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ABSTRACT

In this paper, we propose a parallel processing method to gen-
erate free viewpoint image in realtime. It is impossible to ar-
range the cameras in a high density realistically though it is
necessary to capture images of the scene from innumerable
cameras to express the free viewpoint image. Therefore, it
is necessary to interpolate the image of arbitrary viewpoint
from limited captured images. However, this process has the
relation of the trade-off between the image quality and the
computing time. In proposed method, it aimed to generate
the high-quality free viewpoint image in realtime by applying
the parallel processing to time-consuming interpolation part.

Index Terms— FTV, Free Viewpoint Image Generation,
Image Based Rendering, Realtime Processing, Parallel Pro-
cessing

1. INTRODUCTION

We have proposed the Free Viewpoint Television (FTV) [1].
FTV is a television that enables us to watch from arbitrary
viewpoint. If FTV is realized, we can freely move in the
space inside the television. In this paper, we introduce a par-
allel processing method to generate free viewpoint image in
realtime for FTV.

There are mainly two different approaches to generate ar-
bitrary viewpoint images. One is the Model-Based Rendering
(MBR) and this method consists of creating a 3D Computer
Graphics (CG) model of the object inside the image. How-
ever, it is difficult to make a graphic model close to the real
object. As a result, the created image appears to be artificial
and unnatural. On the contrary, there is another method called
Image-Based Rendering (IBR) [2, 3], which is not related to
the geometrical characteristics of the object and can generate
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a photorealistic image from captured images. As one of IBR
approach, there is the Ray-Space method [1], and this method
records the position and direction of rays transmitted in the
space. We have tried to apply the Ray-Space method to FTV.

The end goal of this research is to construct the FTV sys-
tem in realtime. It is necessary to interpolate the image of
a arbitrary viewpoint from the captured images to generate
free viewpoint image for FTV. However, this process has the
relation of the trade-off between the image quality and the
computing time. Therefore, it very takes time to generate the
high-quality free viewpoint image.

In this paper, we propose a parallel processing method to
generate the high-quality free viewpoint image in realtime,
and evaluate it. This paper is organized as follows. In the
next section, we introduce a basic principle of free viewpoint
image generation. In Section 3, we describe our proposed
method to generate the high-quality free viewpoint image in
realtime. The experimental results are explained in Section
4. Finally, in Section 5, conclusion and future work are de-
scribed.

2. FREE VIEWPOINT IMAGE GENERATION

In this section, we introduce a basic principle of ray interpola-
tion for free viewpoint image generation [4], and the method
of depth estimation which is effective for the realtime pro-
cessing.

2.1. RAY INTERPOLATION

For the free viewpoint image generation, an appropriate ray
interpolation is needed. When we perform the interpolation,
we assume that reflecting property of ray is Lambert reflec-
tion; the ray from the same light source must have same pixel
value. If we can find the corresponded points of ray, we can
interpolate the ray of the novel view using the pre-existing
Views.
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Fig.1 shows this interpolation method. First, the view-
point position(z, z) of a virtual camera is input, and the each
pixel(u, v) is processed as follows.

1. The position of the interpolating ray on the reference plane
are computed and the neighborhood 2 cameras are select
-ed.

2. The depth of the ray source is changed, and the depth
which can be regarded as Lambertian most is searched.

3. The intensity value is decided by performing linear inter-
polation according to the ratio of the distance of the ray
on the reference plane.

The disparity of two cameras is assumed to be d, and output

pixel valueVC(u,v) on the virtual camera is shown in the

below.

VC(u,v) =aLC(u+ ad,v) + aRC(u — ad, v)

This processing is conducted to all pixels(u,v), and the
free viewpoint image is generated. In the expression above,
LC(i,j) and RC(i, j) show pixel value of a left camera and
a right camera of neighborhood.

