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Abstract—Along with the digital evolution, image post-
production and indexing have become one of the most advanced
and desired services in the lossless 3D image domain. The 3D
context provides a significant gain in terms of semantics for
scene representation. However, it also induces many drawbacks
including monitoring visual degradation of compressed 3D image
(especially upon edges), and increased complexity for scene
representation. In this paper, we propose a semantic region
representation and a scalable coding scheme. First, the semantic
region representation scheme is based on a low resolution version
of the 3D image. It provides the possibility to segment the
image according to a desirable balance between 2D and depth.
Second, the scalable coding scheme consists in selecting a number
of regions as a Region of Interest (Rol), based on the region
representation, in order to be refined at a higher bit-rate.
Experiments show that the proposed scheme provides a high
coherence between texture, depth and regions and ensures an
efficient solution to the problems of compression and scene
representation in the 3D image domain.

Index Terms—3D scalable compression, segmentation, Rol
extraction and refinement

I. INTRODUCTION

Recent technologies in multimedia systems focus on the
post-production and indexing services. On the one hand, the
post-production allows editing the scene by changing the real
background to a virtual one [1]. Recent High Definition movies
(HD movies) such as Avatar, use the post-production service
to replace the real background with a virtual environment
rapidly, accurately and automatically. Thus, such a feature
becomes a desirable service in the film-making domain. On
the other hand, the indexing, consisting of both auto-extraction
and objects retrieval in the scene, is an interesting and effective
solution for visual management of image databases such as
digital libraries, remote sensing and medical imaging [2], [3].
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Such services offer a satisfying experience for users in the
professional domain as they operate on lossless-coded images.
Today, post-production and indexing are also widely used
in the public domain to edit and reconstruct taped scenes.
However, images and videos in the public domain are coded
in a lossy way, and the compression distortions can affect the
reliability of the scene representation.

The extension from 2D to 3D for such applications provides
significant gain in terms of semantics for scene representation.
However, it also brings two main drawbacks. Firstly, the
subjective quality of a compressed 3D image, generally coded
as 2D+Z (depth), will be very dependent on the distortion upon
edges. Secondly, the introduction of a new space dimension
significantly increases the complexity for scene representation.

In this paper, we do not propose a new 3D image segmen-
tation method such as [4], [5], [6], nor a new 2D+Z coding
such as in [7], but rather a joint and a complementary coding
and region-level representation scheme. The main interest
is to globally consider the problems of compression and
representation in order to preserve the consistency between
2D (texture) image, the depth image and regions.

The first part of the paper (Sections II and III) presents this
global coding scheme, based on a coder called LAR (Locally
Adaptive Resolution). LAR is an initially lossy 2D coding
framework established on a content-based QuadTree partition
[8]. Recent extensions to scalable lossy/lossless, introduced
in [9], proposed a joint texture and depth image compression
solution. In [10], combined compression and region represen-
tation coding methods are proposed. These methods consists of
performing first the compression of the 2D image, and then the
segmentation starting from the QuadTree partition. The first
part of the contribution presented in this paper is an extension
to 3D context of the work of Sekkal et al. [10], with a semantic
segmentation. The term semantic refers to the possibility to
adjust region-level representation according to the balance
between 2D and depth defined by users, as illustrated in Fig. 1:
if only color is taken into account for segmentation, then
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objects of different colors have to be segmented in different
regions. If only depth is taken into account, then only the
objects belonging to the same depth layer will be in the same
region, even if they have different colors. A balance between
color and depth can be used in order to obtain a suitable
segmentation. whatever the semantic configuration, the region
representation preserves the main contours of the objects with
pixel accuracy.

The second part of the paper (Section IV) introduces an
extension of the proposed coding/representation scheme to Rol
(Region of Interest) coding. The underlying paradigm is to
decode at a higher bit-rate the Rol, selected from segmented
regions of low bit-rate compressed 3D images. The general
idea is to decode a low bit-rate compressed 3D image, perform
the segmentation, select a number of regions, and finally
decode at a higher bit-rate the Rol (still with pixel accuracy).

