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Abstract

A motion-oriented coding scheme for compressing
concentric mosaic representations is designed based
on modifications to a standardized block-based hybrid
video coding scheme. The motion features of the
camera capturing the concentric mosaic represen-
tations are exploited to enhance the coding efficiency
and improve the decoding flexibility. The coded data is
organized in a hierarchical structure into a bitstream.
Two-level motion vector representation and estimation
is used. Simple one-level side information is embedded
to facilitate random access. The optimized coding
pattern is investigated to enhance the coding
efficiency. Only a small portion of reference frames
needs to be accessed and decoded to get a target pixel
column. This enables fast data retrieval and rapid
rendering. The proposed coding scheme is capable of
providing high compression efficiency and fast random
selective decoding for concentric mosaic rendering.

1. Introduction

Concentric mosaics were first proposed for image-
based rendering (IBR) by Shum and He [6]. It is easy
to capture image sequences of environments for
concentric mosai¢ representations. No geometric or
photometric modeling is required for rendering novel
views, and the rendering speed is fairly high by simply
reassembling slits derived from pixel columns of the
images in concentric mosaic representations.
Concentric mosaics allow users to freely wander in a
circular region on a plane, providing the experiences of
appropriate spatial parallax and lighting variances. It is
popularly used in some practical applications, such as
virtual reality. :

Although the one-dimensional image sequence of a
concentric mosaic representation has smaller image file
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size than those of Lumigraph [1] and Light field [2]
representations, it still represents a huge amount of
data. For example, the concentric mosaic image
sequence Kids consisting of 2967 images occupies a
storage space of 860 MB. Consequently, effective
compression schemes should be applied to efficiently
store and access the concentric mosaic data for further
image-based rendering and transmission.

Different kinds of compression techniques could be
used for coding concentric mesaics. In [6], vector
quantization {(VQ) was used in the compression scheme
with a compression ratio of about 12:1 reported. VQ is
capable of selective decoding, and can easily facilitate
the random access required by IBR. However its
compression efficiency is limited and can not meet the
requirement of higher compression ratios in many
applications. On the cother hand, wavelet transform
proves to be an efficient technique [4, 8). The
advantages of image resolution and quality scalabilities
can be taken from incorporating wavelet transform in
the coding scheme. However wavelet transform has a
complex implementation structure, and its processing is
computation intensive and time ¢onsuming, preventing
its use in some applications,

Some compression schemes for coding concentric
mosaic representations have beer designed as a result
of modifications to standardized video coding strategy
[3, 5]. These schemes are characterized by their higher
compression efficiency than VQ schemes and less
complexity than wavelet-based compression schemes.
Zhang and Li [9] proposed a reference block codec
(RBC) approach based on the standard algorithms of
motion compensation and residue coding, It classifies
input images into anchor A frames and predicted P
frames. A two-level hierarchical index table is stored in
the bitstream for random access decoding. The MPEG-
like compression scheme developed by Shum et al. [7]
is another instance of medified standardized schemes.
It takes each normal planar image or panorama image
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Figure 1. Motion-oriented coding scheme for compressing concentric mosaic representations

as a video frame, and exploits the image
redundancies. A set of pointers to groups of blocks is
embedded in the compressed bitstream for supporting
random access. In order to further improve the coding
performance, we propose here a motion-oriented
coding scheme for compressing concentric mosaic
representations. This scheme, also based on the
standardized video coding strategy, has a different
coded data structure and different bitstream syntax
adapted for the requirements of concentric mosaic
rendering. It includes two image coding modes: the
intra coded I frame and the bidirectional predicted B
frame and optimizes the coding pattern. The specific
motion features of the camera in capturing the
concentric mosaic image sequences are exploited to
enhance the coding efficiency and improve the
decoding  flexibility. Simple one-level side
information is embedded into the bitstream to
facilitate the pixel-column random access. While the
compression efficiency is kept at a high level, only a
small portion of each reference frame needs to be
accessed and decoded to get a target pixel column for
synthesizing novel views. This speeds up the
concentric mosaic data retrieval process and benefits
the subsequent fast image-based rendering process.

In the next section, the motion-criented coding
scheme for compressing concentric  mosaic
representations is described in detail. In Section 3, the
experimental results of the proposed scheme applied
to compressing sample concentric mosaic image
sequences are provided with some analyses and dis-
cussions. Finally, conclusions are drawn in Section 4.

