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i 2TATI2ZTIKH OEQPIA ATNODAZES

= Ocewpia Ta&vounonc (Classification Theory) Ta&vounon
AVTIKEIMEVWV O€ EEXWPIOTEC KATNYOPIEC N KAAOEIC
= 2TATIOTIKN Ocwpia ANOPACEWV NAPEXE! TIC HABNUATIKEC

d1adIKACIEC YIa TNV avanapaoTacn XapakTnpIoTIKWV HE
TNV popPn OlavuouaTwV.
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fa 0

nxaviki AvriAngn (Machine Perceptior®t &

Kartaokeuny unXavig
(TTPOYPAMMATOC) TTOU MTTOPEI
va avayvwpidel Kal va TagIVOUEI
TPOTUTIA (patterns).

»Avayvwpian odIAIag—oIANTA
(Speech recognition/speaker
identification)

»Avayvwpion Xeipoypapwv
Xapaktrpwyv (Hand written
character recognition)
»OTTTIKI) QvayvwpIon XApaKTHpwV
(Optical character recognition -
OCR)

»Avayvwpion dakTuAIKwv
amroTuTTwHdTwy (Fingerprint
identification)

TuAua HAekTpoAdywv Mnxavikwv & Mnxavikwv YNoAoyioTmv
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Eqpappoyeg

Avayvwpion akoAouBiwv DNA
(DNA sequence identification)
TeoT paoToypagiag (X-Ray
Mammography test)

MAiayvwon PEcw NAEKTPO-
eyke@aioypapnuatwv (EEG,
Neurological disorder diagnosis)
AlQyvwon PECw NAEKTPO-
kapdioypapnuatwv (ECG,
Cardiovascular disorder
diagnosis)

Avayvwpion PE oapwaon TG
ipidag (Iris scan identification)
Tonoypa®Ikn TNAENICKONNGN
(Topographical remote sensing) &
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i 'Eva napadeiyua

® “Tagivounon yapiwv o€ eva TaIviodpouo cUNewva
ME TO €i00¢, YE XPron £vVOC OTTTIKOU aloBnTnpiou”
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AHMOKPITEIO MANENIZTHMIO ©PAKHZ

AvaAuon Tou npoBAnuaToc

®* ToTroBeTOUNE TNV KAMEPA YIA TNV ANYn OpICHEVOU ApIBUOU EIKOVWY
Ol OTTOIEG OTEAVOVTAI OTOV ECAVWYED XAPAKTNPIOTIKWY (feature
extractor) o omoiog eAaTTWVEl Ta dEdOUEVA OE Eva UIKPO ApIBuo
XapaKTNEIoTIKWY (features).

* Mnkog

®* PwrevotnTa

® MAdrog

* ApIBUOC Kal oxXUa TWV TITEPUYIWV
® ©€on ToU OTOMATOC, KTA...

® AUTO gival Eva PIKPO gUVOAO I0IOTATWY OI TIMEG TWV OTToiwv didovTal
wc¢ gicodol oTn yovada Tou TagivounTn (classifier).
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The objects to be classified are first sensed by a transducer (camera), whose signals are preprocessed.
Next the features are extracted and finally the classification is emitted, here either “salmon” or “sea bass.”
Although the information flow is often chosen to be from the source to the classifier, some systems employ
information flow in which earlier levels of processing can be altered based on the tentative or preliminary
response in later levels (gray arrows). Yet others combine two or more stages into a unified step, such as
simultaneous segmentation and feature extraction.

TuAua HAekTpoAdywv Mnxavikwv & Mnxavikwv YNoAoyioTmv



AHMOKPITEIO MANENIZTHMIO ©PAKHZ

IoTOYypaAupa PNKouc

»EmAoyn Tou HAKOUC W¢ HOVADIKOU XAPAKTNPIOTIKOU Yia TNV Tagivounon:.

coltt! Meployéc AndGQpaonc

scilmon | sea bass
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IoToypPAUKATa TOU MNAKOUC yIa TIC QU0 KaTnyopiec. Asv unapyel pia Kpiotun TIKA KMNKOUG
nou va pnopei va diaxwpilel Eekabapa Tic duo katnyopiec. H xprjon HOVO TOU pNKOUG
Gnuioupyel opdAparta. H mign I* dnpioupyei To pIKpOTEPO apiBud AaBwv kata pEco 6po.
Tunua HAekTpoAOYywv Mnxavikwv & Mnxavikwv YNoAoyiaTwv
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[oTOypappa QWTEIVOTNTAC

I0vopo Anogaonc
Decision Boundary
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IoToypappaTa TNG PpWTEIVOTNTAG YIA TIC AU KATNyopiec. 'Onwg kai oTnv NEPINTWOT
XProng Tou PNKOUG, eV UNAPXE! Hia KPIgIKN TIUN QWTEIVOTNTAG NOU va PNOPEi va
dlaxwpilel EekaBapa Tic U0 katnyopiec. H Tiun I dnuioupyei To pIKPOTEPO apIBuod
AaBwv KaTa pPeco opo.
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'EvvoIa TOU KOGTOUC

Ep@avig n oxeon METAU TNG ETTIAOYNG TNG KRITIUNG TIWAC
(threshold) kai Tou k6aToUC TNC AABoC Tagivounang.

