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Abstract

In. thiz papecr, a study of the mile
nf calour mlormaticn i detecting the
edges of AR image was conducted,
Therefere, diffcrent eolour spaces will:
compenents ocorresponding to the
attribate huc, and
saturation feg. VHS, and L] wers
rnplementead.

sz,

Two edee deleclion technigques
were applied Lo each of above colour
spaces. Thess technigues are Bebel
operator, Noalincar Laplace
wperaltor, A proposed nonlineer Laplace
operator was mplemented, and
cnoouraging reanlis imduated its better
cHici ey the traditional
rmmbnear Laplacs operator. Different
approaches were utilhzed to aclect n
threshold value either manuselly or
autcmatically. The antomatic seleclicn
depends on the caloulaton of mean

e
e

Than

colour gredien! magnitude or en the
mecurnulated histogram. A guggester
and impleracated mechanism based on
using two thresheld houndaries to
detect edges in colour spaces other

than FCR. 1he cesults indicated an
improvemesst L the resultant edge
HRage,

1. 1 Intraduction
Calgar has been proved o be
useful information in compuier vsion

systems gince teking out the chromatic
milnernaion can highly improve  the
acouracy of the alporithms.,

This paper addresses the problem
of detecting significant edges in colour
images. More specificaily, pwen 8 scene
wihich Aard
characterized oy homogeneous colowrs,
we want to deteetr snd to extract thesr
contours n the image. In genernl, o
comman  Aapproiack Lhe exdps
detecticn in colour image was started
by tranaform the B, G, B} image to o
new colour spece, Chen applying edge
technigques, followed Ty
ubtlpang thresholding methods, and
finally retranaform ths results into {8,
Iz, B images,

The previons work in colour
imapes snd edge detecdon techniques
will ke piven below with a
description of eackh of them:

michuding olyects,

]
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. Manqitin, m 1377, estended the
Heucksl operator developed 4
YERFS Frevious to proccas colour
imapes. He atpred that the result
obtained usng miensity [=R+G+D
aned normalized colours r = R/ 1,
el g = Gf1) wes better than
these obtained by vaing B, & and
B [Nawitia: 77]

. Murlelli, in 1961, formulared the
cdge detection probleme s &
kewrigde seerch for Lhe shortest
path on a prapls. The graph nodes
jor slates] were edge clements
defined by mwo neighbomng pHxels
leg peints A=fi, jl. B=[. 1114
deline the detected edge clemenl
AR, Ome of the dreahacks of this
algorithm is that, once a mdstake
iz made in the midst of rhe edpe
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the detected edee could be far off
fromn the dewired edge [Fu: B1].

lmme, in 1988, hes introduced a
new cdge  detecior,
proeduses edee mostly one pixel
wide amd withour gaps, The
preposed scheme of edge
detection min he sphl anda two

operaticne: 1 [one-dimensional

wimizh

cdge detection, 2) combination of

the results of one dimensional
coge detection inln fram
dimensimmal  edpe  mage.  The
evaluation for both methods is
that in normel casca they behave
epaally  well, bet  fo dilfieull
cases, the proposed method
showa good performance [mme:
=y

Canny, e 15RO, distoapuished
three performance criteriz  in
judging the ability of his proposed
operator to fiond edges: [1) Good
detecdon; [2] Good localizabon;
13 only onc response to & amgle
ecpe. He bos proven Lhiod an the
case of step odges distributed b
addidve Ganssian white noise
wilh sern Mean, the demvative of
Crauasian i VLY pemadd
appruximation to the numerically
optitnal edge detector for these
cépes. [t is sub-optimal according
tn the ahove criterie fand can be
replaced by zero crossme of the
mnecord  denvalive  of GrAussian
operatos  applied on the input
imape [Canny: B

