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Introduction  
The WWT SphereToaster utility allows you to convert panoramas, all-sky surveys, and planetary surface 

imagery in Equirectangular coordinates to the TOAST format that WorldWide Telescope uses.   

WorldWide Telescope is a viewer for spheres, for spheres of ever increasing size/resolution.  Sometimes 

ς for panoramas and all-sky surveys ς WorldWide Telescope browses the inside of a sphere. Other 

times, for the surfaces of planets and moons, it browses the outside of a sphere.  

Equirectangular Projection  
With Equirectangular coordinates, every pixel represents the same number of degrees of latitude / 

longitude for planets,  and degrees for Right Ascension (RA)  / Declination (Dec) for sky surveys. 

 
Figure 1.  Equirectangular map of Earth, from January 2004. Image Credit: NASA, Visible Earth. 

 

Equirectangular coordinates are often used to represent earth maps - like the NASA Blue Marble map 

shown above - because they are intuitivŜ ŀƴŘ ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜƴΩǘ ŜƴƻǳƎƘ ǇŜƻǇƭŜ ƭƛǾƛƴƎ ƴŜŀǊ ǘƘŜ ǇƻƭŜǎ 

to complain. You can see how the warping increases as you move further from the equator -- Russia, 

Alaska, and Antarctica are not as large as they appear. 

Still, the Equirectangular format has been around for millennia, and is popular for distributing images.  

WWT SphereToaster allows you to convert such images to the TOAST projection used by WorldWide 

Telescope to display images on a sphere without the distortion inherent in cylindrical projections.  

An equirectangular image that covers the entire sphere will have a 2 x 1 aspect ratio, i.e. be two times as 

wide as it is high. 
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TOAST Projection 
The Hierarchical Triangular Mesh (HTM) is a representation of a sphere proposed by astronomers in the 

Sloan Digital Sky Survey. It first models the sphere as an octahedron, then recursively subdivides each 

triangular face until the sphere is closely approximated by a highly tessellated polyhedron. Jonathan Fay, 

chief architect and developer of WorldWide Telescope, proposed an extension of HTM, where the 

subdivided octahedron is folded out into a square that is very convenient for use in an image pyramid. 

This extension is referred to as the Tessellated Octahedral Adaptive Subdivision Transform, or TOAST1. 

When our equirectangular earth map is converted to TOAST, it looks like this: 

 

Figure 2. Earth mapped using the TOAST projection. 

Its unusual warping can be interpreted.  You can see the North Pole in the center, and Antarctica at the 

corners. In fact, all four corners meet at exactly the same point ς the South Pole. The Equator follows a 

square whose corners are the middle of each side, as shown in Figure 6 later on. 

The wrap-around in TOAST is shown in Figure 3. Each side of the ¢h!{¢ ǎǉǳŀǊŜ ΨȊƛǇǎ ǳǇΩ ƻƴǘƻ ƛǘǎŜƭŦΦ 

                                                           
1 ¦ƴƻŦŦƛŎƛŀƭ ƴŀƳŜǎΣ ǎǳŎƘ ŀǎ ¢ƻƳ aŎDƭȅƴƴΩǎ ά¢ƛƭƛƴƎ Of A Sphere by Trianglesέ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ǇǊƻǇƻǎŜŘ. 
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Figure 3. The lines on the right, linking 
 corresponding points in the TOAST  
projection, shows how each side of the  
TOAST square wraps around itself. 
 

  
Figure 4 indicates how TOAST works. Basically, a sphere is modelled as a polygon (starting with an 

ƻŎǘŀƘŜŘǊƻƴύ ǘƘŀǘ Ƙŀǎ ƭƻǘǎ ƻŦ ǘǊƛŀƴƎǳƭŀǊ ŦŀŎŜǎ ŀƴŘ Ŏŀƴ ōŜ ΨŦƻƭŘŜŘ ƻǳǘΩ ƛƴǘƻ ŀ ǎǉǳŀǊŜΦ In said square,  the 

center is at the North Pole while all four corners represent the same point, the South Pole. The equator 

forms a diamond within the square, as shown in Figures 5 and 6. 

Subdividing tiles in HTM and TOAST 

   

   

