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1. Introduction 

The goal of 3D video coding is designing an efficient coding method for multi-view 
video plus depth (MVD) data, and its final Call for Proposal on 3D Video Coding was 
released in March 2011 [1]. Since the input data consists of multi-view video, the 
prediction structure of multi-view video coding (MVC) can be used in AVC-compatible 
mode. However, some distributed depth data are generated by DERS (depth estimation 
reference software) without considering inter-view correlations. In other words, each 
view’s depth video is generated independently on the adjacent depth data. Therefore, the 
inter-view correlation of depth data generated by DERS is relatively low comparing with 
that of the CG (computer graphics). In this document, we report results of depth pre-
processing via inter-view.  

2. Inter-view Correlation between views of the Distributed Depth Data 

The distributed depth data of 3D video coding are generated by two methods; DERS and 
CG. The CG-based depth data have high inter-view correlation, but the DERS-based 
depth data have relatively low inter-view correlation.  

2.1 Inter-view Prediction for 3D Video Coding 

There are two coding scenarios for 3D video coding; 2-view and 3-view configurations. 
Allowing the inter-view prediction with the concept of MVC, each configuration can be 
coded with two prediction structured as shown in Fig. 1. For 2-view case, we can use I-P 
coding structure, where I referred to I-view coding. After coding I-view, we code the 
right view with P-view coding by referring to the reconstructed I-view frames. Similarly, 
the 3-view case is coded with I-B-P coding structure. First, we code the left view with I-
view coding, then we code the right view with P-view by referring to the reconstructed 
left view. Finally, we code the center view with B-view coding by referring to the left and 
right views. These coding structures can contribute the coding gain if there are high 
correlations between views. 
 



 
Fig. 1. Prediction structure between views 

2.2 Low Depth Correlation between Views 

Regarding to the depth video coding, we have observed that the depth correlations 
between views are relatively low compared to that of the color videos. Figure 2 
demonstrates an example of inconsistent depth values between views; the same 
background has different depth values of each view. These inconsistent depth values 
increases entropy; hence the inter-view prediction cannot contribute the coding efficiency. 
 

 
Fig. 2. Inconsistent depth values between views 

3. Inter-view Depth Pre-processing 

The proposed inter-view depth pre-processing is performed before encoding the input 
data of 3D video. Under assumption that the depth data is a supplementary data for extra 
view generation, the PSNR value for the reconstructed depth data is not important if the 
quality of the synthesized images are not changed much. 

The proposed inter-view depth processing is described in Fig. 3. First, we conduct 
the depth warping from the reference view to the target view. Then we refine the depth 
values of the target view using the proposed depth refinement method; this will be 
described in the next section. Finally, we conduct the median filtering on the refined 
depth map.  



 

Fig. 3. Flows of inter-view depth pre-processing 

The first step is to define corresponding pixels between views. The depth warping 
uses the procedure of view synthesis. First, we warp the reference view to the target 
viewpoint using the 3D image warping. Resultantly, some holes are generated. We only 
remove one-pixel-width holes using the median filtering; wide hole regions remain after 
filtering.  

 
Fig. 4. Depth warping from the reference view to the target view 

Using the warped depth map from the reference view, we conduct the inter-view 
depth refinement method. Let dtar and dref be the depth values of the target and reference 
views, respectively. Then, we can obtain the new depth value of the target view using Eq. 
(1).  
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where the alpha value, α, indicates the weighting function that determines which depth 
value is desirable for the pixel among the target or reference depth maps. As shown in Eg. 
(2), the weighting value is determined by the color differences of two views, i.e., Itar and 
Iref.  
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where the sigma, σc, indicates the standard deviation of the color differences. We took 
this value as manual. The final step is conducting the median filter on the refined depth 
map to improve the spatial coherence. 

4. Experimental Results 

The proposed depth pre-processing is designed to improve the inter-view correlation 
between view for multi-view depth video coding. Therefore, we first refined depth data 
using the proposed method, and then we conducted coding experiments. Since the depth 
data is supplementary information for view synthesis, the actual quality of depth data 
itself is not important if the quality of the synthesized image is guaranteed. Hence, we 
evaluated only bitrates of the depth coding. For the quality measure, we generated the 
intermediate view images using the reconstructed depth data and compared the PSNR 
values of them.  
 

4.1. Inter-view depth refinement for 3-view configuration 

For 3-view configuration, we took the leftmost view as a reference view and conducted 
the depth pre-processing in the order of B-P, as shown in Fig. 5. In detail, we first 
conducted the pre-processing for B-view by taking the original data of I-view as a 
reference view. Then, we conducted the processing P-view by taking the refined depth 
data of B-view as a reference view.  
 

 
Fig. 5. Order of depth pre-processing 

 
Figure 6 and 7 show the resultant depth maps. It is noticeable that the background 

depth values of the refined depth maps have coherent values compared to the original 
depth maps. In fact, the refined depth maps have visible noises due to the pixel-by-pixel 
depth processing; this may increase the entropy of depth map.  