Androurses =t al, in 1997,
presented a comperison of the
relative sulgectvely

perfermance of & group of haeic

bai: ]

sl and  diffesence
vector operator  detectors. The
guggcated that from s subjective

orelier

standpoint, the mosk  ellechive
colour  edge detectoras  for  the
cases studied were the difference
vernor  mean, and  differenee
nearest neiphlb=or deleclors,. Theese
led to the conclusion thart, the
diffceenee vector neareat neighbor
detector provides mesalis which
are perceived as favorskle Ty the
human eye.  n
nearest nsighbor filter hazs a
limited akility to compensate for
the type of snvironment in which
it operates, i it can
effectively SUPRPTESS nioise
[Andromaisca: 97].

adel:iinm The

Cur chjective i3 0 propose a
soluticn, which overcome the
problems of  shedes  and
reflectione due to the Hghtng
conditions and ohjzcts surface
atate

1.2 Colour Space
Transformation

Coloar  transformation  is  the
chenpe of coordinates from one colour
Evslamn L sk M
transformation associales Lo ssach
colour in one systemo a colour in the

aarann he=r,

ather and is therefore called a change
1

The reason for applying eolour
space transfclwabion s very varied.
The choice of an approgriste colour
Epace  wan be  considered a3 an
important factor for delermmning the
regults ef processing on colour images
g 1he quality ef edge detectdon of
imapsl [Goies. 957

Modified Edge Detector. ., |
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Diffcrent  eolour  space  wiath
components comreaponding @ the
ptinbules Luminance, Huc, &nd
Saturation (VHS, sad LUV)  was
mmplemented.

1.3 Edge Detector Operators

Theae kinds ol operators can be
divided into two classes; first crder
denvabive (Gradient] and second order
derivative [Laplasian],

1.2.1 Zobel Operator:

The Snhel edge detection cobsist
of twe convolution masks, which Inek
for mipe in both the horizonial and
verlical derections and then mmbine
this inlimmation into a single meinces,
The masks are as follows: [Bullacd: 82].

[ et | | -1 D'] ]
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The direction lies 90 from the
apparent direction of the edge

1.3.2 Nonlinear Laplace Operator:

Tt i a noolinear combinanon of
neightwrhood  pixels. Given a Jx3
nepaborhood (M) sourounding  the
pixel b [x,¥], ita nonhnear Laplace is:

NTIPfx, v) = Masimumi) - b, yil -
x, 33 = Minimmam (M) e (1)
= Masitonm (M) - 2%hix, 3} ¢

M Eriermi M| i o e IRy
ihirre
Maximum M is  the andmum

brightaess value in aeighborhood [N
Minimue [N i the
hrighmness vilue in neighborhood (¥ b

TIATEL LT

%, ¥ iz the brighiness wilue ol The
central position (x, 3.

The nonlincsr Laplocinn adopts
ita orientnbion e the local gradisnt
direction, due to its flexability. [t takes
the second erder derivetive in the mosi
relevant direction perpendiculer to Fhe
local edge direction.

The formaal defnibion odNLLE
opcrator for arholracy sizc and shape:
[Viist: B9,

NLLPE ) = gradmax|sy) -

gradmin|x,y] PR W | B

Where

pradmaxix,y] = Max{li=z.») | & )

T LTt T L 3 [PTRR | B |

prodmiafy = Miniy) |

K\ ledniz viHES - (1.5

dnisen N x N aquare fleer contered ol

. ¥)-

1.3.3 Proposed Monlinear Laplace
Operator: :

Tn 1he present wark, the proposecd
NLLP operator has been suggested and
impiemenled as a Jx3-neighborbood
edpe detector. This opcrator worse 38
Il lorwe:
the neighborhood RN
surrounded the pixel al positon
Ix. ¥| within Uhe (nage,

- {riweT]

Caleulate the dhllerence belacon

the ceniral pixel and s
e b s:
BN I = b vl ML e (1)
Where

h |x, ¥l is the brightoess velue al
central position (x. ¥l N (i, g w the
brghtesa vialee of the ncighber |Le., b

Modified Edge Beteclor. . .
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(x+i, v+il! . The proposed nonlinear
Laplace i [FNLLF) given by:

