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Color Image Clustering Technique for Marine Debris

Monitoring System

Dang Kim

Department of Materials Processing Engineering, Graduate School,

Pukyong National University

Abstract

A color /image - clustering algorithm is proposed ' for marine debris
monitoring system. The ' color image clustering technique is composed by
mahalanobis distance to detect the object region, where marine debris is
accumulated 'from the obtained input image by using a pilotless aircraft about
the monitoring, area of a study. region. Two color models the forest area and
the sand area are selected for mahalanobis distance: calculation, and each
model is compared- with Similar color regions “from the input image,
respectively. The binarization called ‘Otsu method is applied on two sets of
mahalanobis distance about the forest area and the sand area. The object
region with a certain width is detected from the boundary that is extracted
from common information between the forest area and the sand area.

The effectiveness of the algorithm is examined using series of input images
from the actual monitoring area. As the result, it is confirmed that the
algorithm is useful technique to construct the marine debris monitoring

system.
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X Monitering

Fig. 1.1.3 Monitoring region 'of the Dackwang Beach
(Image from Google, 2010)

Fig. 1.1.4 Pilotless aircraft image of the monitoring region
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2.1 RGB Z&g 24

RGB(Red, Green, Blue) Ztg} R doA Z} AE2 AA A 3 A9

2
B AfE” YRER dedd o BEe An HE AAY

o7 AT RGB HYE o] BulRl o] Al 942 g Ao

AHgE = BIES 503k 9 o] (pixel depth)#kal sk, RGB 2+ 9%
o] 8HER T¥ 1 .RGB ¥4+ aElstd, Z2F RGB A4 g7t
24bite] (370¢] 4™ x ZH-d

Azt Al AFA A (full color) G4 24H]EC] RGB A 7dS A& 8=

AHGE 7]

_10_



Fig. 2.1.1 RGB color model
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2.2 v}3tglv]| A A# (Mahalanobis Distance)

oo FE AFEE = A Agolth A o® AMREE= AP FHE
2= Ag] (Euclidean Distance) 7} At} F-F8= A= txd
A 7 A9l j7ke] AYE ek Eq. 2.2.12 dHCH

dy= d(X,X;) = (X, = X,) (X, - X) (2.2.1)

TFEYE A AHE HEe mebA A =9l A
AA Aot olHE EAE S587] _flekq dutHow 7 WeE %
AR e Badt A5E AMSSH Aok Jed W E Aol A
A7y EAE W Ade AR EWHAE ARAAE et A A
2 FAHoop dtrb. olHd FAZA AET mhebebwH| A A
(Mahalanobis Distance) 2kl -8tk

upsteten) A0 A= Zzbel AA7F o8 7FA] W2l (variables) &) =
Ak (gt mean) 52 o] Fo1x F 4 (centroid) ol thallA zte= A E
Zehrh, oy ®QlE FAlel o] &dte] AW K= HIAE (multivariate) 9

_‘d
o

ol
o
=)

Ao 24zt FAE Fdoll wAAA MAGES Udds] mE dF9
TS o|FA =Hi=dl, vistetenl A Agls 54 A ghol S elA
Aul} Hojyk=715 ®7] $18 A golth(Eq. 2.2.2).

D(z)= \/(ac—,ui)TZ'i_l(m—,ui) (2.2.2)
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AAsA dARESE 39 12, oW 007 ghs WAANATH )
SHAINE QAIZEE oW o w AdAsteE Ao webx] Aol mie- &
g 4= sl

2= 418 F (Otsu algorithm) 2 AFoZ o]F3te] JAZS A4
T Qe WHolghs HelA wWe Fofel A AREHAL Slth o] WHE A
2 ol 7Y T StUEMA FAY BIAETIHS o]&st] fFAF B

F7dol LK Gray elflaszbAlaL glefart shrd, B gro] idl 3k

TE n, Tl FEY T F}aE Nojg 2 1,

Y, (2.3.1)

i=1

olaL, a7t i BMVIE M FES

p;=n;/N (2.3.2)
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L
pi= 0, Y p=1
i=1

7

olth. 948 Aol WA AA F AR vre] Hrkam s,
Gray #® [1, -, klol &3t S Cost Gray #l'¥ [k+1, -, L]
23 ) FYAE UEs £ Qo gk T Z@ Ao td Gray @

o] 3L
sl

M
rlr

=
=

d

GCo: p1/w0(k)» pz/wo(k‘)---pk/wo(k)

