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ABSTRACT

A simple 3D virtual mirror interface system is proposed for acquisition and reconstruction of facial pattern, which
enables area time tracking of 3D facial pattern. The movement of lip in the face, which can be estimated based on mean
shift and Kalman filter is introduced to recognize the rotation and parallel shift of face. Modified Photometric Stereo
Method (PSM) is also proposed to acquire the 3D shape without the influence of deficiency in shadow area of the object.
It is shown that the proposed system is effective to acquire and reconstruct for the real-time tracking of 3D facia pattern
image than traditional approaches.
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1. INTRODUCTION

Human face gives various kinds of information such as feding, age, physical condition and so on. Therefore it is
important to acquire and reconstruct the facial pattern precisely for various kinds of applications. Our goal isto create the
electronic cosmetics systems with red-time tracking of 3D facial pattern. A virtual mirror system® for electronic
cosmetics has been used with mechanical half mirror as shown in Figure 1. The system was not familiar for consumer
since it can acquire and reproduce only two-dimensional image and expensive mechanical half mirror is used. In this
paper, we propose a simple virtual mirror interface system without using half mirror as shown in Figure 2.  The system
is consisted of movie camera, three light sources placed different angles, monitor and personal computer. The 3D image
is acquired and reconstructed by using Photometric Stereo Method (PSM)?2. The conventional PSM uses multiple light
sources to take multi-angle pictures for the calculation of normal vector and reflectance of the object. However, in this
method, the fatal error isarisen to reconstruct the 3D image at |ow reflection area such as hair and iris. Therefore, we
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Figurel. Typical virtual mirror interface
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Figure 2. Overview of our virtual mirror interface
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propose a new method to decrease this fault of conventional PSM and construct the real-time 3D facial pattern tracking
system to recognize the rotation and parallel shift of face.

Block diagram of thisinterface is shown in Figure 3. The 3D human faceis acquired by PSM in pre-processing,
and then the face tracking is performed on each frame image taken by video camera.

2. 3D FACE SHAPE AND IMAGE ACQUISITION

Our interface employs the PSM to acquire the 3D face image. It obtains surface normal vector and reflectance of the
object by using more than 2 light sources. However, this method has a shortcoming that black area on the face, such as
the pupil of the eye and the eyebrow, occurs the fatal error of the cal culation. Therefore we propose the modified method
to avoid the fatal error.

2.1. Photometric Stereo M ethod

PSM estimates surface normal and reflectance data by using at least 3 images taken by different directions of light source
asfollows,
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Here, I( 3), r(xy), my, n(xy), ik(xy) and t, denote number of light sources, surface reflectance on the image grid, a
directiona vector of k-th light source, a normal vector of the surface, image intensity acquired on k-th light source and k-
th light intensity, respectively. Normal vector map is shown in Figure 4(a) and the reflectance image is shown in Figure
4(b). By integrating normal vector distribution, we can reconstruct the 3D shape of human face.
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Figure3. Block diagram of 3D virtual mirror interface
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Figure4. (@Normal vector map, (b)the reflectance image
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Figure5. Reconstructed 3D shapes, (a)conventional PSM, (b)modified PSM

2.2. Modified Photometric Stereo Method

However the conventional PSM has a serious problem that correct normal vectors can not be obtained on the black area.
Therefore, the 3D shape that reconstructed by integration of normal vector has afata error in and around the black area.
Reconstructed 3D shape by the conventiona PSM is shown in Figure 5(a). In this case, the integration of normal vector
is calculated only horizontally, then the calculation error occurred by the black area is accumulated at the left and right
edge of the face. To solve this problem, we propose the method that the integration is performed both horizontally and
vertically ignoring the black area and the 3D shape of the black area is interpolated linearly by means of surrounding
points. Reconstructed 3D shape by the modified PSM is shown in Figure 5(b). It is shown that the calculation error is
drastically reduced.

3. FACE TRACKING

In this section, the face tracking method using mean shift and Kaman filter®”#? is described. It has been proven to be
efficient and relatively robust to the rapid movement of the object. In this method, the lip position is estimated by mean
shift tracker with Kalman filtering. In casethat the tracker loses the lip, the size of the predicted area with Kalman filter
istemporarily expanded and iterate mean shift tracker until it converges.

3.1. Mean Shift Tracking

In this study, the mean shift tracking based on color histogram model is used. The center and size of the target object are
found via mean shift algorithm. At first, the initial region where mean shift calculation is performed is decided arbitrary.
This region called search window. Next, the image is converted to the color probability distribution image via a color



histogram of the target object. Using target color histogram, the color probability distribution image which bright pixels
correspond to the target color is obtained. In the search window, the mean position of the target object is computed and
the search window is centered at that position. The mean position can be obtained as follows,
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Here, (Xo,Ye), 1(Xy) , X and y denote the mean search window position, the pixd (probability) value in the position (x,y) in
the image and the range over the search window, respectively. Position of the target object is tracked by iterating this
mean position calculation until center of the search window converges.

