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TemaTunKa Ha Kypca

Tema 1. BbBeaeHue. OCHOBHM NOHATUA

Tema 2. CbwHOCT Ha undposuTe n3obparkeHms. LUBeTHu
n3obparkeHuns

Tema 3. lMukcenHo 6a3mpaHm onepaymnm c N3obparkeHms
Tema 4. JlokanHu onepauymm c n3obparkeHms

Tema 5. lnckpeTHn TpaHCcopMaLmm B YeCTOTHATA obaacT
Tema 6. Duntpaumns Ha n3obpaxKeHnAa B YeCcTOTHATa obnact
Tema 7. Bb3cTaHOBABaHe Ha n3obparkeHusn

Tema 8. leomeTpnyHKU onepauumn ¢ n3obparkeHus

Tema 9. YenBnetHu npeobpasysaHusa. Komnpecus Ha
n3obparkeHuns

Tema 10. MopdonormyHm onepaumm c nsobpaxeHus



Pecypcwu

OcHOBHa inTepaTypa

R. Gonzales, R. Woods, Digital Image Processing, Prentice-Hall,
2002.

W. Pratt, Digital Image Processing, John Wiley & Sons, 2001.

A. Jain, Fundamentals of Digital Image Processing, Prentice-Hall,
1989.

K. Castleman, Digital Image Processing, Prentice-Hall, 1995.

lonbaHUTEeNHa hnTepaTypa
B. Jahne, Digital Image Processing, Springer, 2002.
S. Mann, Intelligent Image Processing, John Wiley & Sons, 2002.
D. Phillips, Image Processing in C, R & D Publications, 2000.

M. Sonka, V. Hlavac, R. Boyle, Image Processing, Analysis and
Machine Vision, PWS - Brooks and Cole Publishing, 1998.



igital
Image
~==— Processing

lswRR

“ 4 T
sl 8 Third Edition
ME) NG\
') I \\',5
"J/':

N Rafael C. Gonzalez
| 1.4 -

Rafael C. Gonzalez | Jf’ Richard E. Woods

Richard E. Woods o

- e
M



One picture is worth more than
ten thousand words. (Anonymous)

U306parkeHune
ngymepHa pyHkuma F (X, Y)
X nY ca npocTpaHCTBEHU (PAaBHUHHM) KOOPAUHATH
F e amnanTyaaTa BbB BCAKA ABOMKA KOOPAUHATH

UHTEH3UTET U HUBO Ha CNBO

LndpoBo nsobparkeHue

X, Y 1 F ca orpaHn4YeHn ANCKPETHUN BeNNYUHU



LndppoBa 0bpaboTKa Ha N30b6parkeHUs

Llugpposa obpabomka Ha uzobpaxceHus =
O6pabomeaHe Ha yugposu usobpaxceHus

Lindposo nsobparkeHue

CbCTOM Ce OT KpaeH bpoun enemeHTH

BCEKU eleMeHT MMa onpeaesieHO Mecmoros10XeHue
n cmolHocm

e/leMeHTUTe ce Hapuyar picture elements, image
elements, pels, pixels

Pixel e Han-yecTo N3NON3BaAHUA TEPMMUH 33
0603Ha4yaBaHe Ha eNemMeHTUTe Ha UMPPOoBO
n3obparkeHue



LndppoBa 0bpaboTKa Ha N30b6parkeHUs

Llugpposa obpabomka Ha uzobpaxceHus =
O6pabomeaHe Ha yugposu usobpaxceHus

Llenn Ha o6bpaboTtBaHeTo

I'IO,EI,O6pFIBaHe Ha BU3Yya/IHOTO NpeacraBAHe Ha
M306paH-(eHMFITa C ues Bb3NnNpnemaHeETo UM OT

