MB 58kB/s
Collecting numpy==1.11.1 {from opencv-python)
Using cached numpy-1.14.0-cp35-cp3sm-manylinuxi x86 64.whl
Installing collected packages: numpy, opencyv-python
successfully installed numpy-1.14.0 opencv-python-3.4.8.12

e Unofficial OpenCV packages for Python

e OpenCV-Contrib-Python(Latest Version)
e https://pypi.python.org/pypi/opencv-contrib-python
e contains contrib modules
e [nstall OpenCV-Contrib-Python
e pip install opencv-contrib-python
e pip3 install opencv-contrib-python

lee@@vbox-opencv:~% pip install opencv-contrib-python
Collecting opencv-contrib-python

Downloading opency _contrib python-3.4.0.12-cp27-cp27mu-manylinuxi
30.5MB)

100% | | ;o . -8 34kB/s

Collecting numpy==1.11.1 {from opencv-contrib-python)

Using cached numpy-1.14.0-cp27-cp27mu-manylinuxl x86 64.whl
Installing collected packages: numpy, opencv-contrib-python
successtully installed numpy-1.14.8 opencv-contrib-python-3.3.1.11



https://pypi.python.org/pypi/opencv-python
https://pypi.python.org/pypi/opencv-contrib-python

lee@vbox-opencv:~$S pip3 install opencv-contrib-python
Collecting opencv-contrib-python
Using cached opencv _contrib_python-3.4.08.12-cp35-cp35m-manylinux

Collecting numpy==1.11.1 (from opencv-contrib-python)

Using cached numpy-1.14.0-cp35-cp35sm-manylinuxl x86 64.whl
Installing collected packages: numpy, opencv-contrib-python
successfully installed numpy-1.14.0 opencv-contrib-python-3.4.0.12

“* OpenCV-Python Installation - PyPi

e Version Specific Installation
e List up OpenCV Version (3.x only)
e pip install opencv-python=="
e |[nstall specific version (example)
e pip install opencv-python=3.1.x.x

lee@vbox-opencyv:~$ pip3 install opency-contrib-python==?
Collecting opencv-contrib-python==?

e Check out Installed Version
e import cv2
e cv2. version

lee@vbox-opencv:~5 python

Python 2.7.12 (default, Nov 20 2017, 1iB:23:56)

[GCC 5.4.8 20150609 on linux2

Type "help”, "copyright", "credits” or "license" for more inform
==> import cwv2

x> CW2. wversion

lec@vbox-opencv:~S python3

Python 3.5.2 {(default, Mov 23 2017, 16:37:01)

[GCC 5.4.0 20150609] on Llinux

Type "help"”, "copyright", "credits” or "license" for more info
==» import cwv2

x> W2, wversion

gz i B




»» Test Code

import cv2

img file = "img/model. jpg’
img = cv2.imread(img_file)

if img:
cv2.imshow( 'model’, img)
cv2.waitKey(0)
cv2.destroyAllWindows ()
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< Setup Python & pip
e Raspbian Stretch version

e Check Default Installed
e python --version
e python3 --version
e pip --version
e pip3 --version

pi€raspberry:~ $ python --version
Python 2.7.13
piBraspberry:~ § python3 --wversion
Python 3.5.3

pifraspberry;~ § pip --version

pip 9.4.1 from fusr/lib/pythonZ.7/dist-packages (python 2.7)
pifraspberry:~ % pip3 --version

pip 9.0.1 from ‘usr/lib/python3/dist-packages (python 3.5)

“* Installing Numpy
e pip not support numpy for raspberry-pi

e |[nstall using APT
e sudo apt-get install python-numpy
e sudo apt-get install python3-numpy
piraspberrypi:~ 5 sudo apt-get install python-numpy
Reading package lists... Done

Building dependency tree
Reading state information... Done

pifraspberrypi:~ $ sudo apt-get install python3-numpy
Reading package lists... Done

Building dependency tree

Reading state information... Done




< Installing Numpy
e check numpy version
e import numpy
e numpy.__version__

piBraspberrypi: python

Python Z2.7.13 (default, Jan 19 2017, 14:48:88)

[GCC 6.3.8 201701247 on limux?

Type "help”, “"copyright”, "credits" or “license" for more information.
s> import numpy

S AUMPY._ VErsion__

s A e

piBraspberrypi:~ § python3

Python 3.5.3 (default, Jan 19 2017, 14:11:843

[G(C ©.3.8 201701747 on limux

Type "help”, "copyright", "credits" or "license” for more information.
e import numpy

> OUMPY._ version__

b I e

“ Installing OpenCV
e pip not support OpenCV-Python for RaspberryPi
e pip default repository
e https://pypi.python.org/
e pypi not support OpenCV-Python for armv7I
e piwheels repository
o https://www.piwheels.hostedpi.com/ -
° repository for raspberry-pi Python Wheels for the Raspberry Pi

piwheels is a Python package repository providing ARM platform wheels (pre-campiled binary Python packages) specifically for the
. . Raspherrv Pi. Packages are natively compiled on Raspberry Pi 3 hardware using the Mythic Beasts Pi cloud.
o /etc/pip.conf (rasbian stretch) |
Packages 104,642
‘Wheels 745,847
e not work properly (Jan. 2018) Dovaoad s 20 ) 266260 |
e 3 Ways to install OpenCV-Python Configuration
Rasphian Stretch includes configuration for pip to use piwheels by default. If you're using an aliernate distribution (or an older version
H H of Rasphian), you can use piwheels by placing the following lines in /etc/pip.conf:
e |Installing from APT repository A ”

[global]
extra-index-url-httpa://www.pivheels.hostedpi.con/aimple

e |Installing from Building source
e |Installing with Pre-built Debian Package
e Provided by this course


https://pypi.python.org/
https://www.piwheels.hostedpi.com/
https:/Zwww.piwheels.hostedpi.com/simple

< Installing OpenCV from APT repository
e support only Python2, OpenCV 2.4
e Easiest way to install OpenCV-Python on Raspberry Pi
e Not Support Python3, OpenCV 3+

e |[nstalling
e sudo apt-get install python-opencv

piBraspberrypi:~ § sudo apt-get install python-opencw
Reading packege lists... Done

Building depsndency tree

Reading state information... Done

The following additional packages will be installed:

libopency-contribz.4v5 libopencv-legacyZ.4vS libopencv-ml2.4v5
libopency-photoZ . 4v5

The following NEW packages will be installed:
Libopency-contrib2.4v5 libopency-legacy2.4vS libopencv-ml2.4v5
libopencv-photol .4vE python-opency

e check version
e import cv2
e cv2. version

piBraspoerrypi:~ 5 python

Python 2.7.13 (default, Jan 19 2017, 14:45:08)

[GCC 6.3.9@ 201781247 on limo2

Type "help”, "copyright", "credits” or "license" for more information.

impart ovZ

==» import cvi

ov? . wversion__

»ax CW2.__VErsion__

*Z.4.9.1°




< Installing OpenCV from Building Source

Install tools for buildding process
e sudo apt install build-essential cmake pkg-config

Install dependant libraries
e |mage Format Library

e sudo apt-get install -y libjpeg-dev libtiff5-dev libjasper-dev libpng12-dev
e Video Codec libraries

e sudo apt-get install -y libavcodec-dev libavformat-dev libswscale-dev
libxvidcore-dev libx264-dev libxine2-dev

e Linux Standard Video Device Libraries

e sudo apt-get install -y libv4l-dev v4l-utils
e Video Stream libraries

e sudo apt-get install -y libgstreamer1.0-dev libgstreamer-plugins-base1.0-dev
e GUI Window Library

e sudo apt-get install libgt4-dev

Install dependant libraries (Continue)
e OpenGL Libraries
e sudo apt-get install -y mesa-utils libgl1-mesa-dri libgt4-opengl-dev libatlas-
base-dev gfortran libeigen3-dev
e Python Libraries
e sudo apt-get install -y python-dev python3-dev
e Python Numpy
e sudo apt-get install —y python-numpy python3-numpy

Make a directory "~/opence”

e ~ 3 mkdir opencv

e ~$ cd opencv

Download OpenCV Source Code

e https://github.com/opencv/opencv/releases

e https://github.com/opencv/opencv_contrib/releases


https://github.com/opencv/opencv/releases
https://github.com/opencv/opencv_contrib/releases

cpency { opency © Watch~ 1,954

<> Code Issuas 1,287 Pull requests 52 Wik Insights

I opencv / opencv_contrib

<> Code Issues 178 Pull requests 29 Insights
OpenCV 3.4.0
%] 0
= alalek released this on Dec 25, 2017 - 297 cor s to master since th
i Tags
Assets
T opencv-3.4.0-android-sdk.zip 3.0 ==
on Dec 23, 2017 s o =i
™ opencv-3.4.0-ios-framework.zip < 8lcabda [zip [targz

T opencv-3.4.0-vcl4_vels.7z

M opencv-3.4.0-vc14_vcl5.exe on Oct 24, 2017 ?}3@: {iltu.lf Bzip [[targ
bad | tar.gz

[I] saurce code (zip)

(1 Sourcecode 1292k oen Link in New Tab

Open Link in New Window

OpenCV 3.4 (NY 2016 Open Link fn Incognito Wincow o

new functionality, img__ Save Link As..

< Installing OpenCV from Building Source

e Download OpenCV Source Code

e ~/opencv$ wget —O opencv-3.4.tar.gz
https://github.com/opencv/opencv/archive/3.4.0.tar.gz

pifraspberrypi:~/opency 3 wget -0 opencv-3.4.tar.gz https://github.com/opencv/op
encv/archive/3.4.0.tar.gz

--Z2018-02-93 08:50:44-- hiips://github. com/opency/apencv/archives/3.4.9.tar. gz
Resolving github.com (github.com)... 192.39.255.112, 192.30.255.113

Connecting to github.com (github.com)|192.3@.255.112|:443... connecied.

HTTP request sent, awaiting response... 382 Found

Location: https://codeload.github.com/opencv/opencv/tar.gz/3.4.0 [following]
--Z2018-82-83 @B:50:45-- https://codeload.github. com/opencv/opency/tar.gz/3.4.0
Resolving codeload.github.com (codeload.github.com)... 192.30.255.170, 192.30.25
5.121

{onnecting to codeload.github.com (codeload.github.com)|19Z.30.255.1201:443... C
onnected.

HTTP request sent, awaiting response... 208 0K

Length: 87169544 (83M) [application/x-gzip]

Saving to: ‘opencv-3.4.tar.gz’

opencv-3.4.tar.gz 100 e—————ee———ee>]  B3.13M 2.3MMESs in 91s


https://github.com/opencv/opencv/archive/3.4.0.tar.gz
https://github.ca%253cn/opencv/op
https://github.can/opencv/opencv/archive/3.4.0.tar.gz
github.com
https://codeload.github.can/opencv/opencv/tar.gz/3.4.0
https://oodeload.github.can/opencv/opencv/tar.gz/3.4.0
codeload.github.com

< Installing OpenCV from Building Source

e Download OpenCV Source Code

e ~/opencv$ wget —O opencv-3.4-contrib.tar.gz
https.//github.com/opencv/opencv_contrib/archive/3.4.0.tar.gz

pifraspberrypi :~ ncv $ wget -0 opencv-contrib-3.4.tar.gz https://github.com/o
pencvfupencv=c0ntrtbfnrchivefa.4.ﬂ.tur.gz

-=-Z018-82-83 89:83:32-- htikps:/Agithub.comfopence/opency _contrib/orchivers3.4.8.
tar.gz

Resolving github.com (github.com)... 192.39.255.113, 192.39.255.112

{onnecting to github.com (github.com)|192.30.255.113|:443... connected.

HTTP request sent, owaiting response... 382 Found

Location: hitps://codeload.github.com/opencv/opency_contrib/tar.gz/3.4.8 [follow
ing]

--Z@18-87-93 89:83:33-- https://codeload. github. com/opencv/opency_contrib/tar.g
z/3.4.0

Resolving codelood.github.com (codelood github.com)... 192_39.255.121, 192.38.25
5.12a

{onnecting to codeload.github.com (codeload.github.com)|192.30.255.1211:443. ..
onnected.

HTTP request sent, awaiting response... 208 OK

Length: 55973630 (53M) [application/x-gzip]

Saving to: ‘opencv-contrib-3.4.tor.gz’

opencv-contrib-3.4. 1008 [r————eee—————e]  53.38M Z.64MB/s in 52s

“ Installing OpenCV from Building Source

e Unarchive

e ~/opencv $ tar —xvf opencv-3.4.tar.gz

e ~/opencv $ tar —xvf opencv-contrib-3.4.targ.gz
e Make Build Directory

e ~/opencv $ mkdir -p /opencv/build

e ~/opencv $ cd ./opencv/build

plﬂr'aspberr'ypr wency § 1s

pency-3.4.8 npenm-cﬂntr'm -3.4.tar.gz
ﬂpenw-j.#-.mr.gz opencv_contrib-31.4.9

piBraspberrypi:~/opency § mkdir -p ./opencv-3.4.8/build
piéraspberrypi;- cv 3 cd fupenw-a 4.8/build/
pi@raspberrypi:~/opencv/opencv-3.4.9/build § ||



https://github.com/opencv/opencv_contrib/archive/3.4.0.tar.gz
https://github.cam/o
https://github.com/opencv/opencv_contrib/archive/3.4.0
github.com
github.com
github.com
https://codeload.github.com/opencv/opencv_contrib/tar.gz/3.4.0
https://codeload.github.eom/opencv/opencv_contrib/tar.g
codeload.github.com
Ccodeload.github.com
codeload.github.com

< Installing OpenCV from Building Source
e CMake

~/opencv/opencv3.4.0/build $ cmake -D
CMAKE_BUILD TYPE=RELEASE \

-D CMAKE_INSTALL PREFIX=/usr/local \

-D OPENCV_EXTRA_MODULES_PATH=../../opencv_contrib-
3.4.0/modules \

-D BUILD DOCS=ON \

-D BUILD EXAMPLES=ON \

-D ENABLE_NEON=ON \

-D WITH_QT=ON \

-D WITH_OPENGL=ON \

-D WITH_XINE=ON ../

e swap memory

e Memory check

o free -h
e Swap check

e sSwapon —s
e Creating swap file 1GB

e sudo fallocate -1 1024M /var/swap_temp
e Making swap

e sudo mkswap /var/swap_temp
e Applying swap

e sudo swapon /var/swap_temp
e Remove swap

sudo swapoff -v /var/swap_temp

e Remove swap file

e rm —f /var/swap_temp



< Installing OpenCV from Building Source
* make
~/opencv/opencv3.4.0/build $ make

~/opencv/opencv3.4.0/build $ time make -j4

{XX object modules/optflows(MakeFiles/opency_opttiow
XX object modules/ Low/(MakeFiles/ ‘-rsr. w_opt
object modules “Mr‘r‘; keFil ency m-‘lw ‘|
pbject madui
modulesoptflow t"‘_l-v-—L.' ESONENCY_(
1 XX o modu ;;,hr*'lnw MakeFiles/t MENCY.
F1pa%] L1.n|c|.ng OO shared library ../, ﬂlbﬂlbﬂpﬂnw_uptﬂm 50
[180%] Built tur'get upencv_optﬂm
[mm;] ting pvo rate

Smnnmg dependem:i.es nf tar'get opencv_p:rl:hnnﬂ

Scanning dependencies of target npencv_pyl:hunz

[1a82%] Building O object modul yihon2/(MakeFiles/opency_pyi
[162%] Building O object nc.ri.',&s,r ythond/MakeFiles/opency_python3
[180%] Linking O shared moduie ../../lib/python3/cvi. cpython-34m.so
[18&%] Linking (XX shared module ../../libfcvZ_sa

[1ea%] Built target opencv_pythonZ

[19d%] Built target opencv_python3

real 45ml6. 2845
user 15ZmzZ5. 5805
sy5 ImZ6 . 6605




< Installing OpenCV from Building Source
e htop

L pi@raspberrypi: ~
pi@raspbarrypl: ~ 381

ﬁﬁ'ﬁ@ﬁ.ﬁl-'ﬁﬁ
28 ® 505 WEeE D

2280800820838
=3NNS E 2™
25 0880888058

e make install

~/opencv/opencv3.4.0/build $ sudo make install

e check version

~ $ pkg-config -modversion opencv

piBraspberrypi:~/opencv § pkg-config --modversion opency

3.4.0



< Installing OpenCV from Building Source

e Check Python 2, 3 cv2 module version

import cv2
cv2. version

piBraspberrypi:~ § python

Python 2.7.13 (default, Jan 19 2017, 14:4%:88)

[GCC 6.3.@ 201791247 on linuxZ

Type "help", "copyright", "credits" or "license" for more information.
»=» import ovi

>»»> CWZ.__wversion._

‘3.4.9°

piBraspberrypi:~ § python3

Python 3.5.3 (default, Jan 19 2017, 14:11:84)

[GCC 6.3.@ 20170124] on limux

Type “help™, “copyright", "credits" or "license" for more information.
»=> import ovZ

>»> CW2.__version__

'3.4.90'

< Installing OpenCV with Pre-built Debian Packages
e Provided from this course unofficially

e Download deb package files from github
e https://github.com/dItpdn/opencv-for-rpi
e opencv-main T T TS
e opencv-libs () e
e opencv-dev

Pullrequests Issues Marketplace Explore

dltpdn / apency-for-rpi @Unwatch~ 1 | #Star 0 FFork | 0
e opencv-python
<) Code Issles 0 Pull requests 9 Projects 0 Wiki Insights Settings
OpenCV debian package installation files for Raspberry-Pi Edit
{D 6 commits i 1 branch 0 0 releases 4% 1 contributor

anch: master New pull request Createnew file = Upload files  Find file

$ewon |ee and seweo a4 add opency 3.4.0 deb packar Latest commit 499t6ch 3 hours &
treti pency 3.4.0 3¢ haurs age

README md add op 1 . t


https://github.com/dltpdn/opencv-for-rpi

< Installing OpenCV with Pre-built Debian Packages

e git download

~ $ git clone https://github.com/dltpdn/opencv-for-rpi.git
~ $ cd ./opencv-for-rpi/stretch/3.4.0

e directory

e <debian_version> / <opencv_version>

piBraspberrypi:~ § git clone https://github.com/dltpdn/opencv-for-rpi.git
{loning into "opencv-for-rpi’...

remote: Counting objects: 34, done.

remote: Compressing objects: 108% (127123, done.

remote: Total 34 (delta @), reused 11 (delita @3, pack-reused ZZ
Unpacking objects: 18@% (34/34), done.

piBraspberrypi:~ 3 cd opencv-for-rpi/
piBraspberrypi:~/opencv-for-rpi $ cd stretch’

piEraspberrypi :~/opencv-for-rpi/stretch % cd 3.3.0/
piéraspberrypi - ~/opencv-for-rpi/stretchy3.4.8 § s
Openi¥V-unknown-armv7 L -dev.deb OpenCV-unknown-army 7L .sh
OpenCV-unknown-armer1-1ibs. deb OpenlV-unknown-army?y L. tar.Z
OpenCV-unknown-armv 71 -main. deb OpeniV-unknown-armv7Ll . tar. gz
OpeniV-unknown-armv7 L-python. deb

e |Installing

~/opencv-for-rpi/stretch/3.4.0 $ sudo apt -y install
./OpenCV*.dev

pifraspberrypl ~/opency=-for-rpl/stretch/3.4.8 % sudo apt -y insta

b

Reading package lists... Done

Building dependency tree

Reading state information... Dohe

Note, selecting ‘opencv-dev' instead of '_/OpenCV-unknown-armv7l-dev.deb’

Note, selecting 'opencv-libs" instead of °./0penC¥-unknown-ormv7i-libs.deb’

Note, selecting 'opencv-main® instead of ‘. 0penCV-unknown-armv?i-main.deb’

Note, selecting 'opencv-python' instead of *./0penC¥-unknown-armv7l-python.deb’

The following additional packages will be installed:
ghostscript libavcodec5? libavformat57 libawvutilS5 libgraphicsmagick-ql6-3
libgs9 libgs9-common libijs-0.35 libiso9668-8 libjasperl libjbigZdech
libjpegs libmngl libpaper-utils libpaperl libgt4-dbus libgtd-opengl
libgt4-test libgt4-xml libgtcored libgtdbus4 libgtguid libswresampleZ
libswscaled libvedinfod libwmf@.2-7 libxineZ libxineZ-bin libxineZ-doc
libxine2-ffmpeg libxineZ-misc-plugins libxineZ-plugins gdbus gt-at-spi



https://github.com/dltpdn/opencv-for-rpi.git
https://gtthuto.ccm/dltpdn/opencv-for-rpi

< Installing OpenCV with Pre-built Debian Packages

e Check result

~ $ pkg-config -modversion opencv

piBraspberrypi ;~/opency

3.4.9

** Installing python Matplotlib
e pip not support matplotlib for Raspberry Pi

e |Installing from APT Repository

sudo apt-get install

sudo

sudo
sudo

sudo
sudo

apt-get

apt-get
apt-get

apt-get
apt-get

1.4.8 § pkg-config --modversion opencv

python-matplotlib

install python3-matplotlib

install python-gi-cairo
install python3-gi-cairo

install python-cairocffi
install python3-cairocffi

e Matplotlib Check in Python
e import matplotlib

e matplotlib.
pifraspberrypi :~

__version___

. python

Python 2.7.13 (defagult, Jan 19 2017, 14:48:08)
[GCC 6.3.8 20817012471 on linux2

Type "help”,

"copyright™,

=»> import matplotlib

S matplutlib.

—version__

"credits" or "license" for more information.

Pythnn 3.5.3 (default, Jan 19 2817, 14:11:94)
[GCC ©.3.0 201791247 on limux

Type "help”,

"copyright”,

»>»> import matplotlib

»»> matplotlib.__

‘Z.a.@r

version__

"credits”

aor "license" for more information.



