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AdapTube: Adaptive Optics animation for tutorial purpose 
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Abstract. As it happens in most scientific fields, many Adaptive Optics concepts and instrumental  layouts are 

not easily understandable. Both in outreach and in the framework of addressing experts, computer graphics (CG) 

and, in particular, animation can aid the speaker and the auditor to simplify concept description, translating them 

into a more direct message. 

This paper presents a few examples of how some instruments, as Shack-Hartmann and Pyramid wavefront 

sensors, or concepts, like MCAO and MOAO, have been depicted and sometimes compared in a more intuitive 

way, emphasizing differences, pros and cons. 

Some example linking animation to the real world are also outlined, pushing the boundaries of the way a 

complicated concept can be illustrated embedding complex drawings into the explanation of a human. 

The used CG software, which is completely open source and will be presented and briefly described, turns out to 

be a valid communication tool to highlight what, on a piece of  paper, could seem obscure. 

This poster aims at showing how concepts, such as Pyramid WFS, GLAO, MCAO and GMCAO, sometimes very 

difficult to explain on paper, can be much more easily outlined by means of dedicated animation SW. Blender is a 

very powerful freeware SW, used by our group since years to make tutorial videos and explanatory movies, a few 

examples of which are presented here. 

1. Introduction  

In the presentation of a project or an idea, the graphic visualisation helps with simplifying the 

discussion and the comprehension of a concept; for this reason when you have to explain something 

you can use the images. 3D computer graphic and the animation in particular are able to improve the 

exposition: in the first case thanks to the third dimension and in the second case thanks above all to the 

temporal component. In recent years sophisticated algorithmes have been developed to improve 3D 

visualisation and special effects, thanks in particular to the growing application of computer graphics to 

cinematography and video-games. At the same time, great technological progress has allowed the 
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developement of more powerful and faster computers, especially exploiting the graphics processing 

units (GPUs), which parallelled and complemented the software development. The computer graphic is 

used to display how the instruments created by astronomers work and this is useful not only in the 

presentation for the experts but also in the teaching and the diffusion of scientific knowledge. In this 

paper I will show how computer graphics can be used to present the instruments created by 

astronomers to an audience of experts, students or laymen for outreach purposes. In particular, I will 

first provide a short introduction to the different steps involved in creating a movie using BLENDER, a 

powerful and totally opensource software. Then, will present some example applications: movies 

comparing the two wave front sensors Pyramid and Shack-Hartmann, another one simulating the space 

mission PLATO and finally a comparison of different adaptive optics methods such us GLAO, MCAO, 

GMCAO. 

2. Blender 

Blender is a free and a multi-platform software for rigging, animation, compositing and rendering of 

3D images. Blender has several UV mapping functions, fluid simulation, retopology, particles, no-

linear simulation and 3D games creator. It is available for several operating systems: Windows, MAC, 

Linux, Free BSD, Iris. Moreover Blender has many sophisticated functions that are comparable to 

those of other programs like Soft Image XSI, Cinema 4D, 3D Studio Max, LightWave 3D, Maya.  

Two of Blender functionalities are ray tracing and script (Python). The software needs only a little 

space for installation and although it is often present without documentation, is full of modellation 

tools and in the web are available a lot of tutorials that explain the function of the different commands.  

Some of its potentialities we can remind are:  

 a great variety of geometrics primitive including polygonal mesh, curve Bezier and NURBS 

and vectorial fonts; 

 animating instruments like inverse cinematic, armatures, latex deformation, key-frame 

management, non-linear animation, constraints; 

 non-linear video-editing management; 

 interactive characterization like the collision of the obstacles, dynamic engine, logical 

programmation for a stand alone or real time application; 

 internal rendering engine extremely adaptable and in the last years the possibility to use 

unbiased rendering called Cycles. 

 

 

2.1. Interface and Workflow 

The main Blender interface is shown in Figure 1 and shows the object toolbar, main 3D viewport, 

transformation toolbar, data and model outliner, properties panel, and animation time line. A typical 

session workflow in 3D animation consists of the following steps. 

