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Abstract. We constructed a multi-angle view, illumination and cosmetic facial 
image database (MaVIC) for quantitative characterization of facial appearance. 
The facial images in the database are captured from various angles of view and 
of illumination with a multi-angle image capturing system (MICS). In MaVIC, 
there are 170 Japanese female’s natural facial images and 250 Japanese fe-
male’s cosmetic facial images. Each subject was photographed in 13 different 
view-directions under 14 illuminations. Quantitative analysis has been done for 
the images in MaVIC by the use of principal component analysis (PCA). 
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1   Introduction 

Quantitative characterization of facial appearance is an important issue in many fields 
and applications including cosmetic foundation design [1,2]. Two of the most impor-
tant requirements for facial appearance studies are: (1) large database of facial images 
with multi-angle view, illumination and various types of facial appearance; and (2) a 
model describing the facial appearance with fewer parameters quantitatively. 

To date, many face databases have been constructed for face recognition, face de-
tection and face modeling, such as FERET [3], CMU PIE [4], ORL [5], MIT-
CBCL[6], Yale[7], CAS-PEAL[8], AR[9], UMIST[10], Oulu[11], JAFFE[12] and so 
on. Especially, CMU PIE and CAS-PEAL are multi-angle view and illumination 
facial image databases. Unfortunately, since these face database are designed for face 
recognition and face detection, the image resolution is not enough for quantitative 
studies of facial appearance. There are also no any variations on facial appearance in 
CMU PIE or CAS-PEAL. Researchers at Rutgers University constructed a Skin Tex-
ture Database [13] with various variations of skin appearance, but it is not a facial 
image database. 

We have constructed a facial image database for quantitative studies of facial ap-
pearance. We called this database the KAO-Ritsumeikan Multi-angle View, Illumi-
nation and Cosmetic Facial Image Database (MaVIC). The facial images in the 
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database are captured from various angles of view and of illumination with a multi-
angle image capturing system (MICS) [14]. MICS is a system that consists of 20 
CCD cameras and 40 flashes that are multi-directionally attached to a hemispherical 
gantry. In MaVIC, there are 170 Japanese female’s natural facial images and 250 
Japanese female’s cosmetic facial images. Each subject was photographed in 13 
different viewing directions under 14 illuminations. There are more than 76000 
facial images in MaVIC. The unique features of our database are: (1) the multi-
angles of view and of illumination are well controlled and multiple-view images 
under one illumination can be captured simultaneously in one shot; (2) the image 
resolution is very high (6M pixels) so that the image can also be used as skin tex-
ture image; and (3) various types of facial appearances of Japanese females in all 
ages, which are created by makeup artists, are available.  

In order to characterize the opto-chromatic features of the facial appearance, each 
color facial image in MaVIC is transformed to L* image and C* image by the L*C*h 
transform, which represent the distribution mapping of brightness and chroma, re-
spectively [15]. Principal Component Analysis (PCA) [16] is performed to L* images 
and C*images, respectively in order to find main components contributing to the 
facial appearance and the dependence on the viewing and illumination directions. 
Significant difference of PCA coefficients have been found for different facial ap-
pearances which are created by makeup artists such as “soft”, “wet”, “sharp” and 
“heavy”. 

The paper is organized as follows: the multi-angle image capture system is de-
scribed in Section 2; the captured facial images and database MaVIC are described in 
Section 3; the quantitative analysis are presented in Section 4; finally the conclusion 
is given in Section 5. 

2   Multi-angle Image Capture System 

In order to capture facial images of a person from multi-angle, we built a multi-angle 
image capturing system (MICS)[14] in Beauty Cosmetic Research Lab, Kao Corpora-
tion. The setup of MICS is shown in Figure 1. MICS is a system that consists of 20 
CCD cameras and 40 flashes that are multi-directionally attached to a hemispherical 
gantry with a radius of 1.5m. The subject sits in a chair with her head in the center. 
All cameras and flashes are pointed to the center. The relative locations of cameras 
and flashes are illustrated in Figure 2. The red one is a camera and the yellow one is a 
flash. The 20 CCD cameras are each separated by 15 degree. The 40 flashes are also 
each separated by 15 degree. The 13 cameras among 20 are set in a horizontal plane 
from full left to full frontal and on to full right. The horizontal plane is in equal height 
with the subject’s head. The 7 other cameras include 3 above the center camera, 2 
upper right and 2 upper left (see Figure 2). The images that the 13 cameras in the 
horizontal plane took from each position are shown in Figure 3. In our system, high 
resolution CCD cameras with 6M pixels are used. So the detailed skin texture can be 
imaged, which will be shown in Figure 4 later. All of the cameras and flashes are 
connected to and controlled by a computer. So we can capture the 20 images from 
different viewing angles simultaneously in one shot. The system is set in a darkroom 
resulting in a uniform dark background in the image. 
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Fig. 1. The setup of MICS 

 

Fig. 2. Configuration of cameras and flashes 
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Fig. 3. Multi-angle images of one subject taken by MICS 

3   Facial Images and Database: MaVIC 

By using MICS described in Section 2, we collected more than 76000 images and 
constructed a facial image database for quantitative studies of facial appearance. We 
called this database the KAO-Ritsumeikan Multi-angle View, Illumination and Cos-
metic Facial Image Database (MaVIC). In MaVIC, there are 170 Japanese female’s 
natural facial images and 250 Japanese female’s cosmetic facial images. Each subject 
was photographed in 13 different viewing directions under 14 illuminations. It should 
be noted that we only use the cameras and flashes in the horizontal plane to collect the 
images. Each subject is requested to shut eyes, sit straight and turn forward. 