»» Test Code

import cv2

img file = "img/model.jpg"
img = cv2.imread(img_file)

if img:
cv2.imshow( 'model’, img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

(x=414 v=R20) ~ R'131 3132 R12A




Basic Interface

1.Image and Video 1/O
2. Drawing

3. Window Management
4. Event Handling




< Image show
e img = cv2.imread(file_name [,mod_flag]): Read image from file
o file_name: Image path, string
e mode_flag: Defining Read mode flag
e cv2.IMREAD_UNCHANGED: Color (BGR) scale, base value -1
e cv2.IMREAD_GRAYSCALE: Grey Scale, 0
e cv2.IMREAD_COLOR: Scale saved in file, 1
e img: reading image, NumPy ndarray
e cv2.imshow(title, img): Display on image
o title : Name of the window, string
e img : Image to show, NumPy ndarray

e key = cv2.waitKey( [delay]): Keyboard input standby
e delay : Standby time, ms
o key : Inserted keyboard value, -1: timeout

e cv2.destroyAllWindows() : Close all open window

“*Image show

import cv2

img file = ”../img/model. jpg"
img = cv2.imread(img_file)

if img:
cv2.imshow( 'model’', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()




“*Read in GrayScale :

import cv2

img file = »../img/model. jpg"
img = cv2.imread(img_file,
cv2.IMREAD GRAYSCALE)

if not img is None:
cv2.imshow(img_file, img)
cv2.waitKey(0)
cv2.destroyAllWindows ()
else:
print("no file:", img file)

< Image Write
e cv2.imwrite(file_hame, img)
o file_name: Name of file to save, string
e img: Image to save (NumPy array)

import cv2

img file = »../img/model. jpg"
img = cv2.imread(img_file, cv2.IMREAD_GRAYSCALE)
cv2.imshow("my darling daughter", img)

key = cv2.waitKey(@) & OxFF

if key == 27: #esc
cv2.destroyAllWindows ()

elif key == ord('s'):
print('saving file.');
cv2.imwrite(”./gray.jpg", img)
cv2.destroyAllWindows ()



“*Video Capture

cap = cv2.VideoCapture(file_path or index): Video capture object generator

o file_path: Image file path, str

e index: Camera device number, int, Inclement gradually from 0 (i.e.:0,1,2,....)
ret = cap.isOpened(): Check connection initialization

e ret: Check for success, Boolean

cap.set()/get() : Property Change and confirm

e cv2.CAP_PROP_FRAME_ WIDTH(3), cv2.CAP_PROP_FRAME_ HEIGHT(4)
e cv2.CAP_PROP_FPS: Number of frame per second

e cv2.CAP_PROP_POS_MSEC: Frame position of video file (ms)

e cv2.CAP_PROP_POS_AVI RATIO: Position of video file (0-Start, 1-End)
e cv2.CAP_PROP_FOURCC: Video file codec string

e cv2.CAP_PROP_AUTOFOCUS: Camera auto focus

e cv2.CAP_PROP_ZOOM: Camera Zoom

ret, img = cap.read(): Read next frame

e ret: Check for success, boolean

e img: Image frame data (numpy array)

**Video File Play

import cv2
video file = "../img/big buck.avi”
cap = cv2.VideoCapture(video file) #0 or -1
while cap.isOpened():
ret, img = cap.read()
if ret:
cv2.imshow(video_file, img)
if cv2.waitKey(1) & OxFF == 27:
break

[ ] ..fimg/big_buck.avi

else:
print( 'no more frame. ')
break
else:
print('can't open video.')
cap.release()
cv2.destroyAllWindows() S




“*Video File Play with FPS
e delay = 1000/FPS

import cv2

video file = "../img/big buck.avi”

cap = cv2.VideoCapture(video file) #0 or -1
fps = cap.get(cv2.CAP_PROP_FPS)

delay = int(1000/fps)

print("FPS: %f, Delay: %dms" %(fps, delay))

while cap.isOpened():
ret, img = cap.read()
if ret:
cv2.imshow(video_file, img)
if cv2.waitKey(delay) & OxFF == 27:
break
else:
print(‘'no more frame.')
break
else:
print('can't open video.")
cap.release()
cv2.destroyAllWindows ()

[ ] ../img/big_buck.avi

(x=815, y=463) ~ R:142 G:151 B:132



«» Camera Frame

import cv2
cap = cv2.VideoCapture(®) #0 or -1
while cap.isOpened():
ret, img = cap.read()
if ret:
cv2.imshow( ‘camera-0', img)
if cv2.waitKey(1) & OxFF == 27: #esc
break -

else:
print(‘no camera!’)
break
cap.release()
cv2.destroyAllWindows ()

+» Camera Frame Resize

import cv2

cap = cv2.VideoCapture(®) #0 or -1
print("width: %d, height:%d" % (cap.get(3),
cap.get(4)) )
cap.set(cv2.CAP_PROP_FRAME_WIDTH, 320)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 240)
print(“resized width: %d, height:%d" % (cap.get(3),
cap.get(4)) )
while cap.isOpened():
ret, img = cap.read()
if ret:
cv2.imshow( ‘camera-0', img)
if cv2.waitKey(1) & OxFF == 27: #esc
break
else:
print(‘no camera!’)
break
cap.release()
cv2.destroyAllWindows ()




+» Camera Frame Flip

e cv2flip(img, flipCode)
e Flip image
o flipcode
e 0: x-axis (rows)
e 1 :y-axis (cols)
e -1:Xx,yaxis (rows, cols)

SL Csrecrows—i—1y

dstxj = 4 5I'Cisrc.cols—j—1

| ST Csreo.rows—i—1,5Tc.cols—j—1

import cv2
cap = cv2.VideoCapture(9)
while True:
ret, frame = cap.read()
if ret==True:
frame = cv2.flip(frame,1)
cv2.imshow( ‘frame’, frame)

if cv2.waitKey(1l) & OxFF ==

break
else:
break
cap.release()
cv2.destroyAllWindows ()

if £1ipCode =0
if £1ipCode > 0
if £1ipCode < O

27: #esc

‘® \ frame [ ]
“% t IEPLLHLY

\ frame

% t $E@ PP LHY




+* Save a Camera Frame
import cv2

cap = cv2.VideoCapture(9)
if cap.isOpened() :
while True:
ret, frame = cap.read()
if ret:
cv2.imshow( 'camera',frame)
if cv2.waitKey(1) != -1 :
cv2.imwrite('photo.jpg', frame)
break
else:
print('no frame!")
break
else:
print('no camera!")
cap.release()
cv2.destroyAllWindows ()

“* Video Recording with Camera

# Connect camera #0

# Read camera frame

# Display frame display
# Select any key to
# Save frame as 'photo.jpg’

e writer = cv2.VideoWriter(file_path, fourcc, fps, (width, height) )

file_path : Path to save

fourcc : Format to save, 4 letters

o cv2.VideoWriter_fourcc(*ABCD’)
o ABCD:‘MJPG’, DIVX

o ord(‘'D’) + (ord(‘l') <<8) + (ord(‘V’) <<16) + (ord(‘X’) <<24)

fps : Frame per Sec, float
(width, height) : Frame width, height, turple

e writer.write(frame)
e frame : numpy array
e writer.set()/get()
e Property change and check



e cv2.CAP_PROP_*
o FRAME_WIDTH(3),
o FRAME_HEIGHT(4)

import cv2

cap = cv2.VideoCapture(9) # Connect #0 camera
file path = './record.avi’

fps = 40 # FPS, Frame per sec

fourcc = cv2.VideoWriter fourcc(*'DIVX') # Encoding format letter
size = (int(cap.get(cv2.CAP_PROP_FRAME WIDTH)), \

int(cap.get(cv2.CAP_PROP_FRAME HEIGHT)) # Frame Size
out = cv2.VideoWriter(file path, fourcc, fps, size) # Generate
VideoWriter Objects
while True:
ret, frame = cap.read()
if ret:
cv2.imshow( 'camera-recording’,frame)
out.write(frame) # Save File
if cv2.waitKey(1) != -1: break
else: break
else:
print("can't open camera!")
out.release() # Close File
cap.release()
cv2.destroyAllWindows ()



Basic Interface

1. Image and Video I/O
2. Drawing

3. Window Management
4. Event Handling




**Line
cv2.line(img, start, end, color [, thickness, lineType]): &&= 12| 7]

imp

img

cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
cv2.

the

cv2.

cv2

cv2.

img : 18 1 CHal 0l0I XI, Numpy array
start: & Al K& HEH, F2XY)

end: & 2 XI& XE, EE(x, Y)

color: & M A = Z(Blue, Green, Red), 0~255

thickness : & S

lineType : & 112|J] A,

o CV2LINE 4:4 012 &8 225
o CV2.LINE 8:8 012 & %N2IS

i

e CV2.LINE_AA : CtEI0 Z 2l &l (Antialiasing, Al EH & & Sl = &)

ort cv2

= cv2.imread("./img/blank_500.jpg")

line(img, (100, 100), (400, 100),
line(img, (100, 150), (400, 150),
line(img, (100, 200), (400, 200),
line(img, (100, 250), (400, 250),
line(img, (100, 300), (400, 300),
line(img, (100, 350), (400, 350),
line(img, (100, 400), (400, 400),
line(img, (100, 450), (400, 450),

image
imshow( 'lines', img)

.waitKey(0)
destroyAllWindows ()

line(img, (50, 50), (150, 50), (255,0,0)) # Blue 1 pixel line
line(img, (200, 50), (300, 50), (©,255,0)) # Green 1 pixel line
line(img, (350, 50), (450, 50), (©,0,255)) # Red 1 pixel line

(255,255,0), 10)
(255,0,255), 10)
(0,255,255), 10)
(200,200,200), 10)

(0,0,0), 10)

(0,0,255), 20, cv2.LINE 4 )
(0,0,255), 20, cv2.LINE_8)
(0,0,255), 20, cv2.LINE_AA)

line(img, (0,0), (500,500), (0,0,255)) # Diagonal line across



*Line

& lines

(x=488, y=383) ~ R.255 G:255 B:255

“* Rectangle

e cv2.rectangle(img, start, end, color|, thickness, lineType]): Drawing quadrangle
e img: Image to draw on
o start: Vertex of quadrangle beginning, tuple (x, y)
e end: Vertex of quadrangle end, tuple (x, y)
e color: Color, tuple (Blue, Green, Red)
e thickness: Line Thickness, -1: Fill
e lineType: Line type,
e CVv2.LINE_4
e CV2.LINE_8
e cv2.LINE_AA



“* Rectangle

import cv2

img = cv2.imread('./img/blank_500.jpg")

cv2.rectangle(img, (50, 50), (150, 150), (255,0,0) )
cv2.rectangle(img, (300, 300), (100, 100), (0,255,0), 10 )
cv2.rectangle(img, (450, 200), (200, 450), (0,0,255), -1 )
cv2.imshow( 'rectangle', img)

cv2.waitKey(0)

cv2.destroyAllWindows ()

@ o rectangle

(50, 50)

(100, 100)

I (150, 150)
(450, 200)

(300, 300)

(200, 400)

(x=220, y=488) ~ A:255 G:255 B255



“* Polylines

cv2.polylines(img, points, isClosed, color], thickness, lineType]): Draw polygon
e img: Image to draw on
e points: Vertex coordination, Numpy array’s list
e isClosed: Figure closed or not, Boolean
e color: color, tuple (Blue, Green, Red)
e thickness: Line thickness
e lineType : Line type
e cv2.LINE 4
e Ccv2.LINE_8
e cv2.LINE AA

import cv2
import numpy as np

img = cv2.imread('./img/blank_500.jpg")

ptsl = np.array([[50,50], [150,150], [100,140],[200,240]],
dtype=np.int32)

pts2 = np.array([[350,50], [250,200], [450,200]], dtype=np.int32)
pts3 = np.array([[150,300], [50,450], [250,450]], dtype=np.int32)
pts4 = np.array([[350,250], [450,350], [400,450],[300,450],

[250,350]], \
dtype=np.int32)

cv2.polylines(img, [ptsl], False, (255,0,0))
cv2.polylines(img, [pts2], False, (0,0,0), 10)
cv2.polylines(img, [pts3], True, (0,0,255), 10)
cv2.polylines(img, [pts4], True, (0,0,0))

cv2.imshow( 'polyline"', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()



“* Polylines

@ polyline

A

(x=282, y=373) ~ R:255 G:255 B:255

*» Circle, Ellipse
e cv2.circle(img, center, radius, color [, thickness, lineType]): Circle drawing function

e img : Image to draw on
e center: Original point, tuple (x, y)
e radius
e color: tuple (Blue, Green, Red)
e thickness : Line Thickness, -1: fill
e lineType : Line Type, cv2.LINE_4, cv2.LINE_8, cv2.LINE_AA



e cv2.ellipse(img, center, axes, angle, from, to, color], thickness, lineType])
e img: Image to draw on
e center : Original point, tuple (X, y)
e axes: Length of base-axis
e angle: Angle of base-axis
o from, to: Angle of beginning and end point of the line
e color: tuple (Blue, Green, Red)
e thickness : Line Thickness, -1: fill
e lineType: Line Type, cv2.LINE_4, cv2.LINE_8, cv2 LINE_AA

“* Ellipse Example
e cv2.ellipse(img, center, axes, angle, from, to, color], thickness, lineType])

ellipse(img, (256,256), (50,100), 45, 180,360, 1)




* Circle, Ellipse

import cv2
= cv2.imread("./img/blank_500.jpg")

img

cv2.
cv2.
cv2.

cv2.
cv2.
cv2.
cv2.
cv2.
cv2.
.ellipse(img,
cv2.
cv2.

cv2

cv2.
.waitKey(0)
cv2.

cv2

circle(img, (150, 150), 100, (255,0,0))
circle(img, (300, 150), 70, (©,255,0), 5)
circle(img, (400, 150), 50, (0,0,255), -1)

ellipse(img,
ellipse(img,
ellipse(img,
ellipse(img,
ellipse(img,
ellipse(img,

ellipse(img,
ellipse(img,

(50, 300), (50, 58), 0, 0, 360, (0,0,255))
(150, 300), (50, 50), 0, 0, 180, (255,0,0))
(200, 300), (50, 50), 0, 181, 360, (0,0,255))
(325, 300), (75, 50), @, 0, 360, (0,255,0))
(450, 300), (50, 75), 0, 0, 360, (255,0,255))
(50, 425), (50, 75), 15, @, 360, (0,0,0))
(200, 425), (50, 75), 45, 0, 360, (0,0,0))
(350, 425), (50, 75), 45, 0, 180, (0,0,255))
(400, 425), (50, 75), 45, 181, 360, (255,0,0))

imshow('circle', img)

destroyAllWindows ()

circle

(x=286, y=373) — M:255 G:255 B:255



 Text

cv2.putText(img, text, point, fontFace, fontSize, color [, thickness, lineType])
img: Image to show letters

text: String to show

point: Coordination to show letter (Left bottom base point), tuple (x,y),

fontFace : Font

e cv2.FONT_HERSHEY_PLAIN: San sarif small font

e cv2.FONT_HERSHEY_SIMPLEX: San sarif regular fond

e cv2.FONT_HERSHEY_DUPLEX: San sarif bold font

e cv2FONT_HERSHEY_COMPLEX SMALL: Sarif small font

e cv2.FONT_HERSHEY_COMPLEX: Sarif regular font

e cv2.FONT _HERSHEY_ TRIPLEX: Sarif bold font

e cv2.FONT_HERSHEY_ SCRIPT_SIMPLEX: Cursive San Sarif Font
e cv2.FONT_HERSHEY_SCRIPT_COMPLEX: Cursive San Sarif font
e cv2.FONT_ITALIC: ltalic Flag

fontSize : Font Size

color : tuple (Blue, Green, Red)

thickness : Line Thickness, -1: Fill

lineType : Line Type, cv2.LINE 4, cv2.LINE_8, cv2.LINE_AA

< Text (1/2)

import cv2

img = cv2.imread('./img/blank_500.jpg")

cv2.putText(img, "Plain", (50, 30), cv2.FONT_HERSHEY_PLAIN, 1, (@, 0,0))
cv2.putText(img, "Simplex", (50, 70), cv2.FONT_HERSHEY_SIMPLEX, 1, (@, 0,0))
cv2.putText(img, "Duplex", (50, 110), cv2.FONT_HERSHEY_DUPLEX, 1, (0, 0,0))
cv2.putText(img, "Simplex", (200, 110), cv2.FONT_HERSHEY_SIMPLEX, 2, \

(0,0,250))

cv2.putText(img, "Complex Small", (50, 180), cv2.FONT_HERSHEY_COMPLEX_SMALL,\

1.’ (0.’ 0.’0))



< Text (2/2)

cv2.putText(img,
cv2.putText(img,
cv2.putText(img,
cv2.putText(img,

cv2.putText(img,

cv2.putText(img,
cv2.putText(img,

9,0))

"Complex", (50, 220), cv2.FONT HERSHEY_ COMPLEX, 1, (@, ©,
"Triplex", (50, 260), cv2.FONT HERSHEY_ TRIPLEX, 1, (@, O,
"Complex", (200, 260), cv2.FONT HERSHEY_ TRIPLEX, 2,\

9))
9))
(0,0,255))

"Script Simplex", (50, 330), \
cv2.FONT_HERSHEY_SCRIPT_SIMPLEX, 1, (0, 0,0))

"Script Complex", (50, 3790), \
cv2.FONT_HERSHEY_SCRIPT_COMPLEX, 1, (0, 0,0))

"Plain Italic", (50, 43@), cv2.FONT_HERSHEY_ PLAIN | \
cv2.FONT_ITALIC, 1, (0, 0,0))
"Complex Italic", (50, 470), cv2.FONT_HERSHEY COMPLEX | \
cv2.FONT_ITALIC, 1, (O,

cv2.imshow('draw text', img)

cv2.waitKey()

cv2.destroyAllWindows ()
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draw text
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Basic Interface

1. Image and Video I/O

2. Drawing

3. Window Management
4. Event Handling




“* Window Management

cv2.namedWindow(title [, option]) : Open widow with title
o title: Window name, show in subject line
e option: Window Option, Start with "cv2. WINDOW "
e cv2.WINDOW_NORMAL : Temporary size, able to adjust window size
o cv2 WINDOW_AUTOSIZE: size same as window, unable to readjust window
size
cv2.moveWindow(title, x, y) : Move window position
o title: Window title to change position
e X, Y. Window position to move

cv2.resizeWindow(title, width, height). Change window size
o title: Name of window to change size
e width, height: Width and height of window to change

cv2.destroyWindow(title) : Close window
o title : Title of window to close

cv2.destroyAllWindows() : Close all open window
import cv2

file_path = './img/girl.jpg’

img = cv2.imread(file_path)

img gray = cv2.imread(file_path, cv2.IMREAD GRAYSCALE)
cv2.namedWindow('origin', cv2.WINDOW_AUTOSIZE)
cv2.namedWindow('gray', cv2.WINDOW_NORMAL)

cv2.imshow('origin', img)
cv2.imshow('gray', img_gray)
cv2.moveWindow('origin', 0, 0)
cv2.moveWindow('gray', 100, 100)
cv2.waitKey(0)
cv2.resizeWindow('origin', 200, 200)
cv2.resizeWindow('gray', 100, 100)
cv2.waitKey(0)
cv2.destroyWindow("gray")
cv2.waitKey(0)
cv2.destroyAllWindows ()



“* Window Management

P
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Basic Interface

1. Image and Video I/O
2. Drawing

3. Window Management
4. Event Handling




“* Keyboard Event

e val = cv2.waitKey([ delay ] ). Keyboard input standby, move only activated window
e delay=0: Standby time, ms
e delay <= 0: Wait infinitely
e val : code of pressed key
e -1:time out

e Compare string of key code, Use with python internalized function
e ord(c) : Turnaround mapped code to c string
o ex:ord(‘a') #97
e chr(code) : Turnaround mapped string to code
e ex:chr(97)#'a
o cv2 waitKey() == ord('a")
e ASCII(8bit) code overflow

e Turnaround 32 bit integer at some 64bit environment, Need to initialize bit more
than 8 bit

e key = cv2.waitKey(0) & OxFF

import cv2
img_file = "./img/girl.jpg"
img = cv2.imread(img_file)
title = "IMG' # Window Title
X, y = 100, 100 # Initial Coordination
while True:
cv2.imshow(title, img)
cv2.moveWindow(title, x, y)
key = cv2.waitKey(®) & OxFF
mask work
print(key, chr(key))

H*

Wait infinitely for keyboard input, 8 bit

H*

Keyboard input value, print string value

if key == ord('h"): # Move left with 'h'
X -= 10
elif key == ord('j"): # Move down with 'j°'
y += 10
elif key == ord('k"): # Move up with 'k’
y -= 10
elif key == ord('1l"): # Move right with '1°'
X += 10
elif key == ord('q") or key == 27: # End if 'q"' or 'esc'
break

cv2.destroyAllWindows ()
cv2.moveWindow(title, x, y )



+* Mouse Event

e cv2.setMouseCallback(win_name, onMouse [, param]). Register onMouse function
e win_name: Window title to register event
e onMouse: Callback function object declared in advance for the event
e param:. Parameter to be delivered to onMouse function as needed

e MouseCallback(event, x, vy, flags, param): Callback function declaration

e event: Mouse event type, All 12 types integer beginning with cv2. EVENT _
e X, Y. Mouse coordination

o flags: Extra state happened with mouse move, All 6 types integer beginning with
cv2.EVENT _FLAG

e param : cv2.setMouseCallback() Parameter delivered from function

def onMouse(event, x, y, flags, param):
#Draft work fit to the mouse event.
pass

cv2.setMouseCallback('title', onMouse)

“* Mouse Event and Flags Type
e Ccv2.EVENT_*

import cv2

events = [1 for i in dir(cv2) if "EVENT_' in i]
print( len(events) ,"events" )
print( events )

18 events

[ "EVENT_FLAG_ALTKEY', 'EVENT_FLAG_CTRLKEY', '"EVENT_FLAG_LBUTTON',
"EVENT_FLAG_MBUTTON', "EVENT_FLAG_RBUTTON', 'EVENT_FLAG_SHIFTKEY',
"EVENT_LBUTTONDBLCLK"', "EVENT_LBUTTONDOWN', "'EVENT_LBUTTONUP',
"EVENT_MBUTTONDBLCLK", "EVENT_MBUTTONDOWN', 'EVENT_MBUTTONUP',
"EVENT_MOUSEHWHEEL', 'EVENT_MOUSEMOVE', 'EVENT_MOUSEWHEEL',
"EVENT_RBUTTONDBLCLK", "EVENT_RBUTTONDOWN', "EVENT_RBUTTONUP']



“* Mouse Event Type
e cv2.EVENT_MOSEMOVE : Move mouse
e cv2. EVENT _LBUTTONDOWN : Push left button
e cv2.EVENT _RBUTTONDOWN : Push right button
e cv2. EVENT_MBUTTONDOWN : Push center button
e cv2.EVENT_LBUTTONUP : Release left button
e cv2.EVENT _RBUTTONUP : Release right button
e cv2.EVENT _MBUTTONUP : Release center button
e cv2.EVENT LBUTTONDBLCLK: Left button double click
e cv2. EVENT_RBUTTONDBLCLK: Right button double click
e cv2. EVENT _MBUTTONDBLCLK: Center button double click
e cv2.EVENT MOUSEWHEEL: Scroll Wheel
e cv2.EVENT _MOUSEHWHEEL: Scroll wheel horizontally

<

“* Mouse Event Flag Type
cv2.EVENT _FLAG LBUTTON (1): Push left button

e Ccv2.EVENT_FLAG_RBUTTON (2): Push right button

e Ccv2.EVENT_FLAG_MBUTTON (4): Push center button
e cv2.EVENT FLAG CTRLKEY (8): Push Ctrl

e cv2.EVENT FLAG SHIFTKEY (16): Push Shift

e cv2.EVENT _FLAG ALTKEY (32): Push Alt



+* Mouse Event

import cv2

| | | P
title = 'mouse event . .
L

img = cv2.imread('./img/blank_500.jpg")
cv2.imshow(title, img)

def onMouse(event, x, y, flags, param): .
print(event, x, y, ) . .
if event == cv2.EVENT_LBUTTONDOWN:

cv2.circle(img, (x,y), 30, (0,0,0), -1) .
cv2.imshow(title, img)

cv2.setMouseCallback(title, onMouse)

while True:
if cv2.waitKey(@) & OxFF == 27: # End with esc

break
cv2.destroyAllWindows ()

(x=83, y=350) ~ A0 G:0 BO

** Mouse Event Flag Example

import cv2

title = 'mouse event'

img = cv2.imread('./img/blank_500.jpg")

cv2.imshow(title, img)

colors = {'black':(0,0,0),'red': (0,0,255), 'blue’':(255,0,0), 'green’:
(0,255,0) }

def onMouse(event, x, y, flags, param):
print(event, x, y, flags)
color = colors['black']
if event == cv2.EVENT_LBUTTONDOWN:
if flags & cv2.EVENT_FLAG_CTRLKEY and flags & cv2.EVENT_FLAG_SHIFTKEY

color = colors['green']
elif flags & cv2.EVENT_FLAG_SHIFTKEY :
color = colors['blue’']

elif flags & cv2.EVENT_FLAG_CTRLKEY : . .
color = colors['red'] .
cv2.circle(img, (x,y), 30, color, -1) .

cv2.imshow(title, img)
cv2.setMouseCallback(title, onMouse) . .
while True: .
if cv2.waitKey(@) & OxFF == 27:
break
cv2.destroyAllWindows () P e



“*Mouse Event
e Draw with Mouse and Key Event (1/3)

import cv2
import numpy as np

drawing = False # true if mouse is pressed
color (0,0,255) # red as default
ix,iy = -1,-1

def draw_circle(event,x,y,flags,param):
global ix,1iy,drawing,mode
if event == cv2.EVENT_LBUTTONDOWN :
drawing = True
ix,iy = X,y
if event == cv2.EVENT_LBUTTONDOWN:
mode = True
else:
mode = False
elif event == cv2.EVENT_MOUSEMOVE:
if drawing:
if flags == cv2.EVENT_FLAG_LBUTTON:
cv2.circle(img, (x,y), 5, color, -1)
elif flags == (cv2.EVENT_FLAG_SHIFTKEY \

cv2.EVENT_FLAG_LBUTTON):
cv2.circle(img,(x,y),5, (0,0,0),-1)
elif event == cv2.EVENT_LBUTTONUP or event == cv2.EVENT_RBUTTONUP:
drawing = False
img = np.zeros((512,512,3), np.uint8)
cv2.namedWindow( ‘paint )
cv2.setMouseCallback( "paint’,draw_circle)

while(1):
cv2.imshow( ‘paint’,img)
k = cv2.waitKey(1l) & OxFF
if k == ord('r’"):
color = (0,0,255)
elif k == ord('g’):
color = (0,255,0)
elif k == ord('b"):
color = (255,0,0)
elif k == 27:
break
cv2.destroyAllWindows ()



v Mouse Event

e Draw with Mouse and Key Event

+*» Trackbar

e cv2.createTrackbar(name, win_name, value, count, onChange):. Generate Track bar
e name: Name of track bar
e win_name: Name of window to display trackbar
e value: Initial value to have when trackbar first appear, b/w 0 ~ count
e count: # of scale in trackbar, max value of trackbar
e onChange : TrackbarCallback, Trackbar event handler function

e TrackbarCallback(value): Trackbar event callback function
e value: Value of position trackbar moved



e pos = cv2.getTrackbarPos(name, win_name)
e name: Name of trackbar to search
e win_name: Name of window with trackbar
e pos: Trackbar position value

“* Trackbar
e Adjust color with trackbar

import cv2 , numpy as np

win_name = 'Trackbar'
img = cv2.imread('./img/blank_500.jpg")
cv2.imshow(win_name, img)

def onChange(x):
r = cv2.getTrackbarPos('R',win_name)

g = cv2.getTrackbarPos('G',win_name)

b = cv2.getTrackbarPos('B',win_name)

print(x, r, g, b)

img[:] = [b,g,r]

cv2.imshow(win_name, img)
cv2.createTrackbar('R', win_name, 255, 255, onChange)
cv2.createTrackbar('G', win_name, 255, 255, onChange)
cv2.createTrackbar('B', win_name, 255, 255, onChange)
while True:

if cv2.waitKey(1) & OxFF == 27:

break

cv2.destroyAllWindows ()
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Numpy and Matplotlib

1. Numpy
2. Matplolib




“* Numpy
e http://www.numpy.org/
e https://docs.scipy.org/doc/numpy/genindex.htmi

e Fundamental package for scientific computing with Python

Strong N-th array object

Precise broadcasting function

C/C++, Fortran Combined tool

Useful linear algebra, Fourier transform, random number generating function

e OpenCV-Python ver 2.3+
e Previously it used self internal data structure
* Now it uses NumPy as image data structure
e Change to cv2 package
e import cv2
e import numpy as np

