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ABSTRACT

Presenting images from a free viewpoint is a promising in-
teractive video application. Though reference images from
one viewpoint and their depth maps are often used to ren-
der free viewpoint images, picture quality degradation may
occur because of lack of information in background regions
that are occluded by foreground regions.
In this paper, an interpolation method for free viewpoint

images using multi-layered dynamic background buffers is
proposed. In the proposed method, the buffers, updated us-
ing the reference images divided in each frame, are used to
store the background regions, and the output images are in-
terpolated by the background buffers. Since the background
buffers are created and updated using only the reference im-
ages and their depth maps, additional information on the
background buffers is not required for the interpolation. The
effectiveness of the proposed method was evaluated by sev-
eral simulation experiments.

1. INTRODUCTION

Presenting images from a free viewpoint is very attractive
as one of the interactive applications of next generation. To
realize the system, video materials including 3-D informa-
tion, such as 3-D position information of the objects [1]
or images captured by surrounding video cameras [2], are
usually used. However, they have difficulties as the former
ones require special video cameras for obtaining accurate 3-
D position information, and video cameras have to be fixed
for capturing the latter ones.
Meanwhile, images from one viewpoint, called refer-

ence images, and their depth information of each pixel, called
depth maps, are also popular as 3-D video materials [3].
Though output images have limited viewpoints, these mate-
rials are applicable in various environments since cameras
do not have to be fixed, and they can be applied to the repre-
sentative transmission systems, such as MPEG-4, by treat-
ing the depth maps as auxiliary information of the reference
image. However, these materials usually cause picture qual-
ity degradation in output images because of the lack of in-
formation on background regions occluded by foreground
regions. As a solution to the problem, a method using back-
ground sprite is proposed [4]. However, there are several
limitations in applying the method, such as the need to ob-
tain the sprite beforehand.
Considering the above circumstances, a novel interpola-

tion method is proposed in this paper. The proposed method

defines multi-layered background buffers, which are cre-
ated and updated dynamically in each frame, and the free
viewpoint image is interpolated using these buffers. Since
these buffers are created and updated by the reference im-
ages and their depth maps, the method conducts the inter-
polation without additional information for buffers.

2. CONVENTIONAL METHODS FOR FREE
VIEWPOINT IMAGES

A general rendering method for free viewpoint images is
shown in the Generation frame in Fig. 1. To estimate each
pixel of the free viewpoint image, corresponding pixels are
searched from a reference image using its depth map, and
then the corresponding pixels are copied into the free view-
point image. However, lack of information on occluded
background regions may cause picture quality degradation.
To solve the problem, an interpolation method using back-
ground sprite was proposed [4]. The flow is shown in Inter-
polation frame in Fig. 1.
However, since a complete background image has to be
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Fig. 1. The flow of the conventional methods.
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obtained in advance, the interpolation method has some dif-
ficulties, such as a high bit-rate transmission or more stor-
age data size are required or environments for capturing are
limited.

3. THE PROPOSED METHOD

Fig. 2 shows the flow of the proposed method for inter-
polation that overcomes the difficulties discussed in Sec-
tion 2. An image rendered from a reference image and its
depth map is created as a tentative free viewpoint image in
each frame. Meanwhile, as a preprocess for updating multi-
layered background buffers, the reference image is divided
according to its depth map [5]. Then the divided images are
integrated into the corresponding background buffers. Fi-
nally, the tentative free viewpoint image is interpolated by
the background buffers. The detail is described below.

3.1. Rendering tentative free viewpoint image

To render free viewpoint images, a definition of the view-
point is required. In our method, the viewpoint is defined
by 3 × 3 matrix R′, indicating an angle of the viewpoint,
and 1 × 3 vector t′, indicating a position of the viewpoint.
By using R′ and t′, the coordinates of corresponding pix-
els between the pixel in the reference image I , located at
(u, v), and the pixel in the free viewpoint image A, located
at (u′′, v′′), are indicated as equation (1),

(u′′, v′′, 1)× (
DI(u, v)R′(u, v, 1)T + t′

)
= 0, (1)

whereDI(x, y) indicates the depth of I(x, y). Then
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Fig. 2. The flow of the proposed method.

the free viewpoint image is rendered by equation (2),

A(u′′, v′′) = I(u, v), (2)

where A(u′′, v′′) indicates the pixel located at (u′′, v′′) in
image A, and I(u, v) indicates the pixels located at (u, v)
in image I . Every following pixel is indicated as the same
description.

3.2. Dividing the reference image

As a preprocess of creating and updating the background
buffers, the reference image is divided using the following
processes. Firstly, the histogram of DI is analyzed using
equation (3),

V

(
(2n + 1)S

2

)
= νn×S

(n+1)×S , (3)

where νi
j indicates the number of pixels whose depth is be-

tween i and j, S indicates step size for analyzing, and n is
an integer. Secondly, V ′(n) is calculated from V (n) using
a Gaussian filter aimed at smoothing. Thirdly, the value of
V ′(n) is evaluated in numerical order of n. As a result, n
which gives ith local minimum of V ′(n) is extracted as ni,
andmini indicates S × ni in the following. Finally, image
I is divided as Im (m = 0, 1, · · · , M) using equation (4),

Im(x, y) =
(4)

{
I(x, y) if minm ≤ DI(x, y) < minm+1

null otherwise ,

where,min0 is −∞ andminM+1 is∞.

