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Combining Interest Points and Edyes for Building and Olject Recanition

Wang Jumgiu jj Zha Horgbin
(National L aboratory on Machine Perception, Peking University, Beijing jj100872

Abstract jjij We present a novelpproach usig combined features to regoize imajes containig gecific

objects and buildigsl The content of an inge is characterizedyttwo kinds of features: Har@saplace ir2

terestpoints describedybthe scale invariant feature transforf81FT) descrptor and edes describedybthe

edge color histgranil Edges and corners contain the maximal amount of information negefsabbect

recagnitionl The feature detection in this work is an igratedprocess: eges are detected diregtbased on
the Harris function ; Harris interegbints are detected at several scales and Hagp$ace interespoints are
found usirg the Lalace functiod The combination of eges and interegtoints brirgs efficient feature det@c
tion and hgh recanition ratio to the oject recagnition g/stenl Experimental results show that thigssem
hasgoodperformancé

Key words jjbuilding recagnition ; olject recanition ; interestpoints; edes; imae retrieval

i1 PUOUIVAIAUAYS OplielTAET+8%:RODUCAPAOIOA Eu'I»OAL Ela ,i"tyTOOUI8»-33OBTiIIApAET+dAU
C°%1 AGOAY: OpNET+8Y4YlE+EEAUSE-'xOEi »°i00»0E+EEQ DD, +OOElS OpliollAE[+dY4Y4
»OA EaexAla»uDOAUPAIA, RO1Y0 ApAYaifE;lvs  E5O2AUL»0!/OAOU»UOUAUEY AIYAIRYAETUEAIOS
IAPASEX40%A OVt PATITAPAIYAIREYYAY ¢ A8°UEY Ox »U0UIvIAY2eDDY: OplicililaEf+dAe AUCUTAAS
YAt I-E+,O0%A OV apAEe+ El2x° AETARCEO  ANEXIE, O2»i-EOQpapApyapAlil&ivsin, +2»1ai- Eg
»U | BEEEYyxOOUAINE OOaDOEe+ pAuYspAIYLIf ¢ EOMEAEEIVAIRCIONO2IYAIRPAEOpa2» [HA P2 OYE -HAE]
Yot BUPEAESET+OIMOUAEUPASCED I [ EOO  +8%al02¢-COXEMEAT TMApAivkiie EAUECOU2»i-1a

AQOAEO»U»AE» ¥Riv4iityys OpTIET+dE- T xOEi  OOI6Y4pIA»AE;ppadOO A Ti»auvsOATiaiatu-¢cEa

ii EQ,AEQ/E1005- 08- 05 ;DP»BEOAMDS 10- 25
i »UYBITA L 10v40x OE» ¢ EN§$604Y 5025



1258 YuEES»(, OUEeYAEOSIVDINENSL" 2006Aé

+8» 1 YLUAEADEEapApE Y02 100+ +»18-20! OAOUTIOAHarrisY42a /£ + pAUYLUAD EEoua2» V4R + SRTE2»+apAld
paeitad0IoYap+a» ExvaROD YA RuAAS@TH,02; OU ODRTE2»+AIBDOA i aplacel@O+Ya2aE+ YA
+PACE OIAO2AU Y ¢ E ¢ ¢ D20 DEENES 12, 0UA2  2EOADAOOVAI2A/E+

