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NEPEOMOBA

Llen nocibHMK nNponoHyeTbCHA Ons
HaOyTTS CTydeHTaMn TEOPETUYHUX i
NPaKkTUYHMX HaBUYOK MporpamyBaH-
HA Npy po3pobrieHHI N ekcnnyaTauil
Cy4acCHUX CUCTEM TEXHIYHOro 30pyY.
Ocobnuea yBara — metogam o6pob-
neHHs1 306paxkeHsb i BigeogaHux.

CborogHi nig 4ac npakTUYHOI
pearnisauii CUCTEM TEXHIYHOro 30py
B GinbLIOCTi BUNagKiB BUKOPUCTOBY-
I0Tb MOBY MporpamyBaHHA Python.
Lle obymoBneHo OGaratbma npuyun-
HamMu, rofioBHa 3 SIKUX MONsArae B
ToMy, wo Python mae npocTtum i
3p03yminumn CUHTaKcuC, nerko
BUBYAETBCA | roauTbCA ONS BUKO-
HaHHS PI3HUX NPOEKTIB, a TakoX ANA
nporpamMyBaHHs MaTteMaTUYHUX 0O-
yucneHb. loegHaemo Python 3 Ta-
KnMn moBamu, sik Fortran, C i C++,
LLIO BMKOPWUCTOBYKOTBCS B HayKOBUX
Ta IHKEHEPHMX Po3paxyHKax.

[o Python nerko nigKMYUTK
cneuianizoBaHi 6ibnioTekn, WO po3-
LUMPIOKOTE  MOXINUBOCTI  BUPILLEHHS
NOTPIOHMX 3acTocyBaHb. Hanpuk-
nap, Oibnioteka Python Imaging
Library (PIL) € pnyxe edeKkTUBHOM
npu obpobrieHHi 1 aHanisi 306pa-
»eHb. OcobnmBo Ba)knNuBoO, WO Cni-
neHO 3 Python BUKOPUCTOBYETbLCA
OpenCV (Open Source Computer
Vision) — 06ibnioTeka anropuTtmis
KOMM'toTEPHOro 3opy Aansa o6pob-
NeHHs1 300paxkeHb i BigeogaHux 3
BIOKPUTUM KOLOM.

CnogiBaemocs, Wwo Bam ygactbcsa
3gonaTtu TPYAHOLL BUBYEHHS | BUKO-
pPUCTOBYBaTU OTPUMaHi HaBUYKU B
NMOBCAKOEHHIN MpakTuui O0CnigKeH-
HA N MNPOEKTyBaHHA CUCTEM TEexHid-
HOro 30py.

INTRODUCTION

This manual is offered for stu-
dents to obtain theoretical and prac-
tical programming skills in the devel-
opment and opera-tion of modern
vision systems. Particular attention
is paid to image and video proces-
sing methods.

Currently, in the practical imple-
menttation of vision systems, in most
cases they use the Python pro-
gramming language. This is due to
several reasons, the main of which
is that Python has a simple and
clear syntax, is easy to learn, and
well suited for various projects. It is
good for programming math calcula-
tions. compatible with languages
such as Fortran, C and C ++, which
are used in scientific and engineer-
ing calculations.

It is easy to connect specialized
libraries to Python that expand the
possibilities of solving the necessary
applications. For example, the Py-
thon Imaging Library (PIL) library
is very effective at processing and
analyzing images. It is especially
important that in conjunction with
Python, OpenCV (Open Source
Computer Vision Library) is used -
a library of computer vision algo-
rithms for processing images and
video data with open source.

We hope that you will be able to
overcome the difficulties of studying
and use the acquired skills in the
daily practice of research and design
of vision systems.



YactuHa 1. CYHACHI PECYPCHU
OBPOBJIEHHA OAHUX
Y CUCTEMAX TEXHIHYHOIO 30PY

1. YCTAHOBIJIEHHSA NMPOIPAM
TA ONTUMI3ALIA IX
CTPYKTYPU

CyyacHi cucteMmn TeXHIYHOroO 30py
OpPIEHTOBAHO Ha BMKOPUCTaHHS MOBW
nporpamyBaHHsi Python Ha 6asi
onepauinHoi cuctemun Windows npu
IX CcTauyioHapHOMY pPO3MilWeHHi. Y
MOBINbHMX cUCTEMAx TEXHIYHOMO 30-
py, WO 6a3yoTbCa Ha PYXOMUX HOCI-
AX, 3a3BMYyan 3aCTOCOBYHOTb OHO-
nnaTtHy nnatgopmy Raspberry Pi 3
pekoMeHO0BaHOo BUPOOHUKOM one-
pauinHoto cuctemoro Raspbian. [Npu
uboMy ©a30BOK MOBOK Mporpamy-
BaHH4A Takox € Python.

OcHOBHI 3aBOaHHA TEXHIYHOrO 30-
py 3 06pobrieHHsa 300paxeHb i Bige-
OodaHMX nNpu nporpamyBaHHi Ha
Python NpuvHATO BUpIiLLyBaTK 3 BU-
KopuctaHHsam  6ibniotekn  Pillow
(Python Imaging Library), wo 3abes-
neyvye AOCUTb NOBHUI Habip pyHKUin
i MmeToaiB 0OpobneHHs 306paxeHsb i
Bineo. OgHak Hambinbw edekTns-
HUM € CnifibHe BUKOPUCTaHHSA pecy-
pciB 6ibniotekn Pillow i GibnioTekn
OpenCV (Open Source Computer
Vision Library).

3pyYHM € 3aCTOCYyBaHHSA
OpenCYV pasom 3 Python ons cTBO-
PEHHA NPOCTUX | 3PO3YMINUX Mpo-
rpam, NpPoBedEHHS eKCNEePUMEHTIB i
CUHTe3y pi3HMX npoTtoTunis. Mosoto
Python poctyrnHa nMpakTU4YHO BCH
dyHKLIOHaNbHICTb GibnioTekn
OpenCV.

Part 1. MODERN RESOURCES OF
DATA PROCESSING
IN TECHNICAL VISION SYSTEMS

1. INSTALLATION OF PROGRAMS
AND OPTIMIZATION THEIR
STRUCTURE

Modern vision systems are fo-
cused on the use of the Python pro-
gramming language based on the
Windows operating system with
their stationary placement. Mobile
technical systems based on mobile
media typically use the Raspberry
Pi single board platform with the
manufacturer’'s recommended Rasp-
bian operating system. The basic
programming language is also Py-
thon.

The main tasks of technical vision
in image and video processing when
programming in Python are decided
using the Pillow library (Python
Imaging Library), which provides a
fairly complete set of functions and
methods for image and video pro-
cessing. However, sharing the re-
sources of the Pillow library and the
Open CV (Open Source Computer
Vision Library) is most effective.

OpenCYV operation in conjunction
with Python is convenient for creat-
ing simple and understandable appli-
cations, conducting experiments and
synthesizing various prototypes. Al-
most all the functionality of the
OpenCV library is available in
Python.



[Mpn BUMKOPUCTAHHI BEKTOPHO-MaT-
PUYHOI igeosorii, aHanoriYyHoi Npumn-
HATOMY nigaxony B Matlab, moxHa
oTpUMyBaTM [OCUTb LUBWUAOKI KOAW,
o 3abes3nedvyloTb BUpILLEHHA 3a-
BOaHb Y peanbHOMy mMacwTabi yacy.
[Ons uboro cnig yHukatn obpobneH-
HSA 306paXkeHb MOMNIKCeNbHO Ta iHLNX
MacuBiB MOENEMEHTHO B LiKNax.

3aMicTb LUbOro AouUifibHO BUKOPUC-
TOBYBaTU BEKTOPHI QOYHKUIT, AKi npa-
LIOOTb Bigpasy 3 yCiM 300paXeHHAM
abo macmBom.

[ani po3rngaHeMo OCHOBHI Brac-
TUBOCTI M METOOMKY BCTaHOBEHHSA
nporpamHoro 3abesnedyeHHs Python
| nigkntoveHHs 6ibniotekn OpenCV.

1.1. 3aranbHa iHchopmauia
npo 6ionioteky OpenCV

OpenCV - ue KoMmn'toTepHUN 3ip 3
BIOKPUTUM BUXIOHMM KOZOM | Mpo-
rpamHa 6ibnioTeka MalWHHOro Ha-
BYaHHs. bibnioteky OpenCV 6yno
CTBOpPEHO Ans 3abesnevyeHHsa 3ara-
NbHOT  IHQpPACTPYKTYypn  OodaTkis
KOMM'IOTEPHOro 30py i And MNpUCKo-
PEHHS BMKOPWUCTAHHSA MalLUMHHOIo
CNPUMNHATTA B KOMEPLINHUX NPOaYK-
Tax. byoyun niueHsoBaHUM MNPOAYK-
ToM, OpenCV crnipollye BUKOPUC-
TaHHA N Moaundoikauito Koay.

OCHOBHI BIgOMOCTI NpO XapakTte-
PUCTUKN OBIBNIOTEKN PO3MILLLEHO Ha
canTi http://opencv.org. TyT MOXHa
3aBaHTaxuTn 6ibnioTeky Ans pisHMUxX
nnatopm, 3HaUTN NOBHY OOKYMEH-
Tauito wWwoao OibnioTekn, LWBUAKUX
ycTaHoBOK (Quick Start), ypokn 3 1i
BUKopuctaHHsa (Tutorials), poBigko-
By kapty (Cheat Sheet), a Takox
NOCUNAaHHSA Ha KOPUCHI CanuTn U T. iH.

Ha cawnTi http://docs. opencv.org

When using vector-matrix ideolo-
gy similar to the accepted approach
in Matlab, you can get fairly fast
codes that provide problem solving
in real time. To do this, you should
avoid pixel-by-pixel image pro-
cessing and other arrays element-
wise in cycles.

Instead, it is advisable to use vec-
tor functions that work immediately
with the entire image or array.

Next, we consider the basic prop-
erties and methods of installing the
Python software and connecting
the OpenCYV library.

1.1. General information about
the OpenCYV library

OpenCV is an open source com-
puter vision and a machine learning
library. The OpenCV library was
created to provide a common infra-
structure for computer vision appli-
cations and to accelerate the use of
machine perception in commercial
products. Being a licensed product,
OpenCV simplifies the use and
modification of the code.

Basic information about the char-
acteristics of the library is available
at http://opencv.org. From there you
can download a library for different
platforms, find full documentation
on the library, quick installation in-
structions (Quick Start), lessons on
using it (Tutorials), a reference
map (Cheat Sheet), and links on
useful sites, etc.

The site http://docs.opencv.org




3ibpaHO [OOKyMeHTaUitlo, 30Kpema,
aetarnbHi onucn BCiX PYHKUIN 3 NOB-
HOTEKCTOBUM nowykoMm. Ha caurTi
http://answers. _opencv.org MOXHa
CTaBUTU 3anUTaHHS, WO CTOCYHTbCSA
bibnioTekn, i oTpumyBaTU Ha HUX BI-
anosidi Big po3pobHukiB abo iHWKX
KOPUCTYBauiB.

OpenCV wmae iHTepdencn C ++,
C, Python, Java i Matlab i nigTpu-
mye OC Windows, Linux, Android i
Mac OS. bibnioteka OpenCV opien-
TYETbCA B OCHOBHOMY Ha OOOATKM B
pexumi pearnbHoOro 4acy. HuHi aktu-
BHO pO3BMBaOTLCA MOBHOQYHKLIO-
HanbHi  iHTepdencn  CUDA i
OpenCL.

IcHye noHag 500 anroputmis i
6mn3bKko 10-KpaTHOI KiSTbKOCTI (OYHK-
Lin, AKi cTaHOBNATL abo nigTpumy-
loTb Ui anroputmu. OpenCV Hanu-
caHo MoBow C++ i mae wabnoHHui
iHTepdenc.

Ana nodatky pobotn 3 GibnioTe-
koo OpenCV 3a3Buyal pPEKOMEH-
Ayl0Tb BUKOPUCTOBYBATU 11 pasom 3
moBow Python (http://python.org).
[Mporpamy uieto MOBOK MOXHa nuca-
TV B Oyab-SIKOMY TEKCTOBOMY pefak-
Topi. Hani 6e3 nonepedHbLOI KOMMi-
NAuil BOHa BUKOHYETLCA iHTEpnpeTa-
Topom Python. Python 3 6ibnioTe-
kKoto NumPy nepeTBOPIOETLCA Ha
GE3KOWTOBHUI  aHanor CUcTemu
Matlab, npun ubomy cama mMoBa €
BinbL po3BuHEHO, HiXX Matlab. Llle
ogHa nepesara Python nonsrae B
TOMY, WO Us MoBa € gobpe Aokyme-
HTOBaHOKW. B iHTepakTuBHIN cecil
Python (y komaHOHOMY BikHi) MOXHa
LWBMOKO OTpMMAaTM CMNUCOK [OCTYymM-
HUX PYHKUIW | METOAIB KOHKPETHOro
Knacy, WBWAKY AO0BIOKY NPO KOXHY
doyHKuUito OpenCV.

collected all the documentation, In
particular, detailed descriptions of
all functions with full-text search. At
http://answers.opencv.org, you can
ask questions about the library and
get answers from developers or
other users.

OpenCV has C ++, C, Python,
Java and Matlab interfaces and
supports  Windows, Linux, An-
droid and Mac OS. The OpenCV
library focuses mainly on real-time
applications. Currently, fully func-
tional CUDA and OpenCL interfac-
es are actively developing.

There are more than 500 algo-
rithms and about 10 times the
number of functions that make up
or support these algorithms.
OpenCYV is written in C ++ and has
a template interface.

To get started with the OpenCV
library, it is usually recommended
to use its bundle with the Python
language (http://python.org). A pro-
gram in this language can be writ-
ten in any text editor. Further with-
out preliminary compilation it is ex-
ecuted by the Python interpreter.
Python with the NumPy library
turns into a free analogue of the
Matlab system, while the language
itself is more developed than
Matlab. Another advantage of Py-
thon is that the language is well
documented. In an interactive Py-
thon session (in the command win-
dow), you can quickly get a list of
the available functions and meth-
ods of a particular class, a quick
reference for each OpenCV func-
tion.




1.2. YcTaHOBIEHHSs nporpamMmu-
iHTepnpeTtaTopa Python

[na 3anycky nporpam MOBO
Python noTpebyeTbca nporpama-
iHTepnpeTaTtop (BipTyanbHa MallnHa
Python). Lia nporpama npuxoBye Bif
Python-nporpamicta BCi ocobnmBo-
CTi onepauinHOl CUCTEMMU, TOMY, Ha-
nucasLln nporpamy mosow Python
B cuctemi Windows, i MoXxHa 3any-
ctnutn, Hanpuknag, y GNU/Linux i
OTpUMaTU TakuUm e pesynbTrar.

3aBaHTaXuUTM Ta BCTAHOBUTU iH-
TepnpeTtatop Python moxHa 6e3ko-
LUTOBHO 3 odiuinHoro camty http:
/lpython.org. [Ana po6oTn Ham 3Ha-
nobutbcs  iHTepnpeTtaTtop Python
Bepcil 3 abo Buwe. PosrnaHemo sk
NpuKrag yCTaHOBKY BepcCil nporpamu
Python 3.6.1 ona onepauiHoOl cuUC-
Temn Windows 7.

Ana ycniwHoro no4yatky po6oTu
HeobXigHO ckayaTM 3 odiuinHoro
canty https://www.python.org/down-
loads/ Bepcito nporpamu 3.6.1.

Ha puc. 1.1 nokasaHoO rosioBHe Bi-
KHO LbOro cauty. BubepiTb NyHKT
mMeHio Downloads, y cnncky Bepciu
BNbepiTe NyHKT Python 3.6.1. Tyt i
Aani noTpiOHI NYHKTU MeHK0 nigkpec-
NEeHO YEPBOHOLO MHIEHD.

[Micna Bnbopy Bepcii Python 3.6.1
HaTUCHITb KHONKY Download, y BiKHI
Files (puc. 1.2) Bnbepitb onepadin-
HYy CUCTEMY, WO BUKOPUCTOBYETLCH
Ha BalloMy komn'toTepi. I pospan-
HICTb Mae€ BignoBsigaTu Ballin Bepcil
Windows. Y Hawomy npuknagi ue
Windows x86 executable installer.
Lien nyHKT MeHto TakoX nigKkpecrieHo
YEePBOHOHO MiHIEID.

1.2. Install Python interpreter-
program

To run Python programs you
need an interpreter (Python virtual
machine). This program hides from
the Python programmer all the fea-
tures of the operating system,
therefore, writing a Python pro-
gram in the Windows system, you
can run it, for example, in
GNU/Linux and get the same re-
sult.

Download and install the Python
interpreter can be free from the offi-
cial site: http://python.org. To work,
we need a Python interpreter ver-
sion 3 or higher. Consider as an
example the installation of the ver-
sion of the Python 3.6.1 program
for the Windows 7 operating sys-
tem.

To start successfully, you need to
download from the official site
https://www.python.org/downloads/
version of the program 3.6.1.

In fig. 1.1 shows the main window
of this site. Select the menu item
Downloads, in the list of versions
select Python 3.6.1. Hereinafter,
the necessary menu items are un-
derlined in red.

After selecting the version of Py-
thon 3.6.1, you must click the
Download button, in the Files win-
dow that appears (fig. 1.2) select
the operating system used on your
computer. Its bit should match your
version of Windows. In our exam-
ple, this is the Windows x86 exe-
cutable installer. This menu item
is also underlined in red.
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= Repair
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< Uninstall
Remove the entire Python 3.6.1 (32-bit) installation.
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Puc. 1.3. lNepLue BiKHO BCTAHOBMEHHS Fig. 1.3. First Python interpreter Install
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windows

Optional Features

Documentation
Installs the Python documentation file.

¥ pip

Installs pip. which can download and install other Python packages.
tcl/tk and IDLE

Installs tkinter and the IDLE development environment.
Python test suite

Instialls the standard library test suite.

py launcher for all users (requires elevation)

Use Programs and Features to remove the 'py’ launcher.

Bt | Next . Cancel |

-

Puc. 1.4. [Jpyre BiKHO BCTaHOBEHHSA Fig. 1.4. Second Python interpreter
iHTepnpeTtatopa Python installation window



Y BikHi Advanced Options Bun6e- In the Advanced Options win-

piTb onuil, HeobxigHi ans poboTtn 3 dow, select the options you need
nporpamoto (puc. 1.5). when working with the program
(Fig. 1.5).
Python 2.6.1 (32-bit) Setup C=L ]

Advanced Options

[ Install for all users

Assodate files with Python (requires the py launcher)
Create shortcuts for installed applications

Add Python to environment variables

Precompile standard library

Download debugging symbols

Download debug binaries (requires V5 2015 or later)

Customize install location

| C:‘\UserERUEErmppData\LocaI‘-.Pmgrams\Pythan‘-.PythunSE-E| Browse

pgthf}n You will require write permissions for the selected location.
for
Ni ﬂdOWS Install Cancel
Puc. 1.5. BikHo Bnbopy onuin Fig. 1.5. Options window

[licna BCTaHOBNEHHSA nporpamu After installing the program,
3anycCTiTb IHTEpaKkTMBHe rpadiyHe launch the interactive graphical en-
cepeposuwe IDLE (Python 3.6.1 vironment IDLE (Python 3.6.1 64-
64-bit).exe i poyekanTecs nosisn 3a- bit) .exe and wait for the prompt to
NPOLWeEeHHA ONA BBeOEHHA KOoMaHA enter the commands >>> (Fig. 1.6).

>>> (puc. 1.6).

(15 Python 2.60 Shell

File  Edit Shell Debug Options Window Help

l Bython 3.6.0 (v3.6.0:41df79263a11, Dec 23 2016, 07:18:10) [M5C w.1900 32 bit (In =
tel}] on win32

Tyvpe "copyright™, "credits"™ or "license ()" for more information.
JI o |

Puc. 1.6. Pobou4e BikHO iHTepnpeTaTopa Fig. 1.6. Interpreter window
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1.3. Migkno4yeHHA moayniB
i 6ibniotek Python

[Ana B ctaHOBNeHHA moaynis i 6i-
bnioTek npuM BUKOPUCTaHHI onepa-
uinHol cuctemn Windows Hacamne-
pen HeobxigHO nepeBipuUTK pPo3psa-
HiICTb cuctemmn — x64 uym x86. [Ons
LbOro NOTPIOHO NponTKU Wnsaxom [la-
Hernb KepyBaHHA — Cuctema i 6es-
neka — Cucrema i B LbOMY BiKkHi BU-
3HauuTn TMN cuctemn (puc. 1.7). Y
LbOMY X BIKHI KrnauHiTb JliBOK KHOM-
KOO MWULLIKW Ha 3aknagui «[JoaaTkosi
napameTpun cuctemm» (puc. 1.8).
Biokpuetbcs HoBe BikKHO «Brniacmu-
eocmi cucmemu» (puc. 1.9, a), y
AKOMY Yy BKMagui «4oOaTKoBO» BU-
OepiTb BKNagky «3MiHHIi cepedo-
euwa» Ta akTMByuTe Ii IBOK KHOM-
KOO MULLKW. Y BiKHI «3MiHHI cepepno-
Buwa» (puc. 1.9, 6) y posgini «Cu-
CMeMHi 3MiHHIi» YNUWNTb Y 3MiH-
HOMY cepepoBuLli «Path» wnsax oo
CUCTEMHOI narku, y sKin 3HaxoauTb-
ca nanka Script nporpamun Python,
Hanpuknag  C:\users\user\appdata\
local\programs\python\python36-32\
Scripts.

[Micna uboro M yctaHoBOK MOTPi6-
HO ckayyBaTu 6i6nioTekn 3rigHO 3
PO3PSOHICTIO CUCTEMM.

Bibniotekn ona Python 3.6 3Ha-
XOOATbCA Y BiflbHOMY [JOCTynMi Ha
canTi http://www.Ifd.uci.edu/~gohlke/
pythonlib. MoTpibHy Bam GibnioTeky
HeoOXigHO cKayaTu 3 LbOro CamTy.

3asHaunMmMo, WO B KOXHOMY
NPOEKTI ANsi HanMcaHHA NpPorpamMmHo-
ro kogy HeobxigHO BMKOPUCTOBYBATU
KOHKpeTHM Habip mogynis i 6ibni-
OTeK, a BCi iHLWi BibnioTekn MOXHa He
nigknoyaTtn. Lle gae amory ameHLwn-
TV HaBaHTaXeHHA Ha npouecop i
NpUCKOpUTK poboTy Nporpamu.
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1.3. Connecting Python Modules
and Libraries

To install modules and libraries
when using the Windows operating
system, it is first necessary to
check the system width — x64 or -
x86. To do this, follow the path
Control Panel — System and Se-
curity — System and in this win-
dow determine the type of system
(Fig. 1.7). In the same window, click
the left mouse button on the "Ad-
vanced system settings" tab
(Fig. 1.8). A new window “System
Properties” will open (Fig. 1.9, a),
in which in the “Advanced’ tab se-
lect the tab “Environment Varia-
bles” and activate it with the left
mouse button. In the "Environment
Variables" window (Fig. 1.9, b) in
the "System Variables" section,
enter the path to the system folder
in which the Python Script folder is
located in the «Path» environment
variable. For example, C: \ Users \
User \ AppData \ Local \ Programs \
Python \ Python36-32 \ Scripts.

After this and installations, you
need to download libraries accord-
ing to the system capacity.

Libraries for Python 3.6 are freely
available at http://www.Ifd.uci.edu/
~gohlke/pythonlibs/. You need to
download the library from this site.

Note that in each project to write
program code, it is necessary to
use a specific set of modules and
libraries, and all other libraries can
be omitted. This allows you to re-
duce the load on the processor and
speed up the program.
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Puc. 1.7. lNepeBipka po3psgHOCTI
onepauinHol cuctemm

Fig. 1.7. Check digit capacity of the
operating system
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AOMBLUHAR CTPAHILA
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@ Hacrpoiika yaanennoro
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Komnbiorep: User-PC
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Axrusauma Wind,

@' MamenuTs
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A

Pwuc. 1.8. Bubip gogaTtkoBumx
napamMmeTpiB cCUCTEMU

Fig. 1.8. Selection of additional system
parameters
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Puc. 1.9. YcTaHOBMNEHHA CUCTEMHUX Fig. 1.9. Selection of additional system
3MIHHWNX parameters
Ona npuknagy npovagemo yBecCb For example, let's go all the way
LWNAX  YCTaHOBIEHHA  BibnioTekn of the installation of the Pillow li-

Pillow. [Ons uboro HeobOxigHO ne-
penTn Ha cauT 3a NOCUNaHHAM |
3HanUTM noTpibHy 6ibnioTteky. [ns
3PYYHOCTI MOXHa BUKOPUCTOBYBATU
kombiHauito knasiw Ctrl+F i y BikHi
(puc. 1.10), wo 3'aBunocs, ynucatu
Ha3By GibnioTeku.

brary. For this, you must go to the
site using the link and find the li-
brary you need. For convenience,
you can use the CTRL + F key
combination and in the new window
(Fig. 1.10) enter the name of the li-
brary.

= 2 & m I@ v fd uciadu ~gohilke /ot

+ | iFaPython Etension P2 (3 wwwgoaglecamue

| e ] afr|1uszs

inchuded in the packages.

(204 s 286 for CPython 3.5 and 3.6) redismibutable packages.
Tnstall nuangry-+iukd before other packages that depend on it

Refer to the docwmentatzon of the mdividual packages for cense resirictions and dependencies,
Ve pip version & of newer to instal] the dovnloaded whi files. This page is uot a pip package fdex.
Many binares depend on numpy-1.11+mbd and the Microsoft Visual C++ 2008 (xf4. x86. and SP1 for CPythen 2.7), Visual C4++ 2010 (64, 286, for CPython 3.4), or the Visual C++ 2015

Unofficial Windows Binaries for Python Extension Packages

by Christoph Gohlke, Laboratory for Fluorescence Dynamics, University of California, Irvine.

Tlus pags provides 32- and 64-bit Windows binanes of many scientific open-sourcs extension packages for the official CPvthen distibution of the Prion propramming language.
The files are wonofficial (meaning: informal, wmrecognized, parsenal, unsupported, ne warranty, ne hakility, provided "as is") and made avalable for testing sod evalvation prapoeses

If downloads fail reload this page, #nable JavaScnpt, disable download managers, disable proxies, clear cache, and use Firefox. Please only dewnload files manually as needad

Maost binates are buth from senrce code fonnd o PY¥PI of in the projects public revision eontrol systems. Souree code changes, ifany, have been subanitted to the project masilamess of &ie

The binaries are compattble with the most recent official CPython distnbutions on Windows »=5.0 Cheances are they do not werk with custom Python distributions inclnded wath Blender,
Mayas, AreGIS, 05GeodtW, ABAQUS, Cygwin, Pythonxy, Canopy, EPD, Anacondas, WinPyihen ete. Many binaries are not compatible with Windows XP or Wine.

The packages are ZIP or Tz files, whiel allovs for maneal or senptad wstallation or repackagme of the content
The files ave provided "as is" without warranty or support of any kind. The entire risk as to the quality and performance is with you.
The opinions or stetzments expressed on this page should not be taken 25 a posttion or endorsenieat of the Leboratory for Flusrescence Dhynenics or the University of Califernia.

Puc. 1.10. MNowyk noTpibHoT 6ibnioTekn
Ha cauTi
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Fig. 1.10. Search for the desired
library on the site



Cnncok noTpibHux 6ibniotek pos-
TaAlWOBYETLCA B HWXHIN YaCTUHI ro-
NOBHOI CTOPIHKK canTy (puc. 1.11).

The list of necessary libraries is
located at the bottom of the main
page of the site (Fig. 1.11).

se from PIL import Image’ nstead of "unport Image’.

Billow-3.4.2-cp36-cp3bm-win32 whi

Billow-3 4 2-cp36-cp3bm-win_amd64 whi

Pillow-4.1.0-cp27-cp2 Tm-win3 2. whi

Pillow-4.1.0-cp27-cp2 Tm-win_amd64.whi

Pillow-4.1.0-cp34-cp3dm-win32 whi

Pallow-4.1.0-cp34-cp3d4m-win_amd64.whi

Pallow-4.1.0-cp35-cp3dm-win32 whi

BPillow-4.1.0-cp35-cp3dm-win_amd64 whi

BPillow-4.1.0-cp36-cp3ém-win32 whi

Pillow-4.1.0-cp36-cpIém-win_amd64.whi
Pallow-4.1.0-pp257-pypy_41-win32 whi

ow. a replacement for PIL. the Python Image Library, which provides image processing functionality and supports many file formats.

Puc. 1.11. MNowyk noTpibHOT
GibnioTekn

Ckayatm BuOpaHy 6ibnioTeky,
YypaxoBYyHUM PO3PSALHICTL onepawin-
HOI CUCTEMW | paHille BCTaHOBIIEHY
Bepcito ans mosu Python.

Hani HeobXxigHO 3aNTN B CUCTEMHY
nanky «Python», kyon paHiwe BCTa-
HOBNIOBanacs nporpama, Hanpwu-
Knag, YKasaBWwKM Takun  WNAX:
C:\users\user\Appdata\local\prog-
rams\python\python36-32. ¥ komah-
OHOMY  psgKy  BBECTU  KOMaHay
«cmd» | HaTUCHYTU KHONKy Enter
(pnc. 1.12).

Y BikHi AgmiHicTpaTtopa (puc. 1.13)
3a gonomorok BOGyOgOBaHOro nakeTta
PIP ponatn paHiwe ckadaHy 6ibnio-
Teky Pillow xomaHpgow «install» i
NiaTBEPANTN HATUCHEHHSIM  KHOIMKMU
Enter.
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Fig. 1.11. Select the desired library

Download the selected library,
considering the bitness of the oper-
ating system and the previously in-
stalled version of Python.

Next, you need to go to the sys-
tem folder "Python" where the pro-
gram was previously installed. For
example, specifying this path C:\
Users\User\AppData\Local\ Pro-
grams\Python\Python 36-32. At the
command prompt, enter the «cmd»
command and press the Enter but-
ton (Fig. 1.12).

In the Administrator window
(Fig. 1.13), using the built-in PIP
package, add the previously down-
loaded Pillow library using the “in-
stall command and confirm by
pressing the Enter button.



=l
vl I} cmd| | & || Moucs: Python36-32 2]
cmd
¥nopagouuTs | Mouck "cmd” a ONTHYECKHMIA JUCK 22 ==~ [ @
3 Vs6panroe ZEHEHMA Tun Pazmep
@ 3arpyskn ) DLLs 07.04.201712:44 Manka c daiinamn
@ HegaeHwe mecta J_j Doc 07.04.201712:44 Manka c daiinamn
B Pabounii cron J_} include 07.04.201712:44 Manka c daiinammn
L Lib 07.04.2017 12:44 Manka c drafnamn
& Bubnnotexn L Tibs 07.04.201712:44 Manka c daiinamn
B9 Bugeo \JJ Seripts 18.04.2017 13:40 Manka ¢ daitnamn |
JokyMeHThl L el 07.04.201712:44 Manka ¢ daitnamn |
& WsoBpameHun i Tools 07.04.201712:44 Manka c daitnamm
o' Mysbika 2] LICENSE 21.03.201717:01 TekcTosblii gokyM... 30 KB |
D NEWS 21.03.2017 16:48 TekcToEbIA 40KYM... 328 KB |
1% Komnbrarep B python 21.03.2017 16:58 Mpunoxenne 96 KB
& Windows 7 () @ python3.dll 21.03.2017 16:55 Pacunperue npu... 57KE
python3g.dll 21.03.2017 16:55 Pacwmperue npu.. 3188 KB
‘h Cets B pythonw 21.03.2017 16:58 Mpunoxerue 95 Kb
[# test 07.04.2017 12:48 Python File 1KE |
veruntimel 40.d1 09.06.2016 22:46 Pacwimpenue npu.. 82 Kb i

Puc. 1.12. BikHO cucTeMHoi
nanku Python

=X Apmunncrparop: © AWindo wsiSystem32icmd.exe

Microsoft Windows [Uersiun ﬁii.fﬁmi]

Puc. 1.13. lHcTanauis 6i6nioTeku

[Micna umx ain Gibnioteky ©yaoe
BCTAHOBIEHO, i II MOXHa Oyae BUKO-
puctoByBatTn B CBOIN poOOTi. [HLWI
bibnioTekn, Hanpuknag 6i6nioteky
Matplotlib, ycTtaHOBMOIOTL aHano-
MYHUM YNHOM.

Mpn CTBOPEHHI CUCTEM TEXHIYHOIO
30py NOTPiIOHO BMKOPUCTOBYBATU pe-
cypcu 6ibniotekn OpenCV. Lle pae
3MOry iCTOTHO CNPOCTUTU NPOrpamHi
Koan i 30inblUMTK LWIBWMOKOAI CUC-
TeMW. [onoBHe  BIKHO  cauTy
https://opencv.org/, Ha siIKOMY PO3Mi-
leHa BCs HeoOxigHa iHdopmauida
AN NigknioYeHHsa enemenTiB 6ibnio-
TeKW, NnokasaHo Ha puc. 1.14.
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Fig. 1.12. Python system
folder window

T

Cc) Kopnopauwa Mavkpocodr (Microsoft Corp.>,. 2009. Bce npasa SauMUEHM.

CislsersslsersApplatasLocalsProgramnssPuthon“~Python36—-32>pip install Pillow_
R e e e T e

Fig. 1.13. Library installation

After these actions, the library is
established, and it can be used in
your work. Other libraries, such as
the Matplotlib library, are installed
in the same way.

When creating technical vision
systems, you need to use the
resources of the OpenCV library.
This allows you to significantly
simplify the program codes and
increase system performance. The
main  window of the site
https://opencv.org/, which contains
all the necessary information to
connect the elements of the library,
is shown in Fig. 1.14.
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Puc. 1.14. l'onoBHe BikHO canTty
https://opencv.org/

1.4. MNMigkno4YeHHA GibnioTekun
OpenCV po Python
ansa OC Windows

[NMnTaHHa nigknoYeHHsa moaynis i
6ibniotek ao Python pns Windows
Oyno pocutb [feTanbHO OnMCaHo
BuWe. Haragaemo nuwe, wo ans
BCTaAHOBIEHHA Moaynis i 6ibnioTek
npu BUKOPUCTaHHI onepauinHol cuc-
Temn Windows Hacamnepen Heob-
XiAHO nepeBipUTU PO3PALHICTb CUC-
Temn — x64 4n x86, a nNoTiM ckayaTtun
BnbpaHy 6ibnioTeky, ypaxoByrun
PO3PAAHICTL OonepauiHOlI CUCTEMN i
paHiLe BCTAHOBIIEHY BepcCito
Python. Tam e 4K npuknag gyxe
AeTanbHO onucaHoO npoueaypy nig-
KnoyeHHs 6ibniotekn Pillow, wo €
OCHOBHMM pecypcom Python png
00pobrieHHs1 306paxeHb | BiAEOiH-
doopmadit.

Mpn BcTaHOBMEHHI  GibnioTekw
OpenCV 3angitb y CUCTEMHY nanky
«Python», Kyou paHiwe BCTaHOB-
noBanaca nporpama, Hanpuvknag,
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Fig. 1.14. The main window of the site
https://opencv.org/

1.4. Connecting OpenCV Library
to Python for Windows

The question of connecting
modules and libraries to Python for
Windows was described in some
detail above. We only recall that to
install modules and libraries when
using the Windows operating sys-
tem, first you need to check the
system width - x64 or — x86, and
then download the selected library,
taking into account the width of the
operating system and the previous-
ly installed version of Python.
There, as an example, the proce-
dure for connecting the Pillow li-
brary, which is the main Python re-
source for processing images and
video information, is described in
great detail.

When installing the OpenCV li-
brary, go to the “Python” system
folder where the program was pre-
viously installed, for example, spec-



ykaszaBwun Takuh wnax: C:lusers\
user\appdata\Local\programs\Python
\Python36-32. ¥ komaHOHOMY psaKy
cnig yBecTtu komaHgy «cmd» i HaTu-
CHYTU KHonky Enter (ouB. puc. 1.12),
| BU nepengeTe y BikHO AOMiHIiCTpa-
Topa (puc. 1.15, a).

Y BikHi AOMiHicTpaTopa 3 4ONOMO-
roto BbygoaHoro naketa PIP Heob-
XidHO godaTu paHiwe ckavaHy 6i6ni-
oteky OpenCV komaHgoto «install»
i NigTBEPAMTUN LIe HATUCHEHHAM KHO-
nkn Enter. Togi B UbOMY BiKHi 3's-
BUTbCA MNOBIOMMNEHHA MNPO YCiLHY
iHCTansauito noTpidbHoi Bam 6ibnioTe-
Kn (puc. 1.15, 6).

TexHonorito pobotn 3 anroput-
mMom Gibniotekn OpenCV ans obpo-
6neHHa 306paxeHb y Python 6yae
onucaHo gani.

ifying this path C: \Users\User
\AppData\ Local\Programs\Python
\Python36-32. In the command line,
enter the command “emd’, press
the Enter button (see Fig. 1.12),
and you will go to the Administrator
window (Fig. 1.15, a).

In the Administrator window you
need to add the previously down-
loaded OpenCV library using the
“install’ command using the built-in
PIP package and confirm this by
pressing the Enter button. Then a
message will appear in this window
about the successful installation of
the library you need (Fig. 1.15, b).

The technology of working with
the OpenCYV library algorithms for
image processing in Python will be
described below.

BN AaMUHKCTPATOR: C:W\"iﬁﬂ%:xa.-‘s\S'_-,rstr:n'l_’rE‘-.crnd.Exe - pip install opency

[Microsoft Windows [Uersion 6.1.76011

Cc?» Kopnopauuna Makkpocooer (Microsoft Corp.),. 2009. Bce npaBa 3auMWeHH.

C:sProgram Files (x86>“Python>pip install opencwv

Microzoft Yindows [Version 6.1.76011

1(6) Kopnopauwa Makkpocodr (Microsoft Corp.),. Z2009. Bce npasa sauMuweHw.

C:»Program Files (x86>“Puthon>pip install opencv

Collecting opencu
Downloading opence-0.2.0.tar.gz
Installing collected packages: opence

Running setup.py install for opencuv ...

|Successfully installed opencv-0.2.0

fC:\Prugram Files (x86>“Puthon>

Puc. 1.15. IHcTansauis OpenCV
y BikHi AgMiHicTpaTopa
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Fig. 1.15. Installing OpenCYV in the
Administrator window



2. BA3SOBUN CUHTAKCUC
PYTHON

2.1. NMNakeTtn B Python

[MakeT (GibnioTeka) € iepapxi4yHOO
CTPYKTYPOI KaTanoris pauvnie, sdka
BU3HA4Yae €OWHE npuKnagHe cepe-
posue Python, o cknagaetbcs 3
MOAYNIB, SKi, AKWO € 6akaHHS, MOX-
Ha 3rpynysaTu B nignaketu i nignig-
nakeTun i T. A.

Mogyne pae 3mory  noridHo
opraHizyBatun kog Python. Yrpyny-
BaHHA 3B'S3aHOro0 Koady B MOAYIb
nonerwye po3ymMiHHA 1 BUKOPUCTaH-
HA kogy. Mogynb - ue oO6'ekT
Python 3 OOBiINbHO Ha3BaHUMKU aT-
pubyTamu, SiKi MOXHa 3B'A3aTu 1 No-
crnaTucs Ha HUX.

[MpocTto moaynb — ue dawnn, wo
cknagaetbca 3 kogy Python. Mo-
Aynb MOXe BU3HadaTtn oyHKUT, Kna-
CW i 3MiHHI. Moaynb TakoX Moxe Mi-
CTUTU BUKOHYBaHUI KOL.

Kog Python pnsa mogyns 3 iM'sim
name 3a3BMYyan 3HaxoauTbCs y phan-
ni 3 iM'aM name.py. OcCb npuknag
npocToro moayna hello mod.py 3
OOHi€E YHKUiel0 print func(),
AKUN NOKasye PAOOK 3i 3MIHHOK Tek-
CTOBOK YaCTUHOK par Yy KOMaHAa-
HOMY BiKHi:
def print func( par ):

print(;Hello, ", par)

OyHKUIT geTanbHO obroBoproBa-
TUMyTbCA pani. Tenep BW3HAYUMO
KOHUenuito moaynsa. MoxHa Bukopu-
cToByBatM  OyOb-SKMW  BUXIOHUN
doann Python ak moaynb, BUKOHaB-
WKW [HCTPYKUiO import B IHWOMY
BuxigHomy dawnni Python. |uvnopt
Ma€e Takuh CUHTaKCUC:

import modulel [, module2[, ...

2. PYTHON BASIC SYNTAX

2.1. Packages in Python

A package (library) is a hierar-
chical file directory structure that
defines a single Python application
environment that consists of mod-
ules, which optionally can be
grouped in sub-packages and sub-
sub-packages, and so on.

A module allows to organize log-
ically Python code. Grouping relat-
ed code into a module makes the
code easier to understand and use.
A module is a Python object with
arbitrarily named attributes that you
can bind and reference.

Simply, a module is a file consist-

ing of Python code. A module can
define functions, classes and varia-
bles. A module can also include
runnable code.
The Python code for a module
named name normally resides in a
file named name.py. Here is an ex-
ample of a simple module,
hello mod.py With one function
print func (), which shows string
with variable text part par in the
command window:

Functions in details will be dis-
cussed further. Now we are pointed
on module concept. You can use
any Python source file as a module
by executing an import statement in
some other Python source file. The
import has the following syntax:

moduleN]
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Konu iHTepnpetaTtop 3ycTpivyae When the interpreter encounters an

orneparop IMMNOPTYy, BiH 3aBaHTaXye import statement, it uploads the
MOLYIMb, SKWO MOAYSlb € B LUNAXy module if the module is present in
nowyky. LUnax nowyky — ue Crnmcok the search path. A search path is a
KaTanorie, SKi iHTepnpeTaTop LWYyKae list of directories that the interpreter
nepepn iMnoptoMm moaynsa. Hanpuk- searches before importing a mod-
nag, wob imnopTtyBatn Moayrb hel - ule. For example, to import the
lo mod.py, NOTPIOHO MOMICTUTU Ta- module hello mod.py, you need
Ky KOMaHZy 3BepXy CKpunTy: to put the following command at the

top of the script:

# Import module hello mod
import hello mod

# Defined function call
hello mod.print func("student")

Mpedpikc (iM's mogyna + kparnka) The prefix (module name + dot) be-
nepeq iM'asm yHKUIT nokasye, LWo fore the function name shows that
doyHKUis € aTpmbyTomM moayns. Konu the function is an attribute of the
HaBeJeHUN BULLE KOO BUKOHYETbLCH, module. When the above code is
MaeMO Takun pesynbTar: executed, it produces the following

result:

Hello, student

Moaynb 3aBaHTaXyeTbCA JIvLie A module is loaded only once, re-
OOWH pa3 HesanexHo Big Toro, gardless of the number of times it is
CKiflbKn pasiB BiH 6yB iMNopTOBaHWM. imported.

Onepatop Python from fa€ 3MO- Python's from statement lets you
ry iMnoprtyBatM neBHi atpubytn 3 import specific attributes from a
MOLYMSA B MOTOYHWUW MPOCTIP iMEH. module into the current name-
IMOOpPT from ... Mae Takuw space. The from... import has
CUHTaKCUC: the following syntax:
from modname import namel[, name2[, ... nameN]]

Hanpuknag, wo6 imnopTyBaTtH For example, to import only the
nuwe yHKUilo print func () 3 MO- function print func() from the
ayna hello mod, BWKOPUCTOBYWTE module hello mod, use the follow-
TaKy IHCTPYKL,itO: ing statement:

# function import
from hello mod import print func

# function call
print func("student")
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Lle onepatop He iMNopTye BeCb
MOLYSb Yy MOTOYHUA NPOCTIP iMEH;
BiH NPOCTO BBOAUTbL  E€fIEMEHT
print func () AOnNa AgocTtyny B MO-
TOYHOMY MOAYIII.

2.2. KoHuenuisa hyHKLiN

Ak BunNnvBae 3 HaBeLEeHOro BULLE
onucy, QOyHKUiS € 3rpyrnoBaHuMm Ta
iMeHoBaHUM  65I0KOM  onepaTopis,
AKUN MOXe BYTU BUKOHAHWI LUNSIXOM
BUKNUKY 3 iHWOro hansy cueHapito,
dyHKUiT abo 6esnocepeaHbO i3 3a-
nuty Python.

Ane cno4yaTtky BU MaeTe 3HaTW, K
doyHKUIT 3a3BM4an BU3HaAYaKTLCA B
BibnioTeyHnx moaynsax abo y Balumx
BNacHUX CKpunTax, Wwob CTPyKTypy-
BaTu kog Python i 3pobutn noro
binbw ymtabenbHum. Ocb NPOCTI
npasuna ans BM3HaAYEeHHs (PyHKLUiT B
Python:

o DyHKUiOHaNbHUN 610K NOYNHAETbL-
CA 3 KIMYOBOro crioBa def, 3a
AKUM iayTb iM's PyHKUIT (iIBeHTUdi-
KaTop) i gyxku ().

e byab-aki BxigHi napameTpu abo
apryMeHTu marTb OYyTU MOMILLEHI
B Ui Kpyrfi OAyXKkn. Bu Takox mo-
XeTe  BU3HAUMTM  napameTpu
BCEpeanHi LMX OYXOK.

e [lepwmm onepatopoM  QYHKUIT
MoOXe 6yTn HeoboB'A3KOBUIM One-
paTtop — PpPSOoK  OOKyMeHTauil
doyHKUiT abo pagoK AOKYMEHTA.

e bnok kogy BcepeauHi  QyHKUiT
(iMmeHOBaHM Habip) NOYMHAETLCS
3 ABOKpanku i Mmae BigcTynm.

CuWHTaKcuC BU3HaAYeHHS DYHKUIT €
TaKUM:

def functionname( parameters ):

...."function_ docstring"
function suite
... [return [expression]]
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This statement does not import the
entire module into the current
namespace; it just introduces the
item print func()for access in
the current module.

2.2. Function concept

As following from above descrip-
tion, function is a grouped and
named block of statements, which
can be executed by calling from
another script file, function or direct-
ly from the Python prompt.

But first you should to know how
functions can be normally defined
in library modules or in your own
scripts in order to structure Python
code and to make it more readable.
Here are simple rules to define a
function in Python.

e Function block begins with the
keyword def followed by the
function name (identifier) and pa-
rentheses ().

e Any input parameters or argu-
ments should be placed within
these parentheses. You can also
define parameters inside these
parentheses.

e The first statement of a function
can be an optional statement —
the documentation string of the
function or docstring.

e The code block within a function
(named suite) starts with a colon
: and is indented.

Function definition syntax is follow-

ing:



loeHTngikatop Python — ue iM'q,
LLIO BMKOPUCTOBYETLCA AON1F iOeHTU-
doikauil 3MiHHOT, (PyHKLUil, Knacy, Mo-
aynsa abo iHworo ob'ekTa.

loeHTnikaTop noynHaeTbca 3 Oy-
kBu Big A go Z abo Big a oo z abo
CUMBONY nNigkpecrieHHs (), 3a SKuM
igytoTb Hynb abo uudpu Big 0 go
0.9.

Y Python He gonyckaeTbCsl BMKO-
PUCTaHHSA PO3AiNoBUX 3HAaKIB, TakUX
9K @, $ i % B ineHTMdikaTopax.
Python € pericTpo3anexHow MOBOK
nporpamyBaHHA. Takmm 4ymHoM, Po-
boua cuna i poboya cuna — ue aea
Pi3Hi ineHTuikaTopu B Python.

Cnucok y Tabn. 2.1 wmictutb
Kntovosi crosa Python. Lle 3ape-
3epBOBaHi CrnoBa, i IX He MOXHa BU-
KOpPUCTOBYBaTU $AK iMeHa igeHTUdi-
KaTtopiB. Yci kntoyosi crioBa Python
MIiCTATb nuwe mani 6yksun. Tenep Bu
3HaETe TPU 3 HUX (BUAINEHI XUPHUM
wpudTtom), geski  iHWi  ByayTb
NOACHEHI B HaACTynHUX nigposainax,
OCTaHHI MOXHa 3HaWTU B OOKyMEH-
Tau,l.

A Python identifier is a name
used to identify a variable, function,
class, module or other object.

An identifier starts with a letter
A to Z or a to z or an underscore
(_) followed by zero or more let-
ters, underscores and digits (0 to
9).

Python does not allow punctua-
tion characters such as @, $, and
% within identifiers. Python is a
case sensitive programming lan-
guage. Thus, Manpower and man-
power are two different identifiers in
Python.

The list in Table 2.1 shows the
Python keywords. These are re-
served words and you cannot use
them as identifier names. All the
Python keywords contain lower-
case letters only. Now you know
three of them (selected with bold
font), some others will be explained
in the next subchapters, the rest —
you can find in the documentation.

Tabnuuga 2.1
Table 2.1
and else import raise
assert except in return
break exec is try
class finally lambda while
continue for not with
def from or yield
del global pass
elif if




Tenep BU MOXeTe  TO4YHO
npoaHanisyBatu npuknag 3 rnore-
peaHbOoro nigpo3aainy 3a 4onoMorow
doyHKUIT print func (), ae
print func - ineHTndikaTop
dYHKUIT, par — YHIKaNbHUA NnapameTp
doyHKUiT, Habip dyHKLIN cknagaeTbecA
3 OQIHOro orepaTtopa, SIKUA BUKINKAE
IHWY YyHKUl0 print () 3 OBOMa
JakTUYHUMK NapamMeTpamMn. TEKCTO-
BUWN PAOOK «Hello» | 3HAYEHHSA par.

@OyHKUIA print () € ogHielo 3 BOY-
AoBaHux oyHkuUin Python, siki 3aB-
XOWN € OOCTYNHUMU N POo3Mi3HaTLCA
iHTepnpeTtatopom  Python. BiH
nomiwae ui o6'ektn y dann TekcTo-
BOro MOTOKY, SIKMMA 3@ 3aMOBYyBaH-
HAM € sys.stdout (Hanpuknag, Ko-
MaHOHUM BiKHOM). [1OBHWIM CNKUCOK
BOygoBaHMX (PYHKUIN HaBeOeHO B
Tabn. 2.2. [eski 3 HUx 6yge poarns-
HYTO Jarsli, OCTaHHi B MOXeTe 3Haun-
TN B JOKYMeHTaU,l.

