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ABSTRACT

In this paper, we propose an image segmentation algorithm based on histogram clustering and nonuniform
quantization, which is applicable to general image whose histogram is very complicate. Conventional
histogram-based image segmentation techniques are commonly used for segmenting the simple images
containing clearly distinguishable objects and background. However, it is difficult to apply this technique
to general natural image whose histogram is very complicate and multi-modal. Accordingly, in this paper,
we propose an image segmentation algorithm based on histogram clustering and nonuniform quantization.
In the proposed algorithm, at first, an input image is simplified using morphological filters. Then, the histogram
of the simplified image is generated, and the quantization table is obtained by clustering the histogram.
Furthermore, in the clustering procedure, we introduce an additional constraint based on geometrical
distribution of each gray level in order to involve the gray level, which is concentrated on a region in the
image, at quantization table. Nonuniform quantizing the input image, and detecting the edge of the quantized
image give a good segmentation result. Finally, region merging is carried out to eliminate the excessively
small regions. Experimental results show that the proposed histogram-based segmentation algorithm can be
an alternate to the conventional segmentation algorithm.
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Fig. 1. The proposed image segmentation algorithm.

2. Hiotst A4 EE fn2E

dubqo e A g B AL WA Gl W
T s BEEE AL WA Hste 47 94
& 2l 2d o] e TR 42N E UNF
3l ddER 2EY & s dH9EE AA] A
g oy FUAY 2R o FojAlrt ¥ mRAME HA
o) 3k Slal A el 3 YE|E o) g3l e, 4
EEE feiMis slar e FRAHYY A
o7l ofapzt v o] B-& o 48t 1Y A& WY
FAH g F oA & FE3e bd & o F3kdct At
g 7ol M= kbe) elol g8 AAske d SledM
o o) e 44 HellA o] I $2 8 =8kl
7} woll, A3} Az dedAe 4 oA =
HAtozx THEY N P} Y AHE AHTE
4 ek o) Fell 7182] whell A9} zbo] o4 el
ol gl A& S A As] SAsA 4 §3F
A& g 23 12 Agd A 2 e
AN oz 2P Holrt chF UM RE = A|<kat
A 32 & 7 AR A3 A siara) o

2.1. Yefgt HEE 0|88 JHo s 2ty

A el 23] SlE ASoldt vk AHES
FEEE foiste] 28 Ao o= 1B
2 GAE B Al o|HT AEER AAss
gl o) GRslr} B =Rl Hefst EE
o] &3led ojo 2] AA} HE oAz BESEA Y
o} A7} QRS deseiae Jeps dels 712 4
Ale 7 dilation A7} erosion @Ale] ¢lEdl
dilation @AH-- Fell2 e H ke EH3le Qb
©) 1, erosion ¢AHS- Hejd o] A P& Y3
atele}. o] ¥ 7pA] 7)1 Ak o]-8-8te] opening,

closing, open-closing, close-opening 53} Z-& =3 &

‘ @ | ciosing

O Stucturing Element ° o nlE¥H

CcoO

a8 2. CO ¢HME 0|88 n|4& HH MA.
Fig. 2. Elimination of very small regions using CO
operation.

e dae FAE & Aok ok e HES 7R
et dAl 9 B3 el gt dArEel] g 4 2d
o]},
Dilation #Ak
ga(m,n)=[fDBl(m,»)
=max{ f(m— by, n— by):( by, by)eB}
Erosion <4k
g(m,n)=[r©BY(m,n
=min{ f(m+ b,,n+ b,):( b, b)EB}
Opening A4}
g.(m,n)=fo B=[(fOB) ® Bl(m,»)
Closing Ak
g.(m,n)=fe B=[(f®B) © Bl(m,n)
Open-closing A}
&oc(mn)=[(foB) ® Bl(m,n)
Close-opening HAF
g..(mmn)=[(feB) o Bl(m,n)