2. Motion-Oriented Coding Scheme

The proposed motion-criented coding scheme is
based on the standardized video coding strategy
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which is referred to the block-based hybrid coding to
exploit the intra-image redundancy by spatial
transformation and the inter-image redundancy by
temporal prediction enhanced by motion estimation
and compensation. Some significant modifications to
the standardized video coding scheme are made in
order to facilitate the column random access required
by concentric mosaic rendering and simultaneously
keep the high coding efficiency. The block diagram
of the encoding procedure of the proposed coding
scheme is depicted in Fig. 1. It takes image input
from the concentric mosaic representations, and
processes images in two different ways according to
the different image mode in the modified coded data
structure. Two-level motion vector representation and
estimation are used to enhance the coding
performance. Side information is added for each slice
to facilitate the required random access. The coded
two-level motion vectors, the slice side information
codes and the coded frame data for the two modes of
images are all multiplexed to make up the bitstream
output of the concentric mosaic representations.

2.1. Coded data structure

In order to support efficient coding, the coded data
of the concentric mosaic representation is organized
in a hierarchical structure with modifications based
on the coded video data structure of the standardized
video coding scheme. As shown in Fig. 2, the entire
one-dimensional concentric mosaic representation is
taken as an image sequence. This image sequence is
then divided into groups of images (GOI). Each
group of images with a uniform pattern begins with
one image encoded as an intra coded I frame (IF}
followed by a fixed number of images encoded as
bidirectionally predicted B frames (BF) with
reference to the nearby intra coded frames. No



predicted frames are used as reference frames in order
to avoid multiple dependency and to speed up the
decoding process. Each 1 or B frame consists of
modified restricted slices (RS). As novel views are
synthesized in the rendering stage by combining slits
derived from pixel columns of the images in the
concenfric mosaic image sequence, macroblocks
(MB) in each frame are scanned and processed in an
order starting from the macroblock on the top left
corner, column by column. A modified restricted slice
involves all the macroblocks in the same column to
facilitate random access at the column level. In this
proposed coding scheme, the macroblock which
corresponds to an area of 16x16 luminance pixels is
the basic unit for motion estimation and the 4:2:0
chrominance format is utilized. Consequently, each
macroblock here comprises of four blocks of
luminance samples and two blocks of chrominance
samples. Motion compensation, spatial
transformation and quantization are all performed
block by block.
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Figure 2. Coded data structure

2.2. Motion estimation and compensation
Motion estimation and compensation are applied
in coding bidirectionally predicted frames to improve
the prediction performance. For capturing the
concentric mosaic representation of an environment, a
camera is fixed at the end of a beam. The motion of
the camera is constrained on a circular track in a
horizontal plane by rotating the beam. The images in
the concentric mosaic image sequence are shot at
points evenly distributed on the circular track. The
dominant motion of the camera can be regarded as a
pan, Tesulting in a dominant horizontal image motion,
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These features are used to enhance the coding
efficiency and to improve the random access
decoding flexibility. First, the forward and backward
dominant horizontal motion vectors of each
bidirectionally predicted frame are determined with
full pixel accuracy using the original input image
data. The search ranges for dominant horizontal
frame motion vectors are estimated by testing some
sample images in the concentric mosaic image
sequence. Then, with the central positions located by
making use of the dominant frame motion vectors,
full searches for the local motion vectors with full
pixel accuracy are conducted for each macroblock.
The sum of the absolute errors between the pixel
values in the current predicted macroblock and those
in each macroblock within the search range in the
reference frame is computed and compared to
determine the best matching local motion vector.
Both the forward and the backward local motion
vectors are examined for each macroblock to make
the best prediction from the past reference frame, the
future reference frame or both together. The size of
the full search windows is 16 horizontal pixels by 10
vertical pixels in both of the past and future reference
frames. The search of motion vectors is confined to

- the significant area of the image window. Any

motion vector referring to pixels beyond the image
boundaries is excluded. After that, more accurate
searches for refined local motion vector with half
pixel accuracy by using the locally decoded reference
frame data are performed. All the eight adjacent half-
pixel positions surrounding the full-pixel position
located by the matching local motion vector
determined from the previous step are checked in the
decoded reference frames. This is done in an order
line by line from upper left half-pixel position to
lower right ene. Motion estimation is carried out by
using luminance component data, but the resulting
motion vectors are also used for the block prediction
and compensation of chrominance component blocks
belonging to the same macroblock. The values of the
motion vector used for luminance blocks are halved
for applying to the corresponding chrominance
blocks.

