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Method of Pyrrophyta Cingulum Segmentation Based on Dominant Gray Levels and Watershed Transform

QIAO Xiao-yan
(College of Mathematic and Information Science, Shandong Institute of Business and Technology, Yantai 264005, China)

Abstract To tackle the over-segmentation problem in watershed algorithm,a method based on dominant gray levels and

constraint marker watershed was proposed to extract cingulum region, In this algorithm, original image was reconstruc-

ted by dominant gray levels, eliminating local minima and noise disturber. Then markers of regional minima were extrac-

ted from gradient image by using auto-threshold, and imposed by shape, area and centroid constraints. The watershed

transform of the maker-modified gradient image was performed to achieve the cingulum region segmentation. Simulation

results show that the new scheduling algorithm has the benefits of less over-segmentation areas, the more accurate seg-

mentation result and higher flexibility compared to the traditional algorithms.

Keywords Harmful algae, Microscopic image segmentation, Watershed transform

1 3y

AERBMBMAEN —KEBRKE, LR ERTSHEE
KEMEBGRFEREDY . S TREFHEEREMALE
JR B B0, TET R i, %3 AR AREAT B 3hiR B LA R B AR
BEERERBEAARNEE ., FWEYNHAEMBEERE
FERFRENCERE, BE A e AR FE %
MR B SR K — N EER, KPR IEER A EH
FRIE BT AT 9 B B R B B B — R R R R ELR S2
Ry, '

FIRDLES R BAR 7 AR FRMG P PR I AR Y OB S FF 4R
F 20 47 80 454X, H R B R R R AL B O s S PR MR A
SRR AT R AR I . SRR BREET
“RESEIRBIANA R0 B R G CADIAC) "ZERESESE B 10 B3
A B 8 R B R N S E TR T KR
THE, BB THOKREREN) & RS2, A B TRk
EMERRED ; BEBAHFHHRA AN T HEMEH
F A E (DICANN) "IRE o, R B B o7 -8 38 — B B2 )
B Gabor /NEZ#IZI BiRTE R R SHFIE. XEAEE
IRGHERFR R AL Davis™ 5 Tang ™ &H A FHERR
A PR B YL F 1% % (Video Plankton Recorder, VPR) 2ZH}

REKT R ER, 3T HIR M EEBRKISNE Je B4
IR AR 28, B T K B SR R BRI BT R4 80
RRAESR T ¥ -
py LT B R vk B 8 B RO AR AE SRR By X
BFIVE R SEESEIGNER, F R EMEF R E
YIRS BT, SKhr b, i 1 BT, RS s
FERE A I B BARAE s HoK, A R B MR A U5 4
TRE R AERR A BORA A B RARFTE . A SOH F B8
FU— PR 4 B SRR DO R AT RV B
L]

PR 4

B L A B R

T AX 21 VR 5380 e o A3 K WA A e TR b B A
BEE = A4 MBS E R RSB 2E EMAT ., R
T 5 47K I 2 B 8 P T 0 VAR B R 2 e A 5t 53481 1)
L ) TR 7 I B 0 R R L T e PR 1 e AR AE AR S A1
{5, B A R R W K R R P, A

AR ERHAARFES 117119D ALK Y B SRR B J11LG13) %8,
SRR (1982—) , &, W, PRI, EEAF ST 1R 0 BB ab B 5K IR B , E-mail ; mihaochao@126. com,