719 261 & % 315 0] CO(Close-Opening) HAH&
o4t 94 Uol EFE nld JAEE AR
GAHe e 4 9l

22. S|AETME O| B¢ |7 LXe oF

SlAEIYE o]hdle 4L FEI] AdME
=z}, ej k] 13 o] ko) BE Q) I AETHE A
o F#7)(valley) -8-& 3o} A (threshold)gt& A
82, 1 QARE 71FoE A4S fAsE. At
33 g JAGE Fo g BaL3 o]7] wE
2] AEAA o A $ELD 4t AR S
ol4st oA} Bt up o E AR TP o2 R
2239 AALRE o] 83le] FH7|(valley)E Zhot

=] A 365 1998y 11



140 FgA - oA3E - XA

Histogram

il 1

T2  Gray level

xl”l.“,llll.“

Gray level

() (b)

Histogram

i
(©

Gray level

)

a9 3. cheks slaETde 229 of.
Fig. 3. Examples of bimodal and multi-modal histo-
gram.

I 3E QAR st S HeE)Ee by, A
21y 27|23 B7|(peak)E Fol 1 & %
Ap3te] HEgho g st A4S FEshe i, 28
F uh g N2 sl 8w Eo] glrh o]
e g 52 29 39 (@ (0] A-AHH AR
Yo Ex s} vl oy gpddlt Aol = 3 ax1Y
AolMe) 7)1&7] B FZ7)E o) &sted 4A YARE

& 4 9tk 2% 3@ ASANe T, 2% 32 A
S0l T1 2 T27F P AZke] "ok 28y, 29 3(0)A
B S| ax e F3o) AY Aol JAVE A3}
717} v} ahebs, B P g e I AEY
o exE HAG BEe 7FE FE $ U Wl

L3}

722 I AETHE o] 8] AA G4 ¥EE
A ATEL 4 A G2 RE Huigt o
o, == AA g HAEWE o] &3l s AETY
g whE o M, AAEE s AE Y A E des
st JAZLE F317) A stAoh 2 el vt
W =3t A gkl ohe} As) Al kb)Y E3he] 3
2z ke o] &5t T F 7] wFell i3
13 o] gkol «dAF el WA F o] glA) Z3lar AbEH
FolA A EAlsle Aol B vlh dGEe] AA
o] 23] Mypo] HojAlch wels FAEIYRo R
BE oA E A% dAGE A o 74 2o 7
& Zte B4 Ee oA el 3HH BEx s ved
dert et 29 4% $Y A5 E AA% HE
o B e E g JAES] € R F 3 Qo
J. ENG. SCI. & TECH., Vol. 36, November 1998

@ CR
Histogram
5 s
@
O 4. SYBSIAEIYE s M2 OLE a9

ol (a),(b),(c), Ol &9 HAETH (d).
Fig. 4. Examples of different images with the same

::;-;wgram (a),(h),(c), histogram of this images

‘ ©

3% 49 (a)~ ()2 HAAEE 22T e
aejste] JAZE vk dARE 2H 4D T1
Z T27} =lo] ofA}3}e] sl = 3ghe] 50, 150, 1231 200
o A A Frez At o] F o]-43le] R
I8 4@ (e Al e 9oz A FEEAAR,
23 4c)9] QAL 500 sl 2 o) Fholl 28
g2 v)a dGEe] A7A "ok uteld 23 409}
2 74$ol = 5051 15000 s dsle 28 o] 3he 3k
2 2gslo ofapzte) dlEzko s Agchw nji oo
o &8 & &89 A3E & £ g Aok &
EEAAE o8t FAHE A AstuA A 4o
2RE AXE B4 e S Ao o] £
g 78 FAHF 71U E 43t FAtEte] o
23h& AAE s Ak

B E=RolA] AlQkEr S| AE I o g BE] ofx}3le)
HEZE ok AL 07 59} o] TA A GAR
Y 4 ok

wA gaoznE e 7]-&7](morphological
gradient) E 7311, 7]-€7] gkel 081 FHAEL 1 ¢]
HETE o) 8 | AETYPE FEicl o]FA 73
A ax TP o T R E 1 E2s
B3 7|4 & H43le] AT ThE Wi vix| =
oz WHgy AT TYE o843l YAl H o) BE
BAAT g2 7 Aol g el

a. 8ejgrA 7]-27])(Morphological gradient)[11]
ey 71 €7)= YdA erosion Afele] 3



Famay R EF vTY AR TS ol 4% 4N ¥E ' 141

. Gradient l

o .| Morphological image ; Histogram
Simplified image ¥ gradient filter | generator
| |
Histogram of
zero gradient
pixels
) 4
Quantization ¢ | Histogram

table cluster

a8 5. 2kXtst jolE 44 My,

Fig. 5. Quantization table generation process.