This paper is organized as follows. In Section II, the
LAR coder framework and the global coding scheme are
briefly described. In Section III, the proposed 3D semantic
segmentation and its results are presented. In Section IV, we
present the extension to Rol coding. Finally, we conclude this
paper in Section V.
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Fig. 1. a) Texture, b) Depth, c,d,e) Semantic segmentation according to the

balance between 2D and depth.

II. LAR CODER FRAMEWORK
A. 2D LAR coder

Locally Adaptive Resolution (LAR) [8] is an efficient mul-
tiresolution content-based 2D image coder for both lossless
and lossy image compressions (see Fig. 2).
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Fig. 2.

The LAR coder relies on a local analysis of image ac-
tivity, leading to a QuadTree representation with variable-
size block partitioning (1 x 1,2 x 2,...,64 x 64,128 x 128).
The activity analysis stage is based on an edge detection
criterion so that the smallest blocks are located upon edges,
while large blocks map homogeneous areas (Fig. 3). Then,
the main feature of the LAR coder at low bit-rates is to
preserve contours while smoothing homogeneous parts of the
image. The coding method consists in representing the input
image at its QuadTree level, and encoding associated values
through successive dyadic decompositions, transforms and

predictions stages. The coder involves two input parameters:

@, the quantization parameter for the prediction error, and

the ThQuqa the threshold for the edge criterion. ThQuqa is
2 L .

generally set to —(),,, which is a near optimal value for all

images. Then, (), = 1 means lossless coding.

. i L i
b) ThQuad =5 C)ThQ“ﬂrd =20

Fig. 3. Examples of QuadTree partition of a) depth image Bookarrival View
10 Frame 33 for threshold b) Thguad = 5, ¢) ThQuaa = 20.

B. Global 2D+Z coding scheme

A joint depth/texture scalable coding method has been
proposed in [9], (cf. global scheme in Fig. 4). Firstly, the 2D
image is encoded at low bit-rate considering only Z informa-
tion to build the QuadTree. Secondly, the Z image is encoded
on the same QuadTree, with an improved prediction stage
using the Y component of the previously coded 2D image.
Thirdly, 2D quality improvement can be obtained by refining
the QuadTree partition considering both 2D and Z images.
This joint coding method preserves the spatial coherence
between texture and depth images, and reduces visual artefacts
for synthesized views, especially upon edges. The coding
scheme also has a reduced complexity in comparison with
JPEGXR, and outperforms it in terms of objective compression

efficiencv 191
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Fig. 4. Global 2D+Z coding scheme

ITI. 3D SEGMENTATION
A. Semantic Approach of Region Representation

In order to preserve the coherence between a region-level
representation and the 2D image coding technique, authors
proposed in [8] a segmentation process started from the
QuadTree partition, and followed by successive region fusions.
The segmentation process is based on a Region Adjacency
Graph (RAG) representation, and directly acts on blocks
instead of pixels to limit the complexity.

We propose here an extension of this 2D segmentation to
3D context. The main feature in a segmentation process is
the homogeneous criterion. It is generally defined by a cost
function initially considered between two regions R; and R;.
Here, the cost function Cost;(R;, R;) in image I is function
of the global means of the two regions and the local gradient
of adjacent blocks of the two regions.

The segmentation process obviously requires as input im-
ages the texture, the depth and the QuadTree. However, several
choices exist: QuadTree based on depth only, on texture only,
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or on both? Texture image at low or high resolution? In
the context of low bit-rates compression and coarse regions
representation, the QuadTree based on depth only (Quadyz) is
preferred, along with the low bit-rate /resolution compressed
texture (LR) and depth for the same partition. In the opposite
context, the QuadTree based on depth and texture (Quadzr)
will be used with high bit-rates texture (HR) and depth.

