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Chapter 1 Introduction.

This book is an introduction to the broad
field of computer vision.

Without a doubt machines can be built to
see; for example, machines inspect millions
of light bulb filaments and miles of fabric
each day.

Automatic teller machines (ATMS) have
been built to scan the human eye for user
identification and cars have been driven by a
computer using camera input.

This chapter introduces several important
problem areas where computer vision pro-
vides solutions.

After reading this chapter, you should
have a broad view of some problems and
methods of computer vision.

1 DEFINITION The goal of computer
vision is to make useful decisions about real
physical objects and scenes based on sensed
images.

In order to make decisions about real
objects, it is almost always necessary to
construct some description or model of them
from the image.

Because of this, many experts will say that
the goal of computer vision is the
construction of scene descriptions from
images.

Although our study of computer vision is
problem-oriented, fundament al issues will be
addressed.

Critical issues raised in this chapter and
studied in the remainder of the text include
the following.

In order to make decisions about real
objects, it is almost always necessary to
construct some description or model of them
from the image.

Because of this, many experts will say
that the goal of computer vision is the
construction of scene descriptions from
images.

Although our study of computer vision is
problem-oriented, fundament al issues will be
ad- dressed.

Critical issues raised in this chapter and
studied in the remainder of the text include
the following.

Sensing: How do sensors obtain images of
the world?

How do the images encode properties of

I'maa 1 Berymienue.

JlaHHasg KHUIa CIyXUT BBEICHHEM B IIUPOKUHA KpPyr
BOIPOCOB KOMITBIOTEPHOT'O 3pEHHUSL.

be3 coMHeHMs, MOXHO CKOHCTPYMPOBATh MAIIWHBI JJIS
00pabOTKH 3pUTENBHBIX JaHHBIX: Hampumep, Ha (adbpukax
MAIIHBI €KEHEBHO KOHTPOJIMPYIOT MUJTHOHBI
OCBETHUTEIbHBIX JAMIT HAKaJIMBAHHUSL.

Pazpabotanbl cuctembl 0€30MaCHOCTH, CKaHUPYIOIIUE
YeJIOBEUECKUM TIa3 Uil MIACHTU(UKAIUM JUYHOCTH U
M3BECTHBI SKCIIEPUMEHTHI IO YIPABJICHUIO aBTOMOOHIIEM Ha
OCHOBE KOMIIbIOTEPHON 00pabOTKU JaHHBIX, MOCTYIAOIIUX
C BHJICOKAMEpBHI.

B nanHo# riaBe npeAcTaBieH Pl BaXKHBIX IPUKIAIHBIX
o0macTeif, B KOTOPBIX BO3MOXXHO TIPUMEHEHHE CHCTEM
KOMIIBIOTEPHOI'O 3PEHUS.

[locne mpouTeHHs NAHHOHN TJIABBI Y YATATEIS CIOKUTCS
ofIlee MpesiCTaBIEHUE O HEKOTOPBIX 3aJadax M METoJax
KOMITBIOTEPHOTO 3PEHUSI.

1 Onpenenenue. Lleap  KOMIBIOTEPHOIO  3pEHHUS
3aKioyaercss B (OPMUPOBAHMM  TOJIE3HBIX  BBIBOJIOB
OTHOCHTEIIEHO OOBEKTOB M CIIEH pealbHOTO MUPA HA OCHOBE
aHanM3a  M300paKeHUH, IMOJNyYEHHBIX C  IOMOIIbIO
JTATYHKOB.

Jns popMHUpOBaHUS BBIBOJJOB OTHOCUTEIIBHO OOBEKTOB
peambHOr0 MHUpa TMOYTH BCEr/a HEOOXOAWMO IIOCTPOUTH
HEKOTOpPOE ONMMCAHUE UM MOJIENb 3TUX OOBEKTOB HA OCHOBE
n300paXKeHusl.

[TosToMy MHOTME 3KCIEpThl NMPHUXOAAT K BBIBOY, YTO
eNb  KOMITBIOTEPHOTO  3pEHHs  3aKioYaeTcs B
(hOopMHUPOBAHNUH ONMCAHUN CIIEH IO U300paKEHHSIM.

XoTs Hall y9eOHHK 10 KOMITBIOTEPHOMY 3PEHHIO MMEET
NPUKIAIHON XapakTep, B HEM Takke OOCYXHaercs psl
(yH1aMEHTaIbHBIX BOIIPOCOB.

[lepeuncauM  BakHEWIIME TEMbl, KOTOpble OyayT
0003Ha4YeHbl B JAHHOM TjaBe M 3aTeM OyAyT M3ydaThCs B
OCTaBIIENCS YaCTH KHUTH.

Kakum o0pazoM 1pu mOMOLIM JaTYUKOB MOKHO
MOJTYYUTh N300pa’keHHsI CLIEH peabHOro MHUpa?
Kakum o0pazomM B u300paxeHHSIX MPEACTaBIEHBI

CBOWCTBa peaJbHBIX OOBEKTOB, HANpUMEp Marepual,
(hopMa, OCBELIEHHOCTh U MPOCTPAHCTBEHHBIE OTHOIIEHUS?

KomupoBanue  undopmamum: Kak  n3o0pakeHUs
nepenaT MHGOPMAIUIO s TOHUMAHUS TPEXMEPHOTO
MHUpa, B TOM u4Hcle HH(pOpManuio A HIeHTU(UKALUU
00BEKTOB, 00 UX T€OMETPUUECKUX U TEKCTYPHBIX CBOHCTBAaX
Y IBUKEHUU?

[IpencraBnenune: B kakoil Qopme MOXHO XpaHHUTH
onucaHus 00BEKTOB, MX YaCTeH, CBOMCTB U B3aUMOCBSI3€i?

Anroputmel:  Kakue  CymecTByoT  METOABI A
00paboTku MHOpMAIUH U300pKEHUNH U I TIOCTPOCHUS
OTIMCaHU# pPeaTbHBIX OOBEKTOB U CIIEH?

B nmocnexytomux rimaBax OyqyT paccMaTpUBAaThCs 3TH U
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the world, such as material,
illumination and spatial relationships?

Encoded Information: How do images
yield information for understanding the 3D
world, including the geometry, texture,
motion, and ident it y of objects in it?

Representations: What represent at ions
should be used for stored descriptions of
objects, their parts, properties and
relationships?

Algorithms: What methods are there to
process image information and construct
descriptions of the world and its objects?

These issues and others will be studied in
the following chapters.

We now introduce various applications
and some important issues that arise in their
context.

Machines that see? Scientists and science
fiction writers have been fascinated by the
possibility of building intelligent machines,
and the capability of understanding the visual
world is a prerequisite that some would
require of such a machine.

Much of the human brain is dedicated to
vision Humans solve many visual problems
effortlessly, yet most have little analytical un-
of visual cognition as a process Allan Turing,
one of the fathers of both the modern digital
computer and the field of artificial
intelligence, believed that a digital computer
would achieve intelligence and the ability to
understand scenes.

Such lofty goals have proved difficult to

shape,

achieve and the richness of human
imagination is not yet matched by our
engineering.

However, there has been surprising

progress along some lines of research.

While building practical systems is a
primary theme of this text and artificial
intelligence is not, we will sometimes ponder
the deeper questions, and, where we can,
make some assessment of progress.

Consider, for example, the following
scenario, which could be realized within the
next few years.

A TV camera at your door provides
images to your home computer which you
have trained to recognize some faces of
people important to you.

When you call in to your home message

HEKOTOpBIE ApYrue BONPOCHL. Ternepp KpaTKo MEepedrCINM
pa3nuyHble MPUKIATHBIC 33/a4M U PSJl BOXKHBIX HpoOiIeM,
BO3HHUKAIOIIMX B KOHTEKCTE JAHHBIX 33]1a4.

MoryT 11 MaluHbl BUAETH? ABTOPHI (paHTACTUYECKON U
HAy4YHO-TIONYJISIPHOM JIUTEpaTypbl ObUIM BOCXMILEHBI UJeei
KOHCTPYUPOBAHHsS Pa3syMHBIX MaIMH, ¥ CHOCOOHOCTh
BU3YyaJbHOTO BOCHPUATUS MHUpA cTajla 0e30rOBOPOYHBIM
TpeOOBaHUEM, KOTOPOE HEKOTOPHIE U3 HUX HPEABABISUIN K
TaKUM MOI0OHBIM MallluHAM.

