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Abstract

In this paper, we propose a method to automate the

-extraction of organ areas from computing tomogra-
phy (CT) images using three dimensional mathe-
matical morphology. Morphological segmentation
provides us the theory and tools to analyze shapes
directly. This characteristic leads itself well to ana-
lyzing and extracting organ areas according to size
and grey level features. After a system for three
dimensional morphological processing was built, we
employed a new approach, Differential Top-hats, to
our new three dimensional organ extraction system.
The experimental results show that organ areas can
be extracted automatically with a success rate of
96%.

1 Introduction

Currently, several kinds of medical images such
as CT, PET(Positron Emission Tomograph),
SPECT(Single Photon Emission CT) and MRI are
easily obtained under favor of rapid development of
medical instruments. These kinds of medical im-
ages provide us so much physical information that
make the applications of computer-supported diag-
nosis and medical treatment more and more popu-
lar.

Even if there exist several kinds of researches on
the medical images using image processing and pat-
tern recognition techniques, somehow the medical

"images are not easy to be dealt with, especially
the three dimensional internal images. Although
the automatic organ extraction and recognition are

most important for a image generation, storage and’

archiving, reference and representation which are
regarded as the basic techniques of construction of
computer-supported diagnosis systems.

Most of the presented organ extraction and recog-
nition approaches are not only involving many man-
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ual operations, but also using some particular al-
gorithms, such as region growing [1] and skeleton
method [2, 3], to deal with parts of special organs.
In this paper, we propose a method to automate the
extraction of the whole organ areas from CT images
using three dimensional mathematical morphology.
After a system for three dimensional morphological
processing was built, we employed a new approach,
Differential Top-hats Transformation(DTT), to our
new three dimensional organ extraction system.

The entire procedure can be divided into two
steps: segmentation processing and reconstruction
processing. In the first processing, we propose a new
morphological segmentation algorithm DTT which
was derived from top-hats idea and morphological
recursive operation. We apply it to segment origi-
nal three dimensional CT data according to its size
and grey information. The next processing is re-
construction processing. Its primary objective is to
remove noises and reconstruct correct organ regions.
In this processing, we propose a morphological filter
based on conditional dilation idea. :

The organization of this paper is as follows: In
the section 2, after a brief overview of three dimen-
sional morphological operations are described, the
new morphological segmentation approach DTT is
presented. Section 3 describes the details of our
organ extraction implementation. Experimental re-
sults are discussed in section 4, and the conclusion
in section 5.

2 3-Dimensional morphology

2.1 Basic definition

The three dimensional morphology is derived from
two dimensional theory. It also include 3D Dilation,
Erosion, Opening and Closing. If E3 represent a 3D
Euclidean space, f(x,y,2)((x,y,z)€F, F€ E3) denotes
a 3D grey image and k(u,v,w)((u,v,w)€K, K€ E?)
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denotes a 3D structure element, the four basic op-
erations denoted as Di(f), Ex(f), Ox(f).Cr(f) are

defined as following:

De(f) = flx.y.2)d k(u,v,w) (1)

= MAx(y v w)e K {flx -,
(r—uy—uv,:—w)EF

y— v,z —w)+ k(u, v, w)}

fla,y,2) e klu, v.w) (2)

= Mmingewerx S+,
(r+uy+v.s+w)eF

y+uv,z+w)—k(u,v,w)}

Ex(f)

O(f) = flz,y,2)0k(u,v,w) (3)
= f(r,y,2) S k(u.v,w) ® k(u,v,w)

(’k(f) = f(m\yy:).k(uvvyu") (4)
= f(.z-,y.:)rfak(u,v,w)-{vk(u,v,w)'

Since the 3D morphological operations are dis-
tinguished into binary and grey scale operations,
in this paper we employ &, 5,0, e denoting binary
operations, when thy, 5y, 0,, 0, denoting grey scale
operations.