+ 555 -



L BE 53 HI R BUR S K W R BB R 2 — P B2 HAE 5
KB A Bt AT T 2605 T OBt

BEERASE PRI A E BB U S A B T 4K
e 53 B S AL BRI BE , T PIE B RRUBBR R R R R 2o /NI B
ERIRERE B KRR, BRI E AR T RE
MEZRE. T. Yaakov S A 52 i MBR BE VR4 i IR AR B 53
FRER IR H B A EG JR EAR/IN X SRR X R AR /N X FE AR
TERGHAT 937K e 5 30, XA T 1 AR BORE B b A E A X 3R
PBR AR /NI, 8 4300 £ 1 B A A T AT AR e Y R R
R. K. Haris 8 AU 4K IR 5 BB #E4T TERIER A
FARHTHEXELE A EITERA AR
LB IX 334 7 T » BR800 T B 40 W s 4 4 8 A
R, R B AR RS B A BRI K S B A R ok
W HIERER R . ASCRA T —MRRE SRR RS
#9774 » FoAl 3 A A R AR B R BE ORI R R A, LTI
TE 53 7K e A8 e 2 Bl ) AT BE B2 T0 3 S JRr B AR /IME X SR A 5
H.

2 BIATHESH

BV R L R 3 (30 R A Y2 R 1E K
AT G N — MR A0 - TR YA T
T -5 B ARZRAE FF 1 b T SE e, SE( BB BE AR AP ST R T
ML TR . B 2 B TILMEA R R EYRIER
R

(d) KEpek

(a) #LIHHK

(b) &R%T K
B2 AREVRHME R TSR R

B X B JUATIAR IR B 4 S R A A 1 AT R A %
X IRAR B S B iR, WA 2 W] R BB RHME R AR B
FERE L O—RFREB R ORBEEESO ; OF 5 BB 1B
A X3 BT o T AE K B2 IR O T 4 A
B R o

X PRV v ¥ DB B SR, M AR 7 T S A IR
Hgse 52 22 B by 4 MR SR A P o B K, BERE R BREUE
HAGE IR 5 R X, AR ER R R E SR 21
X,

3 BARESE

3.1 $HERE

R ARV XS A R AE 0 0T, A SR A 77 B B 4R
HRFIE IR REE AR AT B e E G b i KR BB 5
B X K EA S X RER B R MREET BTG
SER) S EI TR,

BEREREREEES Y FHREFN R, & o £
SRR, HUORKBEEA A RN . 3R 43 RO AR UE 45 4IE K B 52
BY Pk ARBEERR T ER R 3R 5010 5 K
2R U B SR A% R AR B FE IR BE 2 (8] b B HIX S R 53
i, BMEA KB B AR ZRE. XEEHTRKEM
AR T E:, VSR FHEIRE EIA —F820 R ik

* 556 «

() frPi+¥

23 [ , 388 5 W T PR o £ e 2 1) P9 B9 AR BE 4 8 UE1 3% SR AR A K
BEXEGHITEN. SFEREHILREEXT R, B
{d(Yms ) >Ry ynFy, €Y}
B HATEEBA, B R FFERERRERL .
BERGTIE N #IKEE, SEHAREKERZ R B
B R R RN RN, T B E R K EE S
OHEHERPHZIRE 3,,n€[1,2,-, NIFIHBKE, B
PEFE Py
Q% Py % EFHED, BRIREETI 1532 5
s
QMBS RBZHIKEE 1 T ih, ULy bl A
FEERURIN B IR BE T 3%, X BIARIR BE , 175 A B KSR K B TR 4 13
FHMARKANE 6, REERETZAFIE, HA N
MK EEESWAA T ;
QR BEMFERECREES Y T, A ERES

s

OB GRS REOKE RN S Z 5400 MFE K
BEAE, 3 REGHATER.

P ZE SR SRNFE R PO LM REE, 58X
AR XK BE AL B AR X R T T A R R IR .
3.2 HKikE#k

437K 7B 3 (Watershed Transformation)® % B B &,
B g R, K E RS A I R, BB hE MR E
HRERBZAEGREE, B EHM/IME KL e XI5
FOAE KA, B B B K A IR I 52 iR B 531 .

