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Abstract To speed up the processing time, we decentralized the processing tasks to generate new view. In proposed
methods, each sensor node processes part of corresponding search algorithm based on MSE minimization to generate the
interpolated image with local communication between sensor nodes. In conventional method, all the processing tasks to
generate a new view were centralized in central node. We proposed two methods, which are Fully Image Shared Decentralized
Processing (FIS-DP), and Partially Image Shared Decentralized Processing (PIS-DP). In FIS-DP, full image transformation
should be done between neighbor camera sensor nodes, but the correspondence check is performed in different block intervals.
in PIS-DP, the correspondence check is performed in part of images in each node by sharing part of captured images. The
experimental results of FIS-DP, and PIS-DP show that we can increase the processing speed of the whole network to generate a
new view in compare with Centralized Processing (CP) method. The PIS-DP method is recommended according to its better
processing speed and communication efficiency in compare with other methods (FIS-DP, and CP). Using PIS-DP, will let us to
perform real-time free view generation in camera sensor network.
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1. Introduction video technology. 3-D rendering commonly relies on

Three-dimensional  (3-D) information, and

senses are  generally geometry  description,  texture

visualized using conventional 2-D display techniques.
Rendering photo-realistic 2-D views of 3-D objects at

interactive frame-rate is therefore a vital aspect in 3-D

illumination specifications. Rendering quality, as well as

frame, is determined by model complexity and

computation time spent on simulating global illumination



effects. Trading off rendering frame-rate versus image
quality is often inevitable, and 3-D geometry acquisition
from real-world objects can prove problematic if surface
are not well defined (e.g. hair, fur, smoke) [5].

In this research, we address the communication

efficiency and processing speed in camera sensor network.

Camera sensor network [1] as a new advent of technology
is a network that each sensor node can capture video
signals and, process them and communicate with other
nodes. In this network, many cameras have been installed
in a dense configuration with overlap as sensor nodes and
a central node. The arbitrary view is requested from
central node or user. Interpolation to generate arbitrary
view using ray space data [2,3,4] by adaptive filtering is
the processing task in our network. The processing time
using centralized processing (CP) method is slow. So, we
two proposed decentralized (DP) methods to speed up the
processing task as well as considering communication

efficiency in network.

2. Arbitrary view generation
2.1. Rendering methods

The rendering methods are roughly classified into
Model-Based (MBR) and
Rendering (IBR). MBR [5] describes the shapes of 3-D
objects in polygons, and rendering based on the physical

Rendering Image-Based

model generates the image. However, it is difficult to
model all things in polygons, and a problem remains in
real time play because of the huge calculation time. 1BR
is a technique of reproducing space using the real images
from multi-cameras, and can be realized by comparatively
light processing. “"Morphing" and "Mosaicing" are
categorized into this approach.-

[2,3.4]

filtering [6] is a method to generate a new view, which

Ray-space data interpolation by adaptive
has been used in this research as processing task of
network. Ray space data is a common data format for 3D
communication. The important feature of ray-space is that
the image information seen from a certain viewpoint is
given as one of a sub space of ray-space. To generate the
part of ray data, which can be captured by a virtual
two cameras, the

camera (arbitrary view) between

interpolation task should be done.
2.2. Interpolation

Interpolation method, which will be used in this
research, is pixel based and correspondence check is
based on Mean Square Error (MSE) minimization of

correlated. blocks [6]. So, the processing task is to

up-sample the parallel epipolar line of each images after

rectification [71. Rectification determines a
transformation of image plane such that pairs of conjugate
epipolar lines become collinear and parallel to one of

image axis. The best gradient adaptive filter (with the

_least MSE) should be selected for corresponded pixels to

generate intermediate images between two images by
1

D
{d} interpolation
(c} fitering,
Fig. 1 Interpolation procedure [6].

Checking the minimum MSE value between blocks of
pixels as it has been shown in Fig. 2, finds the best
gradient adaptive filter to generate interpolated pixel.
Mathematically, MSE can be shown as equation (1).

k N
MSE=Y (A -B,) M
i=1

where k is number of pixels in each block and A; and

B; shows pixels in each block.
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Fig. 2 Block based Corresponding search algorithm [6].

The adaptive filter for corresponded pixels is a mask,
which shows the best disparity shift between two blocks
of pixels of two different. views to generate the
interpolated pixel. This interpolation method is object

independent.

3. Conventional Processing Method
3.1. Centralized Processing (CP)

In conventional method, first, all captured images data
by each camera sensor node are sent to central node. Then

all processing task to generate a new view (i.e.



rectification and interpolation) is done in central node. It
should be mentioned that the rectification transformation
matrices is calculated after calibrating cameras in
network. So, the rectification process is just to apply the
to captured The camera

transform matrices images.

calibration is done while network is initialized.

4. Proposed Decentralized Processing (DP)

The arbitrary view image between two neighbor
cameras is supposed to be generated. Lets consider the
with inter-node

network configuration in Fig. 3

communication. To decentralize the processing task

between nodes (i.e. two sensor nodes and a central node),

we propose two methods as follow.