Now you are able to analyze
precisely the example from the pre-
vious subchapter with function
print func (), where print func
— is a function identifier, par —
unique function parameter, suit of
the function consists of one state-
ment, which is calling another func-
tion print () with two actual pa-
rameters: text string "Hello, " and
value of par.

The print () function is one of
the built-in Python functions, which
are always available and recog-
nized by Python interpreter. It puts
given objects to the text stream file,
which is sys.stdout (e.g. com-
mand window) by default. The full
list of the built-in functions is repre-
sented in Table 2.2. Some of them
will be considered further, the rest —
you can find in the documentation.

Tabnuus 2.2
Table 2.2
abs() delattr() hash() memoryview() set()
all() dict() help() min() setattr()
any() dir() hex() next() slice()
ascii() divmod() id() object() sorted()
bin() enumerate() input() oct() staticmethod()
bool() eval() int() open() str()
breakpoint() exec() isinstance() ord() sum()
bytearray() filter() issubclass() pow() super()
bytes() float() iter() print() tuple()
callable() format() len() property() type()
chr() frozenset() list() range() vars()
classmethod() getattr() locals() repr() zip()
compile() globals() map() reversed() __import__()
complex() hasattr() max() round()
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MapameTpn 3a3suyaii  po3pdins- Parameters are normally sepa-

loTbCA (kOMa), i Bam MOTPIGHO MoBi- rated by (coma) and you need to
AOMUTM iIX NPU  BUKIUKY  OYHKLI inform them while function calling
BIANOBIAHO 1O CUHTAKCUCY: according to the syntax:
functionname ( arguments )

By moxeTe BuKnnKaTu YHKLIHO, You can call a function using
BUKOPUCTOBYKOYM Taki TUNU aprymeH- the following types of arguments
TiB (bakTMYHI NapameTpu): (actual parameters):

» 00OB'AA3KOBI apryMeHTy; * required arguments;

* KITHOYOBI apryMeHTu; + keyword arguments;

* aprymeHTu 3a 3aMOBYYBaHHSAM;  default arguments;

* apPryMeHTU 3MiHHOI JOBXUHN.  variable-length arguments.

O6oB'A3koBi aprymeHT — Ue ap- Required arguments are the ar-
rYMEHTW, nepenadi yHKkUil B npa- guments passed to a function in
BUITbHOMY  MO3ULIMHOMY  MOPSAOKY. correct positional order. Here, the
TyT KiNbKICTb @apryMeHTIB Y BUKIUKY number of arguments in the func-
doyHKUIT NOBUHHA TOYHO BignoBigaTu tion call should match exactly with
BU3HAYEHHIO OYHKUIT. the function definition.

Hanpwvknag, o6 BUKIMKATU For example, to call the function
JYHKUiI0O printme (), NOTPIBHO ne- printme (), you definitely need to
pegatv OOWH aprymMeHT, iHakwe BiH pass one argument, otherwise it
BWOACTb CUHTaKCU4YHY MOMWIIKY Ta- gives a syntax error as follows:

KUM YNHOM:

# Function definition

def printme( str ):
"This prints a passed string into this function"
print ( str )

# Function call

printme ()
Konn HaBegeHun BuLle Kopg BUKO- When the above code is execut-
HYETbCS, MAEMO Takuu pesyrnbTar: ed, it produces the following result:

Traceback (most recent call last):
File "test.py", line 11, in <module>

printme () ;
TypeError: printme () takes exactly 1 argument (0 given)
AprymeHTn Krio4oBUX CriB 3B'S- Keyword arguments are related
3aHi 3 BUKNIMKamMn oyHKUin. Konn Bu to the function calls. When you use
BUKOPUCTOBYETE apryMeHTU KIK4o- keyword arguments in a function
BOro CrioBa y BUKITMKY (PYHKLUIil, CTO- call, the caller identifies the argu-
pOHa, L0 BUKIMKaE, IOEeHTUMIKYE ap- ments by the parameter name.

r'YMEHTU 3a iMeHeM napameTpa.
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Lle mae 3mory nponyckatn apry-
MEHTNU abo po3MmillyBaTh IX He Mo
nopsaKy, OCKiSIbKM  iHTepnpeTaTop
Python moxe BMKOpPUCTOBYBaATU Ha-
JaHi KMwo4oBi cnoBa Anga 3icta.-
NEeHHS 3Ha4YeHb 3 NapameTpamu.

HaBenemo npuknag, kKonwu nops-
AOK napameTpiB He Ma€e 3HAYEHHS:

# Function definition

def printinfo( name, age ):
"This prints a passed info
print ( "Name: ", name )
print ( "Age ", age )

# Function call

printinfo( age=20, name="Peet"

Konn HaBegeHun Bulle Kog BU-
KOHYETbCS, MAEMO TakuUn pe3ynbTar:

Name : Peet

Age 20

AprymeHT 3a 3aMOBYYyBaHHAM — L&
aprymMeHT, Wo HabyBae 3Ha4YeHHs 3a
3aMOBYYBaHHAM, $Ke Mae 0OyTn
BCTAHOBNEHE Y BU3HAYEHHI (PYHKLIT,
AKLLO 3HAYEHHSA He BKa3aHO Y BUKNU-
Ky OYHKUIT ONA LbOro aprymeHTy.

HaBegoemMo Hwkye npuknag pae
YABIEHHA NPO aprymeHTn 3a 3aMoB-
YyBaHHAM, [OPYKYETbCA BIK 3a 3a-
MOBYYBaHHSAM, SAKWO WOro He 6yno
nepenaHo:

# Function definition is here
def printinfo( name, age 35

This allows you to skip argu-
ments or place them out of order
because the Python interpreter is
able to use the keywords provided to
match the values with parameters.

In the following example order of
parameters does not matter:

into this function"

)

) :

When the above code is execut-
ed, it produces the following result:

A default argument is an argu-
ment that assumes a default value,
which should be set in function defi-
nition, if a value is not provided in
the function call for that argument.

The following example gives an
idea on default arguments, it prints
default age if it is not passed:

"This prints a passed info into this function"

"Name: ", name )
"Age u, age )

print (
print (

# Now you can call printinfo function

printinfo( age=20, name="Peet"

printinfo( name="Mary" )

Konn HaBegeHunm Buwe Kofa
BUKOHYETbCHA, MAEMO Takun pesyrib-
TarT:

)
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When the above code is execut-
ed, it produces the following result:



Peet
20

Mary
35

Name:
Age
Name:
Age
50
OnepaTtop return [Bupaz] BU-
XoOuTb 3 (PyHKUil, HeobOB'A3KOBO
nepefarym BUpa3 CTOPOHI, WO BU-
Knukae. Lle MoxxHa nponycTuTu, sk B
HaBegeHUX BULLEe MpuKnagax, Komnu
noBepTaHe 3HaYeHHs BiOCyTHe. Taki
JOYHKUIT TakoX Ha3uMBalTbCA Void-
dyHKUissMi abo npouenypamu.
Bu moxeTe NoBEpPHYTU 3HAYEHHS 3
dYHKUIT, AK Y TakoMy npuknagi:
# Function definition
def sum( argl, arg2 ):

# Add both the parameters and

total = argl + arg2
return total
# Function call

total = sum( 10, 20 )
print( "Sum of 10 and 20: ", total )
Konn HaBegeHunm Bulle Kof

BUKOHYETbCSl, MAEMO TaKuU pesyrib-
Tar:

Sum of 10 and 20: 30

2.3. OaHi, onepadii n anroputmun

[MapameTpu, a TakoX MOBePTaHI
3HA4YeHHSA MOXYTb MaTW OaHi Pi3HUX
TMNiB gaHux. Python wmae paHi
PI3HNX CTaHOAPTHUX TUNIB, SKI BUKO-
PUCTOBYKOTLCA  ONA  BU3HAYEHHS
MOXIMBUX onepauin Hag HAMU | Me-
Toay 36epiraHHs AN KOXXHOrO 3 HUX.
Python mae Taki gaHi cTaHOapTHUX
TUNIB:

e 4K)CNO;
* PSAOoK;
® CMNUCOK;
® KOpTEX.
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The statement return [ex-
pression] exits a function, option-
ally passing back an expression to
the caller. It can be missed as in the
above examples, when returning
value are absent. Such a functions
are also named as void-functions or
procedures.

You can return a value from a
function as in following example:

return them."

When the above code is execut-
ed, it produces the following result:

2.3. Data, operations and
algorithms

Parameters as well as returning
values can be of different datatypes.
Python has various standard data
types that are used to define the op-
erations possible on them and the
storage method for each of them.
Python has following standard data
types:

e numbers;
e string;

o list;

e tuple.



3MiHHI Python He noTpebyloTb
SIBHOMO OrOSIOWEHHA ONa pe3epBy-
BaHHSA Micusa B nam'aTti. OronoLweHHs
BiaOyBaeTbCA aBTOMATUYHO, KOSN BU
NPUCBOKETE 3HAYEHHS 3MiHHIN B
neBHin obnacrti: rmobanbHa (chann)
abo nokanbHa (knac, dyHKUiN,
6nokK). 3HaK pIBHOCTI «=» BUKOPUC-
TOBYETLCA AN CTBOPEHHS HOBOIO
ob'ekta 3 igeHTUikaTopoM, ykKasa-
HMM CrpaBa, Ha OCHOBI 3HAY€EHb,
yKazaHux abo pospaxoBaHuX 3fiBa,
Hanpuknag:

Python variables do not need
explicit declaration to reserve
memory space. The declaration
happens automatically when you
assign a value to a variable in a
certain scope: global (file) or local
(class, function, block). The equal
sign = is used to create a new ob-
ject with identifier stated on the
right side, based on values stated
or calculated on the left side. For
example:

counter = 100 # An integer object
miles = 1000.0 # A floating point object
name = "John" # A string

Python fae 3mory npusHayaTtn ogHe
3Ha4YeHHS OeKiNbKOM 3MiIHHUM OAHO-
YacHO, Hanpukniag;:

a=Db=c=1

[aHi yncnosux TuNiB 30epirat0Tb
YMCIOBI 3Ha4YeHHsA. Yuncrnosi 00'ekTn
CTBOPKOKOTLCS NPU MPU3HAYEHHI HUM
3Ha4YeHHs, Hanpuknaa:

varl = 1
var2 = 10

Python nigTpumye gaHi YoTUPbLOX

PI3HUX YNCITOBUX TUNIB:

e int (4ini yscna 3i 3HaKoMm);

e long (goBri uini ynucna, Ak Takox
MOXYTb OyTW nodaHi y BiCIMKO-
BOMYy Ta LWiCTHAAUATKOBOMY
BUMSAI);

o float (peanbHi 3Ha4YeHHA 3 nna-
BalOYOHO Kpankow);

e CKMagHi (koMnnekcHi yncna).

Y T1abn. 2.3 HaBedeHo Oesiki npu-

Knagm YNCnoBuX 3HAYEHb.

26

Python allows you to assign a sin-
gle value to several variables sim-
ultaneously. For example:

Number data types store nu-
meric values. Number objects are
created when you assign a value to
them. For example:

Python supports four different
numerical types
e int (signed integers);
¢ long (long integers, they can also
be represented in octal and hex-
adecimal);

¢ float (floating point real values);
e complex (complex numbers).

The Table 2.3 represents some
examples of number values.



Tabnuusa 2.3

Table 2.3
int long float complex
10 51924361L 0.0 3.14j
100 -0x19323L 15.20 45.

-786 0122L -21.9 9.322e-36j

080 OxDEFABCECBDAECBFBAEI 32.3+e18 .876j
-0490 535633629843L -90. -.6545+0J
-0x260 -052318172735L -32.54e100 3e+26J

0x69 -4721885298529L 70.2-E12 4.53e-7]

ApudmeTnyHi onepaTtopu 3a3Bu-
Yyan BUKOPUCTOBYKTLCA Af1I9 CTBO-
PEHHSA BMpPa3iB i3 YNCITOBUX 3MIHHUX.
HaBepoemo npuknag pisHix onepadin
Yy KOMaHOHOMY peXxumi 3 KOMeHTa-

Arithmetic operators are normal-
ly used to create expression from
number variables. Following ex-
ample demonstrates different op-
erations in command mode with

pPAMU: comments:
>>> a = 55; b = 3

>>> a + b #Addition of two operands

58

>>> a - b # Subtraction of two operands

52

>>> a * b # Multiplication of two operands
165

>>> a / b # Division of two operands
18.333333333333332
>>> a % b # Getting remainder after division
1
>>> a ** b # Raising a to power b
166375
>>> a // b #Floor division (in straight mathematic sense)
18

A Boolean type was added to
Python 2.3. Two new constants
were added True and False (1
and 0). The type object for this
new type is named bool and is a

subclass of int.

Bynis Tun 6yB aogaHuin y Python
2.3. byno gogaHo OBi HOBI KOHCTaH-
™ True i False (11 0). O6'ekt Tnny
AJ19 LbOro HOBOrO TUMY Ha3NBaETLCH
bool i € nigknacom int.
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[Mpuknag: Example:

test = True # True
test = 0.0 # False
test = -1.0 # True

test = None # False

test = 'Easy string'# True

PenauinHi onepaTtopn garTb 3MO- Relational operators allow to
ry MOpiBHIOBATU 3MiHHI 4MCIOBOro compare variables of numeric
TANY JaHWX | JalTb JNOriYHUNA pe- datatype and gives Boolean result.
gynbtart. HaBegemo npuknag pisHix Following example demonstrates
ornepauin y KOMaHOHOMY pexumi 3 different operations in command
KOMEHTapPAMMU: mode with comments:
>>> x = 55.5;, y = 2
>>> X == y # Equal
False
>>> x != vy # Not equal (similar to <>)

True

>>> x >y # Greater than
True

>>> X <y # Less than

False

>>> x <= y # Less or equal
False

>>> x >= y # Greater or equal

True

JloriyHi onepaTtopu 3a3Buyan BU- Logical operators are normally
KOPUCTOBYKOTLCSH AN CTBOPEHHS N0- used to create Boolean expres-
riyHoOro BMpaasy: sion.
>>> x = 55.5;, y = 2
>>> (x > y) and (x == 0) # True, only if both operands are
True
False
>>> (x < y) or (y%2 == 0) # False, only if both operands are
False
True
>>> not (x//5 == y) # Reverse Boolean value
True

MpurUHATTA  piweHb  3a3BU4au Decision-making usually based
rPYHTYETbCA Ha 6yneBux Bupasax i upon Boolean expressions and
[a€ anroputMn poarany>XeHHs OBO- gives branch algorithms with two
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Ma crnocobamu, 3anexHo Bia TOro,
YN € Y HAac True aboO False yHacrli-
OOK BMpasy:
if expressionl:
statement (s)
[elif expression2:
statement (s)
elif expression3:
statement (g) ]
[else:
statement (g) ]

Onepatop else € HeoboB'sA3-
KOBUM, i nicns if Moxe 6yTn He
Ginbwe opgHoro onepatopa else.
[MoaibHo go iHworo, onepaTtop elif
€ Heobos'askoBum. [lpoTe, Ha
BIOMIHY Bifg iHWUX, ONA AKMX MOXe
By™m He 6inbWw oagHOro oneparopa,
nicna onepatopa if Moxe OyTu
A0BINbHA KiNbKICTb onepaTopiB elif.

AKWo noriyHMn BUpa3 Mae 3Ha-
YeHHs True, TO BUKOHYETbCA OIOK
ornepaTtopiB ycepeauHi onepatopa
if. Onepatop else MICTUTb OJOK
KoOy, SKAA BUKOHYETbCH, AKLLO
YMOBHUN BMpa3 B onepaTtopi if
HabyBae 3HayeHHs 0 abo False.

OnepaTop elif gae 3Mmory nepe-
BIPATM [OeKifibka BMpasiB Ha True |
BUKOHYBaTU ONOK kody, SK TiNbKn
OfiHa 3 YMOB OLIHIOETLCH SIK True.

Mpuknag:
var = 100
if var == 200:
print (
elif var == 150:
print ( "2
elif var == 100:
print ( "3
else:
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ways, depending on whether we
have True or False as the result
of the expression:

The else statement is an op-
tional statement and there could
be at most only one else state-
ment following if. Similar to the
else, the elif statement is op-
tional. However, unlike else, for
which there can be at most one
statement, there can be an arbi-
trary number of elif statements
following an if.

If the Boolean expression eval-
uates to True, then the block of
statement(s) inside the if state-
ment is executed. An else state-
ment contains the block of code
that executes if the conditional ex-
pression in the if statement re-
solves to 0 or a False value.

The elif statement allows you
to check multiple expressions for
True and execute a block of code
as soon as one of the conditions
evaluates to True.

Example:

"l - Got a true expression value" )
- Got a true expression value" )

- Got a true expression value" )



print ( "4
print ( var )
print ( "Good bye!" )

Konn HaBegeHun BUlle  KopA
BUKOHYETLCHA, MAEMO Takun pesyrb-
TaT:

3 - Got a true expression value
100
Good bye!

Pagkn € He3aMmiHHUMKN B Python i
IJEHTUMIKYIOTBCA 9K  HenepepBHUN
Habip cumBOniB, NOAAHMX Yy nankax.
Python ponyckae napu oAWHapHUX
abo nogBinHux nanok. MigMHOXWUHU
pPALKIB MOXYTb BYTW OTpUMaHi 3 BK-
KOpPUCTaHHSAM onepatopa 3pi3y ([ 1]
i [ 1) 3 iHOeKkcamu, Lo NoYMHa-
toTbCcA 3 0 Ha noyartky psagka i npo-
XoaaTb Big -1 A0 KiHUA. 3HaK nntoc
(+) - ue onepatop o00'egHaHHS

- Got a false expression value" )

When the above code is exe-
cuted, it produces the following re-
sult:

Strings are immutable in Py-
thon and are identified as a con-
tiguous set of characters repre-
sented in the quotation marks. Py-
thon allows either pairs of single
or double quotes. Subsets of
strings can be taken using the
slice operator ([ 1 and [:])
with indexes starting at 0 in the
beginning of the string and working
their way from -1 at the end. The

psOKiB, a 3ipoyka (*) — onepartop plus (+) sign is the string concat-
NOBTOPEHHA. enation operator and the asterisk
(*) is the repetition operator.

[Mpuknag: Example:

str = 'Hello World!'

print(str) # Prints complete string

print (str[0]) # Prints first character of the string

print (str[2:5]) # Prints characters starting from 3rd to 5th

print (str[2:]) # Prints string starting from 3rd character

print (str * 2) # Prints string two times

print (str + "TEST") # Prints concatenated string

Cnncok — ue Hambinbw YyHiBep-
canbHUA TUN OaHUX, OOCTYMHUA Yy
Python, sxui MOXHa 3anucaTtu y
BUrNA4I CNUCKY 3Ha4veHb (enemen-
TiB), po34ifieHnx Komamu, Yy KBaA-
paTHUX Ayxkax. Baxnuneum momeH-
TOM € Te, WO efleMEHTU B CMNCKY He
000B'A3KOBO MatoTb BYTN O4HOro TU-
ny.

CTBOPUTM CNUCOK Tak camMoO Npo-
CTO, SK MOCTaBUTU Pi3HI 3HAYEHHS
Yyepes KOMY B KBagpaTHUX OyXKaxX.
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List is a most versatile datatype
available in Python which can be
written as a list of comma-
separated values (items) between
square brackets. Important thing
about a list is that items in a list
need not be of the same type.

Creating a list is as simple as
putting different comma-separated
values between square brackets.



[Mpuknag:
listl = ['physics', 'chemistry',
list2 = [1, 2, 3, 4, 5 1;
list3 = ["a", "b", "c", "d"]
MooibHO OO0  iHAOekciB  psaKiB
iHOEeKcK cnuckiB nodmHarTbes 3 0, i
CANCKN  MOXYTb OyTM  HapisaHi,

ob'egHaHi i T. . LWo6 oTtpumaTtn goc-
Tyn 0O 3HA4YeHb Yy CMcKax, BUKOPU-
CTOBYWTE KBagpaTHi OYyXKM Ons
HapiskM pasoM 3 iHgekcoMm abo
iHOekcamu, wob ogep)xatn 3HaYeH-
HS, AOCTYMHI 3a UMM iHOEKCOM.

[Mpuknag:
listl = ['physics', 'chemistry',
list2 = [1, 2, 3, 4, 5, 6, 7 1;
print ("list1([0]: ", listl1[0])
print ("list2[1:5]: ", list2([1:5])
Konn HaBegeHun BUlle  KopA

BMKOHYETbCS, MAEMO TaKUN pe3yrib-
TaT:

listl1[0]: physics
list2[1:5]: [2, 3, 4, 5]

Bun moxerte BigHOBUTM oauH abo
JEeKinbka eneMeHTiB ChnuckiB, 3a-
AaBLUK 3pi3 Y NiBi YaCTUHI oneparo-
pa NPUCBOEHHS, | AoAaBaTU efieMeH-
TV OO0 CMUCKY 3a JOMOMOrol MeTtoay
append () .

Example:
1997, 2000];

Similar to string indices, list indi-
ces start at 0, and lists can be
sliced, concatenated and so on. To
access values in lists, use the
square brackets for slicing along
with the index or indices to obtain
value available at that index.

Example:
1997, 2000];

When the above code is exe-
cuted, it produces the following re-
sult:

You can update single or multi-
ple elements of lists by giving the
slice on the left-hand side of the
assignment operator, and you can
add to elements in a list with the
append() method.

Mpuknag: Example:
st = ['physics', 'chemistry', 1997, 2000];
print ( "Value available at index 2 : " )
print ( list([2] )
list[2] = 2001
print ( "New value available at index 2 : " )

print ( list([2] )

Konn npuBeoeHnn Bulle Kon
BUKOHYETLCHA, MAEMO Takun pesyrb-

Tar.

Value available at index 2
1997

New value available at index 2

2001
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When the above code is exe-
cuted, it produces the following re-
sult:



Cnuncku pearyioTb Ha ornepartopis
+ | * Tak camo, SIK psOKu; BOHU Ta-
KOX O3Ha4yaloTb KOHKaTeHauito i no-
BTOPEHHS, 3@ BUHATKOM TOrO, LLO pe-
3ynbTaTtoM € HOBUWM CMUCOK, a He ps-
[OK.

Y 3aranbHOMY BUNagky oneparopu
BUKOHYIOTLCA MOCIJOBHO: MEpLUniA
ornepaTtop Yy QYHKUiIl BUKOHYETHLCSH
nepwwum, notim apyrmn i 1. . Moxe
BUHUKHYTU CUTyauid, OCoOBnMBO siK-
WO BW MpautoeTe 3 NOCNiAOBHOCTS-
MU, TakKMMu K pSOKy, cnmcku abo
KOpTeXi, Kofim BamMm NOTPIOHO BUMKOHa-
TV 610K Ko4y Kinbka pasis.

OnepaTtop while BMKOHYe BaraTo
pasiB (MOBTOPIOE) UiNbOBUK onepa-
TOp OOTW, OOKM NeBHa ymMoBa € Mnpa-
BUNbHOW. CUHTAKCUC UMKNY while Y
MOBI nporpamysaHHs Python:

while condition:
statement (s)

YMoBa B 3arorioBky (nepLumn ps-
A0K) Moxe OyTn Oyab-skum BuUpa-
30M, | Byab-sike HEHyNbOBE 3HAYEH-
HS1 iHTepnpeTyBaTUMETLCA AK
TcTuHa, HYNMb — 9K XubHicTe. LMkn
NOBTOPKETLCA [A0TU, LOOKM YyMOBa
BUKOHYeTbCA. Konn ymoBa cTtae no-
MWUNKOBOK, KepyBaHHA MNporpamotro
nepexoauTb Ha niHito, WO € HacTyn-
Hoto 6e3nocepeHbO 3a LIMKITOM.

Y Python Bci onepatopu 3
BIACTYNOM Ha OfHAKOBY KiSIbKICTb
CUMBOJTbHNX NpoCTOpIB nicns
NporpamMHOl KOHCTPYKLIT BBaXXatOTbCHA
YacTMHOKW eaMHoro 6roka  koay
(macri).

TyT KMHOYOBMM MOMEHTOM LMKNY
while € Te, WO UMK MOXe HIKOMN He
BUKOHyBaTucd. Konu ymoBy nepesi-
PEeHO | pe3ynbTaT € MOMUIKOBUM,
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Lists respond to the + and * op-
erators much like strings; they
mean concatenation and repetition
here too, except that the result is a
new list, not a string.

In general, statements are exe-
cuted sequentially: the first state-
ment in a function is executed first,
followed by the second, and so on.
There may be a situation, espe-
cially if you work with sequences
like strings, lists or tuples, when
you need to execute a block of
code several number of times.

A while loop statement exe-
cutes repeatedly (iterates) a target
statement as long as the given
condition is true. The syntax of
while loop in Python program-
ming language is:

The condition in the header (first
line) may be any expression, and
any non-zero value will interpreted
as True, zero — as False. The
loop iterates while the condition is
true. When the condition becomes
false, program control passes to
the line immediately following the
loop.

In Python, all the statements
indented by the same number of
character spaces after a pro-
gramming construct are consid-
ered to be part of a single block of
code (suit).

Here, key point of the while
loop is that the loop might not ever
run. When the condition is tested
and the result is false, the loop



Tino uyukny 6yae nponyweHo, i byae
BUKOHaHWM MNepLunn onepartop nicnd
UMKy while. AKLWO yMOBa 3aBXau €
NpaBUbHON, TO UMK Byae HeckKiH-

body will be skipped and the first
statement after the while loop will
be executed. If condition is always
true, a loop will be infinite.

YEHHUM. Example:
Mpuknag;:
precession = 0.05; number = 5
while (number > precession) :
print (number)
number /= 2 #number = number/2
Konn HaBegeHun Bulle KopA When the above code is exe-

BMKOHYETbCS, MAEMO TaKUN pe3yrib-
TaT:

.5
.25
.625
.3125
.15625
0.078125
3anuT, WO cKnagaetbCsa 3 APYKY i
NpUBMAcHEHHA 3 onepatopamu Ai-
NEeHHs, BUKOHYeTbCA 6arato pasis,
MOKM 4nCNo He cTaHe bBinblie npe-
uecii. Ha koxHin iTepauii Bigob-
PaXyeTbCsl MOTOYHE 3HAYEHHS 4unC-
na, a noTiM AinnuTbca Ha 2.
Onepatop for Mae MOXMUBICTb
nepebupatn enemeHTn 6yab-AKol
NOCNiOOBHOCTI, TakKol Ik CNUCOK abo
pagoK. CMHTaKcuc umkny for y MoBi
nporpamyBaHHsa Python:

O OO kK DN

for iterating var in sequence:

statements (s)

AKWO nocnigoBHICTbL MICTUTbL CNKU-
COK BMpa3siB, BOHA OLIHIETLCA Mep-
woto. [loTiMm nepwnn enemeHT vy
NOCNiAOBHOCTI NMPUCBOKETLCA ITEPO-
BHiN 3MiHHIN iterating var.

[MoTiM BMKOHYETbCS ONOK onepa-
TopiB. KOXeH enemMeHT y Cnucky
MPUCBOKETLCA iterating var, |
610K onepaTopiB BUKOHYETLCHA OOTH,
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cuted, it produces the following re-
sult:

The suit here, consisting of the
print and assignment with division
statements, is executed repeatedly
until number is no longer greater
than precession. On each iteration,
the current value of number is dis-
played and then divided by 2.

The for loop statement has the
ability to iterate over the items of
any sequence, such as a list or a
string. The syntax of for loop in
Python programming language is:

If a sequence contains an ex-
pression list, it is evaluated first.
Then, the first item in the se-
quence is assigned to the iterating
variable iterating var.

Next, the statement(s) block is
executed. Each item in the list is
assigned to iterating var, and
the statement(s) block is executed



OOKn He 6Gyaoe BMYepnaHo BCHO until the entire sequence is ex-

nocnigosHicTb. Npuknaa: hausted. Example:
for letter in 'OpenCV': # First Example
print ( 'Current Letter :', letter )
colors = ['red', 'green', 'blue']
for color in colors: # Second Example
print ( 'Current color :', color )
Konn HaBegeHun Bulle Kopf When the above code is exe-
BUKOHYETLCHA, MAEMO Takun pesyrnb- cuted, it produces the following re-
Tar: sult:

Current Letter
Current Letter
Current Letter
Current Letter
Current Letter
Current Letter :
Current color : red

Current color : green
Current color : blue

<QB8 0o O

AnbTepHaTuBHUK cnoci®é nepebo- An alternative way of iterating
PY KOXHOro efieMeHTa — 3CyB iH- through each item is by index off-
AeKcy B caMin nocrnigoBHOCTI. Hase- set into the sequence itself. Fol-
AeMO MpPoCTUn Npuknaa: lowing is a simple example:
colors = ['red', 'green', 'blue']
for index in range(len(colors)):

print ('Current color :', colors [index])

Konn HaBegeHun BuUlle Kona When the above code is exe-
BUKOHYETLCHA, MAEMO Takun pesyrnb- cuted, it produces the following re-
TaT: sult:

Current color : red
Current color : green
Current color : blue

TyT mm ckopuctanuca Bbyagosa- Here, we took the assistance of
HOK (PYHKUiE len (), AKka Oae 3a- the 1len () built-in function, which
ranibHy KifbKiCTb efleMeHTIB Y KopTe- provides the total number of ele-
Xi, a Takox BOyooBaHOK QOYHKLI€E ments in the tuple as well as the
range (), WO [Jae akTU4Hy noc- range () built-in function to give
NiJOBHICTb ANS NMOBTOPEHHS. us the actual sequence to iterate

over.

OnepaTtop break MOXHa BUKOPU- The break statement can be
CTOBYBaTV B UMKNax while i for Ans used in both while and for loops
3aBepLUEHHS iTepalin LuKIy. to terminate loop iterations.
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[Mpuknag:

while True:
c input ("Enter any symbol
if ¢ == 'e':
break

TyT input () — BbygoBaHa pyHk-
Liq, AKa noBepTae psOoK, oTpuma-
HUMA 3 BiKHA KOMaHAW nicns gaHoro
TeKCToBOro 3anuty. Konv HaBegeHun
BULLE KOO BWKOHYETbLCHA, MaeMo Ta-
KWW pe3ynbTar:

Enter any symbol (e - for EXIT):
Enter any symbol (e - for EXIT):
Enter any symbol (e - for EXIT):

AKLWO BM BUMKOPUCTOBYETE BKNa-
OEHI  UuKnu, ornepatop break
3yNUHAE BMKOHAHHA CaMOro BHYT-
PILLHBOrO UMKy M MOYUHAE BUKO-
HaHHA HaACTYMNHOro psiaka koay nicng
6roka.

[Mpuknag:
for x in range(4) :

for y in range(4) :
if y == x:
break

print(x,' ',vy)

Konn HaBegeHun BuLle KOO BUKO-
HYETbLCHA, MAEMO TakuUn pesysnbTar:

1 0
2 0
2 1
30
31
3 2
Onepatop continue BigXuUnsie
onepaTtopu, WO 3anuwumnucs, y

NOTOYHIN iTepaLil Uukny i nepemiwlae
erneMeHT KepyBaHHA Ha3aj Ha rnoya-
TOK LMKy .

Onepatop continue MOXe BWKO-
pUCTOBYBaTUCA B UMKNax while i
for, HanNpukaa:
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(e

Example:

- for EXIT): ")

Here input () is a built-in func-
tion, which returns string getting
from command window after given
text prompt. When the above code
is executed, it produces the follow-
ing result:

If you are using nested loops,
the break statement stops the
execution of the innermost loop
and start executing the next line of
code after the block.

Example:

When the above code is execut-
ed, it produces the following result:

The continue statement re-
jects all the remaining statements
in the current iteration of the loop
and moves the control back to the
top of the loop.

The continue statement can be
used in both while and for loops.
For example:



for letter in 'Python': # First Example
if letter == 'h':
continue
print ( 'Current Letter :', letter)

var = 10 # Second Example
while var > 0:

var = var -1

if var == 5:
continue
print ( 'Current variable value :',6 var)

print ("Good bye!")

Konn HaBegeHun BuLle KOO BUKO-
HYETbLCHA, MAEMO TakuUn pesyrnbTar:

Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current
Current

Letter

Letter

Letter

Letter

Letter :
variable
variable
variable
variable
variable
variable
variable
variable
variable

Good bye!

OnepaTtop
BUKOPUCTOBYETbCA TOAi, KONW one-
paTtop MNOTPIOHUM CUHTaAKCUYHO, arne
BW He Xxo4eTe, WOO BMKOHyBanacs
sika-HeOyab komaHaa abo Kop.

OnepaTtop pass
ornepavjieto; HiYoro He BigOyBaeTbLCH,
KOS BiH BMKOHYeETbCA. Lia nepepava
TakKOX € KOPUCHOK B TUX Micudax, e
Ball KOA 3peLUTo UTume, arne nuoro
lLle He HanucaHo,
doyHKUiSX, WO BignoBigatTb Hanaro-

IKEHHIO Kooy .

KopTex — ue nocnigoBHICTb He-
3MiHHMX 00'ekTiB Python. KopTexi —

pass

y

€ HYNbOBOI

Hanpuknag,

O N WK OHJI L

Python
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When the above code is execut-
ed, it produces the following result:

The pass statement in Python
is used when a statement is re-
quired syntactically but you do not
want any command or code to ex-
ecute.

The pass statement is a null op-
eration; nothing happens when it
executes. The pass is also useful
in places where your code will
eventually go, but has not been
written yet, for instance, in func-
tions suits for code debugging.

A tuple is a sequence of immu-
table Python objects. Tuples are



e Taki XX nocnigoBHOCTI, 9K | Cnun-
CKW. BigMIHHOCTI MiX KopTexamu i
cCNMCKamMu nonsrarwTs B TOMY, LUO
KOpTeXi He MOXYTb ByTn 3MiHEHi Ha
BiAMIHY Bif CNUCKIB, @ KOPTEXi BUKO-
PUCTOBYIOTb KPYrfi OYXKW, Todi K
CMNUCKN BUKOPUCTOBYKOTb KBagpaTHi
OYXKKN.

CTBOpPUTU KOpPTEX TakK camo Mpo-
CTO, SK MNOCTaBUTU PIi3HI 3HAYEHHS
yepes KomMy. AKo baxaeTe, MoOXeTe
TaKOX MOCTaBUTU L 3HAYEHHS Yyepes
KOMY B OYy>KKax, Hanpuknaa:

tupl = ('physics', 'chemistry',
tup2 = (1, 2, 3, 4, 5)
tup3 llall , Ilbll , llcll , Ildll

[MOPOXHIM KOPTEX 3anuCyeTbCHa Yy
BUMMAAI OBOX KPYrnuxX OYXOK, WO He
MICTATb HIYOrO:

tupl = ()

Llo6 Hanmucatu KopTex, Lo Mic-
TUTb OHE 3HAYEHHS, BU MaeTe Mnoc-
TaBUTU KOMY:

tupl = (501)

Ak | iHOeKcu  psgkie,  iHOEKCU
KOpTexiB noynHaTbed 3 0 i MOXyTb
Oyt pospizaHumn, ob'egHaHUMK i
T. AO.

lLlo®6 oTpumaTtn poctyn Oo 3Ha-
YyeHb Y KOpPTeXi, BUKOPUCTOBYMUTE
KBagpaTHI OYXKN ONS Hapi3Kn pasom
3 iHOoekcom abo iHgekcamu, LWoO
ofepXxaTn 3Ha4yeHHsA, OOCTYMHi 3a
UMM IHOEKCOM, Hanpuknaa:

tupl = ('physics', 'chemistry',
tup2 = (1, 2, 3, 4, 5, 6, 7 )
print ("tupl[0]: ", tupll[0])
print ("tup2([1:5]: ", tup2[1l:5])

Konn HaBegeHun BuLle KOO BUKO-
HYETbLCHA, MAEMO TakuU pesyrnbTar:
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sequences, just like lists. The dif-
ferences between tuples and lists
are, the tuples cannot be changed
unlike lists and tuples use paren-
theses, whereas lists use square
brackets.

Creating a tuple is as simple as
putting different comma-separated
values. Optionally you can put the-
se comma-separated values be-
tween parentheses also. For exam-
ple:

1997, 2000)

The empty tuple is written as
two parentheses containing noth-

ing:

To write a tuple containing a
single value you have to include a
comma:

Like string indices, tuple indices
start at 0, and they can be sliced,
concatenated, and so on.

To access values in tuple, use
the square brackets for slicing
along with the index or indices to
obtain value available at that in-
dex. For example:

1997, 2000)

When the above code is execut-
ed, it produces the following result:



tupl[0] : physics

tup2[1:5]: [2, 3, 4, 5]

KopTexi € He3aMiHHUMWK, Lo O3Ha- Tuples are immutable which
Yyae, Lo BM HE MOXEeTe OHOBMBaTH means you cannot update or
abo 3MiHOBaTW 3HAYEHHS efleMeHTIB change the values of tuple ele-
KopTexy. Bu moxeTte y3aTu 4yactuHu ments. You are able to take por-
HasgABHMUX KOPTEXIiB AN CTBOPEHHSA tions of existing tuples to create
HOBUX KOPTEXIB, SIK NOKasaHO B Ta- new tuples as the following exam-
KOMY npuknagi: ple demonstrates:
tupl = (12, 34.56)
tup2 = ('abc', 'xyz')

# Following action is not valid for tuples
# tupl[0] = 100;

# So let's create a new tuple as follows
tup3 = tupl + tup2

print (tup3)

Konn HaBegeHun BuLle KOO BUKO- When the above code is execut-
HYETbCS, MAEMO Takuu pesyrnbTar: ed, it produces the following result:
(12, 34.56, 'abc', 'xyz')

BupoaneHHa oOKpemMux enemeHTIB Removing individual tuple ele-
KOPTEXY € HEMOXNUBUM. 3BUYANHO, ments is not possible. There is, of
HeMae Hi4oro noraHoro B Tomy, LLo6 course, nothing wrong with putting
3ibpatm wWe oauH KopTeX 3 Bia- together another tuple with the un-
KUHYTUMWN HebaXaHUMW eremMeHTa- desired elements discarded.

MMU.

KopTtexi BignosigawTb Ha onepa- Tuples respond to the + and *
TOPU + | * TaK camo, SK PALOKN; BOHU operators much like strings; they
TAKOX O3Ha4yalTb KOHKaTeHauito | mean concatenation and repetition
NOBTOPEHHHA, 3a BMHATKOM TOro, WO here too, except that the result is a
pe3yrnbTaToOM € HOBUM KOPTEX, a He new tuple, not a string.

PALOK.

In fact, tuples respond to all of
the general sequence operations
we used on strings or lists.

Any set of multiple objects,
comma-separated, written without
identifying symbols, i.e., brackets
for lists, parentheses for tuples,
etc., default to tuples, as indicated

dakTMYHO KopTeXxi BignosigalTb
Ha BCi 3aranbHi onepauii nocnigos-
HOCTI, SKi MW BWKOpPUCTOBYBanuM B
pagkax abo crnmckax.

byob-akmin - Habip 3 AeKinbKox
00'eKTiB, BIQOKPEMIIEHMX KOMaMW,
3anucaHmnx 6e3 igeHTUdIKyBanbHUX
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cCuMBONIB, TOBTO AYXXOK ANsi CNUCKIB,
OYXXOK AN KopTexiB i T. 4., 3a 3a-
MOBYYBAHHSM [JOPIBHIOE KopTexam,
SIK Y TaKuUX KOPOTKMX NpuKnagax:

in these short examples:

print ( 'abc', -4.24e93, 18+6.675, 'xyz')
x, yv=1, 2
print ( "value of x , v : ", x, V)

Konn HaBegeHunn BuLle KOO BUKO-
HYETbLCHA, MAEMO TakuUn pesyrnbTar:

abc -4.24e+93 (18+6.67)
Value of x , y : 1 2

XyZ

2.4. BbypoBaHi n 6ibnioteyHi
yHKUT
€ [Oekinbka BOygoBaHWX (YHKLIN
A5 BUKOHaHHS NEePeTBOPEHHA 3 OA-
HOro TuMNy QdaHux Ha iHwin., L
dyHKUIT noBepTaloTb HOBUA OB'EKT,

When the above code is execut-
ed, it produces the following result:

2.4. Built-in and library
functions

There are several built-in func-
tions to perform conversion from
one data type to another. These
functions return a new object rep-

o sBnsie coboto nepeTBopeHe 3Ha- resenting the converted value
YeHHs (Tabn. 2.4). (Table 2.4).
Tabnua 2.4
Table 2.4
int (x [,basel])
[MepeTBOpPIOE x Ha Uifie YnCcno. base Converts x to an integer. base

BKasye 0asy, sKLWO x € psiAKoM

specifies the base if x is a string

[,

long (x

base] )

[MepeTBOplOE x Ha OoBre uine. base
BM3Havae 6asy, KO x € PpAOKOM

Converts x to a long integer. base
specifies the base if x is a string

float (x)

[lepeTBOpOE x Ha 4uCno 3 nnasato-
YOK Kpankor

Converts x to a floating-point num-
ber

bool (x)

[MepeTBOpIOE x Ha NOrivYHe YMCIIo Converts x to a Boolean number
str(x)

[MepeTBOpIOE 0B'EKT x HA PSAOAOK Converts object x to a string
repr (x)
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3akiHyeHHa Tabn. 2.4
End of table 2.4

[MepeTBOpIOE 06'EKT x Ha padok Bupa- | Converts object x to an expression
3y string
eval (str)
OuiHtoe pagok i noseptae 06'ekT Evaluates a string and returns an ob-
ject
tuple (s)
[lepeTBOpPIOE S Ha KOPTEX Converts s to a tuple
list (s)
[lepeTBOpPIOE S HA CNNCOK Converts s to a list
chr (x)

[lepeTBOpIOE Lifie YNCNo Ha CUMBOJI

Converts an integer to a character

ord (x)

[MepeTBOpOE OANH CUMBOS1 Ha NOro
LifioumncrnoBe 3Ha4YeHHs

Converts a single character to its in-
teger value

hex (x)

[MepeTBOpPIOE Lifle YUCNO Ha
LUICTHAOUATKOBUN PALOOK

Converts an integer to a hexadecimal
string

oct (x)

[MepeTBOpPIOE Lifle YUCNO Ha
BICIMKOBUIN PALOK

Converts an integer to an octal string

Python wmicTuTb Taki dyHKUil, O
BMKOHYIOTb MaTeMaTuUyHi 0B6YnCrEeHHS
(Tabn. 2.5).

Python includes following functions
that perform mathematical calcula-
tions (Table 2.5).

Tabnuuyga 2.5
Table 2.5

abs(x)

ABCcontoTHe 3HaYeHHs x: (godaTHe) BiACTaHb MiX X i Hyrnem

Zero

The absolute value of x: the (positive) distance between x and
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MpogoBxeHHs Tabn. 2.5
Continuation of table 2.5

ceil(x) Ctenda x: HaMeHLLUE Life YMCNo He MeHLe x
The ceiling of x: the smallest integer not less than x
cmp(x,y) | -1, 9KWO x <y, 0, AKWO x == vy, abo 1, AKWO x> v
-1ifx < y,0ifx == y,orlifx > vy
exp(x) EkcnoHeHTa x:e*
The exponential of x: e*
fabs(x) | AGcontoTHe 3Ha4YeHHs x
The absolute value of x
floor(x) | MoBepx x: HanGinbLe uine Yicrno He GinbLue x
The floor of x: the largest integer not greater than x
log(x) HaTtypanbHum norapudm x ansg x>0
The natural logarithm of x, for x>0
log10(x) | NMorapudm x 3a ocHoBoto 10 anst x> 0
The base-10 logarithm of x for x> 0
max HanbinbLwuni 3 Moro aprymeHTiB: 3Ha4YeHHSA, bnunabke o goaat-
(x1, x2,...) | HOI HECKIHYEHHOCTI
The largest of its arguments: the value closest to positive infinity
min HanmeHwunn 3 WNOro aprymeHTiB: 3HayeHHs, 6nusbke [0
(x1, x2,...) | Big’€MHOI HECKIHYEHHOCTI
The smallest of its arguments: the value closest to negative in-
finity
modf(x) | Opo6oBa 11 uina 4acTnHu x y kopTexi 3 ABOX enemeHTiB. Obuagi
YaCTMHM MalTb TOW Xe 3HaK, Wo ”n x. Lina 4yactuHa
NoOBEPTAETLCA AK YNCIO 3 NiaBakyo0 Kpankow
The fractional and integer parts of x in a two-item tuple. Both
parts have the same sign as x. The integer part is returned as a
float
pow(X, y) | 3HaUYeHHA x ** v
The value of x**y
round x OKPYMSETbCA 0O n UMp Big AeCATKOBOI Kpanku. Python

(x [,n])

OKPYMMSETb Big Hyna aK Tan-6penk: round (0.5) [OOPIBHIOE
1,0, a round (-0,5) gopiBHt0E -1, 0
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3akiH4yeHHsa Tabn. 2.5

End of table 2.5

x rounded to n digits from the decimal point. Python rounds
away from zero as a tie-breaker: round(0.5) is 1.0 and

round(-0.5) is-1.0

sqrt(x)

KBagpaTHUM KOPiHb 3 x ANd x> 0

The square root of x forx > 0

Moaoyne Python 3 matemaTuku

MICTUTb PYHK

Lil, WO BUKOHYIOTb TpU-

Python module math includes
following functions that perform

FOHOMETPUYHI o0umMCneHHs trigonometric calculations
(Tabn. 2.6). (Table 2.6).
Tabnuus 2.6
Table 2.6
Onuc dyHKuiT
Function & Description
acos(x) |[loBepTae apkkOCUHYC %, Y padiaHax
Return the arc cosine of x, in radians
asin(x) [ToBepTae gyry cvHyca x, y pagiaHax
Return the arc sine of x, in radians
atan(x) [MoBepTae apKTaHreHc x, y pagiaHax
Return the arc tangent of x, in radians
atan2(y, x) | [loBepTae 3HayeHHA atan (y/x), Yy pagiaHax
Return atan (y/x), in radians
cos(x) [ToBepTae KOCUHYC x, Y padiaHax
Return the cosine of x, in radians
hypot(x, y) | [loBepTae eBknigoOBY HOPMY, sgrt (x*x + y*y)
Return the Euclidean norm, sgrt (x*x + y*y)
sin(x) [MoBepTae cMHYC x, Yy pagiaHax
Return the sine of x, in radians
tan(x) [MoBepTae TaHreHc x, y pagiaHax

42




3akiH4yeHHa Tabn. 2.6
End of table 2.6

Return the tangent of x, in radians

degrees(x) | [epeTBOpIOE KYT x 3 pafiaHiB Ha rpagycu

Converts angle x from radians to degrees

radians(x) | MNepeTBoploE KYT x 3 rpaayciB Ha pagiaHu

Converts angle x from degrees to radians

Mogynb TakoX Bu3Ha4vae [OBi The module also defines two
MaTeMaTU4YHi KOHCTaHTK (Tabn. 2.7). mathematical constants (Table 2.7).
Tabnuuga 2.7
Table 2.7
i MaTtemaTtnyHa KoHCTaHTa pi
The mathematical constant pi
= MaTemaTnyHa KOHCTaHTa e
The mathematical constant e
Python MiCcTUTb Taki yHKLUII cnnCKy, Python includes the following list
SIKi HaBeZleHo B Tabsn. 2.8. functions (Table 2.8).
Tabnuuyga 2.8
Table 2.8
cmp(list1, [MopiBHIOE eniemMeHT 060X CNNCKIB
list2)

Compares elements of both lists

len(list) [lae 3aranbHy JOBXWUHY CMUCKY

Gives the total length of the list

max(list) [MoBepTae enemMeHT 3i CMUCKY 3 MakCUMarnbHUM 3HAYEeHHAM

Returns item from the list with max value

min(list) [MoBepTae enemMeHT 3i CUCKY 3 MiHIManbHUM 3HAYeHHSM

Returns item from the list with min value

list(seq) [MepeTBOpPIOE KOPTEX HA CANCOK

Converts a tuple into list

tuple(seq) | [lepeTBOpPIOE CNUCOK HA KOPTEX

Converts a list into tuple
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2.5. O6po6neHHs BUKITIOYEHb

Barato 3 onucaHux BuLle QYHK-
Uin, Hanpuknag QyHKUil nepeTso-
PEHHSA OaHUX B pasi HenpaBWUITbHOIo
dopmaTty napameTpis, abo onepaduil,
Taki 9K [ineHHa B pasi HynbOBOro
nNpaBoro onepaHay, MOXyTb Cnpuymn-
HUTW MOMWIIKA YacCy BWKOHaHHA 3
nepepuBaHHAM BUKOHAHHA cClUeHa-
pito. Bu MoOXeTe KOHTpontoBaTu
nogibHi cuTyauil, BMKOPUCTOBYHOUMU
ornepaTtop try, WO Mae TakMM CUH-
TaKcuc:
try:

statement (s)
except [exceptionClassName] :

processing statement (s)
else:

normal statement (s)
[finally:

always executed statement (s)]

OauH onepartop try MOXe MICTU-
TW Oekinibka onepartopiB. Lle kopwc-
HO, KOnM BnoK try MICTUTL onepa-
TOpW, SKI MOXYTb BuAaBaTU Pi3HUX
TUNIB BUKITIOYEHHSA. BN Takox moxe-
Te nogaTtn yHiBepcasbHUin onepaTop
"BUKMOYEHHSA 6e3  BUKIOYEHHS",
AKMM 0bpobnsae Oyab-ske BUKIO-
yeHHs. [licna npono3wuuii(n) BUKMtO-
YeHb  BWU MoXeTe BKINKOYUTU
nponosuuito else. Koo y 6noui
else BUWKOHYETbCH, SKWO Kog Y
6rnoui try HEe BUKIIMKAE BUKITHOYEH-
HA. bnok finally — uye micue ans
PO3MiLLleHHA ByaOb-sIKOro Koay, SKUK
Ma€e BWKOHYBATUCA He3arexHo Bifg
TOro, BUKIMKaB OSIOK try BUKIO-
YEeHHa 4M Hi. Bu moxete nogaTtu
NYHKT try abo nyHKT finally, ane
He obuasa. Bu He moxeTe BUKOpUC-
TOBYBaTU NPOMO3uLi0 else pa3oMm 3
nponosuuieto £inally, Hanpuknaa:
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2.5. Exception handling

Many of the described above
functions, for instance, data con-
version functions in a case of inva-
lid parameter format, or opera-
tions, such as division in a case of
zero right operand, may cause
run-time errors with interruption of
the script execution. You may con-
trol similar situations using try
statement, which has following
syntax:

A single try statement can
have multiple except statements.
This is useful when the try block
contains statements that may
throw different types of excep-
tions. You can also provide a ge-
neric except clause without
exceptionClass Name, which
handles any exception. After the
except clause(s), you can include
an else clause. The code in the
else block executes if the code
in the try block does not raise an
exception. The finally block is
a place to put any code that must
execute, whether the try block
raised an exception or not. You
can provide except clause(s), or a
finally clause, but not both.
You cannot use else clause as
well along with a finally clause.
For example:



try:

A = int (input("A = "))
except:
print ("A MUST be integer!!!")
else:
print ("A is positive: ", A>0)
Konn HaBegenHun Bulle Kofg

BUKOHYETBCSA, MAEMO TakuUn pesysib-
TarT.

