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ABSTRACT 
Work using OpenGL and OpenInventor to render solid models of 
microscopic specimens of SmecticA liquid crystals focal conic 
domains imaged with a laser scanning confocal microscope is 
presented.  

Categories and Subject Descriptors 
D.3.3 [Programming Languages]: Language Contructs and 
Features – abstract data types, polymorphism, control 
structures. This is just an example,. 

General Terms 
Algorithms, Management, Measurement, Documentation, 
Performance, Design, Reliabilit y, Experimentation, 
Standardization, Languages, Theory, Verification. 

Keywords 
Liquid crystals, Focal conic domains, confocal microscopy, 3D 
imaging, scientific and information visuali zation OpenGL, 
OpenInventor. 

1. INTRODUCTION 
The Center for Advanced Liquid Crystalli ne Optical Materials 
(ALCOM) is one of 25 NSF Science and Technology Centers and 
is comprised of university physicists, chemists, and 
mathematicians from Kent State University, Case Western 
Reserve University, The University of Akron.  The Center 
represents the largest concentration of li quid crystal research in 
the United States and scientists investigate the optical and 
physical properties of li quid crystals to design and fabricate new 
advanced materials.  Interactive multimedia creates opportunities 
to observe physical phenomena between the layers of li quid 
crystalli ne material.  This paper presents work in progress using 
a confocal microscope, OpenGL, and OpenInventor, to capture 
images of focal conic domains of SmecticA liquid crystals 
rendered  as 3-D animation where the user can rotate as well as 

focus particular portions of the images in the new media. 

2. Focal Conic Domains1   
 
 [1] 

 

 

 

 

 

 

 

 Because of the surface tension anisotropy the SmA droplet 
shows faceted structure in the image below. In SmA this faceting 
is provided by so-called focal conic domains in the form of cones 
of revolution. The focal conic domains fill t he interior of the 
droplet: Their apexes meet in the center of the droplet and their 
circular bases are located on the droplet's surface. 

 

 

Figure 1. SmecticA Focal Conic Domain obtained by 
conventional li ght microscopy. 

                                                             
1 image courtesy of Oleg Lavrentovich. 
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3. Scientific Visualization 
3D visuali zation techniques are not commonly employed in 
analysis of focal conic domains. The goal of this work is to 
initi ate discussion on a proposed new method of observation, on 
visuali zation issues, and on possible solutions. First, a novel 
method to produce solid models of microscopic specimens 
imaged with a laser scanning confocal microscope is presented. 
Second common visuali zation issues will be evaluated in an 
effort to determine the reliabilit y of the proposed method. The 
visuali zation process can suppress information about the original 
data qualit y, add information not present in the original data, and 
lose information. All of this can result in incorrect assumptions 
about the structure or content of the original data or the meaning 
of the visuali zation. Finall y, the work represents initi al 
investigation of the proposed novel method with the intention of 
providing a framework for continued investigation. [2], [3], [4] 

 

3.1 Confocal M icroscopy2 
Laser-scanning confocal microscopy enables microscopic 
examination of a wide variety of biological and inorganic 
specimens. This instrument utili zes a gas laser, conventional 
microscope, confocal optics, extremely sensiti ve li ght sensors, 
and a state-of-the-art computer and software to produce images 
of exceptional clarity and resolution. In addition, since 
information on focal conic domains is collected as volume data in 
digital format, OpenGL using Open Inventor is applied to further 
enhance the usefulness of the images. This abilit y to collect and 
manipulate high resolution, li ght microscopic data on structure 
and molecular composition may provide new opportunities for 
microscopic analysis of physical phenomena in the layers of 
li quid crystals. [5] 

 

 
Figure 2. SmecticA Focal Conic Domain obtained by Laser 

Scanning Confocal Microscopy. 

                                                             
2 image courtesy of Oleg Lavrentovich. 

3.2 Novel Method for presenting Focal Conic 
Domains 
An understanding of the morphology and the developmental 
changes in the shapes and dimensions of focal conic domains 
requires three-dimensional (3-D) analysis in order to observe 
physical phenomena between the layers of li quid crystalli ne 
material.  We devised a simple protocol using confocal laser 
scanning microscopy (CLSM), to render the 3-D. We will 
evaluate the reliabilit y of our method by comparing results with 
those of a parallel study of the same material by conventional 
li ght microscopy to determine if the images of optical sections 
obtained by CLSM were of high qualit y and accuracy. We will 
also evaluate whether optical sections and high contrast images 
provide clear information about the shapes and nuclear status of 
focal conic domains which have previously been diff icult to 
determine using conventional microscopy.  Finall y we will 
evaluate the use of the confocal microscope with OpenGL and 
OpenInventor as a quick and easy method for visuali zation of the 
structure of focal conic domains. 

[It will be nice to add a littl e detail about the type of boundary 
value equation we will be solving to extrapolate the sli ce data 
into volume data-- a good IT problem. Some time it is done 
physics domain by using the property equations (CT scan etc.). 
However, in other cases it is more appropriate to extract the 
visual information by sli ce based processing and geometric 
interpolation (shape reconstruction)] 

[Perhaps then it makes sense to identify some sort of procedures 
and steps how we will do it.]  

3.3 OpenGL  
OpenGL is used to produce high qualit y 3D images and 
animation in many areas, such as scientific data visuali zation.  It 
is a hardware-independent standard 3D graphics programming 
interface and has been an important factor for graphics-intensive 
appli cations by providing an underlying portable software 
platform that optimizes the use of available graphics hardware. 
[6] 

3.4 OpenInventorTM  
The implementation of the new method is based on the Open 
InventorTM, an object-oriented 3D rendering toolkit. 
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