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Abstract: In this review article, the definition and the scope of stercology have been introduced and discussed. Stereology
can he defined as " three — dimensional interpretation of {lat images by criteria of geometric probahility” in its narrow
sense. or as “reconstruction and the knowledge of multi — dimensional geornetrical structures and images™ in its more gen-
eral sense. Whether in its narrow or broad definition, srereology is essentially an interdisciplinary branch of science about
2D and 3D structures and images, especially the three — dimensional interpreration of flat images by criteria of geomerric
probability. Nowadays, srereology has become an essential tool for all experimental scientists and engineers who need o
cbrain quantitative three — dimensional microstructural information, no marter they are working in maretials science. biol-
ogy, medicine, or ather different fields. On the other hand, the design of a stereclogical experiment is the most difficult
and most important component of practical stereology as emphasized by many stereologists. At the end of this review, fur-
ther readings of stereclogy and related sciences are suggested.
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coined and the International Society for Stereclogy
1 Various Definitions of Stereology {188} was incorporated by a group of scientists and
On May 12, 1961, the term “stereclogy” was professors from various disciplines. This marked the

establiskment of stereclogy as a formal science.

Wil B 2001 - 02 - 09 . L « " .
ESTH B 8 4 W NI E (59872003 F1 59771070) Different definitions of “stereclogy” have been
HeE WA OERL 1952 - ), B, WHE. WARF B AL #ER, 1§ presented in different references since then, some of
+ L4 S AT AR MRFE S FRER ]

A B R B which have been collected by the author as follows:
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(1) Literally, “stereclogy”™ means “the knowl-
edge of space”, a meaning which is much more gener-
al and broad than what Hans Elias had in mind when
he introduced the term in 1961.

(2) According to Hans Elias, the first president
(1961 —1967) of the ISS, “stereology is three — di-
mensional interpretation of flat images, such as sec-
tions and projections, by criteria of geometric proba-
bility.

"o

stereology deals with shapes, sizes, num-
bers, orientation in space and densities. "

(3) Similarly, according to Robert T. DeHoff in
his outstanding (verview Lectures presented at the
XICS ( Xth International Congress for Stereology)
held in Melbourne, “stereclogy is the methodology
that provides meaningful guantitative descriptions of
the geometry of real three — dimensional glob struc-
tures from measurements that are made on two — di-
mensional images sampled from the glob.”

(4) In ASTM Standard E562 — 89, stereology is
defined as “the methods developed to obtain informa-
tion about the three — dimensional characteristics of
microstructures based upon measurements made on
two — dimensional sections through a solid material or
their projection on a surface. " While in ASTM Stan-
dards E1245 — 89 and E1268 — 88, the term “stereo-
logical methods” is similarly described. Such standard
practice is under the jurisdiction of the American So-
ciety for Testing and Materials {ASTM) Committee
E ~ 4 on Metallography and is the direct responsibility
of Subcommittee EO4. 14 on Quantitative Metallogra-
phy. The ASTM Standards have been appropriated
worldwide for long.

(5) According to Webster's Dictionary, stereol-
ogy is *. . .a branch of science concerned with the de-
velopment and testing of inferences about the three —
dimensional properties. .. from a two — dimensional
point — of — view. .. "

{6) According to the New Shorter Oxford Eng-
lish Dictionary ( Vel.2, 1993, p.3052) or the Oxford
English Dictionary (2nd edition, 1989), stereology is
“the science of the reconstruction of three — dimen-
sional structures from two — dimensional sections of

them. " Related words like stereological (a.), stereo-

logically (adv.). and stereologist {n.) are also pre-
sented in this dictionary.

{7} C. Vyvyan Howard, the president {1992 —
1996) of rhe 1SS and also the president (1996 —
1998) of the Royal Microscopical Society ( UK),

simply referred “stereclogy” as “geometrical quantifi-
cation in 3.7

(8) According to Roger E. Miles’ multi — di-
mensions idea, Ewald R. Weibel considered it too
narrow the definition of only relating 3D structure to
2D measurements, and modified it as: “stereclogy is
a body of mathematical methods relating » — dimen-
sional parameters defining the structure to s — dimen-
sional measurements obtainable on sections of the
structure” . However, in most practical applications
of stereclogy, one still has that n# = 3 and s = 1or
2. Weibel and Miles served as the presidents of the
ISS in 1968 — 1971 and 1984 — 1987, respectively.