A = -10

A is positive: False

3. KITACU 1 OB'€EKTU B PYTHON

MoBa Python € 06'eKTHO-OpiEHTO-
BaHOW. 3aBAsSKN LbOMY CTBOpPHOBaTU
| BMUKOPUCTOBYBATU Kriacu M o0'ekTun

Ay>Xe NpocTo.

Bu noBuHHI 3HaTKU U po3ymiTK oOcC-
HOBHiI MOHATTS, WO6 Matn MOXnu-
BiCTb BMKOpucTOBYBaTU 6iGnioTeYHi
Knacu | CTBOptOBaTM CBOI BJlacCHI
npocTi krnacu. HaBegemo MiHimanb-
HWIM Habip knacis..

Knac — BW3HayeHUn KopuCTyBa-
yeM TN OdaHux Ona ob'ekta, AKUN
Bu3Hayae Habip aTpubyTiB, WO Xa-

pakTepunsyloTb  Byab-akmin  0B'eKkT
Knacy.
Ampubymu — 4neHn paHux

(3MiHHI Knacy i 3MiHHi eksemnnapa) i
MeToau, OOCTYI Jo AKNX
30INCHIOETLCA 4Yepe3 TOYKOBUW 3a-
nunc.

UneH daHux — 3MiHHa knacy abo
3MiHHa ek3emnnsapa, sika MiCTUTb Aa-
Hi, NOB'A3aHi 3 KNacom Ta Noro ob'ek-
Tammu.

3MiHHa ek3emnsipa — 3MiHHA,
BU3Ha4YeHa BCcepeanHi MeToay i Aka
HaNeXuTb NULe NOTOYHOMY €EK3eM-
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When the above code is exe-
cuted, it produces the following re-
sult:

3. CLASSES AND OBJECTS
IN PYTHON

Python has been an object-
oriented language since the time it
existed. Due to this, creating and
using classes and objects are
downright easy.

You should know and under-
stand the basic concepts to be
able to use library classes and to
create your own simple classes.
This is minimal set of them:

Class — a user-defined datatype
for an object that defines a set of
attributes that characterize any ob-
ject of the class.

Attributes — data members
(class variables and instance vari-
ables) and methods, accessed via
dot notation.

Data member - a class varia-
ble or instance variable that holds
data associated with a class and
its objects.

Instance variable — a variable
that is defined inside a method
and belongs only to the current



nnspy Knacy.
3MiHHa Knacy — ue 3MiHHa, sika
BUKOPUCTOBYETLCSA BCiMa €K3eMnns-
pamMu Knacy. 3MiHHI Knaccy € Bu3Ha-
YeHMMW BcepeauHi knacy, ane nosa
Oyaob-9knmMm 3 MeTodiB Kracy. 3MiHHI
Knacy BMKOPWUCTOBYKOTbCS He Tak
4yacTo, SK 3MiHHI ek3emMnngapa.
Memood - ocobnuBun BUrMaa
doyHKLUT, WO BM3HAYAETLCA KI1acoM.

Ek3emnnsap — ue okpemun o6'ekT
NeBHOro Knacy.

O6'ekm — yHikanbHUN ek3eMnnsap
CTPYKTYPU AaHUX, AKUA BU3HAYAETb-
CH MOro Krnacom.

3.1. BusHayeHHsA Knacy
W MaHinynroBaHHA 06'eKkTamun

OnepaTtop knacy CTBOPHE HOBE
BU3HaA4YeHHa Knacy. IM'a knacy wnae
BiApasy 3a K/OYOBUM  CrIOBOM
class, 3a SIKUM CTaBUTbCS OBOKpar-
Ka:

class ClassName:

instance of a class.

Class variable — a variable
that is shared by all instances of
a class. Class variables are de-
fined within a class but outside
any of the class's methods. Class
variables are not used as fre-
quently as instance variables are.

Method - a special kind of
function that is defined in a class
definition.

Instance — an individual object
of a certain class.

Object — a unique instance of a
data structure that is defined by
its class.

3.1. Class definition
and objects manipulation

The class statement creates a
new class definition. The name of
the class immediately follows the
keyword class followed by a co-
lon as follows:

'Optional class documentation string'

class suite

IMeHa kKnaciB no4YnHarTbCa 3 Be-

NUKoI ByKBMU. Yci OCTaHHi
iAeHTUIKaTOPN NOYNHAKTLCH 3 Ma-
noi 6ykeu.

Y Knaci € pagok JOKymeHTauil, Ao
SIKOI MOXHa OoTpumaTn 4OCTyn Yyepes
Classname doc .

class suite CcKnagaetbca 3
yCiX ornepaTopiB KOMMOHEHTIB, L0
BU3HAYalOTb YEHU Knacy, atpnudyTu
AaHnx i pyHKuii (meToan).
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Class names start with an
uppercase letter. All other identi-
fiers start with a lowercase letter.

The class has a documenta-
tion string, which can be ac-
cessed via ClassName. doc .

The class suite consists of
all the component statements de-
fining class members, data at-
tributes and functions (methods).



[MovaToK igeHTUdikaTopa 3 €au-
HMM NOYaTKOBUM  MiAKPECIEHHSM
O3Hayae, WO igeHTudikatop € npu-
BaTHUM.

[NoyaTtok ioeHTndgikaTopa 3 ABoma
NPOBIOAHUMWU NIOKPECNEHHAMWU BKa-
3ye Ha CTpoOro npuBaTHUW igeHTu-
dikaTop.

AKwo igeHTudikaTop TakoX 3a-
KIHYyeTbCA OBOMa 3aBepluanbHUMn
NigKpecrneHHaAMN, To uen iaeHTUiI-
KaTop € creuianbHUM iM'aM, WO BU-
3HA4Ya€eTbCHA MOBOIO.

Hasegemo npuknag
knacy Python:

MPOCTOro

class Point:

Starting an identifier with a
single leading underscore indi-
cates that the identifier is private.

Starting an identifier with two
leading underscores indicates a
strongly private identifier.

If the identifier also ends with
two trailing underscores, the
identifier is a language-defined
special name.

Following is an example of a
simple Python class:

'Class for points on the 2D coordinate plane'

pt _count = 0

def init ( self, x=0,
self.x = x
self.y =y

Point.pt count += 1

def displayCount () :
print

def displayPoint (self) :
print ("X : ", self.x,

3MiHHa pt count € 3MiHHO
Knacy, 3Ha4yeHHs §KOl € 3aranbHUM
ANA BCIX eKk3eMnndapiB LbOoro Knacy.
[locTyn 0O HbOro MOXHa OoTpuMaTu
AK Point.pt count YycepeauHi
Knacy abo 3a Noro mexxamu.

MNepwun metoaq init () — ue
cneuianbHUA  MeTod, HAKUM  Ha-
3MBAETbCA KOHCTPYKTOPOM  Knacy
abo wmeTogoM iHiyianisauil, SKun

Python BuKNuKae npu CTBOPEHHI
HOBOrO eK3eMmnnsipa Lboro Knacy.

Bu oronowyeTte iHWi metoan kna-
CY, K 3BUYaWHi PYHKLIT, 32 BUHAT-

y=0) :

("Total count of points:",
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Y ",

Point.pt count)

self.y)

The variable pt count is a
class variable whose value is
shared among all the instances
of this class. This can be ac-
cessed as Point.pt count
from inside the class or outside
the class;

The first method init ()
is a special method, which is
called class constructor or initial-
ization method that Python calls
when you create a new instance
of this class;

You declare other class
methods like normal functions



KOM TOro, L0 nepLmm aprymeHToOM
KOXXHOro metogy € self. Python
[ogjae aprymeHT self OO0 CINUCKY
ana Bac, ane BaM He MoTpibHO
BKIIlOMATM MOro nig 4ac BUKITUKY
MeTOoAIB.

[Npedikc nepen enemeHTOM Aa-
HUX O3Ha4ae, WO BIiH € 3MIHHOK €K-
3emnngpa (TakoX MPUCYTHIN nuie
BCEpeaVHi BU3HAYeHHs knacy). Y
HaBegeHoOMy BULLIE npuknagai:
self .name, self.salary.

Knac moxe peanisyBatu cneui-
anbHUn metoa del (), KWW Ha3U-
BalOTb [OECTPYKUIE, fKa BUKIIMKa-
€TbCH, KON eK3eMnnsap Moxe 6yTu
3HUWeHnM. Llen meTtog MoOXHa BuU-
KopucTOoBYyBaTU  ONI1  OYULLEHHS
OyOb-A9KMX pecypciB, He NOB'A3aHUX
3 NaMm'aTTio, WO BUKOPUCTOBYIOTLCSH
eK3EMMNIISIPOM.

Llo6 cTBOpUTM ek3emnnsapu Kna-
Cy, BUKIMKaWTe Krac, BUKOPUCTO-
BylOUM iM'A  Knacy, | nepepanTe
OyOb-aKi aprymeHTun, $Kki npuiamae
noro metog  init ().

Lle ctBoputb gBa 06'ekTn Knacy
Point 3 HaBe4eHOro BULLE MpUKNa-

Ay:

ptl
pt2

Point (1, 2)
Point (3, 4)

Bu oTpyMmMaeTe  OOCTyn OO
aTpubyTiB 06'ekTa, BUKOPUCTOBYIOUM
ornepaTop Kpanku 3 00'ekToM.

Onepatopn, WO [OEMOHCTPYHOTb
BUKITUK PI3HNX METOAIB Kfacy Point
3 HaBe[eHoro BuLLe Npukaay:

ptl.displayPoint ()
pt2.displayPoint ()
Point .displayCount ()
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with the exception that the first
argument to each method is
self. Python adds the self ar-
gument to the list for you, but you
do not need to include it when
you call the methods.

self. prefix before a data
member means that it is an in-
stance variable (also present only
inside class definition). In the

above example: self.name,
self.salary.
Class can implement the

special method del (), called
a destructor, that is invoked
when the instance is about to be
destroyed. This method might be
used to clean up any non-
memory resources used by an
instance

To create instances of a class,
you call the class using class
name and pass in whatever ar-
guments its  init () method
accepts.

This would create two objects
of point class from the above
example:

You access the object's at-
tributes using the dot operator
with an object.

Following statements demon-
strate calling different methods of
the class pPoint from the above
example:



o6 Buganutn o0'ekT, BUKO-
puctoByute onepaTtop del, SKAA
BUKIMKAE BIOMOBIAHMWA BUKIUK OECT-
PYKLIT.

OnepaTtopwn, gogaHi 40 HaBeaeHo-
ro BULLlE Mpukniagy, WO BUBOAATb
iM'A Kracy eksemnnspa, Sk Mae
OYyTU 3HULLEHUN, | KiNbKICTb 06'EKTiB
nicnsa 3HULLIEHHS:

del ptl
Point .displayCount ()

Konn HaBegeHun Bulle Kod BuU-
KOHYETbCS, MAEMO TakuUn pe3ynbTar:
X 1, Y : 2
X 3, Y : 4
Total count of points: 2

3.2. Knacu ycnagkoByBaHHS

3amictb TOro, wWoO6 no4ynmHaTn 3
NMOPOXHBLOI CTOPIHKW, MOXHa CTBO-
PUTK Knac, BUBIBLUM MOro i3 3yMOB-
NEeHOoro Kracy, ykasaslun NMopogHum
Knac B OyXKax nicrns iMeHi HOBOro
Knacy.

[ouipHin (noxigHuK) knac ycnag-
KOBYye aTtpubyTm CBOro nopogHOro
(6basoBoro) knacy, i MOXHa BUKOPU-
cToBYyBaTW Ui aTpubyTn, Ha4yebTOo IX
Oyno BM3HA4YeHO B [JOYipHBOMY
Knaci.

CuHTakcuc:

class SubClassName (ParentClassl|,

To delete object, you use
statement del, which causes
appropriate destructor calling.

Following statements, adding
to the above example, prints the
class name of an instance that is
about to be destroyed and count
of objects after destroying:

When the above code is exe-
cuted, it produces the following
result:

Point destroyed
Total count of points: 1

3.2. Classes inheritance

Instead of starting from a blank
page, you can create a class by
deriving it from a predefining
class by listing the parent class in
parentheses after the new class
name.

The child (derived) class inher-
its the attributes of its parent
(base) class, and you can use
those attributes as if they were
defined in the child class.

Syntax:

ParentClass2, ...]):

'"Optional class documentation string'

class suite

Mpuknag:

class Parent:
parentAttr = 100
def init (self):

Example:

# define parent class



print
def parentMethod (self) :
print

def setAttr(self,
Parent.parentAttr =

attr) :

def getAttr(self):
print "Parent attribute

class Child (Parent) :
def init (self):
print

def childMethod (self) :

print 'Calling child method'
c = Child() it
c.childMethod () # child
c.parentMethod () # calls
c.setAttr (200) # again
c.getAttr () # again
Konun HaBegoeHunm BUlle Kofa

BMKOHYETbCS, MAEMO Takuii pesyrb-
Tar:

Calling child constructor
Calling child method
Calling parent method
Parent attribute 200

AHanNoriYyHMM YMHOM MOXHa Kepy-
BaTU KNacoM 3 LEeKiSIbKOX MOopoaHUX
knacis. [ouipHiM Krnac TakoX MoXxe
nepesBn3HavyaT enemMeHTU OaHuX i
MeTOo4M MOpOOHOro Knacy ans no-
CArHEeHHS NosniMOPHOI NoBediHKM
06'ekTiB 3 0gHMM 6a30BUM KOpeHe-
BUM KIacoMm.

3.3. OcHoBM macuBiB NumPy

OcHoBHUM 06'ektoMm NumPy € 6a-
raToBuMipHunM macus. Lle Ttabnuus
eneMeHTIB (3a3Bnyan Yncern) ogHoro
TMNy, NpOiHAEKCoBaHUX Habopom

attr

< 1
.

'Calling parent method'

4
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"Calling parent constructor"

Parent .parentAttr
# define child class

"Calling child constructor"

instance of child

calls its method
parent's method

call parent's method
call parent's method

When the above code is exe-
cuted, it produces the following
result:

Similar way, you can drive a
class from multiple parent clas-
ses. A child class can also over-
ride data members and methods
from the parent to achieve poly-
morph behavior of the objects
with one base root class.

3.3. The Basics of
NumPy arrays

NumPy’s main object is the
multidimensional array. It is a ta-
ble of elements (usually num-
bers), all of the same type, in-



HeBig' eMHUX Uinux yncen. Y NumPy
PO3Mipn Ha3MBaKTLCHA OCSAMM.

Hanpuknag, koopguMHatM TOYKN B
TPMBUMIpPHOMY npocTopi  [1,2,1]
MalTb OfHYy Bicb. Lia Bicb mae Tpwu
efleMeHTH, TOMY KaXemo, Lo BOHa
Ma€e OOBXUHY 3:

(1., 0., 0.7,
.11

Knac macuey NumPy Ha3nBaeThb-
CA ndarray, a TaKOX MacuBOM
nceBAoHiMiB. 3BEpPHITb yBary, LWoO
numpy.array BiOPI3HAETbLCA  Bif
Knacy array.array CTaHOapTHOI
bibniotekn Python, aknin obpobnge
nvwe OOHOBMMIPHI MacuBM | Mae
MeHLUe (YHKLIOHANbHUX MOXINBO-
cten. HamBaxnusiwmmm aTtpubyta-
MU 06'ekTa € ndarray (Tabn. 3.1).

dexed by a tuple of non-negative
integers. In NumPy dimensions
are called axes.

For example, the coordinates
of a point in 3D space [1, 2,
1] has one axis. That axis has 3
elements in it, so we say it has a
length of 3:

NumPy’s array class is called
ndarray. It is also known by the
alias array. Note that
numpy.array IS not the same as
the Standard Python Library
class array.array, which only
handles one-dimensional arrays
and offers less functionality. The
more important attributes of an
ndarray object are. (Table 3.1).

Tabnuusa 3.1
Table 3.1

ndarray

.

ndim

KinbkicTb ocen (po3mipiB) macuBy

The number of axes (dimensions) of
the array

ndarray.

shape

Po3amipyn macusy. Lle KopTex uinux vm-
cesl, WO BKa3ylTb poO3Mip Macuey B
KOXXHOMY BUMIpi. [Ang matpuui 3 n paa-
Kamm i m cToBnusmu dopma Oyae
(n,m). OTKe, AOBXUHA KOPTEXY dop-
MW — L€ KiNbKICTb OCeN ndim

The dimensions of the array. This is
a tuple of integers indicating the
size of the array in each dimension.
For a matrix with n rows and m col-
umns, shape will be (n,m). The
length of the shape tuple is there-
fore the number of axes ndim

ndarray.

size

3aranbHa KinbKiCTb eneMeHTiB Macu-
By. Lle popiBHIOE O00yOKy enemMeHTiB
dopmu

The total number of elements of the
array. This is equal to the product of
the elements of shape

51




3akiH4yeHHa Tabn. 3.1
End of table 3.1

ndarray.

dtype

OG'eKkT, WO OnNUcye TUNU enemMeHTIB Y
macusi. MoxHa cTBoptoBaTM abo BKa-
dyBatM  dtype, BUKOPUCTOBYIOYU
ctraHgapTHi Tunu Python. Kpim Toro,
NumPy wmae BnacHi Tunu, Hanpuknag
numpy.int32, intle |
numpy.floate64

numpy .

An object describing the type of the
elements in the array. One can cre-
ate or specify dtype’ s using stand-
ard Python types. Additionally
NumPy provides types of its own
numpy.int32, numpy.intlé, and
numpy.float64 are some exam-
ples

ndarray.itemsize

Poamip y 6anTax KOXHOro ernemeHrta
mMacuBy. Hanpwuknag, macumB enemen-
TiB TUNY float64 Mae po3Mmip erneme-
HTIB 8 (= 64/8), TOAi 9K OAMH i3 TUNIB
complex32 Ma€ pPoO3Mip E€fieMeHTIB

4(=32/8). LUe € ekBiBaneHTHUM
ndarray.dtype.itemsize

The size in bytes of each element of
the array. For example, an array of
elements of type floate4 has
itemsize 8(=64/8), while one of

ndarray.

type complex32 has itemsize 4
(=32/8). It is equivalent to
ndarray.dtype. itemsize

data

Bydep, WO MIiCTUTL akTUyHi ene-
MEHTM MacuBy. 3asBuMyanl HaM He
NOTPIOHO BMKOPUCTOBYBATU LN aTpu-
OyT, TOMY O MM 3BEepTaTMMEMOCH 40
efneMeHTIB B MacuBi, BUKOPUCTOBYHOHN
3acobu iHagekcaulil

The buffer containing the actual el-
ements of the array. Normally, we
won’'t need to use this attribute be-
cause we will access the elements
in an array using indexing facilities

Mpuknag:

>>> import numpy as np

>>> a = np.arange (15) .reshape (3,
>>> a
array([[ o, 1, 2, 3, 41,
[ 5, 6, 7, 8, 91,
[10, 11, 12, 13, 1411)
>>> a.shape
(3, 5)
>>> a.ndim
2

>>> a.dtype.name
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Example:

5)




'int6e4'!
>>> a.ltemsize

8

>>> a.size

15

>>> type(a)

<type 'numpy.ndarray'>

>>> b = np.array([6, 7, 8])
>>> b

array([6, 7, 81])

>>> type (b)

<type 'numpy.ndarray'>

Array Creation

€ [Oekinbka cnocobiB CTBOPEHHS
mMacusiB. Hanpuknag, MoxHa CTBO-
pUTU MacuB 3i 3BUYANHOIO CMUCKY
Python abo KopTexy, BUKOPUCTO-
BYHOUM (PYHKLIIO MacuBy.

Tun oTpymaHOro MacuBy BU3Ha-
YaAETbCA TUMOM €efieMeHTIB Yy nocni-
AOBHOCTSIX:

>>> import numpy as np

>>> a = np.array([2,3,4])
>>> a
array ([2, 3, 4])

>>> a.dtype
dtype ('inte4 ')

>>> b = np.array([1.2, 3.5, 5.
>>> b.dtype
dtype ('floate4 ')

Metoa array () nepeTBopuUTb

NOCNiAOBHOCTI MNOCNiOOBHOCTEW Ha
ABOBMMIPHI MacuBK, NOCSiLOBHOCTI
NOCNigoOBHOCTEN  MNOCHIAOBHOCTEN
Ha TPMBUMIPHI MacuBu i T. A.:

>>> b = np.array([(1.5,2,3),
>>> Db
array([[ 1.5, 2. , 3. 1],

[ 4. , 5., 6.11)

Tun mMacuBy TakoX Moxe OyTu
SIBHO BKa3aHWM Mig Yyac CTBOPEHHS:

11)

There are several ways to cre-
ate arrays.For example, you can
create an array from a regular
Python list or tuple using the ar-
ray function.

The type of the resulting array is
deduced from the type of the ele-
ments in the sequences:

The array () method trans-
forms sequences of sequences
into two-dimensional arrays, se-
quences of sequences of se-
quences into three-dimensional
arrays, and so on:

(4,5,6)1)
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The type of the array can also
be explicitly specified at creation
time:



>>> ¢ = np.array( [ [1,2], [3,4]
>>> C
array ([[ 1.+40.3, 2.+40.3],

[ 3.40.3, 4.+0.311)

PyHKUIA zeros () CTBOPKE Ma-
CuB, WO CKMNagaetbCsa 3 Hynis.,
OYHKUiS ones () CTBOPHE Macwus,
WO CKNagaetbCsa 3 OAMHULb, a
JYHKUIA empty CTBOPHE MacuB,
NOYaTKOBUM YMICT SAKOro € Bunaa-
KOBUM | 3anexuTb Big CTaHy
namMm'ati. 3a 3aMoBYyBaHHSAM d-TuN
CTBOPEHOro MacmBy — floaté64:

# uninitialized,

], dtype=complex )

The function zeros () creates
an array full of zeros, the function
ones () creates an array full of
ones, and the function empty
creates an array whose initial con-
tent is random and depends on
the state of the memory. By de-
fault, the d-type of the created ar-
ray is floaté4:

# dtype can also be

output may vary

>>> np.zeros( (3,4) )
array ([[ 0., 0., 0., 0.1,
[ 0., 0., 0., 0.1,
[ 0., 0., 0., 0.11)
>>> np.ones( (2,3,4), dtype=np.intlé )
specified
array ([[[ 1, 1, 1, 1],
[ 1, 1, 1, 17,
[ 1, 1, 1, 111,
([ 1, 1, 1, 117,
[ 1, 1, 1, 171,
[ 1, 1, 1, 1111, dtype=intle)
>>> np.empty ( (2,3) )
array ([[ 3.73603959e-262, 6.02658058e-154,

[5.30498948e-313,3.14673309e-307,

[lna cTBOPEHHS NOCIigOBHOCTEN
yucen NumPy Hapae QyHKuito,

aHanoriyHy range (), 49Ka MoBep-
Tae MacuBU 3aMiCTb CIMUCKIB:

>>> np.arange( 10, 30, 5 )
array([10, 15, 20, 25])

>>> np.arange( 0, 2, 0.3 )
array([ 0. , 0.3, 0.6, 0.9,

ApndmMeTnyHi onepaTopu Ha Ma-
cMmBax 3acCTOCOBYKTbCA  Moersie-
MEHTHO. HOBMIN MacuB CTBOPEHUN i
3arnoBHEHUN pe3ynbTaToM:

>>> a = np.array( [20,30,40,50]
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6.55490914e-260],
1.00000000e+000]11)

To create sequences of num-
bers, NumPy provides a function
analogous to range () that returns
arrays instead of lists:

# accepts float arguments
.2, 1.5, 1.81)

Arithmetic operators on arrays
apply elementwise. A new array is
created and filled with the result:



>>> b = np.arange( 4 )
>>> b

array ([0, 1
>>> C = a-b
>>> C
array([20, 29, 38, 47])
>>> b**2

array ([0, 1, 4, 9])

>>> 10*np.sin(a)

.2, 3])

array ([ 9.12945251, -9.88031624,

>>> a<35

array ([ True, True, False, False])

Ha BigmiHy Big ©OaraTtbox Mmart-
PUYHMX MOB, onepaTtop NpoaykTy *
npaute MoerieMeHTHO B MacuBax
NumPy. MaTpuuto MOXHa CTBOpU-
T 3a gonomorow onepatopa @ (y
python >= 3.5) abo dyHkuUii abo
MEeTOAY Kpanku:

>>> A = np.array( [[1,1],
[0,11] )
>>> B = np.array( [[2,0],
e [3,4]1] )
>>> A * B
array([[2, 0],

[0, 411)
>>> A @ B
array([[5, 4],

[3, 411)
>>> A.dot (B)
array([[5, 4],

[3, 411)

Mpn poboTi 3 MacuBamu pPi3HUX
TUNIB TUMN Pe3ySibTIBHOrO MacuBy
BianoBigae  3aranbHiwomy abo
TOYHILWOMY (MoBediHka, Bigoma SK
upcasting):

>>> a = np.ones (3, dtype=np.int32)

>>> b = np.linspace(0,pi, 3)
>>> b.dtype.name
'floate4'

>>> C = a+b

>>> C

array ([ 1. /
>>> c.dtype.name

2.57079633,

7.4511316 , -2.62374854])

Unlike in many matrix lan-
guages, the product operator =*
operates elementwise in NumPy
arrays. The matrix product can be
performed using the @ operator (in
python >=3.5) or the dot function
or method:

elementwise product

matrix product

another matrix product

When operating with arrays of
different types, the type of the re-
sulting array corresponds to the
more general or precise one (a
behavior known as upcasting):

4.14159265])



'floate4'
>>> d = np.exp(c*1j)
>>> d
array ([ 0.54030231+0.841470987,
-0.54030231-0.8414709871)
>>> d.dtype.name
'complex128'
Barato yHapHuX onepauin, Takmx
K 064YNCNEHHA CyMU BCIX efleMeH-
TiB Y MacuBi, peanisoBaHo K Me-

TOAOM KNnacy ndarray:

>>> a = np.random.random( (2,3))

>>> a

array ([[ 0.18626021, 0.34556073,
[ 0.53881673, 0.41919451,

>>> a.sum/()
2.5718191614547998
>>> a.min ()
0.1862602113776709
>>> a.max ()
0.6852195003967595

3a 3amMoBYyBaHHAM Ui onepauil
3aCTOCOBYIOTbCS OO MacuBy, Ha-
4yebTO Le CNUCOK YMCEN He3arnexHo
Big noro dopmu. lNpoTte, ykasasLuun
napameTp OcCi, MOXXHa 3acTocyBaTu
ornepauito B34OBX YKasaHOI OCi Ma-

CuBY:

>>> b = np.arange(1l2) .reshape(3,4)

>>> b

array([[ o0, 1, 2, 3],
[ 4, 5, 6, 7],
[ 8, 9, 10, 1111)

>>>

>>> b.sum(axis=0)

array([12, 15, 18, 21])

>>>

>>> b.min (axis=1)

array ([0, 4, 8])

>>>

>>> b.cumsum(axis=1)

array([[ 0O, 1, 3, 6],
[ 4, 9, 15, 2217,
[ 8, 17, 27, 3811])
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-0.84147098+0.540302317,

Many unary operations, such
as computing the sum of all the
elements in the array, are imple-
mented as methods of the
ndarray class:

0.39676747]

0.6852195 11)

By default, these operations
apply to the array as though it
were a list of numbers, regardless
of its shape. However, by specify-
ing the axis parameter you can
apply an operation along the
specified axis of an array:

# sum of each column

# min of each row

# cumulative sum along each row



4. MPOrPAMYBAHHA
TKINTER GUI

Tkinter — ue cTaHOgapTHa
bibnioTeka rpadiyHoro iHTepdency
kopuctysaya (GUI) pns Python.

Python y noegHaHHi 3 TKkinter
3abesneyye LWBUMOKMW | NPOCTUM
cnocib CTBOpeHHs gogaTtkiB 3

rpagpiyHumM iHTepdgencom. Tkinter
Haga€e NOTY>XHUN O6'EKTHO-OpPIEHTO-
BaHUW iHTepdenc Onsa iHCTpyMeH-

Tapito Tk GUI.
CTBOpEHHA goaaTka 3 rpadiuHnUM
IHTepdencom 3a A0MNOMOror

Tkinter — npocTe 3aBOaHHA. Yce,
LLIO NOTPIOHO 3pOBUTK, LIe BUKOHATHN
TaKi KPOKW:

e iMnoptyBatn moayne Tkinte,

e CTBOPWUTM rOSIOBHE BIKHO goaaTtka
3 rpaivyHUM iHTepdencom;

e ogatTV oauH abo Aekinbka 3a-
3Ha4YeHux BULLE BigKeTiB y gona-
TOK 3 rpapivyHUM iHTEepdENCOoM;

e YBINTM OO OCHOBHOIO  LUKIY
noain, wob BXUTK 3axodiB NpoTu
KOXHOI rnoAil, iHiuinoBaHOI Kopu-
CTyBa4yeMm.

[Mpuknag:

import tkinter
top = tkinter.Tk()

4. TKINTER GUI
PROGRAMMING

Tkinter is the standard Graph-
ical User Interface (GUI) library
for Python.Python when com-
bined with Tkinter provides a fast
and easy way to create GUI ap-
plications. Tkinter provides a
powerful object-oriented interface
to the Tk GUI toolkit.

Creating a GUI application us-
ing Tkinter is an easy task. All
you need to do is perform the fol-
lowing steps:

e import the Tkinter module.
e create the GUI application main
window.

e add one or more of the above-
mentioned widgets to the GUI
application.

e enter the main event loop to
take action against each event
triggered by the user.

Example:

# Code to add widgets will go here...

top.mainloop ()

Lle cTtBOpuTb BIKHO, Sike 306pa-
XEHO Ha puc. 4.1.

Tkinter mae pi3Hi enneMeHTn Ke-
PYBaHHA, Taki AK KHOMKW, MITKN W
TEKCTOBI Nons, WO BUKOPUCTOBY-
IOTbCA B goAaTtky 3 rpadidHum
iHTepdencom. Lli enemeHTn kepy-
BaHHA 3a3BMYan Ha3MBalTbCA Bif-
xetamu. Lli BigXetTn 3 KOPOTKUM
onnucom HaBegeHo B Tabn. 4.1.

Y

This would create a following
window (Fig. 4.1).

Tkinter provides various con-
trols, such as buttons, labels and
text boxes used in a GUI applica-
tion. These controls are commonly
called widgets. These widgets
with a brief description are pre-
sented in the Table. 4.1.



Puc. 4.1. NopoXXHE rofiloBHE BiKHO

Fig. 4.1. Empty Main Window

Tabnuusa 4.1
Table 4.1

Tkinter widgets

Button

BukopuctoByeTbCcs onga BigodpaxeH-
HS1 KHOMOK Y BalLOMYy Jo4aTkKy

Is used to display buttons in your ap-
plication

Canvas

BukopuctoByeTbca onst 306paxxeHHs
doiryp, Takmx siK niHii, osanu, 6arato-
KYTHUKN 1 MPAMOKYTHUKW, Y BaLLOMY

nopaTky

Is used to draw shapes, such as lines,
ovals, polygons and rectangles, in
your application

Checkbutton

BukopuctoByeTbCcs onga BigodpaxeH-
HA napameTpiB y BuUrnagi npanop-
uis. Kopuctysay moxe sBubpatu ge-
Kiflbka BapiaHTiB 04HOYacHO

Is used to display a number of options
as checkboxes. The user can select
multiple options at a time

Entry

BukopucTtoByeTbca anga Bigobpaxex-
HA OAHOPSAOKOBOro TEKCTOBOrO Mons
ONS OTPUMaHHA 3HayeHb Bi KOpU-
cTyBa4a

Is used to display a single-line text
field for accepting values from a user

Frame

B1KOpUCTOBYETLCA AK KOHTENHEPHUN
BiPKET ANga opraHisauil iHWuX Bigxe-
TiB

Is used as a container widget to or-
ganize other widgets
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MpoooBxeHHs Tabn. 4.1
Table continuation 4.1

Label
BukopuctoByetbca aOnsa  HagaHHs | Is used to provide a single-line cap-
ofHopsigkoBoro  3aronoBka — gn4 | tion for other widgets. It can also con-

IHWKX BigkeToB. BiH Takox Moxe
MiCTUTU 306parKeHHs

tain images

Listbox

BukopuctoByetbca Ond  HagaHHSA
KOPUCTYBayeBi CUCKY NapameTpis

Is used to provide a list of options to a
user

Menubutton

BukopucTtoByeTbca Anga Bigobpaxer-
HA MEHI0 y BalloMy JoAaTKy

Is used to display menus in your ap-
plication

Menu

BukopuctoByetbca angd
PI3HNX KOMaH KOPUCTyBa4esi.
KomMaHau MICTATbCS
Menubutton

HagaHHS
Lli

BCepeauHi

Is used to provide various commands
to a user. These commands are con-
tained inside Menubutton

Radiobutton

BukopuctoByeTbCcs ona BigobpaxkeH-
HA napamMmeTpiB K nepemukadis. Ko-
pUCTyBay Moxe Bmbpatn nuwe oavH
BapiaHT 3a pa3s

Is used to display a number of options
as radio buttons. The user can select
only one option at a time

Scale

BukopuctoByeTbcA
BifkeTa crnangepa

AN HajaHHS

Is used to provide a slider widget

Scrollbar

BukopuctoByeTbCca OnNs 0OAaBaHHS
MOXIMBOCTI MPOKPYTKM [0 Pi3HUX
BII)KETIB, TaKNX SIK CMUCKMN

Is used to add scrolling capability to
various widgets, such as list boxes

Text

BukopucTtoByeTbca Ang Bigobpaxer-
HA TEKCTY B AeKinbka pagkis

Is used to display text in multiple lines

Toplevel

BukopuctoByeTbCs ans HagaHHA OK-
pPEMOro BikHa KOHTENHepa

Is used to provide a separate window
container
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3akiH4yeHHa Tabn. 4.1
End of table 4.1

Spinbox

BapiaHT cTaHpapTHOro  BigXeTa
Tkinter Entry, akun moxHa BuKopwu-
cToByBatTn Ansi BMOOpY doikcoBaHOI
KiNTbKOCTI 3Ha4YeHb

Is a variant of the standard Tkinter
Entry widget, which can be used to
select from a fixed number of values

PanedWindow

€ KOHTEMHEPHUM BIOXXETOM, SKUW
MOXe MICTUTU Byab-SKy KiSIbKIiCTb
naHenen, posTaloBaHUX T[OPU3OH-
TanbHO abo BepTMKanbHO

Is a container widget that may contain
any number of panes, arranged hori-
zontally or vertically

Label

Frame

MpocTuin KoHTenHepHWn BigxeT. Wo-
O OCHOBHE MPU3HAYEeHHs — po3ainb-
HUK abo KOHTeWHep ANS CKNagHux
BIKOHHUX CXEM.

Is a simple container widget. Its pri-
mary purpose is to act as a spacer or
container for complex window layouts

4.1. BigxeTtmn Tkinter

Ocb npocTunM CcuHTaKcmuc Ansd
CTBOPEHHS Byab-sIKOro BigxeTa:
w = widgetName ( master, option,
[MapameTpu:

master — NOPOAHE BIKHO;

options — CNUCOK HanbinbL Yac-
TO BUKOPUCTOBYBAHUX ONUIN ONS
LbOro BimKeTa.

Lli napameTpn MOXyTb BUKOPU-
CTOBYBaTUCA $K IMeHOBaHi napa-
METPW, PO34iNIEHI KOMaMMU.

KoxeH BimkeT mae Habip Bnactu-
BOCTEN, €Ki  BM3HA4yalTb  WOro
30BHILLUHIN BUMMSO  Ha  eKpaHi
komn'toTepa i Te, 9K BiH pearye Ha
Npu3HayveHi ans KopucTtyBaya nogil.
IcHye 6e3ni4y BnacTMBOCTEW, 3ararb-
HUX ANs BCIX BimpkeTiB tk. [Heski 3
HUX HaBeOeHo B Tabn. 4.2.

4.1. Tkinter widgets
Here is the simple syntax to cre-
ate any widget:

)

Parameters:

e master represents the parent win-
dow;

e options is the list of most com-
monly used options for this widget.

These options can be used as
named parameters separated by
commas.

Each widget has a set of properties
that define its visual appearance on
the computer screen and how it re-
sponds to user events. There is a set
of properties that all tk widgets have
in common. Some of these are shown
in the Table 4.2.
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Tabnuus 4.2
Table 4.2

doHoBuMIA KONip

bg Background color
Konip nepeaHboro niaHy
fg Foreground color

LLnpuHa B nikcensx

width Width in pixels
Bucota B nikcensax

height Height in pixels
Po3amip mex y nikcensax

borderwidth The size of the border in pixels
TekcT BigobpaXKyeTbCA Ha BigKETI
text Text displayed on the widget
LLpndT, LLO BUKOPUCTOBYETLCA ONA TEKCTY Y BiKETI
font The font used for text on the widget

®opma  Kkypcopa, KOMM Kypcop 3HaxoauTbCA  Hap

cursor BigKeTOM
The shape of the cursor when the cursor is over the
widget
Konip TekcTy npu aktmBau,il BigxeTa

activeforeground The color of the text when the widget is activated
activebackground | Konip dpoHy npun akTuBoBaHOMY BiXKeTi

The color of the background when the widget is activated

_ 300paxeHHsa onsa BigobpaXKeHHs Ha BiKETi

image

An image to be displayed on the widget
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KoxHuin Tun Bigxeta Mae Bnactu-
BOCTIi, BU3HA4€eHi Ans noro nependa-
YyBaHOro BUMKOPUCTaHHA. Heski npu-
Knagu HaBegeHo B Tabn. 4.3.

Each type of widget has proper-
ties specific to its intended use.
Here are some examples
Table 4.3.

Tabnuuya 4.3
Table 4.3

KoHkpeTHun BigxeT (Specific Widget)

Onuc (Properties)

Hanexutb go (Applies
to)

Onuc (Description)

variable

Checkbutton
Radiobutton Entry
Spinbox Text

O6'ekt Tk, gkmin Byoe 3MiHe-
HUI NPU B3aeMOLil 3 BiIXKETOM

An Tk object that will be
changed by interaction with
the widget

from

Scale

[MoyaTkOBE 3HAYEHHs LKanu
(TOB6TO NOB3YHOK)

The starting value of a scale
(i.e., a slider)

to

Scale

KiHueBe 3HayeHHs  LWwKanu
(TOB6TO NOB3YHOK)

The ending value of a scale
(i.e., a slider)

orient

Scale

FOPVISOHTAJ'II:I:IVIVI abo
BEPTUKAIIbHUA

HORIZONTAL or VERTICAL

resolution

Scale

BenununHa npupocTy 3a Lika-
noto (To6To NOB3YHOK)

The increment amount along a
scale (i.e., a slider)
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[eski BipKeTn MalTb «3MIHHYY,
KO MaHinyntoe kKopuctysad. [Ons
Takux BiXeTiB BU Ma€ETe CTBOPUTU
crneudianbHMn OB'eKT tk, Yy sIKOMY
30epiraeTbCa 3HA4YeHHsA BigXeTa.
Mo cyTi, BU CTBOPHOETE HEBUANMUN
BiXKET, 3 SKUM MOXyTb OyTun
3B'si3aHi noAail. Bu moxeTte oTpuma-
TW OOCTYyn OO 3HaA4YeHHs1 BimkeTa
yepe3 MeToau set (new value) |
get () ona ob'ekra 3MiHHOI. ICHye
4oTMpWM TN  3MiIHHUX 0B'eKTiB
(Tabn. 4.4).

Some widgets have a “variable”
that a user manipulates. For such
widgets you must create a special
tk object that stores the widget’s
value. Basically you are creating a
non-visible widget that can have
events associated with it. You can
access the widget’s value through
set (new value) and get()
methods on the variable object.
There are four types of variable
objects (Table 4.4).

Tabnuusa 4.4
Table 4.4
3MiHHa ob'ekta tk (tk Onnc
variable object) (Description)
tk.BooleanVar O6'ekT tk, 9K MiCTUTb €QMHE NOriYHEe 3HAYEHHS

A tk object that holds a single Boolean value

YEeHHA

tk.IntVar O0'ekT tk, SKMM MICTUTb OOHE LiNo4YMcrnoBe 3Ha-

A tk object that holds a single integer value

tk.DoubleVar O0'ekT tk, SKM MICTUTb OgHe NoABiNHE 3HAYEeHHSA

A tk object that holds a single double value

tk.StringVar OB6'eKT tk, SIKMA MICTUTb OQHE PAOKOBE 3HAYEHHS

A tk object that holds a single string value

BisbMeMo tk.Check-button £K
npuknag Ta OMuUEMO KPOKK, Heob-
XigHI ANg BU3HA4YEHHSI MOro «3HaveH-
Hs». HeobxigHO BUKOHATW TaKi Ail:

1. CtBOpUTM 0B'EKT tk.BooleanVar.
(HacnpaBagi MOXHa BWKOPUCTOBY-
BaTKU Byab-akmin Tun ob'ekta 3MiH-
HOI.)

2. NpuncBoiT 06'eKkTy tk.Boolean-
Var MOYaTKOBE 3HAYEHHS, SKe BU
xo4yeTe Ans i€l KHOMKM.

3. lNpuceoiTn atpubyT 3MiHHOI npa-

63

Let's take a tk.Checkbut-
ton as an example and walk
through the steps needed to get
and set its “value”. You need to
do three things:

1. Create a tk.Booleanvar Ob-
ject. (Actually any type of varia-
ble object can be used.)

2. Give the tk.Booleanvar ob-
ject the initial value you want for
the checkbutton.

3. Assign the variable attribute




nopusi 06'ekTy tk.BooleanVar.

CkpunT, HaBedEeHUN HUXYe,
AEMOHCTPYE nMnpuKnag BU3HAYEHHS
knacy GUI pna pobotn 3 neBHUMU
BikeTamMn [OnNa BBEOEHHS [OesiKOoro
4YMCOBOrO0 MNapameTpa Ta  MOro
30iNblEHHA B pasi ychilHOro BBe-
OEHHS:

import tkinter
from tkinter import messagebox

class MainWindow (tkinter.Frame) :

of the checkbutton to the
tk.BooleanVar object.

Following script demon-
strates an example of GUI class
definition for working with certain
widgets to enter some number
parameter and increment it if in-
put is successful:

"GUI Class"

def init (self, parent):
"Constructor - Initial GUI customization"
super (MainWindow, self). init (parent)

self.parent = parent

self.pack(fill=tkinter.BOTH, expand=1)
self.lbl=tkinter.Label (self, text = "Enter some pa-

rameter:", width = 30)

self.p str = tkinter.StringVar ()
self .parEntr = tkinter.Entry(self, textvariable =

self.p str, width = 30)

self.butl = tkinter.Button(self, text = "Input param-

eter", command = self.parInput)

self.1lbl.pack ()
self .parEntr.pack ()

self . butl.pack(side = tkinter.RIGHT)

def parInput (self) :
"Parameter input method"

try:

par=float (self.parEntr.get ())
except:

messagebox.showerror ("ERROR", "Must be number!")
else:

messagebox.showinfo ("Success",

self.parEntr.get ())

self.p str.set(str(par+l))

application = tkinter.Tk()
application.title ("GUI example")
window = MainWindow (application)

application.mainloop ()
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TyT Knac Mainwindow 3 ABOMa Me-
TogaMn 1M 4Yotupma aTpubytamum ek-
3emnnsipa 6yB BU3HAYEHUN 9K ycnag-
KOBaHUW Bi4 CTaHOAPTHOro BigXeTa
Frame. [lo-nepwe, npu TpbOX 3a-
TBEPIKEHHAX MeTody KOHCTPYKTOpa
_init () BIKHO  HabyOoByeTbCH
LLUNSAXOM BUKIUKY KOHCTPYKTOpa 3 ba-
30BOr0 Kracy W BUKNUKY MeToay
pack () noTo4yHoro BimkeTa. [loTim
CTBOPHOKOTHLCS 4yoTMpPU ob'ekTu:
self.1lbl Knacy Label, self,
parentr KMnacy Entry, self.butl
Knacy Button | self.p str $K
Stringvar, 3B'a3aHUN 3i 3HAYEHHSAM
BifkeTa BX0o4y. KoHcTpykTOp
3aKiHYyeTbCS TpbOMa onepaTopamMu,
y SKkux 06'ekTn 06'€QHYIOTLCA Y BikHI 3
A0NOMOro Metoay pack ().

MeTon parinput () MICTUTb try.
OKpIM onepartopa 3 asoma
BapiaHTaMn o0bpobneHHs. AKWO 3Ha-
YeHHSA Yy BIMKeTi 3anucy, OOCTyn A0
SAKOro 30IMCHIDETLCA 3 AO0MOMOror
MeTogy get (), € HegonyCtTumMmMmm
(@abo nopoxHiMK) nrasaluYUMn  aa-
HUMW, TO 3'ABNSAETLCA NOBIAOMIEHHS
«Mae 6yt umucno!», wo BigoGpaxy-
ETbCA B OKpeMOMYy BIikHi. B iHWwoOMy
BUNaOKy byne nokasaHo
NOBIOOMMEHHA  3i  3HAYEHHAM |
3MiHHOO aTpubyTta p str Oyge npu-
3Ha4YeHO [HKPEMEHTHUW napamMeTp 3
aornomoro metoay set (). Ue npu-
Bede QOO0 3MiHM TEeKCTYy Yy BigKeTi
parentr.

B ocHoBHOMY ckpunTi O6'ekT Oo-
AaTka CTBOPKETLCA 3 OOMNOMOroH
dYHKUIT Tk () | NOTIM HabyOoOBYETLCS
3 HOBMM 3arosfioBKkoM BikHa «[1puknag
rpacpivyHoro iHTepdgency».

[Micns uboro BiKHO 06'ekTa CTBOPIO-
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Here class MainWindow with
two methods and four instance
attributes has been defined as
inherited from standard widget
Frame. In the first three state-
ments of constructor method
_init () the window is cus-
tomized by calling constructor
from the base class and calling
pack () method of current widg-
et. Then four objects are creat-
ed: self.1bl of class Label,
self .parEntr of class Entry
self.butl of class Button and
self.p str as StringVar
connected with value of entry
widget. Constructor ends with
three statements where the ob-
jects are compounded on the
window using pack () method.

The method parInput()
contains try except statement
with two variants of processing.
If value in entry widget, which
accessed with method get (), is
not valid float data (or empty)
then message "Must be num-
ber!" will be displayed in a sepa-
rate window. In other case mes-
sage with the value will be
shown and incremented param-
eter variable will be assigned to
p_str attribute using method
set (). That will causes text
change in the parEntr widget.

In the main script application
object are created by means of
Tk () function and then are cus-
tomized with new window title
"GUI example".

After that object window are



ETbCA SK €eK3eMNnsap paHile BU3Ha- created as instance of previous-

YeHOro Knacy Mainwindow i 3anycka- ly defined MainWindow class
€TbCA OCHOBHMUW LMK goAdaTka. and main loop of the application
IS run.
Konn HaBepeHun Bulle Kop Bu- When the above code is exe-
KOHYETbCS, MaemMo Takui pesynbrar cuted, it produces the following
(puc. 4.2). result (Fig. 4.2).

Enter some parametern:

| [i22d
Input parameter
a
Puc. 4.2. T'onosHe BikHO (&) i BikHa Fig. 4.2. Main Window (a) and mes-
nosigomneHs (6, 8) sage boxes (6, 8)

BipkeT «Mirxa» peanidye none The «Label» widget imple-
BigOOpaXeHHsl, Yy SAKOMY MOXHa ments a display box where you
PO3MICTUTN TEKCT abo 300paXKeHHS. can place text or images. The
TekcT, WO BigoOBpaxyeTbCa UUM text displayed by this widget can
BiIXKETOM, MOXe OyTWU OHOBMEHUN Y be updated at any time you
Oyab-akunm  4vac. TakoX  MOXHa want. It is also possible to un-
NiOKPECNUTU  YacTUHy TeKCTy (Ha- derline part of the text (like to
npuknag, ineHTndgikyBaTm NnoegHaHHA identify a keyboard shortcut) and
Knasill) i po30uTKN TEKCT Ha Aekinbka span the text across multiple
PSAOKIB. lines.