The semantic of interest, in terms of 2D and/or depth
information, will be application-dependent. This semantic is
introduced in the segmentation process as input parameters
for the luminance (Y"), chrominances (Cb, C'r), and depth (Z2).
Then, the segmentation cost between 2 regions is computed
using a weighting mix of texture and depth information:

CO.St(Ri7Rj) =a X COSty(Ri,Rj) + B X COSth(Ri, Rj)
+ﬂg X COStcT(RZ‘,R]‘) + v X COStz(Ri,Rj)‘

with a, 1, B2 and v being the input weighting coefficients
representing the semantic of interest.

The most common fusion criterion used in segmentation
methods is the minimal cost between two regions. This type
of solutions is generally considered as optimal, but requires
large amount of computation. To speed up the process, we
propose a fusion criterion based on a threshold: a cost is firstly
calculated between a region and each of its adjacent regions,
and then the merge operation is allowed if the minimum of
these costs is below a given threshold (T'hs.4). This parameter
controls the granularity of the final region representation: the
greater the T'hg.4, the lower number of regions we will have
as more regions will be merged.

The depth image generally contains much less information
than the luminance component of the texture. The consequence
is that for the same T'h .4, the number of regions issued from
depth only will be small compared to the segmentation from
the texture only. To resolve the problem and have a comparable
level of representation, we introduce an adaptive threshold
solution. Considering that any increase in rate demands a
higher fusion threshold, the relative compression rates (Ry)
of each component is integrated. For a given T'hgcgrnput, the
expression of the new threshold T'hg.4 is:

(I.RY + ﬁl.RCb + /BQ.RCT + 'Y-RZ

o+ P+ P2+

ok Y, Gy, O 7

ThSeg =

ThSegInput (1)

where Ry, =
ratey

B. Results and Discussion of Region Representation

At this step, comparisons with existing techniques are not
feasible. Indeed, to the best of our knowledge, the pro-
posed global representation and coding is unique in terms of
combined functionalities. For instance, the comparison with
advanced state of the art methods for 3D segmentation has no
sense since the segmentation is performed at low resolution at
block-level instead of pixel-level. From compression point of
view, comparisons can be found in [9] with standard coding
techniques, but in the proposed scheme requiring fine grain

representation, no existing coding standard could replace the
proposed coding scheme.

The proposed semantic segmentation approach has been
successfully tested on a large set of MPEG 3D reference
sequences (Balloons, BookArrival, Newspaper, UndoDancer).
The codec contains different parameters : Thgyqq for the
quality of the compressed 2D+Z image, («, 1, B2,7) for the
semantic choice between 2D and Z, and T'hgegrnpur for the
merging criteria, and finally the choice between a Quadtree
based on the depth only or on depth and texture. Therefore,
we can show only a few examples among all possibilities in
these experiments. For the following results, we set T'hqyqa
= 33, with different T'hscgrnpue and different combinations of
weighting coefficients.

Figure 5 and Figure 6 show results in a low bit-rate context
and a high bit-rate context, respectively for Undodancer exam-
ple. In Fig. 5, the segmentation process starts from the Quady
only (low bit-rate context), which speeds up the segmentation.
The results of segmentation are presented in false colours,
the mean of depth per region and the mean of luminance per
region, in each column respectively. In Fig. 5.d, the image
is partitioned into 285 regions while in Fig. 5.e, where only
depth is considered, the image is coarsely partitioned into 60
regions. Figures 5.f and 5.g show good compromises between
depth and texture information.

Figure 6 shows a higher bit-rate context considering the
Quadzr with a finer region representation. In Fig. 6.d, where
only HR texture is considered, the image is partitioned into a
higher number of regions and the dancer is partially merged
with the background. Two examples, in which the HR texture
and the HR depth are considered, are shown in Fig. 6.e and
Fig. 6.f. We can notice that the image is partitioned into lower
number of regions, and has a more reliable representation.

