


Title: Remote Sensing Systems Of Road-Transport Structures And 
Constuctions 

Author: Valentina Ivanova Hristova 

SUMMARY 

The remote sepsing of the road infrastructure is using mathematical methods 
for digital image processing. They can be considered as separate components 
which can be united into a self-contained system. Efficiency in the remote sensing 
of road infrastructure depends on the quality of the methods used. 

The semi-automatic road network extraction techniques have increased the rate 
of extraction of road networks. Consideration of possible algorithms makes it 
possible to choose the most appropriate one by identifjring the factors that 
influence their implementation. Positive and negative aspects of the methods are 
examined in terms to assess their results as advantages and disadvantages. 

Road networks play an important role in a number of geospatial applications, 
such as cartographic, infrastructure planning and trafic routing software. When it 
comes to remote sensing, recognizing each object is a top priority. The 
identification of the object with a remote sensed image, for instance, is very 
important for the transport and for most of the economics spheres. 
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H o ~ e p a ~ a  Ha rnaau-re, G u r y p ~ ~ e  u ypaBHeHmTa B a ~ ~ o p e a e p a ~ a  
CaOTBeTCTsaT Ha Te3H B AUCePTWkiOHHUSI Tpyn. 

~ A C ~ P T ~ ~ I I O H H H I I T  TPYn e U3nOXeH Ha 120 CTpaHArJU U BKJIIOYBa 50 @EWflU, 1 
~a6nusa  U 1 IlpUJlOXeHUe. U H T U ~ ~ H H  Ca 164 JlUTepaTypHH H3TOYHHXa, OT KOUTO 4 
ca H a  KHpunHqa. 

~ ~ I Q U T ~ T ~  Ha AticepTaqHoHHus T ~ Y A  Iqe ce C ~ C T O M  Ha ............................ 201 5 r. 

? e n H a  OT H ~ ~ % - B ~ X H H T ~  XapaKTepEiCTMKEi H a  TpaHCIIOpTHaTa E i ~ @ p a c T p y K ~ f l a .  

Y n p a ~ n e ~ ~ a o  H a  a ~ @ p a c T p y ~ ~ y p a ~ a ,  ~ a 6 n m n e ~ ~ e ~ o  M c a o T s e r H a T a  n o m p a x K a  ca 
CB5p3aHEi C H W e W H O C T T a  H a  Tpa@MKa. Te C e  HYXAaRT OT IIH@OPMBUUX, OTHOCHO 

IIOBHIIIaBa CTelIeHTa H a  OTKpEiBaHe H a  n5THO-TpaHCIIOpTHEiTe CTPyKT)'pH Ei C5OP5XeHEiR, 

I c n e c ~ a s a i i ~ ~  ~ p e ~ e  ~i c p e n c r s a .  C uen na ce nono6pa n o n y a ~ ~ o ~ a ~ c r q ~ r n  n p o q e c ,  B T ~ H  

I 
Koxmo da ornKpusa namiiume cmpyKmypu u cbopbxeiiux om u306paxeiim, do6umu om 
ducma~yuon~o ujrmedsane nu s e ~ u a m a  nosbpxuocm Ha mepumopuxma ria Ebnzapux. 
Tam I I O ~ I ~ ~ ~ T O M ~ T H ~ E ~ ~ ~ H ~  CMcTeMa e C 5 B K p H O C T  OT aTITOpMTMEI, KOMTO B e r e  Ca 6 1 m ~ i  

p a 3 p a 6 0 ~ e ~ E i  M TeXHMTe ~OJlOXEiTeJIHU M OTpkiUaTenHH qepTEi Ca H3BeCTHM. 



Ei306p~eHllR, Ce nO5IBIBa I3 HmaTa OT MaOAOnOrM5l 3a 06pa60~~a  H aHWIH3 Ha TaKUBa 
u306paxe~n~ c sen pemaBaeeTo Ha pa3~006pa3~a npamnsecKn sanasu, B saencn~ocr m 
TUIIa 3eMHO nOKpMTMe, CB%p3aHO C UenEiTe Ha IIpWlOXeHHeTO Ha Te3113ZlAaYn. 

Caulecree~a sa,aasa npn ~ a 3 n  06pa60~~a e na ce nonyraT nono6peen anropnTMri 3a 
06pa60~~a,  KONTO Aa nO3BOllXBaT ~ @ ~ K T H B H ~  ~aCTp0fi~a Ha TeXHEiTe IIaptlMeTpi, KOeTO Aa 
no3~onn e4emnee~ 11360~ Ha npnnaraann anr0pun.M B ~ ~ B ~ C U M O C T  OT pemaaaHme 
3anasu n weKsaTHma Ha n3non3~am~e ~so6paxe~urr no mHomeHne Ha nonyrasaHur 
Pe3ynTaT. 

C n c r e ~ u ~ e ,  npH KonTo ce ussnnsa ue+op~aum, OTHOCHO n s m o - q a ~ c n o p ~ ~ n  
crpymypn H caopmceaur m u306paxe~nr, nonpeHEi s p a  nncrraHqHoHHw mcnensaann, 
Ca M H O T O ~ P O ~ ~ H I I  H BKJIIOYBaT pa3~006~a3HN MeTOAn U mOpHTMU OT pZ3JlHYHH 06nacrn Ha 
H H @ o ~ M ~ T H K ~ T ~  U WiCJIeHUTe MeTom. O 6 p ~ q a  Ce CneUM&llHO BHHMilHUe Ha OIIMCXHHeTO Ha 
TeXHUKUTe 38 H3BJEiYaHe Ha m T H H  MPeXA M HaWiHhT, no K O ~ ~ T O  Te Ce ~KIlaEiT. B Ta3U 

rnaea ca pa3rnena~n: 
OCHOBHH ~ O H R T ~ ,  C B ~ P ~ ~ H H  c ocHoBHuTe xapamepumKH Ha m @ p o ~ m e  

n306paxe~ur H ocHoeHuTe xapamepEicrurul Ha mTuqaTa; 
Kpama UCTOPUSI; 
~ ~ ~ W U E ~ O H H M  H3CJIenBaHMR; 
M~TOAHT~ H aJlrOpHTMUTe 351 H3BJIUYaHe Ha U%TMula, KOUTO Ca YCJIOBHO 

060~06eHH B Tpkl HBBa: HUCKO, CpenHO H BHCOKO. 

Pa3rnenmn ca p m m s ~ n  M~TOAU 38 o 6 p a 6 0 ~ ~ a  Ha n306paxe~n11, KOMTO ca non6paan 
BHHMaTenHO H ( P O P M A ~ ~ T  UXllOCTHa CACTeMa 38 AIICTaHUMOHHO H ~ ~ J W A ~ H U ~  Ha II5THO- 

TpaHCIIOpTHH CTppYpU N CbOp'bXeHWII. Pen'bT Ha ~36paHnTe MeTOAU e C'bllIeCTBeH. Toea e 
TaKa, 3amOTO H3XOAHHTe A H H H  OT eAHH M a O A  Ca BXOAHA 38 CneABaUIm. 
~ p c r ~ u ~ e n ~ o m a  Ha CnmeMaTa e ~ H ~ Y ~ T ~ J I H ~  n Moxe na ce c~a6nnu3~pa ~ p e 3  
npaBKilHUX non6op Ha IIapaMeTpUTe 3a BCeKM WIrOpMT%M, KaKTO nOKa3BaT M pe3yJlTaTHTe. 
AHWIH~~T Ha nonyreHuTe pe3yn~a~n sasnca no mmMa creneH m nHTepnpeTawoHHnTe 
y ~ e s u r  Ha sose~a-onepa~op. 

pa3AeJlNTeJlHa cnoco6~om 300 dpi H ca ~pe@epHpatul. 6pom Ha TeCTOBUTe 
nso6paxe~wr, KoaTo ca 06pa60~e~u cac cwcreMaTa 3a A U ~ H L W O H H O  ~ a 6 n l o ~ e ~ n e  Ha 
n%THO-TpaHCnOpTHH CTpyKTyPA M CbOp%XeHUX e Han 100. Pa3menaH0 e €?AH0 IIpkiMepHO 
ns06paxe~ne, n o ~ a 3 a ~ o  Ha @nr. 111.1, ~ o e r o  e ce06oneo nocranHo OT [I]. Il306paxe~nao 
e c ~ a u l a 6  1:5000,1000~1000 nurcena, 300 dpi, 6 ~ i ~ o e a  nw160sn~a 24, .tif @ a h .  

npn H3nOn3BaHeTO Ha B%3nyUIHU UnH KOCMHYeCKM CHHMKM Ce HaJlaI'a Te na 6'bna~ 
reOMeTpH¶HO KOpHllipaHM no OTHOIUeHAe Ha T O I I O ~ ~ ~ @ C K U  peJIe@, H3KPBBIBaHIIR OT 

06em~ea M HamoHa Ha KaMepaTa n ce HapmaT op~o@mo. 
kf380&.' ~ ~ Q H H @ O ~ M ~ ~ M O H H ~  CHCTeMa Ha MNHHCT~~CTBO Ha PerHOHWIHOTO Pa3BMTRe 

rrpeAOCTaBX 6e3nna~e~  ~ a 6 o p  OT ki~o6paxe~~in. OCHOB~H TeXeH HeAOCTaT%K e, Ye Te 
anEpxaT 3 ~ a s r n e n ~ o  Konasemeo m y ,  Koao npaBM o6pa6oma~a MM c npencTaeeHaTa 
CHCTeMa 3a M3CneABaHe Ha II5THH-CTpyKTypH M CLOp%XeHHX PeaJIHO IIPeAU3BHKaTenCTBO. 

111.2. npeo6pasy~a~e  Ha ueeTHo n306paxe~we~o B noJlyToHoso spes nnneen 
MeTOA Ha ~ p a r r c @ o p ~ u p a ~ e  

C a q e c ~ s e ~   KT 3a nocneneaqa o6pa6o~~a  Ha nonyroHosrne uso6paxe~na e, s e  ce 
IlpeflaM CaMO MH+OPMBIKI~II 3a @YHKUWIT~ Ha RpKOCTTa [Gon08]. TpaH~@~pMkipa~eT~ Ha 
~ B ~ T H O T O  ~306paxe~ne  B nonyroHoeo cTaea spe3 cneAHoTo IIp~06pa3paHne: 

(111.1) I,,, (x, y )  = 0 , 2 9 9 ~ ( x ,  y)+0,587G(x, y )  + 0,114B(x, y )  . 
T O ~ H  eneMeHTapeH m o p s ~ b ~  naaa nonxo.qnqH 3a nocneneaula 06pa60~~a  p e 3 y n ~ a ~ ~ ,  

n o ~ a 3 a ~ n  Ha @m. 111.2. Toea npeo6pa3pa~e e ~ e o 6 x o ! ~ n ~ o ,  sa~umo u3~nnra HyHcHaTa 



I'P~nodu: I I ~ H  peAywipaHe Ha 6pox UeeTose ce HaMmBa o 6 e ~ a  Ha 4aiina. 
IlpooCipa3pa~e~o Ha UB~THOTO 11306paxe~~e B ~ O ~ ~ O H O B O  OcMrypxsa Kasecrsem 
IlflPHMLY~pH 38 nocnensarqa cHmeMa 3a o 6 p a 6 o ~ ~ a  c npeAmaseHaTa cMneMa 3a ~ s c n e ~ s a ~ e  
I l f l  l l'l~'1.1 lo-TpaHCIIOpTHM CTpyKTypH H CLOpaXeHHX. 

L 

l10pa~H CBOXTa CbaHOCT n%THQaTa Ce H ~ ~ J I E O A ~ B ~ T  KaTO PII3KO M3MeHeHHe Ha 
( I I Y I I I ( I J M R T ~  Ha q K o m a ,  KaTo ~ a 3 ~  npomHa npmexaea xapaKTepeH K O H T ~ ~  H 4 o p ~ a .  w e  
CO CpuBHXT ABaTa MeTOna 3a OTKpHBaHe Ha pa6ose IIpH AHCTaHUHOHHO H3CJIeABaHe: Canny 
I I  SUSAN. 

111.3.1. Memob 3a omKpueane napa6oee ua Canny 

Canny npennara onTHManeH Maon 3a HampaHe Ha pa6oee B cnysame, KoraTo 
1 1 ~ 0 6 p a ~ e ~ M ~ ~ a  C5n5pXaT 3HaWiTeJIHO KOJIHreCTBO 6xn IIIyM [Can86]. H ~ ~ ~ B H C H M O ,  r e  
jlnHHnTe 3a ~ 3 0 6 p a x e ~ ~ a o  ca A H C K ~ ~ T H H ,  TO s e c ~ o  pa60sae MY ce 0npeAena-r qpe3 
JmKanHme MaKcmiyMH Ha rpaAMeHTa MY. 3acnyra~a Ha Canny e, r e  ycnma na 
cl)op~an~ls~pa ~ e 3 ~  KpmepMH H Aa noKaxe se  napsaTa n p o ~ 3 e o ~ ~ a  Ha raycoea~a +~HKUHII  

c nonxomaa 3a nocrpoxsaHe Ha onTHManeH M ~ T O A  Ha pa6oee. A I I T O P I I ~ M ~ T  Ha Canny e 
Cb3AaAeH, 3a Aa YAOBneTBOpH CneAHHTe UenH OT MaTeMaTHYeCKa rJIeAHa TOTKa: 

1. M H H H M ~ ~ H ~  secroTa Ha rpemmTe. 
2. no~NIH3kipa~H IpaHHrHH T09KM. 
3. E ~ H H ~ H M  TpaHH4HM TOYKH. 
A n r o p m m ~  Ha Canny nasa KaTo KpaeH pe3yma~ 6 t i ~ a p ~ a  r p a + ~ ~ a ,  cacraseHa OT 

nHKcenH, npmmexarqti  KXM pa60se, M naecenH, HenpHHaAnexarqH Ha HHKOG pa6. Canny 
eMnHpHsH0 e YCTaHOBHn, s e  C5OTHOlueHHe 113 Memy AOnHHXT H rOpHIlrrT npar Ha 
x ~ c ~ e p e 3 ~ c a  e c H ~ % - A o ~ ~ H  p e 3 y n ~ a ~ ~ .  

