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Overlapped Object Recognition Using
Extended Local Features

Joong Hwan Baek Regular Member
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ABSTRACT

This paper describes a new overlapped object recognition method using extended local features,
At first, we extract the extended local features consisting of corners, arcs, parallel-lines, and cor-
ner-arcs from the images consisting of model objects. Based on the extended local features we con-
struct a knowledge-base. In order to match objects, we also extract the extended local features
from the input image, and then check the compatibility between the extracted features and the
features in the knowldege-base. From the set of compatible features, we compute geometric
transforms, If any geometric transforms are clustered, we generate the hypothesis of the objects as
the centers of the clusters, and then verify the hypothesis by a reverse geometric transform. An
experiment shows that the proposed method increases the recognition rate and the accuracy as
compared with existing methods.
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H(match) 3|2 = Wgolch 181}, Besldt Jain®
2 o7 o] 34 EAAY A= Al BrE
3 Y-S AFEACt. kA, o g il
EA 2] §A(feature) & o] &3 who] 2 ARH
I Ut A& ol &g EAAY Y-S A et
g dolgt s A3 Y + A2 AHEEE F
Ald # o= A3S ek

B2 AL e BEAL 5 7HA Hyg PR
g 4= glch: 354 (global feature) 3 ] HEA (loc-
al feature). EAMQAA & A LW WyFo 3t
= 954 9HE o] &3 gfuid Yot FHEA
9] dEXe BEAY ¥, FAFH, BH EEEF
At ol FAFAEL oz RE A &
2 1 EYagEol EAL HARE EI2
2 BA7E M2 FHFHY e A9, AHge] BUtE
st Wb, A Qe BAe P oEitn
ago] 2o HAAE vEpdTh gEA, A9ERL
FHE EAY A4 AMEE F AT, A FEH S
F2 B4 gA4& Moy ARF sl £
g B o 2338 REAX 7 5 Aot A8
o2 XNYEAL v PRl FEF HEULLE
FAEct

EHog ZAE EANY QA4S 98 2R AT
g0l ANFEAS AHE-HATh Ayache® 9t Rummel
We AH3Yo 2 HE B HHME FEI}T
O #F4E ANER 2AE DTS O AAES
ANGEAo g o] gt BAE 212t Perkins'®
£ ZE(curve)e] e EAY A& H3) line
drawing 71 & o] &3l EA]9] boundaryE o}a
2 F3d g vH(describe). $+H, koch®@.©)¢} Li" & §
HEAe #FHo2HE IVE F2F v BY
EANZ5Y 29 It S Bl EAE
A},

a3y, 71 $H BN F2 g9d A9EA
< AFER7) wiEe AlAade] A goly JE e
EA 9 FHE A=t S7HE wat EA 3] A st
o B Ao e, & EA AAdAe e,
A& FHREE Fol7] Al =y, of=, HaAAM
2 3y-olaz FAAsHE §3d A5 S AHEF
F3HE EANQ Y g EFE Aot

B =T pAL, 139 HEd olofx, NI
Me ddezryg g3 AY9EFE FEste ¥
Hell tiall 7lestn, IFade &8 A9EHS
23g 7)stH$(geometric transform)E Ea =
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AE A $H(matching)stir A3 (verification) 3=
o) tia] gy sich NgolMe 488 53 At
H gnEF A s BMsia, VI dES F

eoh
I. 83E x9Sy =5

gorKiE EXE FE3t7]d M, &2 4
2 (edge detection)® 2 FZ(straight line ex-
traction) FF & AW} B AP e &34 HE
< 938l 9x9 Laplacian of Gaussian €42} oper-
ator) & AFE-3HCH®, o] AAxrle] EALE B9 of
) (edge) HFEANM Mz AAH JuxH(zero-
crossing point)& AA37] W&ol A8 thin-
ning) #4 glo] Moz & FBHAE HEE & AUk