“* NumPy and Image
e ndarray

e ndim: n dimension (axes)
e shape: Size of each dimension, tuple
e size : # of all item, Multiple of shape
o dtype : data type of item
e itemsize : Bite size of each item
e data : Buffer having item, Not use in real =, Column, Width

% 0|, Row, Height

import numpy as np

import cv2

img = cv2.imread('../img/blank_500.jpg")
type(img) # <class 'numpy.ndarray'>
print(img.ndim) #3

print(img.shape) #(500,500,3,)
print(img.size) #750000

print(img.dtype) # 'uint8’
print(a.itemsize) # 1, Size of each item


http://www.numpy.org/
https://docs.scipy.org/doc/numpy/genindex.html

“* Numpy

e Producing
e Produce as value
e array()
e Generate as initial value
o empty(), zeros(), ones(), full()
e (Generate as exiting array
o empty_like(), zeros_like(), ones_like(), full_like()
e Generate as consecutive value
e arange()
e Generate as random number
e random.rand(), random.randn()

e Generate as value
e numpy.array(list [, dtype]) : Generate NumPy array with designated values
o list: Python list objects with value to be used in array generation
o dtype: Data type, if omitted, it is auto decided by the value

int8, int16, int32, int64 : Integer with sign
uint8, uint16, uint32, uint64 : Integer without sign
float16, float32, float64, float128 . Real-number with floating decimal

complex64, complex128, complex256 . Complex number with floating
decimal

bool : Boolian

e Generate as value

import numpy as np

a
b

C
d

print(a,
print(b,
print(c,
print(d,

np.array([1,2,3,4])
np.array([[1,2,3,4],

[5,6,7,81])

np.array([1,2,3.14, 4])
np.array([1,2,3,4], dtype=np.floaté64d)

a.dtype, a.shape) # [1 2 3 4] int64 (4,)

b.dtype, b.shape) # [[1 2 3 4] [5 6 7 8]] int6d (2, 4)
c.dtype, c.shape) # [ 1. 2. 3.14 4.] floate4 (4,)
d.dtype, d.shape) # [ 1. 2. 3. 4.] floate4 (4,)



“* Numpy
e (Generate as size and initial value
e np.empty (tuple [, dtype])
o All factors not initialized, tuple size
e np.empty( (2,3))
e np.empty( (2,3), dtype=np.int16)
e np.zeros( tuple [, dtype])
e All factors are 0, tuple size
e np.zeros((3,4))
e np.zeros( (2,3,4) , dtype=np.int16)
e np.ones ( tuple [, dtype])
e All factors are 1, tuple size
e np.ones((3,4))
e np.ones( (2,3,4) , dtype=np.int16)
o np.full(shape, fill_value [, dtype])
e Generate array initialized with fill_value
e (Generate as size

import numpy as np

a = np.zeros( (2,3))
= np.zeros( (2,3,4), dtype=np.uint8)

(op

= np.ones( (2,3), dtype=np.float32)

= np.empty( (2,3)) #not initialized, garbage value
= np.empty( (2,3), dtype=np.intl6)

= np.fill(255)

-Hh D Q O

print(a, a.dtype,
print(b, b.dtype,
print(c, c.dtype,
print(d, d.dtype,
print(f, f.dtype,

.Shape)
.Shape)
.Shape)
.Shape)
.Shape)

QA 0 T W



“* Numpy
e (Generate as exiting array
e np.empty_like(array [, dtype] )
e (Generate non-initialized dtype and same shape array
e zeros_like(array [, dtype])
e (Generate 0(zero) initialized dtype and same shape array
e ones_like(array [, dtype])
e (Generate 1 initialized dtype and same shape array
e ones_like(array, fill_value [, dtype])
o Generate fill_value initialized dtype and same shape array
e (Generate as exiting array

import numpy as np
img = cv2.imread('../img/girl.jpg")

= np.empty like(img)

= np.zeros_like(img)

= np.ones_like(img)

= np.full like(img, 255)

Q N T W

print(a, a.dtype, a.shape)
print(b, b.dtype, b.shape)
print(c, c.dtype, c.shape)
print(d, d.dtype, d.shape)

e (Generate as Sequence and Random Number
e numpy.arange([start=0, ] stop [, step=1, dtype=float64])
o start: start value
e stop : stop value, Number included in the scope are stop-1
e step: Increasing value
o dtype : data type
e numpy.random.rand([dO [, d1 [..., dn]]]) :
e dO, d1..dn : shape, if omitted, return a random number
e Random number b/w 0 and 1

e numpy.random.randn([dO [, d1 [..., dn]]]) :



e Mean=0, Distribution=1, Random number following standard distribution

“* Numpy
e (Generate as Sequence and Random Number
import numpy as np

a = np.arange(5)
b = np.arange(5.0)

c = np.arange(3,9,2)

e = np.random.rand()

f = np.random.randn()

g = np.random.rand(2,3)
h = np.random.randn(2,3)

e Change Data Type
e a.astype(‘typename’) , a.astype(np.dtype)
o np.uintXX(), np.intXX(), np.floatXX(), np.complexXX()

a = np.arange(10)
print(a, a.dtype)

b = a.astype('float32')
print(b, b.dtype)

C = np.uint8(b)
print(c, c.dtype)

d = c.astype(np.float64)
print(d, d.dtype)



“* Numpy
e Change Dimension

e np.reshape(array, newshape [, order])

o arr.reshape(newshape [, order])
e array : Array the objects to rearrange
e newshape : Size of new array, tuple

e -1:The column size is not decided

e order: {'C,‘F, ‘A} C:C-like, F:Fotran-like, A:F or C

e np.ravel(array)
e Change to 1 dimension

e arr.T : Transposed array

e Change Dimension

a=np.arange(6) #[0 1 2 3 4 5] (6,)
b=a.reshape(2,3) #[[©0 1 2] [3 4 5]] (2, 3)
c= np.arange(24).reshape(2,3,4)
#[[[ @ 1 2 3].
[[12 13 14 15]..
[20 21 22 23]]] (2, 3, 4)

p.arange(100).reshape(-1, 5)
2 3 4]

7 8 9]

[95 96 97 98 99]]
e = np.arange(100).reshape(2, -1)
#[[0 12 3 ... 49]

[50 51 52 ...99]]

f = np.ravel(c) #[01 2 3 456 7 8 .... 21 22 23]



“* Numpy
e Broadcasting Calculation

e Scaler and Calculation
e Array and calculation, two arrays should have same shape

a = np.array([10,20,30,40]) [10 20 30 40]
b = np.arange(1,5) [1 2 3 4]
c=a+b [11 22 33 44]
d=a-b [ 9 18 27 36]
e=a*b [ 106 40 90 160]
f=al/b [ 10. 10. 10. 10.]
g =a+5 [15 25 35 45]
h=a*?2 [20 40 60 80]
i=0Db**2 [ 1 4 9 16]

e Matrix

e Matrix Addition : +
Matrix Multiply: np.dot(a, b), a.dot(b)
Transposed Matrix: a.T , a.transpose()

a = np.arange(6).reshape(2,3) #[[0 1 2]
# [3 4 5]]
b = np.array([1,2,3]) #[1 2 3]
c=a+b #[[1 3 5]
#[4 6 8]]
e = np.dot(a , b) #[ 8 26]
f = a.mT #[[0 3]
#[1 4]
#[2 5]]

a.dot(b) #[ 8 26]



“* Numpy
e Indexing/Slicing
e 1 Dimension
a[0] : Certain Parameter
a[1: 5] : 1~4 Parameter
a[5:]:5toend
a[:5] : Beginning to 4
al : ]: All parameter
e 2 Dimension
e a[2,3]:2column 3 row
e a[2:4, 3]:2~3 column 3 row
e a2, 1:4]: 2 column 1~3 row
e 3a[2,:]:2column and all row
e a[:, 2]: All column and 2 row
e a[1:3,:]:1~2 column and all row

e Indexing/Slicing

a = np.arange(10) # [0 1 2 3456 7 8 9]

print(a[5]) # 5

print(a[1:5])# [1 2 3 4]
print(a[5:]) # [5 6 7 8 9]
print(al[:5]) # [0 1 2 3 4]
print(al[:]). # [0 12 3456 7 8 9]

b = np.arange(16).reshape(4,-1)

print(b)
print(b[2, 2])
print(b[2, :])
print(b[:, 2])
print(b[1:3, :])



“* Numpy

e Fancy Indexing
e Generate data fit to condition or initialize
e Condition calculation: >, >=, <, <= == I=
e Bool type (True/False)
e ala>4]
e g[a>4]=0

e Fency Indexing

a = np.arange(10) #[0 1 2 3456 7 8 9]

b=a>4

print(b) #[False False False False False True True True True True]
print(a[b]) #[5 6 7 8 9]

print(al[a>4]) #[5 6 7 8 9]

a[a>4] = 0
print(a) # [0 1 2 34000 0 0]

I

names = np.array([ 'John’, ‘Tom', ‘Lee’, 'Tom'])
scores = np.random.rand(4,4) * 50 + 50
print(scores)

print(names=="Tom")

print(scores[names=="Tom', :]) #Tom?/ F o} F=

e Merge
e numpy.hstack(arrays) : Merge arrays horizontally
e numpy.vstack(arrays) : Merge arrays vertically
e numpy.concatenate(arrays, axis=0) . Merge arrays as designated axis
e numpy.stack( arrays, axis=0) : Merge arrays as new axis
e arrays : Merge objects, tuple
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“* Numpy
e splitting
e np.hsplit(array, indice) = np.split(axis=1)
e np.vsplit(array, indice) = np.split(axis=0)
e np.split(array, indice, axis=0)

a =np.arange(12) # [ @ 1 2 3 4 5 6 7 8 9 10 11]

oy
]

np.hsplit(a, 3)
# [array([0, 1, 2, 3]), array([4, 5, 6, 7]), array([ 8, 9, 10, 11])]

¢ = np.hsplit(a, (3,6))
# [array([0, 1, 2]), array([3, 4, 5]), array([ 6, 7, 8, 9, 10, 11])]

“* Numpy Search

e numpy.where(condition [, t, f]) : Finding items fit to condition
e return : Tuple, array filled with index or changed value fit to the search condition
e condition : Condition that will be used in search

o t f: Value or array set according to condition, if it is array, same shame as
condition

e t: Value or array fit to condition
o f: Value or array unfit to condition
e numpy.nonzero(array) : Turnaround index that is non-0 among array parameter,
tuple
e numpy.all(array [, axis]) : Search true for all array parameter
e array : Array of search subject
e axis : Axis to search, if omitted, search all axis, if defined, turnaround result as
the number of axis

e numpy.any(array [, axis]) : Search for true in any array



“* Numpy

e Search

>>> a = np.arange(10, 20)
>>> a
array([10, 11, 12, 13, 14, 15, 16, 17, 18, 19])
>>> np.where(a > 15)
(array([6, 7, 8, 9]),)
>>> np.where(a > 15, 1, 0)
array([e, @, @, @, 0, 0, 1, 1, 1, 1])
>>> a
array([10, 11, 12, 13, 14, 15, 16, 17, 18, 19])
>>> np.where(a>15, 99, a)
array([10, 11, 12, 13, 14, 15, 99, 99, 99, 99])
>>> np.where(a>15, a, 0)
array([ @, o, o, o, o, o, 16, 17, 18, 19])
>>> a
array([10, 11, 12, 13, 14, 15, 16, 17, 18, 19])
>>> b = np.arange(12).reshape(3,4)
>>> b
aPPay([[ @) 1) 2) 3])
[ 4) 5) 6) 7])
[ 8, 9, 1o, 11]])
>>> coords = np.where(b>6)
>>> coords
(array([l, 2) 2) 2) 2])) array([B, @) 1, 2) 3]))
>>> np.stack( (coords[@], coords[1]), -1)
array([[1, 3],
[2, 0],
[2, 1],
[2, 2],
[2, 3]])
>>> z = np.array([0,1,2,0,1,2])
>>> np.nonzero(z)
(array([1, 2, 4, 5]),)



“* Numpy

e Search
>>> a = np.arange(10)
>>> b = np.arange(10)
>>> a
array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])
>>> b
array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])
>>> a==b

array([ True, True, True, True, True, True, True,
True, True,
True])
>>> np.all(a==b)
True
>>> b[5] = -1
>>> a
array([e, 1, 2, 3, 4, 5, 6, 7, 8, 9])
>»> b
array([ @) 1) 2) 3) 4) '1) 6) 7) 8) 9])
>>> np.all(a==b)
False
>>> np.where(a==b)
(array([@, 1) 2) 3) 4) 6) 7) 8) 9])))
>>> np.where(a!=b)

(array([5]1),)
>>>



“* Numpy
e Basic Statistics Function
e numpy.sum(array [, axis]) : add array
e numpy.mean(array [, axis]) : Average of array
e numpy.amin(array [, axis]) : Min. value of array
e numpy.min(array [, axis]) : Same as numpy.amin()
e numpy.amax(array [, axis]) : Max value of array
e numpy.max(array [, axis]) : Same as numpy.amax()
e array : Arry of calculation objects

e axis : Base axis to calculate, if it is not defined, all parameter is in subject to
calculation

a = np.arange(12).reshape(-1,4)

print(np.sum(a)) #np.sum(-1)
print(np.sum(a, 0))
print(np.sum(a, 1))
print(np.sum(a, (0,)))

print(np.min(a))
print(np.min(a, 9))
print(np.min(a, 1))

print(np.max(a))
print(np.max(a, 9))
print(np.max(a, 1))

print(np.mean(a))
print(np.mean(a, 9))
print(np.mean(a, 1))



“* Numpy
e Creating Gray Image
e Nxm
e n: height, rows
e m : width, columns
e value : 0~255 (dtype=np.uint8)
e Creating Color Image
e NXmMx3
n : height, rows
m : width, columns
3 : color channels, Default = [Blue, Green, Red]
value : 0~255 (dtype=np.uint8)

i . I I

img = np.zeros( (120,120), dtype=np.uints) [ | R
img[25:35, :] = 45 ) Color

img[55:65, :] 115
img[85:95, :] = 160
img[:, 35:45] 205
img[:, 75:85] 255
cv2.imshow( “Gray ', img)

img2 = np.zeros( (120,120,3), dtype=np.uint8)

img2[25:35, : ] = [255,0,0]
img2[55:65, : ] = [0,255,0]
img2[85:95, : ] = [0,0,255]
img2[ : , 35:45] = [255,255,0]
img2[ : , 75:85] = [255,0,255]

cv2.imshow( “Color’, img2)



Numpy and Matplotlib

1. Numpy
2. Matplolib




“* Matplotlib

B N ot
e hitps://matplotlib.org/ m a t ,(% )t,' b
oS

e Python 2D plotting library

e Mark various graph, map
e Show multiple image at one display

e |nstallation
e pip install matplotlib &= pip3 install matplotlib

e sudo apt-get install python3-matplotlib

20 1

e checking
e import matplotlib
e matplotlib.__ version
e import pyplot
e import matplotlib.pyplot as plt

e plt.plt(x, y)
e plt.show()

import matplotlib.pyplot as plt
import numpy as np

X = np.arange(10) a
y =x *5 04
X, ) : 5 ; ;
plt.plot(x,y)

plt.show()



https://matplotlib.org/

“» Matplotlib

import matplotlib.pyplot as plt

color - plt.plot(x, y, ) import numpy as np

e b:blue

e g:green X = np.arange(l@) o

° rored - XIZi(x ‘) .

° C:-cyan Elt.zhow()’y’ .

e m:magenta 4

o y:yellow 2

e k:black ;

e w: white 0 2 4 5 8

style : plt.plot(x, vy, ‘--@’)

ﬂ“

solid(*) dashed import matplotlib.pyplot as plt
import numpy as np
-. dash-dot dotted
X = np.arange(10)
point , pixel y = X**2
plt.plot(x,y, "--g")
0 circle v triangle dn plt.show()
2 trangle up < traingle left
> triangle right 1 small tri dn ol
70
2 smalltriup 3 small tri left =
50
40
4 small tririgt s square i
20 4
pentagon * star i
|}.
hexagon plus 0 2 3 5 8
diamond ex



“» Matplotlib

e |abel

import matplotlib.pyplot as plt 30 -
import numpy as np 20 1

X
y:

plt
plt
plt

plt.xlabel(‘text’) B0 1

plt.ylabel(‘text’)
plt.title(‘text’)

np.arange(10) 0 -

X **2

-plot(x,y)
.xlabel( "time")
.vlabel( "monev ')

e [imit

import matplotlib.pyplot as plt
import numpy as np

X
y:
plt
plt
plt
plt

money for time

Mark only specific area of all data =

plt.xlim(x,y)
plt.ylim(x,y)

15 -

14

np.arange(10) &

X **2 20
-plot(x,y)

.x1im(2,5)

.ylim(5,20)

.show()

e

50



“* Matplotlib

e legend

e plt.plot(x, y, ‘b’, label="text’)
e plt.legend(loc="upper right’)

e upper left

e upper center
e upper right
e center left

e center

e center right
e |ower left

e |ower center
e |ower right

e best

e right

¢ annotate
e plt.annotate('text’)

import matplotlib.pyplot as plt

import numpy as np

X
y:

plt
plt

plt

np.arange(10)
X**2

-plot(x,y)

70+

50 4

40 1

30 -

20 +

10~

— first
—— seriond

0 2 4 g

import matplotlib.pyplot as plt
import numpy as np

X = np.arange(10)

y = x **2
y2 = x*5 + 2
plt.plot(x,y, 'b’, label="first")

I

plt.plot(x,y2, ‘r’, label="second")
plt.legend(loc="upper right')
plt.show()

80
70

50

&
,

30 1 ”
A
20 4 o~ here
_ -
10 e

.annotate( ‘here’', xy=(4,16), xytext=(5,20),
arrowprops={'color': 'green'})

.show()




“» Matplotlib

e scatter

import
import

X =
y:

np.arange(1,5)

np.arange(2, 6)

X2 = np.arange(1.5,5.5)
y2 = np.arange(2.5,6.5)
plt.

scatter(x, y)

matplotlib.pyplot as plt
numpy as np

plt.scatter(x, y, s=None, c=None, market=None)

555

5.0 -

4.5 A

4.0 4

JH5

30 |

55

PRI

plt.scatter(x2, y2, s=80, c='r’', marker="'"")

plt.

show()

e subplot

import matplotlib.pyplot as plt
import numpy as np

X =

plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.

plt.subplot(r,c,idx)
plt.subplot(3digit)

np.arange(10)

subplot(2,2,1)
plot(x,x**2)
subplot(2,2,2)
plot(x,x*5)
subplot(223)

plot(x, np.sin(x))

subplot(224)

plot(x,np.cos(x))

show()

75 4

5




“» Matplotlib
e subplot
e plt.subplot(r,c,idx)
e plt.subplot(3digit)

import matplotlib.pyplot as plt
import numpy as np

X = np.arange(10) 5 "
-

plt.subplot(2,2,1) N ]

plt.plot(x,x**2) i = ) e

plt.subplot(2,2,2) P
plt.plot(x,x*5)

plt.subplot(223) 01 o
plt.plot(x, np.sin(x))

plt.subplot(224) 4 % ¢ % 9% 3 4 & &
plt.plot(x,np.cos(x))

plt.show()

e OpenCV Image
e plt.imshow(img)

e OpenCV = GBR, Plot = RGB 100
import cv2 200
from matplotlib import pyplot as

plt 300
img =

cv2.imread(’../img/model . ipq ") 400
plt.imshow(img)

#plt.xticks([]) -
#plt.yticks([])

plt.show()

600




“» Matplotlib
e OpenCV Image
e change BGR to RGB
e numpy slicing
e cv2.split(), cv2.merge()
e cv2.cviColor(img, cv2.COLOR_BGR2RGB)

imgl = cv2.imread('../img/model.jpg")
img2 = cv2.imread('../img/model2.jpg")
img3 = cv2.imread('../img/model3.jpg")

imgl rgb = np.zeros(imgl.shape, dtype=np.uint8)
imgl rgbl[:,:,2],imgl rgb[:,:,1], imgl rgb[:,:,0] = imgl[:,:,0], \

imgl[:,:,1], imgl[:,:,2]
#imgl rgb = imgl[:,:, ::-1] or imgl rgb = imgl[:,:,(2,1,0)]

b,g,r = cv2.split(img2)
img2 rgb = cv2.merge([r,g,b])

e OpenCV Image
e change BGR to RGB

0@ Figure 1




“» Matplotlib
e Histogram
e plt.hist(img, bins, range)

o https://matplotlib.org/devdocs/api/_as_gen/matplotlib.pyplot.hist. html#matplotlib.p
yplot.hist

import matplotlib.pylab as plt
import cv2

img = cv2.imread(’../img/model2.jpg', cv2.IMREAD GRAYSCALE)
dl = img.ravel()

plt.subplot(1,2,1)
plt.title('img’)
plt.imshow(img, cmap='gray’)
plt.subplot(122)
plt.title('hist’)
plt.hist(d1, 255)

plt.show()

e Histogram

[ ] [ ] Figure 1

hist

(o] 100 200



https://matplotlib.org/devdocs/api/_as_gen/matplotlib.pyplot.hist.html%2523matplotlib.p

Image Processing Basic

1. ROI(Region Of Interest)
2. Color Space

3. Threshold

4. Image Arithmetic

5. Histogram

6. Workshop




% ROI
e Region Of Interest
e |Interested region
e Subject to image edit Region, No All Pixel
e Improve calculation speed

e Set certain area as Numpy slicing
e img[h:h+y, w:w+X]
e Slicing is effective for area pixel approach
e img.item(h, w, c), img.itemset( (h, w, c), val)
e [tem() function is effective for individual pixel approach
e Turnaround original reference
Different as Python list.
If ROl is edited, original changes too
If original is edited, ROI is changed too.
If you do not want to edit, copy to use (img.copy())

“* ROl (Region Of Image)
e Set ROI

import cv2
import numpy as np

img = cv2.imread('./img/sunset.jpg")

x=320; y=150; w=50; h=50 # roi Coordination
roi = img[y:y+h, x:x+w] # set ROI
print(roi.shape) # roi shape, (50,50,3)

cv2.rectangle(roi, (0,0), (h-1, w-1), (0,255,0))
cv2.imshow("img", img)

cv2.waitKey(0)
cv2.destroyAllWindows ()



“* ROI(Region Of Image)
e Set ROI

img

“* ROl Copy and Open New Window

import cv2
import numpy as np

img = cv2.imread('./img/sunset.jpg"’)

x=320; y=150; w=50; h=50
roi = img[y:y+h, x:x+w] # roi Set
img2 = roi.copy() # roi Array Copy---o©

img[y:y+h, X+w:x+w+w] = roi
cv2.rectangle(img, (x,y), (x+w+w, y+h), (0,255,0))

cv2.imshow("img", img) # Print original image
cv2.imshow("roi", img2) # Print roi only

cv2.waitKey(0)
cv2.destroyAllWindows ()



“*ROI Copy and Open New Window

(x=590, y=62) ~ R:158 G:158 B:172

*» Select ROI with Mouse (1/2)

import cv2
import numpy as np

isDragging = False
x0, y0, w, h = -1,-1,-1,-1
blue, red = (255,0,0),(0,0,255)

def onMouse(event,x,y,flags,param):
global isDragging, x0, y@, img
if event == cv2.EVENT_LBUTTONDOWN:
isDragging = True
X0 = X
yo =y
elif event == cv2.EVENT_MOUSEMOVE:
if isDragging:
img draw = img.copy()
cv2.rectangle(img_draw, (x0, y0), (x, y), blue, 2)
cv2.imshow('img', img_draw)



“* Select ROI with Mouse (2/2)

elif event == cv2.EVENT_LBUTTONUP:
if isDragging:
isDragging = False
W =X - X0
h=y - yo
print("x:%d, y:%d, w:%d, h:%d" % (x0, y@, w, h))
if w > @ and h > @:

img_

cv2.
cv2.
roi

cv2.
cv2.
cv2.

draw = img.copy()

rectangle(img_draw, (x0, y0@), (x, y), red, 2)
imshow('img', img_draw)

= img[y0@:y0+h, x0:x0+w]

imshow('cropped', roi)

moveWindow( 'cropped', 0, 0)
imwrite('./cropped.jpg', roi)

print("croped.")

else:
cv2.

imshow('img', img)

print(“Drag area from left top to right bottom.")
img = cv2.imread('./img/sunset.jpg")
cv2.imshow('img', img)
cv2.setMouseCallback('img"', onMouse)

cv2.waitKey()

cv2.destroyAllWindows ()

«* Select ROl with Mouse

x:193, y:174, w:-56,

h:-77

Drag area from left top to right bottom
x:314, y:148, w:64, h:54

croped.