DOCE:6IAUOU02: 130+pPAET£d Yo 25 AUPA Y OYE-

+»OYE-u@Ca-MDivalc ,1 dOD2»AUY4IRapY2 E ¢ ¢ WADE

Eopd 0abOAyxOEuAMIET+81uitODNOE«DAICEC-C

£O@OUA

a s Opli b ¥ Opli clila dTil&
41 i NOE«AL »°iO0iuisvLeDDE [+
iiiNOE«ECY20DDE[+3uAx1O+ 0 pAIDBO UYLEEEYL0
+8,NOE« O+ 441%+»18-°0|0AOUTIAE 8 UEAI QO OD
“«IBPUANOE « O YiY4A»OD ¢ VAACNOE «OUIVAIRET, Ov4&-O2Y,
HADAIC¢18%RODI-NUNOE«O+ YivapAivalapA+it0 ¢  EAU
[eEw»i-1
*(10-NOE«¢ OYait-O2/DAICpA Yo O®O»EC Nivalfivat 100+pAIEY 1A +ROUBO+UAACEGIDEEDNANAAS
OEND-O12oUaCali»612A¢ , 6CaO0vaEEANOE«O+ B4l +ROHIBO+AGOALROUNOE«O+ Yol Y BIOBR ES
iva Ba00 12 "E4AE» -CEVouk»uOU0aNIpA»®@©  °NTa, 61i18pAxROUNOE «O+ Y4ivs ae-AuvaNOE«DAICEYY,Y
,6CaO0pAO+ LIV OEOa+a» NEOOED-CBERIND  aOBNIAE+8:,EOQQI 1yO+ nivsiaEADO+EYi%aDD
uéS]ié3GAEO>>OOiBOUNOE«Oi%WfUOﬂNOE«OU DEEouéOEBBﬂE2>>iéi@O+AéEéo!ﬁe invariant fea
(VIAODPA Ov4sa-OVDAKEC AEA- +ROuY4I2a=EYl ture transform . SIFMlygbPASES
,’00,18COA»OPANIOAYO?; IB0-LADAIC ASEODEErpapARTE2»+aIFO+AeEaMBEQA
%A Y2 WY AIRODTAUALOIBOA28°%:0 oAz Ag -0ivsific EOOVARAUALED « 500 DEEaBEOU
2100+ MOE«: fEa e OVad O2V:DAIC - dRBETRD - 5piEgy.y; a0DO+1.0%eDD Ri-idA, ENE-BSAE U
CN)D-é,?‘uAiIfI‘EAl’tDAI‘(IiEEﬂi?luli,9ﬂ3H®OAé€3/4oz_<}'Q AEIi4, REN+8IuiPuADSAEYIAZEOAAEE A ¢ OVLAAEDI
"OA+;LA1J_rI'|'I§.1.E!I?i-:I/EAl'D,%\.I.(DI%i ,NoE«l/fﬁEag,01/43'1-021/4£)(£\\/ect0r ace model , VSHI* 21 OO/ SM ORiviifixi
i¢leE+alpiRIalo, iTapAIRE+ 1

%42 jjui3e 01Ya

Ev4120» 610AL

1ii%" AE® S B oA
ir7e: ,AEO 2 i190+v4i2a
+ Y4l AYECTEROPCIDEE gD Oiv4Inl @O+ Y2eDDY: " Op

TinOTIAET£3 1 ET+3iui0A B0 6L PO+ +EY HarrisVai2a/E+YarapApy2pAlIB O+ %R ODOUCAPA L E ¢ ¢,

PO+ AEEDOLE I Ol +%IAYs YAl sofyy DO #EAO-OEVIEECAIOAXOT BATUBOOE T AINOE
Ecivi2 ENEY: DAOApAia»_DIEI.1/Z4UEéI1/4IﬁOE)':pADAOAI‘i‘ I1(x),

100+ azaEC OMiarris Viiza 2 A jEivegpp  IOACLEOOAIOAIIRDAACE BEIGEY |Q) pAle
WAL AQOMarrisi«EVIvAIROPDPAIRED EOO-GiAy,  OV2IDDabyORRRBL0»Y2xAEyY
FEY-IPY5aM PACEO0 iR OOl L@ IE»~UACEO0 AU Lu (XiQ@) = 1(X) 3 Gu(xiQ)
iDACAL S D, *io~DAIC A¢ pl £ROpIHCUEAECEE» | Lv(xiQ) = 1(X) 3 Gy (xiQ) i (1)
151 UACEODAPOCEOTOOUET+3TaNO ilrBBO2 [ Lu(xiQ) Ly (xiQ) = 1.(xiQ) 1L (x Q)