P e 3 y n ~ a ~ b ~  OT MeToAa Ha Canny, npmoxeH sapxy nonyroHoeoTo ~ s o 6 p a x e ~ ~ e  OT 

4Hr. 111.2 e HJIIoCTpHpaH Ha 41lr. 111.3, Ts~co~a=200,  T ~ ~ c ~ a = 6 0 0 .  OTHOIII~HM~TO Memy 
ABaTa IIpaI'a e 1 :3, KOeTO e OIITHMaJIHO. Ha6nmnasa~H~e pa6ose Ca A~~~cTBHT~JIHH, HO He 
BCMYKH IIPNHaAneXaT Ha O ~ ~ K T  OT n5THO-TpaHCIIOpTHaTa CTpJXTypa. OrepTa~PiXTa Ha n5TX 
Ca OTKPMTH, HO Ce H ~ ~ J I F O A ~ B ~ T  H HeXeJIaHEl npeKaCBaHWI. 

Dm. 111.3. Pe3ymam~ OT Maona Ha Canny, h p ~ n o x e ~  ~ a p x y  nonyroaoeoTo 
mo6paxe~kie OT + ~ r .  11L2, Ts~co~a=200,  T ~ ~ c ~ a = 6 0 0  

111.3.2. Memod 3a om~pueaue uapb606e - SUSAN 

O C H O B H ~ T ~  MOTIIBHpOBKa Ha Smith H Brady IIPM B'6BeHCqaHeTO Ha SUSAN e Aa Ce 
HaMepH 2UIrOpHTbM C I I O C O ~ ~ H  Aa p a 6 o ~ ~  B peNIH0 BpeMe [Smi94]. B T03M CMHCbn B 

AonanHeHHe Ha TpHTe KpHTepHR BaBeAeHM OT Canny, Smith H Brady A O ~ ~ B X T  H YeTBapTH- 
KOMnIolapHa ~@~KTHBHoCT. 

~ H T ~ ~ ~ C H O T O  o6are e, r e  SUSAN He e OCHOBaH Ha TbpCeHeTO Ha rpElAHeHT. T a ~ a  
MeToAa He ce 6 m ~ p a  Ha MaTeMaTMrecKa onepaqm, ceapsa~a c sMcneHo n ~ a e p e ~ u ~ p a ~ e .  
O C H O B H ~ T ~  HAeX Ha SUSAN e, s e  BCeKH nHKCeJI OT Ta3H OKP'bXHOCT Ce CpaBHIIBa CSC 

CTOI%HOCTT~ Ha XpKOCTTa Ha JlApOTO. AKO Te Ca 6nEi3~11 UJIH paBHH, TO Ta3H o6nacr Ce 
Hapma USAN (univalue segment assimilating nucleus). 

M ~ T O A ~ T  SUSAN ~snonsea Mama c + o p ~ a ~ a  Ha oKpaxHocT, c uen pe3yn~a~a na e 
~ s o ~ p o n e ~ .  Tosa e rnaBHoTo CBO~~CTBO Ha USAN, ~lsnonssa~o Ha ce HampaT pa6oee H 

arnn. Moxe Aa ce ~ s n o n s s a ~  nocToxHHH Terna HnH rayco~o  p a 3 n p e ~ e n e ~ ~ e .  O ~ H K H O B ~ H O  
pa,qIlycbT Ha oKpaxHocna e 3,4 nmcena, n p ~  K O ~ T O  WnocTHaTa MacKa e 37 nmcena. 
Hafi-MamtaTa B'b3MOXHa MaCKa e C pa3Mep 3x3 IlHKCeJla H Ce CsHTa 3a TpaAHuHOHHa. 

3a CpaBHXBaHeTO Ha XpKOCTHTe Ce H3nOn3Ba ypaBHeI-5ieTO: 

(111.2) c(7,i;b) =e 

H306pa~e~MeT0, a 7 e no3nqm~a Ha scma Apyra TorKa B MacKaTa, a t mpae pomTa Ha 
npar, ~ o f i ~ o  onpeaem M H H H M ~ J I H ~ T  KoHTpacT, n p ~  KOGTO AaAeH pa6 rqe ce AeTeKmpa. 

Ha $Mr. 111.8. e noKmaH pe3ymam~ OT MeTona SUSAN, npmoxea sapxy 
IIOJIjTOHOBOTO ~ 3 0 6 p a ~ e ~ H e  OT +Fir. 111.2. 

7 

@Mr. 111.8. P ~ ~ ~ J I T ~ T ~ T  OT MeTOAa SUSAN, npHnoxeH B5pXy lIOJIJTOHOBOT0 

~ 3 0 6 p a ~ e ~ H e  OT + ~ r .  111.2, MaKcHManeH 6pol pa6oae - 30 000, npar Ha apKocrra - 100 



1113.3. Cpasnenue no Kpurnepuu, onpedenxyu ~avecmsomo na ~ e m o d u m e  3a 
orn~pusane na pa6ose npu ducmanyuonno u3cnedsane Ha nam~o-mpa~cnopmnu 
crnpyKmypu u caopaxenuz 

M e T o n a ~ e  3 a  OTKpHBaHe H a  pa6ose C e  H3nOn3BaT B 3aBHCHMOCT OT KOHTeKCTa H a  
t 

A3CneABaHHXT O ~ ~ K T  H npOCTpaHCTBeHa pa3AenHTenHaTa  C ~ O C O ~ H O C T .  

YeTkipH C a  OCHOBHHTe KpHTePMM npPi  OTKpHBaHe H a  pa6oae [Can86]: AeTeKUHOHeH, 

nOKWIki3aqkiOHeH, ~ A ~ H T H ~ H O C T ,  ~@~KTHBHoCT.  ~ ' ~ P B I I T ~  ABa KPHTePPW Ca OIlpeAeJLXIUH. 

E ~ H H  6 ~ ~ 3  EUIrOpHTaM, n0KpHBaI.U I IapBHTe ABa K P k i T e P m  we 6we n p e n n O Y e T e H  I IpeA no- 
~ ~ B H H X ,  ~ o i i ~ o  capo r H  1 1 3 n a n m ~ a .  

O r p a ~ k i r e ~ ~ l x ~ a  H a  M e T o n a  H a  Canny sa oTKpHsaHe  ~a pa6ose ca cnensme: 
1. P e s y n ~ a n ~  e 611~ape~. 
2. ~ ~ O X T  H a  I l apaMeTpHTe  BOAPi A 0  r O m M  6p0g K O M ~ H H ~ ~ U P ~ ,  BCXKa OT KOXTO BOAH A 0  

p a 3 n H r e H  p e 3 y n ~ a ~ .  

3. P a 3 ~ e p . b ~  H a  X ~ O T O  H a  r a y c ~ a ~ a  M o x e  na ce osaxe onpenemu 3 a  o n p e A e m H e T o  

H a  M e c r o n o n o x e H n a o  H a  p x 6 o ~ e ~ e .  
4. I I n~cenn~e ,  p a 3 n o n o x e H H  B arnme, KOHTO HMaT r p e x u H a  n o c o K a ,  c n p x M o  n o c o K H T e  

H a  TeXHMTe c b C e n H  BOnH A 0  OCTaBaHe H a  OTBOPeHH pa6oee H JIHIICBalqH CB'bp3BaIL(Pi TOYKA 

I lnH JIHHUU MeXCAy CaMHTe pa6oae. 
~ O C ~ ~ A H O T O  OI'paHHYeHHe H e  C ' b U e C T B p a  n p H  MeTOAa 3 a  OTKpMBaHe H a  pa6oee 

SUSAN. TOG CB.bp3Ba pa60se~e no-~06pe, a C B h p 3 B a u H T e  TOYKH I lnH nPiHHH M e X A y  

CaMRTe pa60se HMaT C H r y p H a  Bpx3Ka.  M ~ T o ~ ~ T  38 OTKpHBaHe H a  pa6one SUSAN e 
nonxonxu, K o r a T o  a 3 0 6 p a m e ~ m ~ a  ca H a c m e H H  c M H o r o   my^ Hnki n p m e x a s a T  @ k i ~ a  

c r P w T Y P a .  

kf360du: B n p H n o x e H m  M ~ O A  H a  Canny ~ a p x y  o p n r m a n H o T o  k i 3 0 6 p a ~ e ~ H e  ce 
3 a 6 e m 3 e a  n p e ~ a n e ~ o  M H O ~ O  H ~ e x e n a ~ ~  CMW~HHX, KOHTO n p ~  0 6 p a 6 0 ~ ~ a T a  cbc 
M e T o n a  SUSAN n a n c e a T .  Toea e T m a ,  s a ~ m o  SUSAN ~snonssa H H T e r p a n e H  n o A x o A  3 a  

@ 0 p ~ H p a ~ e  H a  n p P i 6 n k f 3 K T e n ~ H ~ e  CTO~~HOCTH. ~ J ~ ~ B H O  IIpeHMyr4eCTB0, OCHOBaBaHO H a  TO311 

 KT e, r e  MeTOAa OTKpHBa A B p 3 M e p H P i  XapaKTepHCTHKki (M'JIEi) 6 e 3  3aTpYAHeHHe. 

~PIIHUHII%T H a  SUSAN M O X e  pa C e  PXWJIema KaTO ~ @ ~ K T H B ~ H  H a s H H  3 a  HaMkipaHe H a  

XapaKTepHCTkiKATe H a  n 5 T H a T a  A ~ @ p a c T p J X T y p a ,  C I lOMOwTa H a  nOKaJlHa H H @ o ~ M ~ u H x .  

SUSAN oTKpMsa  pa6oae~e B ~ s o 6 p a x e ~ ~ x ~ a  TOYHO H 6 1 ~ 3 0 .  C H e r o  M o r a T  na ce 
OTKpHBaT KaKTO pb60Be ,  TaKa  H W n H .  o I I p e ~ e n ~ ~ e T 0  H a  MeCTOIlOnOXeHHeTO H a  

XapaKTepPiCTHKIlTe H a  n 5 T H a T a  U H @ p a ~ T p y r t ~ y p a  e He3aBHCHMO OT P a 3 M e p a  H a  MaCKaTa. 

HHBOTO H a  OTHOIUeHkieTO CHrHan-IlIyM e BHCOKO. C B ~ P ~ B ~ H W O  H a  pa6one H nHHHH H a  

IIaTHMTe B'b3nki e no6po. my0 npeAHMCTB0 H a  TO311 IlXnOCTeH IIOAXOA e, Se IlIyM'bT, HMa 

TeHAeHqHX KhM no-ma60 BnAXHUe BXpXy TOYHOCTTa H a  pe3yJITaTHTe. 

C ~ M H X T  MWOA 3a OTKpHBaHe H a  p~6ose  SUSAN e KOpeHHO pa3JIPiYeH OT A p p T e  

MeTOnH 3 a  OTKpHBaHe H a  p 5 6 0 B e ,  3aIUOTO YBeJIkiYCiBa HHBOTO H a  OTHOIlIeHHeTO CHIXWI- 

 my^. Apyro c a u e c T a e a o  n p e P i M y l u e c r B o  e, r e  anropmmta H e  assscm~a H H e  ~ 3 n o n s e a  

nPOH3BOAHHTe H a  @YHKUUXT~,  a A3nOn3Ba CaMaTa @YHKUHX H a  XpKOClTa H a  BCeKH enHH 

nmcen OT ~ 3 0 6 p a m e ~ ~ a o .  Tom M e T o n  p a 6 m ~  no 10 n a T H  no-6apso OT MeToAa H a  Canny. 

111.4.1. Memodam "M3snu~ane na anrnunapanenna ocesa nunuz " na Doucette 

~ ~ ~ B O H ~ Y ~ ~ H O T O  OTKpABaHe H a  TOYKHTe, KOHTO A a  6 a ~ a T  CBap3aHH H A a  @ O P M ~ ~ ~ Z L T  

n a T x  M o x e  H a  ce ocbqec~sa A no M ~ T O ~  n p e w o x e H  OT Doucette H ~ p .  [Dou04], H a p e s e H  

" M 3 ~ n ~ s a ~ e  H a  a H T u n a p a n e n H a  ocesa n ~ ~ m " .  
3 a n a ~ e ~ m e  o r p a H r n e H u x  H a  r u l l p u H a T a  B HAOJI ca @ a ~ ~ o p ,  ~ o i i ~ o  H e  I I O ~ B O ~ B ~  H a  

a n r o p ~ n ~ a ~  A a  ce anarmpa aamnao a oTKpcrsa  n amua  c L U ~ H H M ,  HaA ~ e 3 ~  nparom 
CTO~~HOCTH. H ~ M ~ J ~ I B ~ H ~ T O  H a  OI'paHkiYeHuRTa H a  UIHpHHaTa BOAH A 0  no-rOJlXM 6po# 
HerIpaBImHO OTKPATH QeHTpanHH TOrKH H a  n b T X  ( H ~ ~ ~ ~ ~ C T B N T ~ J I H I I  IIo~P~TIIBH). 

K a ~ o  IJ,XJIO MeT0nE.T H a  Doucette [ D o u ~ ~ ]  Ce  OCHOBaBa H a  I 'panHeHTeH aHa.IIH3. 

