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ABSTRACT   

Adaptive Optics (AO) concepts involve sometimes very complex behaviors of rays, waves and optical elements. Just 
think, to be convinced, the way multiple probes aim to correct for a large field of view Multi Conjugated AO, and to how 
these deploy onto a dynamic turbulent atmosphere. In order to explain the behavior of novel concepts we developed 
visualization techniques that involve the display of three dimensional images and the creation of movies to explain how 
the concept deals with an evolving situation, or, in other words, adding the fourth dimension of time. We produce solid 
models of the optical concepts we are developing, including the evolving temporal behavior of the turbulence, and these 
can be manipulated in a virtual manner in order to allow for the production of different means of visualization. These 
ranges from so called "static movies" where a three dimensional concept is just explored in three dimension by handling 
it around the observer, to the creation of three dimensional anaglyphs or anaglyphs movies. While the paper is mainly 
focused onto the ways these techniques are exploited in order to produce satisfactory results, the poster allow the visitor 
to experience some of these images and movies. The aim of this work is not only of a sort of high level didactical 
purpose, but we think it would be useful into scientific discussion and during meeting to develop engineering concepts of 
several AO concepts. 
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1. INTRODUCTION  
In the past, we learnt by experience that some Adaptive Optics (AO) concepts are hard to understand, and numerical and 
theoretical explanations are sometimes not enough to convince everybody that an hypothetical solution should work. 
During this conference, for example, several speakers pointed out the very good results recently obtained on-sky by the 
AO system of the Large Binocular Telescope with the Pyramid Wavefront Sensor guiding the secondary adaptive mirror, 
which obtained images with a 85% Strehl Ratio in the H-band ([1] and [2]). Although this is for sure an extraordinary 
result from the technological point of view, since to our knowledge this is the first AO System reaching such 
performances, we had to wait until the first light of the system to make everyone convinced that such a system can work, 
even if several theoretical papers about these techniques were already been published ([3],[4],[5],[6] and [7]). This is 
only a notable example of how is sometimes hard to explain some configurations of optical elements leading to complex 
behaviors of rays and waves. 

In this framework, with the dual aim to clarify some concepts to astronomers and technologists and to improve public 
understanding of astronomical concepts, we decided to dedicate some effort in creating solid models of the optical 
concepts we want to explain. According to which is the target of a specific production, the proper type of visualization is 
selected, ranging from simple images of solid models, “static movies” with a camera rounding around the object, real 
movies showing an evolving situation, up to three dimensional anaglyphs movies. 

All the realized movies are posted on http://www.youtube.com/PadovAdOpt. 

Section 2 contains a brief introduction to Blender, the graphic application tool used to realize all the images and movies. 
In Section 3 a particular movie is analyzed to point out some examples of the difficulties one can find trying to maximize 
the realism and the global understanding of a concept, and some of the techniques and tricks used in order to obtain the 
final results are described. In Section 4, finally, the anaglyph option is introduced and the way to elaborate the images is 
described. 
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2. TOOL DEDICATED TO THE MOVIES 
Blender is a free software, developed as an in-house application by the animation studio NeoGeo and Not a Number 
Technologies, founded by Ton Roosendaal in 1998. The software is being actively developed under the supervision of 
the Blender Foundation and now is available for a number of operating systems, including Linux, Mac OS X, and 
Microsoft Windows. 

This 3D graphics very powerful application allow the modeling of solid objects, their texturing, rigging and skinning, in 
order to create a realistic effect, and the final rendering. Particle, water and smoke simulations can be used to enhance 
the overall realism. The software, moreover, can be used for animating the modeled objects, editing and composing 
movies, up to the creation of interactive 3D applications. 

3. ONE MOVIE, SEVERAL TRICKS 
This Section describes the solutions of some technical difficulties arose during the production of a movie, selected as an 
example, illustrating the Plato space project, to be used for science communication during a television report. We’re 
talking about an instrument composed by 42 telescopes all pointing to a certain area of the sky looking for planets 
orbiting around other stars, using the transits method ([8]). 