3peHne  sBIAETCS ~ OYEHb ~ BaXHOH  (yHKIMEH
4eJI0BEYEeCKOro Mo3ra. MHorue 3agadu  3pUTEILHOIO
BOCIIPUSTHS JIIOAM  peHIaloT Oecco3HaTtenbHO ©  0e3

HalpsDKeHHs, HO IIOKAa Hallle INOHMMaHME 3TOro Ipolecca
OYEHb OTJAJICHHOE.

Anan ThIOpHMHT, OMH U3 M300peTareneidl COBPEMEHHOIO
nuppoBOro  KOMIbIOTEpa W OCHOBarene  001acTu
HCKYCCTBEHHOI'O HHTEIUIEKTa, Iojlaraj, 4To LHU(pPOBOMH
KOMITBIOTEP CMOXKET O00JIaJlaTh pa3yMOM M CIIOCOOHOCTBHIO
MTOHUMAaHMSI CIEH.

OTH BBICOKME LENU TPYAHOAOCTHKUMBI, M OOrarcTBoO
YeJI0OBEYECKOT0 BOOOpaKEHMS IMOKa IalieKO MPEBOCXOIUT
UH)KEHEPHbIE BO3MOYKHOCTH.

Onmnako 1O pANy HaNpaBJIICHUWH MCCICIOBAaHUN OBLI
JOCTUTHYT BIEUYATJISAIOLINH ITporpecc.

XOTsI OCHOBHOM TEMOH JaHHOrO ydeOHHUKa SBISIETCA
pa3paboTka NPUKIAJHBIX CHCTEM, a HE pPAacCMOTpPEHHE
BOIIPOCOB HCKYCCTBEHHOTO HHTEJUIEKTa, HO HWHOT/A MBI
OyneM wuccrnenoBath Oojee TIIyOOKHE BOMNPOCHI U, TJe
BO3MOJKHO, TNPHBOJUTH HEKOTOPBIE OICHKH JOCTHTHYTBIX
pe3yIbTaTOB.

O6cyaum, Hampumep, CIEAYIOUIMN ClieHapui, KOTOPBIN
MOJKET BOIUIOTUTBLCS Y€pe3 HECKOJIBKO JIET.

TeneBu3moHHasT Kamepa Ha Balled JBEpU IeperacT
n300pakeHUs] Ha JIOMAIIHUM KOMIbIOTEp, OOyYeHHBIN
pacrio3HaBaTh JIHMIIAa BKHBIX JJIS BaC JIFOJICH.

Korna Bbl CBA3BIBAaCTECH CO CBOUM JOMAIIHUM LIEHTPOM
COOOIICHNH, TO KOMIBIOTEP HE TOJBKO JOKJIAIBIBAET O
TesIe()OHHBIX 3BOHKAaX, HO TAKXe COOOIIAET O BO3MOXKHBIX
BU3HTaX Balllel CECTPHI WU COCEa.

[TonoOHBIe HampaBlieHUs] COBPEMEHHBIX pPa3pabOTOK u
WCCIIEIOBAaHUH OYAYT pacCCMOTPEHBI B Pa3IMUHBIX pa3/ienax
KHUTH.

[IpukiagHele 3aqa4m.

Bo3MOXXHOCTH ~ TpUMEHEHHS  KOMIBIOTEpOB IS
00paboOTKH N300paKEHNI OYEHB BETTUKH, B JAHHOM W3JIaHUHN
OyAyT HepeunciIeHbl TOJIbKO HECKOJIBKO pa3iMyHbIX 33734,
HO ¥ OHU CMOTYT 3aWHTEPECOBATh B NAIBHEHIIIEM H3YYCHUU
npeaMeTa U IoMoYb COPUEHTUPOBATHCS B TAHHOH 00J1acTu.

[IpenBaputenbHOE pacCMOTPEHHE CTPYKTYPHI IM(PPOBOTro
M300pakeHUs uQpoBbIE n300paskeHus MOTYT
MPEACTABIAT, COOOM  pa3iIMuHble 00pa3bl, HampuMep
PUCYHOK, CTpAaHHIy TEKCTa, YeJOBEYECKOE JIUIO, KapTy
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center, your computer not only reports the
phone messages.

Application problems

The applications of computers in image
analysis are virtually limit less only a small
sample of applications can be included here,

but these will serve us well for bot h
motivation and orientation to the field of
study.

A preview of the digital image A digital
image might represent a cartoon, a page of
text, a person's face, a map of Katmandu, or a
product for purchase from a catalog.

A digital image contains a fixed number of
rows and columns of pre Is, short for picture
elements.

Pixels are like little tiles holding quantized
values - small numbers, often between 0 and
255, that represent the brightness at the points
of the image.

Depending on the coding scheme, O could
be the darkest and 255 the brightest, or visa-
versa.

At the top left in Figure 11 is a printed
digital image of a face that is 257 rows high
by 172 columns wide.

At the top center is an 8 x 8 subimage
extracted from the right eve of the left image
at the bottom of the figure are the 64 numbers
representing the bright ness of the pixels in
that subimage.

The numbers below 100 in the upper right
of the subimage represent the lower reflection
from the dark of the eye (iris), while the
higher numbers represent the brighter white
of the eye.

A color image would have three numbers
for each pixel, perhaps one value for red, one
for blue, and one for green.

Digital images are most commonly
displayed on a monitor, which is basically a
television screen with a digital image
memory.

A color image that has 500 rows and 500
columns is roughly equivalent to what you
see at one instant of time on your TV A pixel
is displayed by energizing a small spot of
luminescent material, displaying color
requires energizing 3 neighboring spots of
different materials.

A high resolution computer display has
roughly 1200 by 1000 pixels.

Karmanny, unu ToBap Juist MOKYIKH IO KaTajory.

HudpoBoe m300pakeHHE COCTOUT U3 (HUKCHPOBAHHOTO
KOJIMYECTBA CTPOK W CTONONOB mHKcenoB (pixels), aToT
TEPMUH SIBISIETCS COKpAIIEHUEM OT CIOB  <«3JIEMEHT
nu3zobpaxkenus» (picture element).

[Mukcensl HAOMUHAIOT MAJICHBKUE KBagpAaTHKH, B
KOTOpPBIX XpaHATCS JUCKPETHbIE 3HAaYeHUS-HEOOJbIINE
yucia, yacto ot 0 10 255, npeacTaBisionue sipkocTh TOUEK
Hn300pakKeHUsI.

B 3aBucumoct OT cxembl KomupoBaHus 0 MOXeT
COOTBETCTBOBATh CaMOW Maylol (TeMHOH), a 255— camoit
OO0JIBIION (CBETIIOM) IO IPKOCTH, UK HA00OPOT.

Ha puc cneBa BBepxy HameuaTtaHo HH(pPOBOE
n3zobpaxkenue smna. M3obOpaxkenune comepxut 257 CTPOK
MUKCEJIOB B BHICOTY U 172 cTONO11a B LIUPUHY.

BBepxy B meHTpe mokazaH (parMeHT H300pakeHUs
pasMepamu 8 X 8 MHUKCENOB, B3SATHIH U3 OKPECTHOCTHU
M300pakeHUs] TPABOTO IJa3a, Ha JIEBOM H300pakeHUH B
HIDKHEW 4YacTH pHUC TMpuBeneHa Tabiuma ¢ 64 yuciamu-
3HAUEHUSMU SPKOCTU MUKCENIOB (hparMeHTa H300paKeHHusl.

UYucna menpme 100 B mpaBoM BepxHEM yriy ¢pparMeHra
MIPEJICTABISAIOT cO00M cmabo OTpa)karollyld CBET TEMHYIO
obmacte mmaza  (3payok), a  OOJbpIIME  3HAYCHUS
COOTBETCTBYIOT 00Jiee CBETIIOMY OelIoMy LIBETY Iiiasa.