M H H A M ~ J I H ~ T ~  H MaKCHManHaTa IlIHpHHa H a  n 5 T X  C e  El3JSOn3Ba 3 a  OI 'paHHsaBaHe  H a  

OTKpHBaHeTO H a  H ~ , L ( ~ ~ ~ C T B H T ~ ~ H H  MapKepH.  ~ P H H ~ T ~  H a  n 5 T X  Ce  O I I p e n e m  q p e 3  

H3yACJlXBaHe H a  IlepIleHAHKyJIXpHOTO pa3CTOXHAe M e m y  I lapaneJIHPiTe pa6oee, KaTO 3a 
q e n T a  ce ~ 3 n o n 3 s a ~  croii~ornti~e 3 a  r p a n A e H T a .  

C J ~ ~ ~ O B ~ T ~ J I H O  H p H H T e  IIapaMeTpH, KOHTO OnHCBaT MeTOAa H a  MAOJI Ca: 

Aonyc~ - rIpeACTaBJIXBa TOJIepaHCa, KOraTO JlHHUUTe Ca YCIIOpenHH ( O T ~ R T B  

MaKCHMClllHIlrr 5 1 3 n  H a  OTKnOHeHHe M e m y  I'paAAeHTHA O P A ~ H T ~ U H H ) ;  

M H H I ~ M ~ J I H ~  IlIApHHa H a  n5TX - TOBa e MHHHMaJlHOTO Pa3CTOXHHeTO M e W y  

YCnOpenHHTe JIHHHH, 3 8  H a  Ce  OTKpMe IMHHXTa H a  IlaTlf; 

M ~ K C H M ~ ~ H ~  m H p m a  H a  n a T x  - o r p a H M r a s a  l u t i p u H a T a  H a  ~ S T R  no o n p e A e n e H a  

CTO%HO(JT. 

M380d~: MAOJI Ce  I I p I l n a r a  B 5 p X y  H3XOnHOTO P i 3 0 6 p a ~ e ~ H l f  OT MeTOna 3 a  OTKpHBaHe 

H a  pa6oae KaTo ro nono6pxea, s a ~ q o ~ o  ro q e ~ ~ p a ~ 1 ~ 3 ~ p a  pesyma~a H ro rpynapa B 

o r p a H m e H a  o6nam H T a K a  nocnensawa-ra 0 6 p a 6 0 T ~ a  A a~anas  ca ynecaean. 

C ~ ~ M ~ H T A T ~  Ce ~ ~ @ H H H P ~ T  KaTO XOMOreHHM, r p a H H y e u H  KOMnOHeHTki B 

n 3 0 6 p a x e ~ m ~ a .  C ~ ~ M ~ H T ~ U M I I T ~  e npouec H a  p a 3 n e m H e  H a  a 3 0 6 p a x e ~ a e ~ o  H a  ce rMeHTH c 
U e n  A a  ce H a M e p x T  p a s n a s ~ k i ~ e  O ~ ~ K T H ,  KOHTO na ce p a 3 r p a H H r a T  e n u H  OT ~ p y r  a OT 

OKOnHaTa C p e n a .  

T ~ K  we CpaBHHM YeTHpH, OCHOBaHH H a  TeOpHXTa H a  r p a @ H T e  U r O p I l T M H  3a 
cerMeHTKpaHe  H a  ~ 3 0 6 p a x e ~ H ~ .  Te ca a n r 0 p n n m . T  H a  Beaulieu H Goldberg [Bea89] H 

Tilton [Ti1031 3 a  ~afi-no6po cnuaarle, c e r M e H T a q H a  3a c n k i s a H e  H a  A a p s a a  H a  Felzenszwalb 
H Huttenlocher [Fe109], cememaqm c c H H M a n e H  c p e A e H  pa3pes H a  Wang H Siskind 
[Wanol], H ~ o p ~ a n ~ s ~ p a ~  p a s p e 3  H a  Shi H Malik [ShiOO]. 

B anropHTMHTe 3 a  06pa60~~a  H a  1lso6paxe~1lx e secro cpeua~o  ~ 3 0 6 p a x e ~ ~ e ~ o  A a  ce 
npencraea KaTo rpa@ [GonOS]. r p a @ a ~  G(V,E) e m r e 6 p ~ r ~ a  c r p y I c T y p a ,  c a c T o s w a  ce 

OT MHOXeCTBO OT B53JIH 

(111.4) ~ = { e , , e  2 , . . . ,  em} .  
Ha BCeKH pa6 IlpHHaAJIeXaT ABa B a 3 e n a  KOHTO MOraT A a  IIpeACTaBJIXBaT I lOnpeAeHa  

( o p ~ e ~ ~ ~ p a ~  pa@) H ~ H  H e n o n p e A e H a  ( ~ e o p x e ~ ~ ~ l p a ~  rpa@) neoii~a. C ~ e n e ~ ~ a  H a  aasena e 
p a B H a  H a  6 p 0 ~  pa60se, KOHTO ro CBap3BaT. 





Qnr. 111.14. noKa3ea pe3ynTaTa OT cerMeHTaunnTa m c  cnneaHe Ha napema, npnnoxea 
eapxy opnmHanHmo a306paxce~lie 111.1, cnr~a=3, nparoea c~oii~om=30, MnHnManen 
pa3~ep=4. 

N360d~: C ~ T U ~ H T ~ ~ I Z I I T ~  CbC CnABaHe Ha AapBeTa e MeTOA, K O ~ ~ T O  e YpcTBUTeneH KaM 
napaMapnTe, ~ o i i ~ o  ro OnpenennT, HO npH npaBnnHoTo H M  BapnpaHe pe3yma~n~e ca 
n p e q n s ~ ~ .  Hanpa~e~me  onmn noKmeaT, re Toea e ennH onepaTneeH M ~ T O A ,  sauo~o  
H3YUCnHTeJIHOTO .BpeMe He e 6 ~ n o  H a  MMHj'Ta, He3aBACAMO OT pa3Mepa Ha 
n 3 0 6 p a x e ~ ~ e ~ o .  ki3sncnmen~o~o speMe 3a n306paxce~ne looox 1000 nnKcena e 
MaKCUMYM HXKOnKO CeKYHAH. Tesn 4aKTEi IIpaBIIT MaOAa '~oAxoAIIIU 3a OnepiYrABHa 
pa6o~a. 

111.5.1.3. Cez~enrnalru~ c nouManu3uuan umue3 

K ~ K T O  &i npIl MeTOAa C MAHRMaJleH CpeAeH pa3pe3, ~r0pIITbME.T 3a HOpMUIU3MpaH 
pa3pe3, anropnnmT Ha Shi H Malik [ShiOO] a40 3anos~a c ennH cerMeHT, ~ o i i ~ o  
cwapxa wnoTo n306paxe~ne n no iiepapxnse~ Harm ro pa3nenn Ha nono6nac~ki B 

cneneawme cranrn. Bae ecma mnKa m r o p m m ~  npcw paspesa, ~ o i i ~ o  ceewa AO 

MRHkIMYM HOpMaTU13UpaHWI ppa3pe3, OnpeAeJIeH no CneAHHII HaYAH: 

Ha#-no6po~o nonnHoMnHanHo BpeMe 3a npn6naxe~ne Ha T O ~ H  npo6ne~ e O(log(n)), a 
3a nnaaapmTe rpa@~ cbuecreysa n p n 6 n ~ x e ~ n e  c KoHcraHTeH 4amop. 3a npo6ne~a cac 
cerMeHTasnnTa Ha nso6paxe~ne opernHanHmo npoyrBane npemara anropmM 3a 
iiepapxnq~o npn6nnxe~ne, OCHOBaH Ha H3rHCJMBZtHeTO Ha co6cree~ BeKTOp. 

M ~ T O ~ T  Moxe na 6ane AonanHnTemo nono6pe~, KaTo ce orpasnsn no M U H H M Y M  

e4ema Ha HaorHo U H ~ P O B O  n3sncne~ne, npnrnHeHo OT @ a ~ ~ a ,  se TexecrnTe Ha pe6pa~a 

Qnr. 111.15. Pesyn~a~  m Maona Ha cerMeHTaqnn Ha Shi u Malik 

@nr. 111.15 noKa3sa pe3yn~a~a Ha racr m opHrnHanHmo nso6paxce~ne OT @nr. 111. I ,  
KORTO e c pas~ep 1 OOx 100 nnrcena. 

Heo6xonu~o~o k i3recn~~en~o  ~ p e ~ e  ~a ~306paxe~ae c 500x500 nnKcena n 3 nUKcena 
paAHyC OTHeMa HaA 24 YaCa. B ~ J M O X H O  e MeTOAa Ha Shi U Mali K Aa Ce no~o6pu KaTO Ce 
n3non3ea no-cm~a  n3rncnmema TexHnKa a p a ~ ~ y c  OT 2 nnKcena, HO Toea npam MeTona 
H ~ ~ @ ~ K T A B ~ H .  P ~ ~ J I H o  OC%UeCTBFiM BapIlaHT 3a npIlJIalXHtX0 Ha M a O A a  Ha Shi U Malik e 
A3nOJI3BaHeTO Ha Ei306pliXe~Iie C MaKCUMYM ~ O O X ~ O O  IlUKCeJIa. Toea OrpaHMYeHMe qaBH 
MeTOAa HenpWlOXCHM 3a IlOCTaBeHHTe UenU 3a OTKpkiBaHe Ha XapaKTeptlCTMKHTe Ha n5THO- 
TpaHClIOpTHuTe CrPYKTflA II C%OP%XeHHX. 

M36odu: C ~ ~ M ~ H T ~ ~ H R T ~  Ha Shi n Malik ~ s n o n s ~ a ~  MaTpnua, KOIITO e 

rnra6aii~a n 3 r ~ c n n ~ e n ~ a  naMm. M~TOAST Ha Shi u Malik n3non3~a n p n 6 n n x e ~ ~ e ,  K O ~ T O  

npaeA ~ s r ~ c n e ~ u a o  Ha anropnnMa T W ~ K  npouec. 

111.5.1.4. Cemenmauu~ c MunwaneH cuede~ u m u a  

A n r o p n n ~ ,  OCHOBaBaH Ha MIlHHMWleH pa3pe3 e OC5WeCTBeH OT Wang A Siskind 
[WanOl]. Toea e anropnnM, npn K O ~ ~ T O  ce 3anos~a OT mnocTHoTo u306paxe~~ie n Ha 
BCXKa CJIenBaWa Cl3nKa TO Ce pa3AfXII Ha nono6nacre KaTO Ce MAHNMU3Hpa C T O ~ ~ H O C T ' H ~ T ~  

@ ) ' H K ~ H X  Ha pa3AenXHeTO. C T O ~ ~ H O C T H ~ T ~  @)'HKUMR MOXe Aa Ce IlpeAcTaBH KaTO: 

(111.10) c ( f ) = ChfO ( f ) + Csmorh ( f ) 9 KbAeTO f e 11306~axe~~m0 

Cdda ( f )  e e ~ e p r ~ f i ~ a  @)'HKUHII, KOIITO 3aBMCU OT IIPKOCTTa Ha ChCeAHIITe I l M K C W l H  M 

Crmoorh ( f )  e ornamaqa ~ ~ H K ~ A I I ,  KOIITO e OTroBopHa p a 3 ~ e n n ~ e ~ o  Aa BOAH no 

HeIIpeK5CHaTH F i  nOCTaTbrH0 MaAKU o6nacr~. 
Teopanrec~n, 3a Aa ce HaMepn cpesa ~pr6ea na ce npecMeTHe c r o i i ~ o c r ~ a ~ a  ~ ~ H K U R I I  

Ha BCeKa B53MOXHa K O M ~ H H ~ U A I I  OT CBbP3aHII IlHKCenll Ha I'pa@a. Pe3yJITanT 3aBACH 
CRnHO OT BNAa Ha CTO#HOCTH~T~ @ ) ' H K 4 1 1 ~ .  ~ ~ ~ ~ H T ~ ~ c I R T ~  C MAHUMZlJleH CpeAeH pa3pe3 H a  

Wang H Siskind npRMepeH MeTOA, OCHOBaBaH Ha Te3A men, l l p H  KOHTO CTO#HOCTH~T~ 
@)'HKuM e OT BUAa: 

Taii KaTO npn6nnxe~nao npU pa3pe3 C MklHHManHO ChOTHOLUeHUe e U3YACJlFiTeJIHO 
T-K H He e H3BeCTeH ZlJIrOpklT'bM 3a nOJlFiHOMIlHaJIH0 BpeMe 3a MIlHEiMaJIHHII CpeAeH 
pa3pe3, Moxe Aa ce noeaxe, re ~ o i i  Moxe na ce onpocTn KaTo ce npneMe, se BceKn epax He 
ce npecnsa OT paspesa noeese m emH naT. 

n p a ~ e p e ~  pe3ymaT OT anropnnMa Ha Wang u Siskind, npnnoxes eapxy 
opnrnHanHoTo nso6paxe~ee OT 4nr. 111.1 e npencraseH Ha @nr. 111.1 6. 