(x=46, y=4) ~ R:182 G149 B:156

(x=5, y=0) ~ R:196 G:187 B:188

»* Select ROI

e Easy Mouse ROI selection

e ret=cv2.selectROIl([win_name,] img[, showCrossHair, fromCenter])
e win_name : Name of the window for ROI selection, str
e img : Image for ROI selection, NumPy ndarray
e showCrossHair=True : Show or not show cross at the center of region
o fromCenter=False : Set around mouse starting point as a center of area

e ret: Size and coordination of selected area (x, y, w, h), When selection is
canceled, all 0

e Space or Enter : End Selection
e key board 'C' : Cancel Selection



»» Select ROI

import cv2, numpy as np

img = cv2.imread('../img/sunset.jpg")
X,Y,w,h = cv2.selectROI('img', img, False)
if w and h:

roi = img[y:y+h, x:x+w]
cv2.imshow('cropped', roi)

cv2.moveWindow( 'cropped', 9, 0)
cv2.imwrite('./cropped2.jpg', roi)

cv2.imshow('img', img)
cv2.waitKey(9)
cv2.destroyAllWindows ()



Image Processing Basic

1. ROI(Region Of Interest)
2. Color Space

3. Threshold

4. Image Arithmetic

5. Histogram

6. Workshop




** Digital Image
e Binary Image
e 1px per 1bit ( white or black),
e Show light and shade with density of dots
. Grayscale Image
e 1px per 1byte=8bit
e Display 225 light & shade
e Color Image
e 1px per 3byte=24bit
e 16,777,216 Colors
e Various ways to show

2
0
o]
2
8
g
8
2

—
a2
M0 W oo N O O N

= — —

—
ka2
MG W 00 OO RS

255 255 2!
255 255 2

—_
[




+ RGB, BGR, RGBA
e RGB
e Most commonly used Color Space
e row x column x channel
e Each coloris from 0 ~ 255

e BGR
e Have reverse RGV number in OpenCV : G

e RGBA
e RGB + Alpha
e Alpha: Clarity
e File is RGBA, cv2.IMREAD_UNCHANGED flag is used => BGRA

< BGR, BGRA, Alpha

import cv2
import numpy as np

img = cv2.imread('../img/opencv_logo.png")
bgr = cv2.imread('../img/opencv_logo.png', cv2.IMREAD COLOR)
bgra = cv2.imread('../img/opencv_logo.png', cv2.IMREAD UNCHANGED)

print("default:", img.shape, "color:", bgr.shape, "unchanged:",
bgra.shape)

cv2.imshow( 'bgr', bgr)

cv2.imshow( 'bgra', bgra)

cv2.imshow('alpha', bgra[:,:,3])

cv2.waitKey(0)

cv2.destroyAllWindows ()

alpha




< Color Change Function

e out = cv2.cvtColor(img, flag)img : Numpy array, Image to transfer
o flag : Color space to transfer, Name starting with cv2.COLOR _, 274
e cv2.COLOR_BGR2GRAY : Change BGR color image to grey scale
e cv2.COLOR_GRAY2BGR : Change grey scale image to BGR color image
e cv2.COLOR_BGR2RGB : Change BGR color image to RGB image
e cv2.COLOR_BGR2HSV : Change BGR color image to HSV image
e cv2.COLOR_HSV2BGR : Change HSV color image to BGR image
e cv2.COLOR_BGR2YUV : Change BGR color image to YUV
e cv2.COLOR _YUV2BGR : Change YUV color image to BGR
e [iforiin dir(cv2) if i.startswith('COLOR )]
out : Changed result (NumPy array)
o BGR to Gray

e cv2.COLOR_BGR2GRAY

import cv2
import numpy as np

img = cv2.imread('../img/girl.jpg")

img2 = img.astype(np.uintl6)

b,g,r = cv2.split(img2)

grayl = ((b + g + r)/3).astype(np.uint8)
gray2 = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
cv2.imshow('original', img)
cv2.imshow('grayl', grayl)
cv2.imshow('gray2', gray2)

cv2.waitKey(0)

cv2.destrovAllWindows ()

(x=251, y=255) ~ L:161




< HSV, HSI, HSL

Distinguish 3 traits of color

Show it as cylindrical system channel
Hue : 0~179

Saturation :0~255

Value : 0~255

Color Range

e RED:165~15,0~15
e Green: 45~75

e Blue:90~120

cv2.COLOR_BGR2HSV

< BGR to HSV

import cv2
import numpy as np

red_bgr = np.array([[[0,0,255]]], dtype=np.uint8)
green_bgr = np.array([[[90,255,0]]], dtype=np.uint8)
blue bgr = np.array([[[255,0,0]]], dtype=np.uint8)
yellow bgr = np.array([[[©,255,255]]], dtype=np.uint8)

red_hsv = cv2.cvtColor(red bgr, cv2.COLOR_BGR2HSV);
green_hsv = cv2.cvtColor(green_bgr, cv2.COLOR_BGR2HSV);
blue hsv = cv2.cvtColor(blue bgr, cv2.COLOR_BGR2HSV);
yellow_hsv = cv2.cvtColor(yellow_bgr, cv2.COLOR_BGR2HSV);

pr%nt("red:",red_hsv) red: [[[ © 255 255]]]
print("green:", green_hsv) green: [[[ 60 255 255]]]
print("blue”, blue_hsv) blue [[[120 255 255]]]

print("yellow", yellow_hsv)



YUV, YCbCr
e People are sensitive to lights, and less sensitive to color
e Y :light
e U(chroma Blue, Cb) : Color difference between light and blue
e V(Chroma Red, Cr) : Color difference between light and red

e Data compression effect
e Allocate many bit to Y and less bit to UV

e cv2.COLOR_BGR2YUV
e cv2.COLOR BGR2YCrCb

4:2:2 Chroma Sampling

< BGR to YUV

import cv2
import numpy as np

dark = np.array([[[9,0,0]]], dtype=np.uint8)

middle = np.array([[[127,127,127]]], dtype=np.uint8)
bright = np.array([[[255,255,255]]], dtype=np.uint8)
dark_yuv = cv2.cvtColor(dark, cv2.COLOR_BGR2YUV)
middle yuv = cv2.cvtColor(middle, cv2.COLOR_BGR2YUV)
bright yuv = cv2.cvtColor(bright, cv2.COLOR_BGR2YUV)

print("dark:",dark_yuv)
print("middle:", middle yuv) dark: [[[ © 128 128]]]

print("bright", bright_yuv) middle: [[[127 128 128]]]
bright [[[255 128 128]]]




< CMYK
e Cyan, Magenta, Yellow, Key(Black)

Subtractive Mixture: Primary color + Black

It is difficult to show pure color in reality

Used | printing field




Image Processing Basic

1. ROI(Region Of Interest)
2. Color Space

3. Threshold

4. Image Arithmetic

5. Histogram

6. Workshop




“* Binarization
e Two Class Classification
e |etters and paper
e Background and Front View

< Global fixed thresholding

Use one threshold to one image

Deciding Optimal Threshold

Simple Thresholding : Trial and Error Method
e Qutsu’s Method

“* Locally Adaptive Thresholding
e Use different threshold for each pixel
e \When each area has different light level

< Simple Global fixed threshold

e Set temporary threshold (boundary) value

e numpy masking
e dst[ src > thresh ] =255

e ret, dst = cv.threshold(src, thresh, maxval, flag)
e src:inputimage
e thresh : threshold value
e value : Value to be applied to the pixel fit to the threshold value
o flag: cv2. THRESH_ *
e BINARY : px > thresh ? value : 0
e BINARY _INV : px > thresh ? 0 : value
e TRUNC : px > thresh ? value : px
e TOZERO : px >thresh ? px: 0
e TOZERO_INV : px > thresh ? 0 : px



< Simple Global fixed threshold

e example

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/gray-gradient.jpg', cv2.IMREAD_GRAYSCALE)

t np = np.zeros_like(img)
t np[ img > 127] = 255

ret, t bin = cv2.threshold(img, 127, 255, cv2.THRESH BINARY)
ret, t_bininv = cv2.threshold(img, 127, 255,
cv2.THRESH_BINARY_ INV)

ret, t truc = cv2.threshold(img, 127, 255, cv2.THRESH_TRUNC)
ret, t 2zr = cv2.threshold(img, 127, 255, cv2.THRESH_TOZERO)
ret, t 2zrinv = cv2.threshold(img, 127, 255,
cv2.THRESH_TOZERO_INV)

titles = ['origin’, '‘Numpy', 'BINARY', 'BINARY INV', \
"TRUNC', 'TOZERO', 'TOZERO INV']
imgs = [img, t_np, t _bin, t bininv, t truc, t 2zr, t 2zrinv]

for i in range(len(imgs)):
plt.subplot(2,4, i+l)
plt.imshow(imgs[i], cmap='gray’)
plt.title(titles[i])
plt.xticks([])
plt.yticks([])

plt.show()



< Simple Global fixed threshold

e example < Result>

origin Numpy BINARY BINARY INV

TRUNC TOZERO TOZERQ_INV

+* Otsu’s Binarization Method
e Finding Optimal Threshold

Origina\ 80 100 120
Girl Sacrificed Girl Saerificed Girl Saerificed Girl Sacrificed

In Witch Rite? In Witch itie?

Im;. discovar |

In Witch Rite?

Trcker discaver

Girl Sﬁcriﬁced' Girl Sﬁcriﬁced |
In Witch Rite? In Witch Rite?
Bl E?; [ ovep rrereen




% Otsu’s Binarization Method
e Nobuyuki Otsu, 1979
e Divided ad pixels into two classes according to light level

e Middle point as threshold

e Howto

Divice image pixels into two classes with threshold value t

t: 0~255

e Ration of each class: ws, wo,

e Mean of each class light: p1, p2

e Distribution of each class: 042, 02°

o Intra-class variance: o2 (t) = w,(t)o (t) + wo(t)oF(t)
e Minimun t Value

e Maximum t Value
e Inter-Class Variance: a,f(t) = wq (Dw,(t) [ (t) — uy(1)]?
cv2.threshold
e Flag: cv2.THRESH_OTSU, Turnaround: T value
o Effective after applying Gaussian filter

1000

800 +

600

400 1

200

D -
60 80 100 120 140 160 180



++* Otsu’s Binarization Method

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/scaned_paper.jpg', cv2.IMREAD GRAYSCALE)
_, t.130 = cv2.threshold(img, 130, 255, cv2.THRESH BINARY)

t, t_otsu = cv2.threshold(img, @, 255, cv2.THRESH BINARY |
cv2.THRESH_OTSU)

print('otsu threshold:', t)

imgs = {'Original’: img, 't:130':t 130, 'otsu:%d'%t: t_otsu}
for i , (key, value) in enumerate(imgs.items()):
plt.subplot(1, 3, i+l)
plt.title(key)
plt.imshow(value, cmap='gray")
plt.xticks([]); plt.yticks([])

plt.show()
Original t:130 otsu:131
Girl Saerificed Girl Sacrificed |  |Garl Sacrificed

In Witch Rite? In Witch Rite?

;;;:E dil!'.'U:ﬂ l
body of gir, 161

In Witch Rite?




“» Adaptive Threshold

e Set threshold according to surrounding resolution value
e Adopt and react to surrounding situation

e cv2.adaptiveThreshold(src, maxVal, method, type, blockSize, C)
e Src:gray scaled image
e maxVal : Value applied to pixels when it meets threshold value
e method : Deciding threshold
e cv2. ADPTIVE_THRESH_*
e MEAN_C : Decide by mean of neighboring pixel
e GAUSSIAN_C: Decide by addition of weight by Gaussian distribution
e type : threshold type
e DblockSize : Size of neighboring area
C . Decide threshold by adding subtracting to the calculated result

1 |
Top)=— 3 X lctxgsy,) - €

e sudoku scan example < 1/2 >

import cv2
import numpy as np
from matplotlib import pyplot as plt

file name = '../img/sudoku.png’

img = cv2.imread(file_name, cv2.IMREAD GRAYSCALE)

print(img.shape)

ret, thl = cv2.threshold(img,127,255,cv2.THRESH BINARY)

th2 = cv2.adaptiveThreshold(img,255,cv2.ADAPTIVE _THRESH_ MEAN_C,
cv2.THRESH BINARY,11,7)

th3 = cv2.adaptiveThreshold(img,255,cv2.ADAPTIVE THRESH GAUSSIAN C,
cv2.THRESH BINARY,11,7)



“» Adaptive Threshold

e sudoku scan example < 2/2 >

[ ‘Original’, 'Global ', 'Mean', 'Gaussian']
[img,thl,th2,th3]

titles
images

for i in range(4):
plt.subplot(2,2,i+1)
plt.imshow(images[i], "‘gray’)
plt.title(titles[i])
plt.xticks([]),plt.yticks([])

plt.show()

e sudoku scan example < Result >

Qriginal

o e
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e EL |

Gaussian

B T e w2
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/T'IE_“' it
LR e = B i:__l
] 2 i
‘a'l o
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B 2
P & «ilEy TiT | :
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Image Processing Basic

1. ROI(Region Of Interest)
2. Color Space

3. Threshold

4.lmage Arithmetic

5. Histogram

6. Workshop




< Image Arithmetic
- NumPy Broadcasting (+, -, *, /)
0 > Calculation Result > 255
. OpenCV Function
cv2.add(src1, src2[, dest, mask, dtype])
- src1 : Input image 1 or number of
src2 : Input image 2 or number of
out : Print image
mask : Calculate pixels that are not 0
dtype : Print dtype
. cv2.substract(src1, src2[, dest, mask, dtype])
Same as cv2.add()
. cv2.multiply(src1, src2[, dest, scale, dtype])
scale : Value to add to the calculation result
. cv2.divide(src1, src2[, dest, scale, dtype])
Same as cv2.multiply()
“*Image Addition
import cv2
import numpy as np

a = np.uint8([[200, 50]])
b = np.uint8([[100, 100]])

addl = a + b

subl = a - b

multl = a * 2

divl = a / 3

add2 = cv2.add(a, b)

sub2 = cv2.subtract(a, b) _

mgltZ = cv2.mu%tiply(a ) 2) ‘[ 44 15@]] [[255 15@]]

dlYZ = cv2.d1v1de(a, 3) [[1@@ 2@6]] [[1@@ @]]

Prdit(Eeei, Adz) [[144 100]] [[255 100]]

s (suen, szz) [[66.66666667 16.666666671]1 [[67 17]]

print(multl, mult2)
print(divl, div2)




< Image Addition with Mask

import cv2
import numpy as np

#---0 Aol AHg WA A

a = np.array([[1, 2]], dtype=np.uint8)

b = np.array([[10, 20]], dtype=np.uint8)
#---0 2HA Q47 0%l via= wlE A
mask = np.array([[1, ©]], dtype=np.uint8)

#---0 F3 AFIo| vm Az
cl = cv2.add( a, b , None, mask)

print(cl) i
c2 = cv2.add( a, b , b, mask) [[11 ©]]
print(c2) [[11 20]]

< Image Blending

a = np.array([250], dtype=np.uint8)

b = np.array([10], dtype=np.uint8)

c=a+b

print(a, b)

print( a+b ) # 250 + 10 = 260, 260 - 256 = 4
print( cv2.add(a, b)) #over 255

imgl = cv2.imread(’../img/wingwall. jpg")
img2 = cv2.imread(’../img/yate.jpg")

cv2.imshow( 'imgl’, imgl)

cv2.imshow( 'img2’', img2)

cv2.imshow( "imgl+img2', imgl+img2)

cv2.imshow( ‘cv2.add(imgl,img2) ', cv2.add(imgl,img2))

cv2.waitKey(0)
cv2.destroyAllWindows ()



< Image Blending

< Alpha Blending

e Mix 2 images

e Decide weights, alpha : beta , alpha + beta = 1

e a*alpha + b*beta <= 255

e Realize with numpy
g(x} = (1 — a)fo(z) + afi(x)

e cv2.addWeighted(img1, alpha, img2, beta, gamma)
e img1, img2 : two images to mix
e alpha : Weight on img1 (alpha value)
e Dbeta : weight on img2, usually (1- alpha)
e gamma : integer that can be added to calculation result, usually O(zero)

dst = a-imgl + B -img2 + vy



“* Alpha Blending
alpha = 0.3

imgl = cv2.imread(’'../img/wingwall. jpg")
img2 = cv2.imread(’../img/yate.jpg")

blended = imgl *alpha + img2 * (1-alpha)
blended = blended.astype(np.uint8)
cv2.imshow( 'imgl * 0.3 + img2 * 0.7', blended)

dst = cv2.addWeighted(imgl, alpha, img2, (1-alpha), @)
cv2.imshow( ‘cv2.addiWeighted’, dst)

cv2.waitKey(0)

cv2.destrovAllWindows ()




** Image Blending — Track bar

import cv2
import numpy as np

win_name = 'Alpha blending' # & ol&
trackbar_name = 'fade’ # EH} o]&

def onChange(x):
alpha = x/100
dst = cv2.addWeighted(imgl, 1-alpha, img2, alpha, @)
cv2.imshow(win_name, dst)

imgl = cv2.imread('../img/man_face.jpg")

img2 = cv2.imread('../img/lion_face.jpg")
cv2.imshow(win_name, imgl)

cv2.createTrackbar(trackbar_name, win_name, @, 100, onChange)

cv2.waitKey()
cv2.destroyAllWindows ()

fade  (022/100) fade  (044/100)
(x=420, y=415) ~R:12 G0 B:6 (x=348, y=6) ~ R:29 G:24 B:23 888



* Bitwise Operation
e Calculate bitwise for each pixel of image 2

e Use for deleting background, separating background and Front View, and blending
e cv2.bitwise_and(img1, img2, mask=None)
e cv2.bitwise_or(img1, img2, mask=None)
e cv2.bitwise xor(img1, img2, mask=None)
e cv2.bitwise _not(img1, mask=None)
e mask (optional)
e Calculate only pixel that mask value is not 0, Use mask value for O
e binary image(Black image)
e Rows and columns of img1, img2 of mask should be same
“Image Bitwise

import numpy as np, cv2
import matplotlib.pylab as plt

imgl = np.zeros( ( 200,400), dtype=np.uint8)
img2 = np.zeros( ( 200,400), dtype=np.uint8)
imgl[:, :200] = 255 # & AAM(0), LEHL FA(255)
img2[100:200, :] = 255 # 9% A (0), oFdlEL g4 (255)

bitAnd = cv2.bitwise_and(imgl, img2)
bitOr = cv2.bitwise_or(imgl, img2)
bitXor = cv2.bitwise_xor(imgl, img2)
bitNot = cv2.bitwise_not(imgl)

imgs = {'imgl':imgl, 'img2':img2, 'and':bitAnd,
'or':bitOr, 'xor':bitXor, 'not(imgl)':bitNot}
for i, (title, img) in enumerate(imgs.items()):
plt.subplot(3,2,i+1)
plt.title(title)
plt.imshow(img, 'gray')
plt.xticks([]); plt.yticks([])

plt.show()



< Image Bitwise

e bitwise example
imgl img?2

ar

X not(imgl)

< Masking with Bitwise

import numpy as np, cv2

import matplotlib.pylab as plt

img = cv2.imread('../img/girl.jpg")

mask = np.zeros_like(img)

cv2.circle(mask, (150,140), 100, (255,255,255), -1)
masked = cv2.bitwise_and(img, mask)

cv2.imshow('original', img)

cv2.imshow( 'mask’, mask)

cv2.imshow( 'masked', masked)

cv2.waitKey()

cv2.destroyAllWindows ()

mask = np.zeros(img.shape[:2], dtype=np.uint8)
cv2.circle(mask, (150,140), 100, (255), -1)
masked = cv2.bitwise_and(img, img, mask=mask)



< Masking with Bitwise

(x=287, y=257) ~ R:201 G:188 B216 (x=376, y=29) ~ R:0 G:0 B:0
. A
« Diff Image

e Taking out image out of image

(x=4, y=15) ~ R:0 G:0 B:0

e [ooking for differences
e diff = cv2.absdiff(img1, img2)
e img1, img2 : input image
o diff : Turnaround of difference between two images

+ Diff Image (Finding Map Differences)

import numpy as np, cv2

imgl = cv2.imread('../img/robot_arml.jpg"’)

img2 = cv2.imread('../img/robot_arm2.jpg")

imgl gray = cv2.cvtColor(imgl, cv2.COLOR_BGR2GRAY)
img2_gray = cv2.cvtColor(img2, cv2.COLOR_BGR2GRAY)
diff = cv2.absdiff(imgl_gray, img2_gray)

_, diff = cv2.threshold(diff, 1, 255, cv2.THRESH BINARY)
diff _red = cv2.cvtColor(diff, cv2.COLOR_GRAY2BGR)
diff red[:,:,2] = ©

spot = cv2.bitwise xor(img2, diff_red)
cv2.imshow('imgl', imgl)

cv2.imshow('img2', img2)

cv2.imshow('diff', diff)

cv2.imshow('spot', spot)

cv2.waitKey()

cv2.destroyAllWindows ()



< Diff Image (Finding Map Differences)

X =
> £ R ;l__—_ 4
AN = c T ole 2]
(=T N
|j S " |-I-. L, .EE: e —'w J
(x=477, y=181) ~ (:168 G:163 B:163
o
.a

x=480, y=11) ~ R:255 G:255 B:255
y=

'L(x=465., y=0) ~ L:0

“* Blending with Alpha Channel(RGBA PNG)

e Blending logo to image




“<*HSV Color Masking

e Color mask using HSV color space

e dst=cv2.inRange(src, lowerb, upperb)
e src: Original organization
e Low and upper: Zone
e dst: Mark zero(0) for factors out of the original zone

45
60 . 30

~

PN

7 15

90

105 165

120

135

e Distinguishing by color <1/2>

import cv2

import numpy as np

import matplotlib.pylab as plt

img = cv2.imread("../img/cube.jpg")

hsv = cv2.cvtColor(img, cv2.COLOR_BGR2HSV)
np.array([90, 50, 50])
np.array([120, 255,255])

bluel
blue2
greenl

np.array([45, 50,50])

green2 = np.array([75, 255,255])

redl =
red2 =
red3 =
red4 =
yellowl
yellow2

np

np.
np.
.array([180, 255,255])

np

.array([0, 50,50])

array([15, 255,255])
array([165, 50,50])

np.array([20, 50,50])
np.array([35, 255,255])



“<*HSV Color Masking
e Distinguishing by color <2/2>

mask_blue = cv2.inRange(hsv, bluel, blue2)
mask_green = cv2.inRange(hsv, greenl, green2)
mask_red = cv2.inRange(hsv, redl, red2)
mask_red2 = cv2.inRange(hsv, red3, red4)
mask_yellow = cv2.inRange(hsv, yellowl, yellow2)
res_blue = cv2.bitwise and(img, img, mask=mask_blue)
res_green = cv2.bitwise and(img, img, mask=mask_green)
res_redl = cv2.bitwise and(img, img, mask=mask_red)
res_red2 = cv2.bitwise and(img, img, mask=mask_ red2)
res_red = cv2.bitwise or(res_redl, res red2)
res_yellow = cv2.bitwise_and(img, img, mask=mask_yellow)
imgs = {'original': img, 'blue':res_blue, 'green':res_green,
'red’':res_red, 'yellow':res_yellow}
for i, (k, v) in enumerate(imgs.items()):
plt.subplot(2,3, i+l)
plt.title(k)
plt.imshow(v[:,:,::-1])
plt.xticks([]); plt.yticks([])
plt.show()

e Distinguishing by color <Result>

original blue green

—

-4..—

I

- - A

yvellow




<* Chromakey Masking and Blending
e Chroma-key blending

import cv2
import numpy as np
import matplotlib.pylab as plt

imgl = cv2.imread('../img/man_chromakey.jpg')
img2 = cv2.imread('../img/street.jpg')

height1, widthl =imgl.shapel[:2]
height2, width2 =img2.shapel[:2]
x = (width2 - width1)//2

y = height2 - heightl

w = x + width1

h =y + heightl

chromakey =imgl[:10, :10, :]
offset = 20

hsv_chroma = cv2.cvtColor(chromakey, cv2.COLOR_BGR2HSV)
hsv_img = cv2.cvtColor(imgl, cv2.COLOR_BGR2HSV)
chroma_h = hsv_chromal0]

lower = np.array([chroma_h.min()-offset, 100, 100])
upper = np.array([chroma_h.max()+offset, 255, 255])
mask = cv2.inRange(hsv_img, lower, upper)
mask_inv = cv2.bitwise_not(mask)

roi =img2[y:h, x:w]

fg = cv2.bitwise_and(imgl, imgl, mask=mask_inv)
bg = cv2.bitwise_and(roi, roi, mask=mask)

img2[y:h, x:w] =fg + bg

cv2.imshow('chromakey’, imgl)

cv2.imshow('added’, img2)

cv2.waitKey()

cv2.destroyAllWindows()



<* Chromakey Masking and Blending

e Chroma-key blending <Result>

(x=312, y=312) ~ R:38 G:175 B:71
(x=334, y=124) ~ R:239 G:172 B:143

¢ SeamlessClone

e dst = cv2.seamlessClone(src, dst, mask, coords, flags|, output])
e src: Input image, normally Front View
e dst: Image subject, normally background
e mask : Mask, 225 for zone to blend in src, remainder is 0
e coodrs : DST coordination (Center) wishing to locate src
o flags : Blending Type
e cv2.NORMAL_CLONE : Maintain original input
e cv2.MIXED_CLONE : Blend input and subject
e output : Blending Result
e dst: Blending Reusult



“* seamless clone blending

import cv2

import numpy as np

import matplotlib.pylab as plt

imgl = cv2.imread("../img/drawing.jpg")

img2= cv2.imread("../img/my_hand.jpg")

mask = np.full_like(imgl, 255)

height, width = img2.shape[:2]

center = (width//2, height//2)

normal = cv2.seamlessClone(imgl, img2, mask, center, cv2.NORMAL_CLONE)
mixed = cv2.seamlessClone(imgl, img2, mask, center, cv2.MIXED CLONE)
cv2.imshow('normal’, normal)

cv2.imshow('mixed’, mixed)

cv2.waitKey()

cv2.destroyAllWindows()

