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Abstract
The study of the complicated architecture of cell space structures is an important
problem in biology and medical research. Optical cuts of cells produced by confocal
microscopes contain a lot of information, however, most of this is unsubstantial
for human vision. Therefore, it is necessary to use mathematical algorithms for the
visualization of such images. Present software tools such as OpenGL or DirectX
run quickly in a graphic station with special graphic cards, run very unsatisfactory
on PC without these cards and outputs are usually poor for real data. These tools
are black boxes for a common user and make it impossible to correct and improve
them. With the method proposed, more parameters of the environment can be
set. The quality of the output is incomparable to the earlier described methods
and is worth increasing the computing time. We would like to offer mathematical
methods of 3D scalar data visualization describing new algorithms that run on
standard PCs very well.
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1 Introduction

Cells are obviously observed using a fluorescent scan
confocal microscope. Data images acquired by this mi-
croscope are scalar fields from a mathematical point of
view. Algorithms for their three-dimensional (3D) pro-
cessing can be classified into two groups: surface-fitting
algorithms (SF algorithms) and direct volume render-
ing algorithms (DVR algorithms). SF algorithms con-
struct a geometric surface representation of the scalar
field to be displayed and then construct this surface.
DVR algorithms display the scalar field directly with-
out surface representation.

The existing software tools used to reconstruct small
objects usually do not employ all the features of state-
of-the-art hardware. Since the existing software is
run on high-level computers, the efficiency of the algo-
rithms is not the issue. Technologies such as OpenGL
or DirectX can only be used on graphic stations with
special graphic cards with graphics accelerators. The
software programs recommended by microscope man-
ufacturers usually do not work on standard PCs. Data
visualization based on OpenGL or DirectX does run on
a PC, but only with great difficulties.

The main problem is the quality of output created by
means of OpenGL and DirectX. With the method pro-
posed, more parameters of the environment can be set,
making it possible to apply 3D filters to set the output
image sharpness in relation to the noise. The quality
of the output is incomparable and is worth increasing
the computing time.

For the study of the complicated architecture of 3D
structure of cells, we have more and more quality in-

struments available but the needed software support
falls behind slightly. Most of the programs provided
with these instruments are not able to master the 3D
object reconstruction at an appropriate level and, if
they are, companies do not publish any applied meth-
ods or algorithms for commercial reasons. Therefore
very little information can be found on these methods.

We would like to offer mathematical methods of
3D scalar data visualization describing new algorithms
that run on standard PCs very well. Some publications
([8, 10, 11, 15, 1]) were some of the first attempts in
this direction.

2 Current Methods

2.1 Primary Data

The primary data used in this paper have been pro-
vided by the Olympus Fluoview 1000 microscope by
Prof. Roman Janisch of the Department of Biology,
Faculty of Medicine, Masaryk University, Brno, Czech
Republic and Prof. Josef Reishig of the Institute of
Biology, Faculty of Medicine, Charles University in
Plzeň, Czech Republic. A confocal microscope output
is formed by a series of (usually a few tens of) optical
cuts through an examined object and our ambition is
to reconstruct the object on the basis of these cuts:
twodimensional-ly and especially three-dimensionally.
Biology and medical research use the fact that confocal
microscopy is basically a noninvasive and nondestruc-
tive kind of study of the space structure of cells and
tissues.



Figure 1: Optical cuts of Paramecium caudatum cells. The 4-th, 7-th, 11-th and 15-th cut of eighteen optical
cuts has been choosen (8 bits grey scale, resolution of 490�490 pixels in each cut). Data provided by Prof.
Roman Janisch.

Figure 2: Optical cuts of Tobaco cells. The 20-th, 50-th and 80-th cut of one hundred optical cuts has been
choosen (RGB true color, resolution of 800�800 pixels in each cut). Data provided by Prof. Josef Reichig.

Figure 3: Optical cuts of Paramecium caudatum cells. The 20-th and 40-th cut of 56 optical cuts has been
chosen (RGB true color, resolution of 1600�1600 pixels in each cut). Data provided by Prof. Josef Reischig.

Figure 4: Optical cuts of Euplotes patela cells. The 7-th, 13-th, 18-th and 23-th cut of 27 optical cuts has been
chosen (pseudocolors: 27 cuts of nucleus – red, 27 cuts of other structures - green; 16 bits grey scale, resolution
of 450 ×460 pixels in each cut). Data provided by Prof. Roman Janisch.




	1 Introduction
	2 Current Methods
	2.1 Primary Data
	2.2 Current Common Principles of 3D Data Visualization
	2.3 Projection
	2.4 3D Processing of the Raster Data - SF Algorithms
	2.5 3D Processing of the Raster Data - DVR Algorithms

	3 Proposed Method for DVR 3D data Visualization
	3.1 Rasterization of a Line Segment
	3.2 Illuminant Model for the Raster Data

	4 Results and Discussion
	5 Conclusion
	References