H360du: HaZi-no6p~rr~ B B e C T e H  p e 3 y m a ~  3 a  npo6ne~a C MHHNMaJIHOTO I I ~ ~ ~ ~ K T H o  

caenaneaae e o (n2 log ( n )  + nm) , ~ o a o  n a K  e ~ e y n o 6 ~ o  3 a  pa6o~a. ~ 3 n o n 3 e a ~ u n ~  

a n r 0 p H T b M  TyK e c B p e M e  3 a  n p e c M a T a H e  0(nm1og(n))  . Mome A a  ce AoKame,  Ye  

EiJIrOpHTMHTe 3 a  MHHHManeH CpeAeH p a 3 p e 3  H MHHHMWIHO CpeAHO CbOTHOIUeHHe H a  p a 3 p e 3 a  

M o r a T  A a  ce p e m a T  B TOYHO I I O ~ H H O M H H ~ ~ O  BpeMe. C e r u e ~ ~ a q m ~ a  c M H H r m a n H o  

c b o T H o m e H H e  H a  paspes ce rrpmara c npu6nnme~ne, o c H o s a H o  H a  a n r o p H n M a  3 a  6 ~ ~ a p ~ o  
n p c e H e .  C e m e ~ ~ a u ~ r r ~ a  Wang H Siskind noKaccsa no~o6aw T ~ ~ A H O C T H  n p ~  ~ s ~ ~ c n e r n e r o  
KaTo c e m e H T a u m T a  H a  Shi H Malik. 

111.5.1.5. E~cneuuhzenman~u uavnmamu c anzouum~ume na cemenmauux 
Exxa p a 3 r n e n a ~ ~  ~ e r u p w  M e T o n a  3 a  c e r M e H T a q m  H a  ~ 3 0 6 p a m e ~ m .  O C B ~ H  T o s a ,  

HaCTOXIUOTO p a 3 m e w a H e  IIpenCTaBR CpaBHeHMe M e x j q J  pa3JWYHH MeTOAM 3 8  CeTMeHTaUHR 

M O~RCHXBB TXXHOTO I Ip ImOXeHHe,  BpeMeBa  CJIOXHOCT, TeMaTIlYHa IIpeqH3HOCT H 

B H 3 y m H a T a  O ~ O C H O B ~ H O C T .  

HaZi-~o6po~o CnHBaHe H CnHBaHeTO H a  DbpBeTa  ce IIpenCTaBXT no6pe. B p e ~ e T o  3 a  

ki3II'bnHeHHe H a  a n r o p m M a  3a CrmBaHe H a  A b p B a a  e 3HaYHTeJIHO no-KpaTKO. H a f i - ~ 0 6 ~ 0 ~ 0  
CnHBaHe p a 3 r p a H H r a B a  CerMeHTIl CbC CHnHO I I O A O ~ ~ H  pZl3Mep KaTO OTKJIOHeHHeTO OT 

p a 3 M e p a  H a  CerMeHTHTe e H ~ C - M ~ J ~ K O  CPeA YtTHpHTe a ~ O p A T b M a .  C ~ ~ M ~ H T H T ~ ,  II0n)JYeHH 

OT CIMBaHeTO H a  A a p B a a ,  IIOKX3Ba MHOrO IIO-TONIMS1 IlpOMeHJIHBOCT B p a 3 M e p a .  

E K c I I ~ ~ H M ~ H T H T ~  IIOKa3BaT, Y e  MeTOnH , , o ~ r o p e - H a ~ o n y "  ( O C H O B ~ B ~ H H T ~  H a  p a 3 p e 3 )  

AaBaT llO-JIOllIa TeMaTHYHa IIpeuH3HOCT OT MeTOAHTe , , o T A o J ~ ~ - H ~ ~ o ~ ~ "  ( O C H O B ~ B ~ H E ~ T ~  H a  

cnasa~e), s a ~ q o ~ o  ca o c H o a a H H  H a  C O ~ C T B ~ H H  CTO~~HOCTH. P a 3 ~ 0 0 6 p a 3 H e T 0  B p a 3 ~ e p n ~ e  H a  

CerMeHTHTe e CpaBHHTenHO rOJIXM0, HO HXMa MHOrO H a  6p0c I IOAO~HH H a  IUYM TOYKH HnH 

OTAellHH IIIlKCenM (B CpaBHeHHe CbC CJUIBaHeTO H a  A'bpBeTa H C e r M e H T a U m T a  C MIlHHManeH 

c p e n e H  paccpes). 
OT Y e T V H T e  O ~ C ~ X A ~ H H  WITOPEiTbMa, CerMeHTaUHRTa C MkiHEiMaJIeH CPeAeH p a 3 p e 3  

m a  ~ a i i - ~ a n r o ~ o  s p e M e  H a  m n a n ~ e ~ ~ e ,  3 a  ~ o a o  m a  A s e  nparam. IIapeo, HaMHpaHeTo 

H a  MHHUMaJIeH c p e n e H  p a 3 p e 3  B HeOpHeHTHpaH rpa4 H3nOn3Ba anTOpllT%MbT 3a I IpeTerneHO 

n e p 4 e ~ ~ ~ o  c b s n a g e H n e  npn ronem r p a @ ~ ,  ~ o a o  e ' ~ s y a c n ~ ~ e n ~ o  T e x K a  onepauaa. 
B T O ~ ~ T ~  IIpHYHHa e, Y e  pa3AeJLXHeTO H a  CerMeHTHTe e MHOrO H ~ ~ ~ J I ~ H c H ~ ~ H o ,  T.e. CaMO 

H R K O ~ K O  nmcena (B noeewro cnpan  c a M o  enm nn~cen) ce oTAeJrrrT OT ronem cerMeHTH. 

OT Y e T H p m e  a n r o p H T a M a ,  T O ~ H  3 a  H ~ ~ ~ - A O ~ ~ O T O  c n m a H e  n a B a  p e 3 y m a ~ n ,  KOMTO 

BH3yamlO Ca H ~ ~ ~ - ~ J I ~ ~ o I I ~ H R T H H ,  H~E%-~~E~JIHCTHYHH: T a H H U A T e  Ca CerMeHTHTe Ce  

lIOnpaBHXBaT IIO ~ a f i - ~ 0 6 p H X  HaYHH. B a n p e ~ H  TOBa M W O n a  3 a  ~ a g - ~ 0 6 ~ 0  CJIUBaHe H3HCKBa 

3HaYHTenHO H39MCJlHTenHO BpeMe, K O a O  r0 IIpaBH H e r O n e H  3 a  IIpaKTHYHIl UenH. 

K O M ~ ~ O M ~ ~ C ~ H  BapHaHT e c e m e H T a r p i a T a  3 a  c n H s a H e  H a  n.bpBera,  nopana BHCOKOTO 

c a o T H o m e H H e  H a  K O ~ ~ M U M ~ H T ~  6 a p 3 o n e i i c ~ s ~ e  H npeu113~11 p e 3 y m a ~ u ,  K o a o  ro npam 
yno6e~ o n e p a T H e e H  M ~ T O A .  ToZi we 6ane ~ s n o n s s a ~  3 a  nocneneaqa wracw4u~aqm, 
s a ~ q o ~ o  e no-YCTO~~YHB H a  rpemm. 

kfJ(e.Ta 3 a  CB'bp3aHHTe KOMnOHeHTH AABa OT TeOPHXTa H a  I p a a H ~ e .  C B b p 3 a ~ H ~ e  

KOMIIOHeHTH Ce  n e @ P i H H p a ~  KaTO nonI'Pa4 H a  HeHaCOYeH I'Paa, 3 a  KOETO BCHYKH Bb3nH Ca 

c s a p 3 a ~ ~  c pe6pa. npa U H ~ ~ O B H T ~  k i 3 0 6 p a m e ~ ~ a  T o e a  osaasaaa ~ a 6 o p  OT nmcerm, B 

paMKHTe H a  K O ~ T O  BCeKIl nHKCen  HMa n o H e  e n H H  CbCeA CbC C b U a T a  CTO~~HOCT. T ~ P M H H ~ T  
" C B ~ P ~ ~ H I I  KOMIIOH~HTU" O ~ U K H O B ~ H O  Ce  H3nOn3Ba 3 a  ~ N H ~ P H I I  ~ 3 0 6 p a x e ~ m ,  AOKaTO n p H  

~ e 3 ~  B c m a T a  c K a n a  e no-ynasso na ce ~3non3sa " c s a p s a ~ ~  ~OHH". C B ~ P ~ P ~ ~ H H T ~  ~ O H H  

IIpeACTaBJLXBaT 06nac~11, KbneTO HMa enMH H CbIU HmilHC H a  CHBOTO ( I ~ M  O l I p e n a e H  UBXT, 

a K o  ce ~311onssa U B ~ H O  ~ 3 0 6 p a x e ~ ~ e )  [Li108]. 
To311 @ n n p  n p H T e m a B a  ~ K O H  H e n o c T a T a u t i .  TOG H e  M o m e  A a  m m p a H H  m w a  no 

IpaHHUHTe H a  O ~ ~ K T H T ~ ,  a CbIUO TaKa  M H e  MOXe A a  C B b p X e  O ~ ~ K T M ,  KOHTO Ca CBbP3aHB C 

~ K O H  n m c e n H  H a  m y a .  C % w e m s e ~  npo6ne~  H a  c s a p 3 a ~ ~ ~ e  4 1 1 n q ~  e ~ I U O  H, Y e  T e  H e  

MOraT na 0 6 p a 6 0 ~ ~ a T  IIpIllTOKpHBaIUH Ce  B H 3 0 6 p a ~ e ~ H € ~ 0  O ~ ~ K T H .  3a A a  Ce  IIpeMaXHaT 

Te3H HeAOCTaTIUH Ce  H3IIOJI3BaT CBbp3aHH KOMnOHeHTHH @WITPI4 OT BTOPH pen [WillO]. 
C B ~ ~ ~ ~ H H X T  KOMIIOHeHTeH 4 W l T b p  M O X e  A a  Ce I IpHnOXH KaTO YaCT OT 0 6 p a 6 0 ~ ~ a ~ a  H a  

HHCKO, CpenHO HJIH BHCOKO HHBO. K ~ T O  CBbp3aH KOMnOHeHTeH 4 H J l ~ b p  MOXe A a  Ce  

H ~ I I O ~ ~ B ~  TaKa  H a p e r e H o T o  B ~ I I ~ Y T H O  o T a a p s s e .  To neiic~sa no cnenam urawm: npecwma 
a ~ p ~ 6 y r a  H a  BCXKa CBbp3aHa  KOMIIOHeHTa U 3anFi3Ba KOMnOHeHTHTe, 3 a  KOHTO C T O ~ ~ H O C T T ~  

HaABIlruaBa HXKaK5B MHTepBan /Z . 
H e ~ a # n a  03HaYHM e n H 0  ~ H H ~ ~ H o  ~ 3 0 6 p a x e ~ a e  I3 o6nama M C MHOXeCTBOTO 

X g M . ~ H H ~ ~ H O T O  CBSp3aHO OTBapRHe rl, (x) H a  X B TOYKa X E M Cb3AaBa 

CBbp3aHa KOMIIOHeHTa H a  X , KOXTO C b n b p X a  X , a K 0  X E X HnH 0 B OCTaHEiJIHTe CnYYaH 

[WiIOO]. 

x,npux E X 
(111.13) rx (4 = 

0,s  ocmanmume cnyvau 

no T03H HaYHH rx OTAeJLX CB'bP3aHaTa KOMIIOHeHTa, KbM KORTO npHHap,JleXH X H 

HrHOpHpa  BCHYKH OCTaHmPi. 

T~HBHWIHOTO OTBapXHe r, IIO OIIpeneJleH KpHTepUU C e  OnpeAeJLX OT: 

C , a ~ o  C ydosnemsop~sa T 
(111.14) rr ( C ) =  

0,s  ocmanmume cnyvau 
To ~ 3 n o n 3 s a  ysermrasaw ce K P H T ~ ~ H H  T ,  3 a  na n p u e M e  nnn o T x s a p n n  c ~ a p s a ~ ~  

KOMnOHeHTH. A Z ~ A ~ H  ~ p H T e p ~ f i  T MOXe A a  Ce  03HaYU KaTO YBeJIHYaBauI Ce, a K 0  e 
H3IIbJIHeHO YCnOBHaO: KOraTO C YAOBneTBOpRBa T ,  TO H D YnOBneTBOpXBa T 3 a  

BCHYKH D 2 C . 



MOMeHTa Ha HHePqHR. 
IIpa 06pa60TKaTa a a ~ a n ~ 3 a  Ha ~ H + P O B H  ~306paXe~K5I e xenaTenHo H ~ I I O ~ ~ B ~ H H T ~  

MeTOAU Aa Ca HHBapHaHTHII. ~ O B ~ Y ~ T O  OT +IUlTpHTe Ca HHBapHaHTHH CnpXMO OTMeCTBaHe. 
npki ~ T P N ~ Y T U B H H T ~  +WT~II  HHBapHaHTHOCT K b M  AaAeHO A ~ ~ ~ C T B H ~  Ce IIOCTUra, aK0 
CB5p3aHNTe KOMIIOHeHTH Ca cbU0 MHBapHaHTHH CIIPXMO A~~CTBM~TO.  

IIpoqeca~ Ha ceruemaqm npeMaxsa 06nacra n o - ~ a n m  OT AaAeHo HUBO. 
K n a c ~ + n ~ a q u a ~ a  Ha Mahalanobis He 6 o p a ~ ~  c reoMeTpHrHH +opm u O ~ ~ A H H ~ H H ~ T O  Ha 
IIOAO~HH o6nac~a B eAHa no-TOnRMa He e OT oco6e~a ~0n3a.  

Erl?60d~: ~ O ~ ~ ~ O C O Y ~ H H T ~  pa3CaweHlur BOAXT A 0  H3BOAa, Ye CBap3aHHX KOMnOHeHTeH 
+ m n p  Hma O C O ~ ~ H ~  nonsa, KoraTo ce npnnara cnen cerMeHTaqnx H npenH 
~nacu+n~aqm.  