BiopxeT «Button» BUKOPUCTOBY- The «Button» widget is used
€TbCA ON19 AOJaBaHHA KHOMOK Yy A0- to add buttons in a Python ap-
aatok Python. Lli kHonkn MoxyTb Bia- plication. These buttons can
obpaxyBaTu TekCT abo 300pakeHHs, display text or images that con-
Lo nepeaaroTb NPU3HAYEHHS KHOMOK. vey the purpose of the buttons.
Mo>kHa NpUKpIiNnUTK OyHKUit0 abo Mme- You can attach a function or a
TOA OO0 KHOMKKW (MapameTp KomaHawn), method to a button (command
LLIO BUKITMKAETbCS aBTOMaTUYHO Mpwu parameter) which is called au-
HaTUCHEHHI KHOTKMW. tomatically when you click the

BimkeT «3amnuc» BUKOPUCTOBYETb- button.
ca Ons NPUAMaHHS OOHOPSAKOBUX The «Entry» widget is used
TEKCTIB Big KopucTtyBada. MeTtog to accept single-line text strings
get () noBepTae pAOKOBE 3HAYEHHSA, from a user. The get () method
SIKe MICTUTb BIOXKET «Entry». returns string value which

Akuo BM xodeTe BigoBpaxkysaTty «Entry» widget contains.
AeKinbKa psakiB TEKCTY, SKi MOXHa If you want to display multiple
peparysaTti, BaM chlif BUKOPUCTOBY- lines of text that can be edited,
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BaTU BIOKET «TexcT». AKWO BU XO-
yeTe BigoOpaxyBaTu oauH abo fe-
KinlbKa psAOKiB TEKCTY, AKi HE MOXYTb
ByTn 3MiHEHI KOpUCTyBayYeM, BaM cnij
BUKOPUCTOBYBATU BIiXKET «MiTkra».

4.2. KepyBaHHSs1 reomMeTpi€cto

Tkinter pack() 3 HaBegeHoro
BULLE NMpUKNaay OpraHi3oBye BIOXeTuU
B Br1OKM nepe po3MilleHHSM iX Y no-
POLOHOMY BiKeTi:

widget .pack (pack options)

Cnncok  MOXNUBUX
pack options:

® DPO3BEPHYTU — MpPWU 3HAYEHHI true
BiPKET  PO3LUNPKETLCHA,  3anoB-
HIOKYM ByOb-AKMW MPOCTIp, WO He
BMKOPUCTOBYETLCS B MOPOLAHOMY
BiIKETI;

e 3aMOBHUTM —  BWU3HA4Yae, 4u
3arnoBHIOE BIAKET AKMN-HeOyab Oo-
AaTKOBUM NPOCTIP, BUAINEHUN NOMY
NakyBanbHUKOM, 4 30epirae cBOI
BNacHi MiHiManbHi po3mipu: HI (3a
3aMOBYYBaHHAM), X (3aMOBHEHHS
nuwe no ropusoHTani), Y (3anos-
HEeHHs nuwe no BepTukani) abo
OBUIBA  (3anOBHEHHA SK MO
ropu3oHTani, Tak i o BepTukanu);

e CTOpPOHa — BM3Ha4ae, 3 Koro BOKy
NOPOAHOro BiAKeTa YynakoByBaTu-
MeTbCS: TOP (3a 3aMOBYYBaHHAM),
BOTTOM, LEFT abo RIGHT.
[Mpuknag:

from Tkinter import *

BapiaHTIB

root = Tk ()
frame = Frame (root)
frame.pack ()

bottomframe = Frame (root)
bottomframe.pack( side = BOTTOM
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then you should use the «Text»
widget. If you want to display
one or more lines of text that
cannot be modified by the user,
then you should use the «La-
bel» widget.

4.2. Geometry management

Tkinter pack() method
from the above example organ-
izes widgets in blocks before
placing them in the parent widg-
et:

Here is the list of possible
pack options:

e Expand — when set to true,
widget expands to fill any
space not otherwise used in
widget's parent.

e Fill - determines whether
widget fills any extra space al-
located to it by the packer, or
keeps its own minimal dimen-
sions: NONE (default), x (fill
only horizontally), Y (fill only
vertically), or BOTH (fill both
horizontally and vertically).

e Side — determines which side
of the parent widget packs
against. TOP (default), BOT-
TOM, LEFT, or RIGHT.

Example:



redbutton = Button (frame, text="Red", fg="red")
redbutton.pack( side = LEFT)

greenbutton = Button (frame, text="green", fg="green")
greenbutton.pack( side = LEFT )

bluebutton = Button (frame, text="Blue", fg="blue")
bluebutton.pack( side = LEFT )

blackbutton = Button (bottomframe, text="Black", fg="black")
blackbutton.pack( side = BOTTOM)

root .mainloop ()

Konn HaBegeHun Bulle  Kopf When the above code is exe-
BUKOHYETLCA, MAeMO pe3yrnbTaT, 30- cuted, it produces the following
OpaxeHun Ha puc. 4.3.

Puc. 4.3. ['onoBHe BIKHO 3 KHOMKamu, Fig. 4.3. Main Window with buttons

HabUTUMK PiI3HMMKN NapameTpamMm packed with different parameters

Tkinter Hapae iHWiI MeTOoOM Me- Tkinter exposes another ge-
Hempkepa  reomMeTpil:.  grid() [ ometry manager methods:
place (). grid() and place ().

MeTon Tkinter grid () opraHiso- Tkinter grid () method organ-
BYE BigpkeTn y Burnagi tabnuui B no- izes widgets in a table-like struc-
POL4HOMY BIKeTi: ture in the parent widge:
widget.grid(grid options)

CnncoK MOXNMBUX BapiaHTIB: Here is the list of possible op-

tions:

e column — CTOBMeUb AN PO3MiLLeH- e column — The column to put
HA BigKeTa; 3a 3amoB4YyBaHHAM 0O widget in; default 0 (leftmost
(KpanHin niBun ctoBnewb); column).

® columnspan — CKiJIbKM CTOBILIB ¢ columnspan - How many
Bi)KETIB 3aMMaE€; 3a 3aMOBYyBaH- columns widgetoccupies; de-
HAM 1; fault 1.

e ipadx, ipady — CKiflbKM MiKceniB e ipadx, ipady — How many
Ona  3anoBHEHHS  BimXeTta, nNo pixels to pad widget, horizon-
ropusoHTani n BepTuKani, tally and vertically, inside
ycepeauHi Mex BigKeTa; widget's borders.

e row — PAOOK AN PO3MILLEHHS Big- e row — The row to put widget
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XeTa; 3a 3aMOBYyBaHHAM MNepLInm
PALOOK, SKUN yCe LWe € MOPOXHIM;
rowspan — CKiflbKM 3aiMa€ rows-
widget, 3@ 3aMOBYYBaHHAM 1;
sticky — WO pobUTK, KO KOMIp-
kKa Oinblie BigKxeTa. 3a 3aMOBYY-
BaHHAM MpPU BUKOPUCTAHHI sticky
= ' BIIXEeT LEeHTPYETbCA B CBOIN
KOMipui. sticky MOXe  OyTu
KOHKaTeHaujieto pagkis 3 Hyns abo
OinbWw 3 N, E, S, W, NE, NW,
SE i SW, HanpsaMuM Komnaca BKa3y-
IOTb CTOPOHWU | KYyTU KOMIpPKW, O0
SIKOro NPUB'A3aHnUN BIOKET.

lNpuknag;:

in; default the first row that is
still empty.
rowspan - How many
rowswidget occupies; default
1.
sticky — What to do if the
cell is larger than widget. By
default, with sticky='",
widget is centered in its cell.
sticky may be the string
concatenation of zero or more
of N, E, S, W, NE, NW,
SE, and sw, compass direc-
tions indicating the sides and
corners of the cell to which
widget sticks.

Example:

import Tkinter
root = Tkinter.Tk( )
for r in range(3):
for ¢ in range(4) :
Tkinter.Label (root, text='R%s/C%s'%(r,c),
borderwidth=1 ) .grid(row=r,column=c)
root.mainloop( )

This would produce the follow-
ing result displaying 12 labels
arrayed in a 3 x 4 grid (Fig. 4.4).

Lle npuvBene Oo pesynbraTy, LWO
Bigobpaxae 12 MITOK, pPO3MILLEHUX Y
ciTui 3 X 4 (puc. 4.4).

ROJCO FLEI,I'CI_ ROJCZ ROSCS

R1JCOR1fC1 RIJCE R1JCS
IR2/C0 R2MC1 R2)CE R2ICS

Puc. 4.4. TonoBHe BIiKHO 3 MiTKaMu,
pPO3MiLLEHNUMU B CiTLi 3x4

Fig. 4.4. Main Window with labels
put in the grid 3x4

Tkinter place () method or-
ganizes widgets by placing them
in a specific position in the par-
ent widget. Syntax:

MeTton Tkinter place () OpraHi3o-
BYE BiPKETWN, PO3MILLYIOYN TX B NEBHIN
nosvuii B MOpoOgHOMY  BiXKeTi.
CuHTaKcuc:

widget.place( place options )

CnnCcoK MOXNNBUX BapiaHTIB: Here is the list of possible op-
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axip — TOYHE Micue BigxeTta, A0
SKOro HanexaTtb iHWi napamMmeTpu:
MOXyTb O6yTM N, E, S, W, NE,
NW, SE abo SwW, HanpsiMKu Komna-
ca, BKasiBHi KyTWU 1 CTOPOHU BigXe-
Ta; 3a 3aMOBYyBaHHAM NW (BEPXHii
niBUK KyT BigKeTa);

bordermode - INSIDE (3a 3aMOB-
YyBaHHAM), W06 yKasaTu, LUO iHLi
onuii HamnexaTb A0 BHYTPIWHBLOI

YaCTUHU NOPOAHOro BigKeTa
(irHopyoUM MeXxi NopoaHOro BigXe-
Ta);

BMCOTa, WmIMpMHa — BUCOTA WU WN-
pUHa B MiKcensx;

relheight, relwidth — BMUcOTa "
LUMPUHA Yy BUMMS4I 4yicna 3 nna-
BalO4o0 KOMO B Aianas3oHi Big 0,0
no 1,0 y Burngagi 4actkm BUCOTU M
LLUIMPUHW NOPOAHOrO BiOXeTa;

relx, rely — 3CyB N0 ropusoHTani
N BepTukani y Burnggi 4ucna 3
nnasatoyoro Kpankoto Big 0,0 go
1,0 y BUrngagi 4actku BuCOTU M LWIK-
PUHU NOPOAHOrO BIgXeTa,

x, y — TOPU3OHTarnbHUW | BepTU-
KanbHUW 3CyB Y Nikcensax.

Mpuknag;:

tions:

anchor — The exact spot of
widget other options refer to:
may be N, E, S, W, NE,
NW, SE, Or SwW, compass direc-
tions indicating the corners
and sides of widget; default is
NW (the upper left corner of
widget)

bordermode - INSIDE (the
default) to indicate that other
options refer to the parent's
inside (ignoring the parent's
border); OUTSIDE otherwise.

height, width — Height and
width in pixels.

relheight, relwidth -
Height and width as a float
between 0.0 and 1.0, as a
fraction of the height and
width of the parent widget.
relx, rely — Horizontal and
vertical offset as a float be-
tween 0.0 and 1.0, as a frac-
tion of the height and width of
the parent widget;

x, y — Horizontal and verti-
cal offset in pixels.

Example:

from Tkinter import *
import tkMessageBox
import Tkinter

top = Tkinter.Tk()
def helloCallBack() :

tkMessageBox.showinfo( "Hello Python", "Hello World")

B = Tkinter.Button(top,
helloCallBack)

B.pack ()
B.place (bordermode=0UTSIDE, height=100, width=100)
top.mainloop()

text ="Hello", command =
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Konn HaBepeHun Bulle  Kof
BUKOHYETbCA, MAaeMo pe3yrnbTar, 30-
OpaxeHun Ha puc. 4.5.

When the above code is exe-
cuted, it produces the following
result (Fig. 4.5).

Hella

Puc. 4.5. TonoBHe BiKHO 3 KHOMKOWO,
pO3TalLOBaHOK B KBagpaTHin obnacrTi
100x100 nikceniB

4.3. CtaHpapTHi gianorosi BikHa

MeToa messagebox (), AKUA BUKO-
pPUCTOBYBaBCS B HaBedEeHOMY BULLE
npuknagi 3 knacom ana GUI, moxe
Bigo6paxyBaTn iHopmaLito Ans Ko-
pucTtyBada. Y uux gianoroBmx BiKHax
€ TPpU BapiaHTU 3anexHo Big Tuny
NOBIOOMIIEHHA, SIKE BW  Xo4deTe
Bigo6paxysatn. [lepwwnin napameTp
dyHKUiT 3agae iM's ana gianorosoro
BikHa, LLO BigobOpaxyeTbCcs B 3aro-
NoBKy BikHa. [dpyrnn napameTtp — ue
TEKCT nosigoMneHHs. OyHKUiI nosep-
TalTb  PAOOK, H9KMMA  3a3BuYau
iIrHOPYETbLCA:
from tkinter import messagebox

Fig. 4.5. Main Window with button
placed in the square area 100x100
pixels

4.3. Standard Dialog Boxes

A messagebox() method,
which has been used in the
above example with class for
GUI, can display information to a
user. There are three variations
on these dialog boxes based on
the type of message you want to
display. The functions’ first pa-
rameter gives a name for the di-
alog box which is displayed in
the window’s header. The se-
cond parameter is the text of the
message. The functions return a
string which is typically ignored:

messagebox.showinfo ("Information", "Informative message")

messagebox.showerror ("Exrror",

"Error message")

messagebox.showwarning ("Warning", "Warning message")

Ob6'ekt  Tkinter messagebox
TaKoX [Jae Bam 3MOry CTaBUTU KOPUC-
TyBayeBi MPOCTI 3anuUTaHHA Tuny
Tak/Hi i 3MiHIOE iMeHa KHOMOK
3anexHo Big TNy 3anuTtaHH4. Lle Taki

doyHKUIT:
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The Tkinter messagebox ob-
ject also allows you to ask a us-
er simple yes/no type questions
and varies the button names
based on the type of question.
These functions are:



from tkinter import messagebox

answer = messagebox.askokcancel ("Question", "Do you want to

open this file?")

answer = messagebox.askretrycancel ("Question", "Do you want

to try that again?")

answer = messagebox.askyesno ("Question", "Do you like Py-

thon?")
answer =
playing?")

[MoBepTaHe 3HAYeHHS — JIOriyHe,
True abo False, BianoBigb Ha 3anu-
TaHHA. SAKWO KHOMKa «BiAMIHA» €
onuieto i KopucTtyBay BUOMpae Lo
KHOMKY, TO HIYOro He MNOBEepTaETbCA.
[HWi gianoru, aki BaM MOXYTb 3Hago-
outnucs, — ue simpledialog |
filedialog.

AKLo BN xo4eTe 3anutaTu y Kopuc-
TyBaya OOHE 3HaYeHHs OJaHuX — ps-
A0K, Uine yncno abo 3HavyeHHs 3 nna-
BalO4YOK KOMOI, BN MOXeTe BUKOPU-
ctoByBatTn 060'ekT simpledialog.
KopuctyBad Moxe BBeCTM 3anuTtaHe
3Ha4yeHHA N HaTUCHYTN «OK».

Lle noBepHe BBegeHe 3HA4YEHHS.
AKLO KopucTyBay HaTUCKaE «Binmi -
Ha», TO HIHYOro He NOBEepPTaETLCH:

import tkinter as tk

from tkinter import simpledialog

application window = tk.Tk()

messagebox.askyesnocancel ("Question",

"Continue

The return value is a Boolean,
True or False, answer to the
question. If «xcancel» is an op-
tion and the user selects the
«cancel» button, None is re-
turned.  Another  dialogues,
which you might be need to use
are simpledialog and
filedialog.

If you want to ask the user for
a single data value, either a
string, integer, or floating point
value, you can use a
simpledialog oObject. A user
can enter the requested value
and hit “OK”.

It will return the entered value.
If the user hits «Cancels, then
None is returned:

answer = simpledialog.askstring("Input", "What is your first

name?",

if answer is not None:

parent=application window)

print ("Your first name is ", answer)
else:

print ("You don't have a first name?")
answer = simpledialog.askinteger ("Input", "What is your
age?",

if answer is not None:

print ("Your age is ", answer)
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parent=application window,
minvalue=0, maxvalue=100)



else:

print ("You don't have an age?")

answer = simpledialog.askfloat ("Input", "What is your sala-

ry?",

maxvalue=100000.0)
if answer is not None:

parent=application window,
minvalue=0.0,

print ("Your salary is ", answer)

else:

print ("You don't have a salary?")

3BnyarHe 3aBAaHHs — BUbBpaTK
iMeHa nanok i awnisa Ha NPUCTPOI
36epiraHHA. Lle moxHa 3pobutn 3 go-
nomMorot ob'ekta filedialog. 3Bep-
HITb yBary Ha Te, WO Ui KOMaHau He
30epiratoTb | He 3aBaHTaXyloTb doans.
BoHun NpOCTO [arTb 3mory
KopuctyBayesi BubpaTtun davn. Konu
y Bac € iM'a dpanny, BU MOXeTe
BiOKpPUTK, 00pobuTK i 3akpuTn dhamn,
BUKOPUCTOBYIOYN  BIONOBIOHUA  KOL
Python. Lli gianorosi BikHa 3aBXau
NnoBepTarTb BaM «rosHe im'a dan-
JIy», WO MICTUTb MOBHUN LWINAX 00
danny.

AKwo KopucTyBayeBi [O03BOSIEHO
BMbUpaTn Aekinbka dawnnis, TO Mo-
BepTaHe 3HA4YeHHS € KOopTexXeM, AKNn
MICTUTb YycCi BUBpaHi annn. Akwo
KopucTyBau BiOAMIHAE  AianoroBe
BIKHO, NOBepTaHe 3HAYeHHs €
NMOPOXHIM PSAOKOM:

import tkinter as tk
from tkinter import filedialog
import os

application window = tk.Tk()

A common task is to select
the names of folders and files on
a storage device. This can be
accomplished using a
filedialog object. Note that
these commands do not save or
load a file. They simply allow a
user to select a file. Once you
have the file name, you can
open, process, and close the file
using appropriate Python code.
These dialog boxes always re-
turn you a «fully qualified
file name» that includes a full
path to the file.

Also note that if a user is al-
lowed to select multiple files, the
return value is a tuple that con-
tains all of the selected files. If a
user cancels the dialog box, the
returned value is an empty
string:

# Build a list of tuples for each file type the file dialog

should display
my filetypes = [('all files',

# Ask the user to select a folder.

L), ('text files', '.txt')]

answer = filedialog.askdirectory (parent=application window,

73

initialdir=os.getcwd(),



title="Please select a fold-
er:")

# Ask the user to select a single file name.

answer =

filedialog.askopenfilename (parent=application window,
initialdir=os.getcwd(),
title="Please select a

file:",
filetypes=my filetypes)

# Ask the user to select a one or more file names.

answer =

filedialog.askopenfilenames (parent=application window,
initialdir=os.getcwd(),
title="Please select one

or more files:",
filetypes=my filetypes)

# Ask the user to select a single file name for saving.

answer =

filedialog.asksaveasfilename (parent=application window,
initialdir=os.getcwd(),
title="Please select a

file name for saving:",

filetypes=my filetypes)

YactuHa 2. BIBJNIOTEKWU ON14 Part 2. LIBRARIES FOR
POBOTHU I3 3SOBPAXXEHHAMMU WORK WIH ITMAGES AND
W BIOEO VIDEO
5. BAKOPUCTAHHS BIBJIIOTEKU 5. USING THE PILLOW
PILLOW LIBRARY
5.1. Mepenik OCHOBHMX MOAYNiB 5.1. The list of the Pillow
nakeTa Pillow package main modules
Sk 3a3Hayanocs paHille, OgHVUM 3 As noted earlier, one of the
LEeHTpanbHWX 3aBdaHb  MobyaoBm central problems of the technical
CUCTEM TexHiYHOro 3opy € 06pob- vision systems development is
neHHs 306paeHs i BigeoiHdopmalLlii. image and video information
MoBoto nporpamyBaHHs Python ue processing. In the Python pro-
30IICHIOETBCS 3 JOMOMOrow 6ibnio- gramming language, it is imple-
Teku Pillow, Lo NigKoYaeTbes. mented by means of the Pillow
plugin library.
Onsa edeKkTMBHOro BUMKOPUCTAHHA Ha- For efficient use of available
SABHUX PECYPCIB PO3rMAHEMO CTPYKTYpYy resources, we will consider the
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uiei 6ibnioTekn, BNAcCTUBOCTI MPOMOHO-
BaHMX  KOpuCTyBayeBi  (PyHKuin i
mMeTtogiB. OgiuinHy JOKYMeEHTaUito Woao
bibniotekn Pillow po3milieHO 3a agpe-
coto http://pillow/readthedocs.org/.

PosrnaHemo nepenik OCHOBHMX
moaynis naketa Pillow ons pobotu i3
306paxkeHHaMKn Ha moBi Python. lNepek-
nag 6ibniotekm  Python Imaging
Library (PIL) 3pobneHo 3a ogiuinfHO
AOKYMEHTAaL€ | MICTUTb Taki HanHeOob-
XigHiWi moayni:

e The Image Module micTnTb OYHKLU,IT,
MeToau | BMacTUBOCTI ONS BIOKPUTTH,
30epexXeHHss W MaHinyniBaHHA 3006-
paXkeHHAMMU;

e The Image Chops Module wmicTuTb
barato apudpmeTMyHMX onepaudin Hag
306paxkeHHaMY;

e The Image Color Module MmiCTUTb
dyHKUIT 4Na nepeTBOPEHHS psaKka BU-
3HaYeHHA KOMbOpYy Ha KopTexX dop-
maty RGB,;

e The Image Draw Module
BUKOPUCTOBYETbCA Ana npoctoi 2D-
rpadpikm, ona pucyBaHHSA, CTBOPEHHHA
HOBMX 300pakeHb i TEKCTIB | peTyLly-
BaHHS HAasABHNX 306pakeHb;

e The Image Grab Module MiCcTUTb
doyHKUiI, SAKi gonomaralTb 3pobuTtun
3HIMOK eKpaHa;

e The Image Font Module wmicTUTb
dyHKUioHan ona poboTu 3i wpudTa-
mu Truetype i Opentype.
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structure of this library, the prop-
erties of functions and methods
offered to the user. The official
documentation for the Pillow li-
brary is available at http:// pillow
[readthedocs. org/.

Let’s consider the list of basic
modules of the Pillow package
for working with images in the
Python language. The transla-
tion of the Python Imaging Li-
brary (PIL) is done according to
official documentation and con-
tains a number of essential mod-
ules.

o The Image Module contains
functions, methods and prop-
erties for images opening, sav-
ing and manipulating;

e The Image Chops Module

contains many arithmetic op-
erations on images;

e The Image Color Module
contains functions for convert-
ing a color definition string into
an RGB tuple;

e The Image Draw Module is
used for drawing simple 2D
graphics. Used to draw, create
new images, create text and
retouch existing images;

e The Image Grab Module con-
tains functions that help to
take a screenshot;

e The Image Font Module con-
tains functionality for working
with TrueType and OpenType
fonts.



5.2. OcobnnBoOCTi BUKOPUCTaAHHA
c¢yHKUIN | MeTOAIB MOoAyniB nakeTa
Pillow

Po3rnaHemMo pgeTtanbHille Bnactu-
BOCTIi W CUMHTAKCUC OCHOBHUX (PYHKLIN i
MeToiB naketa moaynis bibniotekn Pil-
low. [ani ©yoe HaBeOeHO KOHKPETHI
npuKnagn KoAdis, WO AarTb 3MOry npak-
TUYHO peanidyBatn nporpamMHi MOXIu-
BOCTI L€l bibnioTeku.

5.2.1. ®dyHKUIT Ana BigKpUTTS,
KonitoBaHHS i 30epexeHHs
c¢anniB 306paxxeHb

PyHKUIA open() — yHKUIA Onsg
BIOKPUTTSA panny 3 rotoBuM 306pakeH-
HAM, LLIO noBepTae 06'ekT, 3 4OMOMOrow
SIKOr0 BUKOHYETLCA noaarnblua poboTa i3
306paxeHHsM. AKwo Bigkputn dann i3
306paxeHHsM He BAanocs, TO Yy BIKHI
iHTepripeTaTtopa 3'dABMSETbCA  BUKIO-
YeHHA IOError. CuHTaKcUC YyHKUIl
open() € TakKUM:

5.2. Features using the
functions and methods of the
Pillow package modules

Let us consider in more detail the
properties and syntax of the main
functions and methods of the Pil-
low library modules package. In
the next subchapters, specific
examples of codes, that allow
you to implement practically the
software features of this library,
will be presented.

5.2.1. Functions for opening,
copying and saving image files

open () — function is used to
open the file with the completed
image. It returns the object with
which the further work with the
image is performed. If the image
file could not be opened, an
IOError exception appears in
the interpreter window. The
open () function syntax is:

open ( (<llnax abo darnyoBuit o6’exT>[,mode='r"’])
open((<bPath or file object >[,mode='r"])

Y nepwomMy napameTpi BKa3yeTbCH
abcontoTHMM abo BIOHOCHMW WNAX A0
300paxxeHHs. HeoboB'askoBui gpyrum
napamMeTp 3agdae pexum [OocTyny Ao
danny — {KWO MOro He BKasaHo, TO
dann 6yae AOCTYNHUM TiflbKWU ON1S YK-
TaHHSA.

Bigkpuemo davn image 1.3jpg, PO3-
TaloBaHUM y NOTOYHOMY poboyoMy Ka-
Tanosi (puc. 5.1):

The first parameter indicates
the absolute or relative path to
the image. The optional second
parameter sets the file access
mode - if it is not specified, the
file will be read only.

Open the file image 1.jpg,
located in the current working di-
rectory (Fig. 5.1):

>>> img=Image.open("C:/Users/ Leonid /Desktop/image 1.3jpg")

3amiCTb UBOro MOXHa nepegaTu
dannosun 06'ekT, BigkpuTUN B BiHap-
HOMY PEXUMI.

Mpuknag:
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Instead, you can transfer a file
object opened in binary mode.

Example:



# BinmxpumBaeMo dann y 6iHapHOMy pexuMmi (Open the file in binary

mode)
>>> f = open ("C:/Users/Leonid/Desktop/12.jpg", "rb")
>>> img = Image.open(f) # Ilepemaemo 06’'exkT damny (Passing the

file object)
>>> 1mg.size
size)

(304, 190)

# OrpuMmyemo po3Mip 300paxeHHsa (Get image

>>> img.format # BuBommMo dopmaT z300paxeHHsa (Display image for-

mat)
‘JPG’
>>> f.close()

3 npuknagy SicHo, LWo dopmaTt 30-
OpakeHHA BU3HAYaETbLCS aBTOMAaTUYHO.
Micna BigkpuTTA hanny 3a LOMNOMOror
dYHKLIiT open () 300paXeHHs1 He 3aBaH-
TaXyeTbCA Bigpa3dy B NamMm'dTb — 3aBaH-
TaXeHHa BigbOyBaeTbCsA nNpU  NepLUin
onepauii i3 306paKeHHsAM.

Y uboMy npuknagi ang nepernagy 3o-
OpakeHHA BUKOPUCTAHO MeTod show ().
Bynemo HUM KopucTyBaTuUcA 1 Hagani.

show () — MeTOA, SIKUA CTBOPIOE TUM-
yacosun pann y popmarti BMP i 3anyc-
Kae nporpamy ans nepernagy 3o6pa-
XeHb, AKa BUKOPUCTOBYETLCSA B onepa-
LiNHIN cuctemi 3a 3amoBYyBaHHAM. Ha-
npuknag, ue moxe OyTtn 3acid neperns-
ay dotorpadin y Windows 7.

load — METO4, LLO A€ 3MOry 3aBaH-
TaXUTU 300pakeHHs1 SIBHO i noBepTae
06'eKT, 3 IONOMOrO SIKOro MOXHa OTpu-
MaTu OOCTyn OO OKpemux nikcenis 30-
OpaKeHHs.

YKazaBwuM BcepeauHi  KBagpaTHUX
OYXKOK ABa 3HAYeHHS — ropu3oHTasbHY
N BepTUKanbHy KOOpAWHATW nikcens,
MOXHa oTpumaTtn abo 3agaTtn MOro Ko-
nip.

Mpuknag:

77

# BakxpuBaemo odann (Close the file)

From the example it is clear
that the image format is deter-
mined automatically. After open-
ing the file using the open/()
function, the image itself is not
loaded immediately into memory
- the download is performed dur-
ing the first operation with the
image.

In this example, the show ()
method is used to view the im-
age. We will use it in the future.

show () is a method that cre-
ates a temporary file in BMP
format and runs the program for
viewing images used in the de-
fault operating system. For ex-
ample, it may be a photo viewer
in Windows 7.

load() is a method that al-
lows you to load an image explic-
itly. It returns an object with
which you can access individual
pixels of the image.

By specifying two values inside
the square brackets: the horizon-
tal and vertical coordinates of the
pixel, you can get or set its color.

Example:



Puc. 5.1. MNMpwuknag sigkpuTTa hanny 3
roTOBMM 306paXeHHsIM

img=Image.open ("foto.jpg")
>>> obj = img.load()

Fig. 5.1. An example of a file
opening with created image

# Orpumyemo koJyip nikcensa (Get pixel color)

>>> obj[25,45]
(122, 86, 62)

# 3BamaeMo koJip nikcens (uepBoHMM) (Set pixel color (red))

>>> obj[25,45] = (255, 0, 0)

[Onsa pgoctyny [0 oOKpeMoro nikcens
3aMmicTb MeToay load () MOXHa BUKO-
pucTOBYBaTU METOAN getpixel |
putpixel (). MeToa getpixel (<Ko-
opnuHaTK>) [AE€ 3MOry OTpMMaTu Konip
3a3Ha4yeHoro nikcens, a MeTo[,
putpixel (<Koopzmmuatm "," Ko-
nip>) 3MiHIOE Konip nikcensd. Koopau-
HaTW nikcensa BKa3ylTbCH Y BUrNagi Ko-
pTEXY 3 OBOX efneMeHTIB. 3ayBaXmnmo,
WO ui MeToau npauloTb MNOBISbHILWeE,
Hi>K MeToAd load (). HaBegemo npuknag
BUKOPUCTAHHA MeETOoAdIB getpixel i
putpixel ():
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For access to the separate
pixel instead of method of
load () it is possible to use the
methods of getpixel() and
putpixel (). The method of
getpixel (<Coordinates>)
allows to get the color of the indi-

cated pixel, and the method of
putpixel (<Coordinatess>,

<Color>) decolorizes pixel. The
coordinates of pixel are specified
as a tuple from two elements.
We will notice that these meth-
ods work slower than method of
load (). We will give an example
of the wuse of methods of
getpixel () and putpixel ():



>>> img=Image.open ("foto.jpg")

# Orpumyemo koJiip nikcesns (Get pixel color)

>>> img.getpixel ((25,45))
(122, 86, 62)

# 3Bmizoemo koJip nikcess (Change pixel color)

>>> img.putpixel ((25,45), (255, O,

0))

# Orpumyemo koJip nikcens (Get pixel color)

(255, 0, 0)

# Ilepernanaemo 3060paxeHHs (View image)

>>> img.show ()

copy () — METOA, SIKUN CTBOPHOE KOMito
3006paxkeHHs (puc. 5.2).

Mpuknag:

>>> from PIL import Image

# BinkpuBaemo odamn (Open the file)

ates a copy of an
(Fig. 5.2).

copy () is a method that cre-
image

Example:

>>> img=Image.open ("C:/Users/leonid/Desktop/image 2.jpg")

>>> img.show ()

nal)

>>> imgl = img.copy ()
>>> imgl.show ()

Puc. 5.2. CtBopeHHs konii 306paeHHs

Thumbnail (<Po3Mip> [, <®inbTp>
1) — meToa, WO CTBOPHE 3MEHLLUEHY
BepcCito 306paXkeHHs1 BKa3aHOoro po3mipy
— MiHiaTiopy. Po3mip 3apaetbca y Bu-
rMagi  KopTexy 3 [OBOX €eflEMEHTIB:
(<llpmHa, <BucoTas) .

Po3mip  3MIHIOETECA  MPOMOPLINHO,
TO6TO 3a OCHOBY 6epeTbCs MiHiMarbHe
3HayeHHs, a gpyre 3Ha4YeHHA obyucrio-
€TbCS NMPONOPLINHO NepLIoMy.
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# Iepersnsanaemo opuriHan (View the origi-

# CrBopmwemo komnino (Create a copy)
# Ileperssanmaemo konino (View a copy)

Fig. 5.2. An image copy creation

The Thumbnail (<Size> [,
<Filter>]) method creates
reduced image version with the
given size - thumbnail. The size
is set as a tuple from two ele-
ments: (<Weight> <Heights>).

The change of size is pro-
duced proportionally of a mini-
mum value takes up basis, and
the second value is calculated
proportionally first.



Y napameTpi <¢insTp> MOXYTb OYyTU
BKasaHi (PinbTpu NEAREST, BILINEAR,
BICUBIC abo LANCZOS. AKLWO napameTp
He BKa3aHO, BMKOPUCTOBYETLCA 3HAYeEH-
HA BICUBIC. MeTog 3MiHE 306paxeH-
HS1 | HiYoro He noeepTae (puc. 5.3).

Mpuknag;:

>>> from PIL import Image

In a parameter <Filters the
filters of NEAREST, BILINEAR,
BICUBIC Or LANCZOS, can be in-
dicated. If a parameter is missed,
a value BICUBIC is used. A
method changes an image and
returns nothing (Fig. 5.3)

Example:

>>> img=Image.open("C:/Users/leonid/Desktop/image 3.jpg")
>>> img.size # IllouaTkoBli po3Mipu 300pPaAXEHHS
(Initial size of image)

(297, 170)
>>> img.show ()

>>>imgl = img.thumbnail ((148,85), Image.LANCZOS)
>>> img.size # 3BminHeHi posmipm (Changed size)

(148, 85)
>>> 1img.show ()

Puc. 5.3. CTBOpEHHSA 3MEHLLEHOI MiHiaTiopu
306pakeHHs: a — opuriHan, 6 — MiHiaTiopa

save () — MeTO4, NPU3HAYEHUN Ons

30epexeHHs 306paxeHHs y dhann, wo
Ma€ Takum oopmar i CUHTaKCUC:

save (<llngax abto damnyoBum 06'ekT>

Y nepwomMy napameTpi BKa3yeTbCs
abcontoTHMM abo BiAHOCHUM WINSX. 3a-
MICTb LUNAXY MOXHa nepefatn dgpanno-
BUN OB'eKT, BIAKpUTUIN Yy BiHapHOMY pe-
Xumi. Onsa npuknagy 36epexemo 30-
OGpaxeHHs y bopmaTtax JPEG i BMP pis-
HUMK cnocobamu:
>>> from PIL import Image

Fig. 5.3. Image thumbnail creation: a -
original, b — miniature
The save() method is used to

save an image to a file. It has the
following format and syntax:

[, <bopmaT> [,<Onuiis>]])

The first parameter indicates
the absolute or relative path. In-
stead of the path, you can trans-
fer a file object opened in binary
mode. For example, let's save
the image in JPEG and BMP for-
mats in different ways:

>>> img = Image.open ("C:/Users/leonid/Desktop/12.7jpg")

>>> img.save ("tmp.jpg")
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# 30epexeHHsS y bopMaTi



JPEG

>>> img.save ("tmp.bmp", "BMP")
BMP

>>> £ = open("tmpl.bmp", "wb")
>>> img.save (f, "BMP")

o0 'eKT

>>> f.close()

3asHaummo, Wwo cann moxe byTn Bia-
Kputun B ogHoMy doopmari, a 3bepexe-
HUM B iHWoMy. Konn napameTp <dop-
mMaT> He 3adaHo, gopmaT 300pakeHHs
BU3HAYaETLCA 3a PO3LINMPEHHAM dhanny,
npoTe, SKWOo MeToay save () K NEpPLUUIA
napameTp nepegaHo dannosun 06'eKT,
dopmaTt Mae 6yt BKkaszaHun 06OB'A3KO-
BO.

Y napameTpi <Onuiis MOXHa nepe-
natnm  pgopatkosi  onuil.  [MigTpymyBaHi
onuii 3anexaTtb Big dopmaTty 306pa-
XEHHS. Hanpuknag, 3a 3amMoBYyBaHHAM
306paxXeHHs1 JPEG 30epiratoTbCs 3 sKic-
TIo 75. 3a ponomorot onuii quality
MOXHa BKa3aTW iHLWe 3Ha4YeHHa B giana-
30Hi Big 1 go 100:

# 30epexeHHsa y GopMmaTi

# IlepenaemMo GamMyioBUM

Note that the file can be
opened in one format, and saved
in another. When the <formats>
parameter is not specified, the
image format is determined by
the file extension, however, if the
file object is passed to the
save () method, the format must
be specified.

In the option <Options> you
can pass additional options. The
supported options depend on the
image format. For example, by
default, JPEG images are saved
with a quality of 75. With the
quality option, you can specify
a different value in the range
from 1 to 100:

# YxasanHs gxkocTi (Quality indication
>>> img.save ("tmp2.jpg", "JPEG", quality=100)

5.2.2. CTBOpEHHS HOBOro
300pakeHHs

bibnioteka Pillow nae 3mory npauto-
BaTW He Nuwe 3 roToBMMU 306pakeH-
HSMMW, ane M CTBOpKOBATU HOBI. Poarns-
HEMO TaKy MOXIUBICTb geTarbHille.

OYHKUNSA new () ONA CTBOPEHHSA HOBO-
ro 3006paXxeHHs1 Mae Takun popmar:

5.2.2. Creating a new image

The Pillow library allows you
to work not only with ready-made
images, but also create new
ones. Consider this possibility in
more detail.

new () — the function for creat-
ing a new image has the follow-
ing format:

new (<Pexum>, <Posmip> [, (<Komip odony>])

Y napameTpi <Pexum> YKa3yeTbCH
OOVH 3 TaKNX PEXUMIB:
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In the <Mode> parameter, one
of the following modes is speci-
fied:



e 1-— 1 6iT, YopHO-6ine (1 bit, black and white);

e L — 8 6iTiB, YopHO-6ine (8 bit, black and white);

e P — 8 6iTiB, KONboOpoBe (256 konbopiB) — 8 bits, color (256 colors);

e RGB - 24 6itun, konbopose (24 bits, color);

e RGBA — 32 6iTK, KonbopoBe 3 anbda-kaHanoMm (32 bits, color with

alpha channel) ;

e CMYK — 32 0iTu, konbopose (32 bits, color);
e  YCbCr — 24 6iTun, Konbopose, Bigeodopmar (24 bits, color, video format);
e Lab — 24 6iTn, KONbOPOBE, BUKOPUCTOBYETHCSA KOMIPHUI NPOCTIp Lab (24

bits, color, Lab color space used);

e  HSV — 24 6iTn, KONbOPOBE, BUKOPUCTOBYETHCSA KOMIPHUI NPOCTIp HSV (24

bits, color, uses HSV color space);

e I — 32 06iTK, KONbOPOBE, KONbOPU KOAYTLCA UinMmMu yncnamm (32 bits,

color, colors are encoded by integers);

° F — 32 BiTK, KONbOPOBE, KONMbOPU KOAYTLCA AIMCHUMU Ymucnamm (32 bits,
color, colors are coded with real numbers).

Y ngpyromy napameTpi HeobxigHo
nepegatM po3Mip CTBOPIHOBAHOIO 30-
BpaxeHHs (NONoTHa) y BUrNA4I KopTe-
Xy 3 [OBOX €eJIeMeHTIB <llupuHas,
<Bucora>. ¥ HeoboB's3koBOMYy napa-
METPI <Konip donys> 3a4aETbCHA KOMip
dooHy. AKLLO napameTp He BKasaHo, TO
doH Byae yopHoro konbopy. Ons pe-
xunmy RGB konip ykasyetbcs y Burnagi
KopTexy 3 Tpbox uudp Big 0 go 255
(<YUacTka UEepBOHOTO>, <dacTka
3eJIeHOTO>, <YacTka CUHLOIO>) .

KpiMm TOro, mMoxxHa BKasaTu Ha3BYy
KOJTbOPY aHrMincbKO MOBOKO | pagka y
dopmartax "#rgb" i "#rrggbb". Pi3Hi
crnocobu BKkasyBaHHS KONbOpPY:

In the second parameter, you
must pass the size of the created
image (canvas) in the form of a tu-
ple of two elements <widths,
<Height>. In the optional parame-
ter <Background colors> the
background color is set. If the pa-
rameter is not specified, the back-
ground will be black. For the RGB
mode, the color is indicated as a
three-digit tuple from 0 to 255
(<Proportion of reds>, <Pro-
portion of green>, <Propor-
tion of blues). In addition, you
can specify the name of the color
in English and strings in the
"#RGB" and "#RRGGBB". Various
ways to specify colors are listed
below:

>>> img = Image.new ("RGB", (100,100))

>>> 1img.show ()
square)

# UYopuHuit xBazmpaT (Black

>>> img = Image.new("RGB", (100,100), (255,0,0))

>>> 1img.show ()
square)

# UeprBoHumM kBampaT (Red

>>> img = Image.new("RGB", (100,100), ("green"))
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>>> img.show () # 3Besenur kBampaT (Green

square)

>>> img = Image.new("RGB", (100,100), ("#£f00")

>>> img.show () # UeprBoHur xBampatT (Red
square)

>>> img = Image.new ("RGB", (100,100), ("#££0000")

>>> 1img.show ()
square)

5.2.3. OTpumaHHs iHchopmauii
npo 306paxeHHA

OTpumaTtu iHpopmauito npo 306pa-

# Uepsouumrm kBazmpaT (Red

5.2.3. Getting image
information

The following attributes of the

XEHHs [alTb 3MOory Taki aTpmbyTtm image object allow getting infor-
o06'ekTa 300paXKeHHs: mation about the image:

e size — pO3Mip 300paxkeHHs1 y BU-
rmagi KopTexy 3 [OBOX erleMeHTIB:
<llmpmuHa>, <Bucoras,

e format — (popmaT 300paxKeHHs Y
BUMMSAI pagka (Hanpuknag, 'gif',
'gpeg' iT. A.);

e mode — PEXUM Yy BUrNA4i psgka (Ha-
npuknag 'p ', 'RGB'IiT.A4.);

e info — gogaTkoBa iHopMmaLis npo °
306pakeHHs1 y BUrNsiAi ClIOBHUKA.

HaBeoemo npuknag BUBEOEHHA iH-

size — the size of the image as
a tuple of two elements:
<Width>, <Heights>;

format — image format as a
string (for example, 'GIF',
'GPEG', eftc.);

mode — mode as a string (for ex-
ample, 'pP', 'RGB', etc.);

info - additional information
about the image in the form of a
dictionary.

Let's give an example of dis-

dopmadii npo 3o00paxeHHsa y opma- playing information about images

TaxXx JIPEG, GIF, BMP, TIFF | PNG: in

the formats JIPEG, GIF, BMP,

TIFF and PNG:

>>> img=Image.open("foto.jpg")

>>> img.size, img.format, img.mode
((800, 600), "OPEG', 'RGB')

>>> img.info

{‘jfif’:258, 'jfif unit ':0, 'adobe ':100, 'progression ':1,
'jfif version':(1,2), 'adobe transform':100,'jfif' density(100,1

00)

>>> img=Image.open("foto.gif")

>>> img.size, img.format, img.mode
((800, 600), 'GIF', 'P')

>>> img.info

{‘version’: 'GIF89a, 'background':254}
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5.2.4. NepeTBOpPEHHSA 306paKeHb

HaBegemo npuknagn BUKOPUCTaHHS
OCHOBHUX METOAiB NepeTBOPEHHS 30-
OpaxeHb.

resize (<Posmip> [, <dinmbTp>]) -
MeTod, AKMA 3MiHE po3Mip 306pa-
XEHHSA | Ha BigMiHY Big MeTo4y Thumb -
nail () NOBepTae HOBE 300paXXeHHS, a
He 3MIHIOE NoYaTKoBe.

Po3mip 3MiHIOETLCA He nponopuin-
HO, | SIKLLO nponopuil He AOTPUMaHI, TO
306paxeHHs Oyae cnoTtBopeHo. Y na-
pamMeTpi <®insTp> MOXYTb OYTU BKa-
3aHi (PINbTpU NEAREST, BILINEAR,
BICUBIC abo LANCZOS. Akwo napa-
METp He BKa3aHO, TO BUKOPUCTOBYETb-
CSl 3HAaYeHHsI NEAREST (puc. 5.4).

Mpuknag;:

>>> from PIL import Image

5.2.4. Image conversion

Let us give examples of the
use of basic image conversion
methods

The resize (<Size>
[, <Filter>]) method resizes
the image. Unlike the Thumbnail
() method, it returns a new image,
but does not change the original
one.

Resizing is not proportional,
and if the proportions are not met,

the image will be distorted. The
NEAREST, BILINEAR, BICUBIC

or LANCZOS filters may be specified
in the <Filter> parameter. If not
specified, the value is NEAREST
(Fig. 5.4).

Example:

>>> img=Image.open ("C:/Users/Leonid/Desktop/image 5.jpg")

>>> img.size
sizes)
(225, 225)

# [MouaTkoBi posmMipu 3006paxeHHsa (Original image

>>> imgl=img.resize((450,450), Image. LANCZOS)

>>> imgl.size
crease)

(450, 450)

>>> 1img.show ()

>>>1imgl.show ()

rotate (<Kyr> [, <®inpTp>]
[,<expand=0]) — MeTOA, SIKUN NOBe-
pTac 300paXkeHHs1 Ha BKa3aHWUW KyT,
O BIOMIPIOETECA B rpagycax npoTu
rOAWHHUKOBOI CTpPINKN. Y napameTpi
<®inbTp> MOXYTb OYTW BKasaHi (inb-
TP  NEAREST, BILINEAR abo
BICUBIC. AKLIO NapameTp He BKa3aHo,
TO BUKOPUCTOBYETLCS 3Ha4YeHH4
NEAREST.

Akwo napameTp expand Mae 3Ha-
YEeHHS True, TO PO3MIp 306paKeHHA
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# I[ponopuirue 30inpmeHHsa (Proportional in-

rotate (<Angle> [, <Fil-
ter>] [, <expand = 0>])--r0-
tates the image to the specified
angle, measured in degrees coun-
terclockwise. In the <Filters> pa-
rameter, NEAREST, BILINEAR oOr
BICUBIC filters can be specified. If
not specified, the value is NEAREST.

If the expand parameter is
True, then the image size will be
increased so that it fits completely:



byne 36inblueHo Tak, Wob BOHO MOBHi- by default, the image size is pre-
CTIHO MOMICTUNOCA: 3a 3aMOBYYyBaHHAM served, and if the image does not
po3Mmip 300paxeHHsa 3b6epiraetbcs, a fit, it will be cropped (Fig. 5.5).
AKWO 300paXkeHHs He MnoMilaeTbes,

TO noro 6yae obpisaHo (puc. 5.5).

a 6
Puc. 5.4. 3miHa po3mipy 300paxeHHs Fig. 5.4. Image resizing

Mpuknag: Example:

>>> from PIL import Image

>>> img=Image.open ("C:/Users/Ltonid/Desktop/image 6.jpg")
>>> 1img.size

(275, 183)

>>> img.show ()

>>> imgl=img.rotate (45, Image.NEAREST, expand=True)

>>> imgl.size

(325, 325)

>>> imgl.show ()

a 6
Puc. 5.5. [MoBOpPOT 306paXxeHHs Fig. 5.5. Image rotation
Transpose (<[lepeTBOpeHHa>) — Me- The Transpose (<Transforms)
TOA, KM MoBepTae A3epKanbHUin 06- method returns a mirror image or
pa3 abo 300paxeHHA. Ak napameTp rotates an image. As a parameter,
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BKa3ylOTb  3HAYE€HHA  FLIP LEFT the values FLIP LEFT RIGHT,
RIGHT,LIP _TOP_ BOTTOM, ROTATE 90, FLIP TOP BOTTOM, ROTATE 90,
ROTATE 180, ROTATE 270 abo ROTATE 180,ROTATE 270 or
TRANSPOSE. MeTog noBepTae HoBe TRANSPOSE are indicated. The
306paxeHHs (puc. 5.6). method returns a new image
(Fig. 5.6).

Mpuknag;: Example:
>>> from PIL import Image
>>> img=Image.open ("C:/Users/Leonid/Desktop/image 2.jpg")
>>> img.show () # IouaTkoBe 300paxeHHs (Source iaage)
>>> imgl = img.transpose (Image.FLIP LEFT RIGHT)
>>> imgl.show() # TopuzOHTANLHUN ngepKaEbHMﬁ obpas (Horizontal

mirror image)
img2 =
img2.show ()

mirror image)
img3 =
img3.show ()
CTP1JIKM
>>> img4 =
>>>1img4 . show ()

>>>
>>>

>>>
>>>

# IIoBopoT Ha 180

crop((<X1l>,<Y¥1>,<X2>,<Y¥2>)) -
MeToL, HAKMW BUpi3ae MPAMOKYTHUMN
dparMeHT 3 BUXIOHOTO 300paKeHHS.
Ak napameTp yKkasyeTbCs KOPTeX 3 Yo-
TUPbOX eNleMEHTIB: NepLli aABa eneme-
HTWU 3a4aloTb KOoOpauHaTy niBoro Bep-
XHbOrO KyTa BUpPI3yBaHOro oparMeHTa,
a iHWi gBa enemMeHTU 3a4arTb KOOp-
AVMHATU NOro HWXXHBLOrO MPaBOro KyTa.
MepenbayaeTbCs, WO MNOYaTOK KOOp-
AVMHaT PO3TaLLOBYETLCA Y BEPXHbOMY
nisomy KkyTi 306paxeHHda. [JogaTHa
BiCb x HanpsiMreHa Brnpaeo, a JoaaTHa
BiCb y — YHM3. AK 3Ha4YeHHA MeToA no-
BepTae HoBe 300paXkeHHs. 34nTyBaH-
HS obnacTi 3 BMXiQHOrO 300paXkeHHs
NPOBOAUTLCA TifIbKM NPU NepLlin one-
pauil Hag HOBMM 300paXXeHHSIM.

