
¢ƘŜǊŜ ƛǎ ŀ ƭƻǘ ƻŦ ŘƛǎŎǳǎǎƛƻƴ ŀōƻǳǘ άǘƘŜ ōƭǳǊǊƛŜǎέ ŀƴŘ {tмΦ Many of our enthusiast sites, like AVSim.com, 

have threads discussing this issue, for example, here and here. I have been pretty active in responding to 

these and investigating posts that seem to present new data that is worth further investigation. First, 

though, ƭŜǘΩǎ establish some common vocabulary to help drive discussion. 

There are at least four types of blurries going around; ƭŜǘΩǎ Ŏŀƭƭ ǘƘŜƳ ά¢ȅǇŜ мέΣ ά¢ȅǇŜ нέΣ ά¢ȅǇŜ оέΣ ŀƴŘ 

ά¢ȅǇŜ пΦέ 

1. Blurries across a lot of tiles with photo-scenery (especially FS9-style photo-scenery that uses 

1km small bitmaps, which can require a lot of file accesses to generate one terrain texture ). 

These eventually catch up. 

2. Blurries across a lot of tiles with default scenery and a variety of settings and cards, which 

eventually catch up. 

3. Blurries with either style scenery, where it appears some tiles are just a little blurry all the time. 

4. Blurries where all ( or most ) tiles are blurry all the time 

¢ƻŘŀȅ L ǿŀƴǘ ǘƻ ǘŀƭƪ ŀōƻǳǘ ά¢ȅǇŜ 3έ blurries. aȅ Ƴŀƛƴ Ǉƻƛƴǘ ƘŜǊŜ ƛǎ ǘƘŀǘ ά¢ȅǇŜ о .ƭǳǊǊƛŜǎέ ŀǊŜ essentially 

an unsolvable problem. In screenshots like the one below, 

 

http://forums.avsim.net/dcboard.php?az=show_mesg&forum=121&topic_id=402576&mesg_id=402576&page=2
http://forums.avsim.net/dcboard.php?az=show_mesg&forum=121&topic_id=401559&mesg_id=401559&listing_type=search


which show the near region as άƭŜǎǎ ōƭǳǊǊȅέ ŀƴŘ ǘƘŜ ŦŀǊ ǊŜƎƛƻƴ ŀǎ άƳƻǊŜ ōƭǳǊǊȅ,έ I see users taking the 

position that the rendering in those screenshots is problematic. After investigating this, I see that this 

case is a good one for demonstrating a fundamental limitation of 3D graphics in general and FSX in 

particular.  

¢ƻ ǎǘŀǊǘΣ ƭŜǘΩǎ ǘŀƭƪ ŀōƻǳǘ ǘƘŜ ǾƛŜǿƛƴƎ ŦǊǳǎǘǳƳΣ Ƙƻǿ ǘŜȄǘǳǊŜǎ ŀǊŜ ƳŀǇǇŜŘ ƻƴǘƻ ǘǊƛŀƴƎƭŜǎ ƛƴ ǾƛŜǿΣ ŀƴŘ 

filtering.  

The DirectX SDK documentation describes the viewing frustum as follows: 

The Viewing Frustum 

A viewing frustum is 3-D volume in a scene positioned relative to the viewport's camera. The shape of the 

volume affects how models are projected from camera space onto the screen. The most common type of 

projection, a perspective projection, is responsible for making objects near the camera appear bigger than 

objects in the distance. For perspective viewing, the viewing frustum can be visualized as a pyramid, with 

the camera positioned at the tip. This pyramid is intersected by a front and back clipping plane. The volume 

within the pyramid between the front and back clipping planes is the viewing frustum. Objects are visible 

only when they are in this volume. 

 

If you imagine that you are standing in a dark room and looking through a square window, you are 

visualizing a viewing frustum. In this analogy, the near clipping plane is the window, and the back clipping 

plane is whatever finally interrupts your viewðthe skyscraper across the street, the mountains in the 

distance, or nothing at all. You can see everything inside the truncated pyramid that starts at the window 

and ends with whatever interrupts your view, and you can see nothing else. 

The viewing frustum is defined by fov (field of view) and by the distances of the front and back clipping 

planes, specified in z-coordinates. 



 

In this illustration, the variable D is the distance from the camera to the origin of the space that was defined 

in the last part of the geometry pipelineðthe viewing transformation. This is the space around which you 

arrange the limits of your viewing frustum.  

So the view frustum influences how much of the world you see; the larger the view frustum, the more of 

the world you see.  

Now, those objects are all mapped onto the same size viewing surface. So with a narrower field of view, 

objects get more space on the viewing surface and appear taller and wider.  With a wider field of view, 

not only are more objects visible, but each object is somewhat smaller. This influences how many texels 

from the texture can possibly be mapped to the object.  

Now that we have triangles in the viewing frustum, how do textures get mapped onto the triangles?  A 

polygon in the world is projected onto the viewing surface at the front of the frustum, as shown below. 