B 1uBeTHBIX N300paKEeHUSIX IS KOKIOTO MTUKCENIa MOKET
XPaHUTHCS TPH YHCIA, HAIPUMEP OJHO YHCIIO JUIS KPacHOH,
OJTHO JUISI CUHEN M OJHO JUIS 3€JI€HOI COCTaBIAIONIEH IIBETA.

udpossle n300paxkeHus yalle BCEro 0ToOpa)karoTcs Ha
MOHHTOpE, KOTOPBIH MOYHO TMpPEACTaBHTH cebe Kak
TEJIEBU3UOHHBI JKpaH ¢ UU(POBONM MAMSITHIO IS
M300paKeHusl.

I[BeTHOe wM300paxenue paszmepamu 500 crpok u 500
CTOJIOIIOB  MPUMEPHO  COOTBETCTBYET  M300pakeHUSIM,
KOTOpBIE BBl BUJIUTE HA SKPAHE CBOETO TEJIEBU30PA.

[Mukcen BbICBEUMBAETCS WyTEM Iepenadn
MaJIEHBKOM 00J1aCTH JIFOMUHECIIEHTHOTO MaTepHara.

BocnponsBenenue 1Bera TpeOyeT mepenadd SHEPTUU
TPEM COCEIHUM O0JacTAM, CACTaHHBIM U3 Pa3IUYHBIX
MaTepuasioB. Pa3mMepsl KOMIIBIOTEPHOTO JHCIIES BHICOKOTO
pazpemienus cocrapistoT npuMmepHo 1200 x 1000 nukcenos.

bonee monmpoOHO cTpykTypa HUGPOBBIX H300paKEHUMA
paccMaTtpuBaeTcsi BO BTOpOH TlaBe, a KOIUPOBAHUE U
WHTEpIpeTaIns [[BETa pacCMaTpUBaAETCS B TJaBe 6.

[Tonck B 0Gaze maHHBIX H300pakeHUU pa3paboTka 0a3
JAHHBIX M300paXKeHUW CTajma BO3MOXKHOM Ojaromaps
JOCTYITHOCTH LM(POBOM maMsT O0JIBIIOro oobema, JIUHUN
CBA3M ¢ OOJBIION MPOMYCKHOM  CIOCOOHOCTBIO H
NEePCOHATBHBIX KOMIIBIOTEPOB c MyJIbTUMEHA-
BO3MOYXHOCTSIMHU.

Hns 3¢p(deKkTuBHOrO  HCMONB30BaHUS  OOJBIIOTO
KOJIMYECTBA CYIIECTBYIOIMIUX H300paKeHUH HEOOX0IUMO
paszpaboTtath ymoOHBIE cpenacTBa jgoctymna. OObIYHBIE

SHEPruu
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The next chapter discusses digital images
in more detail, while coding and interpret
action of color in digital images is treated in
Chapter 6.

Image Database Query Huge digital
memories, high bandwidth transmission and

multimedia  personal  computers  have
facilitated the development of image
databases.

Good use of the many existing images
requires good retrieval methods.

Standard database techniques apply to
images that have been augmented with text
keys; however, content-based retrieval is
needed and is a topic of much current
research.

Suppose that a newly formed company
wants to design and protect a new logo and
that an artist has created several candidates
for the company to consider a logo cannot be
used if it is too similar to one of an existing
company, so a database of existing logos
must be searched this operation is analagous
to patent search and is done by humans, but
could be greatly aided by machine vision
methods. See Figure 1.2.

There are many similar problems Suppose
an architect or an art historian wants to search
for buildings with a particular kind of
entryway.

It would be desirable to just provide a
picture, perhaps fetched from the database
itself, and request the system to produce other
similar pictures.

In a later chapter, you will see how
geometric, color, and texture features can be
used to aid in answering such an image
database query Suppose that an advertising
agency wants to search for existing images of
young children enjoying eating.

This semantic requirement, which is
simple for humans to understand, presents a
very high level of difficulty for machine
vision. Characterizing "children”,
"enjoyment”, and “eating” would require
complex use of color, texture, and geometric
features.

We note in passing that a computer
algorithm has been devised that decides
whether or not a color image contains a naked
person.

This could be useful for parents who want

TEXHOJIOTUH 0a3 JaHHBIX MOXKHO TMPUMEHSTH ISl TOCTYIa K
I/I306pa)KCHI/ISIM, CHa0KEHHBIM TEKCTOBBIMA METKAMU.

OnmHako  Takke  HEOOXOAMMBI — CpEICTBA  IIOMCKa
n300pakeHU HAa OCHOBE COJEpKaHHUS, KOTOpblE B
HACTOSIIIEE BpEMs SIBIISIOTCS TMPEIMETOM HHTCHCHUBHBIX
HCCIIE0BAHUM.

[IpencraBuM, 4YTO HEAaBHO OpraHW30BaHHAs (uUpMa
XO4UeT pas3paboTaTh ¥  3apErUCTPUPOBATH  SMOJIEMY.
Jlu3aifHep TMpeACTaBMJI HA PACCMOTPEHUE KOMITAHUU
HECKOJIbKO BAPHAHTOB dMOJIEM.

DOMONIeMy HeNb3sl HUCIOJB30BaTh, €CIU OHA CIHIIKOM
Mmoxoka Ha OMOJieMy  KakoW-TMOO  CYIIECTBYIOMICH
KOMIIAaHWHW, T[I03TOMY HaJI0 TMpPOBEPHUTh 0a3y JaHHBIX
CYIIECTBYIOIIUX 3MOJIEM.

Orta mpolenypa aHaJOTMYHA MATCHTHOMY TIOUCKY W
BBITIOJIHACTCS] BPYYHYIO, HO MOTJIa Obl OBITh CYIIECTBEHHO
YIIPOIICHA C IIOMOIIBEO) METOJIOB MAIlIMHHOTO 3PEHHSL.

Ha puc. moka3zaHo HECKOIBKO OX0XKHX 3MOJIEM.

Eme oauH npumep: [AONYCTHM, apXUTEKTOPY WIH
UCTOPHUKY-HCKYCCTBOBEIY TPeOyeTcsi HAWTH H300parkeHUs
3MaHUH, y KOTOPBIX BXOJ OGOpPMIIEH B ONpPEACICHHOM
CTHIIC.

JIJis Torcka OHM MOTYT yKa3aTh H300pakeHHe-o0pasell,
BO3MOJKHO, IIOJIyYeHHOE W3 TOH e 0a3bl JaHHBIX, U
3aIIpOCUTH CUCTEMY HalTH OCTaJIBHBIC IIOXOXKHUEC
N300pakeHMsL.

B . 8 Oyaer mnokazaHo, KakuM o0O0Opa3oM MOKHO
UCIOJIb30BATh I'€OMETPUYECKUE, IIBETOBBIE U TEKCTYpHBIE
MPU3HAKU JJI OOCITYy)KMBaHMsI MMOJOOHBIX 3alpocoB K 0aze
JAHHBIX N300paKeHUH.

[Ipennonaoxum, 94TO peKIIaMHOE areHTCTBO XOUYET HAWTH
CYIIECTBYIOIIME M300paKEHUSI MAJIEHBKUX JETed, KOTOpbIe
4TO-TO €44T C paJOCTHBIM BUIOM.

OTO CeMaHTHYECKOE OMHMCAaHUE, JIETKO BOCHPUHUMAEMOe

JIOAbMH, OYCHBb CJIOKHO HPCACTaBUTh JIA CHUCTCMbI
MalInHHOI'O 3pCHHA.

ITorsarus «I€TU», «PagoCTHO» U  «ECTb» MOIr'yT
HOTpe60BaTL CJIOKHOT'O KOM6I/IHI/IpOBaHHOF0 yucTa

L[BETOBBIX, TEKCTYPHBIX U TEOMETPUUYECKUX MPU3HAKOB.

[TormyTHO OTMETHM, YTO OBLT pa3pabOTaH KOMIBIOTEPHBIN
QITOPUTM JUIsl OOHapyXeHHs OOHaXXEHHBIX JIIOJed Ha
LBETHBIX N300paKEHUSX.

JlaHHBII aNTOPUTM MOKET OBITH MOJIE3EH VIS POUTENCH,
KeJaroIIKX MPOKOHTPOIUPOBATh N300pakeHHsI, KOTOPHIE UX
JIeTH 3arpyxarot u3 Mlarepuera.

Mertoapl u3BNeueHUs H300pakeHWH u3 0a3 JaHHBIX
noapoOHee paccMaTpUBarOTCs B 1. 8.