The main idea was to show an alien planet transiting between its star and the observer, partially obscuring the light 
coming from the star itself, then, with a sudden de-zooming, the camera should have moved to frame the flying satellite 
during its operations. The result is a single movie illustrating both the transits method concept and the pointing strategy 
of the instrument during its flying time, introducing an evolving situation. 

 
Video 1 Link to the movie described in this Section:   http://dx.doi.org/10.1117/12.857354.1
 3.1 SIMULATING STARS 

Since we’re speaking about a space project, the background needs to be filled with stars in all directions. The apparently 
simplest idea was to add a very big sphere surrounding the whole scene, on which applying the image of a star field, but 
this turned out to be more complex than expected, since the image dimension should be precisely tuned in order to have a 
good result in terms of resolution without causing a crush of the software due to a too large amount of data. Another 
problem was that during the movie the camera should have moved in a very wide space, requiring a huge surrounding 
sphere, but the camera itself would not be able to see the sphere surface if it was too far from it. Blender provides its own 
way to create a star field, but the rendering time, in this case, would be too long. Another attempt was to use a noise 
texture to be applied to the environment, providing a good star effect if used for a static image (see Figure 1, left). The 
problem is that this type of procedure re-selects the random white points for each frame, introducing a flickering effect in 
the movie.  
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The final solution is described in the following. Each Blender primitive (cube, sphere, cylinder, etc.) is defined as a set of 
vertexes (e.g. the cube corresponds to 8 vertexes) linked by the solid edges. These edges can be sub-divided into sub-
edges, creating other vertexes. Applying the halo property to each vertex they turn into glowing points, looking like stars, 
as shown in Figure 1 (right). Several surrounding spheres with different radii have so been created, providing a number 
of vertexes, on which the  halo property has been applied with different intensities. The result is a field in the 3D space, 
filled with stars with different luminosity, fixed one with respect to each other.  

 
Figure 1 On the left, the noise texture, providing a good star effect for static images but resulting in flickering 
points when used in a movie. On the right the halo property applied to the vertexes of a sphere. 
 

 
Figure 2 The work space of the second part of the movie about Plato. The frame shows the satellite in its reference 
coordinates and the apparently random vertexes (black points) that will look like stars when rendered with halo 
property. 
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3.2 CONSTRAINTS AND MOVEMENTS 

Making a movie requires sometimes to move several objects in the workspace, in order to obtain the desired result on the 
camera. It is then important to have an a priori idea of the global effect and of what the camera has to do from the 
beginning to the end of the movie itself. In the Plato movie, first the camera frames the alien planet, then enlarges the 
frame to the star-planet system, moves away from the orbiting objects very quickly, until they look exactly like the other 
field stars, and then focuses on the satellite, during its pointing operations. 

The first thing to do was to fix what we call “the center of the world”, a point that acts as a reference for the coordinate 
system of the whole scene. Even if it looks like moving, the fixed point of the first part of the Plato movie is the center of 
the star. In Blender there are two ways to move the objects, the first is to create a curve and to constrain the object to 
move along it, the second is to fix two different positions in two corresponding moments (the object will follow a 
straight line between them). In this movie the star rotates around its axis, the planet is constrained on an orbit (curve) 
centered on the star itself, and the camera movement is defined by the initial and the final point, separated by a very little 
time. 

The second part of the movie has been attached to the first one only when both were already rendered: the star-planet 
system and the satellite never existed in the same work space. This is because everything the camera can’t see does not 
need to exist and this type of approach often accelerates the rendering process, minimizing the amount of data to 
compute at the same time.  