PNLLPYx.y) = Max (D) —MiniD}
R {1.7)

Where

Max [Dy} 15 the maximum diference
value.
Min (D) 15 the mimimum differcrnee
value.
1.4 Thresholding Process

Many  edge  detsctors  are
implemented  to work with the colour
images, the resubs of cach of these
deteclors three gradicnt
magnitudes to the Red, (reen, and
Blue wolour componcets. A parallel
compatisom ol ewsch ocolour chenncl
corresponding to the saime Lhreskold
will result in setiing white wvalus tw
thoes punels weith magnimide lowee than
8 apeafic threshold whiile leavirsg those
pixels with magmitioce greater than ihe
Lhreshold value te their original colou:
[i.e. edge pixles)

in ths twe  types  of
threshold criteria wese adopted. The
first one is invelved with awlomahc
selection of the value of [T), which s
based on the statistieal properdes of
the colour pradient magnitude of the
image, where, the vahie
multipked by & factor [named
mvaltipher factor) was considered as
thecehaold wvalue, The muluinlication
faciur represents the ratio of the edee
piwels i the image,

T

WTH,

IDLESETE

idEd

The  proposed  algusithm dor
calculal:ng  the threshold value by
using  the second  methed g
demenstrated by Algorichun 1.1,

[ a8

Algprithm 1.1 Determination af a
Threshold valoe as & multple mean

valne

1 Determune e sum ) resulont
gradient for auch colour bend (B, 5, B)
separabal,

£ Deternnne the meun of the grodiend
palue of coloer band, a8 o resull of
e i thee correspunching sum aahes
by the size of the g fin piels)

3 Take the cuerage of the three mean

prndaemd reahiees,

It thi muliipdieation factor fihe

eslimerod weigkfing of edpe poels

resdiy greceor than 24

< Phlarenne (e fhreshald o= a
raulipiicvetinn mf the gradient Rl HO G
By Ehe prnacltiphication fastor,

o

The way to find a
threshold automatically is by using the
higtogram. It consists of the stages
lugtrated in Alporithm [1.2].

aecirel

Algorithm 1.2: Detexmination of a
Threshald vale by using
Accumulated histogram
Determine  the sum  of  resu/fun
gradizey mogritude for each colowr (8,
(7, Bl zenarareli.
2 Colilme  the Fastogrom
gradiemt eolcaer band
F. Tnke the macdinim gray fewe! value of
Uhe hisfagram for seck el hand (72,
G, Bl
4 Bet the counter to the mesbnum gy
level vale in the lusfogrem fo-

L |

of  euch

k=2551

A Caloviate the aperapges of the theom
hands,

6.  Dadde the cveroge by the see of
PR,

1 i is lems thae the mlis of the edges
i bhe image  then  decreose  fie
omaider uned eomerenlare the histogran,
fofiee. 1 surrenl  positon amd the
JERLEE o,

A, TRIS peocese ropnmts until the result of
arcnikfalion Deoomns  greater thanm
the retio o ewlges i fmage

9. I iz greater tion tuke the safue of
the cominter as thresh lding value

Mot ffed Edys Deteotor, . | |
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1.5 Resulis and Discussion

Edge detection iz ususlly a
subjective task. Umforturualely

numerics] diiln or 8 scheme usefal in
providing an effective means Lo
precisely compare and cvaluate the
performance of edge detectors i8 very
hard to attend. As a result, it is nfien
more  conveniend rale  various
deteciors using subjectve tests.

ln

Two colour imaages S00WI were
used in (he experiments. The names of
these imapes are [a) Lenna with 236
molour (B-hitplan] (b)) geometry bloclkes:
with Z4-bitplan. They were diptised
with 256x256 spatial resniulur.