2TOV TTPAYUATIKO KOOMO, SIAQOPETIKA AABN TUVOEQOVTAI LIE
QIAPOPETIKA KOOTN.

270 TTPORANUA dlaXwpIouou goAopou atrd AaBpadki, To KOOTOC
AavBaopevng Tagivopunong AaBpakiou wg ooAouou eival
MEYAAUTEPO ATTO AUTO TNG AavBaopEvng TAgIVOUNONS COAOUOU WG
AafBpakiou!

ZUVETTWC JETAKIVNOE TO OUVOPO ATTOQACNG OE TTIO XAMNAEG TIHEG
(MAKOUG N QWTEIVOTNTAG), WOTE VA MEIWBEI 0 apIBUOS TWV
AaBpakiwy TTou AavBaopeva TagIivououvTal wg ooAouoil!

AUTO eival dOUAEIA TNG ZTATIOTIKAC Otwpiag ATTopdoswy (Decision

Theory).
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AiGvuopua XapakTnpIoTIKWV

* Xpnon ewreIvoTNTAg Kal MAKOUG YIa Tacivounon:

Wapt = xT = [x,, %]
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Mn YPAUUIKEC OUVAPTNOEIC OIAKPIONC

wiel ify
22 st
27 oy .

20 g v

i .
'II'H ’ m =

i7 o )
i .
i5
id

e S — fipfiness
2 4 i Lo i

ZUvBeTa PovTEAQ yia To Wapl odnyolv o€ nepindoka clvopa anopaonc: Mia
TETOIa €nhoyn BaoileTal kal odnyei o€ TEAsIa Ta&ivounon Twv JEIYUATWY UE €K
TWV NPOTEPWV yvwoTn KAaon (nou sknaidelouv Tov TagivounTn) aAAa pnopei va
odnyei o€ Kakn Ta&ivounaon vewv npotunwv. MN.X., To VEo onueio ?  &ival
NPOPAVWC TOAOUOC JE PEyaAn mBavoTrnTa, aAAd n cuvaptnon diakpionc odnyei
oTnv Ta&ivounon Tou wc AaBpdakx.

Tunua HAekTpoAOywv Mnxavikwv & Mnxavikwv YNoAoyioTwv
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evikeuon TNC Zxediaonc Tou Ta&vounT

» O KeVTPIKOC OTOXOC €ival N TAgIvounon VEWV OEIYNATWY
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H ouvaprnon diakpionc npenel va cupPiBalel Tnv avaykn yia 60o To duvarto
kKaAUTEPN Ta&ivounon Twv JEIYUATWV EKNAiOEUONC TOU CUCTAMATOC E TV
avaykn yia anhouc Ta&ivounTec. AkoAouBwvTac auThnv TNV apyn NETUXAIVOUE
TNV peyaAuTepn duvatn akpifeia otnv Ta&ivounon vewv SEIYUATwV.
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Mneudiavn Bewpia ano@acewyv

> ZTATIOTIKA BEATIOTN TA&ivounan.

» BaoileTal omnv nepiypadn Tou npoBAnuUaTog Ta&ivounong Ue
néavoTikouc 0pPouC.
> H Bswpia unobeTe!:
% To npoBAnua anogaonc Unopei va TeBel Pe opouc NIBavoTnTwyV

& Eival yvwOoTEC OAEC O aNapaiTNTEC TIMEG KAl CUVAPTNOEIC
nmBavornTac (atnv npa&n auto dev 1OXUEL).
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i 'ENA MpoBAnua Extiunong
= AapBavoupe 10 onua (peTpnon)

@)
x(b) = {S(t) +n(t)

= N(t) €ival o BopuPoc kai s(t) ival To onua
= YnoBeon 1 HO : Aev unapxel To onua kai x(t) eivar povo 60pufoc
= YnoBeon 2 H1 : unapxel To onua kai x(t)=s(t)+n(t)

Tunua HAekTpoAOywv Mnxavikwv & Mnxavikwv YNoAoyioTwv
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i Ti EEpoupe;

The signal s(t) is known and we want to know if it is
present or not.

n(t) is a stochastic process with known statistics.

The observer must base its decision on
=  Samples of x(t) (digital x(nT))
= The entire x(t) (analog)

We shall address the digital problem:

We assume that (a) s(t) and n(t) are
independent

(b) The samples of n(t) are uncorrelated

Tunua HAektpoAoywv Mnxavikwv & Mnxavikwv YnoAoyioTwv
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i >TOXOC;

= Design the optimum system:

The system can be linear or nonlinear

/ Hardware device
System means
[ Software program

s Criteria:

1. The system must be optimum with respect to a criterion which
depends on the particular problem.

>.  Sometimes we are satisfied with a sub optimum system because
it is much simpler than the optimum.