(f(m, n)— g(m, n)) =X, dilation Z 72} erosion 3
3] 2 glm, 1) —glm, w)E ALHE d, 2§Ate)
22 A8 981 Y Co dakd Fihe A
o)A Qe dilation FAF erosion A4S A2 o]
gaied e 94 B4 Qo) dodq 4+ U

b. 3|22 A

71€717} 091 Heigt G A3 JAETe
a8 o] gh& o83l 2T e T PejIHy
7127174 0”) HAE2 G4 AA B-Fol EAjs}A]
A3 Hrhek of Jol EAshe FhE ol mEtA, o]
g YA E9HE o] §3te] SR TYPE FIH i 2
do] ZtEel G4 Wl FelA UA ¢ PHHA
AE 7HsA o] AAH. o] F o] &3t 1 o] e A
9 ¥EE o= AE 2T £ U

c. Slaxny F2E P 27 FA Hlol & A
A g kA

71&7174 04l HAERo = FaA I AE I el
= I 3L 24T Yl vehdith wepy olzR
B A3 W E2gE 73] SsAe sdd e
2 Z92EF sof 3t

S Ag L A M 2] o] 3] FEE
e g S| axTgle] 707} 2o g o] B
2 A ol Al Mo eldat o oS o] 4] X3t
ol & 4 & o]} oM I LxTY 9] FU)7} 22
I o) FEE G9E ol Fd UM E YrE A
23log o) F A3y I A2y FR|1HHE 3
of gt} v} QA7ke] Al wlsdt T o] ghE 3
E3aEo] B glod FUd T o] o ofFo
A shde] g oz AN FAL 7] Wl v S

7t7k2) 18 o] 3o HlsE zhov} 3| AR T AelA
A 2o} FEFS] WIx2 o] A ol= sl
o] jq oz 2Fd 4 Qo wWEkA feliA 73 3§
257902 RE QHT 280 e WEe g
& ARt AdA F7) olde] HE 1 EE B
o}A] o] E vigto R 3] S AT F2HHY L A
of gt S| 2x T S ET st FAE HolEE
s AL ole A

7h 22T Aol Hele) g g 2ol
W& ot ol% gha AU

P egoz g=g-19 Tdol g 22 YT
A AYG o o, WYAFE g9 29 Tee|
e P BTG G e FHH I D A2
59 A2 ol FRA, M12 o) £33 YA, (i) ¢
A3 #eHol M2 FRY G9E o3 U A, o
EEROREREERE S EE DT EE
Ak ()3 ()9 A9ele T Tl o) R kel P2
3} ool 2ol EFAI7|T, ()] Aol HGeHA &
Tt ol 7 A48 P skl heT 2 e Y

A5 48 2RI

t, £ :2#e) ghel A7 g gl YA 5

c : 2] ol g HA F &) Fo] g
H A5} 4-connectivityE 2t Al 5

: 2elo] el gl HA F 2] Fhol g
HA 3} 4-connectivityE ZHe= A 5

e : 2#o] o] gal HA F ¥ o] Fel gl
HA A E o] F+ YA &

: 2#lo] ghe] g4l HA F 8] ho] g
YAz AL o]F= A

al

o

Q>

~

Mok € (o mE £ Cadl AT @ A
2, oA FHA T 2el0] 3k 2E e HE 5
9 ez FAt aFA god £ (g =E
2 (g AAE WU, B} Fol7) TAE VA
“Aeel 09 Az BUse T el e o
= b Aol Gie) 32
Raed Wep) gk 2 wRldE o= L