KSI~CU@HK~~HRT~ e Monen, B ~ X T O  ocHoBa moa MaTeMaTHrecKaTa norma. H e i i ~ a ~ a  
qen e Aa OTKpHe CKPHTH HnH XBHH XapaKTepRCTHKH Ha O ~ ~ K T N  B AWeH 0 6 e ~  OT HWIHsHH 

,qaHHH [JaiOO]. 113non3sa~e~o Ha m a c ~ + ~ ~ a ~ o p a ~ e  ce ocHosasa Ha + a ~ ~ a ,  r e  rpes TXX 

AaHHHTe MOraT Aa 6 a n a ~  pa3lIpeneneHH B pa3JIHYHH KnaCOBe, C'bOTBeTCTBawFl Ha o61qa 
xapamepHcTHKu. n p ~  ~ s r p a w a ~ e ~ o  Ha cwcTeMaTa 3a nwraHqHoHHo ~ a 6 n m n e ~ ~ e  Ha 

111.7.1. K n a c u ~ u ~ a y u x  no ~ e m o d a  Ha Mahalanobis 

To311 K ~ ~ C I I + I I K ~ T O P  p a 6 0 ~ ~  c Bcem enmi nmcen Ha u s o 6 p a x e ~ ~ e ~ o  H usnonsaa 
p a 3 m o x ~ ~ a o  Ha Mahalanobis KaTo + y ~ ~ q n a  3a H ~ Y H C ~ ~ H U ~  Ha meneHTa Ha 060co6xsa~e 
Mexny na~cena -K~HAUA~T 3a UacMpaHe B H36pa~0 KoopnHHaTHo MHoxemeo B ~ B ~ T O B O T O  

IIpOCTpaHCTBO YepBeHO-3eneHO-CHHbO (RGB). M ~ T O A ~ T  Ha KJ Iacu+n~a~~r  Ha Mahalanobis 
m ~ e p s a  p a 3 c ~ o r ~ ~ e r o  Mexny TosKa H p a 3 n p e ~ e n e ~ ~ e  [LeoOS]. C a3non3sa~ao Ha 
MeTpaKaTa Ha Mahalanobis ce npeMaxsa ram OT orpaHHreHmTa Ha E B K ~ ~ ~ A o B ~ T ~  Merpma. 
MerpkiKaTa Ha Mahalanobis YCIIXBa Aa OrepTae, KaKTO ~ U H ~ ~ H H ,  TaKa n K ~ U B O J I E ~ H ~ ~ H H  

~ H H ~ ~ % H H  XapaKTepHcTHKU ~a O ~ ~ K T H T ~ ,  KOUTO Ce O T K ~ H B ~ T  B M ~ ~ ~ ~ ~ X C ~ H H ~ T O . M ~ T ~ H K ~ T ~  

Ha Mahalanobis paspemasa npo6ne~u~e ,  KoraTo xapaKTepHcTHKHTe Ha ~ a 6 n m n a s a ~ u ~ e  

npn MerpaKaTa Ha Mahalanobis cTasa ypes aeToMaTHsHo ~ s s ~ c n e ~ n e  H 6e3 HaMecaTa Ha 
YOB~K-onepa~op. MtXpkiKaTa Ha Mahalanobis ce onpenem OT 

(111.16) r2  =(x-~,)~c~'(x-~,), - 
K ~ A ~ T O  BenerliHaTa r ce Hapma pa3cToxHue Ha Mahalanobis, Cx e KosapaauaoHHaTa 

(111.17) ;=(xI,x2,xJ,..-,x~)T 
e Bemop Ha AaneHa xapaKTepIlcTma Ha 0 6 1 2 ~ ~  B ~ 3 0 6 p a w e ~ ~ e ~ o  H 

+ 

(111.18) P=(PI,P~,P~,-..,PN)~ 
e CpenHO apHTMeTHYHUX BeKTOp. - 
Moxe Aa 6ane nOKa3aHO MaTeMaTHYeCKH, Ye IIOB'bpXHOCTM B5pXY KOHTO Y e 

pascroa~~ie c nocToaHHa c r o i i ~ o c ~  ca enHncoHnn, KOHTO ca qeHTpapaHH O K O ~ O  p . ~ P H  

cneqHanHH cnyYaH, B KONTO + ~ H K ~ H A T ~  ca ~ e c s a p s a ~ ~  noMeMy cn H sapnaqame HM sae 
BCHYKH nocom ca eAaaKsH, ~e311 n o ~ a p x ~ o m a  ca c+ep~ ,  a pa3croaHnao Ha Mahalanobis 
CTaBa eKBHBaneHTH0 Ha EBKJI~AOBOTO. 

T p u ~ e  CnOR Ha U ~ O ~ P ~ X C ~ H H ~ T O ,  C5OTBeTCTBaI4ki Ha YepBeHO, 3eneHo H CHHbO Ce 
pa3meXAaT OTAenHO. K O B ~ P H ~ ~ H O H H ~ T ~  MaTPHqa Ce CTPOH KaTO CHrMkiTe Ce B'bBeXnaT OT 

YOB~K-onepa~op u 06pa3paT AHaroHanHa MaTpaua. E i c r ~ l ~ c ~ a ~ a  MaTprrqa ~px6ea na ce 
nocTpoH, KaTo ce ~ l s n o n s ~ a ~  npemac~+uqwpa~n 06pa3q~. 

M ~ T O ~ X T  Ha Mahalanobis npmexasa caonTe npemyrrrecTsa, HO qeHaTa 3a TXX e, r e  e 
TPYAHO na ce onpenem KosapHaHTHaTa MaTpaqa. M ~ T O A ~ T  Ha Mahalanobis H ~ H C K B ~  

H3YHCJIUTeJlHO BpeMe KBanpaTWlHO IIpOIlOpqUOHaJIHO Ha 6 p 0 ~  XapaKT~ImHKFi, KOllTO Ce 
~a6nronasa~ B u306pame~ne~o. Tosa orpaHElreHae e OT s ~ a r e ~ ~ e ,  KoraTo 6por macoae 
HapamHe. To311 @KT e cbweCTBeH, 3awOTO B cnyYa6, KOraTO e H ~ O ~ X O A H M ~  pa3nmHMOCT 
Mexny pa3~006pa3m O ~ ~ K T H ,  pa3cToaHHeTo Ha Mahalanobis 6~ ce npeBapHan0 B cnoxeH 
H3YHCJIHTWIeH npo6ne~. 

Ha @if. 111.17 e npencraseH pe3yn~a~a OT MerpaKaTa Ha Mahalanobis sapxy 
CerMeHTHpaHOTO U306paXe~Ue C MeTOAa Ha CJlHBaHe Ha nhpBeTa Ha Felzenszwalb H 

Huttenlocher OT OHr. 111.14. Cpen~0  apHTMeTUrHaTa CTOL%HOCT Pi 3a TpHTe qBRTa - CHH, 
YepBeH H 3WeH e paBHa Ha 50. C T ~ H ~ ~ ~ T H O T O  OTKJIOHeHNe cbU0 e enHaKB0 3a UBeTOBWe U 

e 50. 

I I 

Q H ~ .  111.17. K n a c ~ + ~ ~ a q ~ x  no Maona Ha Mahalanobis 



111.7.2. ffiant@u~ayux no ~ e m o d a  Ha Bhattacharyya 

T o m  ~ n a c u @ u ~ a ~ o p  pa6o~n c pa3crorrme~o H a  Bhattacharyya, ~ o m o  e 0606qe~ne H a  

pa3crorr~ue~o Ha Mahalanobis n npencramea craTucTurecKa @ y ~ ~ u n a ,  KORTO e TRCHO 

CB%p3aHa C K O ~ @ H U H ~ H T ~  H a  Bhattacharyya, M3nOn3BaH 3a 0 6 p a 6 m ~ a  H a  AaHHA [Bha97]. 
M ~ T ~ H K ~ T ~  H a  Bhattacharyya n3MepBa p a 3 c r o X ~ ~ e ~ o  MeKay ABe pa3npenene~~1, KOHTO 

MOraT Aa 6'b~aT, AHCKpeTHA MnH HenpeK%CHaTn, AOKaTO Mahalanobis H3MepBa 

pa3crox~nao M W ~  TorKa n pa3npenene~ue ( ~ n a c )  [Bha45]. T o ~ a  0 3 ~ a ~ a s a ,  qe KoraTo 
CTaHAapTHUTe OTKJlOHeHnR Ha ABa OTAenHM KnaGI C a  eAHaKBM WZI'OA'bT 3a K J I ~ c H @ u ~ u ~ ~ H ~  

H a  Bhattacharyya ce npeo6pasy~a B ~ a o w  3a Knacn@nunpa~e H a  Mahalanobis. Kora~o 
ABa KJlaCa MMaT ~ O A O ~ H H  CpeAHIl CTofi~oCTki, HO Pa3SMqHH CTaHnapTHM OTKJIOHeHclR, 

pa3crorr~nao H a  Mahalanobis we m o ~ n  K ~ M  Hyna, noKaTo pa3CTOXHHeTO H a  

Bhattacharyya Ue PaCTe B 3aBACkiMOCT OT pa3nEiKaTa M W y  CTaHAapTHHTe OTKnOHeHNIl 

[Bha06]. M ~ W ~ C ~ ~ H H ~ T O  H a  pa3cronHHaO M e m y  ABe pa3npe~ene~m e H3WiCJlMTenHO 

T e X K O  II  N3MCKBa ClleUAUlU3HPaH XapAyep. 

To311 M ~ T O A  H a  ~ n a c n Q n ~ a w x  e ocHoeaH H a  MyJrrncneKTapeH TeKcrypeH a~ann3. 
T ~ K C T ~ ~ H H X T  KKy6 e KOHCTPYUpaH OT 3x3 ~ a f i - ~ W ~ K N  ChCeAHA IlAKCeJIA, OrpPXAawM 

UeHTpaJIHHR nHKCeJl - KaHnHAaT. W H ~ H H ~ T ~  I3 BIlCOqMHaTa H a  K y 6 a  GI ~ ~ ~ H H H ~ ~ H I I  OT 

OKOnHHTe IlHKCemt, AOKaTO A M ~ O W ~ H ~ T ~  H a  K y 6 a  C e  A ~ @ M H A ~ ~  OT TpkiTe cnoa, 
@ O P M N ~ ~ W  ~306paXe~kie~0, C%OTBeTCTBaIQll H a  repBeHnr, 3ene~nx n C l l H H X  UBXT. C qen 

Aa He Ce reHepMpa A3nHUI%K OT A a H H H  C e  n36npa~ IIPO@UJIA, OT KOHTO Aa C e  M3BneKaT 

CneKTpWIHme II TeKCTyPHIlTe XapaKTepHCTHKEf. 3a ClIeKTpUlHHTe XapaKTepMCTAKIl C e  

npam Hanpewo ceseHae ~a ~ ~ G o q n ~ a ~ a  ~a ~ y 6 a ,  a 3a ~ e ~ c r y p ~ u ~ e  - nnouTa H a  nsqao 
H a  ~ h u o ~ o  ceveHue H a  T C K C T ~ ~ H I I R  ~ y 6  [Gon08]. 

T p n ~ e  ~nacu@n~a~opa  ca npencTaeeHn H a  @nr. IIL 18. H ~ C M T ~ H O ~ T ~  H a  qepHnx UBRT 

onpeaens no-BMCOK~ BeponTHocr B ~ O T B ~ T H O T O  ~306paXe~~ie ,  T.e. no-qep~a O ~ J I ~ C T  OT 

r )  
mnr. 111.18. a )  Opnm~amro n306paxe~ne; 

6 )  Me~on 3a ~ n a c n @ n ~ a q m  H a  Mahalanobis; 
B )  M ~ T O A  38 Knacn@n~aunx H a  Bhattacharyya; 
r)  M ~ T O A  3a Knacn@n~aw~ , , T e ~ c r y p e ~  ~ y 6 "  

M3eodu: npnnara~ao H a  M a o A  3a ~nacn@u~aqas Mome na crasa no pa3nnqHu HaqnHn 

N npunomeHnao MY H e  ce orpamraea caMo c 06pa60T~a~a na E1306paXe~m npu 
AMCTaHUHOHHO Ei3CJleABaHe H a  n%THO-TPaHCnOPTHNTe CTpYKTPR W C%Op%XeHMX. 

M ~ ~ o J I ~ B ~ H H T ~  MtXOAH 3a KJIacki@MKa~kia ( c ~ ~ K T ~ U ~ H H  Fi T ~ K C X ~ ~ H H )  Ca A3rpWeHH B'bpXY 

aJIrOpWTMU, KOATO H e  GI TOnKOBa CSIOXHH, KOJIKOTO npH OcTaHWIHTe MaOAM 3a 

Kna~~@kiK~lllns. Te  H e  C e  u3non3BaT H a  pa3nnqHki HABa npn 06pa60TKaTa H a  

U306pZlXe~~tT0, a CaMO H a  CpeAHOTO H H B O  npti npOUeCa Ha 06pa60TKa. 

M s n o ~ ~ n e a ~ a o  H a  pa3crorr~nao H a  Bhattacharyya, nono6pxsa oTKpnBaHao H a  Knaca 
IIO-~06pe OT pa3~~011~wao  H a  Mahalanobis, 3auo~o npeAlc3BHKBa no-MaJIKO I'pelUKll OT 

BTopn pen. r n a ~ e ~  He,qocranK H a  pa3mos~aao H a  Bhattacharyya e HeroeaTa 
M39EICJlHTemla CnOXHOCT H CbOTBeTHO H ~ O ~ X O A H M A I I  Xap,L(yep, HeAOCTTdIeH 3a MaCOBkiX 

no~pe6n~en. 
Pe3yma~n~e  OT ~ n a c n @ n ~ a ~ u a ~ a  c ~ ~ ~ C T O R H A ~ T O  H a  Mahalanobis ca ,qocTansEro 

npeqn3~11, 3a Aa 6 x ~ a ~  n3non3~a~n caMocroxTenHo s a ~ a n p e ~  B u 3 r p a ~ a ~ e ~ o  H a  

CHCTeMaTa 3a AWCTaHUNOHHO H3CJleABaHe H a  IE-THO-TpaHCnOPTHU C'bOP'bXeHIIR EI 

CTpYKTflki, KOHTO C e  npeAcTaBR B Ta3U AUCepTaUUX. 

