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Abstract— In this paper, we present a new digital special makeup
method to compose camera-captured human face or body images
with CG ones for visual effects. Our method combines an active
motion capture technique with an outside-in camera tracking
technique to simultaneously track the 3D motion of both human
and camera. Our method can be applied to digital special
makeup in outdoors as well as indoors. The performance of our
method has been demonstrated with various real face and body
special makeup results.

Keywords— Special makeup, motion capture, camera tracking,
visual effects

I. INTRODUCTION

Digital special makeup is a technique to compose
camera-captured human face or body images with
computer-generated (CG) ones for visual effects in
TV and film production. Many computer vision and
graphics techniques such as motion tracking and
photo-realistic rendering should be integrated to
create realistic digital special makeup effects. The
3D face or body motion tracking is essential to
animate CG face or body. In addition, the 3D
camera motion should be also tracked with high
accuracy when the face or body image is captured
by a moving camera. However, the simultaneous
human and camera motion tracking as in digital
special makeup has been studied not much and it
still remains as a difficult problem in computer
vision and graphics [1].

Motion capture records the human motion with
specific sensors such as cameras or gyros and then
maps the recorded motion data to CG models.
Although motion capture has been introduced in
computer animation [2], it is widely used for
various applications in many different areas such as
industrial training [3]. In addition, it can be used as
a high-performance solution for 3D human face or
body motion tracking [4, 5], which explains why we
adopt a motion capture technology for digital
special makeup. Although it is easy to solve the
human motion tracking with motion capture, it is
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not straight-forward to apply motion capture to the
simultaneous human and camera tracking problem,
particularly for digital special makeup in an outdoor
environment.

In this paper, we present a new onset motion
capture-based digital special makeup method to
compose camera-captured human face or body
images with CG ones for visual effects in TV and
film production. Our method combines an active
optical motion capture technology with an outside-
in camera tracking technique to track the 3D motion
of both human and camera onset with high accuracy,
which enables us to apply our method to the digital
special makeup of human face or body in outdoors
as well as indoors contrary to our previous work on
CG/real image composition [6].

The organization of this paper is as follows.
Section 2 briefly describes our onset motion
capture-based digital special makeup system.
Section 3 explains the outside-in camera tracking
technique in our method. Experimental results are
given in Section 4, and our conclusions are drawn
in Section 5.

Figure 1. Onset motion capture-based digital special makeup system
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Figure 2. Relationship between the motion capture and the camera coordinate
system for the camera with a camera target

II. DIGITAL SPECIAL MAKEUP

Our onset motion capture-based digital special
makeup system (Fig. 1) is equipped with an active
motion capture system and a HD video camera. As
an active motion capture system, we employed
Impulse system [7], which can perform motion
capture in outdoors as well as indoors by using
active LED markers and an advanced high-speed
(up to 480 fps) imaging technology. The HD video
camera records human face or body motion images
of 1920% 1080 pixels at 30 fps. A time-code reader
is used to synchronize the HD video camera with
the motion capture software in the host PC of
Impulse system. For outside-in camera tracking, of
which details will be explained in the following
section, a camera target with eight active LED
markers is attached to the HD video camera.

III.OUTSIDE-IN CAMERA TRACKING

In most camera tracking techniques, e.g., [6], the
camera motion is observed with the camera itself
(inside-out). However, in outside-in camera
tracking techniques, the camera motion is observed
with some external (outside-in) devices such as
position sensors or other cameras. The main
advantage of outside-in camera tracking is that it
does not require to process camera-captured images,
which makes it possible to track the camera motion
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in real time or to perform camera tracking in a
highly dynamic environment such as a motion
capture studio.

Let us denote Oy, and O¢ the motion capture and
the camera coordinate system, respectively, as in
Fig. 2. At each time ¢, we obtain the 3D coordinates
of N active LED markers on the human, X, ={X,,
..., X}, and M ones on the camera target, C;
={Cy,..., Cu}, in the x, y and z axes of the motion
capture system. The 3D camera motion can be
represented with a 3X3 rotation matrix R, and a
3 X1 translation vector t, which are the quantities
that we should compute to compose the camera-
captured image with CG one at each time.

