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ABSTRACT 

In the 3D video system including depth information, once a depth video is coded by the state-of-the-art video 
compression tools such as H.264/AVC, depth errors around the boundaries of objects can be intensified, and these can 
significantly affect the quality of rendered virtual view later. Despite this drawback of depth video coding, its 
compression is essential because of the enormous amount of input data in the 3D video system. In this paper, we propose 
a line-based partitioned intra prediction method which exploits geometric redundancy of depth video for an efficient 
compression without significant errors around boundaries. The proposed algorithm can efficiently divide the current 
coded block into two partitioned regions, and the algorithm independently predicts each region with previously coded 
neighboring pixels. Finally, the generated prediction mode adaptively alternates the conventional DC intra prediction 
mode. To evaluate the intra prediction performances, we have implemented the proposed method into H.264/AVC intra 
prediction scheme. Experimental results have demonstrated that our proposed method provides higher coding 
performance. The coding performance for depth video compression itself was up to 4.43% bit-saving or 0.526 dB gain in 
terms of peak signal-to-noise ratio (PSNR) among proper depth sequences which contain line-like boundaries. 

Keywords: 3D video, depth map coding, MVC, H.264/AVC, intra prediction, block partitioning  
 

1. INTRODUCTION  
The 3D video system makes the viewers possible to select interactive viewpoint and direction within a certain range, or 
feel a 3D depth impression of the observed scenery1. Recently, depth-based representation, such as multi-view video-
plus-depth (MVD) and layered depth video (LDV), is mainly used2,3 in this system, and a standard for efficient 
transmission of such data is released known as MPEG-C Part 34. Currently, the MPEG 3D video group is making effort 
to improve the remaining techniques such as depth estimation and view synthesis5 as well as depth video coding. In this 
paper, we focus on techniques for depth video coding.  

Nowadays, several approaches were proposed to compress single or multi-view depth video using reference software of 
H.264/AVC or multi-view video coding (MVC). These approaches look adequate because MVD is an extended version 
of color video and associated depth video per sample as a multi-view video system; besides, depth video itself has the 
same format with that of YUV 4:0:0 video. One example of these approaches is to share motion information of color 
video with depth video instead of transmitting both of data6. Another example is to use MVC technologies to multi-view 
depth video coding because it also has correlations between inter-views as well as inter-frames7. 

Although the color video-based techniques for depth video coding work well, these are sub-optimal because of some 
different characteristics between depth video and color video. In practice, depth video has relatively lower temporal 
correlation than color video. Many of proposed depth data for 3D video system still have noticeable errors on estimated 
depth level itself in spite of devotional efforts for the precise depth data generation. This makes depth video coding less 
dependent on inter prediction scheme. Another difference is depth level distribution. Depth level, represented by 8-bits, 
is distance information between objects and camera center within an observed scene. Consequently, depth levels are 
quite similar within an object, but it changes rapidly around boundaries of objects. As a result, most simple texture areas 
are coded with the largest prediction mode (e.g. SKIP, inter 16x16, or intra 16x16), while the boundary areas are coded 
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with the smallest prediction mode (e.g. intra 4x4) under the conventional quadtree-based block partition structure of the 
state-of-the-art video codec such as H.264/AVC. 

These two characteristics of depth video give us important motivation for efficient depth video coding. First, it is hard to 
use temporal correlation of depth video; thus, we need to exploit spatial correlation as much as possible. Second, we 
need to especially focus on the boundary regions of depth video because many of residual data and its loss occur around 
the regions. In this viewpoint, the previous geometry-adaptive block partitioning for intra prediction8 looks appropriate 
for depth video coding. This method is efficient when the current block can be locally modeled as a piecewise-smooth 
2D signal, and the boundary regions of depth video satisfy this ideal condition. Thus, the geometry-adaptive block 
partition method can be an effective approach for depth video coding. 

In this paper, we optimize and further improve the previous method by utilizing the unique characteristics of depth video. 
The main differences in coding schemes between the previous geometry-based intra prediction method and the proposed 
methods are as follows. 