In summary, stereclogy can be defined as “three
— dimensional interpretation of flat images by criteria
of geometric probability” in its narrow sense, or as
“reconstruction and the knowledge of multi — dimen-
sional geometrical structures and images” in its more
general sense. The latter includes not only the recon-
struction and visualization of the 3D images itself, but
also that of any information and properties of the
structures and images. Considering the interdisci-
plinary nature of stereology and the rapid develop-
ment of cemputer — aided image technology, the lat-
ter definition is preferred to by the present author and
the Chinese Society for Stereology (CSS). Thus, the
scope of sterealogy is extended to related branches of
applied mathematics, quantitative microscopy, quan-
titative fractography, image acquisition, image trans-
formation and processing, image analysis, 3D recon-
struction, 3D imaging, 3D modeling, direct explo-
ration in 3D structure, mathematical morphelogy,
stochastic geometry, pattern recognition, CT (com-
puterized tomography ), MRI ( magnetic resonance
imaging), fractal images, and many other related ar-

eas.

2 Selected Application Examples of Stereolo-
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Stereology has become an essential tool for all
experimental scientists and engineers who need ta ob-
tain quantitative three — dimensional microstructural
information, no matter they are warking in materials
science, biology, medicine, or other different fields.
The followings are only some selected examples of
stereclogy .

2.1 Quantitative metallography in materials sci-
ence

Stereological methods and image analysis have
been widely used in materials science and engineering
(MSE),

The follows are only few examples;

especially in quantitative metallography.

{1) Determining volume fraction by systematic
manual point count { ASTM Standard E562 — 89).

(2) Determining inclusion content of steel and
other metals by automatic image analysis { ASTM
Standard E1245 ~89).

(3) Obtaining JK inclusion ratings using auto-
matic image analysis (ASTM E1122).

{4) Assessing the degree of banding or orienta-
tion of microstructure { ASTM Standard E1268 —
88).

(5) Determining average grain size ( ASTM
Standard E112 - 88).

(6) Evaluating the microstructure of graphite in
iron casting (ASTM A246).

{7) Determining average grain size using semi-
automatic and automatic image analysis (ASTM Stan-
dard E1382 - 91).

(8) Characterizing duplex grain sizes (ASTM
Standard E1181 — 87).

(9) Stereologically — based image analysis for
characterizing second — phase constituents (a proposal
w0 IS0, reference No. [SO/TC 17/SC 7 N 479).

(10} Applications in porous materials and pow-
der metallurgy: common porous materials include
concrete, paper, ceramics with natural or artificially
— created pores, clays, porous semiconductors, chro-
motography materials, and natural materials like

coral, bone, sponges, racks, and shells, all of which

have pores in them. Thus, the amount, the size and
its distributions, shapes and topology, spatial Joca-
tions and patterns of pores need and can be guantita-
tively characterized by using stereclogy, combined
with image analysis, mathematical morphology, 3D
modeling or even fractal geometry sometimes.

{11) Applications in understanding basic ideas in
physical metallurgy: different definitions of dislaca-
tion density.

It saould be emphasized that the ASTM stan-
dards are among the most authorized and well —
known in materials science and engineering ( MSE )
fields. Thus, through the efforts of materials scien-
tisls and engineers worldwide, application of stereo-
logical methodology have been already introduced into
labaratory routine and extensively standardized in the
MSE fields. Facilities to support such standardized
application of stereclogy have become available easily
nowadays. However, more advanced stereclogical
methodology are not well known even in the MSE
fields. Trefinirely, further efforts should be made notr
only by materials scientists and engineers, but also by
those create new and better methodology and facili-
ties.

2.2 Quantitative morphology in biology and
medicine

Nowadays, stereology has found even more ex-
tensive application in biology and madicine studies.
For example, unhiased stereclogy is now being re-
quested for nerve cell counts in neurctoxicology by the
US FDA and demanded by many journals before ac-
ceptance of studies and articles.