Third AO4ELT Conference - Adaptive Optics for Extremely Large Telescopes



Adaptive Optics for Extremely Large Telescopes III 

 

 

Fig.1.—Main Blender interface. (a) Object toolbar for manipulating a selected object. (b) Main 3D view port. In this example a 

“Quad View is shown for the top, front, and right orthographic perspectives, as well as the preview of the camera angle. (c) 

Transformation toolbar, which allows precise control of objects. (d) Hierarchical data outliner, summarizing the properties and 

settings of each data structure. (e) Properties panel for the camera, world scene environment, constraints, materials, and 

textures. (f) Animation time line, frames in the video animation, and yellow marks indicating keyframes for selected objects 

2.2. Modelling 

The user can make a model (or  he can import from other softwares) through some objects called mesh 

wich consist of primitives that are cubes, spheres, cylinders (Fig.2)or plane figures that can be extruded 

like the square or the circle.  

 

FIG. 2: Six basic mesh primitives. This example scene shows faceted versionsof a cube, UV-sphere, icosahedron,                          
cylinder, cone, and torus, each coloredwith a different material. These are simple objects upon which more complexmodels can 
be built.. 

2.3.  Texturing and Mapping 

 

Texturing is the method through which materials are assigned to the previously shaped objects. 

Depending on the geometrical complexity different techniques can be used. In the case of simple 

objects, such as a cube, a sphere or a cylinder, predefined mapping is used, whereas when object 

complexity increases unwrapping is commonly used. In this technique objects are unsewed to obtain 

the different parts composing them (just think to the inverse of what a tailor usual does to produce 

Third AO4ELT Conference - Adaptive Optics for Extremely Large Telescopes



Adaptive Optics for Extremely Large Telescopes III 

clothes). Furthermore, tecnhiques to give roughness to materials without adding complexity (and 

therefore overloading) mesh. This technique consists in creating bum map, desaturating images texture. 

The obtained grey scale information defines peaks and valleys (Fig.3). 

 

Fig.3: A sphere without bump mapping (left). A bump map to be applied to the sphere (middle). The sphere with the bump map 

applied (right) appears to have a mottled surface resembling an orange. Bump maps achieve this effect by changing how an 

illuminated surface reacts to light without actually modifying the size or shape of the surface 

 

2.4. Lighting 

This step is required to define how much light is reflected, refracted or absorbed by the material 

considered. Because of complexity issues, related to multiple (in principle, infinite in number) 

reflections, the software will never compute the actual diffusion, absorption and reflection processes as 

they happen in the real world! Illumination shall be treated smartly, in order to apply a realistic global 

illumination onto the scene and then introduce, if needed, an additional source of light to be applied to 

the main characters, existing in different layers, sometimes even not interacting each other.. 

2.5. Animation 

Animation is obtained recording mesh position variations and its related properties. This happens 

through the realization of photograms that take into account the scale variation in position, rotation and 

sometimes morphing, of the main objects represented in the video. Blender helps the user with a graph 

editor allowing to visualize, for example in the case of a shift, the function interpolating it and, if 

necessary, modify this function in the most convenient way for the user  (Fig.4). 
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Fig.4: In Blender, all standard direct animation uses “IPO curves”, which stand for “InterPolation curves”. An IPO curve is a curve 

that control the vale of a property, based on time, or, technically, it map the time to the value. 

2.6. Camera Control 

In addition to the meshes movement, the camera movement shall be considered too. This simulate a 

conceptual camera, for which some parameters, like focal length and depth of focus can be set, together 

with the way in which it moves. Tipically, the movement is realized applying constraints onto the 

camera, which will move on a dedicated path and will focus on a target which, in turn, can be linked to 

another path. 

 

2.7. Rendering 

Rendering is a process that actualizes the whole work and gives as an output an image, a sequence of 

images that will later on compose a movie, or directly the movie. To achieve this is important that it is 

provided with a rendering engine. Blender uses two of them: an internal one and a ray-tracing one, 

defined Cycles. 

2.8. Compositing 

Compositing is the process which allows to manipulate different frames composing the scene. Each 

frame can be overlapped to other different frames, existing in separated layers, which can be treated 

independently, thanks to operators called nodes, each of them characterized by peculiar properties. 