AEE 3 segmentZHE M FZ317)
28 Lowe® 7t A <tst cbztd AFshy (polygonal
approximation method)& AF&30}: {34 seg-
ment 9 A] & (starting point)3 £7% (ending po-
int)& ol AoezyE HAHEH (maximum de-
viation point)-& FM3led 1 HE A0 2 T seg-
ment & ¥ (split) § b, ThA] Z+2}+¢] segment &
72 #Hygoz wkE REgHG 7N BERUS
segment?] Zo| o] HN\FA 7t AAG oldo]
W Baaln, IR 4o 1 segment: AW
2 olE sluel Ade s WEHoh Ay FA}
stE A Ao dolel 2RE Al #AE(x, n), F
e HAE(x,y2), I Zol(len), 71 &7](dev)E
FAEG, oA, tztd ZAlsY HAME2RE A
Y, oba, HaM @ F-olAR o]Foizl FH

954 30

2-1. 34 HE

AU ¥ Aol Rolx(converge) o2 A9
g+t ga3A, 2ue AAFEHRHAAN 22
® BEE F FAH9 AJHolY FH Atole 2 AE
(proximity) & A4rgezx AESE 4 Jdoh. 7Y
ol ¥ Mol TH eyt YAlgh olstold, T 3
Mg shte) 2WE FAASo 2o

9 dHolgl #2E A 1stl), FA 2(st2),
FzHang) o2 FAEHIY 132). o714 4
18 5 FAME Aol 1AL, 44 2¢ oot &
© Ao & assign 3o}, E3F stl.deve} st2.devE Z+
zt AM 19 71 e AA 29 71&71E9, I
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ang thg-o| g o 13}

diff =st2.dev — stl. dev

IF(diff>n)THEN
ang =diff — 2z
ELSE IF (diff< —n) THEN
ang =diff 4+ 2n
ELSE
ang = diff
END IF
(x1.y1)
(2, y2)
sti
2
(x2,y2) - (x1.yD)
4
comer

~

O 1. 3¢t 19 stevf el
Fig 1. A corner and its parameters

2-2.013 H&E

ofas Edhte] Fa% 95 o|dh. v, o}
A §ee vdEoln Be dAevels g3lez I
HzEE o 84 o oy} shvie] otas 89 o
FH ez Jvepd & Qv ix|E§ R, FHHXK,
Yo), AA (X, Ye), T8 (Xe, Ye), ol L(19 23
Z).

Perkinss' #A A &2 2 (least squares error
criterion) S 71223 o} fitting ¥ &L MY

L
/;\m'w
a R

(xl'Yc)
a3 2. o229 sepelel

Fig 2. Parameters of an arc

&%)

sttt dhte] oA g o4y cAkstE A M S fit
A717198, ol=et HHES A (vertex) Aol
LXE HAadHol §it) WtxlFo] Rojxw F4He)
(X, Yool obse] gig 42 o83 o] el ¢
Art:

(X=Yo)2+(Y — Yo )2=R? (1

oty ZAstE A5 AP i B = o)
Un genz His Hojord o3 F4E heH
Fage

J =% (X=X (Y= Yo)? - REe )

714 ne BAL Folth. A ()2HE, te NE
& 7% % Uk

L (X= XM (Vim Yo Xi-Xe) ~RAL (X=X =0 (3)

(K= XY= Yo+ (Yim YP=R (Y= Yo =0 (4)
¥ (Xi=Xo) 3 (¥i= Yo)2=nR?=0 (5)
A AHEL v A AT X, Y, RO B3] Newton
BEACER 3 S
olzie} ol L& F3k7] A «& okl F47,
Mg okzsl YT Y& e de ol s
cosine® A 2 Z H-E,

M2 =2R?2 — 2R?cosa
EE,

a=cos™! [ ——Z—R%Z—ME :I (6)

A 71A,

M=V (X, — X2+ (Y.~ Y,)?
oA}, o}zLe] Yol L& thg 4o 7 FolAr},

L=a:R (M
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2-3. WM HE
°V¢] R BAY Yol F2 HAdo] XFH
$7) g gk, YPHe 1E
%@v«] st d 4 Ao &
HE] HPAg Al g8 F 2
nificance of parallelism), Spar & th5 202 A 9]