8 £0 694 CipBBATIDE Eapaoi+ROpAYs OpIeilAE 8.5 1259

A8 ECI¢-ORTE AGOARY pALA PANYABAREYs 311 | AVsrpuA+ROPUNOE«O+ -14iYs

B . . L2 L., i"1yiyaEIVIRODESOUA, OONOE«PAIREDEYA  nALL
1 | =1 1 P e~ o~ s .. s s s s o, . s 2 TN A 2
C(xiQ1Q) =iGG6(x.0) 3 2| @ WifpAROE«O: VIMEOUSY AEDIOSEEAAEOYE D
ut-v V,

T T
AEEOR) EC»y-ORTE G EC REIEAXD EUO»OAPO+EYACAC O TaOONOE«AEDIODNjORAE

V AEDIL p<ECOUL VYRGB [atsl, SiC

1BAYBO6 OB+ OGO+ OPECIBAYBO6 p/g iy x«fi)ﬁéoaﬁuiﬁi;@ﬁéoi
=L . . ~ 'O <
QT?HA%%lEJI,l./f‘,I?O,DAf i “A,Z °°I®?' O~”ﬂ1/4 (;3531 b HSV AEDIPADA, SE+pAYAIAOUIA0A YWsiO61BOAE
ACATPAIROU B 2>"ae0Uveae 2 010003 U o e | 0 6 B OpCoETavsii B4V ODATAED
, A SN AT oRAITA3C LA 25 O] R S ‘— 1A l~~' ’ A'F" N o
GE(0»7605D, PAINDAAOUAD» 1028 SUTE (o5 g1, B CRIGE hoDEREEY OWpA 6D Nif
[ OULROEG 2, 0100+ Opfiva G BAMDAAOU 1oy i 101, SIEDAOO 3472, OB E-pAESY i
2,0-2l077x @OU°D 62dn eOUAAEARYVZCUANAERT 15054 101405669 E 20 O OppATEIBIA R OA 2 Vil Eccpis
O[.l°| HarrisDEEDuég,EOO-Oié,U%Y ( H) 2 1/4ﬂi¥°iﬂH S) 3 1/4ﬂ0£1V) OI' 3 1/41]»@111];

. 2 SO ) A, ~ VNN .
det(C) - kintrae”(C) < Te (3) AIRODPAO+O2NOE«TOC - O2»~pATiI&%ROD ii'6

°l pAX+QIBOO E+VIAODPANOE« O Y5Vt » 16056
det(C) - kjotrace®(C) > Te (4) O+02NOE«DAE+»1AU»v46D%eTOTREDEYA: 100+

YoaDDYaAEAOR ECHarris'«EV2pAIUEY 0% Y EYB) oivapAO° L OUNOE« O+ 1M A3 6 NOE«uAOp
SEOOPApY+RONIFEROR c ECDEEnaYsi2apAap OubjOUxi" 6OUIAO %/4«t»EYHL0 UEC, U¥Y EpNEYLaLh
(Te<0)1 ptE%3) *EEACEL V4l eeOU+ROUIAOkD  EETHAL 160»» P6pAOE Yeivati EVAEYAIROD2»-NO
OREW) Vu/EEApApsrisDEEoUAT: ECDEEnpaviza E«pAiaN0-02/e2»EC % TOUAIREGBYRAE+IEYs
LAGDOUTC > 0) ,Eved) SEACEL E " eeOUYCpalgD+ NOE«OUIVIREIPA OYaa-QivaY IREGUENAIY TE %20

Harrisl/4i2{a_,CE+pAul/zuADEEnua]Q()+z»%Bi.§3BﬂEzQia|OE®/El/2°i'102 0-%10%aDPITA° X6 A pY2pA
+apAIgP0DY:" A¢ OWarris V4i2A /E+»0 | ElpAHarriL +ROPNOE«O+- el { By, Bv} , £AOBH ECE®/AEY,
LaplaceVsi2aE+AU»pAPY23RIE2»+ AUADEEapaIID+ '1/2|0“A1/2é1a_?v I%Q’léi-l/z'l'buAl/zélﬂ
2o~ pARE Yoo DBaris DE Enpay424 0% Lindebey 12 11 VSMUAYZAC o
WASRYE ;. OY2aATAT As 53BIEIA Laplacel«EY:310XT VSMOBAE BIAUIOE O, 010A¢ 2oDDABALEC
COME20 CRIEECIHO oo LPAVIALYIOD ExaUA AL IE IEy iomBARTS

