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You can share this PDF with anyone you feel could benefit from it, downloaded the latest version
from: computer-vision

It is an unofficial and free computer-vision ebook created for educational purposes. All the content
is extracted from Stack Overflow Documentation, which is written by many hardworking individuals
at Stack Overflow. It is neither affiliated with Stack Overflow nor official computer-vision.

The content is released under Creative Commons BY-SA, and the list of contributors to each
chapter are provided in the credits section at the end of this book. Images may be copyright of
their respective owners unless otherwise specified. All trademarks and registered trademarks are
the property of their respective company owners.

Use the content presented in this book at your own risk; it is not guaranteed to be correct nor
accurate, please send your feedback and corrections to info@zzzprojects.com
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3aMedaHusd

LindopoBas obpaboTka n3obpaxxeHuii n KOMNbIOTEPHOE 3PEHUNE - UHTEPECHOE NoNe, MOCKOSbKY
OHO MPEKPaCHO PaCroNoXeHO MeXly MaTeMaTUKon 1 nHpopMaTukoi. NMoaToMy o4eHb NoNe3Ho
MOHSITb OCHOBbI U MPUMEHMWTb KX C NMOMOLLLIO MPOrPaMMUPOBAHNS, YTOObI MOHATL 3Ty TEMY.

LincppoBble n3obpakxeHns - 3To ANCKPeTU3aums 2 unm 3 MeEpHbIX CUrHanoB. IpyruMm cnosamu,
LUMdppoBble N306paxxeHnst aBnstOTCA BolbopkaMmu HABOPOB NMKCENel N BoKcenei
HenpepbIBHbIX 4OMEHOB.

f : R2 Q>R

oe f - undppoBoe n3obpaxeHne nosepx Q: 061acTb NPSIMOYroNbHOro N306paxeHms

[ng npocToTbl Mbl 06CYANM TONBKO 2-MEPHbIE LMMPPOBbIE N300paxXeHns, Takme Kak Te, 4To ecTb
B Hawwmx aBapusx StackOverflow.

O nukcensix: beicTpas 3ameTka 0 3HaYEHUAX NUKCENel, NpeXae YeM Mbl HauHeM obcy X aaTb
TUNbl N306paxeHunii. Kak npaBmno, NMKCENN Ha4YMHaKTCA CO 3HaYeHus 0, 4TO o3HavaeT
OTCyTCTBME CBETA (YepHblit), JocTuraeT 1, MakCcMManbHOW MHTEHCUMBHOCTY (Hanpumep, 6enoro), u
OHW NpeacTaBfieHbl LenbiMU YACTaMN.

JBOUYHbIe N300paxeHns: YepHo-benble n3obpaxeHus. Kaxaplit nukcenb paseH 0 unu 1,
KaXOblih NMkcenb MOXeT bbiTb NpeacTtaeneH 6ut. OHM He 04YeHb MOMYNSPHbI, MOCKOMIbKY OHU
00bI4HO MCMONb3YIOTCS B HAYYHbIX MPUNOXEHUSX UK ANs OpYrux onepaumnii o6paboTku
n306paxxeHunin B Ka4ecTBe Macku, HanpuMmep.

https://riptutorial.com/ru/home 2


https://i.stack.imgur.com/iy5qm.png

Mpumep aBonYHOro n3obpaxerus. (MpenynpexaeHne 3HaYeHNs NKCens n3obpakxeHns aToro
thaiina He 06a3aTenbHO SBNATCS BMHAPHBIMKU, 3TO AN AEMOHCTpaUUn, Takxe 3T1o JleHa,
3Be3na Mupa 06paboTku n306paxkeHnin)