 The proposed method uses the geometric structures of neighbor blocks to partition the current block 

 The proposed method produces a new partitioned intra prediction mode which adaptively alternates the 
conventional DC intra prediction mode  provided in H.264/AVC 

These two main differences make the proposed method decodable without any additional bit transmission at the encoder 
and dependent on the geometric structure of input depth sequence about the coding performance.  

 

2. PREVIOUS METHOD 
In the previous geometry-adaptive block partition method, the current block is divided into three partitions by a partition-
line where the partition-line is represented as two line parameters (ρ, θ) in polar coordinates. In Figure 1, the left figure 
shows these two line parameters. ρ is the distance between the origin and the partition-line, and θ is the  angle between y-
axis and the line which is perpendicular to the partition-line.  

  
Figure 1. Left: Representation of a partition-line using ρ, θ. Right: Intra prediction with parameter ϕ. 

 
At the encoder, these line parameters are stored beforehand as a dictionary form. Once a parameter set (ρ, θ) is selected 
among all possible parameter combinations, a partition-equation is established using the parameter set. Then, the current 
block is divided into three partitions according to the output sign of the partition-equation where the input (x, y) is the 
position of current pixel. Eq. (1) shows the partition-equation and its mapping function.   
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After the current block partitioning, each partitioned region is independently predicted with directional prediction. In 
Figure 1, the right figure shows the linear directional prediction for each partitioned region where another parameter ϕ 
represents a prediction direction. 

SPIE-IS&T/ Vol. 7543  75430A-2



 

 

In this method, the system depends on the three parameters (ϕ, ρ, θ) for the coding performance. These are selected by 
Rate-Distortion (R-D) function prior to final macroblock prediction mode decision. A parameter set which gives the 
lowest R-D cost is selected among all possible parameter combinations. During this process, the system complexity 
problem occurs. In addition, this method requires additional bits in order to indicate the new partitioned intra prediction 
mode and the three parameters to the decoder.  

 

3. PROPOSED METHOD 
In depth video, most regions in a picture are homogeneous or smooth except for the boundary regions. The boundary 
regions have abrupt level changes around the edges. These two facts provide us facilities for the adoption of the previous 
geometry-adaptive block partition method. First, we can easily estimate the partition-line for partitioning the current 
block to be coded from the geometric structures of neighbor blocks exploiting the high spatial correlation of depth video 
signal. Second, we can briefly determine whether the current block contains the boundaries or not from the information 
of its neighboring pixels because if the current block contains the boundaries, its neighboring pixels should include at 
least one abrupt level change.  

From these two main contributions, the partition-line can be estimated without any additional bit requirement at both 
encoder and decoder, and a partitioned intra prediction mode can be produced instead of the conventional DC prediction 
mode when the current block is determined that it contains the boundaries. Thus, new intra prediction mode provided by 
the proposed method does not need new mode information. These make the proposed method possible to operate without 
any additional bit for decoder.  The specific processes are described in Figure 2.  

 
Figure 2. Block diagram of the proposed method. 

 

The proposed method starts with investigating the level differences between the adjacent two neighboring pixels. If a 
difference is greater than the fixed threshold, the current block is supposed to include the boundaries which are passing 
through the neighboring pixels. Then, the remaining parts, depicted in the block diagram, are conducted to produce the 
partitioned intra prediction mode instead of the conventional DC intra prediction mode. If all the differences are less than 
the threshold, the current block is considered as a smooth area. Then, the proposed algorithm terminates the processes, 
and the conventional DC intra prediction mode is produced. 