C n ~ ~ e c r a s a ~ e  H a  AaHHn Moxe ~aii-o6uo Aa ce onpenem KaTo nposeca H a  

K O M ~ H H H P B H ~  H a  pEl3nHqHM U3TOSHAUU H a  U H @ O P M ~ ~ I I R  C qen Aa C e  n p l i ~ 0 6 ~ ~ ~  no-T09HH 

M ~ M ~ ~ B ~ H U R ,  OTKO~KOTO e cnoco6e~ Aa npenocrasn caMo eAnH ~ ~ T O Y H I I K .  q e n ~ a  e Aa ce 
IIOBllUIM TOqHOCrra H a  AaHHIlTe Ype3 AeAyKUua, a HHTerpaUWITa H a  AaHHH n0BHUIaBa 

pa3Mepa Ha AaHHHTe KaTO CJlHBa M H O T O ~ P O ~ ~ H H  R3TOYHHUH. 

Teopna~a H a  Dempster-Shafer e Teopnr H a  @amme, ~ o m o  ce 3 a ~ n ~ a ~ a  c 
K O M ~ H H ~ U U X T ~  OT M H O ~ O ~ P O ~ ~ H I I  eMnkipBqHN @aKTki, KaTO UeJITa e Aa C e  C'b3AaAe TOqHO 

npencraBxee H a  ~e i i c reu~en~orna .  T e o p m ~ a  H a  Dempster-Shafer ce ocHoeaea H a  

E13YRCJIeHHeTO H a  C ~ ~ ~ K T M B H U T ~  BepORTHOCTIl UJIn (PYHKUHA H a  AOBepIie H a  Shafer [Sha76] 
a H a  npaBUJIOT0 3a K O M ~ M H H ~ ~ H ~  H a  Dempster [Dem68]. 

M a o n x ~  H a  Shafer e o606ue~ne H a  TeOpHRTa H a  Bayes, KOXTO ce 3aHHMaBa C . . 
nonyqaBaHe H a  cTeneHn H a  AomoBepHocr, a M~TOAI.T H a  Dempster cb6spa ~ ~ o r o 6 p o f i ~ n  
AOCTOBeDHOCTM B eAHa-eAHHCTBeHa q K a .  Teopna~a H a  Bayes Ce pa3JIMqaBa OT TeOpRXTa 

H a  Dempster-Shafer no Toaa, qe asnc~ea BepoaTHocT 3a BcrKa pa3mnexaaHa 

xapanepncrrma, noKaTo TeopmTa H a  Dempster-Shafer no6u~a creneH H a  ~ o c r o ~ e p ~ o c r  
9De3 BeDOIITHOCTUTeHaCBbp3aHAC HIIKaWBnpM3HaKXapaKTepUcnlKH. 

Ao~a3a~encrse~a~a TeopnaTa H a  Dempster-Shafer 0606uaea K O M ~ H H ~ U ~  OT HaKonKo 
YaCTHll OT eMnUPAqHM AOKa3aTenCTBa, C Uen C'b3AaBaHeTO H a  TOqHO IlpeACTaBXHe H a  

peanHoTo pa3nonoxe~ne H a  O ~ ~ K T H T ~  B k1306paXe~~e~0 [Dem68]. 
Ha @urypa 111.19 ce npeAcTasa 0606ue~nao  na macn@n~a~opa H a  u 3 0 6 p a x e ~ u ~  

Mahalanobis n M a O A a  H a  csbBMeCTflBaHa0 H a  Dempster-Shaftx. qpe3 n36op H a  OIITkiMaJIHH 

IIparOBA CTO~~HOCTM 3a @ ~ ' H K u U X T ~  H a  I T P ~ B A o ~ o A o ~ H o C T ,  nOKa3aHki H a  @Fir. 111.19-a), 
narcennTe, KOUTO npuTexaeaT s ~ a q n ~ a  eeponmocr Aa npmannexaT H a  m c ,  
caoTeacrsaur H a  o 6 e n  OT nmHa n ~ @ p a q y w y p a ,  MoraT Aa 6ana~  onpeneneHn, Kame ce 

a )  6 )  
Qurypa 111.19. Maon H a  cnnsaHao Ha Dempster-Shafer. 

a )  C T O ~ ~ H O ~ W  H a  @ Y H K U U I I T ~  38 IIP~BAOIIOAO~HOCT; 6 )  Pe3yJrraT CneA npHnaraHe H a  

nparoea C T O ~ ~ H O C T  BSPXY n306paxe~wao norryreHo c ~nacn@n~a~opa H a  Mahalanobis 



I7360d~: M ~ T O A ~ T  Ha C5BMeCTRBaHe e nOJIe3eH HHCTPYMeHT, HO He BkiHarH HpeH B 

CHCTeMa 3a AHCTaHUNOHHO H ~ ~ J I I O A ~ H H ~  Ha IIaTHO-TpaHCnOpTHH ChOp5XeHWI H CTPj'KTypH. 
M~TOAST 3a C5BMeCTXBaHe AaBa ~ O A O ~ H U  pe3ynTaTH Ha Te311, IlOnpeHH OT MeTOAa 3a 
~ n a c a @ ~ q q a ~ e  Ha Mahalanobis, K O ~ O  npaBa MeTona 3a c3baMecTasaHe HeHyxHa sam OT 

CHCTeMaTa 3a AHCTaHUHOHHO H3CneABaHe Ha IIXTHO-TpaHCllOPTHH CTPj'KTj'PH H 

ChOp'bXeHHX. 
b 

Mop@onomx~a OCBeH TeOpUX Ce XBXBa Pi TeXHHKa 3a ruIWJH3. OCHOBHHT~ OIIepaUHH Ha 
MaTeMaTnrecKaTa ~op@onorna ca: eposm, AunaTaum, oTsapaHe H s a ~ e a p x ~ e  a 
c ~ e n a o ~ ~ 3 a u m .  C n e ~  npHnaraHe Ha nocnenosaTenHocT OT MOP@O~O~HYHII  onepaqm, 
~306pame~He~0, nonyreHo no MeToAa 3a KnacH@n~auua Ha Mahalanobis OT @Hr. 111.17 e 
n 0 ~ 0 6 p e ~ 0  AocTamrHo, 3a na ce ~snonssa 3a n o - ~ a ~ a m m ~ a  0 6 p a 6 0 ~ ~ a  H a ~ a n ~ 3 ,  KaKTo e 
nOKa3aHO Ha @UI'. 111.25. 

I I 

I I 
Qar. 111.25. P e s y n ~ a ~  OT nocnenoaaTenHu ~ o p @ o n o r m ~ ~ ~  onepawn, usexpme~a 

~ a p x y  ~ 3 0 6 p a x e ~ u e ~ 0 ,  nonyreHo no MeToAa 3a ~ n a c u @ ~ ~ a u m  Ha Mahalanobis OT @ar. 
111.17 

I73eodu: Mop@onorm~H~e onepaTopH, KOHTO BmmrBaT O ~ ~ A H H ~ H H ~ ,  ceseme M 

AOn5JlHeHHe, Ca H ~ ~ - I I o A x o A ~ I ~ ~ u H  3a CeneKTHBHO H3BnH9ruIe UJIH IlOnTHCKaHe Ha 
onpeneneHa C T ~ ~ K T ~ ~ M  B 11306paxe~m~a. 11360~5~  ce O C H O B ~ B ~  Ha @ o p ~ a ~ a ,  pas~epa  n 
OpHeHTIlpaHeTO Ha CTpj'KTypHTe, KOHTO Ce H ~ ~ J I H ~ ~ B ~ T  B H306pa~e~~lrrTa. 

IIpunarmeTo Ha ~ o p @ o n o r ~ r ~ w  onepaum ~ a p x y  Knaca@~unpruIo~o ~306pame~ue He 
MOXe Aa Ce H36er~e, 3auOTO Te r0 I I o A o ~ ~ X B ~ T  3HasHTenHO H Ca H ~ O ~ X O A H M ~  npoueAypa B 

pa3rnemaHaTa cmxeMa 3a AHcTaHUMOHHO ~ a 6 n m n e ~ u e  Ha  THO-T~~HC~OPTHH c ~ p y ~ ~ y p u  
H C'60P5XeHUII. 

Ca~oopra~usupaqa~a  ce Mpexa e Tun H ~ K Y C T B ~ H ~  HeepoHHa Mpexa, KOXTO e 
noJtroTseHa Aa ~snonsea 06yre~ne  6e3 yraTen, c uen na nane pe3yn~a~,  K O ~ T O  e eAHo- HnH 
l , ruy~cpe~ [KohOl]. Haii-rec~o cpeuaHwe npanoxeHIvr Ha c a ~ o o p r a ~ ~ 3 ~ p a x q a ~ a  ce 
MpC)I(a Ca C sen AByMepHH H3XOAHU ABHHH. Apyra OCHOBHa XapaKTepHCTHKa Ha 
poynTaTaTe e, s e  Te ca n n c ~ p m 3 u p a ~ o  npencrasme Ha BxoAHme. Pe3ymal-b~ OT 

c e ~ o o p r m ~ 3 ~ p a u a ~ a  ce Mpexa ce Hapma KapTa H HMa pa3MepHocr Ha BeKTOpHa 
tlcJtwwiHa. Ca~oopra~usupaua~a  ce Mpexa ce pa3nHsasa OT Apyrme HeBpoHHu ~ p e x ~ ,  
'IHII(OT0 lI03BOJLXBa Aa Ce 3ana3H TOnOnOrH'IHHTe XapaKTepHCTHKH Ha BXOAHNTe ABHHH. 

Toea npasw M a O A 5 T  n o ~ x o ~ x ~  3a o 6 p a 6 o ~ ~ a  Ha BXOAHU AaHHH C BHCOKa pa3MepHOCT, 
K O ~ ~ T O  Aa 6'b~aT BH3yNIH3kiPaHH KaTO WHO- UJIU ABYMePHH. 

3a peruaeaHao Ha KoHKpaHa sanara, c ~ a p s a ~ a  c npoemnpaHao Ha naTHua ce 
IIpeAJIara IIOAXOA, K O ~ ~ T O  D03BOJLXBa C63AaBaHaO Ha rOJHM 6pol TeOpaHsHH TpaCeTa 
[kIsa06]. IIpenc~aae~n ca ocHoBHuTe eTanH 3a a 3 ~ a s a ~ e  Ha TeopaHrHo Tpace Ha naTuua, 
~lsnonssaii~~l Delaunay TpHaHrynaqm. Tosa e m ~ p o ~ o  H3nOn3BaH MeTon, ~ o i i ~ o  uMa 
IlpenHMCTBO Ye Ca3AaAeHIlTe no TO311 MeTOA TpHhrbTIJMHuH Ca H~~~-P~BHO%I%JIHR. 3a TXX e 
xapamepao, r e  B onticaHaTa oKono KOHTO H na e TXX OKP~XHOCT He nonaAaT n p y r ~  TOYKH 

OCBeH Te311, @OPMHPLU(H TPH5MdHHKa. C ~ Q ~ C T B Y B ~ ~ I I T ~  aJIrOPHTMH 3a PeWeHIle Ha Ta3H 
3aAasa Ca HTepaTkfBHH UrOpHTMU, pa3neJIXQM aJlrOpHTMH H ANPeKTHO HOCTpOeHHe Ha 
Delaunay TpHaHrynaqmTa. I I p e ~ n o x e ~ m ~  anropHTaM Aasa HaAeXAHH p e s y n ~ a ~ ~ .  

~aMoojraHmaq~a~a,  npenmaeeHa T ~ K  ce c.ac~ou oT T ~ H  CTanKH: K ~ ~ C I I + I I K ~ ~ M I I  spe3 
k-cpewo mcrepapaae (k-means), nocneAsaHo OT TpHaHrynasm Ha Delaunay n ~ a ~ p a r r  
CerMeHTalJHX, OCHOBaHa Ha MHHHMWJHOTO IIOKPHBaI40 AbPBO. 

111.10.1. fiacu&u~ayux rpe3 k-cpedno lcnacrnepupane 

M a o n a ~  Ha k - c p e ~ ~ 0 ~ 0  KnacTepqaHe (k-means clustering) uenn p a 3 n p e ~ e m ~ e ~ o  Ha 
n Ha 6poii O ~ ~ K T H  B k KnaCa HapeseHn KJIaCTepH IT0 TaKSB HBYHH, Ye ~ O A O ~ H U T ~  06e-H 
na nonaAHaT B enm n m q ~  mac. K-C~~AHOTO UacTepupaHe ce ~ s s ~ p m s a  6e3 06yre~we, 
Koao e s ~ a r a ~ e n ~ o  npeHMyrrremBo B cnysame, KoraTo He pa3nonaraMe c ~ o c ~ a m r ~ o  Ha 
6poii Kna~ki@Hutipa~H 06eKTH. M ~ O A ~ T  M3lTOJl3Ba MHHHMH3aUHX Ha pa3TORHHeTO MeXAy 
06eKTHTe B m-MepH0 npOCTpaHCTB0.  PORT KJIaCTepH k TpX6Ba na e H3BeCTeH H e 
eAHHCTBeHEvrT C B O ~ O A ~ H  IIapaMeTbp. 

