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Abstract —Depth maps, which aid the virtual view generation
process in Depth Image Based Rendering (DIBR) applications in
3D video, are generally piecewise smooth images with sharp depth
discontinuities. Compression artifacts that occur along the depth
discontinuities often lead to poor quality of generated virtual views.
In line with the importance of depth discontinuities towards view
generation, we propose a non-uniform quantization method for
wavelet based encoding of depth maps. Average rendering quality
improvements of up to 0.8dB could be achieved.
I. INTRODUCTION
Depth Image Based Rendering (DIBR) utilizes a color texture
image and a per-pixel depth map to generate virtual views
representing stereoscopic views or intermediate viewpoints [1]. As
the depth map can be encoded more efficiently than the independent
encoding of two monoscopic video frames, it is bandwidth efficient
to represent a 3D scene using color-plus depth representation.
Depth maps are not viewed by end users, but are used for virtual
view generation. Therefore, it is important to compress depth maps in
a way that it minimizes distortion in views rendered with them. In the
recent past several compression methods of depth maps have been
proposed. These methods can be broadly classified in to two
categories. The first category proposes radical compression
techniques such as platelet based coding [2], silhouette based coding
[3] and 3D motion estimation based methods [4]. The other approach
tries to optimize existing video codecs to encode depth maps, such as
novel methods for mode selection [5] and reconstruction filter [6].
This paper presents a method that falls in to the second category,
where the quantization step size is judicially selected. We
experimentally identify the areas of the depth image that are less
important towards virtual view generation process. Based on the
experiments, a low complexity wavelet based encoding technique is
proposed to adaptively compress the depth map based on prioritizing
areas important for view generation process.

corresponding depth map that is compressed with one of the
schemes. In the Uniform Quantization (UQ) scheme, given in a solid
line in Fig. 2, all the sub bands are quantized with equal weight. The
UQ scheme is compared with several Non Uniform Quantization
(NUQ) schemes that set all the coefficients of selected sub-bands to
be equal to zero. The NUQ-HL1 curve corresponds to a uniform
quantization for all the wavelet sub bands except for the HL1 sub
band whose coefficients have been set to zero (full quantized). In the
same way the NUQ HH1 HL1 and the NUQ LH1 HH1 HL1 schemes
set the relevant sub bands to zero and uniformly quantize all the
remaining sub bands. Considering the R-D performance graphs, it is
clear that vertical information is critical for the view generation
process. Both horizontal and diagonal components can be discarded,
for high compression, to reduce the required bit rate for the depth
map.
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Fig. 1. Wavelet sub band decomposition schema

II. THE PROPOSED TECHNIQUE
DIBR algorithm mainly relies on vertical edges in the depth map
or the depth discontinuities in the horizontal direction. Therefore, the
quality of rendered virtual views is very sensitive to any errors along
the vertical edges, and in contrast less sensitive to impairments on
horizontal edges. As we propose the technique based on a wavelet
encoder, in the following subsection we analyze the relative
importance of individual sub bands towards the virtual view
generation process. The wavelet transform performs a frequency and
orientation decomposition of the image information which allows
applying a non-uniform quantization based on the orientation of the
respective sub bands.

A. Evaluation of relative importance of wavelet sub bands
For the following experiments a six level wavelet decomposition,
as illustrated in Fig. 1, is considered. The vertical edges resides in the
LH sub bands and horizontal edges reside in the HL sub bands.
Fig. 2 illustrates the Rate-Distortion (R/D) performance curves
for the ballet sequence. For each scenario considered, a virtual view
is generated with the uncompressed color image and its

Fig. 2. R/D performance of the ballet sequence

B. Selection of Sub bands
Several experiments similar to the one described in section II.A
are performed with different combinations of sub bands set to zero.
Results indicate that the horizontal and diagonal sub bands of the
first and second decomposition levels can be set to zero to effectively
reduce the bit rate.
Therefore, we propose to set all the coefficients of HL1, HH1,
HL2 and HH2 sub bands to zero, while the coefficients of all the
remaining sub bands are given equal importance during quantization.

III. EXPERIMENTS
The experiments are performed on a wavelet based image encoder
[7] that operates to compute a dyadic six level wavelet
decomposition of an image after which the wavelet coefficients are
first quantized using a variable dead zone uniform quantizer. Finally,
the zero-tree symbol map is encoded by means of an arithmetic
coder. Simulations are performed on several test sequences and the

results are presented for the ‘Ballet’, ‘Breakdancers’ (1024x768)
from Microsoft Research and ‘Interview’ (720x576) sequences.

method due to the fact of saving quantization and coding time of
coefficients belonging to the subbands that are discarded.

Fig. 3. Rate-Distortion performance graphs for three test sequences

Fig. 4. Ballet sequence: left view rendered with Uniformly Quantized
depth map at 0.075 bpp, and right view with Proposed method.

Virtual stereoscopic views (Left eye view and Right eye view) are
generated according to MPEG informative recommendations [8] and
the virtual stereoscopic camera positions are selected in a way that
the epipolar lines are horizontal. The quality of the rendered views is
measured relative to the views rendered with the original
(uncompressed) color image and the corresponding depth map.

IV. RESULTS AND DISCUSSION
Fig. 3 illustrates the R/D performance curves for three of the
sequences considered. The proposed non-uniform quantization
technique is compared against uniform quantization technique that
does not change the quantization step size based on the spatial
variations in the depth map. Furthermore, we justify the use of the
proposed technique by visual examples provided in figures 4 and 5.
It should be noted that for all the test sequences considered the
proposed technique outperforms the reference technique by an
average of 0.5dB gain in the quality of the rendered views. For the
‘Ballet’ sequence the gains are slightly higher than for both
‘Breakdancers’ and ‘Interview’ sequence. This difference in gains
can be explained by the luminance/color variation in the sequences.
In the ‘Ballet’ sequence the luminance variation of the corresponding
color image is significantly higher than in both the other sequences.
Therefore, even slight errors in the depth map will result in large
PSNR losses in the rendered views. In contrast, in the ‘Breakdancers’
sequence, almost all the objects in the color image are of a dark
luminance value. Therefore, even if a depth error occurs in the depth
map, the PSNR is affected less.
The proposed method performed well for two other high definition
sequences with disparity maps rather than depth maps. The
discontinuities in these disparity maps are not as sharp as the depth
maps. Nevertheless, for sequences ‘Beergarden’ and ‘Badminton’
average gains of 0.4dB and 0.1dB were obtained respectively.
Finally, we measured the coding delay of the overall process for
both, the reference method and for the proposed method. In general,
the proposed method is slightly faster than the uniform quantization

Fig. 5. Interview sequence: left view rendered with Uniformly Quantized
depth map at 0.070 bpp, and right view with Proposed method.

V. CONCLUSION
A non-uniform quantization schema is proposed in this paper to
improve the R/D performance of depth map coding at low bit-rates.
The proposed technique based on a zerotree wavelet encoder discards
coefficients in the horizontal and diagonal sub bands in the two high
frequency decomposition levels, which are less relevant for the DIBR
process. The remaining sub bands are given equal weighting during
encoding. An average gain of 0.5 dB in the quality of rendered
views is obtained for most of the sequences that are tested.
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