FEH 4K I8 2R e 22 BT, 38 8 B0 B0 O SR T Ak 2
E . B2 B A B & R B R 9 BRAE SE in U, R
FER f(x,3) , BHITTE Sz, ) JERFBE gz, A

gz, »)=f(z, )@ Sz, — f(z,0S(x,y) M

B Ay Bt g T % B R R, BT RART DA BB
X177 [ KB , A SO R ADRE T .

3.3 #ZyRiFiniEH

B P K B B B PR AR TR T KR 43 1) K SR (B R
W, (H RS — 55 KB IR MR /IMES . B A
KREFHERHS TR ZS4/PX IR ETEHIT K87
ZRTEER 2R T RME BAR MR E &, A SOk 5 &
R E AR TCE AR/ IME B SR AT LA St it i 4 B

A XHEBUREERBERR ¢(x, #HITHR DRI, 3R
BTRMXBEHRNA. HoiisErEg g mBgk/ME
AN MR/ MELSREATHEE RE, KA T RER SR
ik, e ERGE, BB B EHBR g (x, 0,
HERWFIRE RIS T ERER ¢ AIERELO M HE
JARB/MENLE , B

) 1, gla,y) >t

g (z, )= 0, (o)<t (2

BAXESASEERTERAEZERE, KELERX
B, EREGREEAESE, TRA A REER REH
TFREGRCHBRIE . WS RRHEHMCHeS T 5%3E
X 350 JBE (L 30 oA 694 Gl Jo B AR /IMEL DX 388, 38 2o %ot 8 v IX 388 #r
YT AR AT B SCHRIE ML 3 DR S

OEBRAR R K Pr 1o 4F X 8 227 8 1w BS540 f A
R EME LR






[7] Soille P. Morphological Image Analysis: Principles and Applica-
tions(Second edition)[M]. Springer-Verlag, 2008

[8] Salembier P. Morphological Multi-scale Segmentation for Image
Coding[ J]. Signal Processing,1994,38:359-386

[9] Yaskov T,Amir A. Automatic Segmentation of Moving Objects
in Video Sequences: A Region Labeling Approach[J]. IEEE
Transactions on Circuits and Systems for Video Technology,
2002,12(7):597-612

[10] Haris K, Efstratiadis S N, Maglaveras N, et al. Hybrid Image
Segmentation Using Watersheds and Fast Region Merging[]J .

Image Processing,1998,7(12) .1684-1699

[11] Malpica N, Ortuno ] E, Santos A. A multichannel watershed-
based algorithm for supervised texture segmentation[ J]. Pattern
Recognition Letters,2003,24:1545-1554

[12] #is. b E LA AR E Y EIE (M. AL . Y% tH AL, 2004

[13] B, Bfz, &R, AREGRGEaE il §
BERETE K22 4], 2000, 34(1) : 108-110

[14] Ridler T W,Calvard S. Picture threshold Picture thresholding u-
sing an iterative selection method[ J], IEEE Transsactions on

Systems, Man and Cybern, 1978, SMC-8:630-632

(E#% 521 ®)
B+ HEMN XA KB ERERE.
4.2 fEREWM

B[] LT 2 NEEGETHERIEX & B R T
ER LBV, BE O ERBEX JLEIRA Tsukuba, Ve-
nus.Cones ! Teddy 5240 2 P FIAR #4022 B 45 WAF to
B, MAEAE RERR. X 2 MMERS R Bo GEER X
R E AT Bp (REARELE XA IRICAE 4D .