2.2 Top-hats transformation(TT)

The gray-scale original image Fiy opened by a struc-
ture element r; A can remove the bright areas which
cannot contain the structure element, and subtract-
ing the opened mage from the original one yields
an image where the bright objects clearly stand

out. The transformation described in (6) is called
“white top-hat” transformation (WTT). A closed
original image in gray-scale subtracting original one
allows us to extract dark objects from bright back-
ground, which is called "black top-hat” transforma-
tion (BTT) and defined in (7).

iy _ ) T if WIT

T “{ Ti if BTT ()
71; = F() - F() Og 1‘;1\' (6)
T = Fye, ;K — Fy, (7)

2.3 Differential TT (DTT)

For some complicated images, especially those in
which the target objects are combined in a non-
uniform background, it’s difficult to segment inter-
ested particles satisfactorily. Clues for detecting
features were discovered when we applied TT with
different sizes of disk structure elements. The differ-
ence between 7} and 7}’ 7" includes our interested
objects, and that image can be easily thresholded to
make features stand out[4].

Fo= 118" - Fl_,
F = |J F: Fi=0 (8)

1<5<i

where the original image 1s denoted by Fy, and seg-
mented images which hold diflerent sizes of objects
are denoted by F;/. The differences between the
neighboring TT results up to i are united together
in F/ with a certain size of features
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2.4 Structure element

We employed a series of spheres as the -structure
elements in this research. Since they have not di-
rectional features, spheres should be efficient with
different shapes of organs. The series of spheres can
be composed by the following functions:

ri1<sphere = Ti—lh’sphere &S (i timgs) (9)
r Keube ifi=2n

S = (Tl Z 1)
r1Boctahedron f1=2n—1

An example of the composition is shown in Fig.1

-3 Organs extraction system

3.1 Segmentation processing

The 3D CT data Fy was segmented by the follow-
ing DTT filter where the sub-image F; was opened
by a small structure elementr(;_9) Kppere to remove
small noises.

F; |T; — Ticals — F{_4
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3 U (Fj og r(j—?)I(sphere) (10)°

F! =
1<%
Fo= 0
‘T;‘ = FO_FOOgTiKsphere:

where, |D|p denotes a threshold operation by a de-
fined grey level which is determined experimentally.
The segmented results were collected into Fy. Since
the organ regions are brighter than the background,
we only employed WTT in this processing.

3.2 'Reconstruction processing

In this processing, the segmented sub-image F! were
opened by a sphere structure element rs K phere to
delete separated noises, and then the same structure
element was employed to reconstruct the organ re-
gions using conditional dilation algorithm.

M
R;

Fil o5 Ksphere (11
(1\/[ P Tsf\"sphere) n |.F0|B

R; = R;_; then stop

if

Where, the | Fy|p denotes a thresholded source 3D
image by a grey level determined experimentally.
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4 Experimental results

we employed a 3D CT volume data with size of
256 x 256 x 100 pixels and 2mm slice distance in
our experiment.

Preliminarily, we built a 3D morphological image
processing system for the experiment. This system
involve 3D morphological functions, 3D arithmetic
functions, 3D logical functions and expanded I/O
functions available to dealing 3D CT images. The
experiments were implemented upon this system.

In the segmentation processing, We employed.a
series of sphere structure elements from radius 1 to
14. According to our inspection about the scale of
organ regions in the C'T image, we found that the
largest organ region was not wider than 29 boxel
(The diameter of r14N phere). All the segmented
sub-immages were collected into F{,. This result was
pushed imto the reconstruction processing to be pro-
cessed by the conditional dilation filter.

The examples of three slices of 3D grey source
C'T image and their final results are shown in Fig.2.
We want address here that the whole processing was
impleruented in 3D not in 2D slice images. An ex-
ample of 3D represented image based on the binary
result is shown in Fig.3. _

After a inspection with three experimental re-

sults. we found that 1the average extraction rate of
our system was 96% where the result was obtained
by overlapping all the source slice images with their
result images to estimate them by eyes. The exper-
imental results show the effectivity of the proposed
approach. There remained some problems that the
system cost a long computing time (about 3 hours
per process) and required a big size of memory so
far.

5 Conclusion

In this paper, we proposed a new approach to au-
tomatically extract organ regions from 3D CT -
ages using mathematical morphology. We presented
a new morphological segmentation method DTT
and applied it to our new organ extraction system.
The proposed system was verified by our experi-
ment showing that 96% of the organ regions were
extracted correctly.

As our future work, we want to improve the sys-
tem to save the computing cost and recognize the
organs by labeling processing.
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