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-1. Introduction

image segmentation in image processing refers to compute-

oriented techniques that partition the img 'no meaning_ -cat

or regions. it is a Major function of the low level processing in

computer vision. A large amount of research efforts has been

devoted to this TopLc in the past zen years while much more nro&-ess

is expected in the next decade. Several good survey articles on

image segmentation have been published. Fu and '.u' [ rv

three major approaches to image segmentation, namely, the charac-t-erlstic Le t r th e ho d ng

r-ic feature thresholding edge detection, and region extrac-

tion. The paper also provided 97 references.

So far the image-segmentation techniques are application

dependent. A priori information about the type of images is esSen-

tial to a successful segmentation. For the apUlication :n cytco~r,
Ranade [2] compared five segmentation algorithms:

haeand Prewict IU3 W

of which are histogram based, another two are cuadtree based and
the remaining one is the relaxation method. Other zerithenoa Oamahern oneferences in ude

the surveys by Zucker 3] and Rixeman and Arbib [ % which

discussed various techniques, and by Kanade [5; which gave a uified

view of the segmentation problem. More complete list of references

is in the Apoendix.

in this brief report, research progress is reviewed according

to the statistically based and the non-statisticaLly based approaches

to the- sea-entation. This dichotomy reflects our view tha- 0os

sewte.talto o. problems can be treated as a statIstical problem

,.4 n vthers are more suitably treaed by h nonstatitcal.
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methods including the relational me-hods and the syntactic-

structural methods. With 'this view our emphasis is placed on the

apiica ion independent and task independent aspects of image

segmentation.

2. Statistically-Based image Segmentation

The most familiar statistical image segmentation procedure is

by thresholding the gray scale picture. The optima: thresholds

c af be determined or approximated statistically. The thresholding i

methods followed by other post-processing procedures such as gap

filling, etc. are the most practical approach to image segmentation.

The next statistical segmentation approach is via spatial clustering

whkhh is considered as an tnsuervised pa-tern classification image

seghentation can be performed with pixel classification [6-1. The
supervised segmentation generally performs better than the unsuner-

vised segmentation. For the images with additive noise, statistical
bouhdary estimation 110] can provide region extraction. Seomentation

can also be considered as an estimation problem [1liin which regions

are grown with the aid of estimated parameters. Furthermo, thr e

homogeneity and common characteristics of a region can be esteda

statistically with, e.g., F-statistic, KtS test, etc. 1
Although contextral analysis in statistical patern recoiton

12 is difficult, simple statistical-spatial models can be very -;

ef'ective in segmentation. The a. limitation of the 

statistical approaches is that the image information content is

not entirely statistical except for the purely ran - ia. | -

m -,
M tfCkt. a pw

r~n 4



3 Even for the textured images for which the statistical models are

effective, structural infomiation can be very important. it is
necessar-y to develop a sructural model in some images and estimate

its parammeters with the aid of the statistical methods.

3. Relational Approach to image Segmentation

in this approach, the nonstatistical relaionships are

established between segments or regions. The segnents can be as

small as pixels. The best example of the relational approach is

= the quadtree structure Droposed by Rosenfeld 113' The region/

-edge coordination is purformed locally so that the noise noints

which may be present elsewhere -i the image have no effect on this

coordination. The coordination process is important to the

relational approach in general. Semantic information can also be

utilized in the relational approach. The relaxation method in

image segentUation needs good initial conditions. The region

information obtained from analysis of the histogram of the original

image can De used to initialize the class menbership indices.

Such indices can be nrobablstic relations to be estimated

recursively.

4. Structual-S,,ntactic Approach

The basic units Of structure in images are primitives.

Grammatical rules can be established such that the image can be

described by a language. T-his formal approach in structural

analysis is called the syntactic approach. in general,• any method

which exploits the 3tructure of the images is a structural approach.
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Detection of curves, 1ines, etc. is a structural approach that Canl

accomplish mage se&nentation. -n other images such as "he acous-

ar- m uouitay function, the inherent functional relation is a

structure i ch is useful in. extracting the zegion of interests.

Thus the scone of the structural approach is- very broad. Obviously--

the statistical and the stractural approaches should be comoanea

-as much as possible to utilize fully the conplex inforn-tonai

content of at image so that segaentation can be nerformed effectively.

-ajor progress on the structural-syntactic approach to image

sotentation h-as been reported r'ecently at the Saratoga Springs

1-4.kshop . The funda mental problem is the primitive selection

Which does not appear to have a formal so u~ion. A feedback !k-

has been suggested that allows The re-se -ton of nrimt Ives

making the daecision based on t1-he original jr0-L -tives. A h

interesting p'rocedure suggests the joint use of the local aXdX

global procedures. These C t ex ea

-- .: = drecion rea- - o= be exlo-d
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