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Abstract. We propose an image registration algorithm based on cylin-

drical prototype model to generate a face texture for a realistic 3D face

model. This is a block matching algorithm which aligns 2D images of a 3D

cylindrical model. While matching blocks it doesn't use same sized blocks

but variable sized blocks with considering a curvature of 3D model. And

we make a texture of aligned images using an image mosaic technique.

For this purpose, we stitch them with assigning linear weights according

to the overlapped region and using the cross-dissolve technique.

1 Introduction

The realistic 3D modeling provides user with more friendly interface and is
also very useful in virtual reality, broadcasting, video teleconferencing, interface
agent and so on. We can obtain the 3D model of human through the hardware
equipment like 3D scanner [1]. It is very easy and simple solution, but it is
quite an expense. A number of techniques have been developed for resolving
this problem. One way is to use front and side views of face, which creates a
model as texture mapping after modifying a generic model [2][3]. However, it
only uses two face images so it is less realistic at other views except front and
side views. Another way is to use face images of four or eight views, which
produces a face texture using panoramic techniques and mapping [4]. Through
it, we may have the natural result. But it requires images photographed in exact
angle, because it uses only image stitching in panoramic techniques. Mapping to
model with the images that weren't photographed in accurate angles makes an
unnatural texture, and also we wouldn't create a realistic 3D model. To resolve
such situations, we propose the image registration algorithm based on cylindrical
prototype model. It enables us to align images precisely using the correlation
between them, even though exact view angles would not be met when a face is
photographed. And the natural face texture is generated by stitching the aligned
images with the cross-dissolving. For this purpose, we adjust weights according
to the overlapped region. So, more realistic 3D face model can be created.

2 Image registration with variable sized blocks

The process of block matching is to partition each of two images to same sized
blocks. And then it �nds a candidate block, within a search area in another
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image, which is most similar to the source block in one image, according to a
predetermined criterion [5]. But the curvature of 3D cylindrical model causes
surface patches of same size to be projected on 2D image as blocks of di�erent
size. While matching blocks, the proposed algorithm doesn't use same sized
blocks but variable sized blocks with considering a curvature of 3D model. We
denote block widths of 2D image of 3D cylindrical prototype model as in (1)
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where �Div denotes the division angle partitioning a 3D model into same
portions, R denotes a radius of model. And k0 denotes the base length of an
inscribed triangle when the 3D model is divided by �Div , kn except k0 is the size
of each block projected on 2D image. In (1), n represents column index of blocks
projected on the same column of 2D image. It is designed to be positive for right
hand side block and negative for left hand side block. It gets larger magnitude as
its block lies closer to the left and right border of 2D image. Fig. 1 shows us the
result of producing variable sized blocks. BW becomes small when the absolute
value of index n grows.

Fig. 1. Variable sized blocks depending on the curvature of cylindrical model

Fig. 2 shows us the di�erent block widths of the proposed approach against
the same block widths of the typical approach. In particular, we can see the
variable sized blocks depending on the curvature of model. We partition an image
to variable sized blocks to perform block matching. That is, we changeably adjust
size of candidate blocks to be matched against the source block.
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(a) same sized blocks (b) variable sized blocks

(c) typical method (d) proposed method

Fig. 2. Comparison of block size as block paritioning with front face view

Fig. 3(a) illustrates how to determine a block size of BW
�
Ip
�
and the closed

form of its equation is shown in (2). In (2), BW
�
Ip
�
denotes the length between

Ip and Ip0. It is obtained by looking for Ip0 which is projected on 2D image from
p0 on 3D model. Here, p0 is separated from p on 3D model by division angle �Div .

