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Edge Grouping and Contour Detection by Delaunary Triangulation
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Abstract Contour detection is important for many computer vision applications, such as shape discrimination
and object recognition. In many cases, local luminance changes turn out to be stronger in textured areas than
on object contours. Therefore, local edge features, which only look at a small neighborhood of each pixel,
cannot be reliable indicators of the presence of a contour, and some global analysis is needed. The novelty of
this operator is that dilation is limited to Deluanary triangular. An efficient implementation is presented. The
grouping algorithm is then embedded in a multi-threshold contour detector. At each threshold level, small groups
of edges are removed, and contours are completed by means of a generalized reconstruction from markers. Both
qualitative and quantitative comparison with existing approaches prove the superiority of the proposed contour
detector in terms of larger amount of suppressed texture and more effective detection of low-contrast contour.

Key Words : Edge and boundary detection, Morphological grouping, Delunary triangulation

.M =2 Q143} AT g A3 HHE0] ol AAAL B
[—
Foll 94L& Fo} AF7HA] Gestalt o] &0 &4 A&73

OJEL QI A7 B FHoE 53] BAY AGH  oel oz nuEolgAu, S o AR Se
‘A3, st 7EE et} Received: 2 December 2013 / Revised: 15 January 2012 /
"AB|Y, GROstn HRE A7 A RE T (WAIARD Accepted: 10 February 2012
A5, sty ERsg gkl "Corresponding Author: bsjung@nambu.ac.kr
A5, sddista Aol syt Dept. of Computer Electric & Information, Nambu University,
A, sdistn HaEE Ryt Korea

A4zl 201349 19 1Y, 494 @ 20139 19 309
AR : 20139 29 89

- 135 -



EZJI—E =

152 849 Del
aun:

ary

D
elaunary

sl A

S

o}

proble

m solvi
ing H
ng %

o)