N3o06paxeHns B OTTEHKax ceporo: 6naronaps oHnaH-unbTpam BCe XOPOLWO 3HAKOMbI C
3TUMU N306paxeHnsMn. OTn n3obpaxeHns 06bIYHO NMEOT 0aMH HBaT Ha NMKcenb, a 0 - YepHbIi,
a 255 - 6enblii, BCe MEX Y HUMU - 3TO APYroi OTTEHOK CEPOro LBETa, y4nTblBas, YTO N0AM MOTYT
pasnuyaTtb TONbKO 40 OTTEHKOB CEPOro, aTOro gmManasoHa 0oCTato4yHO AN MHOMUX NPUN0XEHNI
(0bpaTnTe BHUMaHWE, YTO 3HAYEeHUs NuKcenel 3aecb otTobpaxatotcs oT 0 0o 1 oo 6aiToBbIX
3HavyeHun 0 - 255)

LiBeTHbIe n3o6paxeHus: HakoHel, Hanbonee pacnpoCTpaHEHHbIA TN LMGPOBOro
n306paxeHunsi, UBeTHble N306paxeHns. 34ecCb Mbl AONKHbI YNIOMSHYTb O KOHLIENUMX KaHanoB.
LincppoBble n3obpaxxeHns, Takxe NMEIT KaHasbl, Ha caMoM fene, BHapHbIE 1 MOy TOHOBbIE
n306paxxeHunsi, ONMCaHHbIE Bbille, TakXe MMeloT KaHanbl. Hanbonee pacnpocTpaHeHHbIM
onuncaHuem bynet mooenb RGB (Red-Green-Blue), B 3aToM cnyyae nsobpaxeHve umeet 3 kaHana
(He nyTanTe ux ¢ pasamepamu, 310 BCe eule 2D-n3obpaxeHuns), 4Tobbl onmMcaTb NOKPaCHEHWe,
CMHEBATOCTb U 3eNEHOCTb M30bpaxeHuns. B aTom cnyyae kaxablih NUKCENb NpeacTaBnseT cobow
Tpunnet, 3Ha4yeHme ot 0 0o 255 (oT KpacHOro Ao caMoro KpacHoro), 0 - 255 (o1 3eneHoro oo
3eneHoro), 0 - 255 (cuHunn He camblin cuHU). Ons aton mogenu nukcens {0,0,0} YepHbIn,
{255,255,255} - 6enblit, {255,0,0} - kpacHblid, {255, 255, 0} - xxenToliti. TeM He MeHee, LBeT
ABNSAETCS OYEHb WNPOKON TEMOM, U Bbl MOXETE NPOBEPUTL CCbINKK ANS NONy4YEHUS
OONONMHUTENbHOM NHJOOPMaLUN.
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M'vwnep-cnekTpanbHblie M306paxeHus:

Mocne TOro, kak Mbl 06CyanNIN KaHasbl, FOBOPUTb O FMNEPCeKTPanbHbIX N300paxkeHNsX NpoLLe.
911 n30bpaxeHns MOryT UMeTb COTHM KaHanoB 1 0OblI4HO UCMONb3YTCS B MUKPOCKOMUN,
CNyTHWKOBOW BM3yanusauum u 1. 1.

MNokazaHus
1. Boibopka curHana: hitps://en.wikipedia.org/wiki/Sampling_(signal_processing)

2. Bubneiickas obpaboTka LuMgpoBbix n3obpaxeHuin: RC Gonzalez, RE Woods: Lingposas
obpaboTka nsobpaxeHuii. Tpetbe nsgaHme, Pearson Prentice Hall, Upper Saddle River,
2008.

3. O630p KOMMbIOTEPHOrO 3peHuns (oo rnybokoro oby4yenus): P. Cenuckun: KoMmnbloTepHoe
3peHve: anropuTMbl 1 Npunoxexns. Springer, Hbto-Mopk, 2010.

4. Y10ob6bl NONYy4nTb NpeacTaBfieHne o GHaPHbIX, MONYTOHOBbIX, LBETHbIX M306pakeHnsX:
https://en.wikipedia.org/wiki/Grayscale

Examples

YcraHoBKa unu HacTpomnka

|-|O,El,p06HbIe MHCTPYKUMK NO HaCTpOIZKe nnn yCtaHoBKEe KOMNbOTEPHOI 0 3peHns.