4yoBeK
06paboTKa Ha n30bpaxKeHUeTo C Len

CbXpaHeHue, NPeHoC U NPeACcTaBAHETO Ha
JAHHUTE 33 KOMMNIOTbPM3NPAHO 0bpaboTBaHe



3peHune

EAHO OT YOoBeLWKNUTe ceTuBa

cnocobcTBa N0/ly4aBaHETO HA MHPopMaLMA 33
3200MKanALLMA HU CBAT

YyoBeLllKaTa 3puTenIHa CUCTeMa Ce e YCbBbPLUEHCTBa1a B
pe3y/TaT Ha eBooLMA 3a nepmnog, oT oKoao 4.10° roamHu

PEe3yNTaTLT € U3KAUUTENIHO ePeKTMBHA CUCTEMA

CbCTaBEHa OT BUINOHMU HEePBHW KNETKU

oKo/10 10'3 HeBpoOHa

C U3KIHOYUTENHO ronam bpoi Ha B3aMMHUTE BPBH3KK
okono 10'*HeBpoHa
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3peHune

Hain-pa3BMUTOTO OT ceTMBaTa

n300paXKeHnA UrpasT Hal-BaXKHATa PO B YOBELLUKOTO
Bb3npusaTme

3pEeHUETOo NP YoBeKa Hocu oKono 70% oT AaHHUTE,
NOCTbMNBALLM B LEHTpa/IHaTa HepBHa CUCTEMaA

yecTtoTaTa Ha NodaBaHe Ha AaHHW e oKkono 10 bits/sec

He cbulecTtsyBa KOMNIOTbPHA CUCTEMA, KOATO A3
MMUTUPA YCTPOUCTBOTO N PYHKLUMOHUPAHETO Ha
3PEHMNETO NPM YOBEKA

“The simplest description of the human brain may be the
human brain itself” (John von Neumann )
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3peHne — MallMHHO 3peHue

3peHue

orpaHn4yeHo BbB BMANMATA HaCT Ha CMNEKTHLbPA
0.4-0.7um

LUudposu nsobpaxkeHus

MOraT Aa 6baaT Noay4YeHU B LUMPOK AMana3oH Ha
EM cnektsbp

OT rama /ib4uu 40 paamno sbaHu (1011 — 101 m)
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EneKTpoMarHuTeH cneKkTbp

-«

Increasing energy

{IINAVAVAVAVAVAVANVAN

Increasing wavelength >
0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm I cm Im 100 m
| 1 1 1 ] 1
Gamma rays Xrays Ulira- Infrared Radio waves
violet
Radar TV FM AM
DYyHKYuUA Ha
Visible light

400 nm

500 nm

600 nm

700 nm

Relative Sensitivity

yyecmeumesnaHocmma
Ha YyoeewKomo 3peHue

400 500 600 700
Wavelength (nm)



EfleKTpON\a THUTEH CMNeKTbP

Gamma-Ray Imaging Multispectral images

electron volts)

4B ST R R )

Gamma ravs X-1avs Ultraviolet Visible  Infrared Microwaves Radio waves
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PU3nM4YHM OCHOBMU

CeetniMHa (Light)
dopma Ha eHepruma

U3TOYHWUK — aTOM, ABUXKELL, Ce CbC CKOPOCTTA Ha

CBeT/IMHAaTAd

CKOPOCT Ha pa3npocTpaHeHne Ha CBeT/InHaTa
300 000 000 m/sec (3x108)(BbB BaKkyym)

JTbY CBET/NIMHA, n3nbyeH ot CabHUETO, A0CTUra 3emMATa
cnen 8 MUHYTH
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PU3nM4YHM OCHOBMU

EneKTpomarHutHa eHeprusa
eHeprma, gsnxella ce rnpe3 npocTpaHCTBO NN MaTePUA KAaTO BbJ/1HA

EnektpomarHmtHaTa eHeprma obxealua
suoumu, paouo, UHpavepseHU, 2amMd Nbyu

EnekTpomMarHutHaTa eHeprma ce ABMXKU CbC CKOPOCMMa Ha
ceemnuHama

CKOPOCT Ha CBeT/INHaTa BbB BaKyym: 3x108 m/s

CKOPOCT Ha CBeT/InHaTa BbB BoAa: 2.25x10%8 m/s

CKOPOCT Ha CBeT/InHaTa B AnamaHT: 1.24x108 m/s

YecTtoTtaTta e CBOMCTBO Ha BbJ/IHATA onmcsalo KOJIKO UMKb/1a
UMa Bb/IHATA B EANHULLIA BPEME
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PU3nM4YHM OCHOBMU