The remaining parts consist of four steps: partition-line estimation, validity decision of partition-lines, current block 
partitioning, and prediction of partitioned regions. After these four steps, geometry-based block partitioned intra 
prediction mode is finally completed. Finally, the completed intra prediction mode is compared with the other prediction 
modes at the step of best MB prediction mode decision instead of the conventional DC mode. The following subsections 
describe each remaining part of the proposed method in depth.  
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3.1 PARTITION-LINE ESTIMATION 

This step, which consists of three sub-processes, is conducted using the available geometric structure of neighbor blocks 
which are previously coded. First, using an edge detection mask, edge information is extracted. After this, binarization-
process is conducted to make the information clearer. Then, the partition-line is estimated from the clear edge 
information using Hough transform which is a well known line detection algorithm in the field of digital image 
processing. The estimated partition-line is represented by two line parameters (ρ′, θ′). Figure 3 depicts these sub-
processes for partition-line estimation. 

 
Figure 3. Sub-processes for partition-line estimation. 

 

In this process, we used Roberts mask for edge detection because it is useful for diagonal edges. In the conventional intra 
prediction method, horizontal and vertical intra predictions are already supported; thus, we need to focus on diagonal 
edges. Another consideration is the threshold for the binarization process. Despite the sharp edges and homogeneous 
properties of depth video, it contains depth errors. To reduce the effect of errors, a proper threshold value is required. 
According to experiment results, the best threshold tends to increase corresponding to quantization parameter (QP), but it 
is needed to be modeled with more test sequences. In this paper, we used a fixed threshold for the best result. 

 

3.2 VALIDITY DECISION OF ESTIMATED PARTITION-LINE 

After the partition-line estimation, the estimated line is determined whether it is valid or not. This step consists of two 
sub-processes. If the line is verified as a valid line during these two sub-processes, the next step is conducted. Otherwise, 
our algorithm is terminated, and the conventional DC mode is produced.  

In the first sub-process, the number of pixels which belong to boundaries of real object is compared with another 
threshold. If the number is greater than the threshold, the estimated line is determined as a valid line since it is estimated 
from the enough number of pixels. If not, the line is determined as an invalid line. The used threshold depends on the 
block size of intra prediction mode because the possible number is limited under the block-based video coding algorithm. 
For example, the threshold is 3 for intra 16x16 prediction. 

In the second sub-process, the position of the neighboring pixel which the estimated partition-line is passing through is 
investigated. If the partition-line is correctly estimated, it should pass valid neighboring pixels from the first hypothesis. 
At the beginning part, we supposed that the current block contains at least a boundary passing through already coded 
neighboring pixels. Figure 4 describes the second sub-process for validity decision of partition-line. 

 

3.3 CURRENT BLOCK PARTITIONING 

In this step, using the parameters of the estimated partition-line, partition-equations are established where the equations 
are x- or y- shifted versions of the partition-equation of the previous method. In Figure 5, the left figure describes 
partitioning the current block when the left neighbor block is referred, and Eq. (2) shows the shifted version of the 
previous partition-equation. Similarly, the right figure in Figure 5 and Eq. (3) describes partitioning the current block and 
the shifted version of the previous partition-equation when the upper neighbor block is referred. Eq. (4) maps each 
position of the current pixels to each partition according to the output sign of Eq. (2) and Eq. (3).  

In Figure 5, xi and yj indicate the x- and y- positions of the current pixel, respectively, and the estimated line is 
represented by two parameters (ρ′, θ′) as we explained these in Subsection 3.1. In the Eq. (2) and Eq. (3), the constants w 
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and h represent the width and height of referred block size, respectively. In the Eq. (4), we allocate the current pixels to 
only two partitions. We do not use the partition for the pixels on the line because we do not need smooth interpolation 
between two objects in depth video. Thus, a pixel should be allocated to one of the two partitions.  As a result of these 
equations, the current block is divided into two partitioned regions as shown in Figure 5. Then, we can predict each pixel 
independently corresponding to each partition-information.  

 
Figure 4. Second sub-process for validity decision of estimated partition-lines. 