(x=573, y=308) ~ R:142 G:115 B:106 (x=540, y=113) ~ R:201 G:186 B:181



Image Processing Basic

1. ROI(Region Of Interest)
2. Color Space

3. Threshold

4. Image Arithmetic

5. Histogram

6. Workshop




“* Histogram

Show frequency of color value of pixel

1Channel . Gray Color
2Channel : Cross two values
3Channel : Difficult to show

Contrast Equalization, Various application like background deleting
Able to support all OpenCV, Numpy, MatPlotlib

e cv2.calcHist()

np.histogram()
plt.hist()

&0 70 20 a0 100

cv2.calcHist(img, channel, mask, histSize, ranges)

img : input image, bind in list like [img]

channel : Channel to work on bind in list

e 1channel: [0], 2channel:[0,1], 3channel:[0,1,2]

mask : Calculate histogram for only the pixels set at mask

histSize : Number of level (bin), show in list according to the number of channels
e 1channel:[256], 2channel:[256, 256], 3channel:[256,256,256]

ranges : Range of values that each pixel can have, for RGB [0, 256]



< Gray Scale 1 Channel Histogram

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/mountain.jpg', cv2.IMREAD_GRAYSCALE)
cv2.imshow('img', img)

hist = cv2.calcHist([img], [@], None, [256], [0,256])
plt.plot(hist)

print(hist.shape)

print(hist.sum(), img.shape)
plt.show()

< Gray Scale 1Channel Histogram

hist.shape: (256, 1)
hist.sum(): 270000.0 img.shape: (450, 600)

3000 -

2500 A

2000 A

1500 A1

1000 A

500 A

0 50 100 150 200 250



% Color Scale Histogram

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/mountain.jpg")
cv2.imshow('img', img)

channels = cv2.split(img)

colors = ('b', 'g', 'r")

for (ch, color) in zip (channels, colors):
hist = cv2.calcHist([ch], [@], None, [256], [@, 256])
plt.plot(hist, color = color)

plt.show()

5000 A

4000 A

3000 4

2000 +

1000 A

T T T T
0 50 100 150

(x=29, y=1) ~ R:39 G:104 B:184



“* Mormalize
e Evenly distribute pixel

e |[f distribution of pixel is centered on certain area, quality bad.
e Improve image quality

. newMazr — newMin
e e —
I:d8qst o™ &t
o Min, Moz : 78I 39 &4 3L, 2|0f 2}
o newMin, newMax : % & &4 gh, 2cf gt
o In: 8 o1F

+ newhMin

o

95 96 97 98 55 100

70 76 82 83 54 100

e dst = cv2.normalize(src, dst, alpha, beta, type_flag)

e src: Previous data before mormalize

e dst: Data after mormalize

e alpha : Mormalizing area 1

e beta : Mormalizing area 2, Not in use when it is not sectional mormalization

o type_ flag : Flag integer selected for mormalization algorithm
e cv2.NORM_MINMAX : Mormalize by alpha & beta area
* cv2.NORM_L1 : Divide by total addition, alpha = Addition of all mormalization
e cv2.NORM_L2 :Mormalize unit vector
e cv2.NORM_INF : Divide by maximum number



e Histogram Normalize

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/abnormal.jpg’', cv2.IMREAD_GRAYSCALE)

img f = img.astype(np.float32)
img norm = ((img_f - img f.min()) * (255) / (img_f.max() -
img f.min())).astype(np.uint8)

img norm2 = cv2.normalize(img, None, ©, 255, cv2.NORM_MINMAX)

hist = cv2.calcHist([img], [@], None, [256], [©, 256])
hist norm = cv2.calcHist([img_norm], [©], None, [256], [©, 256])
hist norm2 = cv2.calcHist([img _norm2], [@], None, [256], [@, 256])

cv2.imshow( 'Before', img)
cv2.imshow( 'Manual', img norm)
cv2.imshow('cv2.normalize()"', img_norm2)

hists = {'Before' : hist, 'Manual':hist norm,
"cv2.normalize()':hist_norm2}
for i, (k, v) in enumerate(hists.items()):
plt.subplot(1,3,i+1)
plt.title(k)
plt.plot(v)
plt.show()



“* Histogram Normalize

L Martia L] v nommabae|)

(306, y=312) - | %)
Before Manual cv2.normalize()
6000 6000 - 6000 -
4000 4 4000 - 4000 4
2000 4 2000 - 2000 A
0 0 0
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250

“* Equalize
e Control height of pixel distribution not width
e [Effective for lighting

e dst = cv.equalizeHist( src][, dst] )
e src: Image subject, 8 bit 1 channel
e dst: Result image

edflv) — edfmin
« H'(v) = round,( {Mi( h).?') — c‘;fmm X (L — l))
o edf(v)  SIAETY & &S
cd fmin @ 55 &4, 1
Mx N Zid s 5x 50
L: 2% g9, 256
round(v) : 428
H'(v) : ofgieto| =gl s|AE0 gt

L r]

o

L]

=]

o



< Equalize Gray Scale

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/yate.jpg', cv2.IMREAD_GRAYSCALE)
rows, cols = img.shape[:2]

hist = cv2.calcHist([img], [@], None, [256], [©, 256])

cdf = hist.cumsum() cdf_m = np.ma.masked equal(cdf, @) cdf m =
(cdf m - cdf_ m.min()) /(rows * cols) * 255

cdf = np.ma.filled(cdf_m,0).astype('uint8")

img2 = cdf[img]

img3 = cv2.equalizeHist(img)

hist2
hist3

cv2.calcHist([img2], [©], None, [256], [©, 256])
cv2.calcHist([img3], [@], None, [256], [©, 256])

cv2.imshow( 'Before', img)
cv2.imshow( 'Manual', img2)
cv2.imshow('cv2.equalizeHist()"', img3)
hists = {'Before':hist, 'Manual’':hist2,
'cv2.equalizeHist()':hist3}
for i, (k, v) in enumerate(hists.items()):
plt.subplot(1,3,i+1)
plt.title(k)
plt.plot(v)
plt.show()



< Equalize Gray Scale

© aterm o Mara ®

Before Manual cv2.equalizeHist()
6000 6000 6000
5000 5000 - 5000
4000 4000 - 4000
3000 3000 - 3000
2000 A 2000 A 2000 -
1000 1000 A 1000 -
0 0 - 0
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250

“* Equalize Color(YUV) Scale

import numpy as np, cv2

img = cv2.imread('../img/yate.jpg")

img yuv = cv2.cvtColor(img, cv2.COLOR_BGR2YUV)
img yuv[:,:,0] = cv2.equalizeHist(img yuv[:,:,0])

img2 = cv2.cvtColor(img_yuv, cv2.COLOR_YUV2BGR)
cv2.imshow( 'Before', img)

cv2.imshow( 'After', img2)

cv2.waitKey()

cv2.destroyAllWindows ()



“* Equalize Color(YUV) Scale

< CLAHE

Contrast Limiting Adaptive Histogram Equalization
When applying equalizer, prevent light area as much as possible
If it goes over limit value of histogram, distribute to other scale

cv2.createCLAHE(clipLimit, tileGridSize) :generate CLAHE
e clipLimit : Contrast Limit boundary value, basic 40.0
o tileGridSize : area size, basic 8x8
CLAHE : CLAHE algorithm object
e apply(src) . apply CLAHE
e src:inputimage




< Improve Quality of image with CLAHE

import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread('../img/bright.jpg")
img _yuv = cv2.cvtColor(img, cv2.COLOR_BGR2YUV)

img eq = img_yuv.copy()
img eq[:,:,0] = cv2.equalizeHist(img eq[:,:,0])
img eq = cv2.cvtColor(img _eq, cv2.COLOR_YUV2BGR)

img_clahe = img_yuv.copy()

clahe = cv2.createCLAHE(cliplLimit=3.0, tileGridSize=(8,8))
#generate CLAHE

img clahe[:,:,0] = clahe.apply(img clahe[:,:,0]) #apply
CLAHE

img clahe = cv2.cvtColor(img clahe, cv2.COLOR_YUV2BGR)

cv2.imshow( 'Before', img)
cv2.imshow( 'CLAHE', img_clahe)
cv2.imshow( 'equalizeHist', img _eq)
cv2.waitKey()
cv2.destroyAllWindows ()

L. AL
(x=463, y=141) ~ R:255 G255 B255 (x=454, y=272) ~ R:255 (G255 B:256



2D Histogram

import cv2, matplotlib.pylab as plt

plt.style.use('classic")

style

# Use 1.x style for color

img = cv2.imread('../img/mountain.jpg")

plt.subplot(131)
hist

p = plt.imshow(hist)
plt.title('Blue and Green')

plt.colorbar(p)

plt.subplot(132)
hist

p = plt.imshow(hist)
plt.title('Green and Red")

plt.colorbar(p)

plt.subplot(133)
hist

p = plt.imshow(hist)
plt.title('Blue and Red')

plt.colorbar(p)
plt.show()
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cv2.calcHist([img], [©,1], None, [32,32], [0,256,0,256])

cv2.calcHist([img], [1,2], None, [32,32], [0,256,0,256])

cv2.calcHist([img], [©,2], None, [32,32], [9,256,0,256])
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“* Back Projection

Histogram of HS at HSV

ROV/all ratio

Ration for non-selected area is mostly O
Map original pixel with ratio

Pixel excluding selected coloris 0

Fit to use as mask

cv2.calcBackProject(img, channel, hist, ranges, scale)
e img : inputimage, Bind as list like [img]
e channel : Channel to work on, Bind as list like
e 1channel: [0], 2channel:[0,1], 3channel:[0,1,2]
e hist : histogram used for reverse projection
e ranges . Range of value for each pixe
o scale : Coefficient of scale that will be applied to result

Masking by HSV reverse projection <1/2>

import cv2
import numpy as np
import matplotlib.pyplot as plt

win_name = 'back_projection'’

img = cv2.imread('../img/pump_horse.jpg')
hsv_img = cv2.cvtColor(img, cv2.COLOR_BGR2HSV)
draw = img.copy()

def masking(bp, win_name):
disc = cv2.getStructuringElement(cv2.MORPH _ELLIPSE, (5,5))
cv2.filter2D(bp,-1,disc,bp)
_, mask = cv2.threshold(bp, 1, 255, cv2.THRESH BINARY)
result = cv2.bitwise_and(img, img, mask=mask)
cv2.imshow(win_name, result)
def backProject manual(hist roi):
hist img = cv2.calcHist([hsv_img], [0,1], None,[180,256],
[0,180,0,256])



* Back

Projection

e Masking by HSV reverse projection <2/2>

hist rate = hist roi/ (hist_img + 1)

def

180,

h,s,v = cv2.split(hsv_img)

bp = hist _rate[h.ravel(), s.ravel()]

bp = np.minimum(bp, 1)

bp = bp.reshape(hsv_img.shape[:2])
cv2.normalize(bp,bp, ©, 255, cv2.NORM_MINMAX)
bp = bp.astype(np.uint8)

masking(bp, 'result _manual')

backProject cv(hist roi):

bp = cv2.calcBackProject([hsv_img], [0, 1], hist roi, [O,
9, 256], 1)

masking(bp, 'result cv')

(X,y,w,h) = cv2.selectROI(win_name, img, False)
if w > @ and h > 0:

[0,

cv2.

cv2.
cv? .

roi = draw[y:y+h, x:x+w]

cv2.rectangle(draw, (x, y), (x+w, y+h), (0,0,255), 2)
hsv_roi = cv2.cvtColor(roi, cv2.COLOR_BGR2HSV)

hist roi = cv2.calcHist([hsv_roi],[0, 1], None, [180, 256],
180, 0, 256] )

backProject manual(hist roi)

backProject cv(hist _roi)

imshow(win_name, draw)

waitKey()

destrovAl TWindows ()

(x=242, y=3) ~ A0 G0 (x=312, y=205) ~ R:255 G0 B0 o (x=463, y=216) ~ R:0 G:0 B0



“* Compare Histogram
e Compare histogram to figure out similarity among images

e cv2.compareHist(hist1, hist2, method)
e hist1, hist2 : two histogram to compare, size and dimension should be same.
e method : Flag integer for comparing algorithm
e cv2 HISTCMP_CORREL : correlation
e 1. Complete match, -1 : Max un-match, 0: no relation

e cv2.HISTCMP_CHISQR : Chi square
e 0: Complete match, Big value (unknown): Max un-match

e cv2 HISTCMP_INTERSECT : Crossing
e 1:Complete match, 0 : Max un-match (When mormalized as 1)
e cv2.HISTCMP_BHATTACHARYYA : "I E}XtOF
e 0: Complete match, 1 : Max un-match
e cv2.HISTCMP_HELLINGER : Same as HISTCMP_BHATTACHARYYA

“* Compare Histogram <1/2>

import cv2, numpy as np

import matplotlib.pylab as plt

imgl = cv2.imread('../img/taekwonvl.jpg")

img2 = cv2.imread('../img/taekwonv2.jpg")

img3 = cv2.imread('../img/taekwonv3.jpg")

imgd = cv2.imread('../img/dr_ochanomizu.jpg")

cv2.imshow( 'query', imgl)

imgs = [imgl, img2, img3, img4a]

hists = []

for i, img in enumerate(imgs) :
plt.subplot(1,len(imgs),i+1)
plt.title('imgkd'% (i+1))
plt.axis('off")
plt.imshow(img[:,:,::-1])
hsv = cv2.cvtColor(img, cv2.COLOR_BGR2HSV)
hist = cv2.calcHist([hsv], [©,1], None, [180,256], [0,180,0,

2561])



“* Compare Histogram <1/2>

cv2.normalize(hist, hist, @, 1, cv2.NORM_MINMAX)
hists.append(hist)

query = hists[0]
methods = {'CORREL" :cv2.HISTCMP_CORREL,
"CHISQR':cv2.HISTCMP_CHISQR,
"INTERSECT' :cv2.HISTCMP_INTERSECT,
'BHATTACHARYYA' : cv2 .HISTCMP_BHATTACHARYYA}
for j, (name, flag) in enumerate(methods.items()):
print('%-10s'%name, end="\t")

for i, (hist, img) in enumerate(zip(hists, imgs)):

ret = cv2.compareHist(query, hist, flag)
if flag == cv2.HISTCMP_INTERSECT:
ret = ret/np.sum(query)
print("imgkd:%7.2f"% (i+1 , ret), end="\t")
print()
plt.show()

img1l img2

"=
CORREL imgl: 1.00 img2: 0.70 img3: 0.56
CHISQR imgl: ©.00 img2: 67.33 img3: 35.71
INTERSECT imgl: 1.00 img2: 0.54 img3: 0.40

BHATTACHARYYA  imgl: ©0.00 img2: 0.48 img3: 0.47

imgd: 0.23
img4:1129.49
imgd: 0.18
imgd: 0.79



Image Processing Basic

1. ROI(Region Of Interest)
2. Color Space

3. Threshold

4. Image Arithmetic

5. Histogram

6. Workshop




“*Monster Face Synthesis
e Blend two faces into one looking naturally.

e File to use:
e img/man_face.jpg
e img/skull.jpg

e Result Example

e Hint
e 0%~50%, 50%~0% Alpha blending for matching areas of two faces

“* Motion Detecting CCTV

e Make camera detecting motion .
e Result example

< Motion Detecting CCTV

e Detect motion object or human with camera and mark the area.
e \When motion is detected, print "Motion Detected © message in red

e Divide one screen into two, left and right and show screen with motion area marked
on one screen and for the other area show only pixel accordingly; show them in one
screen.

e Hint
o (et difference image to find differences.



e |t cannot be solved with before/current image differences.

e |t will define it as motion when A and B has differences and B and C has
differences

e Two factors that can be set:
e Size of pixel differences
e Number of pixel differences




Geometric Transform

1. Translate, Scaling, Rotate
2. Warping

3. Lens Distortion

4. Workshop




++» Translate

¢ Move Image
e Coordination to move = Original coordination + Distance to move

e Equation
s ' =z +d;
[ y"_y—-—-dy

e Determinant
_ [z’];ll 0 dxl " 2] [e+d,]  [lz+0y+1d,
y| o 1 4|} | = ly+d,| ~ |0z +1y+1d,

A A p(x,y")

+*» Translate

e dst = cv2.warpAffine(src, mtrx, dsize [, dst, flags, borderMode, borderValue])
e src: Original image, NumPy array
e mirx: 2 x 3 matrix of change, NumPy array, dtype=float32
e dsize: Result image size, tuple(width, height)
o flags: Interpolation algorithm selection flag
e cv2.INTER_LINEAR: base value, use distance weight for near 4 pixels
e cv2.INTER_NEAREST: Use closest pixel value
e cv2.INTER_AREA: Re-sampling using pixel area relationship
e cv2.INTER_CUBIC: use distance weight for near 16 pixels
e cv2.INTER_LANCZOS4: Lanco ‘s algorithm using near 8 pixels



e borderMode : Border area revision flag

e cv2.BORDER_CONSTANT : Fixed color value (999(12345|999)

e cv2.BORDER_REPLICATE : Copy boarder (111]12345|555)

e cv2.BORDER_WRAP : repeat (345(12345|123)

e cv2.BORDER_REFLECT : reflect (321|12345|543)
e borderValue : Color value used for cv2. BORDER _CONSTANT, base value = 0
e dst: Result image, NumPy array

+*» Translate

import cv2

import numpy as np

img = cv2.imread('../img/fish.jpg")
rows,cols = img.shape[0:2] # Size of image

dx, dy = 100, 50 # Moving distance of pixel

mtrx = np.float32([[1, @, dx],

[0, 1, dy]])
dst = cv2.warpAffine(img, mtrx, (cols+dx, rows+dy))
dst2 = cv2.warpAffine(img, mtrx, (cols+dx, rows+dy), None,
cv2.INTER_LINEAR, cv2.BORDER_CONSTANT, (255,0,0) )
dst3 = cv2.warpAffine(img, mtrx, (cols+dx, rows+dy), None,
cv2.INTER LINEAR, cv2.BORDER_REFLECT)

cv2.imshow('original’, img)
cv2.imshow('trans',dst)

cv2.imshow( 'BORDER_CONSTATNT', dst2)
cv2.imshow( 'BORDER_FEFLECT', dst3)
cv2.waitKey(0)
cv2.destroyAllWindows ()



+*» Translate

(x=Z34, yeld3) ~ F255 G255 B:265

(x=19, y=i2] ~ A0 G0 8:0

(w287, y=301) ~ A:255 G255 B255 (k=351 y=135) = AL G0 B0

% Scaling
e Zooming: a - B Change Matrix

2] [e 0 0] |7
y| 0 B8 0] |7

-

e Dst=cv2.resize(src, dsize, fx, fy, interpolation)
e Src: Input image
e Dsize : Size of print image (w,h)
o Fx, fy : Ratio, if omitted apply dsize



e Interpolation &

e cVv2.INTER_LINEAR :default pCx, )
e cv2INTEAR_NEAREST | - _
« cv2INTEAR_AREA @
e cV2INTEAR_CUBIC =

o cv2.INTEAR_LANCZOS4

e dst : Resultimg %f

0:0 Scaling ' p(x” J_.,:-’“_:
e Change Matrix Example By |--= Z ——— : — -
¥

img = cv2.imread('../img/fish.jpg")
height, width = img.shape[:2]
m_shrink = np.float32([[©.5, 0, @],
[0, 0.5, 0]]) # matrix
m_zoom = np.float32([[1.5, O, O],
[0, 1.5, ©0]]) # matrix

shrink = cv2.warpAffine(img, m_shrink, (int(width*@.5),
int(height*0.5)) )

zoom = cv2.warpAffine(img, m _zoom, (int(width*1.5),
int(height*1.5)) )

cv2.imshow("original™, img)
cv2.imshow("shrink", shrink)
cv2.imshow("zoom", zoom)
cv2.waitKey(0)
cv2.destroyAllWindows ()



% Scaling
e Change Matrix Example <Result>

% Scaling
e cv2.resize function Example

import cv2

import numpy as np

img = cv2.imread('../img/fish.jpg")

height, width = img.shape[:2]

shrink = cv2.resize(img,None,fx=0.5, fy=0.5,

interpolation =

cv2.INTER_AREA)

zoom = cv2.resize(img, (int(1.5*width), int(1.5*height)),
interpolation =

cv2.INTER_CUBIC)

cv2.imshow("original™, img)

cv2.imshow("shirink", shrink)

cv2.imshow("zoom", zoom)

cv2.waitKey(0)

cv2.destroyAllWindows ()



% Scaling

e cv2.resize function Example <Result>

i Zoom

shirink
¢ Rotate

e Rotation Change Matrix

' a T ’
, |Z| _ |cosf@ —sind 0 p'(—ysin#,

y'|  |sinf cosf O 31;

M

4 AP (x,y")

5(%,5) xsinf +ycosf| 1

i -
14
f 2"
e -
o {, \L
g i ;Q»’;
b

] L
X xcosf —ysin8”




“* Rotate
e Change Matrix

import cv2, numpy as np

img
rOws

das
doe
ma5

moo

r45

roo

cv2.
cv2.
cv2.
cv2.
cv2.

cv2.imread('../img/fish.jpg")
,c0ls = img.shape[0:2]

45.0 * np.pi / 180 # 45

90.0 * np.pi / 180 # 90

np.float32( [[ np.cos(d45), -1* np.sin(d45), rows//2],
[np.sin(d45), np.cos(d45), -1*cols//411])

np.float32( [[ np.cos(d9@), -1* np.sin(d99), rows],
[np.sin(d99), np.cos(d99), 0]])

cv2.warpAffine(img,ma5, (cols,rows))
cv2.warpAffine(img,m90, (rows,cols))
imshow("origin", img)

imshow("45", r45)

imshow("90", r9o)

waitKey(0)

destroyAllWindows ()

“* Rotate
e Change Matrix

(u=3, y=B4) = A-25E G255 B:265

(=180, y=231} = A-1 G:1 B:1



“* Rotate
e Turnaround changed matrix for rotation
e Able to set rotating function, rotating axis, scale

e mtrx = cv2.getRotationMatrix2D(center, angle, scale)
e center: center of rotating axis, coordination, tuple (X, y)
e angle : rotating angle, sexagesimal system
e scale . Zooming scale

o A (1l —a) center.x — 5 center.y

—f a f-center.x+ (1 —a) center.y

rr = scale - cos &,

1 = scale + sinf}

e Rotating Function Example

img = cv2.imread(’'../imq/fish.ipq’)
rows,cols = img.shape[0:2]

matrix_45
matrix_90

cv2.getRotationMatrix2D((cols/2,rows/2),45,1)
cv2.getRotationMatrix2D((cols/2,rows/2),90,0.5)

print(matrix_45)
rd45 = cv2.warpAffine(img, matrix_ 45, (cols,rows))
ro@ = cv2.warpAffine(img, matrix 90, (cols,rows))

cv2.imshow( 'origin’, img)
cv2.imshow("45", r45)
cv2.imshow("90", r9o)

cv2.waitKey(0)
cv2.destroyAllWindows ()



** Rotate

e Rotating Function Example <Result>




Geometric Transform

1. Translate, Scaling, Rotate
2. Warping

3. Lens Distortion

4. Workshop




«»» Affine Transform

Maintain parallelism of lines, image transform

It includes all of move, enlarge, scale

Transformation maintaining line, ration of length and parallelism
Map 3 coordination within original image to result image

matrix = cv2.getAffineTransform(pts1, pts2)

e pts1: 3 coordination before transform , 3 x 2 NumPy array(float32)
e pts2: 3 coordination after transform, Same as pts1

e matrix: Turnaround transform array, 2 x 3 array

P3 — |

P1

import cv2
import numpy as np
from matplotlib import pyplot as plt

file name = '../img/fish.jpg’

img = cv2.imread(file_name)

rows, cols = img.shape[:2]

ptsl = np.float32([[100, 50], [200, 50], [100, 200]])
pts2 = np.float32([[80, 70], [210, 60], [250, 120]])
cv2.circle(img, (100,50), 5, (255,0), -1)
cv2.circle(img, (200,50), 5, (0,255,0), -1)
cv2.circle(img, (100,200), 5, (0,0,255), -1)

mtrx = cv2.getAffineTransform(ptsl, pts2)

dst = cv2.warpAffine(img, mtrx, (int(cols*1.5), rows))
cv2.imshow('origin',img)

cv2.imshow('affin', dst)

cv2.waitKey(0)

cv2.destroyAllWindows ()



“* Perspective Transform

¢ Giving Scanning Effect < 1/2 >

import cv2
import numpy as np

win_name = "scanning"

img = cv2.imread("../img/paper.jpg")
rows, cols = img.shape[:2]

draw = img.copy()

pts cnt = 0

pts = np.zeros((4,2), dtype=np.float32)

def onMouse(event, x, y, flags, param):
global pts_cnt
if event == cv2.EVENT_LBUTTONDOWN:
cv2.circle(draw, (x,y), 10, (0,255,0), -1)
cv2.imshow(win_name, draw)

pts[pts_cnt] = [x,y]
pts _cnt+=1
if pts _cnt ==
sm = pts.sum(axis=1)
diff = np.diff(pts, axis = 1)
topLeft = pts[np.argmin(sm)]
bottomRight = pts[np.argmax(sm)]
topRight = pts[np.argmin(diff)]



“* Perspective Transform
e Giving Scanning Effect < 2/2 >

bottomLeft = pts[np.argmax(diff)]
ptsl = np.float32([topLeft, topRight, bottomRight , bottomLeft])

wl = abs(bottomRight[@] - bottomLeft[0]) # Ao ¢ FAE7re] A
w2 = abs(topRight[@] - topLeft[0]) # olg ¢ AR A
hl = abs(topRight[1] - bottomRight[1]) # = g5k #FAEIEe] AF
h2 = abs(topLeft[1] - bottomLeft[1]) # #35 gst Huzke] Ad

width = max([wl, w2])
height = max([h1l, h2])
pts2 = np.float32([[0,0], [width-1,0], [width-1,height-1],
[0,height-1]])
mtrx = cv2.getPerspectiveTransform(ptsl, pts2)
result = cv2.warpPerspective(img, mtrx, (width, height))
cv2.imshow('scanned', result)
cv2.imshow(win_name, img)
cv2.setMouseCallback(win_name, onMouse)
cv2.waitKey(0)
cv2.destroyAllWindows ()

e Giving Scanning Effect < Result >

Writing Your Presentation

S S P S P —

Wi ng Your p"fienh tion

R e Y

v e e

T ey ay P T . T s S gt ———

(x=482, y=740) — R 181 G 140 890



“* Triangluar Affine Transform
e |mage is in rectangle
e Need triangular affine transformation
e Distort image
¢ |mage Morphing
o Liquefy

$00

“* Triangluar Affine Transform
e No function offered by OpenCV
e Procedure for triangular affine transform
1. Select 3 matching coordination of triangle before transformation
2. Select 3 matching coordination of triangle after transformation

3. Calculate border quadrangle coordination surrounding step 1 triangle
coordination.
4. Select quadrangle area of step 3 as interested area.