2.3, Spatial transformation and quantization
The 8x8 pixel blocks in intra macroblocks or the
8x8 pixel residue blocks in predicted macroblocks are
transformed into 8x8 coefficient blocks by the two
dimensional spatial discrete cosine transform (DCT).
Then, linear quantization is performed for DCT
coefficient blocks. The DC coefficients in intra
blocks of both the luminance and chrominance



components are quantized by a constant quantizer
step size of 4, and all the other coefficients are
quantized in two steps. First, quantizer matrixes are
used to convert these coefficients into scaled DCT
coefficients. An intra quantizer matrix with coarser
quantization for higher frequency components is
applied to the AC transform coefficients of intra
blocks, and a non-intra quantizer matrix with all
elements equal to a constant value is applied to the
DC and AC transform coefficients of predicted
blocks. After that, a uniform quantizer scale is
utilized for quantizing these scaled transform
cocfficients. This quantizer scale is manually
controlled to take different constant values to get
sieady image quality and achieve different
compression ratios.

2.4. Bitstream Syntax

As the motion-oriented coding scheme is specially
designed  for coding  concentric = mosaic
representations, its bitstream syntax is considerably
simplified compared to the standard video bitstream
syntax, which is designed for a much wider range of
applications. Also, some modifications are made to
the standard bitstream syntax corresponding to the
modifications to the standardized coding scheme. The
bitstream is produced by complying with the
hierarchical data structure described in Section 2.1.
The image sequence header is filled with the coded
information of the parameters of the camera capturing
the concentric mosaic representation, the radius of the
camera track, the data structure parameters of the
coded image sequence and the number of images in
the sequence. Also, the coded dominant horizontal
frame motion vectors of the bidirectionally predicted
frames are put in the image sequence header. In
order to facilitate the column random access and
selective decoding, side information specifying the
start position of each modified restricted slice in the
bitstream is generated before coding the slice, This
information is used in the decoding stage to locate the
portion of the bitstream to be decoded. It is coded in
a predictive way and the coded predictive residue is
also put in the image sequence header.

2.5. Decoding Procedure

The image sequence header at the beginning of the
bitstream is decoded first. It involves the
configuration information needed for concentric
mosaic image-based rendering. Also, the dominant
frame motion vectors and the restricted slice side
information are decoded at this stage. According to
the requirement of the rendering technique, 2 specific
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modified restricted slice corresponding to a required
pixel column is decoded by randomly accessing the
bitstream and selectively decoding only a small
portion of the bitstream. In order to get a pixel
column in an intra-coded frame, the start point of the
corresponding coded restricted slice in the bitstream
is located by using the side information of the slice,
and only one coded restricted slice needs to be
decoded to reconstruct the required pixel column. For
getting a pixel column in a bidirectionally predicted
frame, the reference restricted slices in both the past
and the future reference intra frames for the restricted
slice in the predicted frame need to be determined
first by using forward and backward dominant frame
motion vectors of the predicted frame. According to
the motion vector searching widow size we choose,
reference is possibly made from within three
successive modified restricted slices in each reference
frame. The position of the reference restricted slice in
the middle is determined by the dominant frame
motion vector. Then, the start point of the coded
restricted slice on the left is located by its side
information. Three successive restricted slices
beginning from this start point are decoded. This is
done in the past and future reference frames
separately. After that, the predicted restricted slice is
selectively decoded with the assistance of its side
information, and motion compensation is performed
by making use of the decoded reference slices to
reconstruct pixel column in the predicted restrict
slice.

3. Experimental Results

The proposed motion-oriented coding scheme was
implemented based on a modified video codec with
standardized structure designed for MPEG-2 software
simulation. Two concentric mosaic image sequences
Kids and Toy were used for testing the effectiveness
and efficiency of the scheme. The image sequence
Kids consists of 2967 images with a resolution of 352
x 288. One sample image in Kids is shown in Fig. 3
(a). Another image sequence Toy consists of 1882
images with a resolution of 352 x 288 and a sample
image shown in Fig. 4 (a).