Assume that we know Cy={Cyy,..., Cop}, the 3D
coordinates of N active LED markers on the camera
target when the 3D camera motion is null, i.e., Ry=I
and ty =0. Then, the 3D camera motion R, and t, of

time ¢ can be estimated from the relationship given
by

C,,=RC, +t,. (1)
The problem of estimating the transformation,
including the rotation and the translation, between
two coordinate systems is referred to as that of
absolute orientation. Given Cyand C,, a closed-form
solution of the rotation R; be obtained by using unit
quaternions [8] or orthonormal matrices [9]. The
translation t, is easy to determine once the rotation
R, is known. The disadvantage of this approach is
that we should have both Cyand C; in advance. We
can obtain C; directly from the motion capture data
of time 7. However, we cannot obtain Cy in the same
way. We solve this problem as follows. At =1, we
estimate R; and t; by conducting the motion
capture-based camera calibration

~

~ ~ L
O.R,, t,=mind[w, -4(W,, ©, R, t,)[, @
=1

where W] :{W()],...,W()L} and Wi :{W()], ...,W()L}
denote the 3D and 2D image coordinates of active
LED markers on our camera calibration wand (Fig.
1), respectively, ® all of the internal camera
parameters, including focal length, principal point,
and lens distortion coefficients [10], and % the
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projection function from the 3D space to the 2D
image space [11]. Then, we compute Cy with

éOm = RlClm +E1- (3)

As described above, we do not need to process
camera-captured images in our outside-in camera
tracking method. However, the camera-captured
images can be used to improve the performance of
our method. If the 2D coordinates of some of active
LED markers on the human, of which the selection
can be guided by a user, are obtainable at time ¢, the
estimate of R, and t; can be refined by minimizing
the following cost function

K

R i =min£z

k=1

s, —~h(S,. © R, t,)[

“

M 2
+Y"|les, =4(C,,» ©. R, t,) j

m=1
where S; ={Sq,..., S} and s, ={sq,..., S} denote
the 3D and 2D image coordinates of the user-
selected, active LED markers on the human,
respectively, and ¢y ={co1,..., cop; the 2D image
coordinates of the active LED markers on the
camera target. Note that ¢o = ¢; =...= ¢, due to the
constraint in (1). The above step is called guided
error minimization. The Gauss-Newton method [12]
is adopted to minimize the cost function.

Figure 3 shows the dataflow of our digital special
makeup method. The details of the 2D tracking and
the image composition are described in [6].

———————Camera-Captured Images
Image
Capture Gui
: uided
2D Tracking Error Minimization
Camera Calibration C Outst;ie-n]:
Motion amera lracking
Capture .
CG Animation Camera Motion
Image

CG Images—~

Composition

Face Makeup Image (1920x1080)

Face Image (1920x1080)

Figure 4. Result of face special makeup

IV.EXPERIMENTAL RESULTS

We verified the performance of our digital special
makeup system with real motion capture and the
video data. For experiment, we set the Impulse
system to run in 120 fps. Eight active LED markers
were attached to the camera target. Figures 4, 5, and
6 show the results of the digital special makeup for
human face (N=4), leg (N=16), and body (N=32).
The face and the leg images were captured in an
indoor motion capture studio, but the body images
in an outdoor environment. Note that our method
allowed us to perform digital special makeup in
outdoors as well as indoors. The performance of our
outside-in camera tracking method was analysed
with additional three datasets. The RMSEs for all
datasets were listed in Table 1.

Table 1. RESULT OF PERFORMNACE ANALYSIS

Dataset 1 2 3

Makeup Images Number of frames 749 750 810
Number of markers N(K) 13(5) 52(7) 21(5)

Figure 3. Data flow of our digital special makeup method RMSE 0.57 0.56 0.54
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Figure 5. Result of leg special makeup

V. CONCLUSIONS

We presented a new digital special makeup
method to compose camera-captured human face or
body images with CG ones for visual effects. We
showed that our method could effectively combine
an active motion capture technique with an outside-
in camera tracking technique to simultaneously
track the 3D motion of both human and camera
with high accuracy. In addition, we showed that our
method could be applied to digital special makeup
in outdoors as well as indoors. To demonstrate the
performance of our special makeup method, we
presented various real digital special makeup results
for human face, leg, and body.
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Figure 6. Result of body special makeup
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