Zah=2a] A 363 1998 114



142 A - o AE

se L2 28 5= 052 w0

h gl gl BYHRL = -1 Aol hE
WAk, T34 ghed HE Favm:

h g=gtlz A4Sl he) e H0E +a
9o

wh gel gol HEHAE o= g+1 2 3 HE
DA, 294 GoR WhE ST

sh L ~=he) s Fatel ksl A 20
2 Ege) AR P ARFE ¢ o)1, 9
S 298 g0l WYE 2ol 8l Bk 1% PR
s elel A

A B2 Y BN A ke 2ol

§ Fold) A UEE i 8ol %8 Fo} 7
shel ¢ Pk

Aol A& F3te] A E GA} Hl o] B-E o] 43}
of 4 MEY kA e ofAle} 7438 ofRiste)
HERE 7|ELR 99 AA} He 1S oFF
FREA FEAA gt gebd, A A o
A & Agtes s AN dAE A NEE
AYEZ JA £ 5 ol e, okAbsbd G4
Well= oFzke] vl& G Ee] dob UA ot dvts}
H i el Xy o] ke Wyt e M e
A2 Aol A2 DA 8] A E3ho g okapetEs] o ol
W v el A7 At ol2F w4 odHE
w2l &4 Aol vl Dol ahety, FA =
HAE B3t o] T i FAES AlA Folok
o 2 EEAAE vd JHES A7E) $13he
o] & (labeling) 71 o83t JHE& FHA
o Y &3 AL WA, FED A4S del8d
71 & o83t Azbe) oj o FReA, F¥E o
A WFE 49 H Tee] e AY Yo w
T2, FHE 49 Z7)7) A o) RE g
o - ke Aol 7} 2L G HEL o] sk Y
Boll &3} 9 £ AL v e A
Hog FEHA e ofF 2 Telo] e e
 A9EL AR 28 AeE ¥Y 4 Ut

3 4¥ dn 9 o
el AE 94 2] xa4E UEY

J. ENG, SCI. & TECH., Vol. 36, November 1998

- 31X A)

4 =% AA 2149 < Abel House, Lena, Church o
el el A A3l et House ed A v Zhehst
FlAe Tl B¥E zk3 Lenad) Church &AL o}
3 3|22 79E B AY AR BF 256 %
256 7)1 256 18 o] WL 7}A|E Ao}
Al S4 993 A AEES AA YN
3x3 @79 A B P24 24E #1E CO
& o438t 1% 62 s YEE o] &3y
4L G 2498 R FE

(a)

)

% 6. elst WE|E o| 88 Mol chesl, (a) W o
4, (b) CO HE & o|B3t0] HxsiEl Ak
Fig. 6. Simplification using morphological filter, (a)
original image, (b) simplified image.
st AL dHEHA 71ev9 saxaRe
o] &8 v FAZ FAE AR o) o, FlAax
W el 2Bl o) o] Foi AL, ole] el EajE 1
del 3kl =T vellls dARE o] 43t Falzl
o) AEE 2HE 5 Utk 29 72 I 2ETPRE o

48 uigd ofxbs Ao g veEa



S AETR e vFd FRA5 TPHE o 8% I £ 143

(a) ()

© @

Oy 7. slAEDY S AEY S O| 88 u|FY 24X}
5t A, (a) HelstH 127171 02 HAE9
sl2EH, b) S2AEYH SIAETH, (0
XISt A AL (d) XEE P 2R 2
Z3 of| x| Aak
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Fig. 9. The experimental result on House image, (a)
original image, (b) the histogram of original
image, (¢) clustered histogram by conventional
method, (d) clustered histogram by proposed
method, (¢) segmented image using (c), ()
segmented image using (d).
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Fig. 10. The experimental result on Lena image, (a) ori-
ginal image, (b) the histogram of original image,
(c) clustered histogram, (d) segmented image.
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original image, (b) the histogram of original
image, (c) clustered histogram, (d) segmented
image.
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