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Hierarchical Color Image Segmentation Using Watershed
Filling and Overlap-rate Measuring

HONG Zhi-ling"’ , JIANG Qing-shan® |, WANG Sheng-rui*’ ,DONG Huai-lin"’
Y (Department of Computer Science, Xiamen University, Xiamen 361005 )
2 (School of Software, Xiamen University, Xiamen 361005)

Abstract Watershed segmentation based on gradient images usually has over-segmentation result. To solve over-segmentation
problem, we propose a new Hierarchical image segmentation method based on Watershed filling and Overlap-rate measuring
(HWO). Firstly, we transform RGB color space to Lab and statistic the histogram according to a and b dimensions. The
watershed segmentation algorithm is applied to 2D histogram and the initial segmentation result is achieved. Then, we
associate the segmentation region with the Gaussian distributing, and estimate the parameter value. Finally, we measure the
Overlap-rate for a hierarchical region merging and get the final result. In the experiment, the two parameters are determined.
We then evaluate the segmentation performance with a standard database of human segmented natural images. Results show
our method can efficiently solve over-segmentation problem, and the combined value of precision and recall measures is
0.609, while is 0.79 when the segmentation is done manually. In addition, the new method also has much less computing
complexity.

Keywords color image segmentation, 2 D histogram, watershed, overlap-rate, region merging
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Fig. 1  Statistical 2D histogram
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Fig. 2 Watersheds Immersion Simulations
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Fig. 3 Reversal of statistical 2D histogram
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Fig. 5 Mix-Gaussian distributions of segmentation result
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Fig. 9 Segmentation results by different humans

TEARAT MR X 0 2 [, 23 1k BE A4 45 4wl
R 3 e RN I3 42 R B 255 B 7 15 BEAT VR4S
IR R R AR T THE B B9 3 S5 BT AT BRI I 4 Y T
1, o3 4= RS AR A0 HE B B9 1 % o5 P A AR o i % 1
el o A v 10 5 O BT A NN [) — i PR A7 A T
HIEREE G DR P M 2R R NGS R
EXCT R

P PR

T (kR + (1 - k)P) (5)
LEE REUR N T AE 4R P F 4y 2% R Z [ U
) —FpErh 2 X B R HRO.5,
3.1 SHEFEBRFRDaHHE

W U, JO7 EAS T RN o fiIR T AN AR
T BOE A Al T E BB, T T W B B R &
[N NI i I S N4 N6 O [V 207 N I v 5 0 o
i (WK 10 pros ), B 10(Ca) ~10(j) KK
9(a) TEAEAE FR/AN(L,2,---,10) 45 A SCHE

A B R AR B 0046 03 F 45 2R 0 X T A
g5 R, HR Al 5 AR E o ) g5 R HE AT TR B ok 15 3
AN 3 HE 2 P oy 2% R R G RABCF (A
UL firos ), &b i A Bk Ry 3 4 30, 9N A bR Ry 4 i
o, WEEMASBTHEGEREF, &RXD F X
W32 AR B S A 23 ), T0RH L B8 A% 1 /0N T
R Z R oy B0 B3l A B A R/, BB LT AT
W,fER=0.87,P=0.57 WM F,FIER KA
0. 69, I B X [ 1 4% F K/ 4,

W FIRT, S8CE T RS T RN o BB E

SORTIE By (I
B3 E BT R T RN o S8 P IR

iu]‘F!

(1) X T A5 A 1 23 1 09 4 — i IR, 345 A
IO F) R 5 F A RN T A

R A SCH 2 (O L 45 1 & 3 5 fl 5
T ) RAAFH N T « % T 1 F 10 §400 46 70 H 45



1746 B 4 DR 2R

B3 %

(a) a=1 (b) 0=2

(g) a=7

(h) o=8

(e) a=5

(i) o=9

(G) a=10

10 N[E B J7 B 5 RN T B HI 45 2R

Fig. 10 Segmentation result with different o value

075 -~="--

B e

® F=0.69@(0.87,0.57)a=4.00

0 0.25 0.75 1

0.5
IyAER

I W o o e 411
Fig. 11

Precise-recall curve

QX FREA > FI G5 R, W S5 bR i 4y ORI 5
IR R SPUER P MGG R,

QWAL G REF, I KW FAE B X 1% 1%
PG 53 1 1) S5 3 A S F KN

(2) X 5 — i RS X 1o A A K/ b A7 43T
Fovp, HAT B KA A 7 K/ INBEAE g S 5000 U

XY R 1Y 100 i BHR 47 40 %1, OF
HH R 5385 B IS F K/INJE A% KN o3 A 19 B an
B12 firos, B & 12 A1 0L A% 7 RN R B4 F 2,
3,4 K& K/ IR, 43 0 550 % 43 03] Ry 23% ,24%
19% B 2R G F R 66% o 47 % FH fe KR A 5 %,
W B 7 RS F KN o AT RE R 3

b 0 R CR S — 1R T RN EAS

FE A o AEXE T — M A O B, 8 AR R HEAH W A i
SrEVRETBE T, B e A% T RN IR R,
T R/INE 2 ~ 4 Z AU, 308 A BRI RETE A%
Br (4 I 46

10 \ g ¢ ¢

8t < * *»
L 2

HFRA

6 L 4
A1 60060 &6 OO O " o 00’?
2

T
875
12 FRT IR T AN 5T L

Fig. 12 The distribution of most adaptive o value

3.2 SHEEXHNELHNBRE

AR B MR T A ES N W,
HoOT FF 2 R 5 & i AW AR A T
T KN o ZEG I E R R o O 80, WA
TR/ o BUE R T KRR 3, KRLT EIR S o
B E of AR L B0 E 28 B i B R R

Hixd4 WEESTEMER S, HLERNT .