5. Interested area as in step 4, calculate change matrix with step 1 and step
2 coordination and transform affine.



6. Mask only triangle coordination of step 2 from the transformed interested
area in step 5.

7. Using mask in step 6, compose it with original or other images.
e x,y,w,h = cv2.boundingRect(pts)pts : polygon coordination, need step 3
* X, Y, w, h:Width and height of border quadrangle
e cv2fillConvexPoly(img, points, color [, lineType])img : Input image, need step 6
e points : Vertex of polygon
e color: Color to use for fill
e lineType : Selection flag for line drawing algorithm

e Triangluar Affine Transform < 1/2>

import cv2
import numpy as np

img = cv2.imread("../img/taekwonvl.jpg")

img2 = img.copy()
draw = img.copy()
ptsl = np.float32([[188,14], [85,202], [294,216]])
pts2 = np.float32([[128,40], [85,307], [306,167]])

x1,yl,wl,hl = cv2.boundingRect(ptsl)
x2,y2,w2,h2 = cv2.boundingRect(pts2)

roil
roi2

img[yl:yl+hl, x1:x1+wl]
img2[y2:y2+h2, x2:x2+w2]

offsetl = np.zeros((3,2), dtype=np.float32)

offset2 = np.zeros((3,2), dtype=np.float32)

for i in range(3):
offsetl[i][@], offsetl[i][1]
offset2[i][@], offset2[i][1]

ptsi[i][@]-x1, ptsi[i][1]-y1
pts2[i][@]-x2, pts2[i][1]-y2



e Triangluar Affine Transform <2/2>

mtrx = cv2.getAffineTransform(offsetl, offset2)
warped = cv2.warpAffine( roil, mtrx, (w2, h2), None,
cv2.INTER_LINEAR, cv2.BORDER_REFLECT 101 )

mask = np.zeros((h2, w2), dtype = np.uint8)
cv2.fillConvexPoly(mask, np.int32(offset2), (255))

warped_masked = cv2.bitwise and(warped, warped, mask=mask)
roi2_masked = cv2.bitwise and(roi2, roi2,

mask=cv2.bitwise not(mask))

roi2 masked = roi2 masked + warped_masked

img2[y2:y2+h2, x2:x2+w2] = roi2_masked

cv2.rectangle(draw, (x1, yl), (x1+wl, yl+hl), (0,255,0), 1)
cv2.polylines(draw, [ptsl.astype(np.int32)], True, (255,0,0), 1)
cv2.rectangle(img2, (x2, y2), (x2+w2, y2+h2), (0,255,0), 1)

cv2.imshow('origin', draw)
cv2.imshow('warped triangle', img2)
cv2.waitKey(0)
cv2.destroyAllWindows ()

(xw223, yot) = R1E7 G:187 B85



Geometric Transform

1. Translate, Scaling, Rotate
2. Warping

3. Lens Distortion

4. Workshop




“* Remapping

e Non-linear turnaround that cannot be expressed in determinant

e dst = cv2.remap(src, mapx, mapy, interpolation [, dst, borderMode, borderValue])
e src: input image
e mapx, mapy : Coordination that will move to x and y axis (Index)

e Same size as src, dtype=float32

e Other factors are the same as cv2.warpAffine()
e dst: Result image

e mapy, mapx = np.indices( (rows, cols), dtype=np.float32)
o Generate array with the index value
e Use cv2.remap() function initial array

“* Flip as Remapping
e Equation
« ' =cols—z -1
s Y =Tows —y — 1

e Determinant

L

2| [-1 0  cols—1
|0 -1 rows-—1 %lr

¢ Linear change that can be shown in determinant is inefficient



* Flip as Remapping

import cv2
import numpy as np
import time

img = cv2.imread('../img/girl.jpg")

rows, cols = img.shape[:2]

st = time.time()

mflip = np.float32([ [-1, @, cols-1],[0, -1, rows-1]])
flipedl = cv2.warpAffine(img, mflip, (cols, rows))
print('matrix:', time.time()-st)

st2 = time.time()

mapy, mapx = np.indices((rows, cols),dtype=np.float32)
mapx = cols - mapx -1

mapy = rows - mapy -1

fliped2 = cv2.remap(img,mapx,mapy,cv2.INTER_LINEAR)
print('remap:', time.time()-st2)

cv2.imshow('origin', img)
cv2.imshow('flipedl',flipedl)
cv2.imshow('fliped2',fliped2)
cv2.waitKey()

cv2.destroyAllWindows ()

matrix: 0.0009329319000244141
remap: 0.00399327278137207

(=302, y=0) ~ R 52 G:56 B 42 (0e31, y=134) ~ R0 G 118 BH0

(x=404, y=20) ~ R 91 GH2 B 52




“* Trigonometric function non-linear Remap

import cv2
import numpy as np

1 =20 # wave length
amp = 15 # amplitude

img = cv2.imread('../img/taekwonvl.jpg"’)
rows, cols = img.shape[:2]

mapy, mapx = np.indices((rows, cols),dtype=np.float32)
sinx = mapx + amp * np.sin(mapy/l)
cosy = mapy + amp * np.cos(mapx/1l)

img sinx=cv2.remap(img, sinx, mapy, cv2.INTER_LINEAR) # Apply sin
curve for only x

img cosy=cv2.remap(img, mapx, cosy, cv2.INTER LINEAR) # Apply cos
curve for only y

img_both=cv2.remap(img, sinx, cosy, cv2.INTER_LINEAR, None,
cv2.BORDER_REPLICATE)

cv2.imshow('origin', img)
cv2.imshow('sin x', img_sinx)
cv2.imshow('cos y', img_cosy)
cv2.imshow('sin cos', img both)
cv2.waitKey()
cv2.destroyAllWindows ()




++* Convex Concave Lens Distortion

e Coordsnate System

o XNEH — 35H : # = arctan(z,y), r= \,f-"i_z +4
s IEHF = EHQEAHF 3 =71 cns(ﬂ}, w=r Eiﬂ{ﬁ)

e r, theta = cv.cartToPolar( x, y) : Rectangular Coordination -+ Polar Coordination
e X,y =cv.polarToCart(r, theta): Polar Coordination -+ Rectangular Coordination
e X, Y:X Yyarray
e r: Distance from zeron
o theta: Angle value




+* Convex Concave Lens Distortion

import cv2, numpy as np

img = cv2.imread('../img/taekwonvl.jpg"’)

rows, cols = img.shape[:2]

exp = 0.5 # Convex, Concave (concave : 0.1 ~ 1, Convex: 1.1~)
scale = 1 # Size of turnaround (0 ~ 1)

mapy, mapx = np.indices((rows, cols),dtype=np.float32)
mapx = (2*mapx - cols)/cols
mapy = (2*mapy - rows)/rows

r, theta = cv2.cartToPolar(mapx, mapy)
r[r< scale] = r[r<scale] **exp
mapx, mapy = cv2.polarToCart(r, theta)

mapx = ((mapx + 1)*cols)/2
mapy = ((mapy + 1)*rows)/2
distorted = cv2.remap(img,mapx,mapy,cv2.INTER LINEAR)

cv2.imshow('origin', img)
cv2.imshow('distorted', distorted)
cv2.waitKey()
cv2.destroyAllWindows ()

(x=304, y=368) ~ R 205 G 204 8200 (x=320, y=284) ~ A 200 G200 B207 (x=377, y=72) ~ R:180 Q180 B 187



+»» Radial Distortion

o rg =ru(1+ kvl + kory + kary)

Quadrangle image from circular camera lenses
Barrel Distortion: Image distortion with convex edge

Barrel distortion equation :
e Depends on coefficient, pin cushion distortion, barrel distortion

o ‘i"d:EH'Z‘Tlf’j%—?—

o o 1 AT Y M ad’ il
o ki, kg, kg : 45 A=

import cv2

import numpy as np

ki, k2, k3 = 0.5, 0.2, 0.0 # Barrel distortion

#k1, k2, k3 = -0.3, 0, © # Pin cushion distortion
img = cv2.imread('../img/girl.jpg")

rows, cols = img.shape[:2]

mapy, mapx = np.indices((rows, cols),dtype=np.float32)
mapx = (2*mapx - cols)/cols

mapy = (2*mapy - rows)/rows

r, theta = cv2.cartToPolar(mapx, mapy)

ru = r*(1+k1*(r**2) + k2*(r**4) + k3*(r**6))

mapx, mapy = cv2.polarToCart(ru, theta)

mapx = ((mapx + 1)*cols)/2

mapy = ((mapy + 1)*rows)/2

distored = cv2.remap(img,mapx,mapy,cv2.INTER_LINEAR)

cv2.imshow('original’, img)
cv2.imshow('distored', distored)
cv2.waitKey()
cv2.destroyAllWindows ()



+»» Radial Distortion

.,

- —

(x=371, yn74) - R30 G:20 B27

e Function eliminating barrel distortion OpenCV

e dst = cv2.undistort(src, cameraMtrix, distCoeffs)
e src: Original input image
e cameraMatrix : Camera matrix

% B o
0 fy o
0 0 1

o distCoeffs : Distortion coefficient. Min 4, or 5, 8, 12, 14
o (k1, k2, p1, p2[,k3])



e cv2.undistort()

import numpy as np
import cv2

img = np.full((300,400,3), 255, np.uint8)

img[::10, :, :] =0
img[:, ::10, :] =0

width = img.shape[1]
height = img.shape[0]
ki, k2, pl, p2 = 0.001, 0, 9, © # Barrel distortion

#k1, k2, pl, p2 = -0.0005, @0, 0, @ # Pin cushion distortion
distCoeff = np.float64([kl, k2, pl, p2])

tx, fy = 10, 10
CX, cy = width/2, height/2
camMtx = np.float32([[fx,0, cx],
[0, fy, cyl,
[0 ,0 ,1]])
dst = cv2.undistort(img,camMtx,distCoeff)
cv2.imshow('original’, img)
cv2.imshow('dst',dst)
cv2.waitKey(0)
cv2.destroyAllWindows ()
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Geometric Transform

1. Translate, Scaling, Rotate
2. Warping

3. Lens Distortion

4. Workshop




+* Mosaic
e Blur selected area.
e Result example

e Hint
* |[f selected area is minimized and enlarged, clarity will get worse.

o |f cv2.INTER _AREA is selected during interpolation, check board time blur is
generated.

< Liquefiy Tool
e Draft a program similar to Liquefiy tool in Photoshop.
e Edit only selected area.
e Result Example

area {0104475) area (048:475)
[x~E35, y=353) ~ R0 GO B0 [x=482, y=255) ~ R 175 G122 B:115



< Liquefiy Tool
e Hint
* Make same size quadrangle based on mouse coordination.
o Make 4 triangles using the center of quadrangle.
e Calculate center point moved from the original center point by mouse dragging.
e Using the size of new triangles, affine transform the triangles.

2

“* Distortion Camera
e Make distortion camera with magic mirror effects.

o § effects
e Original, Bilateral symmetry, up an down symmetry
e Wave, Convex, Concave

e Result Example

A

o .
(x=851, y=150) ~ R:92 G:85 B:68



“* Distortion Camera
e Hint
e Refer to lens distortion example, combine 6 mapping result into one images

e Make only one remapping coordination and apply the coordination for each
frame.



Filter

1. Convolution Filter
2. Blurring

3. Edge Detection

4. Morphology

5. Image Pyramids

6. Workshop




“* Filter
e Filter out unwanted value and get only wanted value.
e LPF(Low Pass Filter) : Blurring, Eliminate Noise
e HPF(High Pass Filter) : Sharpening, Edge Detection
e Domain
e Spatial Domain Filter
e Calculate by using surrounding pixel value not just one pixel
e Convolution Calculation
e Frequency Domain Filter
e Calculate by transferring pixel value differences to frequency
e Fourier Transform

< Convolution
e Core calculation for spatial domain filter
e Multiply input pixel value matching to each factors of Kernel and add them all

e Kernel: Select surrounding pixels to be used in calculation
e Name may vary like window, mask, filter etc.
e Kernel Size:nxn
e n: Generally odd number

(4x0) + (0x0) + (0x0) +
(0x0) + (0x1) + (0x1) +
(0x0) + (0x1) + (—4x2)
= -8

JEEE

- AN - OO

O OO0\ OO
- ek s WA - o
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v Convolution Function for Calculation

dst = cv2 filter2D(src, ddepth, kernel[, dst, anchor, delta, borderType])

src : Input image, NumPy arrau

ddepth : dtype of output image,

e -1:Same is input image

e CV_8U, CVv16U/CV16S, CV_32F, CV_64F

kernel . Convolution kernel, float32

dst : Result image, NumPy array

anchor : Standard point of kernel, default: Center point(-1,-1)
delta : Value to be added in result value with filter
borderType : Designate border pixel correction method



Filter

1. Convolution Filter
2. Blurring

3. Edge Detection
4. Morphology

5. Image Pyramids
6. Workshop




“* Blurring
e Blurimage using Filter
e Superior for Noise removal

e Blur Types
e Averaging Blur
e cv2.blur, cv2.boxFilter
e Gassian Blur
e cv2.GaussianBlur
e Median Blur
e cv2.medianBlur
o Bilateral Filter
e cv2.bilateralFilter

“* Averaging Blurring
e Change pixel value to average value of surrounding factors

e Decide domain of surrounding factors
e Generate Kernel matrix
e More unclear as Kernel gets large

e Method

o cv2filter2D()

e cv2.boxFilter()

e cv2.blur()
e Apply surrounding pixel to average pixels
e Average eigen value to give blur effects
e 5 X 5 average filter
(04 0.4 04 04 0.4
04 04 04 04 D4
k= |04 04 04 04 D4 =

04 04 04 0.4 04
04 04 04 04 D4

Ba|
n:1| a

— o e e




<+ Averaging Blurring
o cv2filter2D Example

import cv2, numpy as np

img = cv2.imread('../img/girl.jpg")

#5x5 W ZH Ad A4

kernel = np.array([[0.04, 0.04,
[0.04, 0.04,
[0.04, 0.04,

[0.04, .04,
[0.04, .04,

kernel
blured

np.ones((5,5))/5*5

cv2.imshow('origin', img)
cv2.imshow('avrg blur', blured)
cv2.waitKey()
cv2.destroyAllWindows ()

e Example <Result>

(x=315, y=23) ~ R:19 G:19 B:19

9.04, 0.04, 0.04],
9.04, 0.04, 0.04],
0.04, 0.04, 0.04],
0.04, 0.04, 0.04],
0.04, 0.04, 0.04]])

cv2.filter2D(img, -1, kernel)

{(x=322, y=8) ~ A:59 G:58 B:33



<+ Averaging Blurring
e Applying blur without defining kernel

e dst = cv2.blur(src, ksize[, dst, anchor, borderType])
e src: Input image, NumPy array
e ksize : Size of kernel
e Other factors are same as cv2 filter2D()

e dst = cv2.boxFilter(src, ddepth, ksize[, dst, anchor, normalize, borderType])
e src: Input image, NumPy array
e ddepth : dtype of output image, -1 : Same as input image
e normalize : rather to normalize by kernel size, boolean
e Other factors are same as cv2.filter2D()

e Blur specific function Example

import cv2
import numpy as np

file name = '../img/taekwonvl.jpg’
img = cv2.imread(file_name)

# blur()
blurl = cv2.blur(img, (10,10))

# boxFilter()
blur2 = cv2.boxFilter(img, -1, (10,10))

merged = np.hstack( (img, blurl, blur2))
cv2.imshow( 'blur', merged)
cv2.waitKey(0)

cv2.destroyAllWindows ()



<+ Averaging Blurring
e Blur specific function Result

(x=1146, y=284) ~ R:216 G:215 B:211

< Gaussian Blurring

e Using Kernel applying Gaussian function

o Effective for white noise

e (Cv2.Gaussian(src, ksize, sigmaX [, sigmaY, border])
e Src: Input size
e Ksize: kernel size
e sigmaX: X direction standard deviation, 0 = auto

e 0 =0.3(ksize-1)0.5-1)+0.8

e sigmaY: Y direction standard deviation, default = sigmaX
e boder : Revising boder

e kernel = cv2.getGaussianKernel(ksize, sigma) 4 116 26| 16| 4
» ksize : Kernel size — | = | 2| @yl 95| =
e sigma : Standar Deviation
o kernel*kernel. T

4 |16 26| 16| 4




< Gaussian Blurring

e Example

import cv2
import numpy as np

img = cv2.imread('../img/gaussian_noise.jpg")

ki1 = np.array([[21, 2, 1],

[2) 4) 2])

[1, 2, 1]]) *(1/16)
blurl = cv2.filter2D(img, -1, k1)

k2 = cv2.getGaussianKernel(3, 9)
blur2 = cv2.filter2D(img, -1, k2*k2.T)

blur3 = cv2.GaussianBlur(img, (3, 3), 0)

print('kl:", k1)
print('k2:"', k2*k2.T)
merged = np.hstack((img,blurl,blur2,blur3))
cv2.imshow( 'gaussian blur', merged)
cv2.waitKey(0)
cv2.destroyAllWindows ()

kl: [[0.06250.125 ©.0625]
[0.125 ©.25 ©.125 ]

[0.0625 ©.125 ©.0625]]
k2: [[0.06250.125 ©.0625]

e Example <Execution Result> [0.125 ©.25 ©.125 ]
[0.0625 ©.125 0.0625]]

b

(x=530, y=2) ~ R:24 G:24 B:24



“* Median Blurring
e Of the kernel domain pixel value, apply middle value
o Effective for salt-and-pepper noise
e Reuse existing pixel value not new value

e dst = cv2.medianBlur(src, ksize)
e src: Input Image, NumPy array
o ksize : Kernel Size

import cv2
import numpy as np

img = cv2.imread("../img/salt _pepper _noise.jpg")
blur = cv2.medianBlur(img, 5)

merged = np.hstack((img,blur))
cv2.imshow('media’, merged)
cv2.waitKey(0)
cv2.destroyAllWindows ()

** Bilateral Filter Blurring

e Both way filter, use 2 filters
e (Gaussian filter + boarder filter

e Blur result blurs edge as well, it improves this issue
e Slow, due to long calculation time

e dst = cv2.bilateralFilter(src, d, sigmaColor, sigmaSpace[,dst, borderType])
e src: Input image, NumPy array



e d: diameter of filter, If it is bigger than 5, it is very slow

e sigmaColor : Sigma value of color domain filter

e sigmaSpace : Sigma value of coordination domain
e Suggest to use same value for Sigma Color and Sigma Space for simpler use
e Suggest value in between 10 ~ 150

e Example

import cv2
import numpy as np

img = cv2.imread("../img/gaussian_noise.jpg")

blurl

cv2.GaussianBlur(img, (5,5), 0)

blur2

cv2.bilateralFilter(img, 5, 75, 75)

merged = np.hstack((img, blurl, blur2))
cv2.imshow('bilateral', merged)
cv2.waitKey(0)

cv2.destroyAllWindows ()

(x=758, y=178) ~ R:23 G:23 B:23



Filter

1. Convolution Filter
2. Blurring

3. Edge Detection
4. Morphology

5. Image Pyramids
6. Workshop




“* Detecting Boarder
¢ Dividing front image and background image
e Sharping: Emphasizing boarder by detecting
e Boarder: Point with large pixel value

e Differentiation
e Ration of resolution change
e Slope of image

Continuous function;

S y) oy S+ hy)-fvy)
Y il g
oflxy) o Sl y+h)-flxy)
OV (1 i
oo i i iati I af (=,
Basic Differentiation Filter ;e f_éi Y) o Forrg— Fo

e Simplify differentiation equation
e Not sequential space af(z,y)

« Differentiate to calculate approximate * Gy = 8y R fey1 = Joy
e Next pixel — current pixel
e 2-way convolution kernel
.« Gz=[-1 1] ‘Lo o o oo
5 — LN
c i 4 (— e A ;'!
a-[] i
3. R 5
1 9--9---@

gl |[e|e][6][s5[a3]2]s]1]1]e]s
1A Oj 0 | o|o|a|a|la|lajla|lo|s]| o]
pAtOj2 ||o|o|o|1|0|0|1|0|5|-5]|0




+»» Basic Differentiation Filter

e kernel [-1, 1] Example

import cv2
import numpy as np

img = cv2.imread("../img/sudoku.jpg")

gx_kernel
gy _kernel

np.array([[ -1, 1]])
np.array([[ -1],[ 11])

edge gx = cv2.filter2D(img, -1, gx_kernel)
edge gy = cv2.filter2D(img, -1, gy kernel)

merged = np.hstack((img, edge gx, edge gy))
cv2.imshow('edge', merged)

cv2.waitKey(0)

cv2.destroyAllWindows ()

e Kkernel [-1, 1] Example < Result >

BB T ] o]t
1] [4] |7 <
| 3

22131 1 157 18] [1h
ol 8l [ I3[ [ 12] |l

(x=634, y=7) ~ R:0 G:0 B:0



** Direction and magnitude of edge

e Gradient
e Magnitude : Strength of change
e Direction : Direction of value change

e Perpendicular to edge gradient direction(2 )

:

¢ magnitude(Z <)

e Use for vectorize of image

« magnitude = ,LG’E +G

G 'y'

« direction(#) = arctan( o )

** Roberts cross operator
e Suggested by Lawrence Roberts (1963)
e Oldest one of all improved kernel differentiation
e Place 1 and -1 in diagonal direction
e Better diagonal line detecting effect compare to basic differentiation mask
e Sensitive to noise
e Weak edge magnitude

'Gﬂ:—

-Gm;




“* Roberts cross operator

e Example

import cv2
import numpy as np

img = cv2.imread("../img/sudoku.jpg")

np'aPPaY([[lJ@]J [@)_1]])
np'aPPaY([[@J 1])[_1)@]])

edge gx = cv2.filter2D(img, -1, gx_kernel)
edge gy = cv2.filter2D(img, -1, gy kernel)

gx_kernel
gy _kernel

merged = np.hstack((img, edge gx, edge gy, edge gx+edge gy))
cv2.imshow( 'roberts cross', merged)

cv2.waitKey(0)

cv2.destroyAllWindows ()

e Example < Result >

THEGLOBEAND MAIL « MONDAY, JANUARY 20,3003

?“,7851 2/
Nl [& 7113
16/ 113

L2131 157 18[ Ml
L8113 2] |




“* Prewitt Operator

Suggested by Judith M. S. Prewitt o e |, @ A0
3- difference of each direction i, 0 Sl
Strong edge magnitude

= S

_ -1 -1 -1
Same for Perpendicular and parallel edge «Gy=|0 o o0
Week diagonal detection Ll Rl Rl

Example

import cv2

import numpy as np

file name

img = cv2.
gx_k = np.
gy k = np.

edge gx =
edge_gy

= "../img/sudoku. jpg"
imread(file_name)

array([[—l,@,l], [_1)@)1])[_1)@)1]])
aPPaY([['lJ'l)'l]J[@)@)@]J [1)1)1]])
cv2.filter2D(img, -1, gx k)
cv2.filter2D(img, -1, gy k)

merged = np.hstack((img, edge gx, edge gy, edge gx+edge gy))
cv2.imshow( 'roberts cross', merged)

cv2.waitKey(0)

cv2.destroyAllWindows ()

e Example <Result>

-------------------

nnnnnnnnnnnnnnnnnn

{es]]
—

(x=859, y=105) ~ R:207 G:205 B:206



“* Sobel Operator )

Suggested by Irwin Sobel (1968) N o :é g
Mot representative of primary differentiation operator =1 4
Double the weight of center resolution different )

Strong for all parallel, perpendicular and . Go — _01 D
diagonal edge 11 .

