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Abstract: A new approach for the representation of 3D general Julia sets is put forward on the basis of
tri-dimensional polynomial maps. The condition for a 3D polynomial map to be equivariant is theoretically analyzed
and proved. The equations of two classes of 3D polynomia maps that are equivariant with respect to the rotational
symmetries of either a regular tetrahedron group or a regular octahedron group are strictly given, on the basis of
which the properties of the general Julia sets created by these 3D polynomial maps are discussed and proved. A
ray-tracing volume rendering algorithm, which defines the color and opacity of every discrete point within a Julia
set according to its escaping distance, is proposed in order to acquire high quality 3D fractal images. Experimental
results demonstrate that the approach of generating 3D Julia sets from 3D polynomial maps not only enables us to
predict the characteristics of Julia sets according to the properties of the maps, but also makes it possible for us to
obtain various kinds of Julia sets with different rotational symmetries by altering the parameters of the maps.
Consequently, drawbacks such as monotone structure of the resulting fractals and inability to predict fractal shape
in the existing methods for generating 3D fractal sets can be effectually avoided. Furthermore, the method of
generating 3D Julia sets by 3D polynomial maps can be applied to the construction of other 3D fractals, and hence
would result in a different perspective for the generation of 3D fractals.
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Tablel Colormap employed in our experiments

1
Color id Color RGB value
Red Green Blue
0 Rosiness 255 0 153
1 Green 26 204 26
2 Yellow 230 230 26
3 Blue 26 26 204
4 Cyan 26 204 204
5 Red 204 26 26
-1 Black 0 0 0
Step 5. Step 3~Step 4,
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3 J
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J )
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—0.888455548T 31 (X)+0.202610368To11(X);  3(c) ,f(X)=—1.172379872T140(X)—0.988455548T3;(X)+0.202610368
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Fig.3 General Jsets of linear combination of equivariant maps T1go(X), Toz1(X) and To11(X)
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Fig.4 General Jsetsof equivariant maps with rotational symmetry about regular tetrahedron group
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Fig.5 General Jsets of linear combination of equivariant maps O;qo(X), O120(X), O102(X) and Opy1(X)
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Fig.6 General Jsets of equivariant maps with rotational symmetry about regular octahedron group
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