AKWo nicna  BUKOHaAHHA  MeToAay
crop () Hag BUXIOHUM 300paKeHHAM
Oyno npoBeneHo onepadii, TO BOHU Bi-
[o0bpassaTbCca i Ha HOBOMY 306paXKeHHi.

img.transpose (Image.FLIP TOP BOTTOM)
# BepTHUKAJbHUNM IO3€epPKaJibHBM ob0pas

(Vertical

img.transpose (Image.ROTATE 90)

# IloBopoT Ha 90 TI'pamycCiB NPOTM TOOMHHUKOBOIL
(Rotate 90 degrees counterclockwise
img.transpose (Image.ROTATE 180)

rpanycie (180 degree rotation)

The  crop((<X1l>,<Y1>,<X2
v2>)) method cuts a rectangular
fragment from the source image. A
tuple of four elements is indicated
as a parameter: the first two ele-
ments specify the coordinate of the
upper left corner of the section to
be cut, and the second two ele-
ments specify the coordinates of
its lower right corner. It is assumed
that the origin is located in the up-
per left corner of the image. The
positive x axis is directed to the
right, and the positive y axis is
down. The method returns a new
image. The area is read from the
original image only at the first op-
eration on the new image.

If after the crop () method has
been performed on the original im-
age, operations have been per-
formed, they will also be displayed
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LLlo6 siBHO 3pobuTK 34MTyBaHHA obna-
CTi, HeobxigHO Bigpasy nicna mertony
crop () BUKIUMKATM MeTon load()

(puc. 5.7).

on the new image. In order to ex-
plicitly read the region, it is neces-
sary immediately after the crop ()
method to call the 1o0ad () method
(Fig. 5.7).

Puc. 5.6. [13epkanbHi BigobpakeHHs
N NOBOPOTUN 300pakeHHs
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Fig. 5.6. Mirror reflections and
image rotations



Mpuknag:

>>> from PIL import Image

Example:

>>> img=Image.open ("C:/Users/Leonid/Desktop/image 4.jpg")

# Bunmimaemo dparmeHT (Select the
>>> imgl = img.crop( [0, 0, 100,
# I[poumTyemMo bparMeHT, CTBOPKIUM

# We read a fragment,
>>> imgl.load()

# Bu3HauaeMoO PO3Mipy HOBOTO 300paxeHHI
# Determine the size of the new image
>>> imgl.size
(100,100)

>>> imgl.show/()

a

Puc. 5.7. BugineHHs npsimokyTHoro dopar-
MeHTa 306pakeHHs

paste (<Komnip>, <ObmacTte> [, <M
acka>) — MeTod, skun 3adapboBye
NPSAMOKYTHY 06S51aCTb MEBHUM KO-
noopoM. KoopauHaTtu obnacti Bka-
3ylIOTbCA Yy BUMMALI KOPTEXY 3 4YOTU-
pPbOX efleMeHTIB: nepLli ABa eneme-
HTW 3aJalTb KoopAWHAaTy JiBOro
BEPXHbOro Kyta 3adapboBaHoi 00-
nacTi, a iHWi ABa efieMeHTU — Koop-
AVHATY 11 NpaBoro HWXHLOrO KyTa.
3adapbyemo Uk obnactb 4epBoO-
HUM KONbopoMm (puc. 5.8):

>>> from PIL import Image

>>>
0),

>>> img.paste( (255, O,

>>> 1img.show

creating a

0.
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fragment)

1001])

HOBe 300paxeHHd
new image

Fig. 5.7. Rectangular image fragment
separation

The paste (<Color>, <Area> [,<Mask>)
method fill a rectangular area with a
certain color. The coordinates of ar-
ea are specified as a tuple from four
elements: the first two elements set
the coordinate of the left overhead
corner of the painted out area, and
second two elements — coordinate
of her right lower corner. We will
paint out this area a red color
(Fig. 5.8):

img=Image.open ("C:/Users/Leonid/Desktop/image 4.jpg")
(0,

100, 100))



e o —— —_—— e
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Puc. 5.8. 3acapboByBaHHs Fig. 5.8. Painting out of rectangular
obnacTi NeEBHMM KONbOPOM area a certain color
Tenep 3adapbyemo Bce 306pa- Now we will paint out all image a
XEHHSl 3efeHVM KONbopoMm (pwuc. green color (Fig. 5.9):

5.9):

>>> from PIL import Image

>>> img=Image.open ("C:/Users/Leonid/Desktop/image 4.jpg")
>>> img.paste((0,128,0),img.getbbox())

>>> img.getbbox ()

(0, 0, 275, 183)

>>> img.show ()

Puc. 5.9. 3acdapboByBaHHs1 BCbOro Fig. 5.9. Whole image filling with
306pakeHHs1 NEBHUM KONbOPOM a certain color
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Y uboMy npuknagi BUKOPUCTaAHO
MeTod getbbox (), SIKMA NoBepTae
KOOpAMHATK NPAMOKYTHOI obnacTi, y

SIKY BNUCYETHCS BCE 306paXKeHHS.
paste (<306paxeHHsa>, <OBjacTb

>[,<Macka>]) — MeTO[, AKUN BCTa-
BNSie BKasaHe 300paXeHHa B nps-
MOKYTHY obnactb. KoopauHaTtn 06-
nacTi BKa3ylTbCA Y BUMMAAI KOPTEXY
3 ABox abo 4YOTUPLOX ErlEMEHTIB —
AKWO BKa3aHO KOPTeX 3 OBOX erle-
MEHTIB, BiH 3aJa€ Nno4aTKoBY TOYKY
uier obnacrti. [Ana npuknagy 3aBaH-
TaXUMo 3006pakeHHs1, CTBOPMMO NO-
ro 3MEeHLUEeHy Korito, a MnoTiM BCTa-
BUMO 11 y BMXigHe 300paxeHHs. Ha-
BKOMO BCTaBJIEHOrO0  300pakeHHs
300pasnmMo pamKy YepBOHOro Ko-
noopy (puc. 5.10):

>>> from PIL import Image

In this instance the method
getbbox (), is used that returns the
coordinates of rectangular area into
that all image is written.

The paste(<Image>, <Ar-
ea>[,<Mask>]) method inserts the
indicated image in a rectangular ar-
ea. The coordinates of area are
specified as a tuple from two or four
elements - if a tuple is indicated
from two elements, he sets the ini-
tial point of this area. For an exam-
ple we will load an image, will cre-
ate his diminished copy, and then
we will insert her in an initial image.
Round a cutting-in image we will
represent the scope of red color
(Fig. 5.10):

>>> img = Image.open("C:/Users/Leonid/Desktop/image 4.jpg")

>>> img.size

>>> imgl = img.resize((100,75))

ate a miniature)
>>> imgl.size
(200, 150)
>>> img.show ()

>>> img.paste( (255, 0, 0), (9,

>>> img.paste(imgl, (10,10))
a miniature)
>>> img.show ()

# Creopmemo MiniaTopy (We cre-

111, 86)) # Pamka (Scope)

# BcTarisgemo MiHiaTiopy (We insert

Puc. 5.10. BctaBnsHHA 306pakeHHs B
NPAMOKYTHY obnacTb

6

Fig. 5.10. Given image insertion
in a rectangular area



HeoboB'ssi3koBuin napameTp <Mac-
Ka> [Ja€e 3MOry 3agatu CTyniHb Mpo-
30POCTi BCTaBMOBAHOIO 300paxeH-
HA abo konbopy. [ns npuknagy Bu-
Be4EeMO HaniBnposopy 6iny ropuso-
HTanbHy cmyry 3assuwku 100 nik-
cenis (puc. 5.11):

>>> from PIL import Image

Optional parameter <Mask> the
degree of transparency of the in-
serted image or color allows to set.
For an example we will show out a
semi-transparent white horizontal
stripe in 100 pixels high (Fig. 5.11):

>>> img = Image.open("C:/Users/Leonid/Desktop/image 6.jpg")

>>> 1img.show ()

>>> white = Image.new ("RGB", (img.size[0],100), (255,255,255))
>>> mask = Image.new("L", (img.size[0],100),64) # Macka (Mask)

>>> img.paste(white, (0,0), mask)

>>> img.show ()

Puc. 5.11. HaknageHHst HaniBnpo3opol
Binoi ropMsoHTanbHOI CMyru

split () — MeTod, SIKUN nosepTae
KaHann 300paXkeHHs Yy BUMMSAi Kop-
Texy. Hanpuknag, ons 306pakeHHs
B pEXUMi RGB NOBEPTAETLCA KOPTEXK
3 TPbOX €enemMmeHTiB: (R,G,B). 3po-
BUTKM NPOTUNEXHY onepauito (BigHO-
BUTU 300pakeHHA 3 KaHanis) fae
3Mory MeTon merge (<Pexum>,
<Kanamus>). HaBegoemo npuknag
NnepeTBOPEHHST 300paXkeHHA 3 pe-
XXMMy RGB Ha pexmm RGBA
(puc. 5.12):

>>> from PIL import Image

Fig. 5.11. Semi-transparent white hori-
zontal stripe layout

The split () method returns the
channels of image as a tuple. For
example, for an image back into the
mode of RGB a tuple goes from
three elements: (r,G,B). The
method of merge (<Mode>, <Chan-
nels>) allows to produce a reverse
operation (to redisplay from chan-
nels). We will give an example of
transformation of image from the
mode of RGB in the mode RGBaA
(Fig. 5.12):

>>> img=Image.open ("C:/Users/Leonid/Desktop/image 8.jpg")

>>> img.mode
'RGB'
>>> R,G,B = img.split ()

>>> mask = Image.new("L",img.size,

128)

>>> imgl = Image.merge ("RGBA", (R,G,B,mask))



>>> imgl.mode
'RGBA'
>>> 1imgl.show ()

Puc. 5.12. lNepeTBOpeHHSA pexnmy RGB
Ha pexum RGBA

Convert - convert (<HoBum
pexums> [, <MaTpuusas [, <PexumMm
3MimyBaHHS KoJbopim> [, <lla-
JirTpas> [,<KinmbxicTb KOJIBO -

pie>1111. LUen meton nepertBoptoe
300paXkeHHs1 B 3a3HAYEHUN PEXUM i
noBepTae HoBe 300paxkeHHs. TpeTin
napameTp BKasye crnocib oTpMMaHHS
CKNMagHMX KONbOpiB 3 MPOCTIWnX
LLUSIAXOM 3MiLLYBaHHS | Mae CEHC npwu
nepeTBOpPEeHHi 300paxeHb dopma-
TOM RGB abo L Ha doopmart p abo 1 -
AOCTYMNHI 3HAYeHHs None (3Milly-
BaHHS He BUKOHYETbLCA) i
Image . FLOYD-STEINBERG (3HauyeH-
HA 3a 3aMOB4YyBaHHAM). YeTBepTun
napamMmeTp 3agae Tun nanitpyu npu
NnepeTBOpPeHHi 3 RGB Ha P
Image.WEB (Web-cymicHa nanitpa)
abo Image.ADAPTIVE (aganTuBHa
nanitpa). l'atum napameTp 3agae
KiNbKICTb KOMbOpPIB Yy nanitpi, 3a 3a-
MOBYYyBaHHAM — 256. [lepeTBOpUMO
300paxeHHss 3 dopmMaTty RGB Ha
dopmat RGBA (puc. 5.13):
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Fig. 5.12. Transformation of the mode
of RGB to the mode of RGBA

convert (<New mode >
[,<Matrix> [,<Mode of mixing
of colors>|[,<Palette> [,
<Amount of colors>]1]11]. This
method will transform an image in
the indicated mode and returns a
new image. The third parameter
specifies the method of receipt of
difficult colors from more simple by
mixing and makes sense at trans-
formation of images of format of
RGB or L. to the format of P or 1 —
accessible value None (mixing is
not executed) and Im-
age.FLOYDSTEINBERG (default val-
ue). A fourth parameter sets the
type of palette at transformation
from RGB in P: Image.WEB (Web- a
compatible palette is a default val-
ue) or Image. ADAPTIVE (adaptive
palette). A fifth parameter sets the
amount of colors in a palette, by de-
fault - 256. We will transform an im-
age from the format of rRGB in the
mode of RGBA (Fig. 5.13):



>>> from PIL import Image
>>> img=Image.open("C:/Users/Leonid/Desktop/image 12.jpg")
>>> 1img.mode

'RGB'

>>> imgl = img.convert ("RGBA")
>>> 1imgl.mode

'RGBA'

>>> imgl.show ()

Puc. 5.13. lNepeTBOpeHHS 306paKeHHs Fig. 5.13. Image transformation from RGB
RGB Ha 300paxkeHHs1 B RGBA to RGBA
MepeTtBOopMMO 306paxeHHa RGB Let's transform, for example, the
B dpopmat P, ykasaBLUN 3MillyBaHHA image of RGB in the format of P,
KOMbOPIB Ta afanTuBHY nanitpy 3i specifying mixing of colors and
128 konbopiB: adaptive palette in 128 colors:

>>> from PIL import Image

>>> img=Image.open("C:/Users/Jleouin/Desktop/image 12.jpg")

>>> img.mode

'RGB'

>>> imgl=img.convert ("P", None, Image.FLOYDSTEINBERG, Im-
age.ADAPTIVE, 128)

>>> 1imgl.mode

IPI

>>> imgl.show/()

Filter (<®imbTp>) — METOA, WO Filter (<Filter>) — applies
3aCTOCOBYE 00 300pakeHHsa BKasa- the indicated filter to the image. A
HUM inbTp. MeToa noBepTae HoBe method returns a new image. It is
306paxeHHs. Ak npuknag MOXHa as an example possible to bring fil-
HaBecCcTun PiNbTpU BLUR, CONTOUR, ters over of BLUR, CON-
DETAIL, EDGE ENHANCE, EDGE ENHA TOUR, DETAIL, EDGE ENHANCE,
NCE_MORE, EMBOSS, FIND EDGES, SH EDGE ENHANCE MORE, EMBOSS,
ARPEN,SMOOTH,iSMOOTH_ MORE 3 FIND_EDGES,SEARPEN, SMOOTH,
Modynsa ImageFilter. [ponoHoBa- and SMOOTH_MORE from the module
HUiA HaBip iNbTPIB BUKOHYE Pi3HOTO of TmageFilter. The offered set of
pony onepauii. HaBenemo npuknaj filters executes different sort of op-
PI3HNX onepauim (inbTpauii eration. We will give an example of
(puc. 5.14). different operations of filtration

(Fig. 5.14):
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>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

from PIL import Image
from PIL import ImageFilter
img=Image.open("C:/Users/Leonid/Desktop/image 2.jpg")

img.show () # I[ouaTkoBe 300paxeHHa (Initial image)
imgl=img.filter (ImageFilter.BLUR)
imgl.show () # BinbinmeTpoBaHe 300paxeHHsa (Filtered image)

img2=img.filter (ImageFilter.CONTOUR)
img2.show ()

img3=img.filter (ImageFilter .DETAIL)
img3.show ()

img4=img.filter (ImageFilter.EDGE ENHANCE)
img4 . show ()

img5=img.filter (ImageFilter.EDGE ENHANCE MORE)
img5.show ()

img6=img.filter (ImageFilter.EMBOSS)
img6 . show ()

img7=img.filter (ImageFilter.FIND EDGES)
img7.show ()

img8=img.filter (ImageFilter.SHARPEN)
img8.show ()

img9=img.filter (ImageFilter.SMOOTH)
img9.show ()

imglO=img.filter (ImageFilter.SMOOTH MORE)
imgl0.show ()

a 6
Puc. 5.14. BapiaHTu ¢inbTpauii Fig. 5.14. Image filtering options:
306pakeHs: a — original image, 6 — BLUR, 8 — CON-

a — novaTkoBe 300paxeHHs, 6 — BLUR, TOUR, 2 — DETAIL, 0 —

6 — CONTOUR, 2 - DETAIL, 0 - EDGE_ENHANCE, e —
EDGE_ENHANCE, e — EDGE_ EN- EDGE_ET\IHANCE_ MORE,

HANCE_MORE, x — EMBOSS, x — EMBOSS, u— FIND_EDGES, k-
u—FIND_EDGES, k- SHARPEN, SHARPEN, 71— SMOQOTH,
11— SMOOTH, v — SMOOTH_MORE M- SMOOTH_MORE

94



Fig. 5.14. End

Puc. 5.14. 3akiH4eHHsA
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HaBegeHi npuknagn He oxonsito-
l0Tb YCi BUOM nepeTBopeHb 306pa-
XeHb, AKI MOXHa 30INCHUTKU 3 Aono-
Moroo 6ioniotekn Pillow, opHak
dopMylOTb 3ararnbHi YABIEHHS MNpPO
MeToan 1 3acobu obpobneHHa rpa-
divHOT iHopmauil mosot Python.
[Mogoanblue BUKOPUCTaAHHA LUUX Me-
ToAiB MOXHa BUKOHATU CaMOCTINHO.

6. AIIFCOPUTMU OPENCV
AnA ObPOBJIEHHA
30BPAXEHb Y PYTHON

PosrnsiHemo gani OCHOBHI pecyp-
cun, Aki Hagae 6ibnioteka OpenCV
ana obpobneHHs 3o06paxeHb npu
cnineHin poboTi 3 Python. [Ans ubo-
ro HaBedeMo Kinbka npuknagis, L0
INOCTPYIOTb MOXITMBOCTI BibnioTeku,
a TakoXX OCOBNMBOCTI CUMHTaKcUcy i
JOYHKUIW NpU HAanUCaHHI NporpamMHmnX
KogiB Ona nepeTtBopeHHs 306pa-
EHb.

6.1. YBeoeHHA 1 Bi3yanisauin
300paxeHb i BineogaHnx

YeeOeHHs1 U ei3yani3auyisi 30-
6paxeHHs. LLlo6 noyatn poboty 3
306pakeHHsIM, noro HeobxiaHO BBe-
CTW B nporpamy 1 Bigobpasutn ans
BidyanbHoro nepernagy. Ansa uboro
cnig HanucaTtn KOPOTKUU KOoA:

>>> import cv2 as cv
>>> img = cv.imread('l.jpg')
>>> cv.imshow ("RGB", img)

3BepHiTb yBary Ha Te, WO B nep-

LWOMY psigKYy Kogy NpOBOAUTLCS
iMnopT pecypcis GibnioTekn
OpenCV. LUsa onepauis ©Oyoe

yCrilHO BUKOHAaHa, AKLWOo nepes rno-
YaTKOM pobOTM Ha komn'toTepi 34in-
CHEHO nigknto4vYeHHs bidbnioTekn, me-
TOAWKY SIKOrO OOKNagHO OnucaHo B
nepLiomy po3aaini uiel podotu.
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These examples do not cover all
types of image transformations that
can be done using the Pillow li-
brary, but form a general idea of the
methods and means of processing
graphical information in Python.

Further use of these methods can
be performed independently.

6. OPENCV ALGORITHMS FOR
IMAGE PROCESSING
IN PYTHON

Consider the main resources that
the OpenCYV library provides for im-
age processing when working with
Python. To do this, we present a
number of examples illustrating the
capabilities of the library, as well as
the features of the syntax of its
functions when writing program
codes for image conversion.

6.1. Input and visualization
of images and video data

Image input and visualization.
To start working with the image, it
must be entered into the program
and displayed for visual viewing. To
do this, you need to write a short
code:

Please note that the first line of
the code imports the resources of
the OpenCYV library. This operation
will be successfully completed fif,
before starting work on a computer,
a library is connected, the method-
ology of which is described in detail
in the first section of this work.



Kpim TOro, notpibHe Bam 306pa-
YKEHHA HeoOXiAHO MOMICTUTU B CUC-
TemMHy nanky Python. Lle cnpouye
npouenypy BBedeHHA (He Tpeba
nponucyesatn WNax oo awnny 300-
paXeHHs) i 3anobira€ BWUHUKHEHHIO
CUHTaAKCcU4YHMX nomunok. Cnig Hara-
aatn, wo o6oB'A3KoBO Mae 0OyTwu
BKaszaHun opmaTt 300pakeHHs, Yy
HawoMmy npuknagi — jpg (puc. 6.1).

llioknro4yeHHs1 eideokamepu. Y

NpaKkTULi BUKOPUCTAHHSA CUCTEM Te-
XHIYHOro 30pYy 3acTOCOBYKTbCA ABa
OCHOBHi pexxummn poboTn 3 Bigeoaa-
HUMMU;
yBeAeHHs1 N1 obpobrieHHs Bigeo B
peanbHOMy MacwTabi 4yacy 6es-
nocepeaHbO Big BigeopeecTparto-
pa;
aHania BigeogaHux 3 paHiwe 3a-
nncaHoro cansny.
[Mepwnn pexum 3asBuyanm BUKO-
PUCTOBYIOTb AONs1 BUPILLEHHA 3a-
BOAHHSA KepyBaHHS PyXoMUMU 06'ek-
TamMM Ha OCHOBI aHanisy JgaHux
BiIEOCMNOCTEPEXKEHHA CLIEHWN, a apYy-
rTu — onga nepernagy nogin, sapeec-
TPOBaHMX, Hanpuknag, y cucrtemax
OXOpOHU 06'ekTiB abo npu aHanisi
HayKOBOI BieoiHopmaLlil.

In addition, you need to place the
image you need into the Python
system folder. This simplifies the in-
put procedure (it is not necessary to
prescribe the path to the image file)
and prevents the occurrence of syn-
tax errors. It should be recalled that
the image format must be specified.
In our example — jpg (Fig. 3.1).

Connecting of video camera. In

practice of the use of the systems of
technical sight two basic office
hours are wused with videoinfo-
rmation:
 input and treatment of video real-
time directly from a video record-
er.
analysis of video information from
a before writtenin file.
The first mode is usually used for
a decision by the tasks of manage-
ment mobile objects on the basis of
analysis of data of video supervision
of the stage, and second for viewing
of events, registered, for example, in
the systems of guard of objects or at
the analysis of scientific video infor-
mation.

5] RGB

b

I~

Puc. 6.1. MNpuknag yBeoeHHs
N BUBEOEHHS1 3006pakeHHs
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Fig. 6.1. Example of input and
show of image



HaBegemo npuknag nporpamMHoro
Kooy Mmook Python 3 BUKOpUCTaH-
HAM doyHKLT OpenCV
cv.VideoCapture () ANSA NigKMo-
YeHHs Kamepu (puc. 6.2):

# IlingksoueHHsa Oibjgiorexu OpenCVv

import cv2 as cv

# CTBOPEHHS NPUCTPOI 3axXOIJIEHHS

cap = cv.VideoCapture (0)

Here is an example of software
code in Python using the OpenCV
function cv.VideoCapture ()
(Fig. 6.2):

(# Connecting library OpencCV)

(# Creation device of capture)

# Lukn nnsa nepedopy kanpirs (# Cycle for brute force)

while True:

# UuTaHHg NOTOUYHOTO kalpy (Reading current frame)

ret, img = cap.read()

# BinmoOpaxeHHs NOoTOYHOTO kanpy (Display current frame)

cv.imshow ("frame", img)

if cv.waitKey(l) & OxFF ==
ret = True, otherwise False
break

# 3BaKpPUTTS NPUCTPOI BaXOIJIEHHI

cap.release()

# BuImaJjieHHsS BC1X CTBOPEHMX B1KOH

cv.destroyAllWindows ()

3asHaunmo, WO And BUKOPUCTAH-
HS1 OAHIET 3 OEKINbKOX Kamep Heob-
XiAHO B (OYHKUII BBeAEeHHA BKasaTu
LiNOYMCIIOBUN apryMeHT. AKWo Ka-
Mepa efuHa, TO aprymMeHT crif Bu-
BupaTn TaknMm, WO AOPIBHIOE HYIHO —
cv.Video  Capture (0). Ha
puc. 6.2 nokasaHo npuknag nigknwo-
YyeHHa web-kamepu npu BUKOPUC-
TaHHi Notebook.

ord('g"') :

(# Closing device capture)

Note that in order to use one of
several cameras, it is necessary to
specify an integer argument in the
input function. If the camera is
unique, the argument should be set
to zero — cv.videoCapture (0). In
Fig. 6.2 an example of connecting a
webcam when using Notebook is
given.

=1
B fFame

Puc. 6.2. lNigkntoyeHHsa web-kamepu

Fig. 6.2. Connecting a webcam



HYumaHHs1 eideoOaHux 3 ¢halny.
Onunwemo npouenypy BBeOEHHS
BigeoaaHnx 3 rotoBoro gpamny. Ak i
y BuUNagkax yBeOeHHS 300pakeHb,
noTpibHMn Bam  dhamn  Bigeo
HeobXigHO MNOMICTUTM B CUCTEMHY
nanky Python. Lle cnpowye npoue-
aypy BBeaeHHs (He Tpeba nponucy-
BaTU WNaAX oo cawnny) Ta 3anobirae
BUHUKHEHHIO CUMHTAKCUYHUX MOMMU-
nok. Haragyemo, wo o060B'I3KOBO
Mae 6yTu BkazaHum popmart Bigeo, y
HaLoMy npuknagi — avi.

Hwkye HaBegoeHO koA yBeOeHHs
BigeogaHunx 3 doanny 3a 4ONOMOroro
YHKUIl cap = cv.VideoCapture
('filename'), a Ha puc. 6.3 noka-
3aHO OOuH i3 (ppenmiB yBeaeHol Bi-
JeonocnigoBHOCTI. 3a3Hadyumo, Lo
B nporpami BBedeHHSI BigeogaHux
nepeabayeHo npouenypy nepepu-
BaHHS Nicng HaTUCKaHHS Knasilui
1 ql .
Mpuknag;:

# IligkJoueHHsa Oibjgiorexu OpenCVv

import cv2 as cv

# CTBOpPEHHS MNPUCTPOK BaxXOIJIEHHSI
cap = cv.VideoCapture('V_109.avi')

YumaHHsi eideolaHux 3 ¢bauny.
Onvwemo npouenypy BBeOEHHS
BiJeo-4aHux 3 rotosBoro goanny. Ak i
y BuNagkax BBeOeHHA 300paeHb,
HeobxigHO noTpibHMKM Bam dhann
Bieo MOMICTUTM B CUCTEMHY Manky
Python. Lle cnpowye npouenypy
BBeAeHHA (He Tpeba nponucysaTu
Wwnax go gauny) Ta 3anobirae Bu-
HUKHEHHIO CUHTaKCUYHMX MOMMUIIOK.
Haragye-mo, wo o60B'si3k0BO NOBU-
HeH ByTn BkasaHui copmaT Bigeo.
Y Hawomy npuknagi — avi.

Below is the code for entering
video data from a file using the
function cap = cv.videoCapture
(tfilename'), and in Fig. 6.3
shows one of the frames of the en-
tered video sequence. Note that the
program of video data input pro-
vides an interruption procedure by
pressing the 'q' key.

Example:

(OpenCV Library Connection)

(Creating a capture device)

# Lukn nnsa nepedopy kanpis (Loop Cycle)

while (cap.isOpened()) :

# UMTaHHS NOTOYHOTO KaIpy, SKmWO Galyl HEeNOWKOIXeHMM, To ret =

True, iHakme False

# Reading the current frame, if the file is read then ret =

True, otherwise False
ret, frame = cap.read()
if (ret==False) :

H HF

Break

Ecim ret = False - nepepBaTu LUKJI
If ret = False - abort the loop

# BinmoOpaxeHHs NOTOUYHOTO kanpy (Display current frame)

cv.imshow ('frame', frame)

# ODOpoOJyIeHHS HATUCKAaHHSA KJjaBimi

UMKJI 1 3aBepumMTy Oporpamy

'q', OpM HaTMUCKaHH1 - [epepBaTH

# Processing keystroke 'qg', when pressed - interrupt the cycle

and end the program



if cv.waitKey (1) & OxFF

ord('qg!'

# BaxpurTsa npucTponw s3axomiyeHHa (Closing the capture device)

cap.release ()

# BunajsjieHHS BC1lX CTBOPEHMX B1KOH

cv.destroyAllWindows ()

(Destroy all windows created)

Puc. 6.3. YutaHHs Bigeo 3 canny

6.2. NMepeTBOpPEHHA 300paxeHb

3 ponomororo hyHkKuin OpenCV

[MepeTBOpPeHHA RGB-306paKeHHS
Ha niBToHOBE. Y Gibnioteui OpenCV
MIiCTUTbCA 6e3niy yHKLUIN nepeTBo-
PEHHS TUNiB 300paxeHb. 3ynNMHUMO-
CA Ha Hanbinbw nowupeHomy - 3
AOMOMOrot  oyHKUil  cv.COLOR
RGB2GRAY BMXigHE KONbopoBe 300-
pa)KeHHs MepeTBOPIOETLCA Ha 306-
paXeHHs Yy BiaTiHKax ciporo. Pe3ynb-
TaT MepeTBOPEHHA [MOKas3aHo Ha
puc. 6.4.

5 RGB

A _.th

Puc. 6.4. lNepeTBOpeHHA RGB Ha BiATiHKM
ciporo
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Fig. 6.3. Reading video from file

6.2. Transform images using
OpenCV features

Convert RGB image to halftone. The
OpenCV library contains many im-
age type conversion functions. Let's
look at the most common - using
the cv.COLOR RGB2GRAY function,
the original color image is converted
to an image in shades of gray. The
result of the conversion is shown in
Fig. 6.4.

Fig. 6.4. Convert RGB to grayscale



llepemeopeHHs1 KoslipHUX MPO-
cmopie. Y cucrtemax TEXHIYHOro 30-
py Mpyv BUKOPUCTaHHI MOBHOKOSbO-
poOBMX 300paxeHb 3a3BuM4yan OpiEH-
TYIOTbCA Ha BUKOPUCTAHHS KOMipHO-
ro npoctopy RGB. OpHak, Kpim
RGB-mogeni nogaHHsi 300paxeHb
icHye Garato mogenen, sk OGinbL
npuaaTHUX O TeXHIYHUX uinen,
TakK i OiNblW NPUCTOCOBAHUX OO Ntoa-
CbKOIO CMPUNHATTS.

HaBegemo npuknagn nepeTBo-
peHb 3 OAHOro MNpPoCTOpYy B iHLIE.
Po3rnsgHemMo OCHOBHI 0co6rMBOCTI
LMX KOMIpHMX MNPOCTOpIB, BUKOPUC-
TOBYIOUM BIigMNOBIAHI doyHKLUIT nepeT-
BOpeHHs1 6ibniotekn OpenCV.

MoBHOKONbOpOBE RGB-306paeHHs
(Red, Green, Blue) — U€e MacuB
MxNx3, Wo cknagaeTbCca 3 TPbOX
MaTtpuub po3mipom MxN.

Lli maTpuui BignosigaloTb TPbOM
KONIPHUM KOMIMOHEHTaM: 4YepBOHIN,
3eneHin i CUHIn. Tp MOHOXPOMHUX
306paxeHHs, Wwo opmMyoTb e€auHe
RGB-306paxeHHs, HasnBarTb Yep-
BOHOI), 3€MEHO i CUHBLOK KOMIO-
HeHTamu 306paxeHHs. Ix noaaloTb y
dopmaTi uint8, uintl6, single
abo double. BukopucToBylOTbCSH Ta-
Ki YncrnoBi gaHi ona nogaHHs Konip-
HUX KOMIMOHEHT:

o [0,1] — ANga doopmarTiB double

i single;

. [0,255] — ngna dopmary
uintsg;

. [0,65535] — Ona dopmary
uintleé.

Kinbkicte OiTiB, O BUKOPUCTOBY-
OTbCA AN NOJAHHA BENUYUHU KO-
NbOPOBOro Mnikcesnig 3a BciMa ckna-
posumun RGB, Ha3uBaloTb rMnbMHo
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Converting between color spac-
es. In vision systems, when using
full-color images, they usually focus
on using the RGB color space.
However, besides the RGB model
of the representation of images,
there are a number of models that
are more suitable both for technical
purposes and more adapted to hu-
man perception.

Let us give examples of conver-
sions from one space to another.
Let us briefly consider the main fea-
tures of these color spaces, and us-
ing the corresponding transfor-
mation functions of the OpenCV li-
brary.

A full-color RGB image (Rred,
Green, Blue) is an MxNx3 array
consisting of three MxN matrices.

They correspond to three color
components: red, green and blue.
The three monochrome images that
form a single RGB image are called
the red, green, and blue compo-
nents of the image. They are in the
format uint8, uintle6, single oOr
double. The following numerical
data is used to represent the color
components:

e [0,1] — for double and single
formats;

e [0,255] —foruints format;

e [0,65535] — for the uintis
format.

The number of bits used to rep-
resent the magnitude of the color
peak across all RGB components is



KONbopy 300paxeHHs. Hanpuknag,
SIKLLIO KOXHa KOMMOHEHTa €
8-0iToBMM 306paxkeHHsIM, TO BiAMo-
BigHe RGB-300paXeHHs1 Mae [nu-
BuHy 24 6iTn. Y mogeni RGB He po-
30iN1EHO HAcCKpaBicHa W BIOTIHKOBaA
KOMMOHEHTU KONbOpy, TYT Jlerko
BKasaTuM 4CKpaBiCTb Afsi O4HOro 3
OCHOBHMX KOSbOpIB, ane BaXKo BKa-
3aTn BIATIHOK 3 HeobXigHWM Kornip-
HUM TOHOM (Hanpuknag, TiINEeCHUM) i
HaCWUYEHICTIO.

KonipHa w™mogens HSV (Hue,
Saturation, Value — KOMNipHUN
TOH, HaCUYEeHICTb, Mipa SCKPaBOCTI)
— MOJernb, OpieHTOBaHa Ha NIAUHY,
Wo 3abesnevyye MOXIUBICTb ABHOIO
3aaHHs HeobXxigHOro BIATIHKY KO-
noopy. Cepepq iHWKX Mopenen, Lo
3apa3 BMKOPUCTOBYHKTbCH, LA MO-
aenb Bigobpaxae di3nyHi BRacTu-
BOCTi KOSIbOpY i Hambinblw TOYHO
BignoBsigae cnocoby CNpUMHATTS KO-
NbOpPY NOACBKAM OKOM.

YUV — konipHa mMogenb, Yy 4HKiu
KOSip NoAaeTbCs 9K TPU KOMMOHEHTU
— sckpasicTb (Y) i ABi KoNbopopis-
Huuesux (U i V). Mogenb LwmMpoko
3aCTOCOBYETbCSA B TeNEeMOBIEHHI 1
36epiraHHi/0bpobneHHi BigeogaHuX.

KomMnoHeHTa £cKpaBOCTi MICTUTb
yopHo-6ine (y BiATiHKax ciporo) 30-
OpaxeHHs1, a OBi iHLWi KOMMOHEHTUN —
iHopmauito Ona BIOHOBMNEHHS Ha-
nexHoro konbopy. Lle ©yno 3py4yHo
B MOMEHT MosiBM KoSfibopoBoro Tb
Ana CYMICHOCTI 3i cTapMMn YOpPHO-
Binumun Tenesizopamu.

Y konipHomy nipoctopi YUV € oa-
Ha KOMMOHEHTAa, WO aABnA€e coboro
SICKpaBICTb (CUrHam <ckpaBocTi), i
OBi HWI KOMMOHEHTW, WO ABNAKTb
coboto konip (curHan KoJibOpO-
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called the image color depth. For
example, if each component is an
8-bit image, then the corresponding
RGB image has a depth of 24 bits.
In the RGB model, the luminance
and tint color components are not
separated, it is easy to indicate the
brightness for one of the primary
colors here, but it is difficult to spec-
ify a hue with the desired color tone
(for example, solid) and saturation.

The HSV color model (Hue,
Saturation, Value - color tone,
saturation, measure of brightness)
is a person-oriented model and
provides the ability to explicitly
specify the desired color hue.
Among other models currently in
use, this model reflects the physical
properties of color and most closely
matches the way in which the color
is perceived by the human eye.

YUV is a color model in which the
color is represented as 3 compo-
nents - brightness (Y) and two color
difference (U and V). The model is
widely used in television broadcast-
ing and storage/processing of
video data.

The luminance component con-
tains a “black and white” (in shades
of gray) image, and the remaining
two components contain infor-
mation for restoring the desired col-
or. It was convenient at the time of
the appearance of color TV for
compatibility with old black and
white TVs.

In the YUV color space, there is
one component that represents lu-
minance (luminance signal), and
two other components that repre-



BOCTi). Y TOM 4ac $K sCKpaBiCTb
nepedaeTbcs 3 YyciMa gertansmu,
Jeski pgetani B KOMMOHEHTax
KOJSTbOPOPI3HNLEBOro curHany, Lo
He Mae iHopMaLil NPO SICKPaBICTb,
MOXYTb BYTW BUOAnNEHi LUNSIXOM 3HU-
XeHHs1 [03BOSy BignikiB (hinbTpavit
abo ycepegHeEHHS).

[ani HaBegemo npuknag nepe-
TBOPEHHSI 300paxkeHHs 3 popmaTty
RGB Ha dopmat YUV. Pesynbtatu
nepeTBOPEHHS nokasaHo Ha
puc. 6.5:

import cv2

sent color (chrominance signal).
While the brightness is transmitted
with all the details, some of the de-
tails in the components of the color
difference signal devoid of bright-
ness information can be removed
by lowering the resolution of the
samples (filtering or averaging).

Below is an example of convert-
ing an image from RGB format to
YUV format. The conversion results
are shown in Ffig. 6.5:

img = cv2.imread('./images/input.jpg')

yuv_img = cv2.cvtColor (img, cv2.COLOR BGR2YUV)

cv2.imshow ('Input', img)
cv2.imshow ('YUV image', yuv_img)
cv2.imshow ('Y channel', yuv _imgl[:,
cv2.imshow ('U channel', yuv _imgl[:,
(

cv2.imshow('V channel', yuv _imgl:,

cv2.waitKey ()

B | Input
] Inp

Puc. 6.5. lNepeTBOpeHHSA
RGB-306paxeHHsa B hopmat YUV
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6.5. Convert RGB image to YUV format



r.ﬂ V channel “

Puc. 6.5. 3akiH4yeHHda

HaBegemo we ogvH npuknazg ne-
peTBOPEHHSA 300paxeHHs 3 dopma-
Ty RGB Ha doopmat HSV 3 Bukopwuc-
TaHHAM  PYHKUIT cv2.cvtColor
(img, cv2.COLOR BGR2HSV). Pe-
3ynbTatm nNepeTBOPEHHS MOoKa3aHo
Ha puc. 6.6:

import cv2

6.5. End

Let us give another example of con-
verting an image from RGB format
to HSV format using the function
cv2.cvtColor (img, cv2.COLOR
_BGR2HSV). The conversion results
are shown in Fig. 6.6:

img = cv2.imread('./images/input.jpg')
hsv_img = cv2.cvtColor (img, cv2.COLOR BGR2HSV)

cv2.imshow ('Input', img)
cv2.imshow ('HSV image', hsv_img)
cv2.imshow ('H channel', hsv _imgl[:,
cv2.imshow ('S channel', hsv _imgl[:,
cv2.imshow('V channel', hsv _imgl[:,

cv2.waitKey ()

BudineHHsi MeXX Ha 306pakeHHi.
PyHKUIA BW = edge(I,method)
npusHayeHa AOns BUAINEeHHs MeX Ha
BUXiQHOMY  NIBTOHOBOMY  306pa-
XeHHi I. Ug dyHKUuia noBepTae
OiHapHe 306paXXeHHs1 BW Taknum xe
po3MipoM, 4K BuxigHe 1I. [likcenb
BW (r,c) AOPIBHIOE 1, SKWO MiKceslb
I(r,s3) Hanexutb Mexi. [1na Busas-
NEHHA MeX MOXHa BUKOPUCTOBYBA-
™ Kiribka MeTOoAIB. MeTton
3afaeTbCA B napamMeTpi method Yy
BUrNA4i OOHOro 3 TaKUX PAOKIB:
'sobel', 'prewitt',
'roberts', 'log', 'zerocross'
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Selection of borders on the im-
age. The function BwW=edge
(I,method) is intended to highlight
the borders on the original half-tone
image 1. This function returns a bi-
nary image BW of the same size as
the original 1. Pixel BW(r,s) is 1 if
pixel I (r,c) belongs to the border.
Several methods can be used to de-
tect boundaries. The method used
is specified in the parameter meth-
od as one of the following lines:
'sobel', 'prewitt', 'roberts',
'log', 'zerocross', 'canny'.
These names correspond to the
name of the authors of various algo-



, 'canny'. Ui Hassu BignosigatoTb
IMEHaM aBTOPIB PI3HMX anropuTMiB.
Hanbinbwl TOYHMM Ta edEeKTUBHUM
npu BU3Ha4YeHHi Mex € metof KaHHi.

[lna KoxHoro 3 meTodiB BW3Ha-
YEeHHS MeX MO>XHa 3apatm
pgoaaTtkoBi napameTtpu. [na uboro
BUKOPUCTOBYETLCA OAHA 3 (PYHKLIN
BW = edge(I,method, thresh),
Ae napameTp thresh 3aga€ nopir
ANA BU3HAYEHHA TOro, YM HanexmTb
nikcenb A0 MeXi.

HaBegemo npuknag nporpamMHoro
Koy BM3HAYEHHS MeX 3a MeTo4oM
KaHHi i3 3acTtocyBaHHAM  QYHKLiT
edges = cv.Canny (img,
thresh) (puc. 6.7):

e )

5| Input
8] Inp

Puc. 6.6. lNepeTBOpEHHS
RGB-306paxeHHs Ha popmaT HSV
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rithms. The most accurate and ef-
fective in determining the bounda-
ries is the Canny method.

For each of the methods of de-
termining the boundaries, additional
parameters can be set. To do this,
use one of the functions BW = edge
(I, method,thresh), where the thresh
parameter sets the threshold for de-
termining whether the pixel belongs
to the edge.

Here is an example of the Canny
code definition software code using
edges = cv.Canny (img,

thresh) (Fig. 6.7):

Fig. 6.6. Convert RGB image
to HSV forma



Puc 6.6. 3akiHyeHHs Fig. 6.6. End

import cv2 as cv

# UuTanHa RGB-300paxeHHSA

img = cv.imread('17.jpg")

# [loxa3 RGB-300paxeHHS

cv.imshow ("RGB", img)

# IleperBOpeHHa RGB-300paxeHHs y B1OTiHKM ciporo
gray = cv.cvtColor(img, cv.COLOR RGB2GRAY)
cv.imshow ("Gray", gray)

# BunisieHHs mMex 300paxeHHsa (anropmuTMm KaHHi)
edges = cv.Canny(img, 0,95)

cv.imshow ("Edges", edges)

cv.waitKey ()

e

8

Puc. 6.7. BugineHHs mex Fig. 6.7. Highlighting borders
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Ha puc. 6.7. 8, 2 BngHo, LWWo pe-
3ynbTatn oOpobneHHs MOXyTb ByTu
PI3HUMU: MPU ManmMxX 3HaAYEHHAX na-
pameTpa thresh (65m3bko 0.5...0.7)
BUOINAKTLCA MeXi BCiX  APIOHUX
doparMeHTiB 3006paXKeHHs1, a npu Be-
NUKMUX 3HAYEHHsIX LbOro rnapameTtpa
(0.9...0.95) pobpe BUAINATLCS
TiNbkKM rnoBanbHi  KOHTYypu. Ane
e(PEeKTUBHICTb BUOISIEHHA MeX 3Hau-
HOI MIPOIK 3anexuTb i Big camMoro
300paXKeHHs — PUCYHKU 3 BESIUKOIO
TEKCTYpolo 0b6pobnsatTbca Kpaule,
Lo gobpe BMaHO Ha puc. 6.8.

Y uin poboTi AN CKOPOYEHHST 06-
cAary martepiany, WO BUKIaga€eTbCs,
HEe HaBedeHO [OaHi Mpo BuAiNeHHSA
Mex metogom Cobens. Yntad moxe
PO3rMAHYTU Ui anroputMmM camoc-
TiNHO.

-

5| RGB

Puc. 6.8. EdpekTuBHICTb BUaineHHsa mex
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In Fig. 6.7, in and it can be seen
that the processing results can be
different — for small values of the
thresh parameter (about 0.5...0.7),
the borders of all small image frag-
ments are highlighted, and for large
values of this parameter
(0.9...0.95), only global contours
are well distinguished. But the effec-
tiveness of the selection of borders
largely depends on the image itself
— drawings with a large texture are
processed better, as can be clearly
seen in Fig. 6.8.

In this work, in order to reduce
the volume of the presented materi-
al, there is no data on border delin-
eation using the Sobel method. The
reader can consider these algo-
rithms on their own.

Fig. 6.8. Efficiency of allocation borders



MopdgbosioziyHi nepemeopeHHs
306paxeHb

Po3rnsaHemo ocHOBHI Mopdoorsiori-
YHi NepeTBOPEHHS:

e Erode — PpO3MMBaHHS (onepadis

3BY)XEHHS);

e Dilate — PO3TAryBaHHS

(onepadist po3LWnNpeHHS).

Eposia  (po3MUBaHHS/3BY>XEHHS)
306paxkeHHs 3a3BU4an BUKOPUCTO-
BYETbCA AONs BuaaneHHsa BuUNaako-
BUX BKpanseHb Ha 306paxkeHHi. loes
nonsirae B TOMY, WO BKpanieHHs
npu po3MMBaHHI BUOANATLCA, TOA|
K Benuki 1 Bigno-BigHO 6inbLu
BidyanbHO 3Hauyylli obnacTi 3anu-
LA TLCS.

Aunartauis (po3wunpeHHs) Tak ca-
MO Mae ycyBaTW LYM i CrpUATK
o6'egHaHHO obnacten 300paXkeHHs,
pPO34ifieHNnX LWymMOM, TIHAMK Ta iH.
3acToCcyBaHHS X HEBEJNIMKOro pos-
LUMPEHHS1 Mae ob’egHaTtn Ui obnacrTi
B OLHY.

MopdonoriyHi onepadii Han4acTi-
e 3acTOCOBYOTbCA Ans podoTu
Hag OBIMKOBUMWN 300paKeHHAMU, SKi
BUXOOATb MiCMfisi NOPOroBoro nepe-
TBOPEHHSA (thresholding). Tomy
K BUXigHEe 300pakeHHsA B HalloMmy
npuknagi BUKOPUCTOBYEMO  dbais
dopmaTtoM *png. [Ona peanisauil
NporpamMHoOro Koagy BUKOPUCTOBYEMO
dyHKUIT cv2.erode (img, kernel,
iterations=1) I cv2.dilate
(img, kernel,itera-tions=1)
(pesynbTaTM 0BPOBMEHHA MOKasaHOo
Ha puc. 6.9):

import cv2
import numpy as np

img = cv2.imread('30.png', 0)

kernel = np.ones((5,5), np.uint8)

Erosion and dilation

Consider the basic morphological
transformations:
e Erode — blurring (narrowing oper-
ation);
Dilate — stretching (expansion opera-
tion).

Erosion (blurring/contraction) of
an image is usually used to get rid
of random blotches on an image.
The idea is that the blotches will be
eliminated during erosion, while the
larger and therefore more visually
significant regions remain.

Dilatation (expansion), in theory,
should also eliminate noise and
promote the unification of image ar-
eas that were separated by noise,
shadows, etc. The application of a
small extension should fuse these
areas into one.

Morphological operations are
most often applied over binary im-
ages that are obtained after a
threshold transform
(thresholding). Therefore, in our
example, we use the *png file as
the source image. To implement the
program code we use the functions
cv2.erode (img,kernel, iter-
ations = 1) and cv2.dilate
(img, kernel, iterations = 1)
(the processing results are shown in
Fig. 6.9):



img erosion = cv2.erode (img,

img dilation =

cv2.imshow ('Input', img)

cv2.imshow ('Erosion',
cv2.imshow('Dilation',
cv2.waitKey (0)

(5] put B PN

cv2.dilate (img,

kernel,
kernel,

img erosion)

iterations=1)
iterations=1)

img dilation)

./ Erosion

Puc. 6.9.Pe3ynbTatn MOpPGOnoriyHmx
nepeTBOpPEHb

6.3. Anroputmu chinbTpauii
300paxeHb y 6iobnioteni OpenCV

Y npaktuui uudpoBoro o06pob-
NeHHs1 306paXXeHb LLUMPOKO BUKOPUC-
TOBYETbCS MackoBa (pinbTpauis. 3a-
3BMYaM 9K  MackuM  BUKOPUCTO-
ByeTbCs 6e3niy BaroBux Koedi-
LiEeHTIB, 3a4aHuX Yy BCIX TOYKax, LO
CUMETPUYHO OTOYYHOTb MOTOYHY TOY-
Ky Kaapy.

[MowmnpeHnm BMOoOM OKony, Lo
4acTO 3aCTOCOBYETbLCH Ha NpakTuLi,
€ KBagparT 3x3 3 NOTOYHUM eJieMeH-
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Fig. 6.9. The results of morphological
transformations
6.3. Algorithms for filtering
images in the library OpenCV

In the practice of digital image
processing is widely used mask fil-
tering. Usually, a set of weights is
used as a mask, which are set at all
points of the neighborhood symmet-
rically surrounding the current frame
point.

A common type of neighborhood
often used in practice is a 3x3
square with the current element in



TOM Yy LEHTpi. 3aCTOCOBYHOTb pi3Hi
Mackn, OOHUM 3  eBPUCTUYHUX
BapiaHTiB € piBHOMipHa Macka, YCi
AEeB'ATb BaroBMX KOEQILIEHTIB SKOI
AopisHOTL 1/9. Takun BMBIp kKoe-
diuieHTiB Bignosigae ymoBi 36epe-
XXEeHHA cepeaHbOl AACKPaBOCTI, YHacC-
nigoK 4oro BUXIOHMA CUrHaM BUSAB-
NAeTbCsd  BAWCaAHMM Yy  AianasoH
ACKPaBOCTI BXiAHOro curHany.

[MpocTopoBa QifibTpaLis BUKOHY-
€TbCA AK onepaLis OBOBUMIPHOI 3ro-
PTKMU IMNYNbCHOI XapaKTepUCTUKM
dinbTpa h i3 306paxeHHaM f(x,y).
BxigHun curHan ginetpa, BUXigHUN
curHan dineTpa 1 iMnynbCcHa nepe-
xigHa xapaktepuctuka (IMNMX) saens-
l0Tb COOOK  OBOBUMIPHI  (OYHKLIT
Xij, ¥ij | hyy BIONOBIAHO, | ANCKPETHA
3roptka TakoX Mae [OBOBUMIPHUN
Xapakrep:

the center. Different masks are
used, one of the heuristic variants is
a uniform mask, all nine weighting
coefficients of which are 1/9. This
choice of coefficients meets the
condition of preserving the average
brightness, as a result of which the
output signal is inscribed in the
brightness range of the input signal.