 

 
Figure 5. Current block partitioning (Left: left block is referred, Right: upper block is referred). 
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3.4 PARTITION REGION PREDICTION  

Once the current block is divided into two partitioned regions, each region is independently predicted using the 
conventional horizontal, vertical, and DC intra prediction methods. The intra prediction method for each partitioned 
region is selected depending on the position of the referred neighbor blocks and the estimated parameter, θ. First, one of 
the vertical intra prediction and the horizontal intra prediction is selected according to the position of the referred 
neighbor block. Then, the DC intra prediction method is additionally used for one of two partitions according to the 
estimated parameter, θ. 

For example, if the left block is referred, y-directional neighboring pixels are available and more reliable because the real 
boundary might be the horizontal direction. Therefore, the horizontal prediction method is used for each region in this 
case. This is shown in Figure 6. In Partition 1, the horizontal prediction method is used for the prediction of each region, 
but, there is an area where available y-directional neighboring pixels do not exist in each Partition 0 region in Figure 6. 
In order to predict this area, the DC intra prediction method is used where the mean value of the DC intra prediction is 
calculated from the available y-directional neighboring pixels of each Partition 0. In the figure, the mean value is 
represented as DC_Y.  

Similarly, each partitioned region is predicted using the conventional vertical intra prediction method and the DC intra 
prediction method when the upper neighbor block is referred. This is shown in Figure 7. In the figure, the mean value for 
an area where available neighboring pixels do not exist is represented as DC_X.   

 

 
Figure 6. Partitioned region prediction when left neighbor block is referred (Left: 0 < θ′ ≤ 90 , Right: θ′ > 90◦). 

 

 
Figure 7. Partitioned region prediction when upper neighbor block is referred (Left: 0 < θ′ ≤ 90 , Right: θ′ > 90◦). 
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4. EXPERIMENTAL RESULTS 
We have extended two intra prediction methods (e.g. intra 8x8 and intra 16x16) in H.264/AVC with the proposed 
method. Each extended version of intra prediction method is compared with the original H.264/AVC to evaluate the intra 
prediction performance where JM reference software of H.264/AVC version 14.2 is used9 for the simulations. For a fair 
comparison, the experimental conditions of all compared intra prediction methods are the same, and the specifics are 
presented in Table 1. Our proposed method is designed to increase the intra prediction performance especially around the 
boundaries of depth video; thus, only intra frame coding structure is used, and FRExt is used to enable the intra 8x8 
prediction method. The range of QP is 22 to 37 or 31 to 40. The former QP range shows the generic coding performance 
of the proposed methods over wide QP range. On the other hand, the latter OP range is used for quality comparison of 
the synthesized view at high QPs.  

In this paper, we have used various types of depth data with different resolutions. The test depth data are shown in Figure 
8. ‘Lampshade2’ sequence is provided on ‘middlebury’ web site10. This is often used for stereo matching algorithm as a 
ground truth sequence. ‘Ballet’ sequence is provided by the Interactive Visual Media Group at Microsoft Research where 
the depth video is calculated by novel stereo matching algorithm from multiple scenes. ‘Beer_garden,’ and ‘Mobile’ 
sequences are provided by Philips where these are computer graphics. In the case of ‘Mobile’ sequence, the 5th and 7th 
color videos and corresponding depth videos are used for the 6th intermediate view synthesis. 

In order to present the objective coding performance, BDBR (Bjonteggard Delta BitRate) and BDPSNR (Bjonteggard 
Delta PSNR) are used11. These are often used to measure the objective coding performance for color images and videos. 
In addition, we presented R-D curves to show the coding performance according to the QPs.  

Table 1.  Simulation conditions. 

Test sequences format Lampshade2 (YUV 4:0:0, 433x370), Ballet (YUV 4:2:0, 1024x768), 
Beer_garden (YUV 4:2:0, 1920x1080),  Mobile (YUV 4:2:0, 720x540) 

GOP structure Intra only frame 

Proposed methods 
Method 1: Extended intra 8x8 
Method 2: Extended intra 16x16 
Method 3: Extended intra 16x16 + Extended intra 8x8 

QP 22, 27, 32, 37 or 31, 34, 37, 40 (Mobile) 

Common FRExt profile, CABAC 
 

 
 

Figure 8. Test depth sequences. 

