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I. INTRODUCTION

Humans cognize facial impressions such as an age, gender and personality. These are got from a lot of
facial information such as the shape, color, positions of the parts and et al. About the impression of the skin, it is
generally known that the skin can be shown beautifully by minimizing the small wrinkles. Moreover, the roughness
of the small wrinkles is related to the age, tiredness and individuality of the skin. Therefore, the small wrinkles
affect the impression of a person and visual impression can be transformed by manipulating the small wrinkles in
the facial image. Especially, if we manipulate locally the small wrinkles based on comparing the different persons,
we can create a makeup experience system to minimize the small wrinkles by comparing it to the face which the
professional made up, and can generate an individual face skin whose difference from the averaged skin texture
has been emphasized, for avatars or aging simulations.

As the skin manipulation method, there are wrinkle simulation [1, 2], example based makeup [3], reflectance
model based editing [4] and et al. However, these winkle simulations [1, 2] are constructed for 3D and cannot
simulate 2D small wrinkles. Makeup method [3] is effective for the makeup simulation, bat cannot generate
individual skin. Reflectance mode based editing [4] is necessary to special devices.

In the facial image, the small wrinkles are represented as the roughness of the luminance values in the
skin texture. We call this roughness the skin texture roughness in follows. We can derive the local skin texture
roughness by calculating the variance of luminance in local region. However, it includes the deep wrinkles and the
shading by the facial parts. Moreover, we cannot generate a new skin texture with the manipulated roughness.

In this paper, we propose an adaptive regional emphasizing method for comparing one facial image to another.
This method can divide into these steps: the roughness calculation, the roughness emphasizing between the facial
images, and the skin texture creation with the emphasized roughness. The roughness calculation is based on the
variance of luminance values in the local region, and it uses an edge preserving smoothing to reduce the effect
of the deep wrinkles. The roughness emphasizing uses a simple image morphing with the extrapolation. The skin
texture creation is based on unsharp masking weighted by the emphasized roughness.

In the next section, we describe each step of the proposed method. Next, in Section 3, we discuss the
implementation about what color space is suitable for the color images, and how to set the parameters for the
proposed method. Section 4 presents facial images emphasized by comparison between two different facial images,

and discuss the variation of the skin texture roughness.

II. PROPOSED METHOD

In this section, we first describe an extraction of the small wrinkles which uses an edge preserving smoothing,
for obtaining the local skin texture roughness. Next, the method for obtaining the local skin texture roughness is
described. Finally, how to emphasize the skin texture roughness and generate a new skin texture from the emphasized

roughness is described.
A.Extraction of Small Wrinkles

The small wrinkles make a pattern with the iteration of highlight and shadow in the image, and the luminance
values of pixel between its neighborhoods have small difference by this pattern. Therefore, it is only necessary to
extract the small difference of luminance value between neighboring pixels. Since our target is the obtaining of the
skin texture roughness between an input image and the smoothed input image. However, effects of deep wrinkles
and shadows from facial parts are included as the large difference.

The luminance values at deep wrinkles or shadows and its neighborhoods have a large difference as compared

to the small wrinkles. Therefore, the proposed method employ the smoothing method which averages the



luminance without pixels having large difference from the target pixel. This smoothing method has an effect of the
edge preserving and its difference from the input image extracts only small differential. Given input image f(i, j)

which has luminance, the extracted small wrinkles s(7, j) is expressed as following (1)
S(l3]) = f(la]) _f’(i3j)

Fan=Y Yaimnsmn S Yaeimn, O

m=—wn=—w m=—wn=—w

. {1 |f G )= fG+m,j+m)| <th
a(i, j,m,n) = 0

otherwise

where w is a size of the smoothing and ¢/ is a threshold in order to divide into the small and deep wrinkles. We can

extract the small wrinkles by calculating s(i, j) at each pixels.
B.Skin Texture Roughness Map

Small wrinkles s(7, j) can be regarded as local small deviations because the smoothed results are an average of
local region and s(7, j) is calculated by subtracting the input from the local average. Therefore, we can obtain local
mean absolute deviations by calculate the local average of absolute values of s(i, j). The mean absolute deviation
measures for the skin texture roughness. In the proposed method, Gaussian filter is used for considering space

distance in the average operation. The texture roughness (i, j) is expressed using s(i, j) as following (2)

r(i, j) =g, j)*s'(i, )
N , 2
s (15]) _‘ S(h])‘
where g(i,j) is Gaussian filter and * represents convolution. Note that (7, j) is the local skin texture roughness at

the coordinate (7, j). Therefore, we can obtain the skin texture roughness map by calculating 7(i, j) at each pixel.
C. Skin Texture Emphasizing

Since we can treat the skin texture roughness (i, j) as an image, we can apply image emphasizing methods to
it. The proposed method uses image morphing with the extrapolation to emphasize the local difference between
images. We employ simple image morphing method which uses and affine transformation with triangular patches
based on linear interpolation. In the emphasizing, the warping of the image morphing transforms a target image
roughness into a source image roughness, and then the cross-dissolving of the image morphing extrapolates the
source image roughness r4(i, j) and the warped target image roughness 75(i, j). The emphasized roughness rc(i, j) is

expressed as following (3)
rc(i,j):(I*O!)VA(Z.,J.)-FQI’B(I.,‘]'), (3)

where a is a parameter of emphasis ratio, and 0>a or 1<a.