2.3 Combination with CT (computerized tomo-
grapgy) and MRI (magnetic resonance imaging)

Many image processing and analysis systems
have been developed for further usage of sectional im-
ages ob:ained by using CT and MRI technigues. For
exarnple, the JDVIEWNIX system {USA), ANAL-
YSE system { USA), Voxel — Man system ( Ger-
many), and the Window NT — based 3D imaging
and analysis systern developed by the Academy of
China.

2.4 Applications in agriculture


http://www.cqvip.com

E R SE BT

D000 http://www.cqvip.com|

2001 EH 6 BE 1 W

In agriculture, stereological methods may be ap-
plied for numerous purposes such as;

(1) Quantifying microstructure in vegetables.

(2) Quantifying organs in animal bodies.

{3} Quantifying spraing in potatoes.

{4) Estimating length of plant roots.

{5) Quantifying regions in agricultural fields.

(6) Quantifying the open space structure in gr-
ass swards.
2.5 Other application examples

Applications of stereology can also be found in
geoscience, in the measurement of; faults in rocks,
pores in soils, mineral grains in rock, biological tis-

sue, and many other science and technology fields.

3 The Fundamental Component of the Stere-
ology Methodology

As understood by the present author, the follow-
ing descriptions {quoted directly from R. T. DeHoff)
are referred 1o the traditional or narrow definition of
stereology .

3.1 Features

The structure of the glob of matter is composed
of sets of specific features {particles, surfaces, inter-
faces, lines, edges, points, ... ).

3.2 Properties

Each feature has one or more geometric proper-
ties which can be measured. The goal of the exercise
is the quantitative estimation of these geometric prop-
erties.

3.3 Probes

The glob is sampled with a set of geometric
probes — points, lines, planes, volumes—, on which
observations and measurements are made.

3.4 Events

The probes interact with specific features in the
structure to produce events to be observed ( point
probe lies in feature, line probe intersects boundary,
plane probe transects particle, ...).

3.5 Measurements
Some attribute of each of the observed events of

interest is measured. In most cases this is a simple

count of the number of events observed.
3.6 Analysis

A mesn and standard deviation of the distribu-
tion of measured values in the sample is computed. If
the sample design is valid, the mean will provide an
unbised estimate for the expected value of the mea-
surement for the population of probes.

3.7 Relationship

The fundamental equations of stereology relate
the expected values of specific measurements on an
appropriate probe set to a corresponding geometric
property in the three dimensional glob.

3.8 Design

Each kind of probe has a specific population in
the space occupied by the probe. The choice of the
subset of probes in this population to be examined for
measurement constitutes the design of the stereologi-
cal experiment.

The design of a stereclogical experiment, by
which is meant the set of choices that are made for
the selection of orientations and positions of the fields
1o be observed and measured, is the most difficult and
most important component of practical stereology. An
improper design could lead to the expenditure of a
great deal of effort to produce very precise estimates
of wrong numbers.

For more details, the readers may refer to the
following suggested literature, especially those recent

publications.
4 Some More Words

As mentioned in section 3, most of the standard
stereclogy measurements of volume, surface area,
curve length, curvature densities, are simple point
counting pon correct sampling the population, no
need of any expensive instruments. Even so, there
still exist serious problems in research and application
of stereclagy. As also pointed out by Bente Pakken-
berg (the president of the ISS, 1995 — 1999}, most
applied scientists have only a remote knowledge re-
garding the field of applied mathematics and even the
stereology. Thus, countless hours are still spent in

laboratories to obtain based quantitative information
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of real 3D structures based on 2D — profile analysis. It
is of great importance to let the people know those
available methodology and facilities in order to make
all the scientific results validity and unbiased. On the
other hand, it is also important to make more effi-
cient, inexpensive, and ease — to — be — understood
methods available. In this point of view, scientific so-
cieties like the ISS and the CSS should be more active

than anytime before.
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national Society for Stereology ( first appeared in
1982). Its name has been changed to Image Analysis
and Stereology from volume 19, No. 1 ( March
2000) .
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