dst = cv2.Sobel(src, ddepth, dx, dy[, dst, ksize, scale, delta, borderType])
e src: Input image, NumPy array

e ddepth : dtype of output image, -1 : Same as input image

e dx, dy : # of differentiation, Select one of 0,1,2, cannot both be 0

e ksize : Size of kernel, Select 1,3,5,7

e scale : Coefficient to use in differentiation

e delta : Value that will be added to calculation result

Example

import cv2
import numpy as np

img = cv2.imread("../img/sudoku.jpg")

gX_k = np.array([[—l,@,l], [_2)@)2])[_1)@)1]])
gy_k = np.aPPay([[—l,—Z,—l],[0,@,0], [1)2)1]])

edge gx = cv2.filter2D(img, -1, gx_k)
edge gy = cv2.filter2D(img, -1, gy k)
sobelx = cv2.Sobel(img, -1, 1, 0, ksize=3)

sobely = cv2.Sobel(img, -1, 0, 1, ksize=3)

mergedl = np.hstack((img, edge gx, edge gy, edge gx+edge gy))
merged2 = np.hstack((img, sobelx, sobely, sobelx+sobely))
merged = np.vstack((mergedl, merged2))

cv2.imshow('sobel', merged)

cv2.waitKey(0)

cv2.destroyAllWindows ()



“* Sobel Operator
e Example <Result>

TR CROREAND MANL © MONIAY, IANUARY 23, 5083

Bl 4] 17 3
Hl 3 1 I
k : 5| 18] |1}
4| |7 3
3 _
S5/ [8] [1h

(x=838, y=38) ~ R:0 G:0 B:0

“* Scharr Operator

e |[ssues of Sobel

e Reduces accuracy as it is distanced from center even though kernel size is large

or small
e |mprove Sobel

B SR i
~-10 0 +10
| -3 0 43
e S R
) 0 G
+3 +10 +3

e dst = cv2.Scharr(src, ddepth, dx, dy[, dst, scale, delta, borderType])
e Function is same as cv2.Sobel() except it does not have ksize factor



“* Scharr Operator

e Example

import cv2

import numpy as np

img = cv2.
gx_k = np.
gy_k = np.
edge gx =
edge_gy
scharrx
scharry
mergedl =
merged2

imread("../img/sudoku.jpg")
array([[-3,0,3], [-10,0,10],[-3,0,
array([[-3,-10,-3],[9,0,0], [3,10,
cv2.filter2D(img, -1, gx k)
cv2.filter2D(img, -1, gy k)
cv2.Scharr(img, -1, 1, 0)
cv2.Scharr(img, -1, 0, 1)
np.hstack((img, edge gx, edge gy))
np.hstack((img, scharrx, scharry))

311)
311)

merged = np.vstack((mergedl, merged2))
cv2.imshow( 'Scharr', merged)
cv2.waitKey(0)

cv2.destroyAllWindows ()

e Example <Result>

e

CLASEANS MAIL + MONMEAY, IANVARY 33 2045

.__." e

[8]6 21
il 14l 17 3
5 |8 1z
3
- IsTs 2)°
B 4:37 54
] 5 8] 11
3

(x=647, y=4) ~ R-0 G:0 B:0



< Laplacian Operator
e Pierre-Simon de Laplace(1749-1827)
e Representative 2~ differentiation operator
e Solve gradual edge detecting issues in preliminary differentiation

d*f  df(z,y+1) df(z,y+1)
e
=flz,y+ 1) - fl=z,9)] - [fl=z¥) — Flz,g - 1)]
= floy + 1) —2f(z,9) + flz, g —1)

My 1 @
o kernel = |1 —4 1
iy gk I

e cv2.Laplacian(src, ddepth)
e Function factor is same as cv2.Sobel()

e Example

import cv2

import numpy as np

import matplotlib.pyplot as plt

img = cv2.imread("../img/sudoku.jpg")
edge = cv2.Laplacian(img, -1)

merged = np.hstack((img, edge))
cv2.imshow('Laplacian', merged)
cv2.waitKey(0)
cv2.destroyAllWindows ()

e Example <Result>

oo|
|




<+ Canny Edge Dectector
e John F Canny Xl 2t(1986)
e 4 step algorithm, not one
1. Noise Reduction
e 5x5 Gaussian Filter
2. Edge Gradient Detection
e Calculate Gradient direction angle using Sobel
3. Non-Maximum Suppression
e Select biggest value from Gradient direction, drop the rest
4. Hysteresis Thresholding
e Set max and min threshold
e Inspect threshold area edge
e Connect to the value bigger than max, if there is no such value, drop it

AR = 2t

Max i _

ﬁ'“—-.,_\qw_ :
S awoin s

Mlﬂ S e s s e e s s S e D e s s e e s

AR Otd =4 7




< Canny Edge Dectector
e edges = cv2.Canny(img, threshold1, threshold2 [,edges, apertureSize, L2gardient])
e img : Input image, NumPy array
e threshold1, threshold2 : Max and min value for thresholding
e apertureSize : Kernel size to be used in Sobel mask
o L2gradient : Designate flag to calculate gradient magnitude

= True: \Gf. + 63
= False: |G|+ |Gy

egges : 2-dimensinal array with edge result value
e Example

import cv2
import numpy as np

img = cv2.imread("../img/sudoku.jpg")
edges = cv2.Canny(img,100,200)
cv2.imshow('Original’, img)
cv2.imshow('Canny', edges)

cv2.waitKey(0)
cv2.destroyAllWindows ()

e Example <Result>

(=216, y=112) ~



Filter

1. Convolution Filter
2. Blurring

3. Edge Detection
4. Morphology

5. Image Pyramids
6. Workshop




“*Morphological Operation

e For Gray-Scaled image

e Eliminate noise, simplify, use for distanced part or filling holes

e Structuring Element

Kernel applied to original image
Quadrangle, Oval, Cross
np.ones( ) :Quadrangle
cv2.getStructuringElements(shape, ksize[, anchor]) : Other than Quadrangle
e shape: cv2.MORPH_*
e RET, ELLIPSE, CROSS

o ksize : Kernel size
e anchor : Standard point of structural factor, meaningless other than cross type

e Operation Type

Erosion
Dilation
Opening
Closing

“* Erosion
e Apply Structuring Element, if there is at least one pixel, delete

Delete if kernel cannot be placed

o [Effective for eliminating small objects (mostly noise)

e cv2.erode(src, kernel [, anchor, iteration])

src : Input image

kernel : Structuring Element

anchor : Center point of Kernel, default(-1, -1)
iteration : # of repetition, default(1)

|
i+

o Structuring
Element

Original Image X : origin After Erosion



“» Erosion
e Example

import cv2
import numpy as np

img = cv2.imread('../img/morph_dot.png")

k = cv2.getStructuringElement(cv2.MORPH_RECT, (3,3))
erosion = cv2.erode(img, k)

merged = np.hstack((img, erosion))
cv2.imshow( 'Erode’, merged)
cv2.waitKey(0)
cv2.destroyAllWindows ()

o |D| lation (x=127, y=8) ~ R0 o B:0 ‘
e Fill O pixel using Structuring Element.
e Fill uncovered area after placing kernel

e Link disconnection, effective for hole filling

e cv2.dilation(src, kenel [, anchor, iteration)
e src: Input image
e kernel : Structuring Element
e anchor : Center point of kernel, default(-1, -1)
o iteration : # of repetition, default(1)

Structuring
Element

Original Image X : origin After Dilation



++» Dilation

Example
import cv2

import numpy as np

img = cv2.imread('../img/morph_hole.png")
k = cv2.getStructuringElement(cy:® MnpPU PEAT /5 SN
dst = cv2.dilate(img, k)
merged = np.hstack((img, dst))
cv2.imshow('Dilation', merged)
cv2.waitKey(0)
cv2.destroyAllWindows ()

(=173, y=88} ~ A:255 (3:255 B:255

“* Opening & Closing

Combination of Erosion & Dilation

Ihgse will g awy
Gray

Opening : Erosion + Dilation
o Effective for eliminating lighter noise

e Divide adjacent independent objects PJ_‘_\_L‘ =2 |_|—|—| =2 ’J—L‘

Closing : Dilation + Erosion
o Effective for eliminating darker noise
e Link disconnection

Morphological opening operation

cv2.morphologyEx(src, op, kernel)

src : Input image l_d_“‘—H % ’J_‘L ;» _PT
op : Operation type | . ’ . |

e cv2.MORPH_OPEN Merphological closing operation

e cv2.MORPH_CLOSE

o cv2. MORPH_GRADIENT : Difference between dilation & erosion

e cv2.MORPH_TOPHAT : Difference between opening and original
e cv2.MORPH_BLACKHAT : Difference between closing and original



< Opening & Closing

e Example

import cv2
import numpy as np

imgl = cv2.imread('../img/morph_dot.png', cv2.IMREAD GRAYSCALE)
img2 = cv2.imread('../img/morph_hole.png',
cv2.IMREAD GRAYSCALE)

k = cv2.getStructuringElement(cv2.MORPH_RECT, (5,5))

opening = cv2.morphologyEx(imgl, cv2.MORPH_OPEN, k)
closing = cv2.morphologyEx(img2, cv2.MORPH_CLOSE, k)
mergedl = np.hstack((imgl, opening))

merged2 = np.hstack((img2, closing))

merged3 = np.vstack((mergedl, merged2))

cv2.imshow( 'opening, closing', merged3)
cv2.waitKey(0)
cv2.destroyAllWindows ()

e Example <Result>




“* Gradient, Top-Hat, Black-Hat l-d—u
o Gradient = dilate — erode . P
e Leaving only boarder line

e TopHat = src — opening = I B I - l ‘
e Eliminate especially light value o 2 : !
e BlackHat = closing — src

e Emphasize darker area - || |_ﬂ
__ ¥ I L
Morphological gradient operation
e Example
import cv2

import numpy as np
img = cv2.imread('../img/morphological.png")

k = cv2.getStructuringElement(cv2.MORPH_RECT, (3,3))
gradient = cv2.morphologyEx(img, cv2.MORPH_GRADIENT, k)

merged = np.hstack((img, gradient))
cv2.imshow( 'gradient', merged)
cv2.waitKey(0)
cv2.destroyAllWindows ()

(=118, yad) - F:0 G:0 80



*» Top-Hat, Black-Hat

e Example

import cv2
import numpy as np

img = cv2.imread('../img/moon_gray.jpg")

k = cv2.getStructuringElement(cv2.MORPH_RECT, (9,9))
tophat = cv2.morphologyEx(img, cv2.MORPH_TOPHAT, k)
blackhat = cv2.morphologyEx(img, cv2.MORPH_BLACKHAT, k)

merged = np.hstack((img, tophat, blackhat))
cv2.imshow( 'tophat blackhat', merged)
cv2.waitKey(0)

cv2.destroyAllWindows ()

e Example <Result>




Filter

1. Convolution Filter
2. Blurring

3. Edge Detection
4. Morphology
5.lmage Pyramids
6. Workshop




“*Image Pyramids
e Stacking up like pyramid by reducing and enlarging image step-by-step
e Speed and accuracy
e Analyze fast with small image, and have detail analysis for next level image
e Compensate result differences by size

e (aussian Pyramids
e Down Sampling/Scaling
e Shrinking Images
e [aplacian Pyramids
e Up Sampling/Scaling
e Enlarging Images

< Gaussian Pyramids

e cv2.pyrDown(src [, dstsize, borderType] )
e src: Original Image
o dtsize . Size of output image
e (Generate upper level image of pyramid
o After applying Gaussian kernel, delete odd number column and row
e Reduced to 7 size

e cv2.pyrup()
e Generate lower level image of pyramid
e Fill column and row with O, convolution with designated filter and set
e Enlarged to 4 times.
e Blurred



e Example

import cv2
img = cv2.imread('../img/girl.jpg")

smaller = cv2.pyrDown(img) # img x 1/4
bigger = cv2.pyrUp(img) # img x 4

cv2.imshow('img', img)
cv2.imshow( 'pyrDown', smaller)
cv2.imshow( 'pyrUp', bigger)
cv2.waitKey(0)
cv2.destroyAllWindows ()

“* LaplacianPyraminds
e Small level enlarging diffirence between original and Gaussian pyrmaid
e Li=Gi—pyrUp(Gi+)
e Use restoring original from small pyramid
e Most pixel is O(zero) except edge

import cv2
import numpy as np

img = cv2.imread('../img/taekwonvl.jpg")

smaller = cv2.pyrDown(img)
bigger = cv2.pyrUp(smaller)

laplacian = cv2.subtract(img, bigger)

restored = bigger + laplacian

merged = np.hstack((img, laplacian, bigger, restored))
cv2.imshow( 'Laplacian Pyramid', merged)

cv2.waitKey(0)

cv2.destroyAllWindows ()



“* LaplacianPyramids

) — -~ .
- - -
1513, pedB8) < RN G20 B8



Filter

1. Convolution Filter
2. Blurring

3. Edge Detection
4. Morphology

5. Image Pyramids
6. Workshop




»* Mosaic2
e Select area to Mosaic
e Result Example

e Hint
e Average blur for selected domain

0:0 Cartoonizing Camera (x=384, y=214) ~ R:196 G:196 B:194
e Give cartoon or water color effect to image

Output sketchy image and watercolor image together.

Result Example
e Hint
e Sketch Image: Reverse to grey scale to get edge
e cv2.Laplacian()
e cv2.GauusianBlur()
e Watercolor: Apply blur to color scale image and combine it with sketch image
e cv2.blur()
e cv2.bitwise _and()




Image Segmentation

1. Contour

2. Hough Transform

3. Connected Component
4. Workshop




< Contours
e A curve connecting dots of same color or light
e Effective for figure analysis and object recognition

e Better to binaries for better accuracy
e Threshold, Canny Edge
e Finding white objects from black background

112000+

. f— T T r : T
498000 500000 502000 504000 506000 508000 510000 512000

“» Contours
e dst, contours, hierarchy = cv2.findContours(img, mode, method)
e img: Input image
e mode : Result contour Mode
e cv2.RETR_EXTERNAL : External boarder line

e cv2.RETR_LIST : All line without hierarchy
e cv2.RETR_CCOMP : All line as 2 hierarchy
e cv2.RETR_TREE : All line, all hierarchy info. In tree structure

e method . approximation method
e cv2.CHAIN_APPROX_NONE : Save all coordination



e cv2.CHAIN_APPROX_ SIMPLE : Save only vertex coordination

e cv2.CHAIN_APPROX _TC89 L1 : Teh-Chin approximate algorithm

e cv2.CHAIN_APPROX TC89 KCOS : Teh-Chin approximate algorithm

e dst: Edited image, OpenCV3.2+ (Original is damaged in previous version)

e contours : Detected contour coordination, Python List
e hierachy : Hierarchy info.
e Next, Prev, FirstChild, Parent

e -1: Do not apply

< Contours
e Draw line following given contour (Regardless of #, show all lines)

e cv2.drawContours(img, contours, contourldx, color, thickness)
e img: Input image
e contours : Python List
e contourldx : draw subject index, -1: all
e color
e thickness: line thickness, 0 : fill

e Example<1/2>

import cv2
import numpy as np

img = cv2.imread('../img/shapes.png")

img2 = img.copy()

imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
ret, imthres = cv2.threshold(imgray, 127, 255,
cv2.THRESH_BINARY_INV)

im2, contour, hierarchy = cv2.findContours(imthres,
cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_NONE)

im2, contour2, hierarchy = cv2.findContours(imthres,
Ccv2.RETR_EXTERNAL, cv2.CHAIN APPROX SIMPLE)

print(‘# of figures: %d(%d)'% (len(contour), len(contour2)))



«» Contours

e Example <2/2>

cv2.
.drawContours(img2, contour2, -1, (0,255,0), 4)

cv2

for

for

cv2.
cv2.
.waitKey(0)

.destroyAllWindows ()

cv2
cv2

drawContours(img, contour, -1, (0,255,0), 4)

i in contour:
for j in 1i:
cv2.circle(img, tuple(j[@]), 1, (255,0,0), -1)
i in contour2:
for j in 1i:
cv2.circle(img2, tuple(j[@]), 1, (255,0,0), -1)

imshow('CHAIN_ APPROX_NONE', img)
imshow('CHAIN_APPROX_SIMPLE', img2)

e Example <Result>

{x=a00, y=07) ~ R:255 {3:255 B:255 (=323, y=6) ~ 255 G255 B:255



< Contour Hierarchy

e Example

import cv2
import numpy as np

img = cv2.imread('../img/shapes_donut.png")
img2 = img.copy()

imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
ret, imthres = cv2.threshold(imgray, 127, 255,
cv2.THRESH_BINARY_INV)

im2, contour, hierarchy = cv2.findContours(imthres,
cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_NONE)
print(len(contour), hierarchy)

im2, contour2, hierarchy = cv2.findContours(imthres, cv2.RETR_TREE,
cv2.CHAIN_APPROX_SIMPLE)
print(len(contour2), hierarchy)

cv2.drawContours(img, contour, -1, (0,255,0), 3)

for idx, cont in enumerate(contour2):
color = [int(i) for i in np.random.randint(0,255, 3)]
cv2.drawContours(img2, contour2, idx, color, 3)
cv2.putText(img2, str(idx), tuple(cont[0][Q]),

cv2.FONT_HERSHEY_ PLAIN, 1, (0,0,255))

cv2.imshow( 'RETR_EXTERNAL', img)
cv2.imshow( 'RETR_TREE', img2)
cv2.waitKey(0)
cv2.destroyAllWindows ()



< Contour Hierarchy

e Example <Result>

3 [[[1-1-1-1]
[ 2 0 -1 -1]
[-1 1 -1 -1]]]
6 [[[ 2 -1 1 -1]
[-1 -1 -1 9]
[ 4 0 3 -1]
[-1 -1 -1 2]
[-1 2 5 -1]
[-1 -1 -1 4]]]
{x=1F4, ya 1) ~ A:255 (G.2R5 B:PRG {x=134, y=1) ~ R:255 G255 B.2556

< Image Moment
e Moment
e Physics, Terminology for the quantity of force
¢ |mage Moment

» Show quantity of the object . My, = Z Z f(z,y)z’y*
Ty

e Area that contour is surrounding; addition of multiplication of x,y coordination
pixel value and coordination index p,q

e Binary image: Ifitis not O, itis 1



e p, q degree : Calculate by changing from 0 ~3, get meaningful info

e mOO0 : Area of contour
e 0 degree of all numberis 1, Add by multiplying by 1 to the number of area

e Center moment

i

O I =
o= ) f@e-TP-v)¢
z P Mop

“*Image Moment

e moment = cv2. moments(contour)
e contour :Coordination of the calculation subject for moment
e moment . Result Moment, Python dictionary
e mO00, m01, m10, m11, m02, m12, m20, m21, m03, m30 : Space moment
e mu20, mu11, mu02, mu30, mu21, mu12, mu03 : Center moment
e nu20, nu11, nu02, nu30, nu21, nu03 : Regular center moment

e retval = cv.contourArea(contour|, oriented=False]): Claculate area with contour
e contour: Contour to calculate area
e oriented: Contour orientation flag
e True: Turnaround negative depends on contour orientation
e False : Turnround absolute value
e retval : Area of Contour

e retval = cv.arcLength( curve, closed ) : Calculate circumference
e curve : Contour to calculate
e closed : Close or not flag
e retval : Value of countour circumference



< Image Moment

e Center Point, Area, Circumference Example < 1/2 >

import cv2
import numpy as np
img = cv2.imread("../img/shapes.png")
imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
ret, th = cv2.threshold(imgray, 127, 255, cv2.THRESH BINARY_ INV)
img2, contours, hierachy = cv2.findContours(th, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)
for ¢ in contours:
mmt = cv2.moments(c)
cx = int(mmt['m10@"']/mmt[ 'meo"])
cy = int(mmt[ 'm@l1']/mmt[ 'meo'])
a = mmt[ 'moo’ ]
1 = cv2.arcLength(c, True)
cv2.circle(img, (cx, cy), 5, (@, 255, 255), -1)
cv2.putText(img, "A:%.0f"%a, (cx, cy+20) ,
cv2.FONT_HERSHEY_ PLAIN, 1, (0,0,255))
cv2.putText(img, "L:%.2f"%l, tuple(c[@][Q]),
cv2.FONT_HERSHEY_ PLAIN, 1, (255,0,0))
print("area:%.2f"%cv2.contourArea(c, False))
cv2.imshow('center', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

e Center Point, Area, Circumference Example <Result>

70,68

area:9870.00
area:12544.00
area:6216.00




“* Bounding Shapes

x,¥,w,h = cv2.boundingRect(contour) : Calculate quadrangle surrounding
coordination

e X,V . Lefttop coordination of quadrangle
e w, h: Width, Height
rotateRect = cv2.minAreaRect(contour) : Minimum quadrangle surrounding
coordination
o rotateRect : Coordination of rotated quadrangle
e center : Center point (x,y)
e size : Size (w, h)
e angle : Rotation angle, positive: clockwise, Negative: counter clockwise
vertex = cv2.boxPoints(rotateRect). Vertex coordination from rotateRect
e vertex : 4 Vertex, including decimal, need to change to integer

center, radius = cv2.minEnclosingCircle(contour) :
e Minimum circle surrounding coordination

e center: Original coordination (x, y), Tuple

e radius : Radius

area, triangle = cv.minEnclosingTriangle(points) : Minimum triangle surrounding
coordination

e area: Area
e triangle : Coordination of 3 vertex

ellipse = cv.fitEllipse( points ) : Coordination of minimum eclipse surrounding
coordination

o ellipse
e center: Center coordination(x,y), Tuple
e axes : .Length of axis(x, y), Tuple
e angle : Rotation Angle
line = cv.fitLine( points, distType, param, reps, aeps|, line] ) . Calculate straight line
passing center point
e distType : Calculating distance



o cv2.DIST L2, cv2.DIST L1, cv2.DIST L12, cv2.DIST_FAIR,
cv2.DIST WELSCH, cv2.DIST HUBER

e param : Parameter to deliver to distType, 0= Select optimal value

e reps : Accuracy of radius, Distance between line and original coordination,
Recommend 0.01

e aeps : Angle accuracy, Recommend 0.01

e line
e vx, vy : Regular unit vector, Slope of straight line, Tuple
e X0, y0 : Center point, coordination, Tuple

“* Bounding Shapes

e Example<1/2>

import cv2
import numpy as np

img = cv2.imread("../img/lightning.png")
imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
ret, th = cv2.threshold(imgray, 127,255,cv2.THRESH BINARY_ INV)

im, contours, hr = cv2.findContours(th, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)
contr = contours[0]

X,y,w,h = cv2.boundingRect(contr)
cv2.rectangle(img, (x,y), (x+w, y+h), (0,0,0), 3)

rect = cv2.minAreaRect(contr)
box = cv2.boxPoints(rect) # TAAI Z4EE 4719 EXH HIx=2 W
box = np.int@(box) # 4= dsl

I



“* Bounding Shapes

e Example <2/2>

(x,y), radius = cv2.minEnclosingCircle(contr)
cv2.circle(img, (int(x), int(y)), int(radius), (255,0,0), 2)

ret, tri = cv2.minEnclosingTriangle(contr)
cv2.polylines(img, [np.int32(tri)], True, (255,0,255), 2)

ellipse = cv2.fitEllipse(contr)
cv2.ellipse(img, ellipse, (0,255,255), 3)

[vX,vy,X,y] = cv2.fitlLine(contr, cv2.DIST L2,0,0.01,0.01)
cols,rows = img.shape[:2]

cv2.line(img, (0, O-x*(vy/vx) + y), (cols-1, (cols-x)*(vy/vx) +
y),(0,0,255),2)

cv2.imshow('Bound Fit shapes', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

e Example <Result>

(x=318, y=247) ~ R:255 G:255 B:255



% Contour Approximation

e \When accurate contour is inaccurate
e Noise, Erosion

e Douglas-Peucker Algorithm
e Set epsilon Value: Max distance from contour to approximate contour

e approx = cv2.approxPolyDP(contour, epsilon, closed)
e contour : Contour coordination
e epsilon : Accuracy of approximate value, margin of error
e closed : Rather contour is closed
e approx . Coordination of approximate contour

e Example

import cv2
import numpy as np

img = cv2.imread('../img/bad rect.png')

img2 = img.copy()

imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

ret, th = cv2.threshold(imgray, 127, 255, cv2.THRESH_BINARY)
temp, contours, hierachy = cv2.findContours(th, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

contour = contours[0]

epsilon = 0.05 * cv2.arcLength(contour, True)

approx = cv2.approxPolyDP(contour, epsilon, True)
cv2.drawContours(img, [contour], -1, (0,255,0), 3)
cv2.drawContours(img2, [approx], -1, (0,255,0), 3)
cv2.imshow('contour', img)

cv2.imshow( 'approx', img2)

cv2.waitKey()

cv2.destroyAllWindows ()



% Contour Approximation

Example <Result>

(=328, y=0) ~ R:0 G0 B:0 {x=T9, y=1} ~ R:0 G:0 B:0

+» Convex Hull

Convex Hull: without concaved part, object formed with convex curve
Coordination of object boarder area
Effective in finding actual area and center point of the object

hull = cv2.convexHull(points, hull, clockwise, returnPoints)
e points : contours
e hull : output, avoid
e clockwise : Set orientation, True/False
e returnPoints :
e True™: hull points turnaround coordination
e False : Turnaround hull given index of contour
ret = cv2.isContourConvex(contour) : True/False
e ret: Check Convex
defects = cv2.convexityDefects(contour, convexhull) : Finding defect of convex hull
e contour : Input contour
e convexhull : Contour index for convex object
o defects: Array index of contour with convex hull defects, N x 1 x 4 array



e [start, end, farthest, distance]
o start : Index of contour starting convex angle

e end : Index of contour ending convex angle
e farthest: Contour index of farthest from convex hull
e distance : Distance from farthest to convex hull