G (La(x10 + Lu(x10 | - VSM -|_\-»A©A0’1pl/zllf4lﬁ°’lEOpr1/4|E~+~uEIA%3"é\¢VSM "

. ' e De020» 6EOQ%0 E»3lty E»a+i°NA¢, ,6DEEouApA
FEBOEQL aplace«EVAPATBIEL wl LWECIAINDA - RaggioA; OIEATEOYE BAODEEnpapARRES AU
“AUATDYxEY o a%RTE»:aI@0-ARESIDARIOA YUOpEA 11004

[1yOOEINAIGO+Vii2a; EOOpANLIVAREINALROLpGinA L 1oDD Y IARALODDAX 0 Exa+iyA 55
IFO+°I Harri aplaceDEEapa 1@ Q+¥lAPAIDO+Y4l oy L UYIa0+10A; O E»apAA-EivsaAsr.oDD E2aO3Ea

252»De020UIVAIREI 202D @O+ Y428 TeECOUO» 1 OU+%IAMSM OBIv4IT | ¢ EOOOEIdA,
Y4i2aty3lOPI-ExpuApy2 OOIBOYuUIAEYLAEER, ODDO d = (Wi, Wa i, Wn.}) (6)

+iEY, E£a0B, ECEOY40 E»a+ipA E»aByA¢
3i|BO++iEY 10A¢ Op+EYAETAO! WA E»aTOOUE+3iv4AuAOZO?

DAidA; OPEIOAfAdf Ea- VaEBAtIAdf E4- 140
10AC OIAIAEREE | uAPLAELROUIZO+IDEEDPAIBE? 6O0EA 6" E»aOUIAODUAOBO*DO° E»aOU

01 v4ifi+ROpOA AveeuA+ROUNOE«O+ Yo [Bars B0 0Ey3aY ¢ AOPPAOBOMD

(¥4IApPALROUNOE « O+ Yol vat»“ae” ¢pvAlilANOE«DAICEYY4Y Wi = Wi iAWigr i (7)

¢d Harrigl aplaceDEERpPEOEIFT AGEG2¢CO " ¢ 1, AEHI0A: DIE»a0U %I ODpA OB O2D@OE, +i

OUE,A¢ ¢ OV AEBIGH T PADOAUL» OnA+ OAOU &), EOO, %Y E»a0U EivAiRODGIONA TEyVaEES

AGE6AE OUvSM OBA -UIVAIROEO» 6i0A; +iIEYs n

Wit i = - (8)
N

10A¢ PAVIEES EOOEDRYA tiAdf 1o 411



1260 YuEES»(, OUEeYAEOSIVDINENSL" 2006Aé

40P, ;EC E»a0UIV4IiRODBIOUATEY ny jECIY. 413 jj2 OOTAEADOTEA pAYL4°
ifi j OD3BIOPAEUNOD E»apABY gy i +IE¥OUEYYLY Y«E¥A1) |, (12) O OOIaEAEDOTEAL Y-8 A

cA0D E»aTOIVARET+d+Ix A  GEEGL0A3 6" E»a0U IAs . +'As,
A OIIRODTYVR6IEDOEUTOOUET80ICa - OvaifpA°T SIS IAIA (13

OUCUD;EGLOA3,6" E»av00UYs, oIvIAODBIOOENTO  AadiBol IAECIAEADOTEA pAHIEGLOOUEAEE(VAIT
OUE(+8%:IPUOBOUEYY.Y ( A0D E»apAO0@ 0D O O Kid)lizauApy-°U TapADE EQEDEEapa TEA pAEAOD

2 [-IY4IROD3GIOPAEPAESE - £ E 1516 00, +ROUO WiVaATAE EDOBBIZDL (1Y
Wig i, = log Jnﬁl (9) I'1/4'I'ﬁC')D‘I®C~)+uéuAE)'IAg,3/461]"'IlaEﬁEDOﬂEA¢pAlel'u