They can, for example, emphasize a glow effect in specific directions, to simulate the spikes one could 

see on stellar images. Other properties could be to increase the depth of focus blurring, to introduce a 

vignetting into the camera optics or to simulate lens flares. 

 

3. Example Application 

3.1. First example: a tutorial on the Pyramid WFS 

The two movies about the pyramids refer to the effect of the signal due to tip-tilt and the astigmatism 

aberrations.  In the one that refers to the tip-tilt a comparison with the Shack Hartmann is presented, 

although in a purely geometrical manner. The pupil si sampled in a way that the number of subaperture 

is a round number (just one hundred) easy to use in the mental computation of the amount of photons 

per each subaperture and to estimate the Poissoniano noise. The comparison between the two sensors 
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within such a framework and in closed loop makes the paramount gain of the pyramid strikingly 

obviously! The astigmatism is also shown with the purposes of explaining that higher and higher order 

aberrations makes the spot on the pin of the pyramid larger and the concept that the achievable gain 

becomes more limited. 

 

Fig. 5: Search on YouTube, in the Padovadopt channel “Pyramid vs Shack-Hartmann: the gain in sensitivity”. 

 

3.2. Second example: a simulation of the Plato ESA Mission 

The PLATO movie is an example of a much more detailed rendering that allows to describe in a short 

movie the whole concept of a space mission. The aim is to detect planets around other sun. The only 

observable (the dim of the light because of the transit) is independent from the distance of the source 

from the observer so once explained it this is zoomed out to Galactic distances. The opportunity to 

show up the concept of four overlapping fields and the further operational approach to rotate the 

symmetric Field of View by 90 degrees every three months is also briefed. 

 

Fig. 6: Search on YouTube, in the Padovadopt channel “PLATO - A mission to search for other Earths” 

 

3.3. Tirtd example: GLAO vs MCAO vs GMCAO 

The last is a truly very pictorial movie in which anamorphism is greatly employed. In fact the 

horizontal scale and the vertical one here differs massively. The various concept of Adaptive Optics 

correction over a larger Field of View are pointed out detailing the volume of the turbulent atmosphere 
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that is likely to be cancelled employing the various techniques. As the various approaches depends 

critically upon the diameter of the telescope this is explained through morphing of the telescope 

between a VLT-like 8m class telescope to a 5x larger E-ELT style one. 

 

Fig. 7: Search on YouTube, in the Padovadopt channel “Adaptive Optics from 8m to 40m (E-ELT): new techniques!” 

Conclusion 

While the dissemination of animated images (movies) through the net and social networks (YouTube) 

makes possible a level of technical and scientific divulgation that is uncomparable to just a decade or 

so ago, it is interesting to briefly discuss which are the next steps into such a realm. The adoption of the 

new technologies into 3D visualization is already at hand and is not discussed here, although it is 

interesting to point out that this will have to align to the most spread technologies in the near future 

(coloured, polarizing or switching googles for instance). Interactivity sounds like one of the most 

promising approaches. This can be conceptually achieved in two ways... in first the material is used 

by who is in charge to describe the concepts or the techniques employed. As today one has at least the 

degree of freedom to "advance" one slide after the other in a presentation accordingly to the flow of 

discussion, the same could be achieved, in a much more effective and elaborated way, just adding 

components to the optical train, jumping to a certain stage of a mission profile or simply "creating" 

with his/her own hands the concepts one is trying to elaborate. The other way is completely left to  

the "reader" (although is more correct to say the "viewer" or -better- the experiencer) where one can 

look things from any perspective, to advance or to go back in the visualization, to ask specifically for 

more insight into some details that are left unexplained in a first explanation of a novel concept, like a 

sort of wavelet thoughts exploitation. The two ways can actually be merged together... with a massive 

number o viewer the convenuer can just decide from which side, continuously, and to which level of 

details (zooming) see at this or that during a flow of explanations. In a much more elaborate way this 

could be accomplished in a sort of remote way in which the listener or viewer can "vote" for a re-

explanation or a better, or alternative, explanation of a few concepts. Making the process of generating 

these animations much simpler and faster will be a key thing into this futuristic approach. 
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