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1. Project Goal

The overall goal of our research is to design a compact 
representation of a 3D scene for coding and transmission 
over a bandwidth-limited network, so that receiver can 
freely recreate perspective images of the 3D scene from a 
well defined range of viewpoints, leading to an immersive 
viewing experience. While compression of texture video 
has been studied extensively over the past decades, the 
compression of geometry information (such as depth maps) 
is a relatively new topic; transmitting both texture and 
depth videos from multiple viewpoints enables the receiver 
to synthesize novel intermediate virtual views via depth-
image-based rendering (DIBR). Our MSR-funded research 
project over the past year focuses on the representation and 
compression of geometry information.

2. Technical breakthrough

Conventional 3D representation includes multiple 
texture-plus-depth format, where texture and depth maps 
from multiple viewpoints as observed from a large 1D 
array of closely spaced cameras are encoded. In our first 
investigation, we study the problem efficient texture video 
coding using depth maps as side information. In particular, 

assuming depth video of a viewpoint is first encoded, we 
proposed to encode texture video from the same viewpoint 
using arbitrarily shaped sub-block motion prediction. For 
a given textural code block (say 16x16), one can divide 
it into two sub-blocks (e.g., foreground and background) 
using detected edges in the corresponding depth block. 
Given the observation that pixels of similar depth have 
similar motion, pixels in each divided sub-block will 
have similar motion, each compactly represented by one 
motion vector, leading to coding gain. See Figure 1 for an 
illustration of the scheme. We implemented this sub-block 
motion prediction scheme as a new coding mode called 
“z-mode” inside H.264. See Figure 2 for an example of 
how z-mode is selected around the boundaries of the ballet 
dancer in the texture frame, and the corresponding depth 
map on the right. Experimental results show that using our 
additional z-mode, coding performance can be improved 
by close to 1dB gain in PSNR.

In our second investigation, we study similar arbitrarily 
shaped sub-block motion prediction for coding of the depth 
video itself. The problem is more complicated in this case, 
since the depth edge must be losslessly encoded along with 
the block's prediction residuals to the decoder. We propose 

Figure 1: example of arbitrarily shaped sub-block motion 
prediction Figure 2: arbitrarily shaped sub-block coding mode selected 

for “Ballet” sequence
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a new lossless edge coding method called arithmetic edge 
coding for this purpose. The scheme is fairly simple. We 
first represent the edges between pixels in a block using a 
chain code. We then use a low-order model to empirically 
fit to the previous set of edges, from which we can derive 
a prediction direction. Given each edge can only take on 
three directions, we map the predicted direction to a set of 
probabilities for the three possible directions. Arithmetic 
coding is then used to encode the actual direction. We 
showed that: i) our arithmetic edge coding scheme 
outperformed previous edge coding methods like MPEG4 
DCC by a wide margin, and ii) using our arbitrarily shaped 
sub-block motion prediction with arithmetic edge coding 
scheme, we can outperformed native H.264 by up to 30% 
in bitrate saving. See Figure 3 for coding results.

3. Innovative Applications 

Compact representation of the 3D scene is one of the 
important ingredients in enabling immersive visual 
communication. For example, when an observer shifts 

his head from left to right when observing a 3D scene, he 
expects corresponding perspective images be displayed 
according to the locations of the physical objects in the 
scene. For example, objects closer to the viewer will move 
more (large disparity) relative to the observer than objects 
further in the back. This is called motion parallax, which 
has been shown to be the most important cue in human 
vision to recognize depth in the scene. Using our proposed 
representation and coding techniques, we are one important 
step closer to our goal of immersive visual experience. 
Immersive visual communication can be used in a variety 
of real-world applications, including ultra-high-quality 
video conferencing, remote medical diagnosis (see Figure 
4), e-learning, etc.

4. Academic Achievement

Two top-ranked conference papers (PCS’12, ICIP’12) have 
been accepted. 

5. Achievement in Talent Fostering

Currently, there are no graduate students directly involved 
in the MSR funded project. However, successful output of 
the MSR-funded project, such as arbitrarily shaped sub-
block motion prediction and arithmetic edge coding, are 
being used in research threads headed by other graduate 
students. 

6. Collaboration with Microsoft Research

Over the past year, there have been bi-weekly phone 
conferences between Dinei in Redmond, WA and Gene & 
Ismael in Tokyo to discuss research direction, ideas and 
progress. There were also face-to-face meetings conducted 
at conference venues, including ICME’11 in Barcelona, 
Spain during July 2011, ICIP’11 in Bressels, Belgium 
during September 2011, and MMSP’11 in Hongzhou, 
China during October 2011. Recently, MSR researcher 
Cha Zhang has joined our phone conferences, and we 
are currently discussing more sensible and compact 3D 
representation; one that is even more compact and resilient 
than multiple texture-plus-depth. This is currently under 
discussion.

Figure 3: depth video compression results comparison for 
“Ballet” sequence

Figure 4:  example appl ication of immersive visual 
communication
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7. Project Development

The project is ongoing, where post-doc Ismael Daribo 
will be supported by JSPS. And PI Gene Cheung will be 
supported by NII internal funding. We plan to seek future 
MSR funding for longer-term support of this project.
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