Spatial filtering is performed as a
two-dimensional convolution opera-
tion of the filter impulse response h
with the image f(x,y). The filter in-
put, filter output, and impulse tran-
sient response (TIR) are two-
dimensional functions x;;, y;; and
h,,, respectively, and the discrete
convolution also has a two-dimen-
sional character:

Yij = z z Xi—gj—thi -
k 1

Touyka 300paxeHHa Ha Buxodi
ABOBUMIPHOro niHIMHOro  oinbTpa
aBnse cobor cymy (cepedHe 3Ha-
YeHHs) YCiX CyCigHiX To4oK 300pa-
XEHHSA, WO iNbTPYETbCH, Y3ATUX 3
BaraMmu, $Ki BM3HAYalOTbCA BUOOM
IMNX dineTpa.

Taky npoueaypy Lie HasnBarTb
BIKOHHOK QinibTpauieto, e BIKHO
dinbTpa — ue noro IMNX. Yci ene-
MEHTU 300paxeHHda, Wwo QinbTpy-
€TbCA, AKi noTpanunn y BIKHO, yce-

penHI0TbCS, yHacnigok yoro
doopMyeTbCA BUXIOHWN curHan
dinbTpa.

Mpoueanypa dinbTpauil ansa BCbo-
ro 300paxkeHHa — ue nocnigoBHe BU-
KOHaHHS doinbTpauil B KOXHIN TouLi.
BikHO inbTpa nepemiwaeTbsca no
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The image point at the output of a
two-dimensional linear filter is the
sum (average value) of all neighbor-
ing points of the filtered image, tak-
en with weights, determined by the
type of IPX filter.

This procedure is also called
window filtering, where the filter
window is its IPC. All elements of
the filtered image that fall into the
window are averaged and thus form
the output signal of the filter.

The filtering procedure for the en-
tire image is the sequential execu-
tion of filtering at each point. The fil-
ter window moves through all ele-



BCIX enemMeHTax 3006paxeHHs, wWo
QiNbTPYETLCA, | B KOXXHOMY CBOEMY

ments of the filtered image and in
each of its position forms the aver-
age brightness value over all points
that fall into the window (Fig. 6.10).

NMONOXeHHI  dopmye ycepeaHeHe
3HAYEeHHS ACKpaBOCTI MO BCiX TOY-
Kax, WO noTpanunm Yy  BIKHO
(puc. 6.10).
0 J J-1
| l |
L W ET
EEE
OkHO hunbmpa
-1

Puc. 6.10. Cxema BikOHHOT (MackoBOI)
dinbTpauii

HaBegoemo npuknagu  BUKOpU-
CTaHHS MacokK, WO 3aCTOCOBYKTbLCS
ana inbTpauil 306pakeHb pPisHUMK
cnocobamu.

®inompu HY. [Ona 3MeHLWeHHS
lWYMIiB  LUMPOKO  3aCTOCOBYHTLCS
HY-goinbTpKn, OCKiNbKK WymM £aBnse
coboto BY-curHan. 3okpema, aOns
HY-ginbTpauii 3acTocoByeTbLCS yCe-
peaHEHHS curHasny B MacLi, Hanpuk-
nag, nppyn=m = 3:

i
9111 10

®inbmpu BY. Akwo 300paxkeHHs
Ma€ HeuiTKi MeXi (HWU3bKy pPi3KiCTb),
TO WOro MoOXHa npodpinbTpyBaTn
BY-ginbTpom, gkui  nigkpecnuTb
nepenagu siCKPaBOCTiI Ha 300paKeH-
Hi i 3pobUTb NMoro GinbL YiTkMM. [Ons
BY-ginbTpauii 3a3Bmyan BUKOPUCTO-
BYIOTb TaKi TUMNOBI MaCKMU:

1 1
1 2
1 1

|
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Fig. 6.10. Scheme of window (mask)
filtering

Let us give examples of the use
of masks used to filter images in
various ways.

Low Pass Filters. Low-pass fil-
ters are widely used to reduce
noise, since noise is a high-
frequency signal. In particular, av-
eraging of a signal in a mask is ap-
plied to LF filtering, for example,
whenn=m = 3:

1 21
1], H=—|2 4 2|
1 16]; 2 1

HF filters. If the image has fuzzy
borders (low sharpness), then it can
be filtered with an RF filter, which
will emphasize the brightness dif-
ferences in the image and make it
clearer. For HF filtering, these typi-
cal masks are commonly used:



o -1 0 -1
H=|-1 5 -1|, H=|-1
o -1 0 -1

HopmyBaHHA € HeobxigHuMm Ongd
TOro, Wo6 3BeCTU 3HAYEHHS BiAryky
ginbTpa 4O Aiana3oHy BXIOHUX Oa-
HUX. HopmyBanbHUN  KoeilieHT
BU3HA4Ya€eTbLCA 3 YMOBW PIBHOCTI 0au-
HUUI cymun Bcix KoedoiuieHTiB IMMX
dinbTpa.

HaBegoemo npuknagu  BUKOpU-
CTaHHA pPi3HUX GinNbTpiB Ana obpo-
NeHHs1 306paXeHb 3 BUKOPUCTAHHAM
y nporpamMHux kogax Python anro-
putmiB 6ibniotekn OpenCV.

dinbmpauyis HY. TlporpamHnm
Kog dpinbTpa HU3bKMX YacToT 3 Mac-
kKamn po3mipom 3x3 i 5x5 nikcenis
HaBegoeHO pJani, a pesynbTatu
dinbTpauil nokasaHo Ha puc. 6.11.
[obpe BMAHO, WO Npu 30iNbLUEHHI
po3Mipy mMackm (puc. 6.11 8, 2)
30iNbWYETLCA  CTYMNiHb  PO3MUTTH
MeX 306paKeHHs.

Mpuknag:
import cv2
import numpy as np

img = cv2.imread('5.jpg')

kernel indentity =

-1
9
-1

np.array([[0,0,0],[0,1,0],[0,0,0]1)

-1 1 -2 1
—1‘, H= [—2 5 —2‘.
-1 1 -2 1

Normalization is necessary in or-
der to bring the filter response val-
ues to the range of input data. The
normalization coefficient is deter-
mined from the condition of equality
of the unit of the sum of all coeffi-
cients of the IPX filter.

Let us give examples of using
various filters for image processing
using the OpenCV library algo-
rithms in Python program codes.

Low pass filtering. The program
code of the low-pass filter with
masks of 3x3 and 5x5 pixels is
shown below, and the filtering re-
sults are shown in Fig. 6.11. It is
clearly seen that with increasing
mask size (Fig.6.11 ¢, d) the degree
of blurring of the image borders in-
creases

Example:

rows,

cols = img.shapel[:2]

kernel indentity = np.array([[0,0,0], [0,1,0], [0,0,0]])
kernel 3x3 = np.ones((3,3), np.float32) / 9.0

kernel 5x5 = np.ones((5,5), np.float32) / 25.0

cv2.imshow('Original', img)

output = cv2.filter2D(img,
cv2.imshow ('Indentity filter',

output = cv2.filter2D(img,
cv2.imshow ('3x3 filter',

output = cv2.filter2D (img,

cv2.waitKey (0)
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-1, kernel indentity)
output)

-1, kernel 3x3)
output)

-1, kernel 5x5)
cv2.imshow('5x5 filter', output)



Puc. 6.11. O6pobneHHst 306paxkeHHs
dineTpamu HY 3 mackamu pisHMX
po3MmipiB

dinbmpayis BY wnpoko BUKO-
PUCTOBYETLCA, AKLWO HEeOoDXiaHO nia-
Kpecnutu po3muTi Mexi oB'ekTiB Ha
306paxeHHi. Lle nobpe BMOHO Ha
puc. 6.12, 6. 3BepHiTb yBary Ha Te,
WO MNpWY HanucaHHI NporpamMHUX Ko-
AiB  inbTpauii 'y BCIX npuknagax
Kpim NiAKNIOYEHHS Gibniotekn
OpenCV (import cv2), Yy npo-
rpamy HeobxigHO iMnopTyBaTM MO-
Oynb numpy ON8 POPMYyBaHHA Mac-
Kn pinbTpa (kernel) .

Mpuknag:
import cv2
import numpy as np

img = cv2.imread('6.jpg")
cv2.imshow ('Original', img)
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Fig. 6.11. Image processing by low-
pass filters with masks of different sizes

HF filtering is widely used when
it is necessary to emphasize the
blurred edges of objects in an im-
age. This is clearly seen in
Fig.6.12, b. Please note that when
writing software filtering codes in all
examples besides connecting the
OpenCYV library (import cv2) the
numpy module must be imported
into the program to form a filter
mask (kernel).

Example:



kernel indentity = np.array([[-1,-1,-1]1, [-1,9,-1], [-1,-1,-

111)

kernel 3x3 = np.ones((3,3), np.float32)

output = cv2.filter2D(img, -1, kernel indentity)

cv2.imshow('3x3 filter', output)

cv2.waitKey (0)

B Original

Puc. 6.12. ObpobneHHs 300paXkeHHs
BY-pinbTpom

dinbmpauisi 3 egpekmom 3cyesy
3asBuMyal  BUKOPUCTOBYETbCA On4
CTBOPEHHS edeKkTy pyxy, L0 CyT-
TEBO po3MmuBac 3o00pakeHHA. [lpu-
Knag nporpamMHoro Kogy Takoi (inb-
Tpauil HaBegeHO HWXK4Ye, a pesynb-
Tat 0b6pobneHHA nokasaHo Ha

puc. 6.13, 6.

Mpuknag:
img = cv2.imread('2.jpg")
cv2.imshow ('Original', img)
size = 15

# generating the kernel

5| 3x3 filter

Fig. 6.12. Image Processing HF-Filter

Motion Blur is usually used to
create a motion effect that blurs im-
ages significantly. An example of
the program code of such filtering is
shown below, and the result of pro-
cessing is shown in Fig. 6.13, b.

Example:

kernel motion blur = np.zeros((size, size))
kernel motion blur[int((size-1)/2), :] = np.ones(size)
kernel motion blur = kernel motion blur / size

# applying the kernel to the input image
output = cv2.filter2D(img, -1, kernel motion blur)

cv2.imshow('Motion Blur', output)

cv2.waitKey (0)



¥ | Motion Blur l'!’:-'-‘

Puc. 6.13. BapiaHtn dinbTpauii 3
NiAKPECEHHAM MeX

Pinbmpauisi 3 niOKpecreHHsIM
MeX € OoOHMM 3  pi3HOBUAIB
BY-goinbTpadii i cTBOpOE pi3Hi Bi3y-
anbHi edpektn (puc. 6.14) yHacnigok
NiAKpecneHHsa MeX 300paKeHHs.

Fig. 6.13. Underline Filtering Options

Sharpening filter is one of the
varieties of high-pass filtering and
creates various visual effects
(Fig. 6.14) by emphasizing the im-
age borders.

Mpuknag: Example:

import cv2

import numpy as np

img = cv2.imread('3.jpg")

cv2.imshow ('Original', img)

# generating the kernels

kernel sharpen 1 = np.array(I[[-1,-1,-1], [-1,9,-1], [-1,-1,-

111)

kernel sharpen 2 = np.array(([[1,1,1], [1,-7,1], [1,1,1]])

kernel sharpen 3 = np.array(([[-1,-1,-1,-1,-1],
[1121212l 1]
[11218121 1]
[-1,2, 2,2, 1],
[-1,-1,-1,-1,-111) / 8.0

# applying different kerneks to the input image

output 1 = cv2.filter2D(img, -1, kernel sharpen 1)

output 2 = cv2.filter2D(img, -1, kernel sharpen 2)

output 3 = cv2.filter2D(img, -1, kernel sharpen 3)

cv2.imshow ('Sharpening', output 1)

cv2.imshow ('Excessive Sharpening', output 2)

cv2.imshow ('Edge Enhancement', output 3)
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5] Original
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Puc. 6.14. BapiaHtn dinbTpauii
3 NigKPeCrneHHAM MexX

dinbmpauyisi 3 nepemeopPeHHSIM
Ha penbegpHe 306pakeHHs1 ©a3y-
€ETbCA Ha NOAaHHi doparmMeHTiB 30-
BpaxkeHHs 3 PiIBHOMIPHOK SCKpaBic-
THO NIKCENsMn Ciporo Konbopy, a 06-
nacten 3i 3Ha4YHUMKU nepenagamu
SICKpPaBOCTI nikcensamMu Bifioro  Ko-
neopy. Lle ctBoptoe edpekT TUCHEH-
HA 1 o06'eMHOCTI 306paxeHHs. CTy-
NMiHb TUCHEHHA MOXXHa 3MIHUTK 3 AO-
NMOMOroK pPIi3HUX BUAIB (PinbTpyBa-
NbHMUX MacoK (kernel emboss).
3a3HaunMMo TakoX, Lo nepen npo-
ueaypor  inbTpauii  KonbopoBe
306pakeHHs1 HeobxigHO nepeTBopuU-
TW Ha NIBTOHOBE 3 OOMOMOrol oyH-
KUil cv2.COLOR_BGR2GRAY. Pesyrnb-
Tatu  inbTpauil nokaszaHo Ha
puc. 6.15.

Mpuknag:
import cv2
import numpy as np
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Fig. 6.14. Underline Filtering Options

Embossing filter. Filtration
with conversion into a relief image is
based on the representation of im-
age fragments with uniform bright-
ness by gray pixels, and areas with
significant differences in brightness
by white pixels. This creates the ef-
fect of embossing and three-
dimensional image. Changes in the
degree of embossing can be
achieved using a different kind of
filtering masks (kernel emboss).
Note also that before the filtering
procedure it is necessary to convert
a color image to a halftone using
the function cv2.COLOR BGR2GRAY.
Filtering results are shown in
Fig. 6.15.

Example:



img emboss input = cv2.imread('7.jpg')

# generating the kernels

kernel emboss 1 = np.array([[0,-1,-1],
[1,0,-11,
[1,1,0]1)

kernel emboss 2 = np.array([[-1,-1,0],
[-1,0,11,
[0,1,1]11)

kernel emboss 3 = np.array([[1,0,0],
[0,0,01,
[0,0,-111)

# converting the image to grayscale
gray img = cv2.cvtColor (img emboss input, cv2.COLOR BGR2GRAY)

# appling the kernels to the grayscale image and adding the
offset

output 1 = cv2.filter2D(gray img, -1, kernel emboss 1) + 128
output 2 = cv2.filter2D(gray img, -1, kernel emboss 2) + 128
output 3 = cv2.filter2D(gray img, -1, kernel emboss 3) + 128
cv2.imshow ('Input', img emboss input)

cv2.imshow ('Embossing - South West', output 1)

cv2.imshow ('Embossing - South East', output 2)

cv2.imshow ('Embossing - North West', output 3)

cv2.waitKey (0)

NI

Puc. 6.15. ®inbTpauis 3 nepeTBOPEHHAM Fig. 6.15. Filtration with conversion to
Ha penbedHe 306pakeHHs relief image
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dinbmpauisi 2ayciecbkumu i
6inamepanbHUMuU  hinbmpamu.
Haragaemo, wo rayciBCcbkun goinbtp
Mae iMMyrnbCHY nepexigHy xapakTe-
PUCTUKY

G(x,y) =

Ae x — poamipu ginibTpyBarnbHOI Ma-
CKW MO rOPU3OHTAarbHIN OCi, y — pO3-
MipU Macku no BepTUKarbHIN OCi,
0 — CTaHOapTHE BIiAXWUNEHHSA PO3mMo-
ainy Maycca abo x mipa po3mMuTTA.
dinbTpauis Maycca € ginbTpadieto
3rnamkKyBanbHoOro Tuny, ane, Ha Bi-
OMiHY Big NPsSIMOKYTHOI inbTpauil,
po3MuTTs Oyade 6inbw PiIBHOMIPHO
po3MnoainaATUCS Big LeHTpanbHOI TO-
4ykun go kpaiB. PinbTp aycca € Buco-
KOYaCTOTHUM PinNbTPOM, a OTXe, NOo-
ro BUrigHO 3acTocoByBaTW ANS Nig-
BULLIEHHS Pi3KOCTi 306paXkeHHs.

bBinatepanbHa inbTpayiga pos-
LUMPIOE NOHATTS «3rnagXXyBaHHs [a-
yccay, 30inbLyoun aKicTb ginbTpa.
Mikceni, sKKi CUNbLHO BIOPI3HATLCA
3a IHTEHCUBHICTIO Bif LeHTparibHOro
nikcens, 36iNblyTbECA MEHLLUOK Mi-
pO0, HaBITb HE 3BaXako4uun Ha Te, Lo
BOHM MOXYTb 3HaxoguTucs B 6e3no-
cepegHin BnNu3bKoCTi OO0 UeHTpanb-
HOro nikcens, Wo dakTU4HO € BU-
KPUBIIEHHAM HESiHIMHOro inbTpa
["aycca.

HaBegemo npuknag rayciBCbKol 1
GiniHinHOI  hinbTpauii, BUKOPUCTO-
BYHOUM PYHKUIT cv2.GaussianBlur i
cv2.bilateralFilter. [lpn ubomy
BUKOPUCTOBYEMO [Ba BapiaHTU i-
NbTPyBanbHOI Macku ana ineTpa
[laycca — posmipamn 7x7 i 15x15.
Koag uiel nporpamn HaBeOEHO HWX-
ye, a pesynbTatM 06pOGIEHHA no-
Ka3aHo Ha puc. 6.16:

e
2€ <9

Gaussian and Bilateral filters.
Recall that the Gaussian filter has a
pulsed transient characteristic of the
image

x%+e?

)

where x is the size of the filtering
mask on the horizontal axis, y is the
size of the mask on the vertical axis,
o is the standard deviation of the
Gaussian distribution, or the degree
of blurring. Gaussian filtering is a
smoothing type filtering, but, unlike
rectangular filtering, the blur will be
more evenly distributed from the
center point to the edges. The
Gauss filter is a high-frequency fil-
ter, which means that it is beneficial
to use it to sharpen the image.

Bilateral filtering extends the no-
tion of Gaussian smoothing, in-
creasing the quality of the filter. Pix-
els, which are very different in in-
tensity from the central pixel, in-
crease to a lesser extent, even
though they may be in close proxim-
ity to the central pixel, which is in
fact a curvature of the non-linear
Gauss filter.

We give an example of Gaussian
and bilinear filtering using the func-
tions cv2.GaussianBlur and
cv2.bilateralFilter. In this
case, we use two variants of the fil-
tering mask for a Gaussian filter —
7x7 and 15x15. The code of this
program is given below, and the re-
sults of processing are shown in
Fig. 6.16.



import cv2
import numpy as np

img

img_
img_
img_

cv2.
cv2.
cv2.

cv2

cv2

= cv2.imread('21.jpg"')

gaussian = cv2.GaussianBlur(img, (7,7), 0)
gaussianl = cv2.GaussianBlur(img, (15,15), O0)
bilateral = cv2.bilateralFilter(img, 13, 70, 50)

imshow ('Input', img)

imshow ('Gaussian filter', img gaussian)

imshow ('Gaussian filter 15x15', img gaussianl)
.imshow ('Bilateral filter', img bilateral)
.waitKey ()

8
2
Puc. 6.16. BukopucTaHHs rayciscekix Fig. 6.16. Use of Gaussian and bilateral
i GinaTepanbHUX iNbTPIB filters
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6.4. licTrorpamu po3noginy
AAICKPaBOCTi 300paxeHb

OpfHiero 3 HaMBINbLL ICTOTHUX Xa-
pakTEPUCTUK 300paXKeHHA € Xapak-
Tep pPOo3noainy ACKpaBOCTI MiKcenis.
Llen posnopfin KinbkKiCHO Xapakrtepwu-
3ye rictorpama, 3o0paxeHa Ha
puc. 6.17. Ha rpacpiky Bicb abcuuc €
LLIKaNoK HACKPaBOCTi Yy HallOMy BWU-
nagky Big 0 (YOpHi nmikceni) 4o Mak-
cumymy 255 (Bini nikceni). Lle Bia-
noBigae noJaHHK MNiIBTOHOBUX 30-
OpaxeHb y oopmaTi uints 3 giana-
30HOM 3Ha4vyeHb ACKPaBOCTI
[0,255]. [lo oci opamHaTt Bigkna-
JaloTb KiNbKICTb nikcenis, WO Bigno-
Bilae KOXXHOMY 3HAYEHHIO ACKpaBO-
cTi. Lle nonomarae Bi3yasribHO OUiHU-
TV OOMIHYKO4YNIA fiana3oH ACKPaBOCTI
Ha peanbHOMY 306paxeHHi. Tak, Ha
puc. 6.17 pobpe BMOHO, LLO Ha 30-
OpakeHHi nepeBaXaloTb TeMHi (ro-
raHo OCBITIIEHI) (bparmMeHTw.

YpaxyBaHHS xapaktepy posnoainy
SICKpaBOCTI Ja€ 3MOry npoBeCTU re-
PETBOPEHHS AS1S1 MOMIMWEHHST KOHT-
pacTHOCTI 300paxeHHsa. Lsa npoue-
aypa Cnpusie BUPIBHIOBAHHIO TiCTOr-
pamMu y BCbOMY Aiana3oHi ScKpaBoC-
Ti i Mae Ha3By «ekBanisauigay». Okpim
LbOro MOXHa 34iNCHUTM BiHapuaa-
Lito 3006paxkeHHa 3 BiACIKaHHSM 3a
3alaHMM NOPOromM ACKpPaBOCTiI.

OctaHHa npouenypa gae MOXIu-
BICTb MPOCTOPOBO foKanisysatn B
NMOWMHI 306paxkeHHs1 doparMeHTn 3
BENMKMM abo Manum piBHEM OCBIT-
neHocTi. Y cnctemax TEXHIYHOro 30-
py 6iHapusauisi 3 BUCOKMM MOPOrom
BiICIKAHHS LUMPOKO 3aCTOCOBYETHLCS
ANs OUiHIOBaHHA MOJSIOXKEHHS1 Cno-
cTepexyBaHoro ob'ekta B kKagpi.
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6.4. Image brightness
distribution histograms

One of the most significant char-
acteristics of the image is the nature
of the brightness distribution of pix-
els. This distribution is taken to be
quantitatively characterized by a
histogram (Fig. 6.17). On the graph,
the abscissa axis is a scale of
bright-bones — in our case from 0
(black color of pixels) to a maximum
of 255 (white pixels). This corre-
sponds to the representation of half-
tone images in the uintg format
with a range of brightness values
[0,255]. The ordinate axis lays the
number of pixels corresponding to
each value of the brightness. This
helps to visually assess the domi-
nant range of brightness in the real
image. So on Fig. 6.17 it is clearly
seen that dark (poorly lit) fragments
predominate in the image.

Taking into account the nature of
the distribution of brightness allows
for a conversion that helps improve
the contrast of the image. This pro-
cedure contributes to the alignment
of the histogram in the whole range
of brightness and is called equaliza-
tion. In addition, it is possible to
binarize an image with clipping at a
given brightness threshold.

The latter procedure makes it
possible to spatially localize in the
image plane fragments with a high
or low level of illumination. In tech-
nical vision systems, binarization
with a high cut-off threshold is wide-
ly used to estimate the position of
the observed object in the frame.
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Puc. 6.17. lNctorpama posnoginy Fig. 6.17. Brightness Distribution
SICKPaBOCTi Histogram
Haesenemo npuknag nporpamHoro Let us give an example of the
kogy nobynoBu rictorpam 3o00pa- software code for constructing the
KEHHS, BKIHOYEHOro B IHCTanAuito histograms of the image included in
bibniotekn OpenCV, ana cninbHOI the installation of the OpenCV li-
poboTu 3 nporpamoto Python: brary for collaboration with the

Python:
#!/usr/bin/env python

''"' This is a sample for histogram plotting for RGB images and
grayscale images for better understanding of colour distribu-
tion

Benefit : Learn how to draw histogram of images
Get familier with cv2.calcHist,
cv2.equalizeHist,cv2.normalize and some drawing functions

Level : Beginner or Intermediate
Functions : 1) hist curve : returns histogram of an image drawn
as curves

2) hist lines : return histogram of an image drawn
as bins ( only for grayscale images )

Usage : python hist.py <image file>

Abid Rahman 3/14/12 debug Gary Bradski

# Python 2/3 compatibility
from future  import print function

import cv2
import numpy as np
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bins

def

cv2

def

eS")

tati

if

= np.arange (256) .reshape (256,1)

hist curve (im) :
h = np.zeros((300,256,3))

if len(im.shape) == 2:
color = [(255,255,255)]
elif im.shape[2] == 3:

color = [ (255,0,0), (0,255,0), (0,0,255) ]
for ch, col in enumerate(color) :
hist item = cv2.calcHist ([im], [ch],6 None, [256], [0,256])

.normalize (hist item,hist item, 0,255,cv2.NORM MINMAX)

hist=np.int32 (np.around(hist item))
pts = np.int32 (np.column_stack((bins,hist)))
cv2.polylines (h, [pts], False, col)
y=np.flipud (h)
return y

hist lines(im):
h = np.zeros((300,256,3))
if len(im.shape) !=2:
print ("hist lines applicable only for grayscale imag-

#print ("so converting image to grayscale for represen-
on"

im = cv2.cvtColor (im, cv2.COLOR BGR2GRAY)
hist item = cv2.calcHist ([im], [0],None, [256], [0,256])
cv2.normalize (hist item,hist item,0,255,cv2.NORM MINMAX)
hist=np.int32 (np.around (hist item))
for x,y in enumerate (hist) :

cv2.line (h, (x,0), (x,y), (255,255,255))
y = np.flipud(h)
return y

name == ' main ':

import sys

if len(sys.argv)>1l:
fname = sys.argv[1l]
else
fname = '../data/36.jpg’
print ("usage : python hist.py <image file>")

im = cv2.imread (fname)

if im is None:
print ('Failed to load image file:', fname)
sys.exit (1)

gray = cv2.cvtColor (im,cv2.COLOR BGR2GRAY)
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print (''' Histogram plotting \n

Keymap :\n

a - show histogram for color image in curve mode \n
b - show histogram in bin mode \n

¢ - show equalized histogram (always in bin mode) \n

d - show histogram for color image in curve mode \n

e - show histogram for a normalized image in curve mode \n
Esc - exit \n

Ill)

cv2.imshow('image', im)
while True:
k = cv2.waitKey(0)
if k == ord('a'):
curve = hist curve (im)
cv2.imshow('histogram', curve)
cv2.imshow('image', im)
print('a"')
elif k == ord('b'"):
print ('b")
lines = hist lines(im)
cv2.imshow('histogram', lines)
cv2.imshow ('image',6 gray)
elif k == ord('c'):
print ('c')
equ = cv2.equalizeHist (gray)
lines = hist lines (equ)
cv2.imshow('histogram', lines)
cv2.imshow ('image', equ)
elif k == ord('d'"):
print ('d")
curve = hist curve (gray)
cv2.imshow('histogram', curve)
cv2.imshow ('image',6 gray)
elif k == ord('e'):
print ('e!')
norm = cv2.normalize(gray, gray, alpha = 0,beta =
255,norm_type = cv2.NORM MINMAX)
lines = hist lines (norm)
cv2.imshow('histogram', lines)
cv2.imshow ('image',norm)
elif k == 27:
print ('ESC')
cv2.destroyAllWindows ()
break
cv2.destroyAllWindows ()

Pesynbtatm pobotn nporpamu The results of the program are
nokasaHo Ha puc. 6.18. Y nporpami shown in Fig. 6.18. The program

123



3aKknageHa MOXNUBICTb MepeTBo-
PEHHS1 BUXIOHOMO 300paXeHHs1 Ha
doopmaTt NiIBTOHOBOro Ta MOro ekBa-
nisauii. Ha no4atky pobotn nporpa-
MU BigbyBaeTbCA Bidyanisauia BuUXi-
AHOro 3obpaxeHHs (puc. 6.18, a), iy
BikHi Python 3.6.1 Shell nponoHy-
E€TbCA IHTEPAKTUBHE MEHIO:

has the ability to convert the original
image into a halftone format and its
equalization. At the beginning of the
program, the source image is ren-
dered (Fig. 6.18, a), and the
Python 3.6.1 shell window offers
an interactive menu:

for color image in curve mode

histogram (always in bin mode)
for color image in curve mode

° a - show histogram

. b - show histogram in bin mode
] c - show equalized

° d - show histogram

° e

Mo 4epsi HaTUCKalO4YKM KnaBiwi a —
e, MOXHa BubBpaTM nepeTBOPEHHS
BUXIQHOrO 306paXeHHs, WO Uika-
BUTb Bac, i MOro ricrorpamy.

- show histogram normalized image in curve mode.

Alternatively, by pressing the a - e
keys, you can select the transfor-
mation of the original image that in-
terests you and its histogram.

B image

mm@@ﬂﬂq

BuxigHe 306paxeHHs (Source image)

Puc. 6.18. Pi3Hi rictorpamu 306pakeHHs
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Fig. 6.18. Various image histograms



Puc. 6.18. 3akiH4eHHS

lMoninweHHss KoOHMpacmHocmi
niemoHoeux 306paxeHb. HaBe-
AEMO HannpocCTiWwnMn npuknag nig-
BULLEHHA KOHTPACTHOCTI 300pakeH-
HA. 3asBuyaln ekBarsizauis BUKOHY-
€TbCA I3 3aCTOCyBaHHAM  (PYHKLUIil
histeq = cv2.equalizeHist
(img) Ha NepeTBOpPEHOMY Ha MiBTO-
HOBe rgb-300paxeHHi. [MporpamHui
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(51 histogram ESNEE

Fig. 6.18. End

Enhancing the contrast in an
image
Let's take a simpler example of in-
creasing the contrast of an image.
Normally, equalization is performed
using the function histegq =
cv2.equalizeHist (img) on the
converted to a grayscale RGB-ima-



Kog Takoro obpobneHHsi HaBedeHo
HWKYe, a pesynbTaTh MNokasaHo Ha
puc. 6.19:

import cv2
import numpy as np
img = cv2.imread('l.jpg', 0)

ge. The program code of such pro-
cessing is given below, and the re-
sults are shown in Fig. 6.19.

# equalize the histogram of the input image

histeg = cv2.equalizeHist (img)
cv2.imshow ('Input', img)
cv2.imshow ('Histogram equalized',
cv2.waitKey (0)

rﬂ Input — - o | (] e
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Puc. 6.19. PesynbTaT KOHTpacTyBaHHSA
306paxeHHs

lMideuwieHHss KOHMpacmHocmi
MOBHOKOJ/ILOPOBUX  306pakeHb.
Habarato Ginblwnr NpPakTUYHUA iH-
Tepec CTaHOBUTbL npouenypa nig-
BULLIEHHA KOHTPACTHOCTI KONbOpPO-
BUX 300paxkeHb, Ky MOXHa BMKOHA-
TV LWNAXOM MNEepeTBOPEeHHS rgb-
306paxeHHs Ha copmaT YUV. Ha-
ragaemMo, Wo e KosipHa mogenb, Y
AKIN KONIp NOL4AETbCA AK TPU KOMMO-
HeHTU: sAckpasicTb (Y) i ABi KONbO-
popisHuueBi (U i V). Ha 300paxeHHi
y copmati YUV ekBanizadii nigna-
€TbCA NULLE KOMMOHEHTA SICKPaBOCTI

(Y) 3 gonomororo pyHKu,T
img yuv[:,:,0] =

MoTim 3gincHeETbCA 0bepHeHe
nepeTtBopeHHa 3 gopmaty YUV Ha
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cv2.equalizeHist (img yuv/([:,

histeq)

Fig. 6.19. Image contrasting result

Enhance the contrast of full-color
images. Much more practical inter-
est is the procedure for improving
the contrast of color images. Its im-
plementation is possible by convert-
ing the rRGB image to the YUV for-
mat. Recall that this is a color model
in which the color is represented as
3 components: brightness (Y) and
two color difference (U and V). In a
YUV image, only the luminance (Y)
component is subjected to EQ using
the function

:,0])

Then the reverse transform from
YUV to RGB format is performed. In



dopmat RGB. lpu ubomy GanaHc
Konbopy 30epiraetbca 0e3  3MiH,
OCKIJTbKM  KOJTbOPOPI3HULIEBI  KOMIO-
HeHTu U i V nepeTBOpEHHAM He nig-
Aasanucs.

PesynbTatn KOHTpacTyBaHHA MoO-
BHOKONbOPOBOro 300paXeHHs 3a Lji-
€10  MEeTOOMKOK  MOKas3aHo  Ha
puc. 6. 20:

import cv2
import numpy as np

img = cv2.imread('input.jpg"')

this case, the color balance remains
unchanged, since the color differ-
ence components U and V were not
subjected to transformations.

The results of the contrasting of the
full-color image by this method are
shown in Fig. 6.20:

img yuv = cv2.cvtColor (img, cv2.COLOR_BGR2YUV)

# equalize the histogram of the Y channel

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

# convert the YUV image back to RGB format

img output = cv2.cvtColor(img yuv, cv2.COLOR YUV2BGR)

cv2.imshow ('Color input image', img)
cv2.imshow ('Histogram equalized', 1img output)

cv2.waitKey (0)

K] Color input image

Puc. 6.20. lNigBnLLEHHA KOHTPACTHOCTI
NOBHOKONbOPOBUX 300paXkeHb

6.5. biHapu3auia 3006paxeHb
3 BifiCiKaHHAAM 3a NOPOrom
ACKpPaBOCTI

OaHuM 3 BaxnuBuxX MeToaiB 00-
pobneHHss 3006paxeHb Yy cuctemax
TEXHIYHOro 30py € npouenypa IXx

'Hisqu ram equ_éliiéd

Fig. 6.20. Enhance the contrast
of full color images

6.5. Binarization of images with
cut-off threshold brightness

One of the important methods of
image processing in vision systems
is the procedure of their binarization



GiHapu3auil 3 BifCikaHHSM 3a Nopo-
rom sickpaBocCTi. Lle fae MOXnuBICTb
nogasaTtu gaHi 306pakeHHs1 B BGiHap-
HOMY BUrMNALi 1 MPOBOAUTU 3 HUMMU
MaTemaTu4dHi obuncneHHs. B anro-
putMi  BiHapu3auii  BUKOPUCTOBY-
eTbCs PYHKLUiA BibnioTekn OpenCV:

with clipping on the threshold of
brightness. This makes it possible
to present these images in binary
form and allows you to perform
mathematical  calculations  with
them. The binarization algorithm
uses the OpenCYV library function:

thresh, im bw)=cv2.threshold(im gray, 0,255, cv2.THRESH BINARY

cv2.THRESH OTSU)

Lia doyHKuia € perynboBaHUM Mo-
porom BiJCiKaHHSA SICKpaBOCTI
thresh. [Npn 6GiHapu3auil NiBTOHY-
BaHHA 3 Aiana3oHOM 3Ha4yeHb nik-
cenis (0...255) napameTp thresh
MOXXe 3MiHioBaTmnca B mexax Big 10
Ao 254. 3asHaynmo, Wo npu BUCO-
KoMy nopoai BiCIKAHHSA Ha
BiHapHOMY 300paXXeHHi 3anuwaTbCs
TiINIbKA  MIKCEeNli 3  MaKCcuMaribHOK
sickpasicTio (6inoro konbopy). Yci
iHWi nikceni 6yae nogaHoO HyNbOBU-
MU 3HAYEHHAMU (YOPHOrO KOmbopy).
Koa uboro neperBopeHHA HaBeaeHo
HUXYe, a pesynbTaTh NnokasaHo Ha
puc. 6.21:

img = cv2.imread('34.jpg')
cv2.imshow ('Input', img)

This feature has an adjustable
thresh brightness cutoff threshold.
In bi-gradation of a halftone image
with a range of pixel values
(0...255), the thresh parameter
can vary from 10 to 254. Note that
with a high cut-off threshold, only
the pixels with maximum brightness
(white) remain on the binary image.
All other pixels will be represented
by zero values (black color). The
code for this transformation is
shown below, and the results are
shown in Fig. 6.21:

im gray = cv2.cvtColor (img, cv2.COLOR_RGB2GRAY)

cv2.imshow ("Gray", im gray)

(thresh, im bw) = cv2.threshold(im gray, 0, 255,
cv2.THRESH BINARY | cv2.THRESH OTSU)

thresh = 45

im bw = cv2.threshold(im gray,

cv2.THRESH BINARY) [1]
cv2.imshow ('Binary', im bw)

thresh, 255,



-

] Input

Puc. 6.21. MNpuknag 6iHapu3sauii
3 pi3HUMK Noporamu

6.6. AcpiHHI 1 NpOEeKTUBHI
nepeTBOpPeHHs 306paXeHb

Haragaemo OCHOBHI TeOpEeTUYHI
BIZJOMOCTI Npo CyTb apiHHMX nepeT-
BOopeHb. [loBopoT, 3MiHa po3MmipiB
306pakeHHs1, 3CyB Ta iHWIi nepeTBo-
PEeHHA HanexaTtb 0O reoMeTpuy-HUX
nepeTBOpeHb, SKi  Ha3MBaKTbCH
agpiHHUMK. AdpiHHE nepeTBOpPEeHHS
MOXHa 3anucatun B MaTpuUdHIin doop-
Mi:

[xy1l] =[wz1]T

Takow hopmysrioro MOXHa 3agaTtu
CTUCK, MOBOPOT, nepeHoc abo 3cys,
BiOMOBIAHUM  YMHOM  BM3HaA4aK4n
enemeHTn matpuui T. Y Tabn. 6.1
nokasaHo, sik BUbmpaTtiu Ui BENUYMHN
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Fig. 6.21. An example of binarization
with different thresholds

6.6. Affine and projective image
transformations

Recall the basic theoretical infor-
mation about the essence of affine
transformations. Rotate, resize im-
ages, shift, etc. refer to geometric
transformations whose representa-
tives are called affine transfor-
mations. Affinity transform can be
written in matrix form:

ti; t O
t3; t3; O

Such a formula can be used to
set compression, rotation, transfer
or shift, by appropriately determin-
ing the elements of the matrix T. In
Table 6.1 shows how to choose



ANna  30INCHEHHSI PI3HMX NepeTBo-
peHb.

PosrnsaHemo BnactmBoCTi (OyHKLIN
OpenCYV, wo 3abe3ne4vyoTb reome-
TPUYHI NepeTBOPEHHS, SIKi 3MIHIOKOTb
NPOCTOPOBE pPO3TallyBaHHSA erneme-
HTIB Y 300paXeHHi.

Hanbinbw wupoko B koMn'toTep-
HOMY 30pi BMKOPUCTOBYIOTLCA (PYH-
KUil 3MiHEHHs1 po3MipiB 306paxeHb
(Image resize) i (PYHKUII NOBOpO-
Ty 300paxeHb (Image rotation).
Cnig matn Ha yBasi, o NpoCcTopOoBI
nepeTBOPEHHS NPU3BOAATb 4O MOri-
PLUEHHA AKOCTI 300paxeHHs. Ocob-
NMBO LEe MOMITHO Ha Mexax 300pa-
XEHHS.

these values to perform various
transformations.

Consider the properties of OpenCV
functions that provide geometric
transformations that change the
spatial location of elements in the
image.

The most widely used in comput-
er vision are the image resizing
functions (Image resize) and the
image rotation functions (Image
rotation). It should be borne in
mind that spatial transformations
lead to a deterioration in image
quality. This is especially noticeable
on the borders of the image.

Tabnuusa 6.1
Table 6.1

Tunn adiHHNX NepeTBOPEHDL

(Types of Affine Transformations)

Tun (Type of)

AdbiHHa matpuua T

PiBHSIHHS KOOpAMHAT

(Affinity matrix T) (Coordinate Equations)
Po3ataryBaHHs s, 0 0 X =S.W
(Stretching) 0 s, 0 Y=5,z
0O 0 1
[MoBopoT cos(a) sin(a) 0 _
(Rotaﬁe) —sin((cz) cos%ag 0 X = WC?S(a) —zsin(a)
0 0 1 y = wsin(a) + zcos(a)
3cys (Shift) 1 0 0
(ropn3oHTarnbHMN) a 10 x =W+ aZ
(horizontal) 0 0 1 y=12
3cys (Shift) 1 b 0
(BepTUKaNbHWIA) 010 x=W
(vertical) 0 0 1 y=bW+Z
[NepeHoc 1 0 O
(Transfer) 0 1 0 X=W+S,
S, S, 1 Y=Z+S,
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Tomy npoueaypa reoMeTpudHmx
nepeTBOpeHb 3a3BUYan [OOMOBHIO-
€TbCA OOHUM i3 BUAIB IHTepnonsauil.
PyHKUiT iHTeprnionauil B 6ibnioTew,
OpenCV cv2.INTER LINEAR,
cv2.INTER CUBIC,cv2.INTER A
REA BUKOPUCTOBYKOTb IHTEPNOMALi0
abo no GiniHiMHIN noBepxHi, abo no
BiKyBiYHINn.

3MiHeHHs1 po3mipie 306pakeH-
Hs1. PosrnaHemo nporpamy onsa 3mi-
HEHHS PO3MipiB 300paxeHHs. [lpwu
BUKOPUCTaHHI (PYHKUIT cv2.resize
HeobxiogHO BKasaTu macwTab 3Mmi-
HEHHS1 PO3MIpIB 300paxeHHs (fx i
fy), akum moxe 6ytn Ginbwe abo
MeHLwe 1, a Takox BMbpaTtn noTpid-
HUA TUN [HTepnonsuil gaHux. Ha
puc. 6.22 nokasaHo peaynbTaTth 36i-
NbLUEHHS PO3MIpIB 3006paXXeHHA B
1.5 pasa 3 pisHUMU BUOAMU HTEpP-
nonsau,ii;

import cv2
import numpy as np

cv2.imread('6.jpg')
img)

img =
cv2.imshow ('Original',

img scaled =
cv2.INTER LINEAR)

cv2.imshow ('Scaling - Linear Interpolation',

img scaled =
interpolation =

img scaled =
interpolation =

cv2.waitKey ()

cv2.resize (img,None, fx=1.5,
cv2.INTER CUBIC)
cv2.imshow('Scaling - Cubic Interpolation',
cv2.resize (img,None, fx=1.5,
cv2.INTER AREA)
cv2.imshow('Scaling - Skewed Size',
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Therefore, the procedure of ge-
ometric transformations is usually
supplemented by one of the types
of interpolation. The interpolation

functions in the OpenCV
cv2.INTER LINEAR,cv2.INTER C

UBIC, c¢v2.INTER AREA library
use interpolation either on a bilinear
surface or on a bicubic one.

Image scaling Consider a pro-
gram for resizing images. When us-
ing the cv2.resize function, you
need to specify the scale of image
resizing (fx and fy), which may be
greater or less than 1, and also se-
lect the desired type of data inter-
polation. In Fig. 6.22 shows the re-
sults of increasing the image size
by 1.5 times with various types of
interpolation:

cv2.resize (img,None, fx=1.5,fy=1.5,interpolation =

img scaled)
fy=1.5,

img scaled)
fy=1.5,

img scaled)



a

Puc. 6.22. BapiaHTn 3MiHEHHS po3Mipy
306paxeHHs

®yHKUisi nosopomy 306pakeH-
HA. [Ina cuHTesy npoueaypu noso-
poTy 300paxeHHs B 6ibnioTeu
OpenCV (opmyeTbCca maTpuuda no-
BOPOTY cv2.getRotationmatrix2d
I pyHKUIA adiHHMX nepeTBOpeHb
cv2.warpAffine (img,rotation
matrix(num cols,num rows)).

CTBOPIOETHCA 300paXkeHHs D, Lo
BignoBigae noBepHeHOMY BUXIAHOMY
300paXXeHHI S, 3 BUKOPUCTaHHAM
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Fig. 6.22. Image resizing options

Image rotation. For the synthe-
sis of the image rotation procedure
in the OpenCYV library, the rotation
matrix cv2.getRotationMatrix2D
and the affine transformation func-
tion cv2.warpAffine (img, rota-
tion matrix, (num cols,num_ro
ws)) are formed.

An image D is created corre-
sponding to the rotated original im-
age s using one of the predefined



oAHoro i3 metogis iHTepnonsauii. Kyt
NoOBOPOTY 3afdaeTbCa B rpagycax.
[logaTHi 3Ha4YeHHsa LbOro napamert-
pa BignoBsigalTb MNOBOPOTY MPOTU
rOAWHHUKOBOI CTPINKM, a Big'€MHI —
3a roAMHHNKOBOD CTPISKOHO.

Y 3aranbHOMYy BMMNagKy KinbKiCcTb
nikcenis pesynbTiBHOro 306pakeHHs
D 6inbwe abo [OpPIBHIOE KiNbKOCTI
nikcenie BUXiQHOro 300paXXeHHs S.
3HayeHHs nikcenis 300pakeHHs1 D,
Ans 9KMX Hemae BignoBiOHMX NiKkce-
niB y 306paxkeHHi S, yCTaHOBIOKOTb-
ca B 0, wo aonga niBToHOBUX 306pa-
XEeHb BigNoOBigae YOPHOMY KOMbOpY.

PeaynbTtatn poboTtn kogy 3 noBo-
pOTYy 300paXeHHs mnokasaHo Ha
puc. 6.23.

Mpuknaa:
import cv2
import numpy as np

img = cv2.imread('16.jpg")
cv2.imshow ('Original', img)

num_rows, num cols = img.shapel[:2]

rotation matrix =

interpolation methods. The angle of
rotation is set in degrees. Positive
values of this parameter corre-
spond to the rotation counterclock-
wise, and negative values — clock-
wise.

In general, the number of pixels
of the resulting image D is greater
than or equal to the number of pix-
els of the original image s. The pix-
el values of image D, for which
there are no corresponding pixels in
image s, are set to 0, which corre-
sponds to black color for half-tone
images.

The results of the code rotation
by the image are shown in
Fig. 6.23.

Example:

cv2.getRotationMatrix2D ( (num cols/2,num rows/2), 60,1)
img rotation = cv2.warpAffine(img,rotation matrix, (num cols,

num_rows) )

cv2.imshow ('Rotation',img rotation)

(cv2.waitKey 0)

"X Original

Puc. 6.23. lNpuknag nosopoTty
3006pakeHHs

Fig. 6.23. Image rotation example



lMapanenbHe nepeHeceHHs1 30-
6paxxeHHs1. 30INCHI0ETBCA  (PYHKL-
€0 apiHHOrO NnepeTBOPEHHS
cv2.warp-Affne (img, -transla-
tion matrix(num cols,num rows
)) 3 BUKOPUCTAHHAM MaTpuui napa-
nenbHOro NepeHeceHHsa (transla-
tion matrix), Yy HAKiM Yy nikcensax
3a0a€eTbCA NepeHeceHHs BUXIOHOro
306paxkeHHs1 No psiakax i CTOBMAUSX.
PesynbTatm uUbOro MNepeTBOPEHHS
nokKasaHo Ha puc. 6.24:

import cv2
import numpy as np

img = cv2.imread('l.jpg')
cv2.imshow (' Original ', img)
num _rows, num cols = img.shapel[:2]

translation matrix =
img translation =

(num cols, num_ rows))

cv2.imshow ('Translation',
cv2.waitKey ()

.
] testljpg — -

Puc. 6.24. PesynbTatn napanensHOro
nepeHeceHHs1 300paxeHHs

Ckic 306paxeHHs. llle oguH pi3-
HOBMO addiHHOrNO MepPEeTBOPEHHA —
CKIC MPAMOKYTHOrO  306pakeHHs.
HaBegemo npuknag uboro nepeTso-
PEHHA 3 BUKOPUCTAHHAM  (PYHKLUIT
cv2.getAffineTransform(src po
ints,dst points)(puc. 6.25, a, 6):

np.float32 ([
cv2.warpAffine (img,
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Image translation It is imple-
mented by the affine transformation
function cv2.warpAffne (img,
translation matrix,

(num cols,num rows)) using the
parallel translation matrix (trans-
lation matrix), in which the
transfer of the original image in col-
umns and columns is specified in
pixels. The results of this transfor-

mation are shown in
Fig. 6.24:
[1,0,70], [0,1,110]1 1)

translation matrix,

img translation)

o= [

r
& Translation

Fig. 6.24. Results of parallel
image transfer

Bevel image. Another type of af-
fine transformation is the bevel of a
rectangular image. Let us give an
example of this transformation us-
ing the function cv2.getAffine-
Tranform(src_points,dst poin

ts) (Fig. 6.25, a, b):



import cv2
import numpy as np

img = cv2.imread('21.jpg')
rows, cols = img.shapel[:2]

src_points = np.float32([[0,0], [cols-1,0], [0,rows-1]1])

dst points = np.float32([[0,0], [int(0.6*(cols-1)),0],

[int (0.4* (cols-1)),rows-1]11)

affine matrix = cv2.getAffineTransform(src points, dst points)

img output = cv2.warpAffine(img, affine matrix, (cols,rows))
cv2.imshow ('Input', img)

cv2.imshow ('Output', img output)

cv2.waitKey ()

[ns cTBOpeHHA O3epKalibHOro Bi- To create a mirror image in the
nobpaxeHHs B HaBegeHOMY Kogi above code, it is necessary to make
HeobXigHO 3pobuTK Taky 3aMmiHy the following replacement
(puc. 6.25, s, 2): (Fig. 6.25, c, d):

src_points = np.float32([[0,0], [cols-1,0], [0,rows-1]])
dst points = np.float32([[cols-1,0],[0,0], [cols-1,rows-1]])

Puc. 6.25. Ckic 306pakeHHs1 i CTBOpPEHHS Fig. 6.25. Image Bevel and Mirror
Noro asepkanbHoI Koril
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IlpoekmueHi  nNepemeopeHHs.
AK | npn agiHHMX NepeTBOPEHHSX,
npsiMi NiHIT 3anuwarTbeCa NPAMUMN,
npoTe napanesibHi NepeTBOPHOHTLCS
Ha HenapanenbHi 3 BUOaneHow To4-
KO NepeTuHy.