[ns 97O 1 NocneayroWwmx CEPUn KOMMbIOTEPHOrO 3peHus s Byny ncnonb3osatb Python 2 B
KayecTBe s3blka NporpamMmmupoBaHust. Python - a1o 0bwmii Bbibop Ans HAy4YHOro cooblwecTsa, OH
HecnnatHblil, y HEro MHOro 6GnbnnoTek GecnnaTHoO N C OTKPbITbIM UCXOAHbIM KOLOM, U €CNA Bbl
HOBMYOK B NPOrpaMmMmnpoBaHMM CBOEro O4HOr0 N3 caMblx NMPOCTbIX AN U3YYEeHUs 1 Havana
nporpamMMpoBaHuns.

Tenepb HacCTpPoOuM, eCnu Bbl UCNONb3yeTe Linux, y Bac, BEPOSATHO, yXe ecTb python, npocTo
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OTKPOMTE TEPMUHAN 1 BBeOnUTE «python», 4ToObl NPOBEPUTL, BCe NN yXe paboTtaeT. Lpyrue,
MOXEeTe NPOBEPUTb 3Ty CChINKY U 3arpy3nTb python 2.7.

Bo-BTOpbIX, HAM HYy>XHO ByneT yCTaHOBUTb BMBNMOTEKN, KOTOPbIE Mbl Oy AEM NCMONBb30BaTh B
NcxooHOM koge. Tenepb 0bpaTuTe BHMMaHME, 4TO 3Ta HACTPOKA NpefHa3HayYeHa a1 3Toro
npvmepa, Ha bonee NO3oHMX aTanax Mbl Job6aBUM pasHble 6MbNNOTEKM, U, pasyMeeTcs, ANs
PasHbIX MPUIOXEHNA KOMMbIOTEPHOr0 3PEHUS MOryT NOTpeboBaTbCs onpeneneHHble
6ubnuoTekn, Takne kak OpenCV. Ham noHanobutcs Tonbko ogHa 6ubnnoteka, kotopas byaet
yCTaHOBNEHa B Halel cucteme ans 3anycka koga. lMpu ncnonb3osaHum python s 06bI4HO
yCTaHaBMBalo 3aBNCKMMOCTM, UCMOMb3Ys 'pip'. TO NPOCTON UHCTPYMEHT ANS YCTAHOBKY
mogynen python, Bbl Tak>Xe MOXETE NPOBEPUTL €ro Mo 3TOW CChlNKe

Tenepb Mbl FOTOBbI YCTAHOBMTb HYXXHYO HaMm 6ubnnoteky PyPNG. Ecnu Bbl Ucnonb3yeTe nunc,
BCE, 4TO BaM HYXHO caenaTtb, 370

nuneTtka PyPNG

B TepMUHarne, ecnu Bbl UCNonb3yete Linux / Mac, B KOMaHLHOW CTPOKEe, €CNU Bbl UCMOJIb3yeTe
Windows.

Kpome Toro, ans aTux ynpaxHeHWin BaM HYy>XXHO NONTy4YNTb N3006pa>keHunst, KOTOPbIE MOXHO HaATK
B CCblIKe github BMecTe ¢ ncxoaHbiM KOOOM U HOyTOykamu ipython.

https://github.com/Skorkmaz88/compvis101

Tenepb HaM OONXHO BbITb XOPOWO UATWN HA TPEHUPOBKM
Mpumepbl

OT0 04eHb NpocTas cepus ynpaxxHeHui ons o6paboTkm n306paxxeHnn 1 KOMNbIOTEPHOO
3peHus Python, npegHa3HayeHHas ons BBEAEHNS 9TUX TEM C HEOOMNbWIMMM NpakTUKamu. A
3apaHee N3BUHSAIOCH 3a Nobble ownbky HOBOBpaHeEL, OH BCe elle HaxoauTcs B paspaboTke. B
31O cepun 9 ByLy orpaHMuMBaTh LMGPOBbLIE N300paXXEeHNS, KOTOPbIE Mbl MOXEM UCMO/b30BaTh
ans doarino PNG nns npocToThl, U § TakXe 06Cy Xy TeMy cxXaTusi nsobpaxeHus.