3.3. Rendering and updating background buffers

In the proposed method, each divided image is integrated
into the corresponding background buffer following the pro-
cesses described below.
For the top frame, background bufferUm (m = 1, 2, · · · ,

M) is rendered by copying the corresponding image Im,
whereU0 is not rendered since I0 is regarded as foreground.
Otherwise, Um is updated as follows. Firstly, more than
8 corresponding points between Im and Um are searched.
Secondly, a projection matrix that satisfies equation (5) is
calculated using these points,

(uIm , vIm , 1)T ×Bm(u′
Um

, v′Um
, 1)T = 0, (5)

where, (uIm , vIm) and (u′
Um

, v′Um
) are the coordinates of

the corresponded pixels between Im andUm. Finally,Um is
updated by substituting (uIm , vIm) and (u′

Um
, v′Um

), which
are calculated by equation (5), for equation (6),

Um(u′
Um

, v′Um
)←

(6)
{

Um(u′
Um

, v′Um
) if Im(uIm , vIm) =null

Im(uIm , vIm) otherwise ,

where the left arrow indicates substituting a right value for
a left value. Since Bm is sensitive for matching error, cal-
culatingBm from numbers of matching points is desirable.
In the simulation experiment, Bm is computed from 400
points by using renormalization method[6].
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3.4. Interpolation for free viewpoint image

Non-rendered pixels in the tentative free viewpoint image
are interpolated using the background buffers obtained in
Section 3.3. The detail is as follows. Firstly, more than 8
corresponding pixels in the tentative free viewpoint image
and each buffer, U1, U2, · · · , UM , are searched. Secondly,
projection matrices B′

1,B′
2, · · · ,B′

M are calculated by
substituting these corresponding pixels for equation (7),

(u′
Um

, v′Um
, 1)T ×B′

m(u′′, v′′, 1)T = 0, (7)

where, (u′′, v′′) and (u′
Um

, v′Um
) are the coordinates of the

corresponding pixels in A and Um. Thirdly, the free view-
point image is interpolated by applying equation (8),

A(u′′, v′′)←
(8)

{
Um(u′

Um
, v′Um

) if A(u′′, v′′) =null
A(u′′, v′′) otherwise .

Finally, A is output to users.

4. REDUCING CALCULATION COSTS IN
SERVER-CLIENT SYSTEMS

Reducing calculation costs of client is required for real-
time video output in the server-client system since search-
ing the corresponding pixels between the reference image
and background buffers incurs great expense.
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Fig. 3. The flow of the proposed method applied the server-
client systems.

Fig. 3 shows the flow that satisfies such a requirement.
In the method, the same buffers as those the clients have are
created in the server, and the processes in 3.2 and 3.3 are
executed to calculate B1,B2, · · · ,BM . Since these matri-
ces are obtained without depending on the viewpoint, the
results are applicable to the clients without modifications.
Elements of these matrices are stored or transmitted in each
frame. In the clients, B1,B2, · · · ,BM are reconstructed
with these elements and they are used for the processes in
Section 3.3.
Since each matrix is constructed from 9 real numbers,

the size of the data is much smaller than those of the ref-
erence images and depth maps. Therefore, the method is
applicable under the band-limited transmission or memory
limited storage system. These matrices can be regarded as
auxiliary data as well as depth maps.

5. EXPERIMENTAL RESULTS

To evaluate the effectiveness of our proposed method, some
experiments were evaluated. The experiments used lumi-
nance signals of the Tulip Garden and Red Leaves, which
are the materials in HDTV stereoscopic standard sequences
created by the Institute of Image Information and Television
Engineers Japan and cut by 960×480. The left images were
used as reference images, and their depth maps were esti-
mated from corresponding pixels of the right images, whose
distances between the left images are 6.5cm. By creating
free viewpoint images from the reference images and the
depth maps, the effectiveness was evaluated. The size of
each background buffer was defined as double in the hori-
zontal axis and vertical axis. Each background image in the
top frame was rendered into the center of the corresponding
background buffer with the same size.
Firstly, percentages of non-rendered pixels are shown in

Fig. 4, where non-interpolated results are also demonstrated
for comparison. These results indicate that interpolated pix-
els increase as the frame number increases in our method.
Both results show that the percentages of non-rendered pix-
els in the thirtieth frames are reduced less than 1/7 com-
pared to the results of non-interpolated method.
Secondly, average PSNRs between the interpolated pix-

els and the corresponded pixels of original right image are
shown in Fig. 5, where the results using the nearest pixels
for interpolation are also displayed as a comparison. Both
results show the gain of PSNR, especially they indicate in-
creasing a maximal 3.5dB in Tulip Garden.
Finally, the thirtieth frame created using our proposed

method and non-interpolated method is shown in Fig. 6,
where non-rendered pixels are drawn in white. Higher qual-
ity images are obtained using the proposed method by accu-
rate interpolation.

6. CONCLUSION

This paper proposed a novel interpolation method to ob-
tain high quality free viewpoint images using multi-layered
background buffers. Since the background buffers are cre-
ated by reference images and depth maps dynamically, the
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Fig. 4. Percentages of non-rendered pixels.

method can interpolate output images without modifying
conventional 3-D video materials. In addition, we proposed
a method to reduce calculation costs when applying themethod
to the server-client system. The experimental results demon-
strated the effectiveness of our method by comparing the
ratio of non-rendered pixels, PSNRs, and output images
among conventional methods.
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