3.2. Kalman Filter Tracking

The Kalman filter™ is a set of mathematical equations to estimate the state of a process, in a way that minimizes the
mean of the squared error. The equations for the Kalman filter fall into two groups: “time update’, and “measurement
update’. The time update equations predict the target state which is characterized by its position and velocity, while the
measurement update equations correct the predicted target state using an actual measurement at that frame. The time
update equations are as follows,
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where X, , X,,A, P, P, and Q,denote apriori state estimate a frame k, a posteriori state estimate at frame k, a

state transition matrix, a priori estimate error covariance, a posteriori estimate error covariance and process noise
covariance matrix, respectively. The measurement update equations are as follows,
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where z, H, | and Ry denote a measurement vector at frame k, the measurement matrix, the identity matrix and
measurement noise covariance matrix, respectively. The state estimate is updated in equation(6) finally. Given some
initial conditions(e.g. initid estimates for xc and Py, the filter estimates the state at some frame and then obtains
feedback in the form of noisy measurements.

3.3. Combining Mean Shift and Kalman Filter

An integrated method, mean shift and Kalman filter has been proposed®°. The measurement vector is derived based on
mean shifts, while the prediction of the next target position is computed by a Kalman filter. In case the mean shift tracker
loses the object, the size of search window is temporarily expanded and mean shift tracking isiterated. Block diagram of
thistracking is shown in Figure 6.
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4. FACE MOVEMENT ESTIMATION

After estimating the lip position, eyes positions and the neck position are estimated by using the color based
segmentation. The face movement is estimated by these features.

To predict the face rotation and parald shift, we use the lip, eyes and the neck positions. They are predicted by
using both YIQ and HSV color spaces with positiona relationship to the lip as shown in Figure 7. Fird, candidate
positions for eyes are extracted by I-component of YIQ and V-component of HSV. Eyes positions are the nearest
symmetrical candidates to the lip, except candidate positions on cavity of nose. The neck position is center of the neck
width, and the neck width is estimated as the width of the skin color area under the lip position. The distance between the
neck position and thelip position is half of the distance between the lip position and the center point of eyes.

From the distance between the lip and the neck, the rall rotation angle of the face is calculated as shown in
Figure 8. Where d, w and r denote the depth of the face, the width of the neck and the distance between the lip and the
neck. Depth of the face d can be calculated as follows

d=—". 9
Therotation angle of the face ©can be given as
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The distance of paralld shift on x and y-axis can be estimated by the distance of the neck movement. The neck also is
used to estimate paralel shift on z-axis. In the case that the neck width increased, we assume that the face approached
the camera, while if the neck width decreased, the face separated from the camera.

5. EXPERIMENT

Geometry of the virtual mirror interface is shown in Figure 8. Here we use three light sources (Speed light Nikon SB-
30) and the camera(Sony DFW-VL500). In front of the lens of the camera and three lights, a polarizing plateis attached
to avoid surface reflective light. Figure 10 shows the acquired images from three light sources for the modified PSM. For
the PSM, direction vectors of the light sources and the camera are measured in advance. After reconstructing 3D facial
shape and image, face tracking starts during the experiment. For the movie acquisition, the image processing and the
red-time 3D image rendering, DirectShow, Intel’s OpenCV library™®, and the OpenGL 3D graphics library™ is
employed. Execution results are shown in Figure 11. Right half on the screen representsinput image from the camera
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with the result of eyes and the neck prediction, and another represents the virtual mirror with processed image. From
Figure 11(a), (b), we can see that the face tracking is successfully working. However, this interface can’'t reproduce the
human’s hair because of its complicated shape and that PSM’s essential problem. We found that the interface is
evaluated by six people as Figure 11(c), any individually dependent problems are not observed.

6. CONCLUSION AND DISCUSSION

In this paper, we proposed the simple 3D virtual mirror interface which consists of multiple light sources and acamerain
addition to the set of the persona computer. The 3D face shape and image are reconstructed by using the modified PSM
which can reconstruct 3D shape on black area accurately. Mean shift and Kalman filter based real-time face tracking
with thelip position works successfully without any individual dependency.

We consider that this interface can be applied to the eectronic cosmetics systems that can simulate make-up,
plastic surgery and color appearance under various illuminations. Therefore, to implement more realistic 3D virtual
mirror interface, the hair and user’s expresson must be reproduced, and accuracy of face reconstruction must be
improved. Additionally, exact color reproduction of the face is aso required.

Figure 10. Acquired images from three light sources
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Figure 11. (a),(b)Face tracking is successfully working, (c)evaduated by the other user
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Figure 11. (a),(b)Face tracking is successfully working, (c)evaduated by the other user
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