Searching
along the ray ~

Distance:z

Neighborhood
Camera

Reference plane X

o 1-a

Fig. 1. Ray interpolation

2.2. DEPTH ESTIMATION

To estimate the object’s depth, it is necessary to solve the cor-
respondence point problem with acquired the neighborhood
rays to interpolate the ray. If corresponded rays follow Lam-
bert reflection, the neighborhood rays have almost same pixel
intensity in a certain depthdgy;¢qp1e as shown below.

Lc(dsuitable)ZRO(dsuitable)

Thus, we can find corresponded rays using SAD (Sum of Ab-
solute Differences) or variance. This assumption, however, is
formed in only the ideal case because un-textured area do not
have peak value, and in addition, CCD-noise make matching
worse. Therefore we often use window based block matching
to soften this effects. However, block matching have trade-off
problem at the areas where un-textured and textured. In tex-
tured region, matching results have sharp peak. Thus, small

block size of matching is better than large one for un-blur the
result. On the contrary, in un-textured region, matching re-
sults have relaxed peak. Thus we must use large size block
matching to reflect textured regions.

To solve this problem, the energy E of total balance be-
tween pixel consistency and depth smoothness is proposed
because the object’s depth changes smoothly. Minimizing
this energy, un-textured region is optimized and more accu-
rate depth can be obtained. The pixel consistency D is the
matching result of pixel intensity, and the depth smoothness
V' is the penalty of depth discontinuity. A is balance parame-
ter.

E(d) = Z Dp(dp) +A Z Vp,q(dwdq)

peEP (p,9)EN

As one of the methods for solving this, the algorithm us-
ing Dynamic Programming (DP) is proposed [5]. DP algo-
rithm has an advantage in computing cost over other proposed
methods. Therefore, DP algorithm is used in this paper.

In DP, the depth smoothness is limited in the 1-D line.
We assume that current pixel node depends on the pre-pixel
node’s depth d,,.. Thus we divide this problem into partial
problem that minimizes the energy from starting pixel until
x row’s pixel. F'(z,d) is the energy of partial problem; d is
the node value of depth. DP can be represented as recurrence
equation. And we stack the computing result of previous best
node value of depth pd(z,d). Pixel consistency is measured
by SAD and expressed D(z, d).

F(z,d) = min(F(z — 1,dpre) + D(z,d) + A|dpre — d|)

pd(z,d) = argmin(F (x — 1, dpre) + D(z,d) + N|dpre — d|)
dpre
Using DP method, the problem discussed above can be
solved. However, even this method which computing cost is
less than other methods have high computing cost for realtime
processing.

3. PROPOSED METHOD

In this section, we introduce a parallel processing method to
generate free viewpoint image in realtime. First, it explains
the configuration and the flow of processing of proposed sys-
tem. Then, the method of the parallel processing is discussed.

3.1. PROPOSED SYSTEM

The configuration of proposed system is shown in Fig.2 and
the flowchart of proposed system’s algorithm is shown in
Fig.3.

In our system, 16 computers are used where each com-
puter is responsible for controlling each camera. The 16 com-
puters are called “client” as their operations are controlled
by another computer called ”server”. The servers main task
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includes user interface and client computer controlling. All
the computers are connected forming a network under the
Myrinet connection. The processing shown in Fig.3 is done
by using this system.

First, the server sends the start signal to all clients. When
the clients receive the start signal, all clients capture view
images all together, and all captured images are sent to the
server. After receiving the images, the server rearranges the
image data to the data format that is suitable for the parallel
processing for interpolation. This processing is described in
the next paragraph. Then, the rearranged image data is sent
back to each client, and the interpolation processing is con-
ducted in parallel with each client. Finally, all interpolated
image data is sent back to the server again and combined to
generate the final new view image; it’s free viewpoint image.