 

The experimental results are shown in Table 2 and 3. In the tables, Method 1 indicates the extended version of the intra 
8x8 prediction method by the proposed method. Similarly, Method 2 and Method 3 indicate the extended versions of the 
intra 16x16 method and both 16x16 and 8x8 methods by the proposed method, respectively. Table 2 shows specific 
coding results according to each QP, and Table 3 shows the coding gains of the proposed method in terms of BDBR and 
BDPSNR. In Figure 9, the R-D curve of Lampshade2 is presented to show the effect of quantization process in our 
proposed method.  

(a) Lampshade2 (b) Ballet (c) Beer_garden (d) Mobile 
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Figure 10 and Figure 11 show the R-D curves of Mobile 5th and 7th viewpoint depth videos, respectively. Figure 12 
shows the R-D curve of synthesized Mobile 6th viewpoint color video where original 5th and 7th color videos and their 
corresponding depth videos are used for an intermediate view synthesis. In Figure 12, H.264/AVC indicates that the 
input depth videos are compressed by H.264/AVC, while Method 2 indicates the depth videos are compressed by using 
Method 2 (extended 16x16).  

From the experimental results, the proposed method was proved that it performed better than the original H.264/AVC. In 
the case of ‘Lampshade2’ and ‘Mobile’ sequences, the proposed method outperformed the original intra prediction 
method in H.264/AVC. The coding gain was up to 0.526 dB in these sequences in terms of BDPSNR. This is because 
these sequences contain lots of straight boundaries in diagonal directions. However, in the other sequences, the coding 
gain was relatively low because of their complex geometric structures on the boundaries. Generally, Method 1(extended 
16x16) performed better for the sequences which contain simple geometric structures, while Method 2 (extended 8x8) 
performed better for the sequences which contain complex geometric structures. 

Table 2. Experimental results (PSNR, Bitrate). 

    PSNR 
[dB] 

Bitrate 
[kbps] 

PSNR 
[dB] 

Bitrate 
[kbps] 

PSNR 
[dB] 

Bitrate 
[kbps] 

PSNR 
[dB] 

Bitrate 
[kbps] 

