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ABSTRACT 

 
The paper deals with prospective 3D video transmission 

systems that would use compression of both multiview video 
and depth maps. The paper addresses the problem of quality 
of views synthesized from other views transmitted together 
with depth information. For the state-of-the-art depth map 
estimation and view synthesize techniques, the paper proves 
that AVC/SVC-based Multiview Video Coding technique 
can be used for compression of both view pictures and depth 
maps. The paper reports extensive experiments where 
synthesized video quality has been estimated by use of both 
PSNR index and subjective assessment. Defined is the 
critical value of depth quantization parameter as a function 
of the reference view quantization parameter. For smaller 
depth map quantization parameters, depth map compression 
has negligible influence on fidelity of synthesized views.  

Index Terms— multiview, depth map compression, free 
viewpoint television, 3D television, MVC. 
 

1. INTRODUCTION 
 

Recently, a lot of attention is paid to multiview video 
systems [10]. Prospective 3D video applications include 
free-viewpoint television as well as various stereoscopic 
displays [1]. These facts stimulate research on compression 
of 3D video. In particular, Multiview Video Coding (MVC) 
technology has been developed on the basis of the well-
known AVC/H.264 video compression standard together 
with its scalable extension (SVC) [11,12]. Interesting are 
systems that transmit very limited set of views but together 
with respective depth maps [10,13]. In such systems, videos 
corresponding to other viewpoints are synthesized at 
decoders. Both video sequences as well as depth maps have 
to be compressed prior to transmission.  

Virtual view synthesis requires reference views from real 
cameras and the corresponding depth maps. In this paper we 
assume that depth maps are created at the transmitter side, 
and transmitted to the receiver (see Fig. 1). 

This approach requires efficient depth map compression 
algorithms. There are attempts to design special depth map 
compression algorithms, like in [3]. Other approaches use 
standard compression techniques [2,10,15]. In [2], a special 

depth compression technique is compared to AVC/H.264 
intraframe coding, and their influence on synthesized view 
quality is considered, similarly as in this paper. 
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Figure 1. Schematic of an envisaged multiview system. 
 

Here, considered is compression of views and disparity 
maps using standard Multiview Video Coding (MVC) with 
all its modes including interframe coding [11,12]. The 
assumption is that the state-of-the-art depth map estimation 
and view synthesize techniques are used as described in [3-
5]. Obtained original depth maps are not ideal and have 
some errors. Depth map compression adds additional 
distortions that have obvious influence on synthesized view 
quality. Here, we study subjective and objective quality of 
synthesized views derived from compressed reference views 
and compressed depth maps. Estimated are the values of 
quantization steps and bitrates needed for views and depth 
maps in order to obtain good quality of synthesized views. 
 

2. DEPTH MAP COMPRESSION 
 

Features of depth maps are quite different from those for 
regular views (see Table 1). Nevertheless the compression 
results obtained with a special technique from [3] are not 
much better than those obtained using simple standard 
techniques[2]. Therefore, we have tested standard MVC 
codec [6] used to compress the depth maps. The main 
advantage of this approach is that the technology is readily 
available and standard reference software can be used.  
 

Table 1. Views and depth maps features. 

Depth Maps Views 
only one color component three color components 

limited texture abundance of texture 
prominent contours less prominent contours 

accurate depth value important accurate value not necessary 

 



3. TEST SETUP 
 

In order to evaluate compression influence on view 
synthesis performance, we performed many experiments. 
Two views together with the corresponding disparity maps 
were compressed and decompressed. The disparity maps 
represent depths and therefore are called as such. A 
synthesized viewpoint video is compared to the original 
video registered from this viewpoint (Figure 2).  
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Figure 2. Data flow in experiments described in the paper. 
 

For the experiments, depth maps were created using 
depth estimation reference software (DERS) [4], kindly 
provided by Nagoya University and improved [5] in order to 
provide good temporal consistency. In the compression 
experiments we used reference JMVC software [6]. We used 
standard prediction structure. For two views, as in our case, 
this leads to limited inter-view prediction, only for anchor 
frames.  