Cy: pk+1/w1(k)’ pk+2/w1(k)--'pL/w1 (k)

o] Ht}. o7]A

k
Wo = sz: w (k)
i=1
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(2.3.4)

(2.3.5)

(2.3.6)

(2.3.7)

(2.3.8)

IRt =e



_ 5 - pir— (k)
My = i:;i—lzpi/wl_ T o) (2.3.9)

ola, wk) e} pkE

» ; (2.3.10)
1=1

(2.3.11)
o)t} 7| Fel Cosh €18 BAVS &3} 2.

k

Op= Z(Z‘*MU)QPi/wo (2312)
il
L

U%: E (1_N1)2pi/w1 (2.3.13)

i=kt1

a8, FeA Yo B4k (within—class variance) S ¢ %y, ZElA

2 (between—class variance) S o7, 183 HA F1rol|A e &

H

o
2k (total variance) & ¢ 3l s, HA AAZS vl 3719
H7]FAE 7 shuE Hulgleks kE A8 5 gl

me

= T
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A= O’%/O’QW (2.3.14)

k= o5/ oy (2.3.15)

n= 0%/ o% (2.3.16)
o] 714

0= wyos+ wio: (2.3.17)

0% = wolo= pp) +0, (s — iy )2 (2.3.18)

= wowy(p, — ,“0)2
L
oh= D~ ur)p; (2.3.19)

olt}, A7) FA Bq. 2.3.14~ Eq. 2.3.16914 16’r = ko Ml

n(k)= o3 (k)/ 0% (2.3.20)
oo g (k)= p(k)P?

w2}
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o5 (k)= max o%(k) (2.3.22)

1=k=<1L
9] Eq. 2.3.225 WHas K olXsE S HA o dAlgtew 4

3 5 vk
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(2.4.2)

22 BYOIA 191 9ol stk A 99 4

212 %E 495 ohid 0% AUk

of EAlstd 1 x| del T4
2 ALA7)4d Fig.

Fig. 2.4.2(a) 9%97%°] Fig. 24.2(b)°] Fx84

2.4.2(0)° d3E<AA A0
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(a) Original image (b) Structuring element (c) Result image

Fig. 2.4.1 An example of the erosion operation
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(a) Original image (b) Structuring element (c) Result image

Fig. 2.4.2 An example of the dilation operation
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2.5.2 Zhang Suen A|A3} &ug]&

Zhang Suen A|A3} dug]&e ez AAE Wl gt 7
¢l vluAERE AMgE 1 9lown, F3s7|o] wmE1 sk W o)
[14]. Zhang Suen MA3} <daglsS HE4 A WHO stuU=EHN

N BEuHE (two subiterations) H-# 7}t

re
X,

— 152 Ay i H2E A 10 )l dsiA thed 2 21S

D JA Gl el 1 99 HAE9 connectivity7} 10] 3L

2) A 1Gpol i 2 F99 45 T A2 Jdo] Hox 2
el 671 AkolelliQlofof ahm,

3) Aojx A 1Gj+1D), IG-1.), IGi-D=9 &= wiad IA4
= 2550]of ¢} 3kH,

4) Aol A (-1, IG+1.), 1G,i-1)=9 3)e w7 2A
= 2550]ofof gttt

5) Z7el wow oA S A sk

— 2%2 : AEgael AL FA IG)d dald ge3 ge 23S
Rk At
D A4 16D thaiA 2 912 IAAES] connectivity7} 10] 3,
2) A 1G] daliA 2 F9e JAE F A& Ao Hojn
2716l A 671 Atelell Qlojok &,
3) Aolm= A 1(G-1,), IG,j+1D), [G+1,)F9) st w3 24
% 2550]0]of 3},
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4) Aolx= A 1G,j+D, IG+1.,), IGi-DF9 = w4d 4

= 2550]0jof @t}
|7 g

of row ae

o] Zhang Suen A4 3}t

3%

(b) Result image

(a) Original image
Fig. 2.5.1 An example of Zhang Suen thinning algorithm
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Table 3.1.1 Spec. of XCOPTER 330X-S

7] Hitec AURORA 9 %% 7] + Spectra 721d $417]

330mm (shaft to shaft)

g o) FRP XCOPTER frame structure (CNC 7}&)

1100KV BLDC Motor * 47§ 323+

| 7A BLDC W&7] * 47) 3%

Afo] &2 GU-344 (XCOPTER A& 3% #}o] =)
Zede 478 (8 in.)
vl 2 v & (7.4V 2000mAh ~ 11.1V 2200mAh d7%)