(a) determination of block width (b) result ( R = 62; �Div = 20Æ)

Fig. 3. Variable adjustment of block width
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Fig. 3(b) shows the block size produced when R is 62 pixels and �Div is 20Æ,
we can note that it is adjusted variable depending on the curvature of 3D model.
In fact, the block size gets smaller, as it becomes more distant from center. We
accomplish the block matching using the color and texture feature that can
reect correlation between blocks. As for color feature, we use YIQ color model
that is more stable than RGB color model in alterations of luminance [6]. Besides,
Gabor Wavelet kernel is used to obtain the texture characteristics of a block [7].
We de�ne a matching metric as in (3). In (3), MF

�
i; j;u; v

�
denotes matching

similarity considering the color and texture feature and it has a value between
0 and 1. The argument (i; j) denotes the position of source block, and (u; v)
denotes the displacement between the source block and its matching candidate.
The � and � are weighting factors that control the importance of related terms.
We assign 0.4 to � and 0.6 to � experimentally.
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In (3), the displacement of
�
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�
between the source block and its best

matching candidate is used for aligning two images. We compute the matching
similarity each of candidate blocks against the source block, and choose the block
that has the highest similarity as the best matched block. We then determine
the relative location of the matched block to the source block as the displace-
ment vector

�
u�; v�

�
. The u� denotes a displacement in x axis and v� denotes a

displacement in y axis.

3 Image Mosaiking

We utilize an image mosaiking for creating a texture of 3D model. It is imple-
mented by cross-dissolving aligned images. Since the cross-dissolving helps to
smoothly blend the images together, it is mainly used for morphing in computer
vision and graphics [8]. Our approach can be formalized as in (4). In (4), T de-
notes a texture image, I1 and I2 depicts aligned 2D images. Pi denotes ith pixel,
w1 and w2 denotes weights for I1 and I2 to stitch them.

T =

8<
:
I1; if V isible(Pi; I1) and :V isible(Pi; I2)
I2; if :V isible(Pi; I1) and V isible(Pi; I2)
w1 � I1 + w2 � I2; if V isible(Pi; I1) and V isible(Pi; I2)

(4)

Especially for overlapped region, images are stitched by assigning weights w1

and w2 to I1 and I2, respectively, according to rules de�ned in (5). Fig. 4 shows
three types of overlapping occurred when aligning two images with displacement
of D.
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Fig. 4. Three types of overlaps occurring when image stitching

Weights are determined as in (5) by considering the amount of overlap and
displacement. In (5), R is radius of a model, D is a displacement between two
aligned images and L denotes the distance from the center of an overlapped
region to any pixel Pi as denoted in Fig. 4(a).

w1 =

8<
:

2L

2R�D
; if D > R or D < R

2L

R
; ifD = R

(5)

w2 = 1� w1

where 0 < w1; w2 � 1; w1 + w2 = 1

4 Experimental results and disccusions

To evaluate the proposed approach, we have used face images photographed in
each of four and eight directions. Fig. 5 shows the result of generated texture
from those images. To compare the performance of our approach with typical
method, we experiment with face images having photographic errors of about
10Æ of viewing angle as shown in Fig. 6.

(a) 4 direction (b) 8 direction

Fig. 5. Results of generated texture with face imges
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As we may notice, both approaches may obtain satisfactory results for a

texture of nonoverlapping regions. However, for a texture of overlapping regions,

elliptical dotted areas, our method shows superior results as in Fig.7. In typical

approach, an eye region is blurred and two ears are revealed much like the ghosts

phenomenon. Our approach, however, shows the perfect alignment and does not

make any problems in terms of texture.

(a) 270Æ (b) 45Æ (c) 135Æ

(d) 280Æ (e) 35Æ (f) 125Æ

Fig. 6. Face images photographed in exact and inexact directions

(a) Typical method (b) Proposed method

Fig. 7. Comparison of results produced with the photographic errors

In this paper, we have proposed an image registration algorithm based on

cylindrical prototype model which could align the 2D photographical images of

3D cylindrical prototype model. We have showed that our approach can be used

to obtain a face texture using face images. The main concept of our approach

is to align input image using the correlation between images. More speci�cally,

when block matching, it uses variable sized blocks with considering a curvature

of 3D model instead of same sized blocks. The proposed approach can solve the
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problems like the blurring e�ect and ghosts phenomenon, occurred when a tex-
ture is generated with images photographed at inaccurate angles.
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