Sequence Method QP = 22 QP = 27 QP = 32 QP = 37 

Lampshade2 

H.264/AVC 49.26  723.36 47.00 529.20 43.11 355.92  40.31  240.00 

Method 1 49.25  719.76 47.03 521.52 43.16 354.96  40.17  239.04 

Method 2 49.92  723.12 47.17 531.36 43.38 355.68  40.22  238.56 

Method 3 49.88  720.24 47.17 529.44 43.39 349.68  40.24  238.32 

Ballet 

H.264/AVC 50.48  3007.68 47.61 1995.36 44.33 1293.60  40.88  819.84 

Method 1 50.51  3001.20 47.72 1991.52 44.23 1255.92  40.83  816.72 

Method 2 50.47  2994.24 47.69 1992.96 44.40 1290.48  40.94  817.92 

Method 3 50.52  2983.20 47.63 1980.48 44.26 1261.20  40.75  811.44 

Beer_garden 

H.264/AVC 51.51  5389.44 49.03 3469.92 45.60 2105.76  42.09  1270.56 

Method 1 51.52  5395.44 49.04 3429.84 45.60 2084.88  42.17  1266.24 

Method 2 51.51  5387.52 49.03 3441.36 45.64 2101.92  42.16  1255.68 

Method 3 51.52  5376.00 49.05 3430.32 45.65 2102.88  42.17  1260.72 

Sequence Method QP = 22 QP = 27 QP = 32 QP = 37 

Mobile 5th 
viewpoint 

H.264/AVC 47.37  416.16 45.74 352.80 43.80 303.36  42.00  254.64 

Method 1 47.40  405.84 45.77 352.80 44.47 308.88  42.49  258.48 

Method 2 47.42  409.20 46.24 352.08 44.52 310.32  42.83  257.04 

Method 3 47.47  406.56 45.64 351.60 44.50 308.64  42.54  265.20 

Mobile 7th 
viewpoint 

H.264/AVC 48.66  423.36 46.03 347.76 44.00 296.16  41.73  241.68 

Method 1 48.59  421.68 46.18 347.04 44.84 299.28  42.23  241.68 

Method 2 48.64  422.16 47.07 354.48 44.58 300.00  42.30  239.76 

Method 3 48.70  423.84 46.87 356.40 44.86 301.68  42.30  239.52 
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Table 3. Experimental results (BDBR, BDPSNR) 

Sequence Method BDBR BDPSNR 

Lampshade2 

Method 1 -0.79% 0.070 dB

Method 2 -3.04% 0.257 dB

Method 3 -3.71% 0.309 dB

Ballet 

Method 1 -1.33% 0.100 dB

Method 2 -1.04% 0.077 dB

Method 3 -1.09% 0.080 dB

Beer_garden 

Method 1 -1.06% 0.071 dB

Method 2 -0.87% 0.058 dB

Method 3 -1.14% 0.076 dB

Mobile 5th 

viewpoint 

Method 1 -2.56% 0.289 dB

Method 2 -5.24% 0.464 dB

Method 3 -1.84% 0.218 dB

Mobile 7th  

viewpoint 

Method 1 -3.27% 0.404 dB

Method 2 -4.45% 0.499 dB

Method 3 -4.43% 0.526 dB

 

 
Figure 9. R-D curve of Lampshade2 depth map  
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Figure 10. R-D curve of Mobile 5th viewpoint depth video  
 

 
Figure 11. R-D curve of Mobile 7th viewpoint depth video  
 

 
Figure 12. R-D curve of Mobile 6th viewpoint (synthesized) color video 
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In addition, as shown in Figure 9, the proposed method outperforms at high bitrate because the geometric structures in 
the reconstructed neighbor blocks are well conserved at high bitrate. Also, Figure 10 and 11 showed that Method 3 is not 
always superior to Method 1 and Method 2.  

For the evaluation of synthesized view quality, various methods have been proposed, but the software for intermediate 
view synthesis is being improved, and test depth data are not perfectly acceptable at this moment. Thus, it is hard to 
evaluate the objective quality of synthesized view yet. However, in this paper, we evaluated the synthesized 6th color 
view of Mobile sequence, and the result is shown in Figure 12 where the bitrate is the sum of the bitrates of 5th and 7th 
depth videos, and PSNR is calculated from the 6th synthesized views using the compressed and uncompressed depth data. 
The result showed the coding gains of the boundaries of depth video can lead to coding gains in the synthesized view.  

5. CONCLUSION 
In this paper, we have described an efficient depth video coding method for the 3D video system. Since boundary 
information of depth video significantly affects the quality of virtual view in the 3D video system including depth image 
based rendering (DIBR) technologies, boundary information should be conserved well during depth video coding. 

The proposed method is especially designed for the boundary information to prevent the significant degradation of it by 
producing more precise intra prediction modes around the boundary regions. To achieve this, the previous geometry-
adaptive block partitioning is used, and the unique characteristics of depth video: smooth depth level distribution over a 
picture and sharp level variation on object's boundary regions are utilized to optimize the previous method. 

In the proposed method, we exploited the geometry structure of the previously coded neighbor blocks to estimate the 
partition-line. Then, we partitioned the current block using the estimated line. After partitioning the current block, each 
partitioned region was independently predicted with the available neighboring pixels. Then, the partitioned intra 
prediction mode alternated the conventional DC mode. Experimental results showed that the proposed method 
guarantees a better coding performance than the method of H.264/AVC, and the maximum coding gain was up to 0.526 
dB in terms of PSNR, but the coding performances tended to rely on the geometric structure of input sequences.  
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