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Abstract. This paper is proposed by 3D facial avatar modeling using stereo
camera. We use the adaboost algorithm for facial detection to get 3D facial da-
ta. We make the 3D facial modeling to match extractive 3D data with justified
3D facial avatar. We use ICP algorithm for matching 3D data and control the
number of vertex and feature point for efficiency and accuracy. Feature point is
selected within outline points using canny edge method. We propose to make
personal 3D facial avatar for reducing expense and time.

Keywords: 3D facial avatar, Stereo camera, Vertex, Iterative Closest
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1 Introduction

Animation market has been getting bigger these days since the users want more reality
in 3D animation. 3D avatar is used in the cyber space as a guidance for shopping and
searching. The use of 3D avatar is increasing dramatically in a time of passing over
from personal computer period to personal robot period because of developing huma-
noid robot. UI(User Interface) will be used to control robot easily and comfortably.

The growth of today’s 3D avatar market shows that it’s great potential. To create
the Key Frame Animation discontinuously in 3D animation or 3D game, it requires
much time and effort. Therefore, 3D modeling has been developed along with many
other tools[1] [2]. It requires a long time to make the animation because current tools
can only allow drawing motions one by one. This results the low rate of using avatar
in the animation industry. Engineers need more capabilities in strong technology to
improve the animation industry. This paper is shown 3D avatar modeling using ste-
reo camera to create each Key Frame Animation. It creates intimacy and uses Ul
easily.

This work is organized as follows. In section 2, related works from the extraction
of 3D data using stereo camera are discussed. Section 3 explains 3D Matching in
justified model and extractive 3D data using ICP algorithm. Experimental results and
discussions are presented in Section 4. Finally, conclusion is given in Section 5.
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2 3D Data Extraction Using Stereo Camera

Stereo camera can get 3D vertexes using disparity between two cameras. We obtain
depth information to control disparity. It is available data in distance from 30cm and
3m for detecting a face[3]. In this paper, we need 3D facial vertex data. So we use to
detect face using the Adaboost algorithm offered OpenCV. 3D data is provided
(X,Y,Z) value of each pixel. we use Canny Edge extraction method for robustness in
environment because extractive outline includes feature points. It is shown in Fig 1.

(a) (b) (0)

Fig. 1. Detection of face using Adaboost algorithm(a), 3D image in stereo camera(b), and
feature vertexes using canny edge extractive method(c)

3 3D Matching Using ICP

We need 3D vertexes matching for merging extractive data with justified 3D facial
data. In this paper, We use Iterative Closest Point(ICP) algorithm that is usually used
to match 3D vertexes.

In summation, ICP Algorithm is as following:

1. Get the closest vertex set corresponded to each data Point in model.

2. Calculate the Registration between obtained vertex sets.

3. Apply a conversion for matching vertex sets from process 2.

4. Repeat from process 1 if Registration Error overflows an acceptable error range.

In process 1, we use an Euclidean distance when we calculate a distance.

dP,M) = ||IP-M| = \/(xp — xm)2 + (yp, — ym)2 +(zp — zm)z, (1)

where P = (xp,yp,2p), M = (xm, Ymy zm).

We obtain the closest vertex set of model corresponded to each data point that is
calculated for a distance from an image. In process 2, we get rotation matrix and
translation matrix based on process 1. First of all, we define the number of data
point(P) as N, and model point(M) as Ny,. The purpose of process 2 is to get mini-
mization of qg, qr in equation 2.

Np
1
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The center of mess of data points and model points is represented by equation 3.

1 N 1 N
My =55 Zidt Pie B = - Xii 3)

The cross-covariance matrix Y, pm of data points and model points is equation 4.
1 N 1 N
Ypm= N_pzi=p1[(Pi — ) (m; — “m)t]zN_p 22 pimy T = )

We define A;j = (X pm— Y pm®);; and A =[Ay; A3y Ag,]T to determine equa-
tion (5).

N tr(me) AT
(Zp ) A zpm_zpmt_tr(zpm)l3'

where I3 is 3x3 Identity matrix.
From equation (5), we can get qgr that is corresponding unit eigentvetor to the
largest eigenvalue of matrix Q3 pm).

()

ar = [do 91 92 93] (6)
And then, q is defined in equation (7).
qr =, — R(ar)m,, (7
where
qo® +41° — 2% — q3° 2(9192 — 9093) 2(9193 — 9092)
R(qr) =| 2(q192 + qoqs) qo® +d2° — 1% — q3° 2(9293 — 90q1)
2(q193 — q092) 2(q192 — qo93) do® +q3% — q21% — q22
In process 3, we convert data using qp and qg in process 2. In other words,
Per1 = qe(Po) (8)

We define threshold t in process 4. And then we repeat from process 1 to 3 until
satisfying dy — dy_; < 7. We can know how many rotation and translation in these
processes. Rotation matrix(R) and translation matrix(T) are defined as equation 9.

t ryp Tz TIy3

T=qr= [tz], R=R(qgr) = [ru 22 r23l

t3 I3y Tz3 I3z

©)

4 Experimental Result and Consideration

In this paper, we extracted facial 3D point using stereo camera. Our purpose is that we
make personal 3D facial avatar to match extractive data with some justified models.
Detecting user’s face using stereo camera and extracting 3D data are represented in
Fig 4.

For matching extractive data from stereo camera with justified model, we used ICP
algorithm in this experiment. We studied the number of vertex for applying ICP algo-
rithm in real-time. Fig 2. is a result for error rate and computing time.
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(a) (b)

Fig. 2. Computing time(a) and accuracy(b) for the number of vertex

We determined 200 feature vertexes and matched 3D facial data with justified
model in Fig 3.

—— 2@ G0IE 2 CP Point 4 242 20001 ——

(@) ) ()
Fig. 3. Justified models(a) and matching 3D facial avatar in front of face(b)and side(c)

5 Conclusion

The object of this paper implements personal 3D face avatar. The modeling method
using the stereo camera makes that the cost can be reduced and 3D avatar can be
rapidly produced. However, implementation of the whole face is impossible. So we
suggested the method to make completed 3D facial avatar, which was matched extrac-
tive data using stereo camera with modeled avatar. The number of a vertex and the
abstraction of characteristic points are important for the matching about computing
time and accuracy. The feature point and the number of a vertex were found with trial
and error. The 200 vertexes have the best result at an accuracy and speed. The per-
forming speed is about 87 seconds, and an error came out less than 0.01% without
falling into Local minimum.
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