KoHTposnb oTBepCTHii B IONIEpEeYHBIX OallKax.

B xonme 1970-x rr umkenep u3 Muiyoku pazpaboTai
CHUCTEMY MAIIMHHOIO 3pEHHUs A IOJCYETa KOJUYECTBA
OOJITOBBIX OTBEPCTUM B TTOTIEPEUHBIX Oaykax,
W3rOTOBJIEHHBIX AJI1 KOMIIAHUN-TIPOM3BOAMUTENEH I'PY30BBIX
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to screen images that their children retrieve
from the web. Image database retrieval
methods are treated in Chapter 8.

Inspecting crossbars for holes In the late
1970s an  engineer in  Milwaukee
implemented a machine vision system that
successfully counted the number of bolt holes
in crossbars made for truck companies.

The truck companies demanded that every
cross bar be inspected before being shipped
to them, because a missing bolt hole on a
partly assembled truck was a very costly
defect either the assembly line would have to
be stopped while the needed hole was drilled,
or worse, a worker might ignore placing a
required bolt in order to keep the production
line running to create a digit al image of the
truck crossbar lights were placed beneath the
existing transfer line and a digital camera
above it.

When a crosshar came into the field of
view, an image was taken dark pixels inside
the shadow of the crossbar were represented
as I's indicating steel and pixels in the bright
holes were represented as 0's, indicating that
the hole was drilled.

The number of holes can be computed as
the number of external corners minus the
number of internal corners all divided by four
Figure 1 3 shows three bright holes (‘'0's) in a
background of '1's an external corner is just a
2 x 2 set of neighboring pixels containing
exactly 3 ones while an internal corner is a 2
x 2 set of neighboring pixels containing
exactly 3 zeroes example processing of an
image with 7 rows and 33 columns is shown
in the figure and a skeleton algorithm is also
shown.

Holecounting is only one example of
many simple, but powerful operations
possible with digit al images. (As the
exercises below show, the holecounting
algorithm is correct only if the holes are "4-
connected” and "simply connected"” - that is,
they have no background pixels inside them.
discussed further in Chapter 3 and in more
detail in the text by Rosenfeld.)

These concepts are Examining the inside
of a human head.

Magnetic resonance imaging (MRI)
devices can sense materials in the interior of
3D objects Figure 1 4 shows a section

aBTOMOOMIIEH.

JlaHHBIE KOMITAHUH TPEOOBAIM KOHTPOJIS KXKAOH OaKu,
TaK Kak OTCYTCTBHE OOJTOBOrO OTBEPCTHSl Ha YaCTUYHO
COOpaHHOM  TPY30BUKE  SIBISCTCS  JIOPOTOCTOSIIIIUM
ne(heKTOM.

Hns  ero wuchpaBieHuss JUOO HAI0 OCTAHABIMBATH
KOHBEep U CBEpIUTh OTBEPCTHE, JI100, YTO XyXKe, pabounit
MOXET MPONYCTHTb YCTAaHOBKY OonTa, dTOOBI HE
OCTaHaBJIMBaTh KOHBeEliep.

Jis monydeHust mUPPOBOTO M300paKECHHS TTOMIEPSUHOM
Oanku OCBETUTENN ObuIN HIOMEIIIEHBI oJ
TPAHCIIOPTUPOBOYHOW JIMHUEW, a Haj JHUHHUEH Oblia
pacrioyio’keHa BUJICOKaMepa.

[Ipn mocTymieHuM B IOJIe 3pEHHUS OYEepeIHON Oalku
BBINOJIHAJICS ChEM H300pasKeHHMSL.

Temuble mnukcensl B o0gacTM TeHHM OT Oanku Ha
n300pakeHUM MMENIM 3HaueHue 1 M 00O03Hayanu cTajb, a
IUKCEbl B 00JAacTU CBETJIBIX IPOCBEPJIEHHBIX OTBEPCTHUI
uMenu 3HaueHue 0.

KonnyectBo OTBEpCTHIl BBIYUCIAIOCH KaK YETBEPTh
Pa3HOCTH KOJMYECTBA BHEIIHUX U BHYTPEHHUX YIJIOB.

Ha puc noka3zansl Tpu CBETIbIX OoTBepcTHs (3HaueHus 0)
Ha TeMHOM (oHe (3HaueHus 1) BHemHHWI yron (external
COrner) -3TO OKPECTHOCTh 2 X 2 COCEIAHUX IHKCEJIOB.
cojepkamiasi 3 eAMHUIBI, a BHYTpeHHWH yroxn (internal
COrner)- OKpPeCTHOCTh 2 X 2 COCEIHHUX [IHKCENOB,
cojziepskaiiasi 3 HyJeBbIX 3HaUEHUSI.

Ha puc. 1.3 nmoka3an npumep o0pabOTKH H300pakeHUs
u3 7 cTpok 1 16 cTon6Ios.

Huxe Taxoke cxeMaTMYHO ONKCAH aJrOpuT™M 00pabOTKH.

ITogcuer oTBepcTHi SABIIAETCS NMPHUMEPOM IPOCTOM, HO
NPAaKTUYECKH TIOJE3HOM omepauuud Haj LUPPOBBIMU
n3obpaxenusmu  (Kak mokasaHo B NpuBENEHHBIX Jaee
YIPAXHEHUSIX, AITOPUTM IIOJCYETa OTBEPCTHM KOPPEKTHO
paboTaeT TOIBKO C «4-CBSI3BHBIMH» U «IPOCTO CBSI3HBIMU
OTBEPCTUSAMHU - T. €. BHYTPU OTBEPCTUH HE JOJDKHO OBITH
(hOHOBBIX MMHUKCEIIOB.

Ot nouATus OyayT paccMarpuBarhes B TM. 3, a Gojee
JIETATHHOE OMMCAaHNe MOKHO HaTH B KHUTE Po3endenba.)

KoHTponp  MeOWIMHCKMX  M300pakeHUH  TOJIOBBI
9eJI0BEKa.
Hatuuku  w3o0pakeHudd Ha  dddekre  sAepHOro

MarHuTHOro pesonanca (SIMP) Moryr BocnpuHUMATH
BEIIIECTBA BHYTPU TPEXMEPHBIX OOBEKTOB.

Ha puc. 1.4 noka3aHo TmonepedyHoe  CEYEHHE
YeJIOBEYECKOH TOJIOBBI sSpKUE 00JacTH COOTBETCTBYIOT
JBUKYIIEMYCSl BEIIECTBY, TaK YTO B AEMCTBUTEIHLHOCTH 3TO
n300pakeHNe MOTOKA KPOBH.

Crenuanict MOXKET y3HAaTh Ha HM300paKCHUU Ba)KHbIE
KPOBEHOCHBIE COCY/IBI.

HedeTko BUIHBIE KOMETONOAOOHBIE CTPYKTYPBI CBSI3aHBI
C rJ1a3amu.




through a human head: bright ness is related
to movement of material, so this is actually a
picture of blood flow.

One can "see" important blood vessels.

The whispy comet-like structures are
associated with the eyes.

MRI images are used by doctors to check
for tumors or blood flow problems such as
abnormal vessel constrictions or expansions.

The image at the right in Figure 1.4 was
made from a copy of the one on the left by
making every pixel of value 208 or more
bright (255) and those below 208 dark (0).

Most pixels correctly show blood vessels
versus background, but there are many
incorrectly "colored" pixels of both types.

Machine vision techniques are often used
in medical image analysis, although usually
to aid in data present action and measurement
rat her than diagnosis itself.

Wouldn't it be great if we could "see"
thoughts occuring in the brain!

Well, it turns out that MRI can sense
organic activity related to thought processes
and this is a very exciting current area of
research.

Processing scanned text pages a common
problem is to convert information from paper
documents into digit al form for information
systems.

For example, we might want to make an
old book available on the Internet, or we
might need to convert a blueprint of some
object into a geometry file so that the part can
be made by a numerically controlled machine
tool.

Figure 1.5 shows the same message in bot
h Chinese and English.

The Chinese characters were written on
paper and scanned into an image of 482 rows
and 405 columns.

The postscript file encoding the graphics
and printed in the figure has a size of 68,464
bytes.