PA

ok
14@3
x§4w17r_.
Mﬁuﬁanu%gag
EXEX ogmjm_aﬂ
Eﬂ,\ﬂo@‘_mﬁoﬂom,ﬁ
ﬁ@.)lJ r op
%ﬂﬁwbmﬁwa@w_%%mo mﬂotnT
X [ ,
Mﬂﬂo Tor ,Otzlm_.g aTmﬂmet o
uﬁﬂuwﬁﬂi?iﬁmmﬂ 0 1mwp.woao;Am,I
o fo _oﬂor‘m_vl el ~ I - =} Juts) H o ‘WH‘M = W
qﬂﬂ‘mﬂlll‘mloﬁw_l‘; - MHQHTJI‘mﬁ}OXTIrOﬂﬂL
54%%% Eeﬂam > Luaﬁx@@ %
qa}axﬂﬁﬁg Y Mam5%Mﬂﬁn%q zwew
zobmﬂgoogaﬁomﬁh%ﬂm I L@%m«ﬁo_sﬂﬂ%ﬂg Cgbc%oﬂaﬁﬂ
melm,agemoon7] _ﬂk.ﬂdﬂﬂum@.o&ﬂPﬂo iy .ﬁoﬂxﬁ
= W = mwa =) madlEu,.u Ei;o],;ohx geloﬂamn B W
3 ~E ™ N e A < H_W —~ . J| p T < M ¢ B R T o o— o# ° %) ‘D| ]
A oo T = %_adlegk#l = 9 5 ,#maxl;ao p Ol =
Eoéﬂxﬂ%aﬂwuﬂou' of kﬁﬂﬂ%?ﬂﬂwﬁ,ﬂe d«nﬁﬂmﬁmﬂgagaweﬂbﬂ%
oialcrﬁc7b_|§ﬂoo€ — oo%wr@ﬂﬁuiwﬂﬂﬁﬂa.ﬂﬂ aajlogznﬂwﬂqvﬁﬁ
%Wﬂﬁﬂfﬂggﬁjﬂ X T ﬂ,o%,@qarom;oxga.@a%%ﬁ.
i ,ﬂmﬁg B g d L_WOLEJHLEQquvﬁm4médlmﬁiozgtwuzﬁ
Olwzﬁax_ﬁzoﬂ_lmgﬂyl ﬂ&o‘meﬁﬂ ﬁ%mﬂﬂWﬁMHATWMMﬁWﬁAJIMEJI‘uI ﬂNHMNﬁ
w%qgwm%ugﬁ 0 %g@meMMMEAQ%%%%%§@&%Q$
é%ﬁﬂi?%%ﬂﬂ ol Hbﬂﬁ%Xjﬂﬁmurﬂoﬂ>o#%}tzﬁﬁuﬂﬂ%%e
H_W‘lr.A T]rf_llh I\W‘I ar © .ﬂy][\EEL o =T ﬂ.‘LI 1“
ﬁﬂmﬂoéxh = Y e X3 wo[qmhn:#;.z.ﬁﬁgf%M%?ﬂ%
o mﬂH;o oEJl;o AR N 2o B E.L imﬂxut —
o % c3EE LgEueg %aﬂ%iqhmgﬁo@?m$u
hoE o e eqwmoqmowuﬂ&]}aﬂomaoaAoqu%k = T e
L.#_EEM_EE %%o oﬂcawx@ﬂ@uﬁﬂﬁﬂﬂ%qitbo
ﬂﬁ;ﬂnﬂ;oﬂA@oﬂJﬁ OLJHU_ATJIU_‘OIJIHOwﬂ_lﬁOMﬁWOOT‘maIGLMMW]WELI,WL
ﬂog@gaz ERRER ﬂemj@mjm@mhuﬂuoqmﬂyh%ﬂﬂuz_/dbmqﬁ
4ﬁoqbe],uuﬁ.lﬁ\_a] Aoﬁkxﬁxﬁgo%ﬂxﬁ%u]ﬂm&o.ﬁﬁfi i~
xﬁﬂlxﬁunﬂcdrﬁ_amﬂ,moo - E?Q.@.] Aﬁum}LmX gl ol
%?A4 £3e qij;oQZZT;ZOZ%
]mq;oaiww@%m T LN %&@ﬂ@g@mgﬁi%%%
dmezmMi = Pﬁﬁ_eme Wiz gl CTIN }MEOWLE@JE1@1
%pf ﬂc_ﬂeE_Aﬂr ﬂ.us@lﬂﬁyof ° © T o Ezs%
ﬂuioﬁli,.r‘m_l,urﬂﬂi‘l 3y %4%'] ,D!LILE: 10]3] JInWE
3 o G jod Malm XﬁnEm_. _0]oL1| oJ.xnnE
]Edrdrﬂwi 0 A4 ™ 4/\1rL L.Ho]HllemA e x_.ﬁkkoE b
‘_Iwr‘m J:HZC_EEQMMWﬁNrOﬂXI J:NO‘HQWLP_lHNIRLX _/Ewﬂ‘lAQ#xlv_ﬂﬂﬁnm—H O_lElthl
ﬂp‘c_ﬂﬂiﬂ,zeaﬁL tﬁowxlztﬂm«%o]iog oy T A
- E U - curmq% m}oﬂwﬂ}ﬂﬁéﬁo o B B
\UFL]EﬂaLmolzill‘nrwmﬁde! oL‘._queWEdﬂﬂﬂﬁgLaogawLﬂﬁﬂﬁu B X
%dgmmo%ﬁoofé%Im X ;A E R o onJma%éo_a Eé %%1%
oga,ﬂfL@oMui@MMﬂﬂm %uﬂmﬂ@oﬂﬁﬁumoﬂ@ﬁobﬂw% ﬂ%%%ﬂn
= oo X e ° - — i3 @ﬂi%;&% X - ﬂr]ﬁH
xﬁﬂoﬂdr }lxﬁE- oy Hr R = B T X X % HE Aiﬁo;
Am,.ﬁom_n|7%a?ﬂlﬂ,l@rmwﬁﬂomﬂwMiLmﬂﬂlﬂH%nTﬂldﬁﬂﬁuIMﬂLWMﬁTﬂLE ﬁmmﬁmu UE.W
Eo@ﬁﬁ%%ﬁww%éi%ﬂ wWa%ﬂ@i%ﬂﬂWmﬁﬂemﬂW @Au%wga
ﬂ%t%m?tzgﬂmquHMW4ﬁ3AHart@aﬁwﬂu%wo mﬁmaraw.ﬁ
ﬂe_sﬁdr .EJQL_Eu%mﬂxﬁi@ﬂKez .LM%ﬂm mﬁlox& mﬂdr.on N
ﬂmﬁmwmﬂwﬁft ﬂ&o_f%wm%argg%@??@wg]wznﬂ@#me:i
Eolﬁaﬂﬂro,muATm_%ﬂLMEt]LqumﬂLOMﬁJAaomt o ,muﬂbfleﬁiﬁ7ch%Lz_.@
M % m L@Ofdm ,vurﬂ%? EELﬁfEurm L%J}Of T W
o mngatwm4;1@ww}ﬁwﬁﬂq;ﬂ e PEL
qa%qQEmeavaa%mﬂqj@gHQg%oqﬁ%
,oleﬁ__lnwg‘mutﬂ_Wb,oLlli‘.Al _/JIO‘mVFL\._.Auo.LEﬂﬂEH‘N_lﬂqL
D B OI XJI_/ S MA‘_._'J] ,U|‘£.I_. o —_
™ mg}uraw}qaiuaaﬂ%} %Q%%l,
oo uo_gﬂbo:Tio_o 5@ g 81,%3
8 ol = i oy o o -
GOSN\ O#E\Iv ‘u| X W X .IOJIL.m v OOL
e oy ]ﬂEE,DL muﬁuoW.AL&,mﬁ uAl,_Ll_,_Al
EE E.._ = ct 3 o7 — 1ﬁ ﬂ_l L N
) Hdi}1 — W o= %1%3 -
dﬂ_]rzxL7ozo]§.ﬂo_u = o . E
o o T o T R :ﬂujum1
Ofﬂoioﬁahgb%z 5 =
=) JI.SA,m_VIﬂ.‘.qu,lﬂAl
aw%x L#E1Ls1r%1
AL]mE oo].ﬁLcAﬂ
ﬂﬂﬂafﬁoi7go,_
J»mO L]r11‘|0f
4 V_xﬁaga
ﬁoaueﬁ
w o

