75747 A&LCAD 99— 8
(2000. 4. 28)

Histogram-based Hair Rendering

Waiming Kong*! Masayuki Nakajima*!

Abstract - In this paper, we propose a algorithm to render realistic hair using pho-
tographs of real hair. Rather then using photographs directly, we create histograms of the
hue, intensity and saturation values of the input hair pictures. Based on these histograms,
we employ a iterative approach to change the histograms of the hair model to match the
histograms of the input photograph. As the histograms of the hair model change, the
appearance of the hair in the hair model will approach that of the input photograph. This
technique will be useful to render realistic looking hairs for virtual characters.
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1. Introduction

Hair expression for computer graphics is a difficult
topic. Not only is it difficult to model and render re-
alistic looking hairs, the sheer number of hair strands
present demands a lot of memory and CPU power.
However, many researches have been conducted in
the past with different degrees of success. Essen-
tially, hair expression can be classified under 3 major
categories: rendering, modeling and animation. Hair
rendering can be further divided into 2 major areas:
texture-based or geometry-based. Tohjo et al. 2]
presented a hair model based on anisotropic reflec-
tion and bump mapping technique. This is an effi-
cient algorithm making use of 2d texture map to sim-
ulate hair. Kajiyal*] extended this idea by using a
3d texture to create a realistic lboking Teddy bear us-
ing many hours of computer time. The texture based
“approach to hair rendering suffers a disadvantage as
it is difficult to animate hair using texture. Watan-
abe and Suenaga!'®! used trigonal prism and wisp
model to render hair to a certain degree of success.
However, the trigonal prism looks stiff and needs to
be refined for better representation of human hair.
LeBlanc, Turner and Thalmann B proposed a pixel
blending solution to the aliasing problem in hair ren-
dering while Rosenblum, Carlson and Tripp 017 pro-
posed a superantialiasing solution. Nakajima and
Agui et al.l'l generated hair image using thread
model and area anti-aliasing. Their algorithm di-
vides the hair strand into a number of fragments ,
which are easily stored and rendered. The hair model
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is improved by area-antialiasing which depends on
the area occupied by the hair fragments. Since ev-
ery individual hair strand needs to.be stored and
generated separately, the performance of this model
is seriously affected. Nakajima et al. 1] improved
upon the thread model by introducing fractional hair
model. In this improved algorithm, the generated
hair strand is rotated, then translated to produce
addition fractional hairs with the same properties as
the original hair strand. This group of hair strands is
then lumped together and controlled as a single ele-
ment. It can be seen that control of the hair is traded
for processing speed in this method. Kong and Naka-
jima!? ! introduced a fast hair rendering algorithm by
classifying the hair into surface and background hairs
through the use of a visible volume buffer. - Gold-
man B uses fake fur to speed up rendering but it
is only applicable for far away objects. The spring
model is first proposed by Rosenblum, Carlson and
Tripp ! to provide a fast and simple hair anima-
tion model. Anjo, Usami and Kurihara 27 proposed
a hair animation algorithm using the cantilever beam
simulation. Most hair modeling algorithms concen-
trated on efficient GUI implementation. Kong and
Nakajima!® 18] proposed a hair modeling method
through the use of a hair volume which cropped the
hair model to give the desired result.

Despite the different approaches toward hair ex-
pression, the use of photographs of real hair is not
fully explored even though photographs provide a lot
of information about the properties of hair. A naive
approach will be to extract lines from the input im-
age using image processing and use the information



Fig.1 Hair texture 1

obtained in hair rendering. This approach runs into
difficulty in the hair strand recognition process as
it is difficult to trace complete hair strands. Tex-
ture mapping can be used together with photographs
to provide hair rendering but shadow due to hair
strands cannot be generated with this approach due
to lack of geometry. In this paper, we propose a al-
gorithm to render realistic hair using photographs
of real hair. Rather then using the photographs di-
rectly, we create histograms of the hue, intensity and
saturation values of the input hair pictures. Based
on these histograms, we employ a iterative approach
to change the histograms of the hair model to match
the histograms of the input photograph. As the his-
tograms of the hair model change, the appearance
of the hair in the hair model will approach the hair
quality of the input photograph.

