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Most pi tures are drawn with smooth gradations
of olors and in lude olor shaded regions. To
produ e olor shading the graphi designer may
use many dierent methods: Partitioning [1℄,
DDA algorithm [2℄, Automati -airbrushing [3℄,
Bi-linear interpolation [4℄. In this paper we fous on an extension of Gouraud's method, the
urvilinear-linear interpolation. This method is
e ient and permits to design very qui kly the
general shape of a shading asso iated to a region
(or an obje t in animation).
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Notations
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Curvilinear interpolation

Let P (xp ; yp ; p ) be a pixel of the edge and
A(xa ; ya ; a ) and B (xb ; yb ; b ) be the extremities

of the edge. In Gouraud's algorithm [4℄ the olor
of P is given by an interpolation between A and
B:
p

=



d (P; B ) a
d (A; B )

+



d (P; A) b
d (A; B )

where d denotes the dieren e of ordinates.
In our method the d fun tion is a urvilinear
length. For example if the edge is a ir le of
radius , for P and Q two points of the irle, (; p ) and (; q ) being their polar oordinates, the ir umferential distan e d (P; Q) is:
d (P; Q) = jq p j.
When the edge is a straight line, the urvilinear
length is omputed as in Gouraud's method.

Hereafter, a pixel P (xp ; yp ; p ) is an elementary
element of the raster devi e and is given by its
o-ordinates xp , yp and its olor p , this olor
may be an entry in a Color Look-Up-Table or a
triple asso iated to a olor model, [P; Q℄ is the
dis rete segment between the pixels P and Q, a
ontour C (C = fP1 ; P2 ; :::; Pn g) is a set of n 4 Corresponding pixels

(n 2 IN ) 4- onne ted pixels, a region R is a
set of 8- onne ted pixels and is olor shaded if If n1 < n2 (number of pixels of E1 and E2 ):
n1
lled with various olors without any noti eable
8
Pj0 2 E2 ; 9 ! Pi 2 E1 = i  j
olor separation.
n2
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This property allows the omputing of the assoiated pairs. If n2 > n1 a symmetri al property
is
used. As this is a linear interpolation, a fast
and
dis rete line omputation algorithm [5℄ is used.

Model

A region R will be dened by two edges E1
E2 , these edges respe t:
8P 2 R; 9 P1 ; P2 2 E1  E2 = P 2 P1 ; P2
8 P1 ; P2 2 E1  E2 ; 8P 2 P1 ; P2 ; P 2 R
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If this de omposition is not possible the region
will be partitioned into smaller parts. The edges
are given by the user, drawn for example, the
olor of their extremities are also given. E1 is a
set of n1 pixels (E1 = fP1 ; :::; Pn1 g) and E2 is a
set of n2 pixels (E2 = fP10 ; :::; Pn0 2 g).
The new algorithm onsists in two steps:
 to ompute the olor of ea h pixel Pi (and Pj0 )
of the edges E1 (and E2 ),
 for pairs of pixels (Pi ; Pj0 ) of the edges to draw
the olor shaded line from Pi to Pj0 .
Three main problems have been solved and will
be presented in the following se tions, they are:
 The adequate non linear interpolation to obtain the olors of ea h Pi (and Pj0 ).
 The asso iation of pairs of pixels Pi and Pj0 .
 The omputation of [ Pi ; Pj0 ℄.
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The 3D line omputation

Between ea h pair of pixels (Pi ; Pj0 ) the algorithm omputes and draws a shaded line. The
olor an be given as a simple integer value (an
entry in a Color LUT or a gray s ale) or a triple
in a olor mode. In most shading pro ess the
extremities may have one or two ommon values. For example in the sphere ( f Fig.1) every line drawn is of onstant Hue and Saturation. Therefore dégradé automati ally adapts
to ompute a 2D, 3D, 4D or 5D dis rete line
with the fastest known algorithm [5℄. An eient te hnique [6℄, based on proje tions is applied to the 4D or 5D lines.
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Utilization of dégradé

The new te hnique is very fast.
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Figure 1: The road

The pi ture illustrates dierent kinds of olor
shading. The edges of the balloon are two bezier
urves. The edges of the sphere are the point of
illumination and a ir le. The edges of the road
are two lines. The trees are omposed by two
olor shading dened by a bezier urve and a
line. For example the denition of the road onsists in a few li ks: the limits of the region, the
innite point and three points at the bottom of
the pi ture. Then dégradé omputes the road.
This example illustrates how easy it is to use
the dégradé olor shading tool. The method
is very intuitive and the shape of shading easily
predi ted.
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Con lusion

A new method to produ e olor shading was presented. The dégradé olor shading tool permits to produ e easily dierent kind of ee ts.
Moreover it is easy to produ e any shape of olor
shading desired. This te hnique ould be implemented easily in a graphi library.
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