HaBegemo npuvknag nporpamHoro
KOOy MPOEKTUBHOIO MNepeTBOPEHHS
300paxeHHs (puc. 6.26):

import cv2
import numpy as np

img = cv2.imread('22.jpg')
rows, cols = img.shapel[:2]

src_points
1,rows-111)

np.float32([[0,0],

Projective transformations. As
with affine transformations, straight
lines remain straight, but parallel
lines become non-parallel with a
distant intersection point.

Let us give an example of the
program code of the projective im-
age transformation, the results of
which are shown in Fig. 6.26:

[cols-1,0], [0,rows-1], [cols-

dst points = np.float32([[0,0], [cols-

1,0], [int (0.33*cols) ,rows-1],
[int (0.66*cols) ,rows-1]1)

projective matrix = cv2.getPerspectiveTransform(src points,

dst points)

img output =
(cols, rows))
cv2.imshow ('Input', img)

cv2.imshow ('Output', img output)

cv2.waitKey ()

Puc. 6.26. Npuknag npoekTMBHOro
nepeTBOPEHHS

e oauH npuknag nNpoeKTUBHOIO
nepeTBOpeHHs (puc. 6.27):

import cv2
import numpy as np

cv2.warpPerspective (img, projective matrix,

Fig. 6.26. An example of a projective
transformation

Another example of a projective
trans-formation (Fig. 6.27):



img =
rows,

cv2.imread('21.jpg')
cols = img.shapel[:2]

src_points =
[cols/2,rows-111])
dst points =
[cols/2,rows-111])

projective matrix =
dst points)

img output =
(cols, rows))

cv2.imshow ('Input',
cv2.imshow ('Output',
cv2.waitKey ()

img)

E[ o —a

Puc. 6.27. BapiaHT npoeKTUBHOIO
nepeTBOPEHHS

6.7. [leTeKTyBaHHA KyTiB
Ha 300paXeHHAX y cuctemax
TeXHiYHOro 3opy

[leTekTyBaHHA KYTOBUX TOYOK €
O4HUM 3i cnocobiB peanisadii KOM-
n'toTepHoro 3o0py. 3 4OMOMOroK LnX
anropuTMIiB y Kaapi BU3Ha4yalTb Xa-
paKTepHi OMOPHI TOYKU ONS HEepyxo-
MUX OD'eKTiB, AKi Hagani MoXHa BU-
KOPUCTOBYBATU MPU PO3paxyHKy Xa-
PaKTEPUCTUK pPYXy CnocTepexysa-
HUX 00'ekTiB. ICHye fekinbka TuniB
TaKNX anropuTMiIB.

[Ana peanisadii anroputMmy nowuy-
Ky KyTiB Xappica HeobxigHO BUMIips-
TM 3MiHY [HTEHCMBHOCTI nikcend

np.float32([[0,0],

np.float32([[0,50],

img output)
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[0, rows-1],

[cols/2,0],

[0, rows-51], [cols/2,0],

cv2.getPerspectiveTransform(src_points,

cv2.warpPerspective (img, projective matrix,

Fig. 6.27. Variant of projective
transformation

6.7. Detection of angles
on images in vision systems

Detection of corner points is one
of the ways to implement computer
vision. Using these algorithms in
the frame, the characteristic refer-
ence points for fixed objects are de-
termined, which can later be used
to calculate the motion characteris-
tics of the observed objects. There
are several types of such algo-
rithms.

To implement the Harris angle
search algorithm, it is necessary to
measure the change in pixel inten-



(x,y) 3 LOMOMOrol 3CyBY HEBESIMKO- sity (x,y) by offsetting a small

ro kBagpartHoro BikHa W posmipHic- square window W of 3x3 dimension
Tto 3x3 3 UeHTpoM Y (x,y) Ha OaWH centered at (x,y) by one pixel in
nikcesib y KOXXHOMY 3 BOCbMW MOX- each of eight possible directions.
nuBKMX HanpsamKiB. Taky onepadito This operation should be done with
Cnig BUKOHATW 3 KOXHUM nikcenem each pixel in the image. For each
Ha 300pakeHHi. [na KOXHOro nikce- pixel, the intensity change is calcu-
na 3MiHa IHTEHCUMBHOCTI obu4ucnio- lated by the formula

€TbCA 3a POPMYIOKo

E(u,v) = Z w(x, Y)[I(x +u,y+v) — I(x,y)]%

(x,y)ew

®yHKUia W (x,y) € dyHKUiEO BikHa The function W(x,y) is a function
W. Axkwo 3HavyeHHa W(x,y) =1, To of the window W. If the value of
nikcenb 3 koopanHaTamn (x,y) 3Ha- W(x,y) =1, then the considered
XOOUTBCA B MeXaX BIKHA, SAKWO X pixel with coordinates (x, y) is with-
W(x,y) = 0, — TO 3@ NOro Mexxamu. in the window, if W(x,y) = 0, then

3anuwemo opmyny B MaTpuy- beyond it.

HOMY BUrNAAi: We write the formula in matrix
form:
2
E(u,v) = [u,v] <Z II; I}Cz{y > (E)
xly Iy /Y

[na HeBenukoro [u, v] oTpUMyeEMO For a small [u,v] we get the fol-

Take: lowing:
~ u I? II,
E(u,v) = [u,v|M [v] M = Zw(x, y) [ley If, ]

[na KyTOBUX TOYOK € Xapakrep- For the corner points, the matrix
HUMW Benuki 3a MogyremM BhacHI M is large in modulus to the eigen-
3Ha4YeHHa maTpuui M. values.

Po3paxyHOK BfacHMX 3Ha4YeHb L€l Considering the eigenvalues of
MaTpuui € OCUTb TPYOOMICTKMM 3a- this matrix is a rather laborious
BOAHHAM, TOMy Xappic [OOaTKOBO task, so Harris additionally intro-
BBIB Mipy Biaryky duced a measure of response

R = detM — k(traceM)?,
ne k BU3HaA4YaeTbCA €eMNipuyHoO | where the value of k is determined
HanvacTiwe ctaHoBuTb Big 0.04 go empirically and most often lies in
0.15. Takmum 4ymHoOMm, 3Ha4YeHHA R € the range from 0.04 to 0.15. Thus,
BENUKUM | JodaTHUM ONs KYyTOBUX the value of R is large and positive
TOYOK. for corner points.
[Micnsa 3HaXOMKEHHST BCIX KYTOBMUX After finding all the corner points,
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TOYOK BigbyBaeTbCa IX BiOCiKaHHSA
(BigcikaloTbCs nule Ti TOYKW, 3Ha-
YeHHA R KX MeHLUe 3aJaHoro no-
pory).

HeTekTtop Xappica € iHBapiaHTHUM
[0 MOBOPOTIB | YaCTKOBO iHBapiaHT-
HUM [0 apiHHMX NepeTBOpPeHb. [1po-
Teé MOro HeaonikoM MOXHa BBaXKaTu
3anexHicTb Big maclutaby.

ModiObHUM YnMHOM Npautoe U gete-
kTop KyTiB LLUn-Tomaci. lNpoTe yepes
CTUCNUW BUKIAL martepuany npuH-
uMn noro poboTn po3rnsagatM He
bygemo, a 3anuwaemo ue Ha camo-
CTINHMW PO3rnsag yMtaya.

HaBegemo npuknagn nporpamHux
KodiB ONa OeTeKTopiB KyTiB Xappica
i Wn-Tomaci. Pesynbtatn poboTu
UMX anropuTMmiB MnokasaHO Ha pwuC.
6.28 1 6.29.

HAdemexkmop kymie Xappica.
Hani HaBegeHO npuknag nporpam-
HOro Kogy, WO peanisye anroputm
Xappica (puc. 6.28):

import cv2
import numpy as np

img = cv2.imread('25.jpg')
cv2.imshow('Original', img)

they are clipped (only those points
whose R value is less than the
specified threshold are cut off).

The Harris detector is invariant to
rotations and partially invariant to
affine transformations. However, its
disadvantage can be considered
the dependence on scale.

The Shi-Tomasi angle detector
works in a similar way. However,
for the sake of brevity, we will not
consider the principle of its work,
but leave it to the reader for inde-
pendent consideration.

We give examples of program
codes for the Harris and Shea-
Tomasi angle detectors. The results
of these algorithms are shown in
Fig. 6.28 and 6.29.

Harris Corner Detector The fol-
lowing is an example of a program
code that implements the Harris al-
gorithm (Fig. 6.28):

gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

gray = np.float32(gray)

dst = cv2.cornerHarris(gray, 4,5,
corners
#dst = cv2.cornerHarris (gray,

corners

0.04) # to detect only sharp

5, 0.04) # to detect soft

# Result is dilated for marking the corners

dst = cv2.dilate (dst,None)

# Threshold for an optimal value,

image.

it may vary depending on the

img[dst > 0.0l*dst.max ()] = [0,0,0]

cv2.imshow ('Harris Corners', img)

cv2.waitKey ()



a

6.28. [leTekTyBaHHS KyTiB anropMTMom
Xappica
Hdemekmop kymie Lllu-Tomaci.
HetekTop Wn-Tomaci nae aHanoriy-
Hi pe3ynbTaTu MOPIBHAHO 3 anropu-

TMOM Xappica, WO BUAHO Ha
puc. 6.29:

import cv2

import numpy as np

img = cv2.imread('25.jpg')
cv2.imshow ('Original', img)

gray =

corners =

corners = np.float32 (corners)

for item in corners:

X, v = item[0]
cv2.circle(img, (x,v), 5,
cv2.imshow ("Top 'k' features",

cv2.waitKey ()

a

Puc. 6.29. [leTekTyBaHHS KyTiB
anroputmom LLn-Tomaci

cv2.goodFeaturesToTrack (gray,

' - —hy|
] Harris Comers .

6.28. Angle detection by Harris algorithm

Shi-Tomasi corner detector.
The detector Shih-Tomasi gives
similar results in comparison with
the algorithm of Harris. This is seen
in Fig. 6.29:

cv2.cvtColor (img, cv2.COLOR_BGR2GRAY)

7, 0.05, 25)

img)

3 Top ¢ features N e )

Fig. 6.29. Angle detection by
Shih-Tomasi algorithm
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7. AIICOPUTMU OPENCV O1A
OBPOBJIEHHA BIAEOOAHUX

Y nonepegHboMy po3gini 6yrno
BUKNAOEHO Kiflbka MeTodiB 0bpob-
neHHs1 306paxeHb Ha Python 3 Bu-
KOPUCTaHHSAM Pi3HUX pyHKUinN Bibni-
otekmu  OpenCV. [lopiBHANbHUN
aHanis pecypciB uiel 6ibniotekn 3
MOXITMBOCTAMM OCHOBHUX (PYHKLIN |
MeToaiB naketa moaynie 6i6nioteku
Pillow nokasye, WO BOHM MalTb
NpUBAN3HO O4HAKOBI (PYHKLiOHASbHI
MO>XINBOCTI.

Lle ctocyetbca anroputmiB nepe-
TBOPEHHSA KOSipHUX npocTopiB i di-
nbTpauil 306paxeHb, metoaiB adyiH-
HUX | NPOEKTUBHUX NEPeTBOPEHb Ta
iH. He MeHwWw edekTnBHMM ans ob-
pobneHHss 300paxeHb € 3acTocy-
BaHHA gofgatkiB Image Processing
Toolbox nporpamu Matlab.

OfgHak ue NOMUITKOBE BPaXXEHHS.
OcCHOBHOI NepeBarotd BUKOPUCTaH-
HA doyHKUiM 6ibniotekn OpenCV €
ICTOTHO BULLA LUBNOKOAISA.

Lle npakTMyHO HEnomiTHO nig 4ac
0bpobneHHss OKpeMux 3006paxkeHb,
ane npu ob6pobneHHi ”n aHanisi
BigeonocnigoBHOCTEN Uen dakTop
cTae aoMiHytouuMm. binbw Toro, y 6i-
NbLWIOCTI BMNaAKiB HeobXxigHO npo-
BOOMTN OBpPOBNEHHs B pearibHOMY
MacwTabi Yacy, a ue MOXMNBO Tifb-
KW 3 BMKOPUCTAHHAM anroputmis
OpenCV. Po3rnsHemMo Ui nepesaru
Oinbl geTanbHo.

7.1. YUYnTaHHA i 3anuc BigeoaaHux

PoarnsHemo Hanbinbw 3atpeby-
BaHi npoueaypu 4YuTaHHA Bigeona-
HUX B nporpamy Python 3 gonomo-
roro  dyHkuin Oibniotekn OpenCV
npv BUKOPUCTaHHI web-kamepu nep-
COoHarbHOro Komn'rotTepa, Bigeoka-
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7. OPENCV ALGORITHMS
FOR PROCESSING VIDEO DATA

The previous section outlined a
number of methods for processing
images in Python using various
functions of the OpenCYV library. A
comparative analysis of the re-
sources of this library with the ca-
pabilities of the basic functions and
methods of the package of modules
of the Pillow library shows that they
have approximately the same func-
tionality.

This applies to algorithms for
converting color spaces and image
filtering, methods for affine and pro-
jective transformations, and so on.
It is equally effective for processing
images and using Matlab's Image
Processing Toolbox application.

However, this is a mistaken im-
pression. The main advantage of
using the functions of the OpenCV
library is significantly higher speed.

This is almost imperceptible
when processing individual images,
but when processing and analyzing
video sequences, this factor be-
comes dominant. Moreover, in most
cases it is necessary to carry out
processing in real time, and this is
possible only using OpenCV algo-
rithms. Consider these advantages
in more detail.

7.1. Reading and recording video

Consider the most popular pro-
cedures for reading video data into
the Python program using the
OpenCYV library functions when us-
ing a personal computer web-cam,



mep 3 USB-nigkntoyeHHsm abo 36e-
peXeHux paHiwe Bigeodamnis. Y
LbOMY pO3A4ini TakoX onuLiemMo npo-
ueaypu 30epexeHHs  BigeogaHux
(3anucyBaHHSA Ha OUCK).

[Mpouenypa 4uTaHHA Bigeo [no-
CUTb NpocTa, ockinbkn OpenCV aB-
TOMaTU4YHO MiOTPUMYE Pi3HI hopma-
TV BigeogaHux (mp4, avi Ta iH.). Onga
3abe3neyveHHs pi3HMX BapiaHTIB Yu-
TaHHS BUKOPUCTOBYETHCA 06'EKT MO-
Ayna VideoCapture ().

AK apryMeHT BMKOPUCTOBYETLCS
uine yucno abo im'a danny. Llino-
YUCNOBUN apryMeHT LbOro Moayns €
iAeHTUgIKaTopoM nNigKNHYEeHo! A0
KoMmn'totepa kamepu, a iMm'a canny
BUKOPUCTOBYETbCA OS5 3axBaTy Aa-
HMUX 3anucaHoro padiwe Bigeodau-
ny. BébynoBaHa web-kamepa 3a3Bu-
Yyan mae igeHTudpikatop 0.

Tomy, wo6 ycniwHO npoynTaTn
Bigeo 3 web-kamepun Baworo Note-
book, BMKOpUCTOBYUTE VideoCap-
ture (0). Yci iHWi USB-kamepun 6y-
AyTb MaTu igeHTudikaTopu, Wo no-
YmMHarTbCs 3 1.

HYumaHHs1 gideo 3 web-kamepu.
HaBegemo npuknag kody Onst 3axo-
nreHHs Bigeo 3 web-kamepu Note-
book i nokaxemo BiKHO nepernagy
BigeonaHux (puc. 7.1):

import cv2

cap = cv2.VideoCapture (0)

USB-connected camcorders or
previously saved video files. In this
section, we also describe the pro-
cedures for storing video data (re-
cording to disk).

The procedure for reading video
is quite simple, since OpenCV au-
tomatically supports various for-
mats of video data (mp4, avi, etc.).
To provide different read options,
the videoCapture() module ob-
ject is used.

An integer or file name is used
as an argument. The integer argu-
ment of this module is the identifier
of the camera connected to the
computer, and the file name is used
to capture the data of the previously
recorded video file. The built-in
webcam usually has ID 0.

Therefore, to successfully read vid-
eo from your Notebook's webcam,
use vVideoCapture (0). All other
USB cameras will have identifiers
starting with 1.

Reading video from webcam. Here
is an example code for capturing
video from a Notebook webcam
and a video viewing window
(Fig. 7.1):

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

while True:
ret, frame = cap.read()

frame = cv2.resize (frame,None, fx=1.0,£fy=1.0,interpolaeion

= cv2.INTER AREA)

cv2.imshow ('Input', frame)

c = cv2.walitKey (1)



== 27:
break
cap.release ()
cv2.destroyAllWindows ()

if ¢

Y uUbOMYy KOAi BUMKOPUCTOBYHOTLCS
dYHKUil cam = cv2.Video Cap-
ture (0) i read (). OcTaHHA QOYHK-
Lis noBepTae Kagpwu BigeO W KOHT-
POME YCNIWHICTb YMUTAHHA Kagpy
(noriyHe 3HaYeHHs € npaBUNbHUM
(value is true) Yy pasi, FKWO
kagp ©OyB YyCMiWIHO MPOYUTaHUN, |
HenpaBuriibHUM (value is false)
B iHLWOMY BUNagKYy).

This code uses the cam =
cv2.VideoCapture (0) and
read () functions. The latter returns
video frames and controls the suc-
cess of the frame reading (the

boolean value is true (value 1is

true) if the frame was successfully
read, and the (value is false)
otherwise).

7.1. BikHO nepernsgy web-kamepu

lUle ooHnm BaxnueuMm akTo-
poM € MacwTab BigobpakeHHs no-
TOYHOro perma npu nepernsagi Bi-
JeonocnigoBHocTi. [1na uboro Heob-
XigaHO B apryMeHTi doyHKUT
cv2.resize (frame,None, fx =
0.5, fy = 0.5, ...) ykasatu rno-
TPiBGHI BaMm po3mipu (Hanpuknag, fx
= 1.0, fy = 1.0).

Livkn yutaHHA BigeogaHux y
LbOMY KoAi ret, frame =

143

e

7.1. Web-cam view window

The second important factor is the
scale of the display of the current
frame when viewing a video se-
quence. To do this, you need to
specify the dimensions you need in
the function argument cv2.resize
(frame, None, fx = 0.5, fy =
0.5, ...) (for example, £x=1.0,
fy = 1.0).

The cycle of reading video data

in this code ret, frame =



cap.read () TpuBaTume OOTU, OOKU
He BiAbyOeTbCA HaTUCKaHHS KraBiLli
Esc Ha knasiaTtypi — ue nepepse
npoueaypy BigeosaxesaTty. Lia gia B
nporpami BigobpaxaeTbCsa YMOBOK
if ¢ 27. 7k BigomMo, ASCII
3Ha4yeHHs1 Esc cTtaHoBUTb 27. Ko-
MaHOa cap.release() 3aKpuBae
web-kamepy.

YumaHHs eideo 3 balny.
LLlo6 npounTaTun BigeoaaHi 3 danny,
3a3BuYan BUKOPUCTOBYETLCS aHaro-
rYHUn KoA:

import cv2

cap =

cap.read () will continue until the
Esc key on the keyboard is pressed
— this will interrupt the video cap-
ture procedure. This action is dis-
played in the program by the condi-

tion if ¢ == 27. As you know, the
Esc AsciIi value is 27. The
cap.release () command closes

the webcam.

Reading video from file. To
read video data from a file, similar
code is usually used:

cv2.VideoCapture ("blue ball.avi")

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

cap.set (cv2.CAP PROP POS FRAMES, 300)

while True:
ret, frame = cap.read()
frame = cv2.resize (frame,
tion=cv2.INTER AREA)
cv2.imshow ('Input', frame)
CcC =
if ¢

cv2.waitKey (1)
27 :
break

cap.release ()
cv2.destroyAllWindows ()

BikHO Ons nepernagy TeCTOBOro
Bigjeodanny blue ball MOKa3aHO
Ha puc. 7.2. Y HbOMy BigobpaKaeTb-
CA PYX CUHBLOI KyIibKM Ha CBITSIO-
cipomy oOHi. 3asHaunmmo, LWo npu
BKasiBUi iMeHi dhanny HeobxigHO
060B'sI3KOBO BKa3atu M popmat Bi-
AeofaHux. Y Hawomy Bunagky ue
dopmart avi. LLle ogHa ocobnueicTb

None,
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fx=1.0, fy=1.0, interpola-

The window for viewing the
blue ball test video file is shown
in Fig. 7.2. It displays the move-
ment of a blue ball on a light gray
background. Note that when speci-
fying the file name, it is necessary
to specify the format of the video
data. In our case, this is avi for-
mat. Another feature is that the



nonarae B TOMy, LLO BUXIOHUM Bige-
odann noTpibHO MOMICTUTKM B CUC-
TemHy nanky Python, w06 yHUKHYTK
NOMWUIIOK NpW BKasiBUi LWNAXYy A0
Lboro thanny.

Y peakux Bunagkax BUHUKAE He-
OOXiOHICTb YUTaHHA JaHUX He 3
nepLioro, a 3 B6inbL NisHLOro pen-
Ma BigeornocnigoBHOCTI. Toai B pyH-
KUil YCTAHOBOK ap.set (cv2.CAP
PROP_POS_ FRAMES,300) HeobXxigHo
BKasaTu HoMep dopenma, AKUN € TOo-
YKOK BXOAY B YMTaAHHS BigeodaHuX.
Y Hawomy npuknagi ue 300-n kagp.

source video file must be placed in
the Python system folder to avoid
errors when specifying the path to
this file.

In some cases, it is necessary to
read data not from the first, but
from a later frame of the video se-
quence. Then in the settings func-
tion ap.set  (cv2.CAP PROP -
POS FRAMES,300) Yyou heed to
specify the frame number, which is
the entry point to the reading of
video data. In our example, this is
the 300th frame.

EESEES. 3 e

Puc. 7.2. BikHo nepernsagy sigeodanny

3anuc eideoghatiny 3 cepii 30-
OpaxxeHb 3 gonomorok 6ibnioTekn
OpenCV wmoBow Python 3piNcCHIO-
€TbCA 3a gonomorow  ob'ekta
VideoWriter, AKUN BUKINUKAETHLCSH i3
3asganerigb BU3Ha4YeHUMU napame-
Tpamu. Lla HasBa Bigeodhanny (ong
30epexeHHst), fourcc (BiAeoKoOEeK),
fps (4actoTa 3MiHM KagpiB), size
(po3mipn ppenmis). Hasegemo npu-
Knag 344MTyBaHHS BigeonocnigoBHO-
CTi 3 web-kamepu 3 OOHOYACHUM
30epexeHHaM ii B (pann 3 gonomo-
roto PyHKUiT VideoWriter:

import cv2

cam = cv2.VideoCapture (0)
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Fig. 7.2. Browse window video file

Recording a video file from a se-
ries of images using the OpenCV
library in Python is done using the
VideoWriter oObject, which is
called with predefined parameters.
This is the name of the video file
(for saving), fourcc (video co-
dec), fps (frame rate), size (frame
size). Here is an example of read-
ing a video sequence from a
webcam while simultaneously sav-
ing it to a file wusing the
VideoWriter function:



ret, frame = cam.read()

h, w = frame.shapel[:2]
fourcc =
video write =

cv2.VideoWriter fourcc (*'DIVX')

cv2.VideoWriter ('saved out.avi', fourcc,30.0, (640,480))

while (cam.isOpened()) :

ret, frame =

cam.read ()

video write.write (frame)

cv2.imshow ('video', frame)
c = cv2.waitKey (1)
f c == 27:

break

cam.release ()
video write.release()

cv2.destroyAllWindows ()

Y ubOoMy KoOAi CnoyaTKy CTBOPKETb-
cad 00'ekT video write QYHKUIT
VideoWriter | aprymeHTu, nepena-
Hi B VideoWriter. Y HallOMy NpUK-
napgj im'a panny 'saved out.avi',
fps (30 dppenmis/c), poamip Kagpy
(640x480), fourcc — 4YOTUPM3HAY-
HUA KO, SAKUMA BUKOPUCTOBYETLCS
Ana nogaHHA dpopmatiB CTUCHEHHA.
Micns BU3HAYEHHS ob'ekTa
VideoWriter YUTAETbCA Kadp 3a
KagpoM i 3anncyeTbCsl KOXXEH Kagp 3
A0MoMoro OyHKUil write () Yy BK-
XigHUn dpann. 3asHaymMmo, Wo Yu-
TaHHSA Bigeo 3 web-kamepn i CUHX-
POHHE MOro 30epexeHHs1 aAalTb
3Mory egeKkTMBHO [OOKYMEHTYyBaTu
pe3ynbTaTt  Bi4eOCNOCTEepPeXeHHS
Ana noganbLioro aHanisy.

7.2. O6pobneHHA Bigeo
3 web-Kkamepu B peanbHOMY 4aci

PosrnaHemo kKinbka npuknagis
obpobneHHss B nporpami Python 3
BUKOPUCTaAHHAM OYHKUIN BibnioTekn
OpenCV. 3a GaxaHHA poboTy Ha-
BeEHNX KOAIB yMTad MOXe Jerko
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In this code, the videoWriter
function is first created with the
video write object and the argu-
ments passed to the videowriter.
In our example, the file name is
'saved out.avi', fps (30
frames/s), frame size (640x480),.
fourcc is a four-digit code used to
represent compression formats. Af-
ter determining the videoWriter
object, it is read frame by frame
and is written each frame using the
write () function in the output file.
Note that reading video from a web-
camera and its synchronous stor-
age allows you to effectively docu-
ment the results of video surveil-
lance for later analysis.

7.2. Processing video from a
webcam in real time

Let's look at a few examples of
video processing in a Python pro-
gram using the functions of the
OpenCV library. If desired, the
reader can easily check the above



nepesipuUTM Ha CBOEMY KOMMN'IOTEPI U

nepekoHaTucd, WO OOpobneHHs
NpoBOAMTLCS B peanbHOMY MacLl-
Tabi vacy.

lMepemeopeHHsT KOMIpHUX Mpo-
cmopie, eudifleHHs1 MeX O06'ekK-
mie. HaBegemo npuknag peectpauil
Bigeo 3 web-kamepu 3 rnepeTBopeH-
HSIM MOBHOKOSIbOPOBOrO 300paKeH-
HS KagpiB Ha NiBTOHOBE N BUAINEHHS
MeX OB'eKTiB y Kagpi anroputMom
KaHHi. Kog uiel nporpamu HaBegeHo
HUX4Ye, a pesynbTaTtu 0BpobNeHHs
nokasaHo Ha puc. 7.3:

import cv2

cap = cv2.VideoCapture (0)

codes on his computer and make
sure that the processing is carried
out in real time.

Conversion of color spaces, se-
lection of object boundaries. Let us
give an example of registering vid-
eo from a web-camera with the
conversion of a full-color image of
frames into halftone and the selec-
tion of the borders of objects in a
frame by the Canny algorithm. The
code for this program is shown be-
low, and the processing results are
shown in Fig. 7.3:

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

while True:
ret, frame = cap.read()
frame = cv2.resize (frame,
tion=cv2.INTER_AREA)

cv2.imshow ('Input', frame)

frame gray =

None,

cv2.cvtColor (frame,

cv2.imshow ('Gray', frame gray)

edges =
cv2.imshow ('Edges',6 edges)
c = cv2.waltKey (1)
if ¢ == 27:
break
cap.release ()
cv2.destroyAllWindows ()

Y ubOMy NporpaMmHOMYy KOAi TakoX
30INCHIOETLCA MEPETBOPEHHSA BUXia-
HOI BiJeonocnigoBHOCTI HA MNIBTOHO-
BY 3 A0MOMOroto doyHKUT
frame gray=cv2.cvtColor (frame
,Ccv2.COLOR_BGR2GRAY) | BUAINEH-
HA MeX OB'eKTiB y Kagpi 3 JOMOMO-
roto doyHKUIT edges =
cv2.Canny (frame gray, thresh).
Harapaemo, wo napameTp thresh
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fx=1.0, fy=1.0, interpola-

cv2.COLOR BGR2GRAY)

cv2.Canny (frame gray,0,99)

This program code also converts
the original video sequence into a
grayscale using the frame gray
=cv2.cvtColorfunction (frame,
cv2.COLOR BGR2GRAY) and extract-
ing the borders of objects in the
frame using the edges =
cv2.Canny (frame gray, thresh)
function. Recall that the thresh pa-
rameter determines the degree of



BU3HA4ae CTyMiHb AeTanisauil KoH-
TYpiB Mex po3ainly ob'ekta i HaBKoO-
NULLHBOTO (POHY.

3BeEpHITb yBary, Lo BCi npoueny-
pU 3axXONSIeHHs BigOBpaXKeHHs 1 ne-
PETBOPEHHSI MNPUAHATOI 3 web-
Kamepu BieonocnigoBHOCTI  BUKO-
HYIOTbCA B pearlbHOMy MacluTabi
yacy. Lle cBigunTb Npo BUCOKY edoe-
KTUBHICTb BUMKOPUCTAHHSA  (PYHKLIN
6ibniotekn OpenCV.

x - Input

Puc. 7.3. lNepeTBOpeHHs hpenma
Bigeodanny: a — BuxigHuin, 6 — nNiBTOHO-
BWI, 8 — KOHTYpK 06'ekTa thresh = 0,99,

2 — KOHTypu ob'ekTa thresh = 0,99
Feomempu4yHi nepemeopeHHs
eideodaHux. Y posgini 3 6yno no-

Ka3aHo MOXKJTMBOCTI

oidbnioTekn

detail of the contours of the inter-
face of the object, and the sur-
rounding background

Please note that all procedures
for capturing the display and trans-
formation of a video sequence re-
ceived from a webcam are per-
formed in real time. This indicates
the high efficiency of using the
functions of the OpenCV library.

e

Fig. 7.3. Frame transformations of the

video deofile: a — source, b — halftone,

¢ — object outlines thresh = 0.99,

d—-object outlines thresh =
0.99

Geometric transformation of vid-
eo data. In Chapter 3, the capabili-
ties of the OpenCYV library for per-



OpenCV WoaOo BMKOHAHHS reoMerT-
PUYHUX (aPiHHMX | NPOEKTUBHUX)
nepeTBOpPEHb 300paXeHb — KOPOTKO
BUKNageHO TEOPETUYHI BIAOMOCTI M
HaBedeHOo npuknaguM nodbyaoBu Ko-
AiB, AOCUTb AOKMNagHO ONMcaHoO CUH-
TakCUC BUKOPUCTOBYBaHUX (PYHKLIN.
Po3wmpnmMo MOXNMBOCTI BUMKOPUC-
TaHHA Takux anroputMmiB Ta Yya3a-
ranbHUMO Ui MeToan Ha obpobneH-
HA BigeonocnigoBHocTen. [Ana uboro
HaBegemo Kiribka npuknaais
(pnc. 7.4):

import cv2
import numpy as np

cap = cv2.VideoCapture (0)

forming geometric (affine and pro-
jective) image transformations were
shown - theoretical information was
briefly presented and a number of
examples of building codes describ-
ing the syntax of functions used
were described in detail. We will
expand the possibilities of using
such algorithms and generalize
these methods to the processing of
video sequences. For this we give a
number of examples (Fig. 7.4):

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

while True:
ret, frame = cap.read()
frame = cv2.resize (frame,

None, fx=1.0,fy=1.0, interpolation=cv2.INTER_ AREA)

cv2.imshow ('Input', frame)

num rows, num cols = frame.shape[:2]

translation matrix = np.float32([[1,0,70],[0,1,100]])
frame translation = cv2.warpAffine(frame, transla-

tion matrix, (num cols,num rows))

cv2.imshow('Translation',

c = cv2.waltKey (1)
if ¢ == 27:
break

cap.release ()
cv2.destroyAllWindows ()

frame translation)



Puc. 7.4. NapanensHuin nepeHoc
BloeogaHnx

loeopom kadpie eideo-1. [lig
yac obpobneHHa KagpiB 4acTto BuU-
HUKaAE HeOOXIOHICTb MOBOPOTY 30-
OpaxeHb KagpiB BIAHOCHO IX LEHTpa
Ha NOTPIOHMI KYT 3a rOOVWHHMKOBOK
cTpinkoto abo npoTu roAMHHUKOBOI
CTPINKW.

Lla npouenypa nerko peanisyeTb-
ca 3 Oonomoro oyHKUil NOBOPOTY
OpenCYV. [lporpamMHuUin Kog TaKoro
0bpobneHHss HaBeOeHO Hmx4e, a
pes3ynbTaTM MOBOPOTY Kaapy noka-
3aHO Ha puc. 7.5:

import cv2
import numpy as np

cap = cv2.VideoCapture (0)

Fig. 7.4. Parallel video transfer

Rotate video frames-1. In the
practice of video processing, it is
often necessary to rotate images of
frames relative to their center at a
desired angle clockwise or counter-
clockwise.

This procedure is easily imple-
mented using the OpenCYV rotation
feature. The program code of such
processing is given below, and the
results of frame rotation are shown
in Fig. 7.5:

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

while True:
ret, frame = cap.read()
frame = cv2.resize (frame,

None, £x=0.5,fy=0.5, interpolation=cv2.INTER_ AREA)

cv2.imshow ('Input', frame)

num_rows,num cols = frame.shapel[:2]
rotation matrix = cv2.getRotationMatrix2D ((num cols/2,

num_rows/2),10,1)

frame rotation = cv2.warpAffine(frame,rotation matrix,

(num_cols,num rows) )

cv2.imshow ('Rotation', frame rotation)



c = cv2.waltKey (1)
if ¢ == 27:
break

cap.release ()
cv2.destroyAllWindows ()

Y ubomy Koai hopmyeTbCcsa mart-
puua NOBOPOTY rotation matrix,
y SIKin 3agaeTbCs NOTPIGHUIA KyT Mo-
BOPOTY, a gdarni us maTpuusa BUKOPU-
CTOBYETLCA $K aprymeHT yHKUil

aiHHNX nepeTBOpPEHb
cv2.warpAffine (frame, rotation

_matrix(num cols,num_rows)).

Ha xanb, uen meton nepeTso-
PEHHS Ma€ BEeNIMKUWA HeJorslik — rnpu
30epexeHHi po3MmipiB kKagpy «obpi-
3al0TbCaA» KyTU 300pakeHHs!, Lo
MOXe Mpu3BecTM [0 YacCTKOBOI
BTpaTn iHgopmauil. Wnaxu 3anobi-
raHHS LbOMYy MOKa3aHO B TakKOMy
npuknagi.

e

Puc. 7.5. NoBopoT kagpiB Bigeo Ha 10°
NpPOoTN rOANHHUNKOBOI CTPIJTKA
lToeopom kadpie eideo-2. Y
LbOMY BMMNAOKy nonepenHbo op-
MYeETbCA OBi MaTpuui — transla-
tion matrix | rotation ma-
trix, LIO BUKOPUCTOBYKTbCA Aani
AK apryMeHTu aiHHOT oyHKLUIT 3CyBY
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In this code, the rota-
tion matrix rotation matrix is
formed, in which the desired rota-
tion angle is specified, and then this
matrix is used as an argument of
the function of affine transfor-
mations cv2.warpAffine
(frame, rotation matrix (num c
ols,num_rows))._ B

Unfortunately, this method of
transformation has a big disad-
vantage - while maintaining the
frame size, the corners of the im-
age are “cropped”, which can lead
to partial loss of information. Ways
to overcome this drawback are
shown in the following example.

Rotation

Fig. 7.5. Rotate video frames by 10°
counterclockwise

Frame rotation—-2. In this case,
two matrices are preliminarily
formed - translation matrix
and rotation matrix, used
further as arguments of the affine
shift function cv2.warpaAffine



cv2.warpAffine (frame, transl
a-tion matrix), | BMKOHYETbCHA
Aani  gyHKUis KyTOBOro MNOBOPOTY
cv2.warpAffine (frame transl
ation,rotation matrix).

KombiHauis Takmx nepeTBOpeHb
[ae 3MOry He TiflbKN 34IMCHUTU No-
BOPOT 300paXeHHsa kagpa Ha NoTpi-
OHMI KyT, ane M YHUKHYTWU BTpaTtu
iHpopmaLuii Yepe3 «0Opi3aHHA» Ky-
TiB 300paxeHHs. LUlonpasga, npwu
LbOMY 30iNbLUYIOTECA PO3MIpU BUXI-
AHOro dopenma, a BifnbHI 30HM 3ano-
BHIOKOTbCSA  HYNbOBUMMU  MIKCENSAMWN.
[ani HaBegeHO MOBHUN NPOrpamMHuin
KoL LbOro anroputMmy, a pesynbtaTtu
nepeTBOPEHHS nokasaHo Ha
puc. 7.6:

import cv2
import numpy as np

cap = cv2.VideoCapture (0)

(frame, transla-tion ma -
trix), and the further function of
angular rotation cv2.warpAffine
(frame translation, rota-
tion matrix).

The combination of such
transforma-tions allows not only to
rotate the image of the frame at the
desired angle, but also to avoid loss
of information due to the "cropping"
of the image angles. True, this in-
creases the size of the original
frame, and the free zones are filled
with zero pixels. The following is
the full program code of this algo-
rithm, and the conversion results
are shown in Fig. 7.6:

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

while True:
ret, frame = cap.read()
frame = cv2.resize (frame,

None, £x=0.5,fy=0.5, interpolation=cv2.INTER_ AREA)

cv2.imshow ('Input', frame)

num rows,num cols = frame.shapel[:2]

translation matrix =

np.float32([[1,0,int (0.5*num cols)], [0,1,int (0.5*num rows)]])

rotation matrix =

cv2.getRotationMatrix2D ( (num cols,num rows),30,1)

frame translation =

cv2.warpAffine (frame, translation matrix, (2*num cols,

2*num_rows) )
frame rotation =

cv2.warpAffine (frame translation,rotation matrix,

(2*num_cols, 2*num_rows) )



cv2.imshow ('Rotation', frame rotation)

CcC =
if ¢

cv2.waitKey (1)
27 :
break

cap.release ()

HaBepneHi npuknagn reomeTpuy-
HUX NepeTBOpPEeHb BigeoaaHMX Mnoka-
3yl0Tb, WO Taki 3aBOaHHA 3 BUKOPU-
CTaHHAM CcTaHAapTHUX doyHKUin 6ib-
niotekn OpenCV He CTaHOBMATb
TPYLHOLLIB NpPU CTBOPEHHI Nporpam-
HUX KOAIB i AalTb MOXIUBICTb PO-
6oTn B peanbHoMy MacLuTabi yacy.

Puc. 7.6. NoBopoT kagpis Bigeo
6e3 o6pizaHHA KyTiB 306paKeHHs

7.3. O6po6neHHs Biaeo
B iHTEPaKTUBHOMY peXumi

HaBegeHun paHiwe npuknag Ko-
Ay, Wo 3abesnevye BUAINEHHS KOH-
TypiB 06'ekTiB 3a mMeToaomM KaHHi,
Aae 3Mmory epeKTMBHO BUPILLINTU NO-
cTaBfieHe 3aBfaHH4, arne Mae iCToT-
HWUW HeZosiK — npu 3MiHi yMOB OCBIT-
NEeHHs1 CUEeHN HeobXxiaHO Bigperynto-
BaTW napameTp thresh, a OTXe, Mo-
TpiGHO nepepsaTh poboTy nporpamm
N yBECTU HOBI 3HAYEHHA LbOro na-
pameTpa. Habarato 3pyu4Hiwe 6yno

153

The examples of geometric
transformations of video data show
that such tasks using the standard
functions of the OpenCYV library do
not cause difficulties when creating
program codes, and provide an op-
portunity to work in real time.

Rotation

Fig. 7.6. Rotate video frames without
cropping image corners

7.3. Online video processing

The earlier code example, which
provides the selection of contours
of objects using the Canny method,
makes it possible to effectively
solve the set problem, but has sig-
nificant disadvantages — when the
lighting conditions of the scene
change, the thresh parameter
must be adjusted, and therefore the
program must be interrupted and It
would be much more convenient to



6 34icHIOBaATM perynoBaHHA na-
pameTpis 06pobneHHs BigeogaHux
IHTEpPaKTUBHO, He nepepuBaryu
npoLecy peecTtpadil.

HaBegnemo nporpamHun Kog, sSiKUn
BUKOHYE BUPILLEHHS Takoro 3aBaH-
HSA: OeTEeKTyBaHHA BUXIQHOI Bigeono-
CNIJOBHOCTI  LUNSIXOM  BUAINMEHHSA
Mex ob6'ektiB 3a Metoaom KaHHi
(puc. 7.7). PerynioBaHHA 3Ha4eHb
napameTpa thresh npoBOAUTLCA
IHTEPaKTUBHO 3 BUKOPUCTAHHAM y-
HKUIN  thrsl=cv2.getTrackbar
Pos('thrsl','edge') | thrs2
=cv2.getTrackbarPos ('thrs2'
,'edge') . Ue T1aKk 3BaHi «Tpek-
Bapu» — CMYXKOBI perynsatopu, siKi
3abesneyyloTb MnNaBHE 3MiHEHHS
HeoOXigHMX napameTpis. Y Hawomy
BUNAaAKy BOHW JaAl0Tb 3MOry iHTEpak-
TUBHO perynoBaTy CTyMiHb AeTarni-
3auil parmMeHTiB 3006paxkeHHsa nig
yac BuUAINeHHAa Mex ob'ekTiB.

IHmepakmueHe demekmyeaHHs
Mex y eideonomoui. Y HaBeOeHo-
MYy HWX4Ye nporpamMHOMy Koai ans
CTBOPEHHSA [OBWXKIB-perynatopis Bu-
KOPUCTOBYKOTbCA doyHKUT
cv2.create Trackbar:

import cv2
import numpy as np

# relative module
import video

# built-in module
import sys

if name == ' main ':
print (_ doc )
try:
fn = sys.argv[1]
except:
fn = 0
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adjust the video processing param-
eters interactively, without interrupt-
ing the registration process.

Let us describe the program co-
de that accomplishes the solution of
such a task — the source video se-
quence is detected by the method
of selecting the Canny object
boundaries (Fig. 7.7). The thresh
parameter is adjusted interactively
using the functions thrsi=
cv2.getTrackbarPos ('thrsl'
, 'edge') and thrs2=cv2.get
TrackbarPos ('thrs2',
'edge'). These are the so-called
“Trackbars” — strip regulators that
ensure the smooth change of the
required parameters. In our case,
they allow you to interactively ad-
just the level of detail of image
fragments when selecting the
boundaries of objects.

Interactive border detection
in a video stream. In the above
program code, the cv2.create
Trackbar functions are used to
create the controller engines:



def nothing(*arg) :

pass

cv2
cv2
cv2

.namedWindow ( 'edge')

cap =

while True:
flag, img =
gray =
thrsl =
thrs2 =
edge =
vis
vis =
vis [edge 0] = (0,
cv2.imshow('edge',
ch = cv2.waitKey (5)
if ch 27 :

break
cv2.destroyAllWindows ()

img.copy ()

I =

.createTrackbar ('thrsl'
.createTrackbar ('thrs2',

cap.read()

cv2.cvtColor (img,
cv2.getTrackbarPos ('thrsl',
cv2.getTrackbarPos ('thrs2',
cv2.Canny (gray, thrsl, thrs2, apertureSize=5)

np.uint8(vis/2.)
255,

, 'edge',
'edge',

video.create capture (fn)

vis)

2000,
4000,

5000,
5000,

nothing)
nothing)

cv2.COLOR BGR2GRAY)

'edge')
'edge')

0)

thrs1

thrs2

2

Puc. 7.7. IHTepakTuBHe OeTeKTyBaHHS
MeXx 06'ekTiB 3a meTogom KaHHi

BidobpaxxeHHs1 obrnacmi eideo
6 HezamueHoMy euasnsidi. Haee-
AEeMO Le OAuH npuKnag iHTepakTu-
BHOI B3aeMogii i3 NPUNHATUM Bigeo-
NOTOKOM. Y LbOMY BWNAZKy nicns
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Fig. 7.7. Interactive detection of object
boundaries using the Canny method

Displays the video area in a
negative way. Let's give one more
example of interactive interaction
with the received video stream. In
this case, after capturing the video



3axonsieHHs Bigeo i no4artky Bigo-

OpaeHHA 3 JONOMOro MULLKK By-

AeMO BUAOINATU B NOTOYHOMY Kagpi

obnacTb iHTepecy i BecTn Bigobpa-

XEeHHs B Uin obnacTi y Burnagi Hera-

TUBHOIO 306paxeHHs (puc. 7.8).
Mpuknag;:

import cv2

import numpy as np

def draw rectangle(event, x, vy,

and starting to display with the
mouse, we will select the area of
interest in the current frame and
display in this area as a negative
image (Fig. 7.8).

Example:

flags, params) :

global x init, y init, drawing, top_ left pt, bot-

tom right pt

if event == cv2.EVENT_ LBUTTONDOWN:
drawing = True
X init, y init = X, y
elif event == cv2.EVENT MOUSEMOVE:
if drawing:
top left pt = (min(x_init, x), min(y init, y))
bottom right pt = (max(x _init, x), max(y_init, vy))
img[y init:y, x init:x] = 255 - imgl[y init:y,
X _1init:x]
elif event == cv2.EVENT LBUTTONUP:
drawing = False
top_left pt = (min(x init, x), min(y_init, y))
bottom right pt = (max(x init, x), max(y_init, y))

img[y init:y, x init:x]

X _1init:x]

if name ==' main ':
drawing = False

top left pt, bottom right pt

cap = cv2.VideoCapture (0)

255 - imgly init:y,

(-1,-1), (-1,-1)

# Check if the webcam is opened correctly

if not cap.isOpened() :

raise IOError ("Cannot open webcam")

cv2 .namedWindow ( 'Webcam')

cv2.setMouseCallback ('Webcam', draw rectangle)

while True:

ret, frame = cap.read()
img = cv2.resize (frame,
interpolation=cv2.INTER AREA)

None, fx=0.5, fy=0.5,

(x0,y0), (x1,yl) = top_ left pt, bottom right pt



img[y0:y1l, x0:x1] =
cv2.imshow ('Webcam',

CcC =

cv2.waitKey (1)
if ¢ ==

== 27:
break

cap.release ()

cv2.destroyAllWindows ()

3a3HayMmo, WO B HalloOMy BMNag-
Ky OOCTaTHbO KnauHyTU NiBOK KHOrM-
KO MULLKM No3a nonem obnacTi iH-
Tepecy [ONA CKacCyBaHHSA pexumy
nepernsgy B HiM HeraTMBHOIO 30-
OpaxeHHs1. 1oTim, He nepepuBaloyu
npoLiecy 3axorrieHHs Bi4eOomnoTOoKY,
MOXHa BMUOINWUTM HOBY 0bBnacTb iH-
Tepecy 1 nepernsgatm HeratuBHe
306pakeHHs B Hin gani.

%X =

Puc. 7.8. IHTepakTuBHE BUAINEHHS
obnacrTi iHTepecy 1 BigobpaXeHHs
B Hil HEraTUBHOIO BIOEO

7.4. MNowyk o6nny
3 BUKopuctaHHamMm OpenCV

HasegeHi B uboMy nigpoagini
npuknagn obpobneHHss obnuy 3 BuU-
KOpUCTaHHSAM pecypciB  BibnioTeku
OpenCV Hao4yHO [OEMOHCTPYHOTb
BENUKI MOXNNBOCTI 06pobneHHs Bi-

255 - img[y0:y1,
img)
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x0:x1]

Note that in our case, it is
enough to click the left mouse but-
ton outside the field of interest to
cancel the view of the negative im-
age in it. Then, without interrupting
the process of capturing the video
stream, you can select a new area
of interest and view the negative
image in it further.

Webcam

Fig. 7.8. Interactively highlighting a region
of interest and displaying a negative
video in it
7.4. Search for people using
OpenCV

The examples of video data pro-
cessing in this chapter using the re-
sources of the OpenCV library
clearly demonstrate the great pos-
sibilities of video processing in real



Aeo B peanbHoMy Macwitabi 4vacy.
Lle nae amory edpekTmBHO BMKOPUC-
TOBYBaTU OTPUMaHIi pesynbTat ons
PO3B’A3aHHS LUMPOKOro Kosia MpuK-
nagHux 3agad y Takmx obnactsax, gk
umMpose 0O6pobIEHHST 300pakeHb,
KoMmn'toTepHun 3ip, GiomeTpisi, CTBO-
PEHHA  IHTEenekTyanbHUX CUCTEM
©e3nekn, CnoCTEPEXEHHSA N KOHTPO-
no goctyny 0o ob'ekTiB Ta iH. Y wu-
POKOMY PO3YMiHHI — L€ 3aBOaHHS
po3nisHaBaHHs obpasi..

Y ubomy nigpo3aini posrrsgHemMo
LUNIAXM PO3B'A3aHHS OOHOro 3 Haw-
nonynapHiWwWnx i 3atpedbyBaHuX 3a-
BOAHb 3 po3ni3HaBaHHSA 0bnuy y no-
Toui. Npouec po3snisHaBaHHA 06NNY
3a3BMyan cknagaetbcsa 3 OBOX eTa-
niB: nowyk obracti ob6nnyys Ha 30-
OpaXeHHi i NOpPIBHSAHHA 3HaANOEHOI
ocobn 3 ocobamu i3 6asm pgaHux.
[pyra yactMHa ubOro 3aBAaHHA BU-
XOOUTb 3a MeXi Haworo poarnsgy.
Tomy 3ynnHMMoca Ginbl geTanbHO
Ha po3rnsgi nepwol YacTUHU — BU-
SIBNEHHI 1 BU3HAYEHHI XapaKTepuc-
TUK 065Ny,

3asBuyan Ons Uboro BUKOPUCTO-
BYylOTb anroputm Bionn — [DKOHca,
AKUA € Hanmbinbll NONynaApHUM Me-
TOAOM N5 nowyKy obnacTi obnnyyg
Ha 300pa)keHHi 3aBOSKU MOro BUCO-
Kin WBMOKOCTI N epeKTUBHOCTI. He-
3BaXkatoum Ha Te, Lo Len MeTon 3a-
NPOMOHOBAHO MOPIBHAHO HeAaBHO
(2001 poKy), NOro MOXHa 3 LifIKOBU-
TOO MiACTaBOK BBaXaTu Kacuu-
HUM. lepLu HX NepenTn o NpakTu-
YHOI pearnisauii, Haragaemo KOpPOTKO
CYTb LIbOro MeToay.