It is expected that different coding patterns with
different numbers of bidirectionally predicted frames
have different impact on the coding performance.
Determining the best number of B frames
comresponding to a coding pattern with an optimized
coding performance is something to be investigated.
To answer this question, the proposed scheme was
applied to process the sample sequences by coding



different number of images as B frames in a group of
images, under the condition that a constant quantizer
scale ( Q = 20} was used. The experimental results of
compression ratio versus number of B frames are
presented in Fig. 5. Both the compression efficiency
in term of compression ratio and the image quality in
term of peak signal-to-noise ratio (PSNR) should be
evaluated to decide on a good coding pattern. But
with an unchanged quantizer scale applied, the
reconstructed images are in a constant quality not
affected by the number of B frames. In this case, we
can evaluate the coding performance only based on
the results of compressien efficiency. According to
Fig. 5, the number of B frames corresponding to an
optimized coding pattern for Kids is 14, and for Toy,
this number is 10. Here, we only present the
experimental results for the luminance component, as
the coding performance is mainly determined and
well represented by the luminance component. The
obtained B frame numbers corresponding to the
optimized coding performance are oniy suitable for
the given sample image sequences. Generally
speaking, the proper number of B frames depends on
the image sampling rate and the depth range of the
captured scenes. Indeed, the optimized coding pattern
needs to be determined by investigating the actual
image sequence to further reduce the data size and
improve the coding performance.

In our motion-oriented coding scheme, no bit rate
control technique is incorporated, as steady and high
quality images need to be reconstructed at the
rendering stage. A uniform quantizer scale parameter
is applied for the whole image sequence. It is set to
different values to change the compression ratic. This
leads to different image qualities as well. The
experimental results of compression ratio versus
quantizer scale are presented in Fig. 6 for the two
sample image sequences, and the results of the PSNR
versus quantizer scale are presented in Fig, 7. These
results are cobtained by setting the coding patterns
with [4 B frames for Kids and 10 B frames for Toy,
which corresponds to the appropriate B frame number
of the optimized coding pattern. It is shown that the
compressicn ratio is approximately linearly
proportional to quantizer scale. Thus, the coding
efficiency can be weil controlled by selecting proper
quantizer scale values. Meanwhile, the quality of the
reconstructed images gets worse with the increase of
the quantizer scale value. Consequently, a tradeoff
should be made between high compression efficiency
and a good quality of reconstructed images, and the
suitable  quantizer scale value  determined
accordingly.
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Two samples of reconstructed images compared
with the encoded input image are shown in Figure 3
and Figure 4, The reconstructed image of Kids in
Figure 3 (b) is encoded with a coding pattern of 14 B
frames and a quantizer scale of 20, and the
compression ratio is 44. The reconstructed image of
Toy in Figure 4 (b) is encoded with a coding pattern
of 10 B frames and a quantizer scale of 20, and the
compression ratio is 67. In image-based rendering,
the requirement for steady and high quality of
reconstructed images limits the increase of the
compression ratio. If the quality requirement is
lowered, the compression ratic can be higher.

Figure 3. An image in Kids: (a) input image
{b)decoded image (Q=20, N=14, CR =44)

Figure 4. An image in Toy: (a) input image
(b)decoded image (Q=20, N=10, CR =67)
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4, Conclusions

A motion-oriented coding scheme for compressing
concentric mosaic image-based representations was
designed by exploiting the motion features of the
camera capturing the concentric mosaic image
sequences, This scheme is based on the standardized
video coding strategy to take advantage of its high
coding efficiency. Significant modifications were
made to the standardized video coding scheme to
meet the requirements of concentric mosaic image-
based rendering. A different coded data structure and
different bitstream syntax were adopted for
compressing concentric mosaic representations.
Simple one-level side information is embedded into
the bitstream to facilitate the pixel-column random
access at the decoding stage. A proper coding pattern
of the group of images should be determined to
optimize the coding performance. Only a small
portion of each reference frame needs to be accessed
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and decoded to get a target pixel column for
synthesizing novel views. This speeds up the
concentric mosaic data retrieval and benefits the
subsequent fast image-based rendering. The proposed
motion-oriented coding scheme is capable of
providing high compression efficiency and random
selective  decoding for concentric  mosaic
representations. The compression efficiency can be
controlled by choosing appropriate quantizer scale
values.
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