Figure 1: Eye rays re°ected from an object. The re°ected rays are shovn as
blue arrows. Red arrows are the normal vectors. Given the normal vectors, one
can compute the re°ected rays using the formulas we usedto do Phong shading.
Note that ervironment mapping will not produce correct results for rays which
have to bouncefrom the object sewral times beforeescapingto the ervironment
(lik e one of the rays shawvn above).

Environmen t Mapping

1 Geometry of re°ection

Consider an ideally re°ective object and a ray through a pixel. What color
should one usefor that pixel? The sameasthe color incoming to the re°ection
point from the direction of the re°ected ray (seeFigure 1). Therefore, if oneis
ableto precomputeand somehav store the colorsincoming towardsthe re°ective
object along di®eren rays, rendering would be really simple.

In environment mapping, one storesthe colors arriving at a 3D object from
di®erent directions in one or more textures. Typically, one assumeshat colors
incoming to di®eren points along parallel rays are the same. This meansthat
we needto keepa color for ead incoming ray direction rather than for every
possibleincoming ray. Below we discusstwo speci ¢ examples.

2 Spherical environmen t map

Imagine a photograph (or a synthetic image, e.g. rendered using ray tracing)
of a mirror sphere. This image stores colors incoming along rays of all possible
directions (Figure 2). It is directly used as texture for spherical ervironment
mapping. Suc atexture might look like the one shown in Figure 3. To simplify
things, let's say that the sphereis exactly inscribedinto the (square) photograph.
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Figure 2: A mirror sphere. Any direction is a direction of a certain re°ected
horizontal ray. Sphericalenvironment mapping is basedon mapping colorsfrom
a photograph of a re°ective ball onto a 3D object. If the photograph is taken
from in nite distance, colors incoming from all directions are preseri on that

photograph. Of course,there are two caveatshere: (1) the distance betweenthe
viewpoint and the sphereis nite { atypical photograph is a perspective image
rather than a parallel projection basedimage;in particular, somedirections are
not represeried on the image; we'll just sweepthis problem under the carpet
here, saying that if the photograph is taken from far away, the projection is close
to parallel; (2) the photograph will not really store colorsfor every ray, but only
at rays through pixels and the density of sampling of the spaceof directions will

not be uniform; we'll just hope that interpolation will solve this problem.
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Figure 3: An example of a texture for usewith spherical environment mapping
and a 3D model with this spherical environment mapping.



To seewhat texture coordinates we needto usewith spherical ervironment
mapping, notice that the direction of the re°ected ray (assumingthat the view-
ing direction is the sameas the direction from which the image of the sphere
wastaken and the viewpoint is far away, sothat the rays from the viewpoint are
almost parallel) dependssolely on the normal vector at the point wherethe ray
hits the object. Therefore, the color at a vertex v of the object should be the
sameasthe color we seeat the point of the spherewhich hasthe samenormal
vector. Assuming that the sphereis certered at the origin and has unit radius
and the unit normal at v has coordinates [ny; ny; n;], we needto usethe color
we seeat the point (ny;ny;n;), which projects (assumingthat the projection
direction is along the z-axis) to (ny;ny). Of course,the range for ny and ny
is [i 1;1] and the range of texture coordinates is [0; 1], and therefore we need
to scalen, and ny sothat they are in [0;1]. To do this, we add one to eah
coordinate and then divide it by 2. To sum up, the texture coordinates we need
to usefor a vertex v with unit normal [ny;ny;n;] with spherical ervironment
map are
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The scaling can be eleganly handled using the texture transformation matrix.
In graphics pipeline, there are 4 texture coordinates which can be transformed
using 4 £ 4 matrices much like vertex coordinates (evertually, the rst two
texture coordinates are usedin the caseof 2D textures). Using texture matrices
onecan alsoapply the ervironment map to a rotating object: the trick is to use
normals astexture coordinates and usethe texture matrix to rotate the texture
coordinates in the sameway as the vertices are rotated and to scalethem to
[0; 1].

Graphics APIs usually provide various ways of generating texture coordi-
nates automatically basedon viewpoint, normals, light location and other pa-
rameters. Automatic texture generation meansthat the programmer does not
have to specify them explicitly but they are computedin somespeci ¢ way from
other vertex attributes or view or light data. Automatic texture generationcan
handle most of the “natural' scenariosof using texture to model lighting or
re°ections (in particular, ervironment mapping).

3 Cubical

In cubical environment mapping, one rst records colors incoming towards a
point P somewhereinside or near the object from every direction & We will

think of this color as being painted onto the cube's surfaceat the point where
the ray that starts at P and has @ as the direction vector intersectsthe cube's
surface (Figure 4). Cube environment map can be thought of as six images
(which we obtain on the facesof the cube by applying the above procedure). If
just one texture is desired, one can cut the cube along someedgesand °atten

it onto the plane as shawn in Figure 5.
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Figure 4. Cubical texture mapping.
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Figure 5: Flattening the cube environment map.



Cubical ervironment map is more °exible (there is no problem with applying
it to views from di®erert directions, for example) but it its hardware implemen-
tation is slightly more complicated. One possible scenariois as follows. For
ead vertex, usetexture coordinates equal to the coordinates of a unit vector
pointing in the direction symmetric to the view vector about the normal of that
vertex (this is the direction of the incoming color we want to use). Send this
texture coordinate to the rasterizer and let it linearly interpolate to fragmerts.
At the fragment processingstage, corvert the interpolated normal to “real' tex-
ture coordinates (in the texture space)and look up color from texture. The
conversion of normal to coordinates in the image basically mapsthat normal to
the corresponding point on the cube and "nds the corresponding point on the
texture. Formulas for this conversion are not hard to "nd.