8 bit fixed decimal (distance/256.0)
%» Convex Hull

e Example

import cv2
import numpy as np

img = cv2.imread('../img/hand.jpg")

img2 = img.copy()

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

ret, th = cv2.threshold(gray, 127, 255, cv2.THRESH_BINARY_INV)

temp, contours, heiarchy = cv2.findContours(th, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

cntr = contours|[9]

cv2.drawContours(img, [cntr], -1, (@, 255,0), 1)

hull = cv2.convexHull(cntr)
cv2.drawContours(img2, [hull], -1, (0,255,0), 1)
print(cv2.isContourConvex(cntr), cv2.isContourConvex(hull))
hull2 = cv2.convexHull(cntr, returnPoints=False)
defects = cv2.convexityDefects(cntr, hull2)
for i in range(defects.shape[0]):

startP, endP, farthestP, distance = defects[i, 0]

farthest = tuple(cntr[farthestP][0])

dist = distance/256.0

if dist > 1 :

cv2.circle(img2, farthest, 3, (0,0,255), -1)

cv2.imshow('contour', img)
cv2.imshow( 'convex hull', img2)
cv2.waitKey(0)
cv2.destroyAllWindows ()



«» Convex Hull

e Example <Result>

. \

(x=220, y=1) ~ A:255 G255 B:255

“* Point Polygon Test

e Calculate distance between certain point of image to contour
e cv2.pointPolygonTest(img, pt, measureDist)
e img: inputimage
e pt:(x,y), Measured point
e measureDist . True/False
e True : Distance measure

e False : Show only internal and external (-1,0,1)

e Turnaround
e Positive: Internal

e Negative: External



“* Point Polygon Test

e Example

img = cv2.imread('../img/4star.jpg")

imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

ret, th = cv2.threshold(imgray, 127,255, cv2.THRESH BINARY_INV)

_, contours, _ = cv2.findContours(th, cv2.RETR_EXTERNAL, \
cv2.CHAIN_APPROX_SIMPLE)

contour = contours[0]

cv2.drawContours(img, [contour], @, (0,255,0),2)

pl = (100,100)

p2 = (200,200)

cv2.circle(img, p1, 3, (255,0,0), -1)

cv2.circle(img, p2, 3, (255,0,255), -1)

distl = cv2.pointPolygonTest(contour, pl, True)

dist2 = cv2.pointPolygonTest(contour, p2, True)

cv2.putText(img, '%f'%distl, pl, cv2.FONT_HERSHEY_ PLAIN, 1,

(0,0,255), 1)

cv2.putText(img, '%f'%dist2, p2, cv2.FONT_HERSHEY_ PLAIN, 1,

(0,0,255), 1)

cv2.imshow('Convex defects', img)

cv2.waitKey(0)

cv2.destroyAllWindows ()

e Example <Result>




“* Match Shape

e Compare two different contours

e ret = cv2.matchShape(cntr1, cntr2, method, param)
e cntr1, cntr2 . contours to compare
e method : Hu Moment comparing algorithms
e cv2.CONTOURS_MATCH_I1
e cv2.CONTOURS MATCH_I2
e cv2. CONTOURS_MATCH_I3
e param : Parameter delivering algorithm, 0.0 (not supported)
e ret:
e Similarity: Smaller it is, similar it is, 0=Same
e Example <1/2>

import cv2
import numpy as np

target = cv2.imread('../img/4star.jpg') # A o

shapes = cv2.imread('../img/shapestomatch.jpg’') # &g =3
targetGray = cv2.cvtColor(target, cv2.COLOR_BGR2GRAY)
shapesGray = cv2.cvtColor(shapes, cv2.COLOR_BGR2GRAY)

ret, targetTh = cv2.threshold(targetGray, 127, 255,
cv2.THRESH_BINARY_ INV)

ret, shapesTh = cv2.threshold(shapesGray, 127, 255,
cv2.THRESH_BINARY_ INV)

_, cntrs_target, _ = cv2.findContours(targetTh, cv2.RETR_EXTERNAL,
cv2.CHAIN APPROX_SIMPLE)
_, ¢ntrs_shapes, _ = cv2.findContours(shapesTh, cv2.RETR_EXTERNAL,

cv2.CHAIN_APPROX_SIMPLE)



“* Match Shape

e Example <2/2>

matchs = [] # List to save contour and matching points
for contr in cntrs_shapes:

match = cv2.matchShapes(cntrs_target[0], contr,
cv2.CONTOURS_MATCH_I2, ©.0)

matchs.append( (match, contr) )

cv2.putText(shapes, '%.2f'%match, tuple(contr[0][0]),
cv2.FONT_HERSHEY_ PLAIN, 1,(0,0,255),1 )
matchs.sort(key=lambda x : x[0])

cv2.drawContours(shapes, [matchs[©@][1]], -1, (©0,255,0), 3)
cv2.imshow( 'target', target)

cv2.imshow( 'Match Shape', shapes)

cv2.waitKey()

cv2.destroyAllWindows ()

e Example <Result>

oo




Image Segmentation

1. Contour

2. Hough Transform

3. Connected Component
4. Workshop




“*Hough Transform

e Distinguish line, circle simple shame

e Expanded to various figures, starting from line finding method
e Paul Hough First Discovered (bubble chamber), 1962

e Richard Duda and Peter Hart Generalized, 1972

e Popularized by Dana H. Ballard’s Computer Vision, 1981

e Hough Line Transform

e Hough Circle Transform

e Detect straight line from numerous dots in images
® r=Cos 6x +sin By

e Foronedot(r, 6)

e Straight line connecting all same (r, 8) of all dots

N

(0, 1)

sin 67

(-1,0)

P,y

0,-1)



“*Hough Line Transform

e lines = cv2.HoughLines(img, rho, theta, threshold[, lines, srn=0, stn=0, min_theta,
max_theta])
e img: Input image, 1 channel binary scale
e rho: Resolution of distance, 0~1
e theta: Resolution of angle, Radian unit (np.pi/0 ~180)
e threshold: Minimum number of matching to judge straight line
e Small value: Accuracy drops but # of detected value increases
e Big Value: Accuracy increases but # of detected value decreases
¢ lines : Detecting Result, N x 1 x 2 array ( r,0)
e srn, stn : Use for multi scale huff transform, not used in detection
e min_theta, max_theta : Max and min angle to use for detection

e Example

import cv2
import numpy as np

img = cv2.imread('../img/sudoku.jpg")

img2 = img.copy()

h, w = img.shape[:2]

imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

edges = cv2.Canny(imgray, 100, 200 )

lines = cv2.HoughlLines(edges, 1, np.pi/180, 130)

for line in lines: # Tour all detected lines
r,theta = 1line[@] # Distance and angle
tx, ty = np.cos(theta), np.sin(theta) # Trigonometric ration to x, y
x0, yo = gx*r, gy*r #Coordination based on x, y
cv2.circle(img2, (abs(x®), abs(y®)), 3, (0,0,255), -1)
x1, yl1 = int(x0 + w*(-ty)), int(y@® + h * tx)
X2, y2 = int(x0 - w*(-ty)), int(y@® - h * tx)
cv2.line(img2, (x1, yl), (x2, y2), (0,255,0), 1)

merged = np.hstack((img, img2))

cv2.imshow( 'hough line', merged)

cv2.waitKey()

cv2.destroyAllWindows ()



“*Hough Line Transform

e Example <Result>

(x=427, y=176) ~ R:115 G:129 B:129

“* Probabilistic Hough Line Transform

e Avoid inefficiency of calculating all pixels

e Randomly select pixel

e lines = cv2.HoughLineP(src, rho, theta, threshold, minLineLen, maxLineGap)
e src: Input image
e rho : Distance accuracy (0~1)
e theta : Angle accuracy, radian (np.pi/0~180)
e threshold : Min, matching value found to be straight line
e minLinelLen : If the length is shorter than this, drop
e maxLineGap : If the distance is bigger than this, it is different line
e lines : Detected line coordination

e nx1x 4 array for two lines in straight line (x1, y1, x2, y2)



“* Probabilistic Hough Line Transform

e Example

import cv2
import numpy as np

img = cv2.imread('../img/sudoku.jpg")

img2 = img.copy()

imgray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
edges = cv2.Canny(imgray, 100, 200 )

lines = cv2.HoughlLinesP(edges, 1, np.pi/180, 50, 5, 10)
for line in lines:

x1, yl, x2, y2 = line[0]

cv2.line(img, (x1,yl), (x2, y2), (0,255,0), 1)

cv2.imshow( 'Probability hough line', img)

cv2.waitKey()
cv2.destroyAllWindows ()

e Example <Result>

(x=444, y=162) ~ R:128 G:142 B:145



“*Hough Circle Transform

e Transform rectangular coordination to polarity coordination
e Able to detect circle with straight line transform algorithm
e Too much calculation, slow

e Hough Gradient Method
e OpenCV operation
e Detect edge with Canny
e Calculate gradient orientation with Sobel
e Calculate center and radius of circle, 3D accumulator
e Inaccurate b/c it gets gradient orientation using Sobel
o Difficult to detect overlapping concentric circle

e circles = cv2.HoughCircle(src, method, dp, minDst, circles, param1, paramz2,
minRds, maxRds)

e src: Inputimage
e method : cv2. HOUGH_GRADIENT, only available
e cv.HOUGH_STANDARD
e cv.HOUGH_PROBABILISTIC
e cv.HOUGH MULTI _SCALE
e cv.HOUGH_GRADIENT
e dp : Inverse proportion rate of resolution between accumulator and input image
e 1:same, 2: V2, small value : Increase accuracy,
e Big value: Increase # detected

e minDst : Min value between center points of circle, O=err, unable to detect
concentric circle

e circles: Circle Result, Nx1x3(x,Vy,7r)
e param1 : maxValue used for Canny Edge
e param2: HUGH_GRADENT threshold ,
e Small value: increase # detected, decrease accuracy
e minRadius, maxRadius: Min radius of circule, max radius (if O, size of image)



“*Hough Circle Transform

e Example

import cv2
import numpy as np

img = cv2.imread('../img/coins_spreadl.jpg')
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
blur = cv2.GaussianBlur(gray, (3,3), 0)
circles = cv2.HoughCircles(blur, cv2.HOUGH GRADIENT, 1.5, 30, None,
200)
if circles is not None:
circles = np.uintl6(np.around(circles))
for i in circles[0,:]:
cv2.circle(img, (i[@], i[1]), i[2], (@, 255, @), 2)
cv2.circle(img, (i[@], i[1]), 2, (0,0,255), 5)

cv2.imshow( 'hough circle', img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

e Example <Result>

(x=18, y=445) ~ R:42 G:46 B:55



Image Segmentation

1. Contour

2. Hough Transform

3. Connected Component
4. Workshop




“* Distance Transform
e Finding center point of object
e Farthest from the boundary
e For binary scale image
e Starting from 0 where pixel value is 0, it increases by 1 as it distances from 0

e cv2.distanceTransform(src, distanceType, maskSize)
e src: Input image, binary scale
o distanceType : Selecting distance calculation type

e cv2.DIST L2, cv2.DIST L1, cv2.DIST L12, cv2.DIST_FAIR,
cv2.DIST _WELSCH, cv2.DIST HUBER

e maskSize : Distance transform kernel size

e R R R R
Cad| Lad) Lad| Lad| Lad) Lad| Led| Lad| Lad
Bl B3] bd| B B2 Ba| BI| BI) B
Bd] =] ] ] ] ] ] ] B
M= S| o) SO af | ka
bl =] S| =] = =] S ] B2
ta) —| S = k] | & =] —
Al =] S| ] = ) S D
Ml — | Q2] Q] —| 2] —

B~ =~ 2 al D —

e Example

import cv2
import numpy as np

img = cv2.imread('../img/full body.jpg', cv2.IMREAD GRAYSCALE)
_, biimg = cv2.threshold(img, 127, 255, cv2.THRESH_BINARY_ INV)

dst = cv2.distanceTransform(biimg, cv2.DIST L2, 5)

dst = (dst/(dst.max()-dst.min()) * 255).astype(np.uint8)
skeleton = cv2.adaptiveThreshold(dst, 255,
cv2.ADAPTIVE THRESH GAUSSIAN C, cv2.THRESH BINARY, 7, -3)
cv2.imshow('origin', img)

cv2.imshow('dist"', dst)

cv2.imshow( 'skel’, skeleton)

cv2.waitKey(0)

cv2.destroyAllWindows ()




e Example <Result>

(x=250, y=148) ~

“* Labeling
o HEE RAS T2 22
o LA ZOI02Z E2X XX H= WY el 22 dol2 et B
e retval, labels = cv.connectedComponents(src[,labels, connectivity=8, ltype]) : & &
a4 dol=gt M BHat
e src:inputimage, HtOILH 2] AH L OI0] X
e labels: HI0I2& =l inputimagedt 2= AJ(2| BHE
e connectivity : HZ & SAIE 2aF Mo 4 85 MES
e ltype : Result dl0|= BHE dtype
e retval: dgll0|= A=
e retval, labels, stats, centroids = cv.connectedComponentsWithStats(src|, labels,
stats, centroids, connectivity, Itype]) : OIS & 0t 2+E &lEH H £ Btet
o stats: Nx5 dZ(N:d0I2 M=)
o [x&E, y&H, =, =0[, F0[]
e centroids: 2 2I0I= 2 S&E I H, 1)1
Nx2 32 (N:d0|lE 24) 5

|




“ Labeling
e Example

import cv2
import numpy as np

img = cv2.imread('../img/shapes _donut.png')

img2 = np.zeros_like(img)

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

_, th = cv2.threshold(gray, 127, 255, cv2.THRESH BINARY)

cnt, labels = cv2.connectedComponents(th)
#retval, labels, stats, cent = cv2.connectedComponentsWithStats(th)

#---0

for i in range(cnt):
img2[labels==i] = [int(j) for j in np.random.randint(0,255, 3)]

cv2.imshow('origin', img)
cv2.imshow('labeled', img2)

e Example <Result>

AOO ARC




“* Flood Fill

Filling same color to consecutive area

retval, img, mask, rect = cv2 floodFill(img, mask, seed, newVal[, loDiff, upDiff, flags])
e img : input image, 1 or 3 channels
e mask : Larger by 2x2 pixel than input image, If it meets area that is not 0, stop
filling
e seed : Coordination to start filling
e newVal : Color value used to fill
e |oDiff, upDiff : Min and max value used to decide to fill
o flags : Flag for filling type,
e 4 or 8 distance filling
e cv2.FLODDFILL MASK ONLY : Fill only mask not img
e Need to include 8-16 bits for the value to be used in fillings
e cv2.FLOODFILL_FIXED_RANGE: Compare it with seed pixel not
neighboring pixel
o retval: # of pixels filled
e rect: Rectangle surrounding areas done filling

e Example + sre(z',y') — loDiff < srcfz, y) < sre(’,y') + upDiff

sref{z,y) : S1 g

import cv2 o gre(z’,y) 012 By

import numpy as np
img = cv2.imread('../img/taekwonvl.jpg"’)
rows, cols = img.shape[:2]
mask = np.zeros((rows+2, cols+2), np.uint8)
newVal = (255,255,255)
loDiff, upDiff = (10,10,10), (10,10,10)
def onMouse(event, x, y, flags, param):
global mask, img
if event == cv2.EVENT_LBUTTONDOWN :
seed = (Xx,y)
retval = cv2.floodFill(img,mask,seed,newVal,loDiff, upDiff)
cv2.imshow('img', img)
cv2.imshow('img', img)
cv2.setMouseCallback('img"', onMouse)
cv2.waitKey(0)
cv2.destroyAllWindows ()



“* Flood Fill

e Example <Result>

L
./’

o

¥

(x=300, y=400] - N221 G217 B 214

+* Watershed

e Divide subject by considering edge balanced area as valley
e Designate maker to divide by user (or algorithm)
e Fill water to each different marker area, stop when they meet.

e Marker
e Apply ID (1~) for each different object, Mark subject to distinguish
e 0:Unknown
e i.e.) Front Image=1, Background=2
e |.e.)Orange=1, lime=2, Background=3
e markers = cv2.watershed(img, markers)
e img : input image
e markers
e Marker boarder set as -1, same size as input



++* Watershed

e Example

import cv2
import numpy as np

img = cv2.imread('../img/taekwonvl.jpg"’)
rows, cols = img.shape[:2]
img draw = img.copy()
marker = np.zeros((rows, cols), np.int32)
markerId = 1
colors = []
isDragging = False
def onMouse(event, x, y, flags, param):
global img_draw, marker, markerId, isDragging
if event == cv2.EVENT_LBUTTONDOWN: # Drag down left mouse
button, start dragging
isDragging = True
colors.append((markerId, img[y,x]))
elif event == cv2.EVENT_MOUSEMOVE: # Mouse moving
if isDragging: # Dragging
marker[y,x] = markerId
cv2.circle(img_draw, (x,y), 3, (0,0,255), -1)
cv2.imshow( 'watershed', img draw)
elif event == cv2.EVENT _LBUTTONUP: # Up left mouse button
if isDragging:
isDragging = False # Stop dragging
markerId +=1
elif event == cv2.EVENT _RBUTTONDOWN: # Click right mouse button
cv2.watershed(img, marker)
img draw[marker == -1] = (0,255,0)
for mid, color in colors: # Repeat as the number of marker ID
img_draw[marker==mid] = color
cv2.imshow( 'watershed', img draw) # Print marked result
cv2.imshow( 'watershed', img)
cv2.setMouseCallback('watershed', onMouse)
cv2.waitKey(0)
cv2.destroyAllWindows ()



++* Watershed

e Example <Result>

bt d

|

(x=382, y=375) ~ R:214 G:213 B209 (x=315, y=232) ~ A:186 G186 B-184

“* Grabcut
e Expand based on Graph Cut algorithm
e Assume color distribution for subject that will separate front image
e At the connected area with same label, separate front image and background

e mask, bgdModel, fgdModel = cv2.grabCut(img, mask, rect, bgdModel, fgdModel,
iterCount[, mode])
e img : input image
e mask : 1 channel array, same size as input image, save value that separtes
background and front page
e cv2.GC _BGD : Absolutely Background (0)
e cv2.GC_FGD : Absolutely Front Image(1)
e cv2.GC_ PR _BGD : Maybe background(2)
e cv2.GC_PR_FGD : Maybe front image (3)

e rect: Rectangular coordination for area that front image is assumed, Tuple (x1,
y1, X2, y2)



e bgdModel, fgdModel: Temporary array buffer to be used within function, do not
edit when re used

e iterCount : # of repetition

e mode :
e cv2.GC_INIT_WITH_RECT : Grabcut based on set coordination at rect
e cv2.GC_INIT_WITH_MASK : Grabcut based on set coordination at mask
e cv2.GC _EVAL : Re-try

< Grabcut
e Example <1/2>

import cv2
import numpy as np
img = cv2.imread('../img/taekwonvl.jpg")
img draw = img.copy()
mask = np.zeros(img.shape[:2], dtype=np.uint8)
rect [0,0,0,0]
mode = cv2.GC_EVAL
bgdmodel = np.zeros((1,65),np.float64)
fgdmodel = np.zeros((1,65),np.float64)
def onMouse(event, x, y, flags, param):
global mouse_mode, rect, mask, mode
if event == cv2.EVENT_LBUTTONDOWN :
if flags <= 1: # If no key input
mode = cv2.GC_INIT WITH RECT
rect[:2] = x, ¥y
elif event == cv2.EVENT_MOUSEMOVE and flags &
Cv2.EVENT_FLAG_LBUTTON :
if mode == cv2.GC_INIT WITH RECT:
img temp = img.copy()
cv2.rectangle(img_temp, (rect[O], rect[1]), (x, y), (0,255,0), 2)
cv2.imshow('img', img_temp)
elif flags > 1:
mode = cv2.GC_INIT WITH MASK
if flags & cv2.EVENT_FLAG_CTRLKEY :
cv2.circle(img_draw, (x,y),3, (255,255,255),-1)
cv2.circle(mask, (x,y),3, cv2.GC_FGD,-1)



*»* Grabcut

e Example <2/2>

if flags & cv2.EVENT_FLAG_SHIFTKEY :
cv2.circle(img_draw, (x,y),3, (0,0,0),-1)
cv2.circle(mask, (x,y),3, cv2.GC_BGD,-1)
cv2.imshow('img', img_draw)
elif event == cv2.EVENT_LBUTTONUP:
if mode == cv2.GC _INIT WITH RECT :
rect[2:] =x, ¥y
cv2.rectangle(img_draw, (rect[O], rect[1]), (X, y), (255,0,0), 2)
cv2.imshow('img', img_draw)
cv2.grabCut(img, mask, tuple(rect), bgdmodel, fgdmodel, 1, mode)
img2 = img.copy()
img2[ (mask==cv2.GC_BGD) | (mask==cv2.GC_PR BGD)] = ©
cv2.imshow('grabcut', img2)
mode = cv2.GC_EVAL
cv2.imshow('img', img)
cv2.setMouseCallback('img"', onMouse)
while True:
if cv2.waitKey(Q) & OxFF == 27 : # esc
break
cv2.destroyAllWindows ()

- Example <Result>

(x=215, y=434) ~ R:218 G:217 B213 (x=17, y=158) ~ R0 G0 80



+* MeanShift Filter

It is kernel window with certain boarder size kernel, move center to average pixel
value

Find connecting area by binding starting point and stop point as one
Change connecting area color value as most frequent color value

dst = cv.pyrMeanShiftFiltering(src, sp, sr|, dst, maxLevel, termcrit])
e src:inputimage

e sp . Space window radius

e sr: Color window radius

e maxLevel : Max level of image pyramid

e termcrit . Standard for mean move cut

Example

import cv2
import numpy as np

img = cv2.imread('../img/taekwonvl.jpg"’)
def onChange(x):
sp = cv2.getTrackbarPos('sp', "'img")
sr = cv2.getTrackbarPos('sr', "img")
lv = cv2.getTrackbarPos('1lv', 'img')
mean = cv2.pyrMeanShiftFiltering(img, sp, sr, None, lv)
cv2.imshow('img', np.hstack((img, mean)))

cv2.imshow('img', np.hstack((img, img)))
cv2.createTrackbar('sp', 'img', 0,100, onChange)
cv2.createTrackbar('sr', 'img', 0,100, onChange)
cv2.createTrackbar('lv', 'img', 0,5, onChange)
cv2.waitKey(0)

cv2.destroyAllWindows ()



+* MeanShift Filter

e Example <Result>

sp (024/100)
sr (056/100)

v (25)
(x=730, y=247) ~ R:204 G:205 B:202



Image Segmentation

1. Contour

2. Hough Transform

3. Connected Component
4. Workshop




“*Recognizing Shapes
e Make a program that gets the name of figures in a image with five figures.
e Result example

-A.-

rianggr
Circle Fst,_al' 3
(=353, y=B) ~ A:255 G255 B:255 (x=454, y=31) ~ R:255 G:255 B255
e Hint
e Find contour and count the number of vertex by simplifying them as approximate
value

“* Document Scanner
e Draft a program that gives scanning effect without mouse input
e Result Example

e Hint
o (et 4 vertex
e Detect boarder with canny edge

Find biggest contour with findCotour() and simplify to
approxPolyDP()



“» Coin Counter
e Make a program that separates coins and counts.
e Result Example

e 16l >
LJLJ[J [J

e Hint
e pyMeanShiftFiltering() Smudge coin surface
e Otsu Threshold
o distanceTransform() Center point of coin
e Find local max value
o floodfill() local max value to seed
e Secure absolute front image of coin with distance transform
e Secure absolute background of coin with distance transform
e Absolute background — Absolute front image = Unknown area
e connectComponents() labeling
o watershed()
e Separate coin area with findCountour(), boundingRect()



Matching & Tracking

1. Matching with a similar image
2. Feature and Key Point

3. Descriptor Extractor

4. Feature Matching

5. Tracking

6. Workshop




“* Average Hash Matching
e Fit for understanding similar pictures

e Average Hash
e Transform image into one number by calculating average value
e Reduce image into a certain size regardless of the ration of width and height
e Calculate all pixel average and compare
e px>Average?1:0
e Changeitto 1 line, and transform that into one binary number
e Able to transform into hexadecimal

e Analogous Distance

o Measure distance between the two value, if the number is small, similarity is high
e Euclidian distance

e Find the differences between the number as distance

e (f])5:3=2 5:8=3
e Hamming distance

e Showing the number of differences in digits in between two numbers

o 12345:12354=2, 12345:92345=1

e Example
import cv2

img = cv2.imread('../img/pistol.jpg")
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
gray = cv2.resize(gray, (8,8))
avg = gray.mean()
bin = 1 * (gray > avg)
print(bin)
dhash = []
for row in bin.tolist():
s = '"'".join([str(i) for i in row])
dhash.append('%02x'%(int(s,2)))
dhash = ''.join(dhash)
print(dhash)
cv2.imshow( 'pistol’, img)
cv2.waitKey(0)



“* Average Hash Matching

[[1111111111111111]
[100P0O0O0O0OO0OOO0O0 0 0]
[100P0O0O0O0OOO0OO00 0 0]
[1000P0O0O000O0O0OO000 0]
[1000P00000O00OO00 0 0]
[10P00OOO100111111]
[110000011111111 1]
[110000011111111 1]
[110000000111111 1]
[1100001<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>