4= A

se—c [ ][] ®

o714, Ce 44, 6= F A 4Atele] Zhxp(angular
difference). d&= 70 Ao 2HE #S A 53
ol ez 43 Ad, ;& 7 Al Ho|, L #H
A Xe] Zolr}, ol & vetvel= 1y 3o ®lth
(8)2HH, Sm7t 48 F Ao HExr} &
o 4

1,
\\\ec_\._

LTN SO n—

-l

L

T2 3 5 AAAel S WEES A9 ek et
Fig 3. Parameters for the significance of parallelism
between two lines

oztd ZAlstg AMERRE HPLAE HES]
A8, 4 (8)g o) &3l 2E FA M Alo]e] HEE
SparE AAH3ITY, WY oW F 2 M e] S, 7} ve A
A AL ol Fe]R 1 F AL HaMojet Ao
gt HaMeol dolgl 72 M 16stl), A 2
(st2), = AMAlelel =3 A ()2 +AE} o7
A A 1& F HAE Zol7k 1 AL, A 2 2
ol7t & HOo R assign o EFF M 19 A FH
2 E2H BEE (xy, vi) 9 (xiz, yi2) B b2 A
29l AE 2 -] FHE(xn, yo) ot (X, yz)et
shd, ¥ 2 A Alole] =3 A de ok N oR 73
F Atk
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d= laxtbytc (9)
Vva?+b?

o 7],

a=yu—vyi b=xp—xj, ¢=—ax;—byy,

x=(Xp+xz) /2, y= (yu+tyxn) /20]t},

-4, A-ota HE

vt opAet Izt g EAiQte EAddd, 1
HEES M2 3o mahte] a3 53] g
F Ak dlE B, 21 7, opz9 Y
PozifE otzd FHYAA Arl F& st
54 AraM d3tg 5 ok o9 g 5PN
=& BAF olEH A s solx ERolnt 2 o
Foll Mz, oleidt MR E B “Fd-olamE R E
k.

FY-olag HEsid @A, 29 FEH otz
HAFo] M3 ojok st} wtel olmart A& H At
e AUZtE ste 39S 45 olas IUE
4% dgteted Wad stetvlelE oo 2y-ola
54& A&7 f8l, Fe AvAg e IYng
AHgshE ol R e BE FU9 olaE AP A 2
y-obze] w7k e A g abg oA A2 Alzte]
57}%— ZH 7] wfiolch ®d, AL ARg 3

Ao WG FEL 1 EXE HH
%01 g Aoltt. F-ot=e] dojgt

X, y), ob29] FHH(xe, yo), 22}
Z’Oilﬁ—ﬁi OPEL%’.*J 3 7Axe A (r)

WA E, 2

R
i
w2 -‘Im

=]
H B
HJ
£

EHPRERRERE L

Fig 4. Parameters of a corner-arc
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Wi/ SAE AAEAE ol § FHE EHAY

I.d8 % ds

RrEe] s 8FH Al2EE Aol
(knowledge-base) Al 2®lo] 1 A gehAlo] A 7}l
74 (hypothesis-test) A&F-§ F2 ALt 714
37 (hypothesis generation) A M=, E7He
EAE dig FF 2 HAXEC] 7P, v v}
A H3 dANME, 7HHE Aol 3 &
Aste BAETH @E}Elr g Aoz 1 7}
do] A Hch

AH s EAste BAE NI FF 2 9
& 7HdEte Hyele ¥ 7FACE ok 2d e
(model-driven) # dlole} F%4 (data-driven)0,
e FEHAME, 7HE AR fted 24 g
o RE EAE] Y YoZ Ry FE¥E 5
of ZulE vlagn), o] w2 s P o]
f3tng At HHos B WygE zta sirh
wabd, 2 TEY S 2dEAY 4t & &
Hgteie), @4, dlolgl FERAAME, ol EAE
o] st EAs=AE 7Hdsr] sl dHE
FozHE FE2¥ EAEN FAR EAES 114‘4
Hloj 22 5E g}, webA, dolel TEY e
9 ?%%101] Hl3] a&3olch B Agolre= 5*1015}