The English version is stored in a file of
115 bytes, each holding one ASCII character.

There is an entire range of important
applications in processing documents.

Recognizing individual characters from
the dots of the scanner or FAX files is one
such application that is done fairly well
today, provided that the characters conform

SAMP-u300pakeHusT HMCHOJIB3YIOTCS B MEAUIIMHE IS
OoOHapy>KEHHsI OIyXOJeH M HapyIIeHWH KpOBOOOpalleHus,
TaKuX, KaK aHOMaJbHOE CYKEHHE WM PpacIlupeHue
COCY/I0B.

Ha puc cripaBa nmpuBeieHa KOIMs pucC. ClieBa, Ha KOTOPOM
BCE IHKCENbl € spkocThio 208 wunam spue cresaHsbl
MakcUMajabHO spkuMH (255), a ¢ spkoctbio MeHee 208-
teMmHbIMU (0).

BoJNBIIMHCTBO ~ MUKCEIOB  KOPPEKTHO  IOKAa3bIBAKOT
KPOBEHOCHBIE cocyabl Ha (oHEe, HO TaKXke ecTb
HEKOPPEKTHO «OKpAIlIEHHBIE» MUKCEJIbI 000MX THUIIOB.

MeTo bl MalIMHHOTO 3PEHUSI YacTO HCIIOJIBb3YIOTCS MPHU
aHalM3e MEIULMHCKUX HM300paKEHUH, XOTS OOBIYHO
MPUMEHSIIOTCS JIs BU3YyallM3allMM MH(OpMalMKU U JaHHBIX
U3MEPEHUH, a He [yl NOCTaHOBKH JJMarHo3a.

Koneuno, 6bpU10 OB OYEHb XOPOIIO, €CIU OBl MBI MOTJIN
«yBHUJIETb» MBICIUTEIIbHBIE TPOLECCHl, MPOMCXOIAIINE B
Mmo3re!

OxkasbiBaercsi, Meron SMP  moxer mnepenaBatrh
OpPraHUYECKYI0 aKTUBHOCTb, CBSI3aHHYIO C MBICIUTEIbHBIMU
mpoueccamMi, M 3TO OYEHb IEpCHEeKTHBHasg 00JacTb
COBPEMEHHBIX HCCIeIOBaHUNA LU(PPOBOE H300pakeHUE U3
100 ctpok u 500 cT010110B TUKCENOB.

JlonmycTuM, 4yTO JUaMeTp OJHOro OOJITOBOrO OTBEPCTHS B
Oasike paBeH 1.2 cMm.

Onpenenure paguyc M IUIOIIAAL JTOTO OTBEPCTUS HaA
N300paK€HUH B MMHUKCENax.

O0paboTKa CKaHUPOBAHHBIX CTPAHUI] TEKCTA.

[IpeobpazoBanne wuHbOpMAIMK, COACpXKAIICHCS B
OyMaXHBIX JOKyMEHTaX, B IHM(poByo (opmy s
MH(OPMALIMOHHBIX CUCTEM SIBJIIETCS OUYEHb
pacIpoCTpaHEHHOM 3a1a4yeil.

Hanpumep, Hago nperocTaBUTh JOCTYN K CTAPOM KHUTE
yepe3 MHTepHeT, win tpedyeTcs npeodpazoBaTh OyMaxHbBIN
yepTeXk HEKOTOpoW neranu B (aiiam ¢ JaHHBIMM O €ro
TEOMETPHUH UIs MOCIEAYIOLEr0 U3rOTOBJICHUS ITON JIE€TalN
Ha CTaHKE C MPOTrPAMMHBIM YIIPABJICHUEM.

Ha puc. 1.5 noka3ano HamucaHue OJTHOU U TOH ke (pasbl
Ha KMTAaCKOM M aHTJINHCKOM SI3bIKaX.

Kuraiickue mepornudsl OblIM HamucaHbl Ha Oymare u
OTCKaHMPOBaHbl Kak u3o0paxeHue u3z 482 crpok u 405
CTOJIOIIOB.

®aiin Ha s3p1Ke Postscript ¢ ommcanueM rpauvecKoro
n300pakeHus (M HamedyaTaHHbIM Ha puc. 1.5) 3ansn 68464
OaiiTa.

Awnrnmiickas Bepcus 3aHuMaeT B (aiine 115 OGaiit, mo
oJIHOMY 0aiiTy Ha Kakblii cuMBoII Tabnuibl ASCI.

[IpyumMeHUTENPHO K JaHHOMY  CIy4ald  MOJKHO
MEePEYHCIIUTh LETbIi Ha0Op BaXHBIX 3a1ad 00pabOTKH
JIOKYMEHTOB.

Pacnio3HaBaHue OTHENBHBIX CHMBOJIOB IO TOYKAM CO
CKAaHMPOBAHHOTO WM (akc-n300pakeHUs] B HACTOSIIEE
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to standard patterns.

Providing a semantic interpretation of the
information, possibly to be used for indexing
in a large database, is a harder problem.

Accounting for snow cover using a
satellite image.

Much of the earth's surface is scanned
regularly from satellites, which transmit t heir
images to earth in digital form these images
can then be processed to extract a wealth of
information for example, inventory of the
amount of snow in the watershed of a river
may be critical for regulating a dam for flood
control, water supply, or wildlife habitat.

Estimates of snow mass can be made by
accounting for the number of pixels in the
image that appear as snow a pixel from a
satellite image might result from sensing a 10
meter by 10 meter spot of earth, but some
satellites reportedly can see much smaller
spots than that.

Often, the satellite image must be
compared to a map or other image to
determine which pixels are in a particular
area or watershed.

This operation is usually manually-aided
by a human user interacting with the image
processing software and will be discussed
more in Chapter 11 where image matching is
covered.

Figure 16 is a photograph taken on a space
shuttle flight managed by the Johnson Space
Center in Houston, Texas It shows the town
of Wenatchie, Washington, where the
Wenatchie River flows into the Columbia
River.

Computers are known for their ability to
handle large amounts of data, certainly the

earth  scanning  satellites produce a
tremendous amount of data useful for many
purposes

For example, counts and locations of snow
pixels might be input to a computer program
that simulates the hydrology for that region
(Temperature information for the region must
be input to the program as well.) Another
related application is taking inventory of
crops and predicting harvests.

Yet another is taking inventory of
buildings for tax purposes this is usually done
manually with pictures taken from airplanes.

Understanding a scene of parts At many

BpEMS pealu30BaHO Ha YPOBHE KOMMEPYECKUX MPOIYKTOB,

IIpU  YCIOBHM, YTO CHUMBOJBl HMMEKT CTaHJAPTHOE
HayepTaHue.
CemaHTHuecKas HHTEpIpeTanus uHpOopManuy,

BO3MOJKHO, HEOOXOAMMasi JUIsl MHACKCAUK B 00JIbLION Oase
JAHHBIX, MPEICTABISET COOOH HaMHOrO OoJiee CIOXKHYIO

3a/1auy.
OleHKka CHEXHOrO TOKpPOBa IO  CIIyTHUKOBBIM
HM300paKCHUSIM.

bosibiras  4acte 3€MHOM  MOBEPXHOCTH  PETYJISIPHO

CKAHMPYETCS C IMOMOUIBI0 CIIyTHHUKOB, IEpPEJAOIIUX Ha
3emitio i poBBIE H300pAKEHUS.

[Tocnenyromas 00paboTKa ITHUX N300paKEHH TO3BOJISIET
MOJIYYUTh MHOTO TTOJIE3HOM MH(POPMALIUH.

Hanpumep, oneHka KoiMyecTBa CHera B BOJOpA3felie
PEKH MOKET OBITh KPUTHUYECKH BaKHA I YIpaBICHUS

IUIOTUHAMH, CHUCTEMaMH BOJOCHAOXKEHHUsS, IJs OXpaHbI
OKpY>KaroIlEeH Cpebl.
Jnst  OolleHKM Macchl CHEra MOXHO  IOJACYUTATH

KOJIMYECTBO, KOTOPBIE BBITIIAIAT, KAK CHET.