- Fully
(FIS-DP)

- Partially Image Shared Decentralized Processing

(PIS-DP)

Source X ﬂor 1

Image Shared Decentralized Processing

Central

Node

Fig. 3 Communication protocol in proposed camera sensor network

4.1. Fully Image Shared Decentralized

Processing (FIS-DP)

In this method, rectified image information of camera
sensor node 1 should be fully transferred to camera sensor
node 2, and vise versa (fully shared). The correspondence
check is performed in different block intervals of pixels

as it has been shown in Fig. 4.
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Fig. 4 Correspondence searching task in two camera sensor

nodes for FIS-DP method.

Each sensor node after finding the best adaptive filter

and performing the interpolation task, will transmit

interpolated pixel value (8-bit) and normalized MSE value
(8-bits) to central node. The MSE is normalized to 256k/2.
See equation (2).
ki2
MSE=Y (A -8, ) [(128k) 2

= 3

where k is number of pixels in cach block that MSE is
measured, and A; and B; shows pixels in each block, and
MSE is normalized value of MSE. The to be transmitted
information to central node is shown in Fig 5, and equal

to two black and white image data.

[ Tnterpolated pixel | Normalized MSE for gradient filter ]

Fig. 5 Sensor node to central node Communicating frame in

FIS-DP method.

Central node chooses the interpolated pixel value with
the minimum MSE value between the data, which has
received from each sensor node.

4.2. Partially Image Shared Decentralized
Processing (PIS-DP)

In this framework, the captured images by each sensor
node are vertically divided into two equal parts. We call
them upper and downer parts. The upper part of captured
image by sensor node 1 is rectified and transmitted ‘to
sensor node 2, and downer part of captured image by
sensor-node 2 is rectified and sent to sensor node 1 (i.e.

partially shared). See Fig. 6.
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Fig. 6 PIS-DP method communications protocol.

Then, the interpolation task will be done in each sensor
nodes for each part of image data. So, the data that should
be transmitted to central node will be the interpolated
pixels value for half of interpolated image. Central node
generates the new view by adding each part to an image

plane.

4.3. Performance Analysis of CP, FIS-DP, and

FIS-DP Methods
In this
processing speed of proposed methods and conventional

section, amount of communication and

method are formulated. “I” shows the amount of data in

one black and white Therefore, the to be
communicated data in FIS-DP, PIS-DP, and CP methods

are equal to “6I"”, “2I”, and “21”, respectively. The whole

image.

processing speed is equal to summation of communication

delays, rectification and interpolation time. We use “tg”



to show communication delay to transmit an image “I”
between two nodes, and “T,” for rectification and
interpolation time to generate an interpolated image. So,
the “decentralized processing task speed for FIS-DP
method, is equal to “3t4+0.5T,”, and for PIS-DP is equal
to “t4+0.5T,”. But processing task speed for CP method is
equal to “tg+T,".

It should be mention that the processing time “T,” is a
lot higher than communication delay “t;” for our
experimental system. So, FIS-DP is still faster than CP
method, but not communication efficient. It can be seen
that PIS-DP has the best communication efficiency and

_ processing speed in compare with FIS-DP and CP

methods.

5. Results

In experimental system, each sensor node and central
node is-a PC cluster that consists of Intel Pentium III
800MHz as CPU with 256Mbyte RAM. Each PC is
general-purpose PC, which has image capturing board is
mounted in a PCI bus on. each sensor node PC. Gigabit
Ethernet connects sensor node PCs and central node PC.
Cameras are mounted randomly with S5cm interval and
about 60cm distance from object plane. Our captured
images are shown in Fig. 6. The communication delay for
an image data (I = 640 x 480 Bytes) is tg=61.2msec. The
processing time to generate an interpolated image after
rectification with CP method is equal to:

T, = 30.5420msec (rectification)' + 952.7249msec
(interpolation) = 983.27msec.

If captured images have 160 x 120 size, then we will be
15.32 frame/sec using CP, 23.69
frame/sec using  FIS-DP, and 28.94 frame/sec using
PIS-DP method.

able to transmit

Table 1 Communication delay, Rectification and
Interpolation time, Total processing time, and Transferred data

for CP, FIS-DP, and PIS-DP methods. I = 640 x 480.

CP FIS-DP PIS-DP

t4 (msec) 61.2 183.6 61.2
T, (msec) 983.27 491.63 491.63
ta+Tp (Msec) 1044.47 675.23 552.83
Data (Kbytes) 614.4 1843.2 614.4

Table 1 shows the whole processing time for two
proposed decentralized, and centralized processing
methods with 640 x 480 image size.

The comparison of the proposed methods with

Centralized Processing (CP) method shows that
PIS-DP has the highest processing speed after
FIS-DP, and CP has the lowest processing speed.
Communication rate of CP and PIS-DP is same and
better than FIS-DP. Also, PIS-DP has real-time free
view video generation ability with 160x120 image

size.

6. Conclusion

We proposed a network communication protocol to
decentralize the processing task between nodes in camera
sensor network for generating arbitrary view. PIS-DP is
recommended because of its better performance than CP
and FIS-DP. Also, PIS-DP method optimizes the global
communication of whole network, considering its high
speed in processing, even with inter-node communication.
In our future research, we are going to improve our
proposed methods to involve more sensor nodes to
perform processing tasks and to get better image quality.
Therefore, lower processing time can be obtained. Beside.
we would like to gain the high correlation between nodes
to have better communication efficiency, by applying an

appropriate coding scheme.
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