The database consists of three parts: MaVIC1 consisting of 70 Japanese female’s 
natural facial images; MaVIC2 consisting of 100 Japanese female’s natural facial 
images and MaVIC3 consisting of 250 Japanese female’s cosmetic facial images. 100 
of 250 subjects in MaVIC3 are the same subjects as MaVIC2. It can be considered as 
a variation of facial appearance. This is one of unique features of our database. The 
relationship among MaVIC1, MaVIC2 and MaVIC3 is summarized in Table 1. 

The images are 3008x2000 color images. One example is shown in Figure 4(a). 
Each image is first geometrically normalized. The image is translated so that the eyes 
are positioned in line. Then the face image is cropped to include only the face with 
little hair and background. The size of the cropped face image is 800x800, which is  
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Table 1. Contents of MaVIC 

Subjects MaVIC1 
(natural) 

MaVIC2 
(natural) 

MaVIC3 
(cosmetic) 

70 ○   
100  ○ ○ 
150   ○ 

 

Fig. 4. (a) Original Image; (b) cropped face image; (c) skin texture image 

The examples of multi-angle view and illumination facial images are shown in 
Figure 5 and four types (heavy, sharp, soft and wet) of cosmetic facial images created 
by makeup artists are shown in Figure 6. 

. 

 
Fig. 5. Multi-angle view and illumination facial images  

shown in Figure 4(b). The image resolution of our database is much higher than that 
of existing databases such as PIE [4], CAS-PEAL[8]. So detailed information about 
skin texture is also available as shown in Figure 4(c), which is another unique feature 
of our database. 
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Fig. 6. Four types of cosmetic images created by makeup artists 

4   Quantitative Analysis 

4.1   Opto-chromatic Images 

In order to characterize the opto-chromatic features of the facial appearance, each 
color facial image is transformed to L* image and C* image by the L*C*h transform, 
which represent the distribution mapping of brightness and chroma, respectively [11]. 
Examples of chromatic distribution maps for different types of facial appearance 
(Figure 6) created by makeup artists are shown in Figure 7. It can be seen that the 
facial appearance varied significantly depending on the directions from which they 
were viewed and illuminated. Specifically, we found that the patterns of the direc-
tional variations differed widely depending on the type of facial appearance, and this 
reflected the opto-chromatic features of their appearances. 
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(a) 

 

 
(b) 

Fig. 7. (a) L* images; (b) C* images 
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4.2   PCA Based Subspace Analysis  

Principal Component Analysis (PCA) [16] is performed to L* images and C* images, 
respectively in order to find main components contributing to the facial appearance 
and the dependence on the viewing and illumination directions. 

The facial image or facial appearance x can be expressed as 

1100 nnsss vvvx +++= L                                      (1) 

where vi is the basis function and s i is the coefficient, which can be used as image 

features or image coding. The basis functions are learned from sample images by 
PCA. Since the dimension of sample images is large, we use a method called eigen-
faces method [12] to calculate the basis functions or eigen subspace.  

The 2D facial image is first unfolded into a vector a. Suppose a series of vectors 
with zero-mean, Mii ,,2,1, L=a and 0

1
=∑ =

M

i ia , are given. In conventional PCA, the 

bases of the vector space can be directly obtained by selecting the J leading eigenvec-

tors, jv , of the covariance matrix 
1Cov , where TAACov ⋅=1

 and ],,,[ 21 MaaaA L= . 

Since the dimension of 
1Cov  is determined by the dimension of the vector ia , if the 

vector has large dimensions, the computing cost for the eigenvectors is huge. In ei-
genface method [12], instead of calculating the bases directly from 

1Cov , the eigen-

vectors ju  is first calculated from AACov ⋅= T
2

. Then the basis of the unfolding 
 

 

 

Fig. 8. Comparison of PCA coefficients 
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vector space jv  can be calculated by 
jj uAv ⋅= . The dimension of 

2Cov  is depended 

on the number of training samples.  
We first calculated the L* eigenface (brightness subspace) and C* eigenface 

(chromatic subspace) of each viewing angle and illumination condition using 300 
corresponding L* facial images and C* images (150 natural images + 150 cosmetic 
images), respectively.   Then we projected the L* image and C* image of various 
types of facial appearance (Figure 6) to the corresponding subspace, and calculated 
their coefficients. The 10 leading coefficients are plotted in Figure 8. It can be seen 
that the PCA coefficients are different (especially in the lower mode) for different 
facial appearances. When the viewing angle and illumination condition are different, 
the coefficients are also different. That means the PCA coefficients may be used as a 
quantitative measure of facial appearance. Detailed discussion about the analysis 
results is beyond the scope of this paper, it will be presented in [15]. 

5   Conclusion 

We have constructed a multi-angle view, illumination and cosmetic facial image   
database (MaVIC), which is only one and useful database for appearance studies. By 
combining the MaVIC with chromatic distribution mapping and PCA based subspace 
analysis, we can understand the quantitative characterization of facial appearance, 
which will be very useful for designing and controlling various types of facial appear-
ance using cosmetic foundations [11]. A more accurate statistical analysis in which all 
the face shape is normalized by warping is under research. 
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