OcHoBHa iges anroputMmy cnoyart-
Ky nonsrana B TMOLWYKY CTPYKTYp,
nputamaHHux ycim ocobam. Hanpu-
Knag, Ha KOXHOMY JoOCbKOMY 00-
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time. This allows you to effectively
use the results for solving a wide
range of applied tasks in such are-
as as digital image processing,
computer vision, biometrics, crea-
tion of intelligent security systems,
surveillance and control of access
to objects, etc. In a broad sense,
these are pattern recognition tasks.

In this section, we will look at
ways to solve one of the most
popular and recognizing faces
sought-after tasks for in a video
stream. The process of face recog-
nition usually consists of two stag-
es: the search for the face area in
the image, and the comparison of
the found person with the persons
in the database. The second part of
this task is beyond our scope.
Therefore, we dwell in more detail
on the consideration of the first part
- the detection and characterization
of individuals.

Usually, the Viola — Jones algo-
rithm is used for this, which is the
popular method for finding the face
area in an image because of its
high speed and efficiency. Despite
the fact that it was proposed rela-
tively recently (in 2001), it can right-
ly be considered a classic. We re-
call briefly the essence of this
method.

The basic idea of the algorithm
was originally to find structures that
are common to all individuals. For
example, on every human face, the
area of the eye is always darker



nuydi obnacTtb o4en 3aBXAN TEMHI-

e obnacTi WokKn, a obnactb HOCO-

BOro MocTa TeMHiwe obnacTi o4en.

BukopucTaHHA Taknx xapakTepucTuk

NACbKOro  obnuyda agae  3mory

CTBOPWUTM 3arasnibHy MoAernb, a NoTim

3acTtocyBatu i Oons BUABNEHHA 06-

N4 Ha 306paxeHHAX.

. Biona i M. [I>xoHC y cBOEMY arn-
ro-puTMi  po3snidHaBaHHA  06nnYy
yneplie 3anpornoHyeBann crocib,

AKUMA BUKOPUCTOBYE BeunBneTu Xaa-

pa onsa BU3HaAYeHHs1 03HaK 0bnuy Ha

306paxeHHi. BoHn 3anponoHyBanu

MeTo[, KU BUKOPUCTOBYE Kackaau

npuMITUBIB Xaapa, Lo ABMAKTb CO-

ol po30MBKY 3adaHOl NPSIMOKYT-

HoI obnacTi Ha Habopu PiIBHOTUMHUX

NPAMOKYTHUX  nigobnacten. [lpu-

Knag npumitmeiB Xaapa Onsi BUSIB-

NeHHs ocib nokasaHo Ha puc. 7.9.
Po3rnsiHeEMO OCHOBHI MPUHLUMNN,

Ha AKX 6asyeTbCs METOon MOLUYKY

0014 Ha 300paXKeHHi:

e BUMKOPUCTOBYETLCA  IHTerpanbHa
dopma 300paxKeHHs, LWo gae 3Mo-
ry WBWOKO BUSBNATM HeobXigHi
ob'ekTy;

® 3aCTOCOBYKTbCA MPUMITUBKN Xaa-
pa, 3a OOMNOMOrol sikux BigOyBa-
€TbCSA MOLWYK MOTpibHOro ob'ekTa
(y ubomy Bunagky, obnuyya Ta
NOro OCHOBHUX €NTIEMEHTIB);

® BUKOPUCTOBYETLCS OYCTUHIr (ro-
cuneHHda) npu Bubopi HanbinbL
NigxoasWwmnx npUMITMBIB onga Ly-
KaHoro ob6'ekta B MEBHIA YaCTUHI
306pakeHHs;

e yCi O3HaKM HagxoOsaTb Ha BXig
Knacudpikatopa, Sk Npurumae
pilleHHS NPO HAasABHICTb 4YM BIACY-
THICTb 06'eKTa NOLUYKY — Tak/Hi;

e 3aCTOCOBYIOTbCS Kackagu O3Hak
ANs WBUAKOro BigKMOaHHS BIKOH,
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than the cheek, and the area of the
nasal bridge is darker than the eye.
The use of such characteristics of a
human face allows you to create a
common model, and then apply it to
detect faces in images.

Viola and Jones in their face
recognition algorithm for the first
time presented a method that uses
Haar wavelets to determine the
signs of faces in an image. They
proposed a method using cascades
of Haar primitives, which are a
breakdown of a given rectangular
area into sets of different types of
rectangular subregions. An exam-
ple of Haar primitives for face de-
tection is shown in Fig. 7.9.

Consider the basic principles on
which the method for searching
faces in an image is based:

e uses an integral form of the im-
age, which allows you to quickly
detect the necessary objects;

e Haar primitives are used, with the

help of which the required object
is searched (in this case, the face
and its main elements);

e using boosting (gain) when
choosing the most suitable primi-
tives for the desired object in this
part of the image;

all signs come to the input of the
clas-sifier, which makes a deci-
sion about the presence or ab-
sence of the search object -
yes/no;

e feature cascades are used to

quickly drop windows where the



Ae He 3HanAeHo LWyKaHol ocodn.
Mowyk obnny 30iNCHIETBCA 3a
NPUHLMMNOM CKaHyBanbHOMo BikHa:

e 300paXeHHs, Ha SKOMY € LUYKaHI
06'ekTK, nogdaHoO AOBOBUMIPHOIO
MaTpuuero  nikcenie  po3Mipom
w X h, y AKIN KOXeH rikcesib Mae
3Ha4veHHs Big 0 go 255 anga niBTo-
HOBUX 306paxeHsb i Big 0 fo 255°,
SIKLWO LEe KONbopoBe 306pakeHHs
(komnoHeHTU R, G, B);

e anropuTM MOBUHEH BUSIBUTU N BU-
3Ha4YUTM obNKMYYs Ta IX pucK i no-
3HAYNUTK X — NOLIYK 3OINCHIOETLCS
B aKTMBHIN obnacTi 300paxeHHs
NPSAMOKYTHUMM O3HaKamu, 3a [Jo-
NOMOroKd SIKUX W  OMUCYETbCA
3HamngeHe obnunyya Ta noro pucu:

rectangle = {x,y,w,h,a},

e x, y — KoopaAuHaTu ueHTpa i-ro
NPSAMOKYTHUKA, w, h — MOro LMpuHa
M BUCOTaA BIAMNOBIOHO, a — KYT Haxu-
ny npsMOKYTHUKa OO BepTUKanbHOI
OCi 306paXkeHHs.

Llogo 3o00paxeHb BUKOPUCTOBY-
€TbCS METOZ MOLLYKY OCi6 Ha OCHOBI
CKaHyBamnbHOro BikHa (scanning
window) — CKaHYETbCHA 300paKeHHS
BIKHOM MOLUYKY, @ NOTiM 3aCTOCOBY-
ETbCA Kracuikatop 40 KOXHOro
NOJSTIOXKEHHS.

Cuctema HaByaHHA 1 BUBOpY
HanbBinbLl 3HaAYyLMX O3HAK € MOBHiI-
CTIO aBTOMaTU30BaHOW i He noTpe-
Oye BTpydaHHs noguHW. Takmi nia-
Xifl fa€e 3mory npautoBaTu LWBKUAOKO.

[na 3meHLweHHs obcsariB 0b4vumc-
NeHb BUKOPUCTOBYIOTLCSH IHTerpasnb-
Hi 300paXeHHda, TakoX BIOOMI $K
Tabnuui nigcymoByBaHUX obnacTten.
BoHu € we ogHieto doopmoro 36epi-
raHHs 306pakeHs.
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desired face has not been found.

The search for faces is carried
out on the principle of a scanning
window:

e the image with the desired ob-
jects is represented by a two-
dimensional matrix of pixels of
size w X h, in which each pixel
has a value from 0 to 255 for
half-tone images and from 0 to
255° if it is a color image (com-
ponents R, G, B);

e the algorithm should detect and
identify faces and their features
and mark them - the search is
performed in the active area of
the image with rectangular signs.

where x, vy are the coordinates of
the center of the i- th rectangle, w
is the width, h is the height, a is the
angle of inclination of the rectangle
to the vertical axis of the image.

With respect to images, the
method of searching faces based
on the scanning window (scanning
window) is used - the image is
scanned by the search window, and
then the classifier is applied to each
position.

The system of training and selec-
tion of the most significant features
is fully automated and does not re-
quire human intervention. This ap-
proach allows you to work quickly.

To reduce the amount of compu-
tation, integral images are used, al-
so known as tables of summed ar-
eas. They are another form of im-
age storage.



Puc. 7.9. lNpumitnen Xaapa gnga
BUSABMEHHA 00nny

[nsa iHTerpanbHUX 306pa)keHb Ko-
XeH nikcenb Ha 300paxeHHi 3ami-
HIOETBCSA CYMOI BCiX erleMeHTIiB 3i-
Ba N BuLE UbOro nikcend. [Ana pos-
paxyHKy iHTerpanbHuUX 300pakeHb
BUKOPUCTOBYETLCA Taka hopmyna:

1™ e
L= <e
¢ <

S
NG
-

Fig. 7.9. Haar primitives for face detection

For integral images, each pixel in
the image is replaced by the sum of
all elements on the left and above
this pixel. The following formula is
used to calculate the integral imag-
es:

L&y = ) i,y

ae i(x',y') — 3HauyeHHs nikcens B
(x',y") y 306paxeHHi; I — iHTerpanb-
HU 0Opa3 300paKeHHs.

Llo® yHUKHYTM HagMipHOCTI 3a-
3BMYan BUKOPUCTOBYHOTb popmyny,
3a KO edeKTUBHO OBYMCIIOITLCS
iHTerpanbHi 306pakeHHs:

where i(x’,y") means the pixel val-
ue in (x',y") in the image. I is the
integral image of the image.

To avoid redundancy, a formula is
usually used that effectively calcu-
lates integral images:

Ix,y)=ilx,y)—Ix—-1y—-1)+Ix,y—1)+I(x—1,y).

Tyt i — BuxigHe 306paxeHHs, a I —
iHTerpanbHe 306paXeHHs.
Tenep po3rnaHeMO MpPakTU4HY

Here i is the original image, and I is
the integral image.
Now let's look at the practical



peanisauito anroputMmy MoLyKy 00-
N4 Ha 300paXkeHHsIX i3 3acTocy-
BaHHAM pecypciB BibnioTeku
OpenCV.

Mepw HiX dopmyBaT nporpam-
HUM Kod, NOTPIOHO 3aBaHTaXUTU MO-
nepenHbo nigrotosneHi XML-dainnn

KackagiB Xaapa 3  6ibniotekn
OpenCV. Y Hawomy BuUNagKy BUKO-
pncrtoesyemMo haarcascade

frontalface default.xml i
haarcascade eye.xml - aunnu
ANS BUSIBMIEHHA 00Nn4Y4Yst Ta O4Yen.
3aBaHTaXkeHHs1 KnacudikaTopis Kac-
kagie Xaapa npoBOAUTLCHA 3 BUKO-
pPUCTaHHAM  OYHKUIT cv2.Cascade
Classifier().

CTpykTypa Kody, $IKy HaBeLeHO
HUX4Ye, Npu3HaveHa Ans Toro, Lwob
croyaTtky BM3Ha4atM obnuyysa no-
Aeun, a noTiM y Mmexax obnacTti oco-
6u BuaBnaTM oudi. [llicnsg 3aBaHTa-
XeHHa dannie XML 34ntyeTtbCca 30-
OpakeHHd, Ha AKOMY HeOobXiaHO BU-
3HaunTM obnmuya. na 3MeHLeHHSA
obcsary obuncneHb BUABIIEHHA OYen
BUKOHYETBCA Tiflbkn B obnacti 06-
nnmy4yqa, wo € obnacTtio iHTepecy
(ROI).

CTpykTypa Koay:
import numpy as np
import cv2

# Define cascades
face cascade =

implementation of the face search
algorithm on images using the re-
sources of the OpenCV library.

Before generating the program
code, you need to load pre-
prepared XML files of the Haar
cascades from the OpenCYV library.

In our case, we use
haarcascade frontalface defa

ult.xml and haarcascade
eye.xml — files for face and eye
detection. Haar cascade classifiers

are loaded using the
cv2.CascadeClassifier () func-
tion.

The structure of the code, which is
shown below, is intended to first de-
tect faces and then detect eyes
within the face area. After loading
the XML files, an image is read in
which it is necessary to perform
face detection. To reduce the
amount of computation, eye detec-
tion is performed only on the face
area, which is the region of interest
(ROI).

Code structure:

cv2.CascadeClassifier ('haarcascade frontalface default.xml')
eye cascade = cv2.CascadeClassifier('haarcascade eye.xml')

img = cv2.imread("alen02.jpg")

cv2.imshow ('Input', img)

gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
faces = face cascade.detectMultiScale(gray, 1.3, 5)

for (x, y, w, h) in faces:

# Draw rect around found face
(x+w,y+h), (255,0,0), 2)

cv2.rectangle (img, (x,vy),



roi gray = grayly:y+h, x:x+w]
roi color = imgly:y+h, x:x+w]

eyes = eye cascade.detectMultiScale(roi gray)
for(ex, ey, ew, eh) in eyes:
# Draw rect around found eye at current face
cv2.rectangle (roi color, (ex,ey), (ex+ew,ey+eh),
(0,255,0), 2)

cv2.imshow ('Output', img)
cv2.waitKey (0)
cv2.destroyAllWindows ()

Pe3ynbTaTtn BUMKOHAHHSA LbOro Ko- The results of the execution of this
Ay NoKasaHo Ha npuknagi BUABIEH- code are shown on the example of
HS obnnyyua Ta oven Ha dpotorpadi- the detection of the face and eyes
AX OBOX BigOMMX ny6sivyHUX nepco- in the photographs of two well-
HaxiB (puc. 7.10). known public characters (Fig. 7.10).

BT =)

B CQutput
B Outp

Puc. 7.10. PesynbTaTn BUSIBNEHHA
o6nun4ya Ta oyen

Fig. 7.10. Face and eye detection results
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Takun geTektop Mae marny MMOoBI-
PHICTb  MOMWUIIKOBOIO  BUSIBIIEHHS
ocobu. Anroputm gobpe npaure 1
po3rni3Hae pucn obnnvys npu Haxu-
nax rosioBu nig HEBENUKUM KYTOM,
npnonusHo go 30 rpagycis. MNpn KyTi
Haxuny 6inbwe 30 rpagycie Bigco-
TOK BUSIBMNIEHb PI3KO 3HMXKYETbLCS.

| ue He gae 3morn geTekTyBaTw
obnuyysa nanHKM, NoBEepHEHe nig
AOBISTIbHUM KYTOM, WO 3HA4YHOK Mi-
polo ycknagHioe abo pobuTb HEMO-
XITMBMM BUKOPUCTAHHA anroputmy B
aesikux cutyauiax. Cnig Takox Big-
3HAYUTN BUCOKY YYTNUBICTb anropu-
TMY 00 YMOB OCBITNEHHA ocib. [pun
HeOOoCTaTHbOMY PIiBHI  OCBITJIEHHSA
MMOBIPHICTb NPaBUIIbHOIO BUABIIEH-
HA ICTOTHO 3meHwyeTbea. Ui npo-
6nemu gobpe BMAOHO Ha rpyrnoBoMy
3HiMKY (puc. 7.11).

Such a detector has a low prob-
ability of false detection of the face.
The algorithm works well and rec-
ognizes the features of the face
when the head is tilted at a slight
angle, up to about 30 degrees.
When the angle of inclination is
more than 30 degrees, the percent-
age of detections drops sharply.

And it does not allow to detect
the turned person’s face at an arbi-
trary angle, which greatly compli-
cates or makes it impossible to use
the algorithm in some situations. It
should also be noted the high sen-
sitivity of the algorithm to the condi-
tions of lighting persons. With an
insufficient level of illumination, the
probability of correct detection is
significantly reduced. These prob-
lems are clearly visible in the group
picture (Fig. 7.11).

Puc. 7.11. BuasneHHa obnuy
Ta o4yen Ha rpynosin ootorpadii

HaBegoemo Tenep npuknag nouy-
Ky OcCi® y noToui BigeogaHux, oTpu-
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Fig. 7.11. Face and eye detection
on a group photo

We now give an example of find-
ing people in the stream of video



MaHux 3 web-kamepu. 3aszHaymmo,
WO MOPIBHAHO 3 anropuTMOM pPO3ni-
3HaBaHHA o0OciO Ha 3BMYaMHUX 30-
OpaXKeHHAX TYT He BUHUKAE NPUHLIN-
noBmx BiAMiIHHOCTeN. Hwmxye HaBe-
AEeHO Ko uiel nporpamn, a pesyrib-
Tatu poboTun nokasaHo Ha
puc. 7.12:

import numpy as np
import cv2

cap cv2.VideoCapture (0)
# Define cascades
face cascade

data received from a web-camera.
Note that in comparison with the
face recognition algorithm on ordi-
nary images there are no funda-
mental differences. Below is the
code of this program, and the re-
sults are shown in Fig. 7.12:

cv2.CascadeClassifier ('haarcascade frontalface default.xml')

eye cascade

while (True) :
# Capture frame-by-frame
ret, frame cap.read()

cv2.CascadeClassifier ('haarcascade eye.xml')

# Convert to gray to be able to recognize

cv2.cvtColor (frame,

gray

# detect faces
faces

for (x, y, w, h) in faces:

face cascade.detectMultiScale (gray,

cv2.COLOR BGR2GRAY)

1.3, 5)

# Draw rect around found face
cv2.rectangle (frame, (x,vy), (x+w,y+h), (255,0,0) ,2)

roi_gray gray l[y:y+h,

roi color

eyes

for (ex, ew, eh)

ey,

eye cascade.detectMultiScale (roi gray,
in eyes:

X:X+wW]

frame[y:y+h, x:x+w]

1.3, 5)

# Draw rect around found eye at current face

cv2.rectangle (roi_color,

(0,255,0), 2)

(ex,ey), (ex+ew,ey+eh),

# Display the resulting frame

cv2.imshow ('Output frame',

# Bind keys for exit
c cv2.waitKey (1)
if ¢ 27:

break

# When everything done,
cap.release ()
cv2.destroyAllWindows ()

frame)

release the capture
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Puc. 7.12. MNpuknag BusiBNeHHst 06nmnyys
Ta o4eun npu eBigeopeecTpadll

HeobxigHO 3a3HauynTn, WO Han-
BinbWw TPyoOMICTKMM € npouec Ha-
BYaHHA KackagiB Xaapa 3 OOMOMO-
ro  anroputMy MAaLUMHHOIMO Ha-
BYaHHA AdaBoost. OgHak, cborogHi
ANa KackagHux Knacudpikatopis Xa-
apa iCHye Benuka KiNnbKiCTb YyXe Ha-
BYEHMX KackagiB, y TOMY 4ucni B
cTaHAapTHOMY MNocTadaHHi B6ibnioTe-
kn OpenCV. i ycrtaHoBuMin nakeTt
MICTUTb UiNnK Habip roToBUX HaB4Ye-
HUX KnacudikaTopiB, 36epexeHux y
BUMAAI dannis 3 PO3WNPEHHAM
«* . xml». Y UbOMy Habopi € knacu-
dikaTopn Onga nowyky sk obnuyus,
TaK i MOro OKPEMUX 4YacTUH (ouvewn,
poTa, Hoca).

[Mpn cuHTe3i anropuTMmiB poa3ni-
3HaBaHHA Hanbinb MPOAYKTUBHUM
€ BWKOPUCTaHHA CTaHOapTHUX (3a-
3ganerigb HaBYeHHMX) Krnacudika-
TOpIB. Y 3B'A3KY 3 UMM yBaXkaeMo 3a
AopeyHe HaBeCcTu ONAa OO0BIOKU Cnu-
COK OCHOBHMX nonepegHbO HaB4e-
HUX KnacudikaTopis:

® haarcascade eye tree eyeglasses
e haarcascade fullbody.xml;

e haarcascade mcs lefteye.xml;

e haarcascade profileface.xml;

® haarcascade eye.xml;

e haarcascade lefteye 2splits.xml
e haarcascade mcs _mouth.xml;
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Fig. 7.12. Example of face and eye
detection during video recording

It should be noted that the most
time-consuming process is learning
the Haar cascades using the
AdaBoost machine learning algo-
rithm. However, currently there are
a large number of cascades already
trained for cascade classifiers of
Haar, including the standard pack-
age of the OpenCYV library. lIts in-
stallation package contains a whole
set of ready-made trained classifi-
ers, saved as files with the exten-
sion "x _xml". In this set there are
classifiers for searching for a face,
as well as for its individual parts
(eyes, mouth, nose).

In the synthesis of recognition
algorithms, the use of standard
(pre-trained) classifiers is most pro-
ductive. In this regard, we consider
it appropriate to provide for refer-
ence a list of the main preliminary
trained classifiers:

.xml ;

.
4



e haarcascade righteye 2splits.xml;

e haarcascade frontalface alt2.xml;

e haarcascade frontalface alt tree.xml;

¢ haarcascade mcs_ eyepair big.xml;

e haarcascade mcs_rightear.xml;

e haarcascade upperbody.xml;

® haarcascade frontalface alt.xml;

e haarcascade mcs_eyepair small.xml;

¢ haarcascade mcs_righteye.xml;

e haarcascade frontalface default.xml;

e haarcascade mcs leftear.xml

haarcascade mcs upperbody.xml.

He 3ynuHsaouncb petanbHO Ha
NPU3Ha4YeHHI N BrIacTUBOCTAX OKpe-
MUX  KnacudgikaTopiB, 3a3Ha4yMMmo,
Lo ocobnmnBun iHTepec cepen HUx
CTaHOBNATbL Ti, AKi Jal0Tb 3MOry BU-
3Ha4YUTK NONoXeHHs odven. Lle aoyxe
KOpUCHa npouenypa, OCKiflbKM BOHa
[JAa€ MOXINUMBICTb OLUIHUTM BIACTaHI
MK  3iHMuygamu. Tlpn  noganbLliomy
aHanisi ue nae 3mMory ycyesatu oak-
TOpW, NOB'A3aHI 3 HaxXMUIIOM FOSI0BW.
Knacudikatopn, HaB4YeHi nNOLUYyKy
OYeN, € OyXe YyTnMBMMKM OO HasAB-
HOCTI OKynspis. Y GinbwocTi BMnaa-
KiB BOHU AatoTb 36in, ocobnmBo ans
OKYNnspiB, O MOBHICTO NPUXOBYOTH
oui. Y Takux Bunagkax crig BUKOpU-
CTOBYBaTW Oifibll e(eKTUBHUI Kra-

cudpikatop Ana BUSIBNEHHS O4eMU
haarcascade eye

tree eyeglasses.xml, HaBYEHUN
MOLUYKY Ha 306pakeHHi o4en B OKYy-
napax. Moro MoxHa BMKOPWUCTOBY-
BaTU SK 3anacHWW BapiaHT y BUNaa-
kax 360t B poboTi 3BMYanHOro Kna-
cudikatopa.

Hanbinbw epekTMBHUMU € MeTOo-
AN TOLYKY OCHOBHWUX €ENEMEHTIB Yy
BXe BuAineHin odbnacti ocobu, ocki-
NbKM Ue nokanisye obnacTtb noLyky

I
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Without dwelling in detail on the
purpose and properties of individual
classifiers, we note that of particular
interest among them are those that
allow us to determine the position
of the eyes. This is a very useful
procedure, since it provides an op-
portunity to estimate the distance
between the pupils. This further
analysis allows you to eliminate the
factors associated with the inclina-
tion of the head. Qualifiers trained
to search for eyes are very sensi-
tive to the presence of glasses. In
most cases, they fail, especially for
glasses that completely hide their
eyes. In such cases, you should
use a more efficient classifier for
eye detection haarcascade eye
tree eyeglasses.xml, trained in
searching for images of eyes with
glasses. It can be used as a backup
option in cases of failure in the
normal classifier.

The most effective are the meth-
ods of searching for the main ele-
ments in an already selected area
of the face, since this localizes the
region of search and shortens the



M CKOpO4Yye 4Yac aHanisy, a TaKOX
3HAYHO 3HWXKXYE MMOBIPHICTbL NMOMWII-
KOBUX cnpauboByBaHb. Bubip obna-
CTeu iHTepecy AN BUSBIEHHA O4YeN,
Hoca i poTa noTpebye onTumisauil
NMOMNOXEHHA WU po3MipiB obnacTi iH-
Tepecy [Ona KOXHOro enemMmeHTa.
Mpuknag Takoro po3dutTa BuUAinNe-
HOI obnacTi Ha 30HW MOLUYKY OKpe-
MUX efieMeHTiB 06nuy4sa B Halomy
anropuTMmi nokasaHo Ha puc. 7.13.

Poamipn obnacten noLyky Halulo-
ro anroputMy BU3HaYanucs ekcne-
PUMEHTanbHo, ane, AKWo Heobxia-
HO, MOXYTb OyTM OMTUMI3OBaHI [O-
AaTKkoBO. 3BEpPHITb yBary Ha Te, LWO
ICHye [OBi MOXNUBOCTI BUABJIEHHSA
oyen - BUAiINEeHHA 3aranbHol Ansd
ABOX o4ven obnacTti iHTepecy (abo
obnacTi noLwyKy) i NOLWWyK i BUABIEH-
HSA NMiBOro 1 NpaBoro 04en oKpPeMo.

Y OpenCV ans uboro nepenba-
4YyeHO BIQMOBIgHI  KNacudikaTopw.
AkMn 3 UMX MeToaiB Kpalle, Aouinb-
HO BM3Ha4YaTW ekcnepuMeHTanbHUM
LLNISIXOM.

analysis time, and also significantly
reduces the probability of false pos-
itives. The selection of areas of in-
terest for detecting eyes, nose and
mouth requires optimizing the posi-
tion and size of the area of interest
for each element. An example of
such a partition of the selected area
into the search zones for individual
face elements in our algorithm is
shown in Fig. 7.13.

The size of the search areas of
our algorithm was determined ex-
perimentally, but if necessary, can
be further optimized. Please note
that there are two possibilities for
detecting eyes - highlighting a
common area of interest for two
eyes (or a search area) and search-
ing and detecting the left and right
eyes separately.

In OpenCV, appropriate classifi-
ers are provided for this. Which of
these methods is preferable, it is
advisable to determine experimen-
tally.

Ly w

a  Facearea

Eyes area

Alx+1110 w , y+213 h)
Blx+9/10 w, y+1/2 h)

Frame area

X S Frame area

Face area

left aye
area

right eyo
anea

Bl ar
Ar(x+110 w , y+2/3 h)
Bri{x+1i2 w , y+1/2 h)

Al(x+1/2w , y+1/6 h)
Bl{x+9%/10 w , y#1/2 h)

1

2

W

Face area

h | Nose area

B
Afx+114 w , y+114 h)
B(x+34 w , y+3i4 h)

{x, Frame area

X,
f w Frame area

Face area

Alx+17d w , y+2/3 h)
B{x+3/4 w , y+h)
A

|M¢Ulh area
B

3

Puc. 7.13. 3oHu nowyky obnny Ta ix
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4

Fig. 7.13. Search zones for faces and
their elements in the frame (coordinates
of individual search zones)



[yxe BaXnuUBMM MUTAHHAM NpU
BUPILLEHHI 3aBOaHHA BUSIBIIEHHS W
AeTekTyBaHHS obnvy y kagpi € dgo-
pMyBaHHS OO'EKTUBHUX MOKa3HUKIB
SIKOCTi pobOTN anropuTMiB | MeToAiB
IX BUKopuctaHHs. OB'eKTUBHUM Kpu-
TepieM eeKkTUBHOCTI poboTn byab-
SIKOr0 anropuTMy OeTeKTyBaHHA 06-
nu4 Ta IX enemMmeHTiB Yy Kagpax Bi-
JeonocnigoBHOCTI € NMOKa3HUK iIMOBI-
PHOCTI NPaBUNbHOIO BUABNEHHA 00-
nn4Y4Ya 3a YMOBM MOro HasiBHOCTI B
kagpi. MNMpouenypa BuABNEHHs1 0cobu
B MOTOYHOMY Kafpi i3 3acTocyBaH-
HAM BIiQNOBIOHOrO KackagHoro kKna-
cudpikaTopa B pasi ycnixy 3aBepLuy-
€TbCA NOOYO0BOK MPAMOKYTHMKA 3
pornomoro yHKuil OpenCV:

A very important issue in solving
the problem of detecting and de-
tecting faces in a frame is the ques-
tion of the formation of objective in-
dicators of the quality of the algo-
rithms and methods for their use.
An objective criterion for the effec-
tiveness of any algorithm for detect-
ing faces and their elements in
frames of a video sequence is an
indicator of the probability of correct
detection of a person, provided it is
present in the frame. The proce-
dure of detecting a person in the
current frame using the correspond-
ing cascade classifier, if successful,
is completed by constructing a rec-
tangle using the OpenCV function:

cv2.rectangle (frame, (x,vy) (x+w,y+h),255,0,0),2) .

YcniwHe 3aBeplUeHHs OeTeKTy-
BaHHS 00NM4Y4a B NporpamMHOMY KoAi
anropnuTMy CynpoBOXKYETLCHA MOSI-
BOK NOriYHOI OgMHULUI, B IHLLOMY BU-
nagKy — NOSABO NOMYHOro Hyns.

[lns CTBOPEHHS CTIMKOro KpUTepito
NOTOYHOI SIKOCTiI NMpPaBUIIbHOrO BUSIB-
NeHHss ocid MOXHa po3paxyBaTu
WMOBIPHICTb Pn, 49Ka MoOXe OyTu
oTpuMaHa 3a pesynbTatamu nigpa-
XYHKY B KOB3HOMY BiKHi pPO3MipoM
100 kagpiB KifbKOCTI yCriWHMUX BU-
SIBMEHb | € HOPMOBAHOK Ha PO3Mip
BIKHa.

[Npn cTaHgapTHIM WBWOKOCTI 3Mi-
HeHHs KagpiB Bigeokamepu 30/c Bik-
HO Mae€ MOCTINHY Yacy 3MiHEHHS Pn,
o npubnusHo popiBHioe 3,3 C.
AkicTb poboTM JeTekTopa MOXHa
BBa)aTW 3aJ0BINIbHUM TMpU Pn
0,9. 3a MNOKa3HWKOM IMOBIPHOCTI
NPaBUNbHOINO BUSIBIEHHS 06nn4y 'y
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The successful completion of face
detection in the program code of
the algorithm must be accompanied
by the occurrence of a logical one
event. Otherwise - the appearance
of a logical zero.

To create a stable criterion for the
current quality of the correct detec-
tion of faces, one can calculate the
probability Pn. It can be obtained
from the counting results in a slid-
ing window with a size of 100
frames of the number of successful
detections and normalized to the
size of the window.

With a standard frame rate of
30/s, the window has a time con-
stant of Pn of approximately 3.3 se-
conds. The quality of the detector
can be considered satisfactory for
Pn 0.9. In terms of the probabil-
ity of correct detection of faces in a
frame, it is easy to analyze the in-



Kagpi nerko aHanisysaTtu BMfuB pis-
HUX pakTopiB (y TOMY YMCIIi 3MIHEH-
HS1 OCBITJIEHOCTI, FreOMETPUYHUX (pa-
KTOpIiB Ta iH.) Ha SAKiCTb poboTn an-
rOpPUTMIB BUSABIIEHHS | OETEKTyBaHHSA
06nn4y. AHanoriyHMM 4YnMHOM po3pa-
XOBYIOTbCA M IMOBIPHOCTI npaBunb-
HOro BUSIBIEHHA OYeln, Hoca, poTa y
BignoBigHMX obnacTtax.

Lli nokasHukn obumcnioTbca §K
YyMOBHa MMOBIPHICTb Takol noAii 3a
YMOBM  MPaBUSIbHOTO  BUSABMEHHS
BCbOro o06nn4us. 3  iIMOBIpHICTIO,
NPUMHATHOK AN MPaKTUYHOro BU-
KOPUCTaHHS, noAail BUSIBNEHHST OKpe-
MUX €eneMeHTIB obnny4ss MOXHa
BBa)aTW Hes3anexHuMn, a oTxe,
IMOBIPHICTb NPaBUNbHOIO BUABIIEH-
HA BCIX eneMeHTIB OLuiHBaThn $K
NOOYTOK IMOBIPHOCTEN BUSIBIIEHHS
uMx enemeHTiB. Lle BaxxnnBe nutaH-
HS1 pO3rnsHeMOo OinbLW geTanbHO nig
Yyac npakTU4HOI peanisauii anroput-
MYy BUSIBIIEHHSI N OETEKTYBaHHA 00-
nny.,

Pobo4ya Bepcis anroputmy BusiB-
neHHs obnuy cTteoptoBanacs 3 ypa-
XyBaHHSAM OMMCaHMX BULLE MiOXOAIB |
OOCTYMNHUX PecypciB.

byno nocrasneHo 3aBOaHHA BU-
SIBNEeHHA 0cib, o4yen, Hoca i poTa.

[ns ekoHOMIT pecypciB i NPOCTOTU
peanisauil anropuTMiB y LbOMY Npo-
eKTi BUKopucTtoByBaBcs Habip none-
pedHbO HaBYEHUX KacKagHWUX Kna-
cudpikaTopiB Xaapa ons BianoBigHMX
ernemMeHTiB ocobu, iMnopToBaHun 3
6ibniotekn OpenCV.

[lopeyHO Haragatn npo Heobxia-
HICTb PO3MICTUTM Ui KnacudikaTopu
B KOpeHeBin nanui Python. Lle ycy-
Bae MOMWUITKA MNPU MOLUYKY LUNSXIB
3BEPHEHHS1 OO HUX | NPUCKOpLOE 06-
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fluence of various factors (including
changes in light, geometrical fac-
tors, etc.) on the quality of the work
of the algorithms for detecting and
detecting faces. Similarly, the prob-
abilities of correct detection of eyes,
nose, and mouth in corresponding
areas are calculated.

These indicators are calculated
as the conditional probability of
such an event, provided that the
entire face is correctly detected.
With reliability acceptable for prac-
tical use, we can consider the
events of detection of individual el-
ements of an individual independ-
ent, and therefore, the probability of
correct detection of all elements
can be estimated as the product of
the probabilities of detection of the-
se elements. We will consider this
important issue in more detail in the
practical implementation of the al-
gorithm for detecting and detecting
faces.

The working version of the face
detection algorithm was created
taking into account the approaches
described above and the resources
available.

The task was to detect the faces,
eyes, nose and mouth.

To save resources and ease the
implementation of algorithms in this
project, a set of pre-trained cas-
cade Haar classifiers for the rele-
vant elements of the person im-
ported from the OpenCV library
was used.

It is appropriate to recall the
need to place these classifiers in
the Python root folder. This elimi-
nates errors when searching for
ways to access them and speeds



pobneHHa BuxigHMUx gaHux. MNepenik up the processing of source data.
LMX KnacudoikaTopiB € TakKnM: The list of these classifiers is as fol-
lows:

e face cascade =
cv2.CascadeClassifier ('haarcascade frontalface default.
xml')

e eye cascade = cv2.CascadeClassifier ('haarcascade eye.xml')

e right eye cascade =
cv2.CascadeClassifier ('haarcascade righteye 2splits. xml')

e left eye cascade =
cv2.CascadeClassifier ('haarcascade lefteye 2splits.xml')

® nose cascade =

cv2.CascadeClassifier ('haarcascade nose.xml')mouth cascade=
cv2.CascadeClassifier ('haarcascade mouth. xml')

[ani HaBegemMo NOBHUI Ko MNpo- Next we give the full code of the
rpamMu LbOro anroputmy, a pesyrib- program of this algorithm, and the
Tatu Mnoro poboTM MNOKaXKEMO Ha results of its work will be shown in
puc. 7.14, 7.15. Fig. 7.14, 7.15.

import os.path

import cv2

from pylab import show

import matplotlib.pyplot as plt

import matplotlib.patches as mpatches
import matplotlib.gridspec as gridspec
from matplotlib.ticker import MaxNLocator
import timeit

# Define cascades

face cascade =
cv2.CascadeClassifier ('haarcascade frontalface default. xml')
right eye cascade =
cv2.CascadeClassifier ('haarcascade righteye 2splits.xml')

left eye cascade =
cv2.CascadeClassifier ('haarcascade lefteye 2splits.xml')

nose cascade = cv2.CascadeClassifier('haarcascade nose.xml')
mouth cascade = cv2.CascadeClassifier ('haarcascade mouth.xml')

# Define video if exists
video file = "Video 1.avi"

# Define colors

blue = (255, 0, 0)
green = (0, 255, 0)
red = (0, 0, 255)
yellow = (0, 255, 255)

# Actual detecting
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def detect (current frame) :

face detected = 0

eyes detected = 0

nose detected = 0

mouth detected = 0

# Convert into white/black

gray = cv2.cvtColor (current frame, cv2.COLOR BGR2GRAY)

# Detect faces

faces = face cascade.detectMultiScale(gray,1.3,5)

for (x,y,w,h) in faces:
face detected = 1
# Draw rect around found face
cv2.rectangle (current frame, (x,y), (x+w,y+h) ,blue, 2)

# Detect right eye
right eye detected = detect face part (cur-
rent frame,gray, right eye cascade, green,
y+2*h/9,y+2*h/3,
X+W/9,xX+4*w/9)
# Detect left eye
left eye detected=detect face part (current frame,
gray, left eye cascade, green,
y+2*h/9,y+2*h/3,
X+5*w/9,x+8*w/9)
eyes detected = 1 1if right eye detected and
left eye detected else 0
# Detect nose
nose detected = detect face part (current frame, gray,
nose cascade, yellow,
yv+h/4,y+3* h/4,
X+W/6,X+4*w/6)
# Detect mouth
mouth detected = detect face part (current frame, gray,
mouth cascade, red,
y+2*h/3,v+h,
X+W/6,X+5*w/6)
# Draw results
return face detected, eyes detected, nose detected,
mouth detected, current frame

# Detecting part of face with according cascade and zone of
interest
def detect face part (current frame, gray, cascade, color,
y from, y to, x from, x to):
# Select gray zone
roi gray zone = grayl[int(y from) :int(y to),
int (x_from) :int (x_to)]
# Select colored zone
roi color zone = current frame[int(y from):int(y to),
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int (x_from) :int (x_to)]

# Detect part of face using appropriate cascade and zone
parts = cascade.detectMultiScale(roi gray zone)
for (x,y,w,h) in parts:
# Assuming we have only one part of a face, after de-
tecting draw area and exit loop
cv2.rectangle (roi color zone, (x,y), (x+w,y+h) ,color, 2)
return 1
return O

# Define video capturing
cap = cv2.VideoCapture(video file) if
os.path.isfile(video file) else cv2.VideoCapture (0)

counter = 0

face detection map
eyes detection map
nose detection map
mouth detection map = []

[]

Il
L B e |
—_

start = timeit.default timer()

while (counter < 1000) :
counter += 1

ret, frame = cap.read()

face is detected, \

eyes is detected, \

nose is detected, \
mouth is detected, \

updated frame = detect (frame)

face detection map.append(face is detected)
eyes detection map.append(eyes is detected)
nose detection map.append(nose is detected)
mouth detection map.append(mouth is detected)

cv2.imshow('', updated frame)
if cv2.waitKey(l) & OxFF == ord('qg'):
break

stop = timeit.default timer ()

print ("Time:")
print (stop - start)

# Cleanup
cap.release ()
cv2.destroyAllWindows ()
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fig =

facecolor='w',
gridspec.GridSpec (4, 1)

gs =

ax_face

ax_face.

ax_eyes
ax_eyes
ax_nose
ax_nose

plt.figure (num=None,

edgecolor="'k"'")

= plt.subplot(gs[0, 0])
set title('Face detection')
= plt.subplot(gs[1l, 0])

.set_title('Eyes detection')

= plt.subplot(gs[2, 0])

.set_title('Nose detection')

figsize=(10,

6),

dpi=80,

ax _mouth = plt.subplot(gs[3, 0])
ax _mouth.set title('Mouth detection')

ax _face.set xlabel ("N")
ax_face.set x1im(0, 1000)
ax_face.set ylim(0, 1.1)

ax_face.yaxis.set major locator (MaxNLocator (integer=True))
ax_face.xaxis.set label coords(1.01, 0.1)
ax_face.legend (
handles=|
mpatches.Patch (color="'blue', label="P:

{o}%".format (sum(face detection map)/10.0))

1)

ax_eyes.set xlabel ("N")
ax_eyes.set xlim(0, 1000)
ax_eyes.set ylim(0, 1.1)
ax_eyes.yaxis.set major locator (MaxNLocator (integer=True))
ax_eyes.xaxis.set label coords(1.01, 0.1)
ax_eyes.legend (

handles=|

mpatches.Patch (color="'blue', label="P:

{0}%".format (sum(eyes detection map)/10.0)) 1)

ax _nose.set xlabel ("N")
ax _nose.set xlim(0, 1000)
ax _nose.set ylim(0, 1.1)
ax_nose.yaxis.set major locator (MaxNLocator (integer=True))
ax _nose.xaxis.set label coords(1.01, 0.1)
ax_nose.legend (

handles=|

mpatches.Patch (color="'blue', label="P:

{0}%".format (sum(nose detection map)/10.0))

1)

ax_mouth.set xlabel ("N")

ax _mouth.set x1im(0, 1000)

ax _mouth.set ylim(0, 1.1)
ax_mouth.yaxis.set major locator (MaxNLocator (integer=True))
ax _mouth.xaxis.set label coords(1.01, 0.1)
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ax_mouth.legend (
handles=|

mpatches.Patch (color="blue',

label="P:

{o}%".format (sum(mouth detection map)/10.0))

1)

x = range (1000)

ax_face.step (x,
ax_eyes.step (x,
ax_nose.step (x,

face detection map)
eyes detection map)
nose detection map)

ax _mouth.step(x, mouth detection map)

fig.tight layout ()

Puc. 7.14. PesynbTaTn geTeKkTyBaHHSA
obnuny

[nsa ysaranbHeEHOro OLUiHIOBaHHA
edEeKTUBHOCTI pobOTU anropuTmis
3aCTOCOBYHOTLCA ABa MeToanN — SKi-
CHUA (Bi3yanbHWN) i KiNbKiCHUA. Y
nepLiomMy BuUNagkKy NpoBOAUTLCS Bi-
3yanbHe CnoCTEpPEXEeHHS 3a pPi3HO-
KONbOPOBUMU MPSIMOKYTHUKaMM, L0
obMexyTb BUsSIBIeHE 0bnuy4a Ta
NOro enemeHTn (oui, Hic i poT).

AKwo npouec X BiATBOPEHHS
cnpumnMaeTbCs ik be3nepepBHUiA, TO
AKICTb AeTeKTYBaHHS MOXHa BBaXa-
TV NPUNHATHO (651M3bko 100 %).

OpHak iHepuirHICTb 30py crocTe-
perada npuv BUCOKIM 4acCTOTi 3MiHK
kagpie (30/c) He pae 3moru
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Fig. 7.14. Face Detection Results

For a generalized assessment of
the efficiency of the algorithms, two
methods are possible - qualitative
(visual) and quantitative. In the first
case, a visual observation is carried
out for the multi-colored rectangles
that limit the detected face and its
elements (eyes, nose and mouth.

If the process of their rendering
is perceived as continuous, the
quality of detection can be consid-
ered acceptable (equal to ~ 100%).

However, the inertia of the ob-
server at a high frame rate (30/s)



BidyaslibHO cnpummaTuy NMponyckn BuU-
SIBIIEHHS OKPEMUX Kaapi..

Lle moXxe iCTOTHO cnoTBOpPUTU pe-
3ynbtaTu TecTyBaHHA. ToMmy ansa Ki-
NbKICHOro OuiHOBaHHA ed)eKTUBHOC-
Ti B nporpami gnsi BCix Kagpis Bigeo-
NoCnigoOBHOCTI  (POpPMYETLCA OAHO-
BUMIpHUA MacuB (1 — 3a akTom
BUABMEHHA 00Onny4a B kagpi, 0 — y
pasi nponycky obnun4yusi), 3a SAKUM
ByayoTbCa MMOBIPHICHI XapakTtepu-
CTUKM SIKOCTi poboTM anroputmy.
OpHak cnig matn Ha yBasi, Wo Ans
LbOro HeobxigHa [OOCTOBIPHO aHO-
TOBaHa TecToBa Bigeonocnigos-
HICTb.

[MpocTun BapiaHT Takol NocnigoB-
HOCTI — Bigeopsa, Y AKOMY B KOXHO-
MYy Kagpi € ocoba ans BUSIBIIEHHS,
OOTPUMYIOTBCA  YMOBW  OCBITIEHHS
(bpoHTanbHe Ooxepeno ceitna) i ni-
OTPUMYETBLCA reOMeTPUYHUN (PakTop
(Haxun ronosu MeHwe 30°). 3poay-
MIS10, WO MOXHa BMKOPUCTOBYBATMU |
CKnagHilnnM TecToBUM Bigeopsaad, Yy
SIKOMY B MEBHi iHTepBanu 4acy ocib
B Kagpi Hemae. Toai MOXHa OUiHUTHK
HEe nuwe MMOBIPHICTb NPaBUNbLHOIO
BUSIBNEHHA 06nn4, ane n iMOBIp-
HICTb NOMWITKOBOIO BUSIBITEHHS.

Ha puc. 7.15 nokasaHo cneuianb-
Hy popMy y3aranbHEeHOro OLiHK-
BaHHA edeKTUBHOCTI poboTn anro-
PUTMY BUSIBEHHA 0BNKnY Ta X rono-
BHMX erfleMeHTIB Onsa Bigeopsagy
TpuBanictio 1000 kapgpis. TpwuBa-
NiCTb Takoro 3anucy CTaHOBUTb
~ 33 c. [na npouenyp BUSIBIIEHHS
BCIX enemMeHTiB nobynoBaHO nepio-
no-rpamu, ae ans koxHoro 3 N kag-
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does not allow to visually perceive
the gaps in the detection of individ-
ual frames.

This can significantly distort the
test results. Therefore, to quantify
the effectiveness of the program,
for all frames of a video sequence,
a one-dimensional array is formed
(1 — upon detection of a face in a
frame, and 0 — in the case of a
missing face), which are used to
construct probabilistic characteris-
tics of the quality of the algorithm.
However, it should be borne in
mind that this requires a reliably
annotated test video sequence.

The simplest version of such a
sequence is a video sequence,
which has a face for detection in
each frame, the lighting conditions
(frontal light source) and the geo-
metrical factor (head inclination less
than 30°) are maintained. Of
course, it is possible to use a more
complex test video sequence,
which does not have faces in a
frame at certain intervals of time.
Then there is a possibility to esti-
mate not only the probabilities of
the correct detection of faces, but
also the probabilities of false detec-
tion (detection of a face under the
condition of its absence in the
frame).

In Fig. 7.15 shows a special form
of a generalized assessment of the
perfor-mance of the algorithm for
detecting individuals and their main
elements for a video sequence with
a duration of 1000 frames. The du-
ration of such a record is ~ 33 s.
For the procedures for detecting all
elements, periodograms are con-
structed, where for each of the N



piB y BiONOBIOHICTL cTaBuTbCcA 1,
AKWoO obnnyya susaBneHo, i 0, aAKwo
He BUSIBIEHO.

Kpim Toro, ans KoXHol nepiono-
rpamm OBYUCIIIOETBCS WMMOBIPHICTb
NpPaBUIIbHOIO BUSIBIIEHHST Ha BMBIpUI
3 1000 kagpis.

Taka oopma He Tifbku gae 3amory
oTpuMaTKn ysarasnibHeHi OLUiHKA WMO-
BIpPHOCTEN BUABIIEHHA, @ M HAOYHO
nokasye, Ha SKUX Kagpax BUSBIEHHS
He Byno BUKOHaHO.

-

o Figure 1

frames, 1 (if successful) and 0 (if
unsuccessful) of the corresponding
element of the face are assigned.

In addition, for each periodo-
gram, the probability of correct de-
tection is calculated on a sample of
1000 frames.

This form allows to obtain not on-
ly generalized estimates of detec-
tion probabilities, but also vividly
shows on which frames the detec-
tion was not performed.
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Puc. 7.15. BikHo ouiHOBaHHS edbeKTuB-
HOCTi BUSIBNEHHA 00nn44a T1a Noro
rofioBHMX €NeMEHTIB 3a BigeoaaHUMU

HasepgeHi npuknagn He Buyepny-
IOTb YCIX MOXIIMBOCTEN OEeTeKTyBaH-
HA obnnd. Po3pobrneHo W LWUPOKO
BUKOPUCTOBYIOTbCA MoAeni Xaapa
Ana BusiBreHHd. Ane uen matepian
BUXOOUTb 3@ MEXi Haloro posrnisi-

AY.
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Fig. 7.15. Screen for evaluating the
efficiency of detecting a face and
its main elements by video data

The examples given do not exhaust
all possibilities of detecting faces.
Haar models for detection are de-
veloped and widely used. But this
material goes beyond our consider-
ation.



Kackagn Xaapa MoxyTb 6yTn BU-
KOpUCTaHi Ong BUSBIIEHHA M IHLWIKX
TuniB 06'ekTiB. [1Nns UbOro HeobxigHoO
HaB4yaTuM KnacudikaTtop, Hagaw4n
NO3UTUBHI | HeraTmBHi 306paKeHHs
ana ob'ekta, KUK NOTPIOHO BUABK-
Tn. Ha HaB4aHHA KackagiB Xaapa
BUTpayaetbca 6arato 4acy, ane ui
BTPATM KOMMEHCYKOTLCA MPU BUKO-
PUCTaHHI HaBYEHOro Knacudikatopa
3aBAsIKN NOro LWBUAKOAIT.

Haar cascades can be used to
detect other types of objects. To do
this, it is necessary to train the
classifier, providing positive and
negative images for the object to be
detected. Learning the Haar cas-
cades takes a lot of time, but these
losses are compensated for by us-
ing a trained classifier - its speed is
always quite large.
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