To generate a new skin texture, we estimate small wrinkles with the emphasized roughness. However, we cannot
obtain the small wrinkles from the skin texture roughness. In the proposed method, we approximate new small
wrinkles sx(i, j) from the emphasized roughness rc(,j) and the source small wrinkles s4(i, j) as following iteration (4)

500G, ) = 540, )
S0, ) = s 0. )|

rij) = g, ) *spij) - 4)
52g) = 504000 )€
1 (l’])

This iteration increases or decreases sx(i, j) based on magnitude relation of its roughness rx(7, j) and the

emphasized roughness rc(i, j). In our implementation, this iteration is 50 times.



The skin texture can be reconstructed by sum of the smoothed skin texture f°(i,j) and the obtained small

wrinkles sx(%,j) at same address.

ITI. PRELIMINARY EXPERIMENT

In this section, we describe our implementation of the proposed method. In Section 3.A, we examine the color
images of skin textures to decide the color space which is used in the proposed method. Next, Section 3.B decide a
smoothing size w and Section 3.3 decide a th from sample skin textures. In these preliminary experiment, we used
forehead regions of 139 sample facial images. A size of the used facial images is 1024 X 768 and we use the images
normalized by transforming the distance of eyes into 100 pixels. The forehead region is defined as 32 X 32 region

on 50 pixels from the center of both eyes as shown in Fig. 1.
A.Color Space

Popular color images are described as RGB color space. This color
space does not have an element expressing luminance directly. Moreover, T
there are some color spaces having the luminance element and these can be T =
transformed from RGB. However, we cannot compare these color spaces 100 pixels

directly because the elements of these are different scales respectively. In

this experiment, we compare effects in RGB by the luminance variance.
Specifically, we operate following steps to the forehead skin texture. Fig. 1. Definision of for e ad region.
i. Transform input RGB into target color space
ii. Replace element values which are not luminance element, with average of its element
iii. Transform the image of ii. into RGB
iv. Calculate standard deviations at input RGB and transformed RGB elements respectively
v.Calculate the differences of standard deviations between same elements at the input and transformed RGB
respectively, and calculate the sum of the absolute of these values.
Small value of this result represents that the luminance of the color space has large effect for the skin texture
roughness.

We compared color spaces of HSV, HLS, CIE L*u*v*, CIE L*a*b*, YIQ and YCbCr. The comparing values of
the average values in sample images at each color space are shown in Table 1. The smallest value was HLS color
space. It is thought that the highlight and shadow vary the red and blue elements at the skin texture which have
the large red value and small blue value, and HLS luminance is calculated from a maximum value and a minimum
value of RGB. Therefore, HLS luminance is suited to operate small wrinkles and we employ HLS luminance for

the implementation of the proposed method.

TABLE I. ComPARISON OF LUMINANCE IN EACH COLOR SPACE

Luminance Comparison Value
V of HSV 15.3133
L of HLS 6.76447
L* of CIE L*u*v* 11.8166
L* of CIE L*a*b* 12.1882
Y of YIQ 9.97278
Y of YCrCh 9.97328

B.Smoothing Size

A smoothing size w of the extraction of the small wrinkles is one of the most important parameter. In the case
of small w, the smoothing result is not reliable as local averaging, and in the case of large w, the locality of the skin

texture roughness is decreased. In this Section, we calculate sample standard deviation of the forehead region in



HLS luminance at each sample image, and then, the average 06

of sample standard deviations between sample images g4ve and 0.5 N

the sample standard deviation of sample standard deviations 0.4 ——

between sample images osp are calculated. In the case of small /5, 03

w, since the luminance average by smoothing can be unstable, 0.2
we think that ¢ sp/ o 4 becomes a large value. A relation of w 01
0 B e e !

between o sp/ 0 ave is shown in Fig. 2. In the graph, values of o o '
12345678 9101112131415

sp/ @ ave vary drastically and become large values at 3 from 1 of w

w. Therefore, this result represents that the local average could Fig. 2. Relative standard division in sample images
not be obtained stably up to w=3. In our implementation, the

proposed method uses w=>5 which is stable well.
C.Threshold

The threshold th is the most important parameter. It is basis for dividing deep wrinkles and small wrinkles in
the skin texture.

o Ave at w=5 is 1.11411 X 10-2. We assume the appearance frequency of the deviation of the skin texture as
the normal distribution. We can include most small wrinkles at the smoothing if threshold is 3 times of the standard

deviation. Therefore, we decide th=0.033.