Tunua HAektpoAoywv Mnxavikwv & Mnxavikwv YnoAoyioTwv
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= Parametric detection: if we know the p.d.f of n(t)
(complete description)

= Non parametric detection: if we don’t have a complete
description of n(t). (ex. : we only know )

= Robust detector: is called a detector, which performs
within acceptable levels even if the assumption regarding
noise is violated or otherwise performs equally, well in a
different environment than the assumed one.

Example:

Assume that noise is Gaussian and then investigate its performance under
noise with another distribution.

Tunua HAektpoAoywv Mnxavikwv & Mnxavikwv YnoAoyioTwv
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i EIAH AAGON

= Due to the presence of noise we can perform errors in
our decisions

s (1). Error of the first kind: P_,. 1t is the probability to
decide that the signal is present when it is not or choose
H1 when HO is true.

s (2). Error of the second kind. P_,. When the signal is
present you decide that it is not or choose HO when H1
s true.

Tunua HAektpoAoywv Mnxavikwv & Mnxavikwv YnoAoyioTwv
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‘-L [MPOBAHMA 1 (TnAenikoivwvig

= Detection of a pulse (PCM or radar e.t.c)

Case A

Assumption:

1. s(t) ={Aor 0}

2. Probability of s(t) = A =P,

3. Probability of s(t) = 0 = 1-P,

2. Probability density function of n(t) is known
5.

We must base our decision on one sample
Criterion: Minimize the probability of error:
Pe = P1Pe1 + (1 Pl)PeO

Tunua HAektpoAoywv Mnxavikwv & Mnxavikwv YnoAoyioTwv
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Auon

= Decision will be based on x[n]=x;. If X, is in one Range R, then we
decide that H; is true and our problem is to find R;.

P, ={x,isin R, but s(t) is not present} = j fe (X, /s(t) = 0)dx

Ry

Py= [ f, (¢ /s)=Adx=1-[f, (x/s(t)=Axx

1-R, R

R =0- pl)J. fxl(xl /8(t) = 0)dx + pl[l_j fxl(xl /s(t) = A)dxj =

Ry

= p,+ [[(1=p) £, (x/0) = p, f, (x/ A)ldx

Tunua HAekTpoAOywv Mnxavikwv & Mnxavikwv YNoAoyioTwv
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* AUO‘ N (ouvixeia) {5

= AIGAeEE TO R, €101 woTe n mBavoTnTa Aaboug va eivai
eAAXIOTN

APA TPEMEI
[(1-P)f, (x/0)]- P, f, (x/A)]<0

» To /(x1) mBavoaveia (/ikelihood)

= MepIKEC (POPEC €ival KAAUTEPA va NAipvoUpE ToV
Aoyapiépo

lnI(X1)>ln1_Pl

1

TuAua HAekTpoAdywv Mnxavikwv & Mnxavikwv YNoAoyioTmv
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* Mapadeiypa 1

= O BopuPoc exel kaTavoun Gaussian Pe JeON TIMN KNOEV
kal dilacnopa o2.

]

_(X1_A)2
e ZO'X2 , , ,
2ro : ZI_PI:> —(xl—A)2+x1 Zln1—F’1:>x1,2\_ Azzlnl_Pl
1 —X12 Pl ZO-X F)l O-X 20)( Pl
eZO'
N27wmo

1 1

-D D
P. = erf +(1-p)erf ——
° T2 2('01 V2o, Fa=p) ﬁax]
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¥

s Oplouoc: ZuvapTtnon ZPAaALaToC

erf (x) = % je‘t2dt = %jetzdt
TS, Ty

Tunua HAekTpoAOywv Mnxavikwv & Mnxavikwv YNoAoyioTwv
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A
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i ApIOUNTIKN €@apuoyn

= Computer transmits 0,1,... Each pulse occupies T sec and
we sample every T sec with

P,=P,=1/2, 02=2, choose A such that P,=10-

D:é:> Pe:l—l- 2erfi 1L erfé
2 2 4 2-21 2 2 4

:>erf?zZ-[é—Pe}:O.99998:>§:3:>A:12

Let T=1ps on the average we are going to perform 10 errors every second!
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i Mapadeiyua 2

= T1 yiveTal eav 0 B0puBog exel OPOIOHOPPN
kaTavoun oTo [-a,d]

f(x) A

1/2a

Eav A-a >a 1o1e P,=0 ka1 R;=x=A-a

Eav A-a<a (A<2a) TO0TE ?
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i MPOBAHMA 3

» AaupBavoupe 2 onuaTa kar yvwpi{oupe TNV
KaTavoun Tou kabevoc.

= AauBavoupe pia YeTpnon kal BEAoOUE va
OOUE €av XOUNE TO onua 1 n To onua 2

Avayvwpion Mpotunwv (Mapadeiyua
avayvwpionc cohopou N Aaupdaki)
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