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THE SHADING OF TRUE RELIEF DATA
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Abstract

In this paper a comparison of two methods for the generation
of interpolated and shaded images is presented which deals
with the computing costs for the process and the visual
appearance of the image. Practical results are shown

using spline interpolation and topographic relief data.

Introduction

The rélief data we used consist ‘of the altitude samples
of Switzerland in a uniform raster of 250x250 m (fig. 1).
By applying a shading algorithm to this data set we get‘
a simulated map showing a lot of informations relative

to relief structure, orientation, illumination, shadow,
etc. (fig.2). The continuous shading effect of figure 2
is created by the low-pass characteristic of the eye and
disappears in the enlarged figure 4. Our aim is the resti-
tution of the shade continuity by interpolation.

It mustbe mentionned here that the altitude samples were
read from a topographic map (by many people in many days)
and that we have no knowledge of the relief structure
between two samples. Our problem is that of an artificial
improvement of the resolution appearance and our judge is
the eye.

There are basically two different possibilities to inter-
polate shaded graphics: 1) interpolation in the object
space and 2) interpolation in the image space. The first
approach is the natural one in that it is the method we
would use if more samples were given. We expect good

appearance improvement. The second method is faster and



has shown good results in the real time generation of shaded
geometrical surfaces [1]. We want now to compare both methods

in their ability to satisfy our purposes.

Shading

There are many different rules for shading a surface [2].

In our application the shade value is:
s = CcosH (1)

where 6 is the angle between a normal h to the surface

and a vector J2 to the light source. This rule is simple and
has the following physical meaning: s is the luminance of

a diffuse white surface lighted from infinite. Calling
h(x,y) the height of the relief surface and considering
that cos 6 is the scalar product of the unity vectors n

_).
and %, we find:
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This transformation from h to s has a derivative nature

s(x,y)=

which comes from the presence of h in its first derivatives.
In fact, s is the slope of the surface relative to the light

source vector.

Interpolation

Because of their finite spatial extension and their nonnegative
values the spline.functions are well suited to our interpolation
task. A two-dimensional spline function of class m has all its
derivatives of order 1,2,...,m-1 continuous everywhere. Andrews
and Patterson [2] show that for interpolating an image, at least
a spline of class 1 (bilinear or triangle interpolation) is
needed. Higher class splines give similar results. In other
words our visual system needs an image with continuous deri-

vatives of order zero i.e. with continuous halftone or shade.



Using these results for our purpose, we will expect that:

a) bilinear interpolation is needed in the image space,

b) interpolation in the object space with the bilinear function
will lead to shade discontinuities in the image, due to the
derivative nature of the shading process, which reduces the
order of the interpolation function.

c¢) interpolation in the object space needs splines of higher

class (2 or more).

There are two steps in computing the two-dimensional separable
interpolation of the data array [G] of dimension NxN with
splines [2]. First the multiplicative coefficients cij (which
thén will be used to weight the spline surfaces) are found

from [G] and the constant interpolation matrix [A] with

1 1

[C] = [A "1.[G]-[A "] (3)

each matrix having the same size N x N.
The second step consists of weighting the spline surfaces with
the coefficient cij and ?dding them. This is done by computing
the interpolated array [G] for each raster cell (i,j) with

K M M K
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where [S(x)] and [S(y)] are the constant spline matrices and
[Cij] is the square submatrix of [C] comprising all the
coefficients Cpy which weight the spline surfaces touching
the raster cell. The size of these matrices is given by

the linear enlargement factor K and the spline class m (M=m+1).

Computation cost

As computation cost (or time) unit we shall use the one for
a main operation (MO) such as a multiplication or a division.
With this, we find the computation cost of (4) as (M2K+MK2).
Computing (3) needs basically 2N3 multiplications. However,
the dominance property of a diagonal band of elements in [A_l]
allows us to ignore the further elements.Considering a band

of 15 elements reduces the cost to 30N2.



In the special case of bilinear interpolation (m=1), [A]
is the unit matrix and the cost of (3) is zero. Adding
now the costs of both interpolation steps and dividing
the total by the amount of interpolated values N2K2 leads

to the total interpolation costs per pel

M2
K + = for M=2 (m=1)
¢i=3o M2
—-—2-+K+—I—<-forM>2 (m>1) (5)
K

The computation cost of the shading (2) is largely dependent
on the way the square root is executed. The use of an approxi-
mation technique [4] reduces its cost to about 10 MO.

Expressing again the cost in terms of shading cost per pel

gives
10 for object interpolation
0} =
sh 10 for image interpolation (6)
2
X

The computationcosts for various K are summarized in figure 3.

Results

Results are shown with a 32 x 32 object array interpolated to
512 x 512 pel images (fig.5,6,7) ie. N=32, K=16. Figure 6 is
obtained by linear interpolation in the object space and
shows the previous expected discontinuities. Although the
presence of high frequencies gives a first impression of
sharpness, this image is unable to show the true relief.

A visual comparison of figures 5 and 7 shows a similar
rendering in the rather flat parts of the relief. However,
only the object interpolation technique produces a good ren-
dering of parts with higher spatial frequencies (fig.7). The

image interpolation technique fails in this point (fig.5).



A comparison of computation costs shows the merit of
the image interpolation technique which lies in an
efficiency improvement with respect to the object
interpolation by a factor of 256 (=K2) with a bad
shading algorithm and of 7 with the previous mentioned
method [4] (fig. 3).

Conclusion

Object and image interpolation were compared and both
showed their own merit: computation efficiency for image
interpolation and the capability of maximum rendering
of relief data for object interpolation. Beyond this,
practical results confirmed spline functions of class 2

or more to be fitted to object interpolation.
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Fig. 1 TImage of the altitude
data of Switzerland.
This digital array has
1000 x 1500 pels.
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Fig. 3 Diagram showing computation

shade a picture

Fig. 2 Computer generated
shadow map. The light
source position is that
of sun on March 21 at 8

am.

shading cost for interpolation in
object space

shading cost for interpolation in
image space

interpolation cost with bilinear
function (m=1)

interpolation cost with quadric
spline (m=2)

interpolation cost with cubic
spline (m=3) ‘

costs to interpolate and



Fig. 4 Enlarged part of fig. 2. The 32 x 32 relief samples
- shown cover an 8 x 8 km domain.

Replication interpolation in the image space (K=16,m=0)

Fig. 5 Bilinear interpolation in the image space (K=16,m=1)

Fig. 6 Bilinear interpolation in the object space (k=16,m=1)

Fig. 7 Cubic B-spline interpolation in the object space (K=16,m=3)



