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Parameter Controlled Hair Rendering
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Introduction

Hair and fur image generation is an important problem in CG [1]-[6].. The appearance of hair
and fur is not characterized by their complex textures alone. Our trigonal prism based wisp
model seems to be the first which clearly handles hair style (shape) generation [2, 3]. This
paper introduces the ten parameters needed for efficient hair image generation using the
trigonal prism based wisp model.

Parameters for hair image generation

Figures 1 and 2 illustrate the trigonal prism based wisp model. Various hair. images are easily
generated by controlling just the ten parameters listed in Table 1. A hair is modeled as a
chain of trigonal prisms defined by the six parameters: [, ¢, v, d, N, and C. A wisp is
composed of a bundle of hairs defined by two parameters: M (number of hairs per wisp) and
R. The hair style is controlled by T and K. The roles of these parameters are described below
using examples. ’

The hair style is controlled primarily by changing wisp shape. Though a wisp is defined
as a set of hairs having various properties, e.g., thickness, stiffness, and straightness, the wisp
shape is strongly affected by the external conditions, i.e. gravity, combing, hair oil, a
permanent wave, etc. The loci of wisps are determined to obtain the desired hair style with
the specified hair roots. Figures 3(a), (b) and (c) show the effect of changing the number of
prisms per hair, N. Despite the fact that no other parameters are changed, this generates
different hair styles. Next, hair stiffness control is illustrated based on the image shown in
Figure 3(c). By changing only v, images of very hard hair, hard hair, medium hair and soft
hair are obtained as shown in Figure 3(c), Figures 4(a), (b) and (c), respectively. Figures 5(a),
(b) and (c) show the effect of changes in hair density M (number of hairs per wisp). By
changing only M, various images with a lot of hairs, a medium number of hairs and a few
hairs are obtained.

The rendering time is proportional to the product of M and N (the number of drawing
primitives). Comparing Figures 4(b) and 5(a) for example, the picture quality is almost the
same. Figure 5(a) seems to have more hairs than Figure 4(b), while the rendering time is
shorter for Figure 5(a). This is mainly due to the difference of M. Generally speaking, the
rendering time is reduced if d is increased, and M decreased, though the parameters should be
properly chosen according to the required image quality.

Conclusion

This paper described the ten parameters needed for  efficient hair rendering using the
trigonal prism based wisp model. We showed that various hair styles are easily generated by
controlling a small number of parameters. A notable feature of the proposed method is that it
is suited to the conventional z-buffer algorithm and hardware, which is the fastest practical
rendering tool available today.
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Table 1 Parameters for hairy image generation

No. Symbol Description
1 t Twist angle (of trigonal prisms)
m 2 v Direction vector (of trigonal prisms)
1] 3 1 Length (of trigonal prisms)
m“l 4 d Thickness (of trigonal prisms)
N=6
i m 5 N Number of trigonal prism(s)
6 Cc Hair color
X M-3 (ina Wi
3 (ina Wisp) 7 M Hair density (number of hairs in a wisp)
R=0 (same direction
8 R Direction vector randomness
9 T Total number of wisp(s)
‘ ) . Figure 2. Trigonal Prism based - -
Figure 1. Trigonal prism Wisp model 10 K Kind of wisp(s)

(a) N=1 (15sec) (b) N=6 (53sec) (c) N=9 (77sec)
Figure 3. Images rendered for various values of N

(a) (77sec) (b) (77sec) (c) (77sec
Figure 4. Images rendered for various values of v

(a) M=1/2 (44sec) (b) M=1/4 (25sec) (c) M=l1/¢

Figure 5. Images rendered for various values of M
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