400g (Wf ¥ 2w E2FA])

iR gty N W LN 2
(A~ ek 1A -8 / Payload Mount)

A| A =HF&
3} 4 7105+ s}4
TN 10¢)
] AZ o] 27| 2591 %
= PAR=E 5l
CCD #4 o o)
A 325g
Aoy 94 27 640 x 480
ISO 7%= 4000
o)z F2.8
AAFAE 3cm
Bt AAWE g
TRz 30Z 7 <
AA} 1.157)
v 5 2] xD, W7
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Fig. 3.1.2 An example color image using pilotless aircraft
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Felz FAE J9L 71x43 AR F 3053 FHAolu, EFE2E
EAE J9L 93x64 AR F 5952 FAolw EirLe3ow FAW
P9 54x47 A7|E 2538 IAdolrk, THFEYPIE BAE Y
146%x23 A7IZ F 3358 IAdolm IEIRHYP2E BAE IFY
121x123 A7]2 & 14883 Aol ZRY3CrE FAlE Fo&
46x35 A7|E F 1610 F Aot W3k AR Hlu S YER
15x15 A2 & 225 HAo|t},

Fig. 3.2.1 Selection of color models for the forest and the sand region
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A mdl AR D(X)= Eq. 3.3.1% 2t DX) = wletgxen A~
AYE Fohs S o] g3t FojHh

D(X)= v [M—X]"S™ ' [M— X] (3.3.1)

M= [pg|, X= [fgplz.y) 9= 51?’ Sra Sk
e fola.y) Spe 5% Sap
Hp fela,y) Sei Sap Sh

) .o

Eq. 3.3.194 M& 7]& Rd2 +
ou)sly, X¥ vl RIS A= R
nds PSS R, G, B 4 24 dwt ¥4t fE e dsEolt,

Fig. 3.31el <9 7| 22¥ 2770¢] vl 22 379] wistet el A A

2= AArst Ao A= eyl @z stEEL 27719 uw
EEETIE EIRUPNEE

i)

==

2AS e AZE2 7E B H

= YeRdY
Fig. 3.3.2¢ 29 7} el digt 27718} 1]
H A~ AglE AAbst A3l AR5 Yedgly 182 e 7tEE52 2770

o W BAe dehlv AzEe 71F wa a wedse vhekeb

v~ Az Yehi,

w2ty vhaheb
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(d) Mahalanobis distance for the mixed forest model 2
Fig. 3.3.1 Mahalanobis distance between the forest model
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_ 33 _



-,
iy,
&
=
>
I
o
12
1o,
o
El
2u!
e
flo
=)
ol
L)
N
o
[
)
)
)
pIv
|o
=)
[
o

© = Fig. 3.3.29] g9 7|+ 2923} Hlw 2dye] vlstelieHl A A
o At Ao A, Bl L wpsteted] A Al wdon 1 9o o

G mstebmulz At B AL @ F ek olZRE, vhshehe

g3t 27709 Rl 2o npsketeH| A A e] A
o7t otE G wistebedla Aol xfolzh @
o] Y= EF£25 &l didt A FEE AAsnh 12708 23 7
By 27789 v BEse] wisghien] s A 2] o] Alal A 2 HE
g gl o oyl wistebiHl A A o] zpolzh Wol v £
2H1E 2 dig AFmda Ageielth. A mdo) M eA F

AN
% s oﬂoﬂ% AMAL mdl g AR 73_?_, Eq. 3_3.1g ELUR=IPN Sﬂa‘gg O_ﬂl

M wae AR ERee EFRALIS o) FE My, Me® 27 %

Fig. 3.3.4° Z+7} YRyt

_34_



X & H: |221—
Y & H: |34|]

A

=2

:|75.552553 Rif =4 |1?3.397-12 Rgf H=EH A |13.3555-19

b |35.223522 Gaf =4k |115.33322 Ggl B=Wak |1n.73933|]
B}

2 [67.907426 Bt 2ot [49.155240 mAf: [7.0110798
____._..@g'¢; |5952 .
’ -

T H: i:254"IE ! Nﬁ: |4nn
Y I e P,

F

5%:: I|45?
. - l-"-

:|14u.24359 Rz! =4k |33.15231"E" ) IE.1??BI]BI]
|133.-159?9 Gaf =4h |45.?379rsu WXt IE.33551E?