Figure 4. First three levels of TOAST subdivision. In the first level, on the very left, a sphere is approximated by an 
octahedron, whose eight triangular faces fold out nicely into a square. In each succeeding level, each triangle is subdivided 
into four more triŀƴƎƭŜǎΣ ǿƘƛŎƘ ŀǊŜ ǘƘŜƴ ΨǇǳǎƘŜŘ ƻǳǘΩ ǎƻ ǘƘŀǘ ǘƘŜƛǊ ŎƻǊƴŜǊǎ ǘƻǳŎƘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǎǇƘŜǊŜΦ ¢Ƙƛǎ ƪƛƴŘ ƻŦ 
subdivision is the same as that employed by the Hierarchical Triangular Mesh (HTM) format used by the Sloan Digital Sky 
Survey; TOAST takes the additional step of using the 2D representation of the increasingly-better-approximated sphere. 
Image credit: Jonathan Fay, Tom McGlynn (NASA SkyView). 
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The way RA/longitude changes in TOAST ς as implemented in WorldWide Telescope - depends on 

whether it is being used to represent the inside or outside of a sphere.  For the inside of a sphere, the 

situation is as in Figure 5Σ ǿƛǘƘ ǘƘŜ ƭƛƴŜ w!Ґл ŀǘ о ƻΩŎƭƻŎƪΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǿƘŜƴ WorldWide 

Telescope uses TOAST to represent the outside of a sphere, the line RA=0 is ŀǘ ф ƻΩŎƭƻŎƪΣ ŀǎ ǎƘƻǿƴ ƛƴ 

Figure 6. WWT SphereToaster requires you to specify which side of the sphere you are dealing with. 

 

Figure 5. TOAST projection to cover the inside of a sphere. 
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Figure 6.  TOAST projection to cover the outside of a sphere. 

It is tricky to define what the resolution of a TOAST image actually is, due to differences in resolution in 

how TOAST represents different parts of a sphere.  For example, Figure 7 shows how three different 

Great Circles around a sphere appear in TOAST. The middle image has the path whose length is the 

ƎŜƻƳŜǘǊƛŎ ƳŜŀƴ ƻŦ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ǇŀǘƘǎΣ ǎƻ ǿŜ ǿƛƭƭ ǳǎŜ ƛǘ ǘƻ ŘŜŦƛƴŜ ΨŀǾŜǊŀƎŜ ¢h!{¢ ǊŜǎƻƭǳǘƛƻƴΩ ŦƻǊ 

convenience. 
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Figure 7. Each of these three squares covers the sphere in TOAST projection. Each blue path represents a Great Circle, or 
maximal circumference. The left-most path is twice as long as the right-most path since TOAST resolution is best along the 
Equator, though the difference in resolution is still far, far less than it is for Equirectangular projection. The lengths of the 
three paths are L*SQRT (8), L*SQRT (4) and L*SQRT (2) from left to right respectively, where L is the side of the square. 

Image Pyramids  
The TOAST representation of a sphere is a square. As it can be a rather large square, we store it as an 

image pyramid. In an image pyramid, each level contains a lower-resolution version of the original image 

ǿƛǘƘ ŜŀŎƘ ƭŜǾŜƭΩǎ ƛƳŀƎŜ ƘŀǾƛƴƎ ƘŀƭŦ ǘƘŜ ƘŜƛƎƘǘ ŀƴŘ half the width as (i.e. four times smaller than) the 

image in the previous level. At each level, the image there is chopped up into smaller images ς in WWT, 

these smaller images are 256 x 256 images called tiles.  

Level Number of tiles 
at this level 

Height (or Width) 
of image, in pixels 

¢h!{¢ wŜǎƻƭǳǘƛƻƴ όΨŀǾŜǊŀƎŜΩ) in arcsec/pixel 
when level 0 has a 256 x 256 image. 

0 1 256  2531.3 = 42.19 arcmin/pixel  

1 4 512  1265.6 = 21.09 arcmin/pixel 

2 16 1 024 632.8 = 10.55 arcmin/pixel 

3 64 2 048 316.4 = 5.27 arcmin/pixel 

4 256 4 096 158.2 = 2.64 arcmin/pixel 

5 1 024 8 192 79.1 = 1.32 arcmin/pixel 

6 4 096 16 384 39.6 

7 16 384 32 768 19.8 

8 65 536 65 536 9.89 

9 262 144 131 072 4.94 

10 1 048 576 262 144 2.47 

11 4 194 304 524 288 1.24 

12 16 777 216 1 048 576 0.62 
Figure 8. Table showing how size and resolution of images in TOAST projection change with each level in WWT. 
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WTML Files 
WorldWide Telescope uses  three file formats: WTT to store tours, WWTFIG to store constellations,  and 

WTML  for everything else.  WTML, or WorldWide Telescope Markup Language, is the XML format used 

by WorldWide Telescope. 

WTML files do not contain any imagery within them, but point to other locations ς such as the internet 

or your local hard drive or a file share. They also contain information that is displayed in the Properties 

ǇŀƴŜƭ ǘƘŀǘ ŀǇǇŜŀǊǎ ƛŦ ȅƻǳ ǊƛƎƘǘ ŎƭƛŎƪ ƻƴ ŀ ŘŀǘŀǎŜǘΩǎ ǘƘǳƳōƴŀƛƭ ƛƴ ²ƻǊƭŘ²ƛŘŜ ¢elescope.  