B FASCWE IR E 6317, BB R BORMK R 4
(B CPUR GPU, B X e B B R EHT T
53T, B AN Bk B B R B R AT I G 0, R AR B o
MEMMBEEAET I ARAGEW L. FBTFEHACH &
FHAY openCV FEHREB I, 3 7E CPU &Y intel® Core Duo
CPU P8700, 44 2. 53 MR T BT RBILRER. TH
LA PR I MERE S SR B T http: //www. vision, deis. uni-
bo. it/spe/SPEresults. aspx.

x1 FRMWEHER

Tsukuba Tsukuba

Algorithm Venus Venus Cones Cones Teddy Teddy Time Teddy
80 nonocc disc nonoce disc nonocc disc nonocc disc mm: ss
Our result 6.25 13.13 4,13 25.75 10.01 21.59 10.11 24,71 < 2s
j"iil]y Consistent+ Fixed Win- 5 7 9.63 0. 66 5.11 10. 60 21.80 5.30 11,60 00. 15
@)
Adaptive WeightEs] 4.66 8. 65 4,61 13. 30 12,70 22. 40 5.50 11, 90 20, 35
Variable Windows[ﬂ 3.12 12. 40 2.42 13, 30 17.70 25. 50 21. 20 27. 30 00. 26
Multiple windows(9WH["] 7.60 25.70 6.18 29. 00 18.00 35.60 11. 80 27.10 00. 14
Shiftable windows''] 9.58 14. 40 9.66 16. 50 23.60 31. 20 24,40 33,60 00, 05
Segmentation based 13 2.25 8.87 1.37 9. 40 12,70 24. 80 11. 10 20. 10 05. 14
Fixed window 9.58 27.10 10. 60 42, 50 25,10 42, 40 19.70 36. 00 <1s
ZHIE LREREW.ALHNEERRALESLENS (5] Mec Donnel M, Box-filtering techniques [JJ]. Computer Graphics
HORLE O ME s, BtE S 4B WAL E S A YGE, and Image Processing,1981,17:65-70
FEEFESIAFAE, AEERRTEMLLRRLEFEU [6] Crow F. Summed-area tables for texture mapping [J]. Computer
oS 2 R AR I [ RAE SRR S PR A H M B E Graphics, 1984, 18(3),,207-212
ST AR, 3 B A B AR ; IR AR B BT S R A 4 [7] Mattoccia S. A locally global approach to stereo correspondence
N C IEEE Worksh 3D Digital Imagi d Modeli
RRE RS A E—. AR SR RE, AL 007 IRER Workshop on 3D Dighal fmuging snd Modelos
! M A .
R RREOGR A REENE &SR EECETRF TR [8] Gerrits M,Bekaert P, Local Stereo Matching with Segmentation-
% % 3 Wk based Outlier Rejection [C] // Proc. Canadian Conf. on Computer
and Robot Vision(CRV 2006). 2006 :66-66
(1] Scharstein D, Szeliski R. A taxonomy and evaluation of dense [9] Veksler O. Fast variable window for stereo correspondence u-
two-frame stereo correspondence algorithms[J]. Int. Jour. Com- sing integral images [C]// Proc. Conf, on Computer Vision and
puter Vision,2002,47(1/2/3):7-42 Pattern Recognition(CVPR 2003). 2003:556-561
(2] Kolmogorov V,Zabih R. Computing visual correspondence with [10] Hirschmuller H, Innocent P, Garibaldi J. Real-time correlation-

occlusions using graph cuts[C]//ICCV, 2001
[37] Sun Jian, Zheng Nan-ning, Shum H Y. Stereo Matching Using
Belief Propagation[]]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2003,25(7) ; 787-800
[47 KimJ,Lee K,Choi B,et al. A dense stereo matching using two-
pass dynamic programming with generalized ground control
points[ C] // Proc. Conf. on Computer Vision and Pattern Recog-

nition(CVPR 2005). 2005:1075-1082

+ 558 -

based stereo vision with reduced border errors [J]. Int. Journ. of
Computer Vision,2002,47:1-3

[117 Gerrits M, Bekaert P. Local Stereo Matching with Segmentation-
based Outlier Rejection{ C]//Proc. Canadian Conf, on Computer
and Robot Vision(CRV 2006). 2006 : 66-66

[12] Comaniciu D, Meer P. Mean shift;a robust approach toward fea-
ture space analysis [J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2002,24(5) ;603-619