3 a ~ a r a ~ a  3a K - C ~ ~ A H O T O  KmcTepHpaHe Moxe Aa ce ~ e @ ~ ~ ~ l p a  no cneAHmT H ~ ~ U H .  

H e ~ a  X = {x, , . . . , X,, ) e Kpafi~0 MHOXeCTBO OT 06emn BCeICU npeACTaBeH Ype3 BeKTOp 

vx E IRm , a C = {c, , . . . , c, ) e pa3nenaae Ha x B k ~ e c ~ a p s a ~ ~ i  KnXcTepa. C ~ a ~ q a p ~ ~ a ~ a  

OTKJIOHeHHtTO A BCXKO C E C e IIpeACTaBeHO CaC UeHTpOHA B V, E W m  H 

~ ~ ~ T O X H H ~ ,  HO Moxe na ce ~snonssa  n MerpnKaTa Ha Mahalanobis. B TOW cnyraii k- 
cpenHoTo KnacrepapaHe AaBa enanTurHH ~ n a c r e p ~ .  

OCB~H,  s e  e KOMIIIoTbPHO HHTeH3HBeH, k-CP~AHOTO Kn'bCTepHpaHe CTpaAa H OT 

0.IeBHnHHXT HenOCTaT%K, Ye 6poa KJISCTepH k ~ p a 6 s a  na e H3BeCTeH. ~ K O H  BaPHaHTH Ha 
T03H MeTOA npeAJIaraT CneA n5pBOHa4amlOTO MHHIIMH3MPaHe 6pox KJI5CTepH Aa Ce 
npoMeHH H OTHOBO na ce M H H H M H ~ ~ ~  c uen na ce nposepH nanu HOBOTO perueHae He e no- 
no6po. T a ~ a  ce nocmra HTepaTHseH nposec, KOHTO n 0 ~ 0 6 p x ~ a  pe3yn~a~a. Mena 
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[MenOSA] npennara k - cpen~o~o  K n a c T e p a p a H e  na ce a 3 n o n s e a  3 a  c ~ a 6 ~ n w 3 n p a ~ e ~ o  Ha  

p e 3 y n ~ a ~ a ~ e  npa Delaunay ~ p a a ~ r y n a q m ~ a  npw n p c e H e  H a  T o n o n o w m a  H a  nama 
M p e x a .  Doucette a np. [DouOl] cauo TaKa npmara T O ~ U  M~TOA.  

P a 3 m ~ a ~ a  n o r n K a  cbwo TaKa M o x e  na 6 a ~ e  n p a n o x e H a  K ~ M  ~ - C P ~ ~ H O T O  

K J r a c T e p a p m e .  T 0 3 a  B a p a a H T  H a  M a o A a  ce H a p a r a  n o H a K o r a  c -macrepqa~e [Bez86]. 
kf3eodu: K ~ T O  wno M o x e  na ce n p a e M e  Y e  k-cpen~o~o K n a c r e p n p a H e  H a m i p a  

IIpIpwrOXeHHe IIpH k a o n ~ l ~ e  H a  AEiCTaHUllOHHOTO I13CllenBaHe H a  IIaTHO-TpaHCnOPTHIITe 

c r p y ~ ~ y p a  H C a o p a x e H m  KaTo e n n H  cauemeea, HO a T e p a T a s e & a a n .  

111.10.2. Delaunay mpuanzynayux 
Delaunay T p a a H r y n a q a a T a  [De134] 3 a  M H o x e c r a o  OT TOYKN B p a B H a H a T a  e TaKaBa 

T p a a H r y n a q a a ,  npn KORTO HATO e n H a  OT T o q K a T e  e B a T p e m H a  3 a  o n a c a H a T e  o ~ o n o  
T p w a n m M q a T e  OKP~XHOCTII. U ~ J I T ~  H a  ~ a 3 a  T p n a H r y n a q m  e na ce ~ a ~ c m a s a p a  H ~ P -  
MaJIKWIT%~nHaBCeKROTTpEl5TbJIHIIURTeHaTPAaHrynaqWITa. 

T p ~ a ~ r y ~ ~ a q l l r r ~ a  H a  Delaunay e MeTOn 3 a  pa3ne l IXHe H a  AaHHIl OT HepaBHOMepHO 

p a 3 n p a c H a T a  TOSKM, 3 a  na ce n o 3 ~ o n a  nnaeaa, n o K a m r a  H H T e p n o n a q m  M e x n y  TRX. 

EIsnonssa ce M ~ T O ~ ~ T  H a  ecTecTBeHaTa a H T e p n o n a q w r  MeHCqy cacena, KaTo c ~ o i i ~ o m a  H a  

LIaAeHa npOH3BOnHa TOYKa C e  OnpeAeJur OT TPHTe ~af i -6n113~11  A 0  Hex  Fi OTHOCkiTeJIHOTO 

p a 3 c r o n ~ u e  no BcaKa. Tpua~rynaum~a  H a  Delaunay M o x e  na 6 a ~ e  HaMepeHa KaTo ce 
N3nOn3Ba MeTOA5T H a  npa3HFiTe KpWOBe, CIIOpen K O ~ T O  BCeKN KPTX, IIPeMHHaBaIU n p e 3  T p H  

e C T e m B e H 0  cbCeAHki TOYKN H e  TpR6Ba A a  C a n 3 p X a  Ap)'l?Fi TOrKEi OT n5pBOHaYaJIHO 

s anane~a~e .  T o ~ a  casaasa e n a H c T s e H a  T p a a m y n a q a a  3 a  BCXKO M H o x e m B o  OT TOYKM 

[Hla14]. 
B ABYMePHOTO IIPOCTpaHCTBO CalqeCTByBa TpHaHrynaUAR H a  Delaunay 3 a  BCXKO 

MHOZeCTBO OT TOYKII. TR eAIlHCTBeHa BHHaIU, KOraTO B MHOXeCTBOTO H e  MOraT na C e  

HaMepRT SflFipEi TOSKki, JIeXaUW H a  e n H a  OKpaXHOCT. 3apanEi TOBa, Y e  MPiHHMFi3llpa 

ManKaTe  arm, T p a a H r y n a u a T a  H a  Delaunay e r i o ~ a ~ a s ~ o  ipasnn~a.  
H ~ B o ~ u :  K ~ T O  Il.XJI0 Delaunay TpHaHTyJIaQPDITa Pi eKBFiBaJIeHTHaTa M y  V0r0n0i 

A a a r p a M a  ca M O ~ H H  ~ e ~ o n a  3 a  p a 3 n e m H e  H a  noeapxaom. OCHOBHOTO MY npeaMyIz lecTBo 

npen  pya M ~ T O A H  3 a  T p a a H r y n a q a a  e, qe ocarypxsa B E . ~ ~ P O W ~ B O ~ I I M H  p e 3 y m a ~ u .  

E@~KTMBHU r n o p 1 1 ~ ~ 1 . 1  ce n p a n a r a T  3 a  ~03a M~TOA, K O ~ T O  ro n p a B a  yno6e~ 3 a  p e l u a e a H e  

H ~ ~ ~ ~ K T H Y ~ C K ~ ~ ~ ~ Y H , ~ ~ ~ I ~ C ~ ~ H ~ ~ O H H E I H ~ ~ ~ ~ ~ H A I I H ~ ~ ~ T H O - T ~ ~ H C ~ O ~ T H ~ C ~ ~ K T ~ ~ U  
H c b o p a x e H a a .  A a a r p a ~ a ~ a  H a  Voronoi e a H T e p n a c u u n m H a p e H  nonxon, KOPTO ce 
n p M n W a  B MHOrO O ~ ~ ~ C T U  3 8  p a 3 n e n R H e  H a  npOCTpaHCTBOT0 Ei npOCTpaHCTBeH0 

MOneJIHpaHe. 

111.10.3. Pa3~uma opza~u3ayux Ha npodanzosamu o6nacmu (FOrgER) anzopumbht 
P~MIITOTO M o n e n l i p a H e  e s e c T o  ~ s n o n s s a ~ o  n p ~  c e r M e H T a p a H e ,  KaTo n p e M a x s a  

OrpaHnseHUxTa ,  HaJIOXeHH OT CTaHLIapTHUTe MeTOAII. M ~ T o ~ ~ T  FOrgER npenmamsa 
TernOBeH rpa@ 3 a  CB'bp3BaHe H a  B53JlEi B IIpOrpeCMBHO )'l?OneMXBaIUEi C e  K P I ~ B O ~ M H ~ ~ ~ H H  

MpeXki [ D o u ~ ~ ] .  T O ~ H  aJIrOpEiTaM OTKpUBa BP53KHTe M e m a y  nono6ae~o H a  BL31III M 

OpHeHTa~HOHHaTa  MerpElKa C nOMOmT?. H a  pa3MPiTki @~'HKUMII. FOrgER aJIrOpHT5ME.T 

KOM~IIHIIPI CaMOOpraHU3aUHX C pa3MIITa JIOI'UKa. 

B x o a ~ a ~ e  n a H H a  H a  TOW a n r o p a r a M  ca qeaqosae,  n o n y r e H a  OT T p u a H r y n a q m T a  H a  

Delaunay a ~ n a c n @ a u a p a ~ o ~ o  a 3 0 6 p a x e ~ a e  no M a o n a  H a  Mahalanobis. U ~ J I T ~  H a  

K o ~ c ~ p y K I J r v l ~ a  H a  TOlIOJIOrkiXTa BKJIIoqBa TpN HIIBa, BCRKO OT KOeTO Ce OIIpeAeJlH Cl,C 

csome npaenna. Haii-BHCOKOTO HNBO C B E . P ~ B ~  B ~ ~ O I I T H O ~ H M  pasnpenene~aa, 3 a  L~EI  

O C l i r y p n  6 n a 3 0 c ~  H a  TOsKElTe OT pe3yJITaHTHaTa M p e X a .  

1/1360du: k i 3 n o n 3 ~ a ~ m o  H a  FOrgER aJIrOpEiT%M n o K a 3 a  HenOCTaTaUliTe H a  MeTOna M r0 
HaUpaBIl  HeITpImOXHM, B a n p e K H  IIpeHMyLUeCTBaTa, KOHTO npUTeXaBa.  OCHOB~H blCl'Oll 

H e n O C T a n K  '2, Y e  TOG H e  II03BOJIXBa ,4a Ce N3sHCJIH 5rwIa M e W y  CbCenHMTe B'b3SIM 

enH03HaSHO. To311 @KT r0 113KJIIoSBa OT B'b3MOXHkiTe aJlTOPEiTMII, KONTO Ce H3nOJl3Ba'l' IIpM 
n 3 r p a m a ~ e  Ha  cHcTeMaTa 3 a  n a c r a H u n o H H o  ~ a 6 n m n e ~ a e  H a  n a ~ ~ o - ~ p a ~ c r ~ o p w n  
CTpyKTYPIl II CbOp'bXeHAR. 

111.10.4. Cezntenmayu~, no~pusalya MunuManen 6poG dapeema 
B mOpFiTMHTe,  H3nOJI3BaWki AapBeTa  HXMa IIpOCTM 4HKJIII. C ~ B K ~ ~ H O C T  OT e'l>pXOUQ 

M o x e  na 6ane caapsa~a B p a 3 m v ~ u  A a p B a a .  Ha B c e K a  pa6 H a  napso M o m e  Aa ce npernu l l lo  

T e r n o .  C y M a ~ a  H a  T e r n a T a  H a  B c a s K t i  pa6ose ne@aaapa T e r n o T o  H a  w n o T o  napuo. k i ~ a t l l c k l  

IlpeABKq TOBa, MFiHAMaJIHO IIOKPMBalllO LIbPBO Ce ne@Fi~Pipa KaTO TaKOBa A%PHO, I(OQI'0 

CB'bp3Ba BCAYKN HaJINqHN B5pXOBe W KOeTO I lMa T e r n 0  H e  IIO-TOSIRMO OT KOC Aa C J(pyI.0 

B53MOXHO A%pBO, CB5p3BaUO HiUUiYHOTO MHOHCeCTBO OT B%pXOBe [Hla14]. 
~ ~ P B I I X T  aJIrOpIlThM 3 a  HaMl lpaHe  H a  MFiHnMaJIHO IIOKPIlBaIllO A'bpBO e nP~LUIOII(CII O'I' 

s e l u r t m  MaTeMaTaK Otakar Boruvka npes 1926 r o n n H a  c qen na ce n o m E i r H c  C(~)CK'I 'MI~IIO 

e n e m p a @ a ~ q a ~ e  H a  Mopasae. B aame BpeMe ce nsnonssa~ ~ O - ~ ~ ~ K T H B H M  a n r o p u p r M u  

KaTo ~ 0 3 a  H a  Kruskal [Kru56]. 
1/1360du: K ~ T O  BceKn ~ @ ~ K T M B ~ H  M a o n  3a c e r M e H T a q w s ,  ~ 0 3 1 1  a n r o p a n M  e e s p a c T n r c l l  

a c n e n o s a T e n H o  H a m p a  c a M o  n o K a n e H  MAHIIMYM. A J I T O P N ~ M ~ T  H a  Kruskal e e n u H  o'r 
ElJTOpHTMHTe, KOHTO C e  Ei3nOn3BaT Tll A3rpaHcnaHe H a  CEiCTeMa 3 a  AHCTaHqHOHHO 

~ a 6 n I O n e ~ P i e  H a  n5THO-TpaHCIIOpTHH CTpyKTypH W C'bOP'bXeHUR. 