ol & -
A

R
o E A |11T.31 K96 Byl 24k IEZ.I]21 966 8t |7.3754025

oA = |335a

Fig. 3.3.4 Average, variance and standard deviation of Ms

_35_




3.4 v}EtEten] A A7 AAt

Fig. 3.1.29) 94 @Al el Mpol thdt mpslebeul s AgS A
Abeki o Mpell ofsh mhshebien] A A o] Hulgh2 23.701 FHA g2
0.1% AA= ). Fig. 3.1.29 4 AAol oisiA Msell thst wlstete
2 A g AAErern Mgol dig wistebenl A Azle] Hujgh
20.3°19 FH2zE 0.12 AAtE At

M3} Mgoll that Z4zbe] wiabebien] s A g Gray 2AY 949
A0 0 ~ 255 WA vlastd ok 1/10~ 1/12 J=°] W2 gto]
7] wiEe] Ax#eE S EYsHA HE AAHLE ofFE o]
ot 2813 Gray 97409 AR 0 ~ 2559 o]y izl AAbE
olatebenl 2 AR S AR fE A AL exp 2AE & ol
wpebA] Aakg wksteb el s AR S Gray 970 HAx@gd g 0
~ 255 WS FAste] AR udd weo] oAyt HALIHEE 39
tHEq. 3.4.1).

(max— min)
(z,—min)

%255 (3.4.1)

xr=

o] 7] A xov= mhehebmBlA Aggholw min mRstebion] 2~ A9
# 27k, maxi vpstebenl A Ao Hogholth

Fig. 3.4.1] Fig. 3.1.29] 92& Mpol gt viatebienx Agle] 4
9’d& Gray 2AYE YeERUth T3 Fig. 3.4.2¢ Fig. 3.1.29] <
F& Msell g wistebien] 2~ Age] ARYGd-S Gray AALYE LR
STt Fig. 3.4.1 ¥ Fig. 3.4.2° A¥=HY 247 ¢ 993 g 99
o] Hlwa olFA Yebon, ol M mde] A4 2 whslghionA

Al o] Axtel At dAEa 3las dEbdth

&

o

_36_



Fig. 3.4.1 Result of mahalanobis distance for Mp

Fig. 3.4.2 Result of mahalanobis distance for Mg
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Fig.-3.5.2 Input image (640x480)
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(a) Result/of mahalanobis distance for Mg

(b) Result of mahalanobis distance for Mg

Fig. 3.5.3 Results of mahalanobis distance
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(a) Result of Otsu binarization algorithm

(b) Result of Otsu binarization algorithm

Fig. 3.5.4 Results of Otsu binarization algorithm
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(a) Result of erosion and dilation operation

(a) Result of erosion and dilation operation

Fig. 3.5.5 Results of erosion and dilation operation
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Fig. 3.5.6-Result of tAAND operation
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Fig. 3.6.2 Detected object region

_47_



W
|
K

™

A
T

)
ar
Bo

KR
i

==
=

sto] zie] ¢

Fig. 3.7.2¢] }E}

S

=

=

rEES A48

o)
ta, 1 Ay}

°©

e
44

=

=

A

i

)
gl

2 Ao Tl

34 (Fig. 3.7.1) ¢l tf

o

Mo
o
_ZE
!

B

ar
7o

KR
o

J)

—~
file)

KT

M

o3

—

0

-
ol

—_—

T

o

I
)

o

ol

]

(e}
et

3]

e g npe} whE kel gtk Fig.
rgel o

=
=

A AN
-

2010 12€9]

o

T

3.7.3

—

fe]

¢+

B

o
ol

)

{4

ofpy
B2

alor 22717} &3

1
T

=

F o

=

o ATt 6

ér
go

<

—

0

™
fi%e)
2
7]
o
B
.w-o

<

ek 2e719 gi-Eo]

9 7] 7}
HEREuS o E A

)

)

of| A
1o

po

o
b

A
el fAbg A

2~
=
=2

3k tH(Fig. 3.7.4).

S

Gl st 2227] ¢

i 2d718 4=

1<

594

S

ato] e 222 7] 9]

[}

Q.

°]3

L
=
=

o]

v

olm

o

k2 7] A= 9

o)

kR

A 2

il

W stel

AN

]

PR

o

SECIE R ERE

o

=

o ez d<=

[

2 4 o of 4]

1<l

A

e
N

R

bt

fiie)
Jo

A= 7t

A €]

)
0

o}

_48_



(c) (d)

Fig. 3.7.1 Input images
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(c) (d)

Fig. 3.7.2 Result images
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Fig. 3.7.4 Result image for Fig. 3.7.3
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