2. Input hair texture

From photographs of human model, the portion
of the photograph that contains the hair is cropped
and the cropped photograph forms the input hair
picture. The input hair picture will be known as the
input hair texture throughout this paper. The size
of the input hair texture is not important and can be
of any size. Figure 1 is an example of hair texture.
From a single hair texture, we obtain the histograms
of hue, lightness and saturation. We use the HLS
color model as it is more intuitive than the RGB
color model. The HLS color model allows the user
to think in terms of making a selected hue darker
or lighter. A hue is selected with hue angle H, and
the desired shade, tint, or tone is obtained by ad-
justing the L and S. Colors are made lighter by in-
creasing L and made darker by decreasing L. When S
is decreased, the colors move toward gray. To avoid
confusion with light, the lightness component in the
HLS color model will be known as the intensity com-
ponent for the rest of the paper.

Fig.2 Initial hair model image

[ hair modcling I

[ shading model |

render initial hair modet &
create intensity histogram

caleolate iy
select 1 hair strand &
multiply with random factor

Intengity values o
pixels change ?

| hair texture ]

create histogram
of hair texture

Yes

recalculate histogram

No
new Einr< old Eiy
Yes

[ save infensity values & histogram ]

Yes
output intensity map

Fig.3 Intensity flowchart

3. Hair rendering by histograms

Figure 2 shows a hair model image rendered with
Kajiyal*] shading model for intensity with constant
hue and saturation values. To improve upon the
hair image, we change its histograms toward the his-
tograms of the hair texture. The hair rendering pro-
cess is completed when the histograms of the ren-
dered hair image approaches the histograms of the
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hair texture. There is a need to process separately
for the histograms of the intensity, hue and satura-
tion and combine the outputs to form the final hair
image.

4. Intensity histogram

The flowchart to change the intensity histogram
is shown in Figure 3. The light intensity which is
calculated by

Ilight = \Ilspecular + q’diffuse + ‘Ilambiem (1)

where the specular and diffuse components are ob-
tained from Kajiya shading model[*! and ambient
light is considered as constant.

In this paper, one hair strand is divided into 15 hair
fragments. The hair fragment is rendered onto the
screen with superantialiasing and z buffer. For each
hair fragment, we project the hair fragment onto the
screen and find the pixels which are contained in the
hair fragment. The intensity of the pixel is calculated
by

Lnizet = Diight * Linitial intensity (2)

where ljgn: is calculated by equation (1) and
Linitial intensity 15 the original intensity given to the
fragment. The original intensity for all hair strands
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is obtained from the median intensity value of the
hair texture. This is repeated for all the hair strands
to obtain a initial hair image as shown in Figure 2.
From the initial hair image, we create the intensity
histogram. The error between the hair image in-
tensity histogram and the hair texture intensity his-
togram is given by
99
Ein = Z(I(hair model)~I(hair tezture),)?(3)
k=0 .

where I(hair model), is the percentage of total
pixels with intensity k in the hair model image and
I(hair texture),, is the percentage of total pixels
with intensity k in the hair texture. Figure 4 shows
the intensity histograms with the percentage of total
pixels as the vertical axis and the intensity value as
the horizontal axis.

E;nt is minimized so that the intensity histogram
of the generated hair model image approaches that of
the hair texture. To minimize E;,;, one hair strand is
randomly selected and the intensity value is multiply
by a random factor. The random factor is a random
number that is generated to jitter the intensity value
by a small amount. The hair strand is then rendered
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with the new intensity value and the pixels affected
are calculated. If the intensity values of the pixels in
the hair image are changed, the intensity histogram
and E,,; are recalculated. If the new E;,; is less
than the old E;.:, the intensity values of the hair
strands are stored and the same process is repeated
by randomly choosing another hair strand. The it~
erative process is stopped when FE;,; falls below a
threshold value. At the end of the process, the in-
tensity histogram of the hair image should approach
that of the hair texture and the intensity map which
contains the intensity values of all the pixels in the
hair image is obtained. Figure 4 shows the intensity
histograms of the hair texture and of the hair model
image before and after the change in histogram.