This approach provides several interests: 1) it is possible
to obtain the suitable region representation from very eye-
compressed images by balancing between 2D and depth ac-
cording to the semantic of interest of the user or application;
2) it is possible to switch from a segmentation process with
detailed scene representation to a fast process with global
scene representation; 3) whatever the semantic configurations,
the proposed region representation method preserves the main
contours of the objects with pixel accuracy, and maintains a
spatial coherence between depth and texture images.

IV. REFINEMENT USING Rol APPROACH

Four stages are performed in this application. Firstly, the
decoder decodes a low bit-rate compressed 2D+Z image, using
a QuadTree based on depth only (Quadyz). Secondly, the
segmentation is performed at both coder and decoder side.
Thirdly, a Rol is selected at the coder or decoder side, in
a semi-automatic or automatic way (for instance, with a 3D
object segmentation method). Fourthly, the refinement for the
texture is inside the Rol only and is realized by the decoder,
by locally refining the QuadTree partition based on depth and
texture.
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The Rol is a sub-set of the Quad, and this QuadTree itself
is a sub-set of the Quadzr. Therefore, the Rol can always
match the refined QuadTree partition, and the local refinement
is easy and direct: it only consists in firstly extracting a binary
mask composed of blocks in the initial QuadTree partition
(Quadyz), and then using this mask for the validation of the
local refinement partition.

The quantization factors (), can be independently set to any
value during the first and second coding stage. Fig. 7 gives an
example of results. One can notice that the Rol is refined
with a noticeable visual quality improvement. Thus, such
extension can be used for accurate local object enhancement
or extraction.

d) T'hgeqy = 6; 203 regions

T

e) T'hseqg = 2; 58 regions

- n
f) Thseq = 4; 178 regions

g) Thseg = 3; 100 regions

Fig. 5. Low Resolution Segmentation results of Undodancer view 1 frame
250 (1888x1024 pixels) using the a) Quadz at 0.003 bpp, b) depth coded at
0.017 bpp (38 dB) and c) texture coded at 0.04 bpp (17 dB). Segmentation
based d) on texture(a = 1,81 = B2 = v = 0), g) 80% on depth and 20%
on texture ( = 0.2, 81 = B2 = 0,y = 0.8).

DT hseq = 8; ¢) Thisey = 5; ) Thgey = 2;
867 regions 546 regions 589 regions
Fig. 6. High Resolution Segmentation results of Undodancer view 1 frame

250 using the a) Quadz at 0.04 bpp, b) depth coded at 0.03 bpp (44.26
dB) and c) texture coded at 0.41 bpp (31.95 dB). Segmentation based d) on
texture(aw = 1,81 = B2 = v = 0), e) 50% on texture and 50% on depth
(o = 0.5,81 = B2 = 0,7 = 0.5), f) 80% on depth and 20% on texture
(@ =0.2,81 = B2 =0,7=0.8).

V. CONCLUSION

This paper presents a unique full coding system dedicated
to 3D images for compression, region representation and Rol

extraction /refinement. In this approach, the 3D image is firstly
encoded by the scalable LAR coder. Then, a segmentation,
which can be guided by the 3D semantic, is performed
from low bit-rate images. The proposed region representation
preserves the main contours of the objects with pixel accuracy.
Finally, a local refinement is realized for a Rol deduced from
the region representation. Results showed that the method can
accurately capture the content of the scene, with a refinement
precisely located inside the Rol. Future work will focus on
an automatic extraction of Rol from the semantic region
representation.

a)PSNR = 17dB

r__

i e

A

g) PSNR = 12.09dB h) PSNR = 30dB

Fig. 7. Refinement results of Undodancer view 1 frame 250. a) LR Texture
at 0.04 bpp (Qp = 50), b) Quadz (Thguaea = 33) at 0.003 bpp, c)
Segmentation partition d) Binary Mask of Rol, e) Refined QuadTree at 0.03
bpp f) Refined texture at 0.8 bpp, g) LR and Extracted Rol, h) Refined and

Extracted Rol.
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