- 136 -



o g

s

33

]

S
Tl

Aog

HO]—/K]

=

E Aels=

=]

H

Xl HM13F A1

Aoz

C3
[y

st
o]
=g

]

S
[e]
U

A
()

=
S

HkE 13l H)

L

L

7

=

=

A

<]

A

w

3l A1

2 9

%4 24}

B
o)
Mo

A7) Aol

7} He) sl |

A FEAARE B w2 A

of o]2+= oju]A]

o)
ol

L

NO
—

SRR

i

2

I

A= 7]

]

A
AN

e
T =
o)
Atk

=
-

hpel

°

Al AR ENH

EECERIEER

=N

(¢

__], —EL

[¢}

E

=

’

Eﬂ[ll]

el
b

</

38}
ol 1)

2 tofol2 = o] 723} o] thitEe] ojv]Ae]

el

b

o

g

opsiiles 7H SiA o Stk Gestalt ¥H3] ol A

34,

2

o] BE3} )=
Aol

=
1=

—L

3

FES TFHA)

A
NEE SHYNE e A

il

N
at]

ol
<

=
o

=]
R
3

}

2 oAl A &

A
az)e) Wl 9

[e]
[ ade] 2AL 49 @71, AA A

/) HEZE: 4

(f, k);

fo = image_grain_removes(fk, a, Structure);

€_Cross

imag
e_thresh
0) then break; }
y =y + double(fo);

"binary’) {
imag

zeros(size(f)); //t¢}F 2

if (fo

fk

for k in range(l, image_max_level(f)+1) {

y = image_thresh(g, a);} // 944 =

g = image_grain(fr, 'area’); /,
else {

y

Structure
if (f

i

/) fo1m A ar 9A Structure: %3}

Image_grain_removes (f, a, Structure) {

HAY

i

o
o

R
brel 91

[

B}

1

k<
w

7} Ae] WAUZES wq e sl ol
SR o], 2 33 o] ol A

Nze w2 A7} G, ol

=]

Fig. 1. The structured component—-based surplus
connectivity control algorithm
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