L

10Gbps
Myrinet

Server
— Display

Input from user

Camera

Camerax 16

Client x 16

Fig. 2. The configuration of proposed system

Server Client

1.Send start signal 2 Receive start signal
3.Capture images
5.Receive image data 4.Send image data
6.Rearrange image data

for parallel processing
7.Send rearranged image data 8 Receive rearranged image data

9.Image interpolation

il

11.Receive interpolated image data
12.Combine image data
13.Image rendering

10.Send interpolated image data

Fig. 3. The flowchart of proposed system’s algorithm

3.2. PARALLEL PROCESSING

The interpolation method used here is very powerful but has
some drawbacks on computational speed. Even for a small
image size, the interpolation using one computer can hardly
operate in realtime even at a low frame rate. To solve this
problem, we propose the method of the parallel processing. In

this process, the interpolation task is shared with all comput-
ers. In a word, each client computer individually interpolates
a small section of the whole image data. The captured image
data are then rearranged to the data format that is suitable for
the parallel processing.

The rearrangement of data is based on two factors, the
interpolation direction and the number of shared computers.
The interpolation direction determines how image data are
partitioned, while the number of shared computers determines
the number of partitioning sections. For example, Fig.4 shows
how data are rearranged when the interpolation is in horizon-
tal direction using 4 shared computers. In this case, each input
image is partitioned into 4 regions along the horizontal axis.
The first regions of each image are grouped together and sent
to computer 1 (PC1). The second regions of each image are
grouped together and sent to computer 2 (PC2). In the same
way, this process is repeated for the remaining regions and the
remaining computers.

Server

Fig. 4. Data rearrangement for parallel processing

4. EXPERIMENT

The experiment was conducted to evaluate the advantage of
the proposed system. The high-quality free viewpoint image
which PSNR exceed 37dB was generated and the computing
time was measured.

4.1. EXPERIMENTAL CONDITION

Experimental conditions are as follows.

e 16 Camera images (Camera interval : 4cm, Image resol-
ution : 640x480pixels, Camera array : 1-D array)

e 16 Computers (CPU : DualCore3.0GHz, Memory : 3.0GB)

o Network device : Myrinet (10Gbps)

4.2. EXPERIMENTAL RESULT

The generated image and the original image are shown in
Fig.5. This image is not almost inferiority compared with the
original image as shown in Fig.5.
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Fig.6 and Table.l show the comparison of the process-
ing time between proposed method and conventional method
(non-parallel). The image can be generated by using the pro-
posed method at 66ms, though it takes 975ms with the con-
ventional method. This corresponds to 15.2fps when it is
made a frame rate, and the parallel efficiency is about 15
times.

Fig.7 shows the breakdown in each processing time when
the free viewpoint image is generated by using the proposed
method. For the whole computing time, the interpolation pro-
cessing part accounts for 41%, the overhead (data commu-
nication) part by using the parallel processing accounts for
41% (receive image:17%, distribute image: 18%, combine im-
age:6%). The interpolation processing part and the data com-
munication part account for about 80% of the whole comput-
ing time when both are added. It is necessary to improve these
parts to make the frame rate higher.

Conventional
method

Proposed
method

0 200 400 600 800 1000 1200

Computing time [ms]

@ Capture image B Receive image data [ Distribute data

B Combine data

OlInterpolation O Rendering

Fig. 6. The computing time of free viewpoint image genera-
tion

5. CONCLUSION

In this paper, we proposed the parallel processing method in
realtime for free viewpoint image generation which has the
relation of the trade-off between the image quality and the
computing time. Using this method, the high-quality free

Table 1. Each processing time of free viewpoint image gen-
eration

Proposed[ms] | Conventional[ms]
Capture image 6 96
Receive image data 11 0
Distribute data 12 0
Interpolation 27 873
Combine data 4 0
Rendering 6 6
Total 66 975

66ms

[ Capture image

B Receive image data
O Distribute data

O Interpolation

B Combine data

18%

@ Rendering

Fig. 7. The breakdown in each processing time of proposed
method

viewpoint images can be generated at 15.2fps of frame rate.
As a future work, we would like to reduce the computing time
of the interpolation processing part and the data communica-
tion part, and generate the free viewpoint images at the video
rate (30fps).

This work was partly supported by the Grand-In-Aid for
YoungScientists (B) of Japan Society for the Promotion of
Science underGrant 22700174.
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