FEZOBN EGEYY:Y ¢ a0DIvAlPA BBYECEAOD OU E AR =S40 An (14

»ai PAIVAIR 6EN A+IA = 1 (15)

ADOA/SM A¢-URLIROEO» BIOACIEMIPET  ryemy ECiving (IRED | h ECIvIRA RIHIAED |
iéEiO»DéOa‘HEA(‘,EéEé'I'OAg,Oé(;éOD'I'()Ag,uAT%ﬁEDC(;)EC 09V EpNEYiT WATIEY

OO+iE¥-15- 14, RAEIUBUADSAE

. 5 i EuNévzatava-0O16
4iETiiiko H
+¥AAIUBOUEOAGEAY, OpliivAAEYYXiguD™!

OEOUI%ifi¢, EOBOIBO+YaDDASBOETITAET R
cAx+ENCTIAIVAIREYY4Y ¢ BOIL2100 ElvseDDAE?A

+3De0LaREOTAEADOTEAGE«O+ -Vzi%lﬁEﬁEDOﬂl%L

Aiol VSM T0A TaEADOTHEA,, EQEUNEECOUAU asi8 MBi®+ £l 14 GHz pA+EYACEY4
411 i NOE«O+ iviiaE£DO LGAOE2eDBUA
NOE«O+ viviiaE £DOODTAOOTEAH3aUD ZuBuD Ey¥4Y ¢ A0D°1201 6% OplipA 1 0050

Y,aA8 Yo Vo/EES, OOPO+EW BEUOO0+YIAEOAO vVt VAipAR ¢ECB40iA480 Ac 6% Opli"05 6
i4COYar uA Y61 By 34Y ¢ AOD IVAIAPANO E« O+ B/adys  2»I-uA%CIEAAEaPAGLAIYLIR ,OAPOIVAIAECOU2» (-
{ b}°PeNPAIVLIR Q ={ q} O®YsapAlaEAADOOE HAYY22U i@ -pAtaO016Yap IAAAE 2uuD pA2aEQ

j ARin(bi, q) Y, P0A " 115-0iv4ih ,0aPOIY4if2» °10-OUEY34Y ¢ aOD A
do = 1- I/CE (10 IV4IAODECOU» I -pAE+ Y4401 EOYCIAPApY2PA
Vi EEEVIAUANOE «O+ W4 UA E®EY:°D 1045 E1OA+%IA 5105 -02AEO IV4lfi+» Oy E-WBET+3
OPAOL Y AITO Y@ NOE «O+ VailpAlaE DO EOO (FROUE1+8%810pAY ) ; £4O0aUAZAEOTYAINGH
Wady + Wy d AAOUYAE+12a10uAG8 OB, EAES -UIvIAOEOUA»OD
(8.0 =T wy B AROUET»OP 00 E 4» EIFECETLOESIEHIA 12

VAEEEAOR o wy-O+8ECE®AY:I 10+ Y20 pANOEqApApAENNE 2410 OA O I®D A YL41(Ys 3 EUEYs
O % 1Y4pAE Q@UY. OpTiIET+ Oy = 014, 18 120U ZuBUD EY34Y ¢ AEIpApvspAz, - OB+ 3YAZODXY
wy = 0161 EpNéxiA+OUY: " OpliE+8OBO+ - YiopA
NOE«O+ - 141VauACa-OAUANNIIN 6OUERAEY,-Y2iouANOE «O+
15iv2 QUO»°AN&AET+808Y = 015,98 wy = 0151
412 ij VSM pAlaEADOTEA,

VSM %LU EAEEIVAIRCIEY34Y ¢ AOD IV4IApAIDITUOE
ASOOIAEEDOTEA HFEOOOAINA,,

q= (wW1q,W2,q,iWn,q
+IE¥2eN TV +.IAODEI@A610A, O®Y4apAYLCTEOA
IOOpA TEA: TAEAEDO
;
5, =1 —24 (12)

imdj inj—q - [%43 jj ZUBUD Ey34Y ¢ AEIE+80OYE -AEpA£EYSI