[lukcen CHYTHUKOBOIO TIMKCEJIOB Ha H300pakKeHUs
MOXXET TpPEICTaBIATh JOBOJBHO  KPYIHBIH  y4acTOK
noBepxHocTd, Harpumep 10x 10 MeTpoB, HO y HEKOTOPBIX
CIYTHUKOB pa3pelleHue HAMHOTO BBIIIIE.

Yacto cnyTHUKOBOE M300pakeHne TpeOyeTcs CpaBHUTH C
KapTOH WM IpYTUMHU U300paXEHUSIMHU U ONPEAETIUTh, KaKue
MUKCEJIbl TIONAaJaloT B ONPEIEICHHYIO 001acTh WM BOJHYIO
MTOBEPXHOCTb.

OT0 cpaBHEHHE OOBIYHO MPOBOJUTCS BPYUHYIO C
MIOMOIIBIO CreLHaTbHbIX IporpaMm 00paboTkH
n300pakeHU I (6omee noaApoOHO COTIOCTABJICHUE
n300paXkeHuit onmucaHo B I 11).

Ha puc. 1.6 nokazana ¢gotorpadusi, crenanHas BO BpeMs
nojieTa KocMuueckoro kopabins «Creiic-1IarTm».

Ha weii cHaT ropon Ysnatum, mrar BammHITOH, 0KOJI0
KOTOPOTo peka Y3HaTuu Bnajaaet B peky KomymoOus.

Bo3MoxKHOCTH KOMIBIOTEPOB IO 00paboTKe OO0JIbLINX
00BEMOB JTAHHBIX XOPOIIIO U3BECTHBI.

CnyrHukoBasi (OTOChEMKAa 3€MHOW MOBEPXHOCTH JaeT
OTPOMHOE KOJIMYECTBO JAaHHBIX, MOJE3HBIX JUII MHOTHX
ueneil. Hampumep, KOIMYECTBO M MECTOIOJIOKEHHE CHEra
MOTYT OBITh BXOJHBIMU JaHHBIMH JJISI KOMIIBIOTEPHOM
MpOrpaMMbl,  MOJETHUpYyIOUIe  ruapocepy  JTaHHOTO
peruoHa  (takxke el  TpeOyercs  uHpOpManus O
TeMIiepaType).

JIpyruM BO3MOKHBIM TPHJIOKEHUEM SIBJISIETCS OLIEHKA
MIOCEBOB U pacyeT ypoxasi.

Eme opna 3amaga - y4deT TOPOACKHX 3IaHMM UL
HaJIOTOOOJIOKEHHS: 3TO OOBIYHO JeJaeTCsl BPYYHYIO I10
M300pa’keHUsIM, TTOJTYYCHHBIM ITPU a3pO(POTOCHEMKE.

Ananns MECTHOCTH, coaepKaliein 00BEKTEHI
IIPOMBIIIIJIEHHOTO IIPOU3BOJICTBA BO MHOTHX
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points of manufacturing processes, parts are
transferred on conveyors or in baxes.

Parts must be individually placed in
machines, packed, inspected, etc.

If the operation is dull or dangerous, a
vision-guided robot might provide a solution.

The underlying image of Figure 17 shows
three workpieces in a robot's workspace.

By recognizing edges and holes, the robot
vision system is able to guess at both the
identity of a part and its posit ion in the
workspace.

Using a 3D model made by computer-
aided-design (CAD) for each guessed part
and its guessed position, the vision system
then compares the sensed image data with a
computer graphic generated from the model
and its position in space bad matches are
rejected while good matches cause the guess
to be refined.

The bright lines in Figure 17 show three
such refined matches bet ween the image and
models of the objects it contains finally, the
robot eye-brain can tell the robot aim how to
pick up a part and where to put it the
problems and techniques of 3D vision are
covered in the later chapters of this text.

Operations on Images This book presents
a large variety of image operations.

Operations can be grouped into different
categories depending on their structure, level,
Oor purpose.

Some operations are for the purpose of
improving the image solely for human
consumption, while others are for extracting
information  for downstream automatic
processing.

Some operations create
images, while others output
descript ions.

A few important categories of image
operations follow Changing pixels in small
neighborhoods Pixel values can be changed
according to how they relate to a small
number of neigh- boring pixels, for example,
neighbors in adjacent rows or columns.

Frequently, isolated I's or O's in a binary
image will be reversed in order to make them
the same as their neighbors the purpose of
this operation could be to remove likely noise
from the digitization process or, it could be
just to simplify image content, for example,

new output
non-image

MPOU3BOJICTBEHHBIX TIPOIECCAX €CTh ATAIlbl, Ha KOTOPBIX
OT/ICJIbHBIC JIeTAllM MEePEMEIIAI0TCsS Ha KOHBeWepe Wid B
yITaKOBKE.

Jleramu TpeOyercss 1O OTIACIBHOCTH IOMEUIATh B
MEXaHU3MBI, B YIIAaKOBKY, KOHTPOJIHPOBATH U T. TI.

Ecnu momoOHast onepanusi pecypco3arparHa Wi OlacHa,
TO  MOXET  OBITh  IIeNIeCOO0pa3HO  TPUMCHEHHUE
POOOTH3MPOBAHHOTO KOMILIEKCA C CHUCTEMOM MAIIMHHOTO
3pEHMSL.

Ha puc. 1.7 nokazano u3zo0pakeHue ¢ TpeMs JIeTalsiMu,
PacIioyIoKEHHBIMU B pabodeM MPOCTPaHCTBE poOOTa.

PacrioznaBasi peOpa W OTBepCTHSs, 3pUTEIbHAS CUCTEMA
poboTa CrocoOHa PelnTh, KaKMe UMCHHO JIETalld BUIIHBI U
KakOBO HMX MECTOIOJOKEHHEe W OpUCHTAIMs B pabodem
MIPOCTPAHCTBE.

B  mpomecce  pacmo3HaBaHHMs — KKAOH  JeTand
UCTIOJB3YeTCsl  TPeXMEpHasi MOJeNb, IPEJABAPUTEIBHO
chopMupoBaHHasi B  CHCTEME aBTOMAaTHU3UPOBAHHOI'O
npoektupoBanus (CAIIP).

3puTenbHas CCTeMa CPaBHUBAET BXOJHOE M300pakeHUE
C KOMIBIOTEPHBIMU HW300paKECHHUSIMH, CTCHEPUPOBAHHBIMHU
M0 JTAHHBIM MOJICJICd W JTAaHHBIM O TOJIO)KEHUU OOBEKTa B
MPOCTPAHCTBE.

[Tnoxo coBmanaroIye NMPEANOIOKEHUST 0TOPACHIBAIOTCS,
a MPaBIOTOA00HBIE YTOUHSIOTCS.

SlpkuMH  JTMHUSMU ~ Ha  pHC.

1.7 noxa3aHel TpHU

YTOYHCHHEBIX COOTBCTCTBHUA MCKIAY I/1306pa)KeHI/I€M n
MOJIENIIMA ~ OOBEKTOB,  HAXOJAIIMMHUCS  Ha  3TOM
N300paKeHUHU.

Ilocne pacrno3HaBaHMs cHCT€Ma YIpAaBICHUS POOOTOM
MOXKET COOOIIMTHh MAHUIYJIATOPY, KaK HaJ0 3axBaTUTh
JeTanb U KyJa €€ IOMECTHTb.

3asaui U METO/Abl TPEXMEPHOTO KOMITBIOTEPHOTO 3PEHMS
B JaHHOW KHHT€E paccMaTpUBaroTCs B 1. 13 u 14.

Omneparuu 00pabOTKU U300paKEHUN.

B naHHOM KHHMre paccMOTPEHO MHOIO PAa3IUYHBIX
onepanuii 00padboTKU N300paKeHHI.

X MOXHO pa3ieinuTh Ha HECKOJIbKO KaTeropuii B
3aBHUCHUMOCTH OT CTPYKTYPBbI, YPOBHS WJIM Ha3HAYEHUSI.

Hexotopble onepanuu npeaHa3HAYeHbl HCKIIOYUTEIHHO
JUIE  TIOBBIICHWST ~ KauecTBa  HM300paXeHWH  TpH
YeJIOBEYECKOM BOCHPHUSATHH, B TO BpPEeMs KaK OCTaJbHbBIE
MpeaHa3HaueHB! IS U3BJICYCHUST MHPOPMAIIUH, TTPUTOTHON
JUIs aBTOMAaTH4YeCKOH 00paboTKu.