588 AL Sk

3-1.7Hd ME % HE

A, mdEH e sgoaiy APy AJEH
o] &HW, 1 vdEME F3E EJER vy
"ot md o] digh Aol 2 B9 o F,
7zt 273 EA 9 4 4 dloJel & T} A
2o 29 PR E 1Y 5ol melvh %3 ¢1e 3}

Comner Data

Object 1 # of Corners

Name
L—4 #of Arcs ——-{ Arc Data ‘

# of Parailel- .
= 15 Parallel-Line Data

Comner-Arc Data

18) 5 Aajuo] 0] TRE
Fig 5. Structure of the knowledge-base

Ae BEAE 137 A3, dHgezRY
FE0Ho] FET, AAHo|x FAE Fa
E 1 ojgel EHvE e

Aol M ARSE e EAEC] WAt 94 o]
Yu 1] gectd, B4 save s RS
A (rotation) % o] (translation)el B tﬂs}t} o
B9, el A%, F A Aol Zolut F A

o] #Hole EH7t A A olFHolx ¥R
et webs, BAE AEE] 98 54 73
2 w30 Y dEA Alold] FAMIE EAF
g}, FARY RAME 98, ¥ dpeiMe 7 g
(distance function)-g& o} & &},

CC, AA, PP, EEE Zt7} 31y, o= Hg4H, Fy
-opE Atolel fAbgolet Beostd, 7 fAES
e ez Fofn:

Mmoo

1

g

o
}.oﬁ’.ﬁ‘fi-f-o?i_%

r:. mu o

r!

IOEAC IR RE-AL
CC= [Cx(m - am)2+C2(lh - llm)2
+Cy1o — Lom)?}1 2 (10)

2)obz o o} :
AA=[A(Li = Lo)?+ Ax(Ri — Rm)21'2 (11)

3)3risg/d ol nﬂsgld .
PP [Pl(dx dm 2+P2(1h - ].lm)z
+Py(ly — 1om) 272 (12)

4)z-ola ) Fj-of2 .
EE =[Ei(a — am)?+ Ex(ri — 1m)?
+Ejd; — dm)2 ]2 (13)

714, C1,Ca.Cs AL Az P, P, EL By Egi= AF5rolth,
vkob AR $Hamake] Al gk o]3tolH, 11 YR A
o oo gHE JESAEAL M2 FARC L
Fosla, 1 FAE B seto2YE Vs
(geometric transform) & FXE &},

3-2. 7|8 E

71 wd 5o AHE JHHFEH
#2 Abd(mapping) et 09 (t,, t,)E Az 2
X, yRoz9] olF e} 51, (My, My)et (I,
L& 24533 Qs s & dol sxet 8t
WA, 715HAE (0, ty, ty)E 29 3 (Mg, Mp)E
zt o SlAAFN AL x, yH B2 (ty, ty)THE o
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TAA, HEd 294 Pl AEAI o) 7
AL O3 22 NEYA Feo Aoz vebd #
Atk

cosf sinf

[Ixi Iyi] = [Mxi Myx] I: —sind® cosh

]+tt1 o

A 2 Lesk Lol hel, B9, thgel 5 Ao] o]
At}

Iy = Myxicosf — My; sinf + t, (15)
Iyi=Myisind +Myicosf + t, (16)

71M, Qi Q& oh&-3 o] A ot

Q=Y (Ix — Myicosf+ My;sing — t,)? a7
=1

Q=73 (I; — Mysind+ M,icosf - t,)? (18)
i=1

714 n& 574 4i(feature segment) & wal H@
A9 Aol QF Qi Qo) golet Aelata, &,

Q=Q+Q (19)
Qe #H3da HEgd 2dHE Alolg AFex
(squared error) §9] §olu g HAv} Hojof &),

ohAl st

Q _ Q_, 9Q_
ot =" o, =0 g =0 (20)

ol 2P ZRE, ty, ty, 0 AT HEL FE=Y

=L [ " Ii — cos6Y. My + singy” Myi:l (2D
n Lo =1 =1

ty=—1* [Z Iy — sinf)Zn My + cosBZﬂ My :l (22)
n L= =1 =1

f=tan"! (23)