Quantization parameter indices QP and QD covered wide 
range of values. The reconstructed depth maps and views 
were used as input to view synthesis that was performed with 
VSRS reference software [4] version 2.0. Synthesized views 
were compared to the original views from the actual 
cameras, both in terms of PSNR measure and subjective 
quality assessment. We present results for three different 
multiview test sequences: “Book Arrival” [7], “Newspaper” 
[8] and “Pantomime”[9]. For other sequences similar results 
have been obtained. 

 
5. RESULTS 

 

The results are presented as functions of total bitrate (for 
2 views and 2 depth maps) as well as functions of bitrate 
ratio (Figs. 3 and 4) 

bitratemapdepthbitrateview

bitratemapdepth
ratiobitrate

+
=  .      (1) 

The value of quantization parameter index QP in view 
compression is given next to each line on each figure. 
Moving along each line corresponds to changing depth 
quantization parameter index QD. The dashed horizontal 
line marks PSNR obtained by using uncompressed depth 
maps and uncompressed reference views.  

Depth quantization parameter index QD has negligible 
(less than 0.2 dB decrease) impact on synthesized view 
quality as long its value is smaller than the following 
threshold estimated from the experiments 

2)76(005.049 QPQDThreshold −−=  .        (2) 

The points corresponding to the above mentioned 
threshold are denoted by the dashed curves in Fig. 4. From 
this figure, we conclude that for high- and medium-quality 
depth map compression, synthesized view quality is 
independent from depth map bitrate. For higher reference 
view quality (QP≤21), the quality of synthesized views is 
approximately the same as that for uncompressed views, 
PSNR differences being less than 0.2 dB and sometimes 
even outperform results for uncompressed data. 

The above mentioned results have been verified by 
subjective quality assessment for synthesized views. MOS  
is expressed in a continuous scale (0 means “very bad with 
annoying artifacts”, 5 – “imperceptible artifacts”). Three sets 
of randomly ordered synthesized sequences have been 
presented to 15 viewers (Fig. 5). The original video from 
actual real camera was used as hidden reference. In general, 
the results confirm conclusions drawn from PSNR results. 
 

6. CONCLUSIONS 
 

Our most important conclusion is that the quality of 
views is much more important than the quality of the depth 
maps for good view synthesis. Our experiments also show 
that MVC codec can be successfully used as a depth map 
compression tool. Although not optimized for this purpose it 
is good and readily available solution.  

From Figure 4 it can be observed that the threshold above 
which increase of depth bitrate does not increase the quality 
of synthesized view can be approximately calculated from 
Formula (2). For useful quality of views, this point 
corresponds to bitrate ratios below 0.3. Depth  bitrate for 
depth map should be between 10% and 30% of total bitrate. 

For QP < 21 and QD < Threshold QD, significant loss of 
quality in synthesized views is caused rather by imperfect 
depth estimation and view synthesis. Below the 
abovementioned values, further increase of view and depth 
bitrate does not improve synthesized view quality.  

These results have been obtained for the state-of-the-art 
depth estimation and view synthesis techniques [4-6] but 
may be modified when more precise techniques for depth 
estimation and view synthesis would be available.   
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Figure 3. Synthesis quality as a function of total bitrate of 
two views and depth maps for three test sequences. Seven 
lines correspond to different QP setting for reference view 
compression. Dashed horizontal line marks level of quality 
of synthesis using uncompressed  input data. 
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Figure 4. Synthesis quality as a function of  bitrate ratio for 
three test sequences. Seven lines correspond to different QP 
setting for reference view compression. Dashed horizontal 
line marks level of quality of synthesis using uncompressed  
input data. Dashed curved line connects threshold QD points 
calculated from equation (2). 
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Figure 5. Subjective quality for synthesis for Book Arrival 
sequence. From left to right – original view, view 
synthesized from uncompressed input data, views 
synthesized from compressed data. In Figure 5a – variable 
QD, 5b – variable QP, 5c – with total bitrate around 1.5 
Mbps. 
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