— Solar spectrum outside atmosphere

A Solar spectrum at sea level

Increasing flux

lnfrared }-

2::10'? me'? 1x10° 1.4 x 10 1.8 x 106 2.2 x 10 2.6 x 10° 3 x 10°°
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PU3nM4YHM OCHOBMU

cBeT/IMHEH N3TOYHUK

CUCTEeMa 3a perncTtpmpaHe
Ha u3obpakeHue

paBHWHA Ha
n3obpakeHneTo

HabaoagaBaHa cLeHa

pesyntart
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LndppoBa 0bpaboTKa Ha N30b6parkeHUs

O6paboTKa Ha nsobpakeHus

METOAN U aATOPUTMMU, C KOUTO OT U306parkeHuns ce
noay4yaBaTt Apyrm nsobpaxeHus

AHanus Ha nsobpaxeHus

M3BANYaHE Ha MHPOPMALMA 33 CbADBPHKAHMETO Ha
n3obparkeHus

Pa3sno3HaBaHe Ha 0bpa3u

KnacnduumpaHe, pa3no3HaBaHe U MHTEPNPeTUpPaHe Ha
obpas3u
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LndppoBa 0bpaboTKa Ha N30b6parkeHUs

O6paboTKa Ha nsobpakeHus
Image Processing
Image in - image out

AHanus Ha nsobpaxeHus
Image Analysis
iImage in - measurements out

Pasno3sHaBaHe Ha 06pa3u
Image Understanding
image in = high-level description out
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LndppoBa 0bpaboTKa Ha N30b6parkeHUs

KomnioTbpHO
3peHue
KomniotbpHa O6paboTKa Ha

rpadmKa nsobpaxeHus
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LUnppoBa 0bpaboTKa Ha n30bparkeHusn

XaPaKTEPUCTUKHU

KomnoTbpHO

3peHune

NMMKCENU

PacmepHo
usobpaxceHue

> DYHKYUOHAMHO ornucaHue
Ha u3zobpaxceHue
XapPaKTEPUCTUKU
Automation
Robot vision y
Computational .variable
Intelligence 2 Mllna‘
e | KomntoTbpHa
el optics rpaduka
Imaging
Smart cameras
. nUKcenu
NUKCeNu NUKcenm
O6pabomkKa Ha PacmepHo
usobpaxceHus uzobpaxceHue
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KOMMOHEeHTU Ha cuctema 3a OU

Network
- T -

> Mass storage

Image displays

Computer

Specialized
image processing
hardware

Image processing

Hardcopy :
’ software

Image sensors

ir

Problem
domain
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Etanu Ha 06paboTKa

Bucoko Huso

*

UHTepnpeTayua,
pa3no3HaBaHe

A

?

CermeHTauuA

?

M3Bnn4vaHe Ha nNpusHaumu

A

Hucko Hueo

MNopnobpnasaHe,
Bb3CTaHOBABaHE

basa paHHU
basa 3HaHuA

A

f

MpeobpasyBaHe

A

A

f

dopmmpaHe Ha nsobpaxkeHue

A

T

fi(x y)

N306paxceHue

Cuctema 3a
BU3yaaun3aumsa




HMUCKO HUBO

Hapuya ce olle HUBO AAHHMU

OT BXOAHOTO M306paKeHune ce nosiyyaBa M3XoaHO
n3obparxkeHme

He ce n3non3saT HMKAKBU UM Ce N3MNO0I3BAT MHOTO
MaJIKO 3HaHMA 33 CbAbPKAHMETO Ha
n3obparkeHneTo

[lpunarat ce KOHMEeKCMHO He3asucumu v
Mno3UuyuUoOHHO UHBAPUAHMHU onepaTopu
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BUCOKO HMUBO