Mo>xanyicTa, KNoOHUPYNTE Peno3nTopuii, eCnv Bbl elle 3Toro He caenanu, UM MoXxeTe NPocTo
3arpysnTb ero 3aechk Yyepead Github:

git clone https://github.com/Skorkmaz88/compvisl0l

Ectb OBa panna, KoTopble Bbl MOXETE UCNONb30BaTb, OAMH U3 HUX - tutorial0.py, a opyrom -
readlmages.ipynb, BTopoW - 310 ipython-HoyTOyK, ecnu Bbl NpeanoYyMTaeTe NCnonb3oBaTth 3TO.
Ho nBa harna genatot T0 Xe caMmoe.

Y Kooa eCcTb NOSICHEHMS B KOMMEHTapusx, A
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# libs
import png

# We create a greyscale image as described in our text.

# To do that simply, we create a 2D array in python.

# x and y, x being horizontal and y being vertical directions.

x =[]

y = []

# Play around with these pixels values to get different grayscale images, they shoud be
# in range of 0 - 255.

white = 255

gray = 128

black = 0

width = 100

height = 300

# Add 100 x 100 rectangle as just white(255) valued pixels
for i in range (0, 100):
for j in range(0,100) :
y.append (white); # Pixel (i, J) 1s being set to a value, rest is coding trick to nest
two lists
x.append (y)
y = []

# Add 100 x 100 rectangle as just mid-gray (128) valued pixels
for i in range (0, 100):
for j in range(0,100) :
y.append (gray) ;
x.append (y)
y = []

# Add 100 x 100 rectangle as just black(0) valued pixels
for i in range (0, 100):
for j in range(0,100) :
y.append (black) ;
x.append (y)
y = []

output image file

= open('out.png', 'wb')

= png.Writer (width, height , greyscale=True, bitdepth=8)

.write(f, x)

.close ()

If everything went well, you should have 3 vertically aligned rectangles white, gray and
black

# Check your working folder

H* Hh T = rHh H

# PART 2
# Read a grayscale image and convert it to binary

# This time we will binarize a grayscale image, to do that we will read pixels and according
to threshold we set
# we will decide if that pixel should be white or black

# This file is originally 8 bit png image, can be found in github repository, you should use
only this type of

# images if you want to change the image.

f = open('./img/lenaG.png', 'r')
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r=png.Reader (file=f)
# You will the details about the image, for now pay attention to size and bitdepth only.
img = r.read()

width = img[O0]

height = img[1]

# Threshold value for binarizing images,
threshold = 128

print "Input image size is: "+ str(width)+ " pixels as width, " + str(height) + " pixels as
height"
f_out = open('lenaBinary.png', 'wb')

w = png.Writer (width, height , greyscale=True, bitdepth=1)

pixels = img[2]

X

[]
y = [l

# Let's traverse the Lena image
for row in pixels:
for pixel in row:
p_value = pixel
# Now here we binarize image in pixel level
if p_value > threshold:
p_value = 1
else:
p_value = 0

y.append (p_value) ;
x.append (y)
y = [I

w.write (f_out, x)
f_out.close ()

Ecnu Bce BymeT xopowmwo, nosnpaBiso! Bel co3manu u3oOpaxeHHe C HYId M BHIIOIHHUIHK [peobpasoBaHHE
[IepBOrO IMHKCEeNd Ha CymecTByimeM HaobpaxeHHH. [lpoBepbTe CBOKO pabouyio Mamky, YTOOB YBHIETH HOBHE
uzobpaxeHud

[lpouuTanTe Hauano paboTel C KOMIIBIOTEPHBIM BHIEHHEM OHIIaWH: https://riptutorial.com/ru/computer-—
vision/topic/5710/He

E:HO*paGOTbl*C*KOMjb}OTGprIM*BI{ﬂeHRGM
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KpenHTHI

T'naBel Contributors

Hauano pa6oTe C . ) L
1 L,L)lT;’Hlllet;', oemln Korkmaz
KOMITBIOTEPHBIM BUIEHUEM
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