111.1 0.5. Asycmparrnu qbunmpu 
f lByCTpaHHFi~e  @PiJITpM Ca H ~ J I H H ~ ~ ~ H M  o) l i J ITp~ ,  BXBeneHPi OT Tomasi Pi Ap. [Tom98]. 
m e x ~ a , e  na ce npanane n o - M ~ K O  T e r n o  H a  nascenw, K o a T o  ca c b l q e m s e H o  p a 3 n m H a  no 
AHTeH3NTeT OT UeHTpWeH IlUKCeJl. no CBOXTa C5wHOCT TOBa Ca  KOHBOnIoTHBHA (PFUITPH, 

KaTO ~aii-semo ce asnons~a raycoao snpo. 
f l e y m p a ~ ~ a ~ e  @ u q a  ce u s n o n 3 s a ~  3 a  o r n a x n a H e  H a  a 3 0 6 p a x e ~ a x  a H a M a m s a H e  H a  

T e K c r y p a T a  nna npa n p c e H e  H a  pa6oae, c qen 3 a n a 3 ~ a ~ e  H a  r e o M e r p a s H a T e  

XapaKTepHCTHKH. T e x e ~  OCHOBeH HenOCTaT5K e, Y e  MOraT na AaBaT B pe3ynTaT IIJIOCKIl 

a 3 0 6 p a x e ~ m ,  nono6~1.i H a  c ~ u q a ,  a nopa A a  no6aea~ H e c a w e m B y s a m a  p56ose. K a ~ o  
Il.Xn0 n 0 n y Y e H H T e  pe3yJITaTM Ca no6pa, HO YpCTBHTenHOCTTa H a  ,IIByCTpaHHHTe ~ ) E I J I T ~ A  

K'bM BXOAHUTe IIapaMeTpU H3WCKBa 3HaqIITenHO ~ e & B a ~ e .  

M3sodu: k l 3 n o n 3 e a ~ e ~ o  H a  n B y c r p a H H a T e  (Pampa c qen asrnaxna~e H a  

~ 3 0 6 p a ~ e ~ 1 l e T 0 ,  HO 3aI Ia3BaG~Ei  OTKpMBaHeTO H a  ~ ~ ~ ~ C T B H T W I H H  T a H l l I I H  H e  AOBeAe A 0  

n o n o x a T e n e H  p e 3 y n ~ a ~ ,  sawo~o ~ p a i i ~ a a  p e 3 y m a ~  ce o ~ a s a  a s n a n ~ e ~  c ~ e c b l q e c r ~ y ~ a w a  
pa6o~e, Y n a o  n p e M a x e a H e  ce o K a 3 a  cnoma a 6e3c~acne~a  3anara. 

111.1 0.6. E K C ~ ~ ~ U M ~ H ~ U ~ ~ H U  pe3ynmamu 
OCHOBHO npe@IMCTBO H a  CaMOOpraHH3?lUllrrTa e, Y e  CTOM 3HaYHTeJIHO 1x0-6~1113~0 A 0  

~ N O J I O T H ~ ~ C K ~ ~ R  IlPOTOTUII-M035Ka, OTKOnKOTO A p W T e  MOnenH. npll C @ O ~ M M ~ ~ H ~ T O  H a  

AByMepHaTa KapTa  Ce IlOATIlCKaT HeCIdlleCTBeHMTe n p H 3 H a q H  M O C O ~ ~ H O C T H ,  a no- 
cbueCTBeHUTe XapaKTepACTHKM H a  BXOnHIlTe CIlrHalIH C e  KOnHPaT IIOCPelICTBOM 

IIpOCTpaHCTBeHIlTe pa3CTORHHR B a p X y  HeBpOHHaTa P e I U a K a .  



& pYnno npnnaraHe Ha c a ~ o o p r a ~ ~ 3 a p a q a  ce nporpaMHa caneMa 3a a ~ a n n 3  Ha 
L(PM4 0 HYXHO BHAMaTenHO Aa Ce non6apa~ UrOpMTMMTe OT HHCKO A CpeAHO 

an ce npenaraT Ha BXOAHOTO ki306pa~eHMe, KaKTo A n p e q ~ 3 ~ 0  BapapaHe Ha 
napnMeTpn c qen nocTAraHe Ha onTmaneH pe3yn~a~.  T a ~ a  nompoeam 

YllOp)(TIM ps6o~n  6ap3o A C ~ ~ K T W B H O .  H ~ A o C T ~ T ~ U I ~ T ~  Ha MeTOAa ca CBap3aHH C m m ,  ObJpPWaLUkI H ~ A ~ ~ ~ C T B N T ~ J I H ~ ~  nMHAH Ha naTH0-TpaHCnOpTHO C5Op'bHteHHe HnJ3 
m p m r .  Toae ce d ~ n x ~  Ha npeonpenemae Ha cnneMaTa, KORTO npH mepauaa nonwa 
8 ~ M @ ~ ~ X R U H % ,  KOeTO BOnA A 0  JfBelIAYeHAe Ha 6poa Ha JIHHMMTe, VORTO B A ~ ~ ~ C T B M T ~ ~ H O C T  

H# f i w B y B a T .  C ~ O T B ~ H O  Pi O ~ P ~ T H O T O  e Bb3MOXHO Aa Ce H ~ ~ J I I O A ~ B ~ .  

HI enr, 111.30 e noKa3aH pe3y~rra~a OT maca+a~aqua spes k-cpenao KmcTepapaHe, 
nwqmauo cvr TpaaHrynasm Ha Delaunay a HaKpax cerMeHTauan, ocHosaHa Ha 
~ n o - r o  noKpMeaqo n a p ~ o .  H s n o n s ~ a ~ ~ a  6pofi TOYKM e loo%, a H ~ H A R  

m w 8 H  6pol 3a IIOCTpORBaHe Ha KpafiHa~a MaTpIlUa e 3145 6 ~ 0 ~ .  OTKPATUTC 
m m ,  @op~nparua naHmTa Ha naTa ca 671. B x o ~ a  napaMeTpa 3a Maofla ca 
-@MIJM~IIHOTO no MeToAa Ha Mahalanobis ~i306pa)Ke~Ae OT +AT. 111.17 A 

~ H H W O  OT +kT. 111.8 - p e 3 y n ~ a m ~  OT MeTOna 3a OTKpABaHe Ha p a 6 o ~ e  SUSAN. 

@HI-. 111.30. P e s y n ~ a ~  cyr c a ~ o o p r a ~ ~ 3 q a r u a ~ a  ce KapTa Ha nam, ocHoaaHa Ha k- 
 WHO KnmcTepHpaHe, nocnenBaao OT TpAaHrynaqm Ha Delaunay A cerMeHTaqm, 

OCHOBaHa Ha MAHMManHOTO nOKpkiBaW0 AapBO 

B npaffCTaBCHMR cnpai i  H 3 n o n 3 ~ a ~ a o  Ha HAOJI He e IIOnXOAXUO, Tbfi KaTO MAOn, 
npnnorrmn mpxy u s o 6 p a x e ~ ~ e ~ o  OT +Mr. 111.8 - p e 3 y n ~ a ~ b ~  OT MeTona 3a oTKpmaHe Ha 

BUSAN, He OCArypXBa Hj'XHIITe ~ O A O ~ ~ ~ H M X ,  KOMTO Ca B OCHOBaTa Ha CaMAR 
n nyWaTa OT a s n o n s ~ a ~ e ~ o  MY. 

~ ~ 1 3 1 ~ 0  e, s e  npa HACKH p a 3 ~ e p ~ o m a  c a ~ o o p r a ~ a 3 ~ p a m ~ ~ e  ce Mpexa AaBaT 
W ~ T H  6an3~n  no ~ e w ,  nonyqem B pe3yma~ Ha npanaraaero caMo Ha 
I ~ A I O W @ ~ U ~ U H R T ~  Ha k-CP~AHOTO KmmepApaHe. m~ Aawnn c romM o 6 e ~  a pa3nasHu p a 3 ~ e p ~ o c r a ,  ca1~ioopra~a3~pama~e ce Mpexu 

CC U3nOJI3BaT 3a HaMWBaHe Ha pa3MepHOCTTa n o ~ o 6 ~ o  Ha IIpHHUHnHIlR 
w O H # H T O H  aHmH3. 

HL 4nr, 111.31 ca n o ~ a 3 a ~ a  669 naHAH, KOMTO + O P M M ~ ~ T  c a ~ o o p r a ~ ~ 3 ~ p a ~ a ~ a  ce 
w p a ,  n p e ~ a x ~ a ~ ~  ca 2 nuawe. C a ~ o o p r a ~ u s ~ p a u l a ~ a  ce Mpexa e n p ~ 6 n ~ 3 w ~ e n e ~  
HI AmnBnTenHaTa nneun Ha naTn n ~ a 6 n r o ~ a ~ a ~ u ~ e  H ~ O Y H O C T  MoraT na ce csATaT 

WnlMnHBn. Te Ce RBRBaT 0,03% OT O ~ W A I I  6p0k nMHMH M TXXHOTO IIpeMaXBaHe He 
11#11# nr pa3ynTaTa OT npMnoxeHaTe anropaTMa. 

M3eodu: P e 3 y m a n ~  OT c a ~ o o p r a ~ ~ 3 ~ i p a q a ~ a  ce Mpexa e ~ e i i c ~ ~ ~ ~ ~ e n e ~ ,  HO cna6o 
ki3MeCTeH, ~ b i i  KaTO aJTOpATbMa Ha Kruskal cb3AaBa eJIAnCOBAAeH BUA Ha nOnpeHHTe 
IIOJIAJIHHUM. 

111.11. u 3 ~ J l H ~ a H e  Ha UH@OPMBUHR 38 n%THHTe CTPYICTYPH W C%OP%XeHWR OT 

ca~oopra~w3upa1ua~a  ce Mpema 

C a ~ o o p r a ~ ~ 3 ~ i p a 1 q a ~ e  ce ~ ~ T H W  KapTn npmexaBaT BaxHoTo KaYemBo Aa s a n a s ~ a ~  
TononorMsHaTa cTpyIcTypa A s a ~ o ~ a  ca noAxoAaun 3a ~naca+aqwpa~e Ha nsTama cnopen 
TXXHaTa 3HaYEIMOCT [Car09]. n p o u e ~ y p a ~ a  na Ce CMIOCTaBA BeKTOp OT IIPOCTpaHCTBOTO Ha 
naHHHTe B IIpOCTpaHCTBOTO Ha KapTaTa e Aa Ce HaMepA B'b3ena ( H ~ B ~ o H ~ )  C H ~ ~ ~ - M W I K O  

pa3TORHMe (B 113IIOn3BaHaTa M ~ X ~ A K ~ )  Memy BXOAHHIlT OT TerJIOBHAXT BeKTOp [Cam]. 
Mpexa~a  ce ~ ~ w q ~ a n 1 1 3 ~ i p a  c M ~ K M  cnyqaii~w crrofiaocrr~, ana nsK cbc co6c~seHa~e 

BeKTOpki Ha OCHOBHATe KOMnOHeHTA. ~ P W  0 6 p e ~ ~ m o  Ha MpeXaTa IlpHMepHIl CTO~~HOCTH 

Ce IIOAaBaT Ha BXOAa M HeBPOHa C ~a i i -6nA35~ TernOBeH BeKTOp Ce HaMEipa. Terno~o  Ha 
T03A HeBPOH A Hafi-6nA3KA~e no Her0 B MpeXaTa Ce aAanTApa CnpXMO BXOAHWX BeKTOp, 
KaTO pa3Mepa Ha TOBa anaIITHpaHe 3aBACH OT pa3TORHAeTO B MpeXaTa Memy HeBpOHHTe. 

AT~N~YTABMT~ M3nOn3BaHA 38 K J I ~ C I I + I I K ~ M R  Ha nSTMI4a MOraT Aa Ca H&- 

p a 3 ~ 0 0 6 p a 3 ~ ~ .  B TeKylUaTa pa3pa60~Ka Ca ki36paHM YaCT OT TRX, T5fi KaTO OTPa3IIBaT 
CbLZZeCTBCHkI ROAe311YHM XapaKTepACTkiKM Toea Ca: 

% T C ~ O B O  IIpeACTaBRHe Ha TMna n5T. 
Gpoii Ha npemcsaHMaTa. 
Mapa 3a ~ J I H ~ O C T  c npyra naTwma. 
Mapa 3a no~o6ne c ~ p y r ~  naTarua. 

n 'bp~k i~e ABe XapaKTepNCTNKH OnMCBaT CBO~~CTB~, CB5p3aHA C TOnOJIOI'MXTa Ha n5TX A 

s a ~ o ~ a  ca ~a i i -camecree~a.  r e o ~ e ~ p ~ l r ~ a ~ a  Aanxaea Ha naTa TYK He Arpae pona, a caMo 
TOnOJIOrHYHNTe XapaKTepPiCTAKH. 

nplr a 3 n o n 3 ~ a ~ a o  Ha ~ e 3 ~  C B O ~ ~ C T B ~  AaAeH n a ~  Moxe Aa ce macn+nqapa cbc 
CaMOOpraHA3ApaU(MTe Ce KaPTM. B e n ~ a x  K J I ~ C M ~ I I I ~ A P ~ H A  IIaTNlIIa C5C CXOAHa 3HaYHMOCT 
MOraT Aa Ce n36epa~ A npeAcTaBRT Ha n5THa KapTa aBTOMaTMYH0 B 3aBMCHMOCT OT ~aIqa6a. 
Tesa MeTOAPi AaBaT AHTepeCHa Ba3MOXHOCT 3a aBTOMaTH3ApaHe IIpeACTaBRHeTO Ha 
r e o n o ~ a n e 3 a q ~ o ~ ~ a  a ~ + o p ~ a q a a  [Car09]. 