Hekortopeie omepanuu CO3Jal0T HOBbIE BBIXOJHBIE
n300pakeHus], a HEKOTOPhIE B KAUECTBE BBIXOJHBIX JAHHBIX
TeHEepUPYIOT OoNKcaHus Herpadpudeckoi Gopmal.

Hwmxe mnepedncieHbl HECKOIBKO BaXHBIX KaTeropui
omepanuii 00pabOTKU N300paKEHHIA.

Moaudukanus TMUKCEIOB B MalbIX OKPECTHOCTSIX
3HAUEHUS THMKCEIOB MOXKHO M3MEHATh C YYETOM UX
B3aMMOCBSI3M C  HEOONBIIMM  YHCIOM  OJM3IIeKAIIUX

9




to ignore tiny islands in a lake or
imperfections in a shect of paper another
common operation is to change bonder pizels
to be background pirels as shown in Figure
1.8.

The images of bacteria have fuzzy borders
and often fuse together by changing the black
border pixels to white, the bacteria images,
although smaller, have clearer borders and
some formerly fusing pairs are separated
These operations are treated in Chapter 3.

Enhancing an entire image Some
operations treat the entire image in a uniform
manner the image might be too dark - say its
maximum bright ness value is 120 - so all
bright ness values can be scaled up by a

factor of 2 to improve its displayed
appearance.
Noise or unnecessary detail can be

removed by replacing the value of every
input pixel with the average of all nine pixels
in its immediate neighborhood.

Alternatively, details can be enhanced by
replacing each pixel value by the contrast bet
ween it and its neighbors.

Figure 19 shows a simple contrast
computation applied at all pixels of an input
image.

Note how the boundaries of most objects
are well detected.

The output image results from
computations made only on the local 3x3
neighborhoods of the input image Chapter 5
describes several of these kinds of operations
perhaps an image is taken using a fish eye
lens and we want to create an output image
with less distortion: in this case, we have to
"move" the pixel values to other locations in
the image to move them closer to the image
center such an operation is called image
warping and is covered in Chapter 11.

Combining multiple images An image can
be created by adding or subtracting two input
images. Image subtraction is commonly used
to detect change over time.

Figure 1.10 shows two images of a
moving part and the difference image
resulting from subtracting the corresponding
pixel values of the second image from those
of the first image.

Image subtraction captures the boundary
of the moving object, but not perfectly.

MUKCEJIOB, HANpHUMep, MHUKCEIOB M3 COCEIHUX CTPOK WM
CTOJIOIIOB.

Yacto Ha OMHApHBIX H300paKEHUSX HN30JIUPOBAHHBIE
3HaueHus | u 0 MEHSI0TCS Ha IPOTUBOIIOJIOKHbBIEC 3HAUEHUS,
YTOOBI OHHM COBIAAANU CO CBOMMH COCEJISIMU.

Hasnauenuem 5TOil omepauuu MOXKET OBITH yHaJeHUE
1IyMa, MOSIBUBILIETOCS B Ipoliecce OUu(pPOBKH.

Wnu, 3710 nemaercss UIsl YOPOLIEHHS H300pakeHUS;
Hampumep, MJii WTCHOPUPOBAHUS MEJIKHUX OCTPOBOB Ha
M300paKeHUH 03epa Uiu e(heKTOB Ha M300paKEHUH JIMCTA
Oymaru.

Eme onna pacnpocTtpaHeHHas ornepanusi — HU3MEHEHHUE
3HAUYEHUN TPAHUYHBIX IHKCEJIOB Ha 3HAa4YeHHUs (HOHOBBIX
nukcenos (puc. 1.8).

N306paxkenus otnenbHbIX OakTepuit Ha puc. 1.8 uMerT
HEYETKHE IPAHULIBI U YaCTO CIIMBAIOTCSI BMECTE.

[Tocne 3amMeHBI YepHBIX TPAHUYHBIX MUKCEIOB Ha Oelble,
n300pakeHUs1 OakTepuil XOTS M CTAHOBATCS MEHbBINE, HO
[I0JIy4aroT 0oJiee SIBHbIE TPAHUIIBL.

Hekortopeie paHee cnuBaBIIueCs Mapbl pasIesIFOTCS.
[TonoOHebIe onepaiuu OyayT pacCMOTPEHBI B IJ1. 3.

['mobGanpHOE  yhmydllleHHME  KadecTBa  M300pa)KeHHs
HEKOTOPbIEC OIEPALMH BHIIOJIHSAIOT OJHOPOIHYIO 00pabOTKyY
L[EJI0T0 U300paKEHUSI.

N3oOpaxkenue MokeT OBITH  CIUIIKOM  TEMHBIM,
HampuMep, MakCUMallbHas pKocTh paBHa 120, Tak 4TO BCe
3HAUEHHUS SIPKOCTH MOXXHO YBEIMUYUTh B JIBa pasza Jid
yIy4dIIeHUs BUAA U300paKeHHs PU BBIBOJIE HA SKPaH.

Jns ypaneHus mymMa WIM HECYIIECTBEHHBIX JeTaliei
MOKHO 3aMEHMUTh 3HAYEHHME KaKJOr0 BXOJHOTO IHKCesa
CPEIHUM 3HAYEHHEM 9 MUKCEJIOB €r0 OKPECTHOCTH.

C npyroil CTOpOHBI, JETAM MOXHO MOJYEPKHYTH, €CIIH
3aMEHUTh KaKIbl MHKCENl 3HAYEHHUEM KOHTpacTa MEXIy
HUM U COCEHUMU NMHUKCETaMHU.

Ha puc. 1.9 nokazan pe3ynbTaT BBIYHCICHUS KOHTpPACTa
JUIs1 BCEX MHUKCENIOB BXOTHOTO U300paXKeHHUsI.

OTtmeTuM, 4YTO TpaHHIbl OOJIBIIMHCTBA OOBEKTOB
OKa3aJIMCh XOPOILO BBIJCIEHHBIMH.
BoixogHoe u300paskeHHME MOJYYEHO  BBIUMCICHHEM

KOHTpPAcTa B OKPECTHOCTAX pa3MepoM 3 X 3 Ha BXOIHOM
1300- pakeHUH.

B 1. 5 onucano HECKOJIBKO TUIOB MOAOOHBIX ONEpalui.
Bo3moxHO, n300pakeHHe OBbUIO MOJYyYEHO C IOMOILBIO
HIMPOKOYTOJIBHOTO 00BEKTUBA («PBIOUH I1a3») U Tpedyercs
MOJIYYUTh  BBIXOJHOE H300pakeHHEe 0€3 HCKaKeHH
O00BEKTHBA: B JAHHOM CIly4yae MOXXHO <«II€PEMECTUTH)»
3HA4YCHHUS TMKCEIIOB B JIPYTHE MOJIOKEHUS Ha N300paKSHHH.

IlonoOHast  omepammst  Ha3bpIBaeTcsl  JAedopmanueit
n3o0paxkeHus (cm. . 11).

KomOuHa1ust HeCKOJIbKUX U300pakeHUi .

N3obpaxenne MOXHO CHOPMHUPOBATH MYTEM CIIOKEHUS
WJIM BBIYUTAHUS IBYX UCXOJHBIX H300paKeHUH.

10




(Since negative pixel values were not used,
not all changes were saved in the output
image.)

In another application, urban development
might be more easily seen by subtracting an
aerial image of a city taken five years ago
from a current image of the city. Image
addition is also useful.

Figure 1.11 shows an image of Thomas
Jefferson "added" to an image of the great
arch opening onto the lands of the Louisiana
Purchase; more work is needed in this case to
blend the images better Computing features
from an image we have already seen the
example of counting holes.

More generally, the regions of O0's
corresponding to holes in the crosshar
inspection problem could be images of
objects, often called blobs - perhaps these are
microbes in a water sample.

Important features might be average object
area, perimeter, direction, etc.

We might want to output these important
features separately for every detected object.

Chapter 3 describes such processing.

Chapters 6 and 7 discuss means of
quantitatively summarizing the color or
texture content of regions of an image.

Chapter 4 shows how to classify objects
according to these features; for example, is
the extracted region the image of microbe A
or B?