Hapwuya ce oule HUBO 3HAHUA

CMMUCNOBaA MHTepNpeTaLms, pa3no3HaBaHe u
pasbunpaHe Ha CbabPrKAHNETO Ha U30bOparkeHnATa

[punarat ce MeToau M anropuTmum ot obnactra
N3KYCTBEH MHTENEKT, 6ba3mpaHu Ha 3HAHUSA

3HaHWNA 3a MOAEJ/TN HA XaPaKTEPUCTUKRUTE, MOOE/TN HA
O6eKTVITe, B3dMMHA BPb3Ka MexXay obekTuTe
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OCHOBHW eTanwu

dopmupaHe Ha nsobpaxkeHue
Image formation

real image sampled quantized sampled &
quantized

intensity
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OCHOBHMU eTanu

MNopobpasaHe Ha nsobpakeHmnerto
Image enhancement
[a ce noavyepTanaT onpeaeneHun XapakTepPUCTUKU

4 | 4

blurred original sharpened original s&p noise

median filter
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OCHOBHMU eTanu

Bb3cTaHOBABaHE Ha n30bparkeHneTo
Image restoration
noaobpAaBaHe Ha BU3ya/IHOTO NpeacTaBAHe Ha JaHHUTE

blurred image colornoise  5x5 Wiener filter periodic
noise

frequency
tuned filter

original
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OCHOBHMU eTanu

[peobpa3ysaHe Ha u3obpaxceHuUs
Image transformations

NPOMSHA Ha Pa3noJIoXKeHMe, pa3mep, HUBA Ha
AVUCKPETM3npaHe u ap.

Resampling

N2 riighsor nEar=st nignor
8x 16x

oicuic ine2roolation icunic intzroolation

(resizing)




OCHOBHMU eTanu

Komnpecusa Ha nsobpaxeHus
Image compression

NPOMAHA Ha AaHHUTE, HeobXoAMMM 33 CbXPaHABaHeE Ha
n3obparkeHneTo

JPEGQ: 11 52kB JPEGQ: 8 26kB

JPEGQ: 7 22kB JPEGQ: 5 19kB JPEGQ: 4 17kB

“ Rt

JPEGQ: 3 16kB JPEGQ: 2 14kB JPEGQ: 1 13kB JPEGQ: 0 12kB



OCHOBHMU eTanu

MopdonornuHu onepauyum
Morphological processing

N3BJINYAHE HA KOMMOHEHTU U XapaKTEPUCTMKN Ha
n3obparkeHneTo
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[lpnnoxkeHune

[MoyTn HAMaA 061acT, B KOATO 1a He ce M3MN0A3Ba
noJ HAKakBa dopma o0bpaboTka Ha n3obparkeHus

umdpoBaTa 06paboTKka Ha n30bpaKeHUsa MMa LLMPOKA
N pa3Hoobpa3Ha 061acT Ha NPUIOKEHUS

(]
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’
'
v
-
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Gamma X-ray Optml Infrared Radio

FIGURE 1.18 Images of the Crab Pulsar (in the center of images) covering the electromagnetic spectrum.
(Courtesy of NASA. )
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[ama n3obpaxeHusn
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cd

FIGURE 1.6
Examples of
gamma-ray
imaging. (a) Bone
scan. (b) PET
image. (c) Cygnus
Loop. (d) Gamma
radiation (bright
spot) from a
reactor valve.
(Images courtesy
of (a) GE.
Medical Systems,
(b) Dr. Michael
E. Casey, CTI
PET Systems,

(c) NASA,

(d) Professors
Zhong He and
David K. Wehe,
University of
Michigan.)

35



eHTreHOBU N300parkeHus

a FGURE 1.7 Examples of X-rayimaging. (a) Chest X-ray. (b) Aortic anghogram. (c) Head
CT. (d) Circuit boards. (2) Cygnus Loop. (Images courtesy of (a) and () Dr. David
R. Pickens, Dept. of Radiology & Radiological Sciences, Vanderbilt University Medical
Center, (b) Dr. Thomas R. Gest, Division of Anatomical Sciences, University of Michi-
gan Medical School, (d) Mr. Joseph E. Pascente, Lixi, Inc, and () NASA.)
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YNTPaBMNOIETOB CNEeKTbP
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FIGURE 1.8
Examples of
ultraviolet
imaging.