-nzi IXjMyi+i Iva:l M“+n.zi. lwz Mm_: IY‘Z: Mx
nz:] I)“M,n-—il IHZ:I M,u+n2:; Iyii; Myi_Z:l Iin_n; MYI

2, i sbel e Ao md A} s
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Atd, 7lsbA e 2AY FAS 7)shE g ASrS
zte shtel aF e F2H(cluster) & AT
Rolth ol2fd Fel2Ed 7slHES FHsle 2
H 29 F$4E 1 Bl HEE AT HF 784
goz dA3Y B d7odMe, FH2HE £48
7] 913} maximin-distance algorithm$ o] 8§tc},

3-3.71d HE

Zlshi gt e AE FARY S Tl Hd4 99
olF HE (tx, ty) & TS, 7HH HF S A =
dEAe 2t EL v AT (ty, t)TF
oA (MY, MT)E 7augs 2dgs
o & Holetd, o] AL thF o7 vebd 5 U
o

[MTq MT, =M My ][50 S0 )
(24)

e,

MTyi =My cos8 — My;isinf + t, (25)

M"y; = My sind + My cosf + t,, (26)

AEE #Adr 98, 71gdgd 2dH MTe
49 33 ol AR T Zd2te] 7B 2dH
Ed 9x% 1} ki (pixel)So] EXY 99
of &% gAAXE FAcr ¢ A9 P
£ giehd, “FEEHADD Hosch FEgE
(matching ratio) Rn th2 2l o8 3 9jdt}:

_ B¥E A &
=d el &

Thd o] AA gk ol dold 1 7t e BolE o
A3, 1A o AR

Rm x100(%) (27)

V. &8 3 0%

g NGEAL o] &3 FTHE EAAY g2
2] &o] hypercube 7+ & & t5A 8 HFEIA
Zzagy do] CE 7= dEEAAY. 48
T BAE UpolA AgEch AU dEdAMe
3ol B®+E AME3Y:adjustable wrench, long
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nose plier, Allen Wrench. Zt =49 EA 2| 343
a3 6dl, 3 EAE S 29 7o A B
), 2} #gel Al 512x5120 e} 1 7oA, Al
EAEL 992 AT ol FH FHAAG

Az, mdEA9 34o] 9x9 Laplacian of
Gaussian @4MALE8 EWFAs T Fudg Fop
Zt zd g9 $H3ME HE2 T o, oAy 2413
Mg olgsle] FHMozHE AMEELS FEIA
o, 1 g, F29 ALMERZRYH 3 NYEF
& F&3td XNYuo]2E P33T A JYER
HE 327 EJEY 71 H 19 Fo4Hch

()

(b)

I8 6. 29 ¥XMES 8y
Fig 6. Images of model objects

{‘$ﬁ52’

O3 7. 2HE ENES 3y
Fig 7. Image of overlapped objects

E1LZAYEZLH 38 EHEY
Table 1. Number of features extracted from each im-
age

3 3 249 | ot |HYPA | FY-o}a
Adjustable wrench | 27 1 3 2
Long nose plier 38 8 7 14
Allen wrench 9 0 2 0
Overlapped objects | 67 6 11 36