RGB colour space deals with fixed
threshold When the
irmnslonnation  from RGE . any
perceptual colour space (oo g VHE], 1l
pasily separatc the chromnatic
values [hue and sstursvon] em
achromeatic wahue [intensitvi. The HVS
[Humen Visual System] discrimination
perlormance changss in its sense of
coloar, and this change depends on
the mlensity |ie. it cen not ensiy
recognize hetween two derk rec and
dark Glue colonrs) so. o deal with

el

LB RN

these coloor space @ dynemic
thresholding is needed

When the cdgs deteciors applhied
ot real imepes  (like, [enpna and
goomeiry  blocks  image)
perceptual colour spece using fixed
threshold walue, it is found that the
dark reglon i the resilved images will
not be delecied properly Lo, much
noise will appesr in it} When the
threshold value ingreases the nolse
might be removed but ths is at the
capense of MIZENE some edpcE A5

in any

wm—m_&l

shown in fgure (1.1} So tao thresheld
boundary values (Tu & T must be
applicd, where Ty = Ty These tan
chepeericd the intensity
distribution of the image, In this worle,
a hnear relationship was suggested to
dical math these thresheld boondaries.
The suggested relatizmshin s smply:

o i g

265

W] 1) e Ehio |

1.8

Where
Ty is the higher threshald brundary.
Ty iz the Iower threshold boundary.

E+3+B .
lJ=— 1

3 a the imtensity value,

It is obvious [rom egquation [1.8)
that, when =255 then T=T. and when
I-0) thea T=Ty [ie, when the intensicy
iz high then T take the
threshald value and vice wersa).

T

In the implementatdon of the
above thersholding squatiom, the T
value was compared only with the huae
gnd satursbon components, while the
intengity is ahlenys aanpared with the
Lerar threshobd [T

Doguation (1.8 abowe s =oitable
for manual threshalding.  Sigce  the
autometic selectien of the threshald
depends o the mean value of the
pradient image then equation (1.8) is
changed as beloa:

L55

e o D)

Whero

W is the threshobl value, wrhich
depends on the statistical properties of
the sclowr prodient magritude, amd ihe

a9

—_— 1
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alporithim  for
mentioned previously.

detetmmung 1l

My represents the high mean
value derved fmom the 3-chammels
the wnput image and it's 6 [or more]
tfimes greater than the mean vahac, itis
changed from defector to other, but
with different type and um image 1o

el

hoan=

T=1 B®*mean

anolher imape depending an the mean

waliae

The follewmg, is an llustration ol
the results of cach cdge detector that
are implermented in the basic REGB
colowr space and also in the YHE, and
LLIW colour spaces,

T=3% A% mean

Figure (1.1} The results of Bobel operator applied on VHS colour space
using mean thresholding

When partial derivative far vach enlonr
channe]l has boen estimated using
sunple linile diferences, cdge regions
will appear sharper but the ellsgrs of
UTLERE [oise
unavadable.

e wininle anc

For RGD colou: &pace, although
e nutlines of major objects have been
detected, the edge is thicker than one
pixe]l wide m many places. When the

threshold is increased the sdge will b
less thick, but a disconnectism in the
cdges may nppeRr

When applvieg it in VHS and LUY
rolour epace the edge thinmer and the
naise s less, but VIS produce & poud
resalte with [Lenna image whil= LUV
oroduce A good resulis with Ceametry
taloselen miegge. :

ix1l]

Modified Edge Deteetar, | |
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Figure (1.2] shows the resulls
obtained by applymg, Sobel operator
with mean thresholding rmechanisnms,

The implementation of KLLP
(Nonlinesr Laplace] operaror produces
u meamy image and there iz much
discontinaity in the cdge. When lhe
threshold increases, the nolse bocwmes
lzss but some cdges almonl dsappear.
Om the averspe the sdge is not detectad
well, Figare [1.3] shows the resulting
images in HOH and other colonr space
with mean thresholding technique

By applving the FNLLP [Propossd
Noplinear Laplace) operator o the two
test calous images, it = found that the
resultant image is better than the one
eegults ohenimed from the traditional

nonlinear Laplace cspecislly in the
nmse exiatencr which mre less in the
proposed nonlinear Laplace and alan
the edge are maore Coibiect.