(a) Normal corn.
(b) Smut corn.
{¢) Cygnus Loop.
(Images courtesy
of (a) and

(b) Dr. Michael
W. Davidson,
Florida State
University,

(c) NASA.)
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Buamm n nuppayepBeH CNeKTbP

-

FIGURE 1.10 LANDSAT satellite images of the Washington, D.C. area. The numbers refer to the thematic
bands in Table 1.1. (Images courtesy of NASA.)
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MunKpoBb/IHOB 06XBaAT

FIGURE 1.16
Spaceborne radar
image of
mountains in
southeast Tibet.
(Courtesy of
NASA.)
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Paano obxsaTt

ab

FIGURE 1.17 MRI images of a human (a) knee, and (b) spine. (Image (a) courtesy of
Dr. Thomas R. Gest, Division of Anatomical Sciences, University of Michigan Medical
School, and (b) Dr. David R. Pickens, Department of Radiology and Radiological Sci-
ences, Vanderbilt University Medical Center.)
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[lpnnoxkeHune

FIGURE 1.15
Some additional
examples of
imaging in the
visual spectrum.
(a) Thumb print.
(b) Paper
currency. (¢) and
(d). Automated
license plate
reading. (Figure
(a) courtesy of the
National Institute
of Standards and
Technology.
Figures (c) and
(d) courtesy of
Dr. Juan Herrera,
Perceptics
Corporation.)
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[lpnnoxeHue

FIGURE 1.14
Some examples of
manufactured
goods often
checked using
digital image
processing, (a) A
circuit board
controller.

(b) Packaged pilks
(c) Bottles.

(d) Bubbles in
clkar-plastc
product.

(e) Cereal.

(f) Image of
ntraccular
mplant.

(Fig. () courtesy
of Mr. Pete Sites,
Perceptics
Corporation.)
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[lpnnoxeHue

N306parkeHna morat ga 6baaT NoNyyYeHU oT
N3TOYHUUMN, JAHHUTE OT KOUTO XOpaTa He ca
CBMKHaNWM Aa acoummpart ¢ n3obpakeHusa

YNTPa3BYK, ENEeKTPOHEH MUKPOCKOMN, KOMMIOTbPHO
reHepupaHun n3obparkeHus

FIGURE 1.19
Cross-sectional
image of a seismic
model. The arrow
points to a
hydrocarbon (oil
and/or gas) trap.
(Courtesy of

Dr. Curtis Ober,
Sandia National
Laboratories.)




YNTpa3ByYKOBU M300parKeHnA
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FIGURE 1.20
Examples of
ultrasound
imaging. (a) Baby.
(2) Another view
of baby.

(¢) Thyroids.

(d) Muscle layers
showing lesion.
(Courtesy of
Siemens Medical
Systems, Inc.,
Ultrasound
Group.)
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ENeKTpoOHeH MUKPOCKON

def

FIGURE 1.9 Examples of light microscopy images. (a) Taxol (anticancer agent), magnified
250%. (b) Cholesterol—40x. (c) Microprocessor—60x. (d) Nickel oxide thin film—600
X. (e) Surface of audio CD—1750x. (f) Organic superconductor—450 X, (Images cour-
tesy of Dr. Michael W. Davidson, Florida State University.)
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ENeKTpoOHeH MUKPOCKON

ab

FIGURE 1.21 (a) 250X SEM image of a tungsten filament following thermal failure.
(b) 2500 SEM image of damaged integrated circuit. The white fibers are oxides re-
sulting from thermal destruction. (Figure (a) courtesy of Mr. Michael Shaffer, Depart-
ment of Geological Sciences, University of Oregon, Eugene: (b) courtesy of Dr.
J. M. Hudak, McMaster University, Hamilton, Ontario, Canada. )
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KPAU

CnepBalla Tema:

CvwHOoCcCm Ha yugpposume uszobpaxceHus.
LleemHu u3zobpaxceHus