A A, 2dENEYY >F4E EAEH 4
o g vy 228 EFJE Alold FAMIE v
@Etad, FAMYE e 53 setOENE 2 (21),
(22),(23)& ol &3l 713 (4, ty, ty)E AL
4t} maximin-distance algorithm& o] &3te 7]8}
H{ES e F2EHE £AF oL /Mg gL 448
Zte 22He FHE 1 Y-S HS AF Vs

o .2 3t} adjustable wrench, long nose plier,
Allen wrencholl th¥ #HE 7Ishd e (0.46, 63.8,
-92.1), (~1.35, —9.2, 433.6), (0.61, 268.3, —80.
7ol AL #ZF37] 8, 2dEN 9] &34
L 9NE BAAT I (ty, ty) BHE 1 FAN G-, &
Yooz RE 28 34 Yo FHAAN =2
g8 @A=x). 1Y 92 HE, NEAV EF A FEHAS
£ & 5 Uk

FFE AFEH L o] &3 EAAY P A¥
& &y vasy] 98, od SN A
gol Aan S34d XNAEH S AET W A
&S vREPTHE 2 X=x), @Y EANL ALF
7S BALFe REo 2 AL YARNAY A
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(a)

(c)

OB 8 e wE HE
Fig 8. Verification of the matching

B2 AgEge] v

Table 2. Comparisons of matching rations

o A EANA opzLwt gaadnr | gdd A9
b8 & % & | 5448
Adjustable wrench 95.7% W};I"o match 89.5% 97..’%%
Long nose plier 86.2% v 86.5% 87.1% 87.6%
Allen wrench No mafch No match No match 90.3%

A g 297 %4 sk of Awsie
SaE 95 JFEE wolu AAA 4

3
#2 EUS Y+
Sl ARANAE, 10708] A e ’0“1:3:—3—01

g3t 20709 PHGE e A Y
o‘g 37fell A 570 7HA19] M2 & c?’ "—éol 28]
Melglo] 84, olFEF MR FHAAUAC 2070
° i}*&oﬂ F e AV EEHACHIT /8
). BE FHE2 35.8% oAt @A EAE A}
23 Aoo) BE JALERG AL e A9 B}
A& (ratios of correct hypothesis)¥ AH<l2&

(ratios of correct recognition)& F# 39| vtehi ¢l
ol 19 9= B shake] @ oo} AN E Hlu

Q.i.\_rﬂu

E3YbAes A gel v

Table 3. Comparisons of ratios of correct hypotheis
and ratios of correct recognition

Rk | opAawt | G dnt | &g A9

AL B AR B AE 85 A A&

A7 8 | 80.9% | 64.6% | 73.2% 82.5%
AN g | 75.1% | 53.7% | 64.4% 77.0%
1472

2

)

(b)
O 9. A zdel o ool YA
Fig 9. An example of input image and matching result

www.dbpia.co.kr



WX/ GRE AGERE ol 88 FHE EAAY

v.d B

E d7odMe 33" AAEAS o4 MES
EAQ1Y wg Acsidt. WA Laplacian of
Gaussian QA8 Aol EUFAE D x-S
AEs B9 §FHE FEIE, G2E 24}
S o433 FHHE AMER WS, W
" AMEERY 3, ot3, BaH 2 3Y-olA=
T8 AGEAE FEsA Yol AE 75
371 918, 2e ndEae 425y 834 ¥
5 & FE3r)

B e A8, dY stdozRy 2 5
AEH Aoz ERJLE Alold] FAY-S vl
3le, FAMS e B4 seto 2 BE 73 T
ZHol EH(G, ts, ty)E AAME}1 maximin-distance al-
gorithm& o} &3t 7|aH g Aeioelge Fejx
HE =43 g, Sl F48 3F 7shdR
22 sqarh AHE AE5] H8, 2d 249 &
AL 60F FHAITIL (ty, ty) TF ol EAZ o
&, 99 oz RE FEE 34 Ao 2
2&ES st

AL FE ol &3 AeA, AtE EAUY
H S B8 Mz £3HE 28 HEHor AXY
T AR, TF A BANY wyo] &2 1
Holl wa) &7 HAEE wolve RE Qs
Ack ey, Aok wye BEAldog: e
2REH 28 EAF9 g, Adue]2E 4
sl AlZte] WolXthE WAool A H ) wlelbA,
49 AGEA F&d g3 He4x S v
EEHQ Aol £4 A E o] e A
+71 " a s},
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