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Research on Serial and Parallel Strategies of Watershed Transform

ZHOU Hai-fang JIANG Yan-huang YANG Xue-jun
College of Computer National Univ. of Defense Technology Changsha 410073 China

Abstract Watershed transform is a classical method of image segmentation in mathematical morphology and its parallelism
is an important problem. This paper starts with a mathematical model of watershed transform in topography followed by its
several formal definitions for digital case. Then some new serial watershed algorithms proposed in recent years are classified and
analyzed based on which their related parallel strategies are discussed in detail. Then we analyze some issues which should be
considered when designing parallel watershed algorithm and give an evaluation of existing parallel algorithms and draw some
conclusions. Finally we point out the problems and challenges of future research.
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Fig.1 The classification of serial watershed algorithm
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Fig.2 The comparison of executing time of parallel algorithms

0Q



2.2

2.2.1

2.2.2

2.2.3

64 128 10% ~ 50%

s IR

—— P F 00
_ © EUEHPIOQ
§ —— ek
% —— [Elik
= ' —— ERMH T
fe— ATEI
}
0 1 2 3 q 5 6 7 log, A
3 M SP M

Fig.3  Speedup of algorithms M number of processors SP M  speedup

UNION-FIND 7
FIFO

75



76 2002 6

FIFO
dist
dist
DAG

2.2.4
20 2.2.2 16 Cray-
J932 20% 60%

M M 2.2.3

1998

1 Beucher S Meyer F. The Morphological Approach to Segmentation The Watershed Transformation C . In E.R. Dougherty Editor
Mathematical Morphology in Image Processing Marcel Dekker Inc.  N.Y. 1993 433 -481.

2 Dobrin B.P Viero T et al. Fast Watershed Algorithms Analysis and Extensions C . In Proceedings SPIE Nonlinear Image Processing
V  San Jose California 1994 209 - 220.

3 Meyer F. Integrals and Gradients of Images C . In Proceedings SPIE Image Algebra and Morphological Image Processing [l San
Diego California 1992 200 - 211.

4 Meyer F. Integrals Gradients and Watershed Lines C . Proc. Mathematical Morphology and Its Applications to Signal Processing
Barcelona May 1993 70 -75.

5 Meyer F Beucher S. Morphological Segmentation J . Journal of Visual Communication and Image Representation 1990 1 1 21 -46.

6 Meyer F. Topographic Distance and Watershed Lines J . Signal Processing 1994 38 113 - 125.
Roerdink J] B Meijster A. The Watershed Transform Definitions Algorithms and Strategies J . Fundamental Information 2000 41
187 —228.

8 . —_— M . 2000 75 -83.

9  Bieniek A Burkhardt H et al. A Parallel Watershed Algorithm C . In Proc. 10" Scandinavian Conference on Image Analysis SCIA’

97  Lappeenranta Finland 1997 237 - 244. 90



90

2002 6

| PO g, e g | A - )

) B iem AR
| MR [ e 08 157 18 Vgt o s i vt b bl
W A VEDGIS B
st d e et e el T S el
| R
3 i
-"9" P alnian

@ ] gk

H
[REMRAPARET AR TARET CITRRRTTITT
Llnese | [T S OIGHEEY el

m:uﬁ.nﬂ:umym_uﬂﬂ-

2

Fig.2 Result and user interface
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