 

Figure 9. When a user right clicks on the dataset's thumbnail in WorldWide Telescope, more information about it appears in 
the Properties panel. Shown here is an example for a panorama returned by the NASA/JPL Spirit rover. The fields pointed out 
are specified in the WTML file for the dataset, and can be entered in WWT SphereToaster. 
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Using WWT SphereToaster  
 

With the relevant background information under your belt, we can now explain how to use the Alpha 

Release of WWT SphereToaster.  

 

WWT SphereToaster is included as part of the WWT ADK installation. Once you have installed WWT 

SphereToaster, you can find it using the Startup Menu in Microsoft ResearchĄWWT-ADK. It is in 

C:\Program Files\Microsoft Research\WWT-ADK.  

SphereToaster.exe requires these files to work: WwtDataUtils.dll, OctMap.dll, BigPic.dll, PlateTools.dll.  

You can also modify its default start fields by changing the entries in the file configSphereToaster.txt 

that is in the same folder as the WWT SphereToaster binary. This feature is very useful in practice. 

WWT Sphere Toaster takes as input a full or partial covering of the sphere in equirectangular format. 

You can specify the details of this covering. It outputs the following files: 

¶ One image pyramid containing the covering of the sphere using the TOAST projection. The 

image pyramid consists of several tiles, each of which is 256 x 256 pixels. There are over a 

thousand tiles in a full pyramid with level 5 that covers a 8192 x 8192 pixel square. Blank tiles 

are not created. By default, all tiles are all png images. You can change this to jpeg but we do not 

recommend this since jpegs do not store transparency and have artefacts. 

¶ One 96 x 45 pixel thumbnail. 

¶ Two WTML files that you can use to view the tiled image using WorldWide Telescope 

o One, marked *LOCAL.wtml, can be used to see the image on your local machine on 

which you ran WWT SphereToaster. 

o The other can be used to share  share the image with other WWT users once the 

thumbnail and tiles are placed at some internet-accessible location. You can specify the 

address of this internet location. 

SphereToaster is organized as a set of tabs. 

1. Input Tab. Here you can load your image and specify how it covers the sphere. 

2. Output Tab. Here you can specify the details of the image pyramid generated, and generate it 

3. WTML Tab. Here you can specify the metadata required for the WTML files and generate them. 

4. Test Tab. Here you can generate individual tiles of the pyramid. Ideally, you will not need to use 

this very often. 

5. About Tab. Here you can find the version number of the tool you are using. 

 

  



10 WWT SphereToaster 

 

Example 1 : Toasting a Panorama 

Input Tab  

 

 

Figure 10. Input Tab of WWT SphereToaster. This is where you specify how your input image covers the sphere. 

To start with, assume you have an image that is in Equirectangular projection and represents all or some 

of the sphere. You can load this image using the Open button. The Alpha release of SphereToaster loads 

the entire image into memory, so if your image is too large, you will have to resize it to make it smaller. 

(This will be fixed in future versions of WWT SphereToaster.) 

As an example, we use a 22 Megapixel panorama of part of the Seattle skyline in Figure 11.  

You now have to specify how your image fits across the sphere. Since WWT uses square pixels (i.e. each 

pixel represents the same resolution in degrees both horizontally and vertically) and there are 360 

degrees horizontally and 180 degrees vertically, the Equirectangular image representing the entire 

sphere has a width:height aspect ratio of 2:1.  We refer to this image as EQ.  
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Figure 11. The Input Tab of WWT SphereToaster after loading a 7391 x 3016 panorama of the Space Needle in Seattle. The 
panorama was created by supplying photographs from a nine megapixel camera to the freely available panorama stitcher 
Microsoft Image Composite Editor (ICE) from Microsoft Research. 

The Input Tab allows you to specify how the original image fits inside EQ. You can resize the image and 

then embed it in EQ using an offset with the coordinates in EQ of the top left of the resized image. 

By default, WWT SphereToaster assumes that your image does not need to be resized and that it covers 

all 360 degrees of the field of view. 

In most cases, you do not have to resize the image. 

You can change the size of EQ in one of two ways. You can either specify its height (its width is 

automatically defined to be twice its height) or you can specify how many degrees of field of view the 

input image covers. By default, you can specify the height and the FOV is automatically defined based on 

it. To define using the FOV, double click on the FOV box so that it becomes white and the Height box 

becomes grey, as shown in Figure 12. Double clicking on the EQ Height box reverses the option. 



12 WWT SphereToaster 

 

 

Figure 12. Double clicking on the FOV box allows it to become editable. You can now define the size of the Equirectangular 
image by specifying how much of the full 360 degrees of the sphere is covered by the input image. 

In this case, the panorama covers about 180 degrees, so we enter that in the FOV box and click on the 

Update button.  

 

Figure 13. Specifying that the (resized by a factor of 1) input image covers 180 degrees of the sphere causes the width of the 
Equirectangular image to be twice that of the input image. 