Figures [1.1] and (1.5) show the
resulled images produced by applving
this operator using mean thresholding
histogram thresholding
technigues where, the drawing
histogram cormesponds to the gradient
of @n irmape. Notce that the region in
the Lenna image 13 oot detected well as
the other reglong in this mmags, but
the thresheold increased,
noige decreased, [t is better detes:ied
with VIS where the edpe sppear
while in

and

|t

w b

thinner a&nd  comnecled,

Cieomctry blucks imapge a gobd roault
pbtairied with TAT,

(RGBT 1 Mmoen

[RGEH] T=1 ¥h"m=n

(WHE By =2 3¥maan

b
'-.":J"‘T LA

LUYY M= S*mizan

e Ad Gt
L5 e

| ] i | LLE,‘ e
'l.'u-'—'; i_,_ i 5 -_-l_..!_ i e

ATHSET W =2 4% nsan LU B o= Tl

Fig. (1.2): Results of Sobel opemior using mean thresholding
with differcnt colour spaces

Muoedifled Efge Delector, - - |
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(RCGE) T~ % *ewan IVHS] Adp = | 59%m=an LU} My=1 $*nwean
& = ; ;’ : !.,:-
s ! o oL | i e 5. r ‘-:"'i.
o ) :;i"_ :""S‘I' g
el - =
[RGEE -3 " mean AVISS My <2 S*sean FLAMS 0 = S

Fig. [1.3): Results of Nonlinear Laplace operator using mean thrasholding
with different colour spaces

B el By CRCGEY T=1 14%50gi (WHS) My =1 %"moan ML M=l e

! yp e I

] R it e oy — .

bR b

o2 Mk i it LT
!r _-4-!1 i I 'H.h, = .'_ :'-
i i ) -
bh A AT L s I'_I

g | ! o i

i i . SRS !I"
[RLCEF T2 3" moam IYISE B =2 ] * gy LI M o=2 dmppp

Fig. (1.4): Results of the Propased Konlingar

Laplace eperatar
using mean thregsholding with different

ealour spaces
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R il iWm oo I:-n-'mﬂ;-mm

r{;&"ﬁ- r'*;" i I-__l ! f'_:!‘.i' l I::
7 : I-.l‘-i.! ; r._‘ 1 1 i-; 1 - l - -
Aol Y el I
{-._-'- & -l l_-_J i ] l‘h.F *: L »
- '. -me
(RGB) T-59 (VHS) T=36

L T £
50
12
o
ima
1

E : J : :
a0 BS gl el g D I I = B -

n T
A 5 10 YN e -

Fig. (1.8): Results of the Proposed Nonlinear Laplace operator
using histogram threshalding wilh different colour spaces

Conclusions of fixed thresheold walue -l.lf':ll
produce better reanlts, especially
it the cpse of Lenna and
Geometry Blocks images, where

From the anekysis of west results,
the following conclusions are demved!

1. When applying odge detecter to the dark regions of them are not
colour spacee cther than RGH, we detecied well by using Fwmed
find  thar  using  dynamic threshold valuc. 8o it is necsEsary
thresholding wills owo threshold w0 apphy ow thieshold boundeary
mopnndarise (Top and (T inslead vulue to test the chrmmatic

T 5 Madified Bdge Detectar. . _ |
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informaticn of rcpions with high
intensity, whle the
informatien  {like Hue  and
Saturation) takes high threshold
b ndary value if invensity is low,

In general, applving edge
detectors o some colour space
other than RGE mskes the image
appesir smoctber and the edges
appesr thinne:.

chmmaha:

Fiin all lae ahove results, it is
chvious that the application of a
apccific operater to any one of
cvidor sonees  differs from one
inage Lo b her,

Two objects in the same mage
with the same colowr are nol
always detected equally, Thizs may
due to the deteetion dependency
upan the neigh borhood of specific
objects fe. g, v peometry blocks
tmage, the left green block i
uswally detected better than the
right preen hlack!
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