Figure 1.12 shows output from a well-
known algorithm applied to the bacteria
image of Figure 1.8 giving features of
separate regions identified in the image,
including the region area and location.
Regions with area of a few hundred pixels
correspond to isolated bactetia while the large
region is due to several touching bacteria.

Extracting non-iconic  representations
Higher-level operations usually extract
representations of the image that are non-
iconic, that is, data structures that are not like
an image. (Recall that extraction of such
descriptions is often defined to be the goal of
computer vision.) Figure 1 12 shows a non-
iconic description derived from the bacteria
image.

In  addition to examples already
mentioned, consider a report of the count of
microbes of type A and B in a slide from a

Brruutanue wn300pakeHUH YacTO MPUMEHSIETCS IS
OoOHapy>KeHHsI ~M3MEHEHHUHl B  TEYCHHE  HEKOTOPOTrO
MIPOMEXYTKA BPEMEHH.

Ha puc. 1.10 mokaszansl 1Ba M300paKeHUS IBUOKYILEHCS
JeTali U PAa3HOCTHOE H300pakeHHe, MOIYYEHHOE ITyTeM
BBIUMTAHUS  IIUMKCEJIOB  BTOPOrO  M300pakeHUs U3
COOTBETCTBYIOIIUX IMHKCEJIOB MEPBOr0 N300paKEHHUS.

Bbluntanue — uM300pakeHUH ~ COXpaHsSET  TpaHHILY
JIBUKYIIETOCS O0BEKTa, XOTSI M HE HICalbHBIM 00pa3oM.
(Tak kak oTpuLATENbHBbIE 3HAUEHUS IIUKCEJIOB HE
UCIOJIB3YIOTCSA, TO B BBIXOJHOM  H300paKeHHUH
MPEACTABJICHBI HE BCE U3MEHEHUSL. ).

B npyrom npumepe HOBbIE TOPOACKHUE MOCTPOUKH MOTYT
OBITh BBISBICHBI IIyTEM BBIYATAHHUS H300paKEHUS C
a’podOTOCHEMKOI Tropoja TMATWUIETHEH JaBHOCTU U3
n300pakeHus], MOTYYCHHOTO HEAAaBHO.

CrnoxxeHue H300paKEHUN TakKe SBISETCS TIOJIE3HOU

onepanuen.

Ha puc. 1.11 mnokazano wu3oOpaxxenue Tomaca
Jlxeddepcona, «a00aBICHHOE» K H300pKCHHUIO apKH B
Cenrt-Jlyuce.

B nanHoMm ciywyae uyth Oonbliue ycuimii TpeOyercs
MIPWIOKHTD IS JTYUIIIer0o CMEIICHHS U300payKEHUH.

Boruncnenne XxapakTepHBIX MNPU3HAKOB HU300paKeHUS
BbIIIIE OblJIa paCCMOTPEHA 3a/1a4ya M0ACUeTa OTBEPCTHH.

B ob6mem cnyuae, obnactu 3HaueHuit 0 win 1, KoTopsie
MOTYT SBJISTBCS M300paXeHUsIMU OOBEKTOB (HAMpUMED,
OTBEpCTHS B TOINEpeuHoil Oanke wiu MUKpPOOBI B 0Opasie
BOJIbI), YaCTO HA3BIBAOTCS TIATHAMH.

BaxxupiMM ~ XapakTepHBIMH  TMpPHU3HAKAMU  SIBIISIFOTCS
CpeIHss IIIoIIa/ (b 00BEKTOB EPUMETP, HAIIPABIICHUE U JIP.

[Tomo6HbBIE MPU3HAKY OMUCHIBAIOTCS B L. 3.

B rmmaBax 6 wu 7  ONHUCHIBAIOTCA  CHOCOOBI
KOJMYECTBEHHOTO y4yeTa I[BeTa WM TEKCTyphl BO
(bparmeHTax u300paxeHu.

B rn. 4 mokazaHo, Kak 1Mo 3THUM MpPU3HAKAM BBITIOTHSAETCS
KJaccupukanys oObEeKTOB; HApUMED, PEIIaeTcs, ABISETCS
a1 oOHapyKeHHass Ha M300pakeHUH 00JacTb MHUKPOOOM
Buga A wiu B?

Ha puc. 1.12 moka3aHbl BBHIXOAHBIE JaHHBIE U3BECTHOTO
aIropuT™Ma, IPUMEHEHHOTO K M300pakeHHI0 OakTepuil Ha
puc. 1.8, KOTOpBIN MO3BONSET BHIYUCIUTH XapaKTepPHBIC
TPU3HAKU OTACIALHBIX  00IacTel, HalIeHHBIX  Ha
M300paXE€HUH, B TOM YHWCIE IJIOMAJAh U MECTOIOIOKECHHE
Ka)kgoi 00J1acTu.

OObnactu ¢ MJIOLIABI0O HECKOJIBKO COTEH IHKCENIOB
COOTBETCTBYIOT OTJIETLHBIM OaKTEepusiM, a OoJbIas 00J1acTh
COOTBETCTBYET HECKOJILKIM COMPUKACAOIIUMCS OaKTEPHSIM.

dopMupoBaHUE HerpapuIecKux ONUCaHMI
BricokoypoBHEBbIE ~ omepanuii  OOBIYHO  (DOPMHUPYIOT
HerpapuYecKue OMUCAaHUS H300PKEHUM, T. €. CTPYKTYPhI
TaHHBIX, HE sIBISIOIIMecs wu3o0pakeHusmMu. (Hamomuuwm,
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microscope or the volume of traffic flow bet
ween t wo intersections of a city computed
from a video taken from a utility pole.

In another import ant application, the
(iconic) input might be a scanned magazine
article and the output a hypertext structure
containing sections of recognized ASCII text
and sections of raw images for the figures.

As a final example, in the application
illustrated in Figure 1 7, the machine vision
system would output a set of three detect
ions, each encoding a part number, three
parameters of part position and three
parameters of the orientation of the part.

This scene description could then be
turned over to the mot ion- planning system,
which would decide on how to manipulate
the three parts.

410 (OPMHUPOBAHME TAKUX ONHCAHUN YaCTO CUYMTAETCS
OCHOBHOH LIE€JbI0 KOMIIBIOTEPHOI'O 3peHMs.) Ha puc. 1.12
[I0Ka3aHO  Herpajuuyeckoe  ONUCaHHE  HU300pakeHUs
OaKTepHii.

Kpome yxe ONHCaHHBIX NIPUMEPOB, MOXKHO IPHUBECTH
OTYET O MojcYeTe MUKpPOOOB BHIOB A um B Ha cnaiine c
MHUKPOCKOIA UK 00 00beMe TPaHCIOPTHOT'O MOTOKA MEXIY
JBYMsI YaCTSIMH F'OPO/a, BBIUMCIEHHOIO IO BUJIEOIaHHBIM.

B napyroii BakHOI 3amade rpaduueckoe H300pakeHue
MOXET OBITh CKaHMPOBAHHOW KYpPHAJbHOM CTaThei, a
BBIXOJHBIM IPEICTaBICHUEM  —  THIEPTEKCTOBasd
CTPYKTYypa, coJepsKallasi 4acTh paclO3HAHHOI'O TEKCTa U
PUCYHKH M3 CTATBH.

Eme omnum npumepom (puc. 1.7) naHHBIX sBIsSeTCS
¢dopmupoBaHue Habopa M3 TpeX PACHO3HAHHBIX OOBEKTOB,
JUI KaXJOro — CHUCTEMa MAIIMHHOTO 3pEHHUs, KOTOopas
JOJDKHA B KauyeCcTBe BBIXO/IHBIX yKazarb
UACHTU(DUKAIMOHHBIA KOJ, TpU Tapamerpa MOJOXKEHHS U
TpH MapamMeTpa OPUEHTALIUH.

OTO omMcaHHe CLEHbI, B CBOI OYepe/lb, MOXKET ObITh
MIPE/ICTABICHO B  BUJIE€ IOJCUCTEMBl  IUIAHUPOBAHUS
JBYDKEHUS /U1l OCYLIECTBICHMS B3aMMOJAEUCTBUS poOoTa-
MaHUIYJISITOPA C JAHHBIMH TPEMSI I€TAJISIMH.
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