(1) X F 77 47 b o 5 F0 00 55— e R4S, 1 583K
AR « =3 FHRPILE 5 # K%

(2) X5 — 0 1 B A% F RN a =3 TIHILR
53 I ER

R A SCH 5 1 T S R il 6 SR ok 4R 45 L
BSRWMEBET 0.1 5 0.9 F 40455,

QX RS o BN B, B S5 bR il o Bk TR Ay
HR ITUERE P LG REF,



55 9 ]

PR 45 BT K 1 A 1) 2 R (IR R ) 1747

QLR G R F, R F XL T% w2 5
FR 25 SRR I BT R I o A ) S R R (E A

(3) XoF 5 4k — 1 73 5 VAT 50T 7 1) B 2 5 B R
ANHEATGETE, P B A R OB ) i B R (A
N IBUE

i XN ZR AR 100 15 AR, 7 « =3 T 3#EAT
P12 530 ARAT B 0 A0 2 23 0 1B R A il A I ol
1 R A A R (LA MU(EL ), JFG IR0 A 9 0 n 1) 13
s, il A I E &R PIE E 20 i /e 0.1,0.2,
0.3, H AP AW 70 5 R 18% ,25% ,13% , i = S Al
N 56% o UMLK 5 KR TT SOK W E A& R
(L, ) B e R B B B 0. 2,

L 2
*»

L2 2 2
L 4

0 6006 000

P13 EMRTE o =3 T AR B HF 52 5 B0 {0 A 1 0

Fig. 13 The distribution of most adaptive 8 value

3.3 SEIMRERETM

FERfE R WA S 805 , B B0 4 g 200
MR R 24T 43 FI R REIF A o 200 i 1R (6] 64 N T
SENGERAE R AR S« =3, 8 =0.2 X
200 g B EAT 43 # e, BT S AR R 19 43 4 % R
SPUER P MG RECF (WA 14 FiR) . MWK
4(a) Al 0L, RSB &R FEE T T 0.6 ~
0.9 Z i, mi B 14 (b) AT UL, Zp R F 2L P F
0.45 ~0.7 X [A], X ¥ W A SOk 4 ol 5838 A 1 it
—A R UREEAREF,

W 14 () FroR , %25 BAR B 3 5045 Rk 17 0F
IR A R F BOE BN F iy, =0.609, i 5%
BT IR NI 45 R Al R A R
Bk 0.79°

HoAb 735 T oy #IVEREFE bR 0T 275 S0k 19] . R
FAASSCRE VPR AR 10 25 6 22 5500 i TR B 2
(759 (F =0.57) ABAIR T 2565 52 B B0 6 RIS 36
771 (F =0.65) o HJs RAE T SCiHk [ 19 ] 7R F i) &
TR TS B ) 7 R — 2R B T AT o F Ok,
B AL I A A bR R K R B
A THT ) N T S 4 67 A S A A5 2 1Y B AR
RURIEASRE FHAE 2 B 25 3 30 400k F I 252 1) Ak B0

0.8
% 06 ”0",0“0“‘ :Q: S
332‘2‘ o ’0“’. PR 2" A

80 100 120 140 160 180 200
S as
(a) S} ARG

0 20 40 60

0 20 40 60 80 100 120 140 160 180 200
FG 5
(b) P

80 100 120 140 160 180 200

FIG 5
() Z5E RBFRY M

K14 7EZ¥ a =3, 8 =0.2 Tt 200 fFMix
P& B 43 A

Fig. 14 The segmentation evaluation of 200 images

0 20 40 60

MGAIF RN GEE . T A SCR L — M X 1,
PR 0 B2 2R ) B R 3 IR i T S
3.4 & RIEE) M RE T

ARTCHR ) HWO J7 2 B 1 BAT B0 1 73 FI 3
R, REME i o3 0[] LA T ELAE I ) b 454 4 i ik
TR IR 70 7K U TR AR 20 1 5005 (HWP) A TARR
P, & 1 Rt Y 200 05 115 BT 0 HI I
TR Ak B B 4 S 227 05 T S 56 8 0F 3R 358 O PACPU
3.0GHz, N f# 1G, & 4 ¥F ¥ & Redhat9.0 FI
Matlab7. 0, Z<3CH H ) HWO J7 2 (19 452 17 i 8] 4
5 4 3580 WV 25 ) B e mf 6] (7)) (JE R 2 E 57
FIFE] (T, ) o3 KW 5k o BB ) (T,) KEE ST
WFTR) (T, ), M HWP J7 3k i G 47 I8 (1) 60 45 2 H 8 06
FIE] (B, ) (AR E RIS [R] (B, ) 73 7K I 353 7 B I
6] (B,)3 &5, 2 br L AL 65 4 A8 53, b Wi b
X XA T E & G IR RN ) E i AR G5 1 B e A
AR EIG BUEZ D BRI ) LB, Bl s B I R
JE o MSEEEE R |, AT T, + T,< B, +
B W] B M N A% 52 07 i 09 1/3, T WA 37 ¥ 53
B G T A TR 3 , AR AR SC
07 1% ) E B 5 I I 9] 5 45 G0 07 vk U2 SR 1 O
IRF 1) B PO, NF 1) 1 R O B b — B



1748 Hh [ P 2 PR 27 4l

$13 %

R1 5B B EE LB

Tab.1 Time performance comparisons
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Fig. 15 Segmention process, result and comparison
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Tab.2 Overlap-rate of initial segmentation regions

Kkt 1,2 1,3 1,4 2,3 2,4 3,4

EEE 0.6346 0.0137 0 0.000 1 0.0025 0.3126
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