3.3 AN ALIEN PLANET 

How an unknown world looks like? In this case the solution is simply a photo-retouch… A texture obtained from some 
high-resolution images of Io, the Jupiter’s moon, has been downloaded from the web, then it has been turned into 
something that has never been seen (it should represent an alien world, shouldn’t it?) using Gimp, a photo-retouch open 
source software. Finally, the new texture has been applied to a spherical object, giving the result showed in Figure 3. 

  
Figure 3 On the left: the upper image has been downloaded from the web and represents the high-resolution 
surface of Io, one of the Jupiter’s moons, which has been then photo re-touched using Gimp to turn the real colors 
to other colors giving the idea of an alien world. On the right, the final result is shown. 
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3.4 TRANSIT EFFECT 

Since we’re speaking about the transit method, it is crucial to recreate the effect of the planet transit, causing a decrease 
in the overall star luminosity.  

In Blender several types of lamps do exist, each of them with different properties and functionalities (note: at least one 
lamp has always to be used, otherwise no object can be seen by the camera). To obtain the transiting effect a spot lamp 
has been selected and the function halo has been used on it. 

The peculiarity of this type of lamp in the halo configuration is to create a volumetric light cone, and an object passing 
through the cone itself produces a visible light obstruction, as showed in Figure 4. 

 
Figure 4 The image shows the light obstruction effect obtained using a spot lamp with halo properties. 

4. STEREOSCOPIC EFFECT 
An anaglyph is a stereoscopic image that, if watched through proper glasses equipped with two complementary colors 
filters, provides a 3-dimensional effect. The current standard colors for the anaglyph filters are red, for the left channel, 
and cian, for the right channel. The material used for these type of filters consists in a monochromatic red or cian gelatin. 
The choice of these colors was historically led by the fact that the cian filter allows to see colored images with a good 
result also for the skin shade. The classical method to create an anaglyph, using photographic filters during printing or 
projecting images, consists in capturing two parallel images with two cameras placed at a the distance comparable with 
the distance of our eyes, turning the left image in red and the right one in cian and then projecting or printing them 
simultaneously. Nowadays, the photographic filtering can be simulated using a proper software and starting from a 
couple of stereoscopic colored or black-and-white images. 
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In our case, with Blender, two cameras have been placed in the same scene, with a relative distance corresponding to 
1/30 of the distance between the camera and the object. Blender is equipped with a post production system, allowing the 
treatment of the images through the so-called nodes, resembling the typical characteristics of standard photo-retouch 
software like Gimp or Photoshop and presented schematically in Figure 5. Once the coupled images had been captured, 
the red channel was retrieved from the left image, while the cian channel was obtained from the right image. A 
combination of the two channels gives the required result (an example is shown in Figure 6). 

 
Figure 5 The procedure used to produce stereoscopic images is presented schematically. Two cameras are created 
in the scene world, where the object has been 3D modeled, both the cameras take a frame and the RGB channels 
of the two resulting images are separated. The left camera frame green and blue channels are set to zero, and the 
same is done on the right camera frame red channel. The resulting images are mixed together to obtain the 
desired anaglyph. 

SCENE 
WORLD 

 Left Camera 
Red Channel 

 

Right Camera 
Cian Channel 
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Figure 6 An anaglyph showing the Large Binocular Telescope, obtained with the technique described above. 
 

 
Video 2 Link to an example of stereoscopic movie, concerning a new concept for AO with Natural Guide Stars on 
an Extremely Large Telescope ([9]):  http://dx.doi.org/10.1117/12.857354.2
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5. CONCLUSIONS 
A new approach to explain complex Adaptive Optics concepts has been presented, involving both 3D modeling and 
movies to introduce the time dimension. We also dare to push further, introducing anaglyphs to obtain a real 3D effect 
and to enhance the realism of our images and movies. We honestly think that this kind of figurative approach will be 
very useful to speed up the understanding of new ideas, to facilitate scientific discussion and to develop engineering 
concepts of several AO concepts during meetings. Moreover, this work could also result in an improvement of the public 
understanding of astronomical concepts. Now wear you 3D grasses and have fun! 
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