4.1 Hue and saturation histograms

The procedure for the hue histogram is similar
to the intensity histogram but without the shading
model. For the randomly selected hair strand, the
hue value is multiplied by a random factor to give
new hue value. Fj,,. is calculated as shown in Equa-
tion 4 and minimize to produce the desired results.

Table 1 Rendering time for hair model im-

ages
Rendering time

Figure 7 1173s
Figure 8 931s
Figure 10 1485s
Figure 11 1283s
Figure 13 1387s
Figure 14 1113s

o J

Fig.7 Image 1 by hair texture 1

Fig.8 Image 2 by hair texture 1
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Epye = Z(H(hair model), —H (hair texture))?(4)

k=0

where H(hair model);, is the percentage of to-
tal pixels with hue k in the hair model image and’
H (hair texture), is the percentage of total pixels
with hue k in the hair texture.

The same procedure is applied to the saturation
histogram. The hue and saturation histograms are
shown in Figure 5 and Figure 6. The hair model
image after change in histograms is shown in Figure
7.

5. Results

Figure 2 shows the hair model image rendered with
Kajiya shading and common hue and saturation val-



ues for all hair strands. The intensity histogram of
Figure 2 is shown in Figure 4b. All the pixels in
Figure 2 share the same hue and saturation values
as shown in the hue and saturation histograms in
Figure 5b and Figure 6b. The histograms after the
iterative change are much closer to the histograms
of the hair texture as shown in Figure 4c, 5c¢ and
5¢. Comparing Figure 7 with Figure 2 , we observe
that the new hair image reflects the hair quality of
the hair texture and the presence of pseudo shadow
gives it more realism.

All the generated images are 700x700 pixels im-
ages and they are rendered with threshold values of
10 units for F;pn:, Erue and Egqp on a Pentium I 400
MHz computer. The hair model consists of 60000
hair strands of radius 0.25 pixels. The rendering
time is shown in Table 1. The average time taken to
render a image is about 20 minutes. To reduce the
rendering time, We can increase the threshold values
of Eint, Epue and Egq:. Figures 7, 8,10, 11,13 and 14
are generated with 3 different types of hair texture
chosen to represent the wide variety of hair colors.
The histogram approach can generate not only light
color hair models but is also capable of producing
dark hair model.

Figure 1, 9 and 12 show the input hair textures
used to generate the experiment results. In hair tex-
ture images, shadows are present in different intensi-
ties . This shadow will be passed onto the hair model
as the histograms converge in the iteration process.
As this shadow is not generated by the light sources
of the hair model, this shadow is called “pseudo”
‘shadow. This pseudo shadow helps to give a 3 di-
mensional look to the hair model and adds realism to
the image. The pseudo shadow is evenly distributed
in the hair model due to the random selection of hair
strand. By cropping the input hair texture, we can
control the amount of pseudo shadow present to give
desired results.

6. Conclusion

This paper proposes a histogram-based approach
to hair rendering. The only input required is a pho-

tograph of real hair which is easily available. The"

rendered hair images bear close resemblance to the
hair texture images demonstrating the effectiveness
of the proposed algorithm. By carefully selecting and
cropping the input texture image, we can modify and

obtain any desirable hair image. This technique will
be useful to render hairs for virtual characters. We
believe that with some modification, the histogram-
based rendering can also be used for other natural
object rendering such as trees and plants. For future
work, we are looking at extracting other useful infor-
mation from the input hair texture image to be used
for rendering. The rendering time for this algorithm
should also be shortened for practical application.
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