IV. EXPERIMENTAL RESULT AND DISCUSSION
To confirm the local skin texture emphasizing of the proposed method, we apply the proposed method to facial
images at the skin texture shown in Fig. 3 with triangular patches shown in Fig. 4 for the warping. Moreover, to
compare the performance, we apply the emphasizing based on image morphing to the small wrinkles s(7, j) directly.
Fig. 5(a) is a result using directly emphasized s(i, j) in a=-1 and Fig. 5(b) is the emphasized s(7,j) in a=2. Fig.
5(c) and Fig. 5(d) are results of the proposed method in a=-2 and a=3. Fig. 6 and Fig. 7 are the forehead region and
cheek region of the input and Fig 5. In Fig. 6 and Fig. 7, upper images are input images, middle images are results

using directly emphasized s(7, j) and lower images are results of the proposed method.

(a) Facial image A (b) Facial image B (a) Triangular patches A (b) Triangular patches B
Fig. 3. Input images Fig. 4. Triangular patches for Fig. 3

(a) Result using directly (b) Result using directly (c) Result of the proposed (d) Result of the proposed
emphasized s (a =-1) emphasized s (a =2) method (a =-2) method (a =3)

Fig. 5. Results of emphasizing



The results using directly emphasized s(i, j) became roughly skin texture at both emphases and both regions.
It is because the skin texture have small wrinkles with different pattern and the inconsistencies are emphasized.
The results of the proposed method did not become roughly skin texture at both emphases. The forehead region
of the input image Fig. 6(a) is slightly smooth from Fig. 6(b), and the result of the proposed method in a=-2
is smooth and in a =3 is rough. These results are correct as the emphasizing skin texture. Moreover, results of
cheek region are also correct as the emphasizing although cheek region of the input images is converse about
roughness. Additionally, these results have same highlight pattern as the source skin texture Fig. 6(a) and Fig. 7(a)

respectively. From these results, the proposed method generates new skin texture with emphasized roughness.

(a) Input A (b) Input B (c) Result using directly
emphasized s (a=—1)

(d) Result using directly (e) Result of the proposed method (f) Result of the proposed method
emphasized s (a =2) (a=—2) (a=3)

Fig. 6. Input and emphasized forehead region

(a) Input A (b) Input B (c) Result using directly
emphasized s (a =-1)

(d) Result using directly (e) Result of the proposed method (f) Result of the proposed method
emphasized s (a =2) (a=-2) (a=3)

Fig. 7. Input and emphasized cheek region

V. CONCLUSION

In this paper, we propose a skin texture emphasizing method between different facial images. This method
calculates skin texture roughness locally and emphasizes the roughness locally. By achieving these, we obtained a
base system for application to a makeup experience system and generating individual facial image.

On the other hand, the roughness impressions of the results are mismatch to the given emphasizing parameter.

Therefore, we need to research the roughness impression using psychological approach.
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Review Report (Reviewer: P. Hartono)

This paper proposes a method for emphasizing skin roughness, which are likely to be occupied by facial wrinkles,
from a general facial image. The authors claimed that this image processing technique is important in manipulating

visual impression, thus can be used such for visual avatar or predictive-model for facial makeup.

Although the final goal maybe interesting, the reviewer thinks that this paper offers very little technical novelty.
The core images processing ideas in this paper are, excluding the pixels which have large deviations from a center
pixel in averaging the pixel values of a certain facial region, and the analysis on the size of smoothing windows in

calculating the average. These seem to be standard image processing techniques.

The reviewer cannot understand what the “directly emphasized s(i,j)” , which is used as comparison with the

proposed method, is about.

The comparison results in Figs. 5, 6, 7 are really not clear. By observing these figures it is hard to see the
significance of this proposed work. If the final goal is to achieve manipulation of visual impression, the authors
should at least run some experiments to access the usefulness of this method with regard to the goal. It will add at

least analytical depth to this paper.

The quality of the language definitely has to be rigorously improved before this paper is ready to be published in
any proceedings or journal. There are typographical or grammatical errors in almost all paragraphs. Many of the
errors can be avoided if the authors simply ran a spell-check. Please be noted, that the language quality is the core
factor in deciding the readability of the paper.
- The sentence in pg. 1 left column paragraph 1, “Especially, if we manipulate ---." does not make any sense,
please rephrase it.
- Pg. 2, left column paragraph 2, “bat” — “but”
- Pg. 1, right column paragraph 2, “can divide into ---" - — “can be divided into---."
- Pg. 1, right column, the 3rd paragraph explaining the contents of the paper is not needed. It may be needed for
a longer paper, but it is redundant for this paper. It is better to use the space for explain more important points.
- All over the paper the authors incorrectly used “as following” . The right sentence is “as follows .

- There are still many typographical and grammatical errors. Native check is highly recommended.

f(m,n) in Eq. 1 should be f(i+m,j+n).
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