 

The polygon has a texture assigned to it, and the hardware maps texels in the texture to pixels on the 

ǎŎǊŜŜƴ ǳǎƛƴƎ ǿƘŀǘ ŀǊŜ ŎŀƭƭŜŘ άǘǊƛŀƴƎƭŜ ǊŀǎǘŜǊƛȊŀǘƛƻƴ ǊǳƭŜǎ,έ ŀƴŘ ǘƘŜǎŜ ŀǊŜ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ 5ƛǊŜŎt3D 



runtime and used by the driver and hardware. These rasterization rules determine what the correct 

texel is for that screen space pixel.  

But ǿŜ ŀǊŜƴΩǘ ŘƻƴŜ ȅŜǘΦ ¢ƘŜǎŜ ǘŜȄŜƭǎ are fetched from the texture, then filtered and applied to the 

triangle. This is called texture sampling, and is discussed here. Note the discussion of filtering. Filtering is 

necessary when there is not a 1:1 mapping from the texture to the polygon. In practice, there is rarely a 

1:1 mapping, so filtering is performed almost all the time. 

¢Ƙƛǎ άŦƛƭǘŜǊƛƴƎέ takes you from a rectangular 2D texture to a triangle in screen space. As you can see, 

there is some distortion, depending on the filtering type. Bilinear filtering takes a 4x4 pixel weighted 

average and introduces blurring. Trilinear uses mipmaps, and samples between two levels of the 

mipmaps. This lets distance be a factor in determining which texel will most closely map to the pixel. 

IŜǊŜ [h5 ƻǊ aƛǇ.ƛŀǎƛƴƎ Ŏŀƴ ŎŀǳǎŜ ǘƻƻ ƳǳŎƘ ōƭǳǊ ƛŦ ōƛŀǎŜŘ ǘƻƻ ǎƳŀƭƭΣ ƻǊ άǎƘƛƳƳŜǊέ ƛŦ ōƛŀǎŜŘ ǘƻƻ ƭŀǊƎŜΦ 

Anisotropic filtering attempts to address this issue, as shown in the image from Wikipedia below, which 

compares trilinear and anisotropic filtering, in the article here.  Note that the anisotropic filtering still 

shows blurries, even though they are reduced. 

 

 

 

We still are not done. If ǘƘŜǊŜ ƛǎ ŀƴȅ άǎŎǊŜŜƴ ǎǇŀŎŜέ ŜŦŦŜŎǘΣ ƭƛƪŜ ŀƴǘƛ-aliasing, this too affects the texture 

data. Usually filtering and anti-aliasing involve blurring, as discussed here, from which I quote: 

The actual result of the most full-scene anti-aliasing techniques is that scene aliasing is 

masked with visual "noise," which can sometimes be seen as blurriness. New methods 

http://www.extremetech.com/article2/0,1697,1164569,00.asp
http://en.wikipedia.org/wiki/Anisotropic_filtering
http://www.extremetech.com/article2/0,1697,1171856,00.asp
http://en.wikipedia.org/wiki/Image:Anisotropic_compare.png


have improved this situation, though they still have tradeoffs, and we'll explore some of 

these new techniques here. 

So clearly the techniques used in 3D hardware rendering introduce some artifacts. There is just no way 

around that.  

Now that ǿŜ ƘŀǾŜ ǘƘŜ ōŀŎƪƎǊƻǳƴŘΣ ƭŜǘΩǎ Ǝƻ ōŀŎƪ ǘƻ C{·Φ Several rendering factors in FSX can contribute 

to έ¢ȅǇŜ о .ƭǳǊǊƛŜǎέ. These include: 

¶ Terrain 

o LOD radius 

o Global Texture Resolution 

o Terrain Texture Resolution 

¶ Camera 

o Horizontal view angle or field of view, foV, controlled with and equal to zoom in and 

zoom out  

¶ Viewing 

o Screen Size 

o Filtering 

I have left out the hardware mip range, which the MipBias tweak addresses; six variables is enough for 

this article!  

LetΩs start out with the screen size 1600x1200, Filtering is Anisotropic with AA enabled in the app, and 

the first 2 constants ( LOD, global res ) and vary the terrain texture resolution for two zoom levels: 

¶ Zoom = 1.0 with the default horizontal view angle, foV, of around 35 degrees 

¶ Zoom  = 0.5 with a foV of around 60 degrees 

The narrow field of view in the default camera can exaggerate the blurries, as you will see.  What we are 

going to look at is the town in the medium distance, down the road. And letΩs please not get distracted 

by either the time of day difference or the small JPEG artifacts; those are not the droids you are looking 

for! 

The dialog box below shows the settings for the two shots that follow. 
 



 
Here is a sequence of screen shots at both zoom levels, iterating from 10m texture resolution to 30 cm. 
We start with LOD and Global Texture Resolution all the way to the left, then iterate 
 just on the 7cm textures with LOD, then on just the 7cm textures with LOD High and iterating on Global 
Texture Resolution. Each pair of pictures at each zoom is RTM and SP1. 

  



Texture at 10m, Zoom at 1.0 - RTM 

 
Texture at 10m, Zoom at 1.0 -SP1 

  
Texture at 10m, Zoom at 0.5 ς RTM 