 
Fig. 6. Resultant Depth Maps for Inter-view Pre-processing: ‘Newspaper’ 

 

 
Fig. 7. Resultant Depth Maps for Inter-view Pre-processing: ‘Kendo’ 

 

4.2. Results of depth video coding and view synthesis 

In order to test the effectiveness of the proposed depth pre-processing method, we have 
conducted the coding experiments for 3-view configuration. First, we conducted the 
coding experiments on the original depth data using I-B-P prediction structure, and then 
we conducted the coding using the refined B- and P-view depth data. The selected QP 
parameters were 27, 32, 37, and 42. The coding software was JMVC 8.3. After coding all 
depth data, we generated two intermediate views for evaluating the depth quality. We 
used the original uncoded color videos; we checked the quality variations w.r.t various 
QPs.  

Table 1 to 4 describes the results of coding and view synthesis. Neglecting the 
PSNR values of the coded depth data, we just compared the bitrates. Moreover, we 



calculated PSNR values of the synthesized images. As a result, it is observed that the P-
view of ‘Kendo’ sequence showed significant bitsaving up to 35 % with 0.6 dB quality 
degradation. However, the P-view of ‘Newspaper’ sequence showed bit-increasing up to 
23%. In general, the refined depth data via views showed significant bitsaving for B-view 
coding. Therefore, the proposed depth refinement method improves the inter-view 
correlation. However, quality of the synthesized images were decreased a little. In future 
work, we will improve the algorithm to keep the quality of synthesized images.  
 
Table 1. Coding results of ‘Kendo’ 

QP 

Original Depth Data Refined Depth Data 
Bit Saving (%) 

∆PSNR of 

View Synthesis (dB)Bitrates (kbps) View Synthesis (dB) Bitrates (kbps) View Synthesis (dB)

B-view P-view view_2 view_4 B-view P-view view_2 view_4 B-view P-view view_2 view_4

27 550.47 744.44 35.76 38.12 366.69 496.88 35.27 37.43 33.39% 33.26% 0.48 0.69 

32 330.87 439.01 35.72 38.02 225.49 288.94 35.28 37.39 31.85% 34.18% 0.45 0.63 

37 198.66 258.03 35.64 37.85 136.07 165.38 35.23 37.29 31.50% 35.90% 0.41 0.56 

42 108.83 135.32 35.43 37.52 76.36 87.75 35.14 37.08 29.84% 35.15% 0.29 0.45 

 
 
Table 2. Coding results of ‘Balloons’ 

QP 

Original Depth Data Refined Depth Data 
Bit Saving (%) 

∆PSNR of 

View Synthesis (dB)Bitrates (kbps) View Synthesis (dB) Bitrates (kbps) View Synthesis (dB)

B-view P-view view_2 view_4 B-view P-view view_2 view_4 B-view P-view view_2 view_4

27 557.72 711.99 36.21 36.63 504.28 636.83 34.94 36.28 9.58% 10.56% 1.27 0.35 

32 303.92 369.85 36.15 36.55 272.36 335.85 34.93 36.24 10.38% 9.19% 1.21 0.32 

37 162.59 188.71 35.95 36.41 143.00 172.57 34.97 36.14 12.05% 8.55% 0.98 0.27 

42 81.32 89.61 35.67 36.19 70.33 84.35 34.91 35.91 13.52% 5.87% 0.75 0.27 

 
 
Table 3. Coding results of ‘Newspaper’ 

QP 

Original Depth Data Refined Depth Data 
Bit Saving (%) 

∆PSNR of 

View Synthesis (dB)Bitrates (kbps) View Synthesis (dB) Bitrates (kbps) View Synthesis (dB)

B-view P-view view_3 view_5 B-view P-view view_3 view_5 B-view P-view view_3 view_5

27 511.91 425.35 30.29 32.95 408.62 524.34 30.41 32.19 20.18% -23.3% -0.12 0.77 

32 267.01 223.54 30.29 32.92 213.49 271.62 30.42 32.12 20.04% -21.5% -0.12 0.79 

37 144.70 120.84 30.31 32.74 113.48 138.34 30.34 31.95 21.57% -14.5% -0.03 0.79 

42 77.99 66.16 30.30 32.27 58.64 67.89 30.24 31.69 24.82% -2.6% 0.06 0.58 

 
 
 



Table 4. Coding results of ‘Lovebird1’ 

QP 

Original Depth Data Refined Depth Data 
Bit Saving (%) 

∆PSNR of 

View Synthesis (dB)Bitrates (kbps) View Synthesis (dB) Bitrates (kbps) View Synthesis (dB)

B-view P-view view_5 view_7 B-view P-view view_5 view_7 B-view P-view view_5 view_7

27 170.62 212.24 32.16 28.80 167.80 221.12 32.34 28.67 1.65% -4.18% -0.17 0.14 

32 112.91 134.32 32.16 28.79 101.25 129.77 32.33 28.70 10.32% 3.39% -0.16 0.08 

37 67.26 81.82 32.14 28.79 59.25 72.10 32.30 28.75 11.90% 11.88% -0.15 0.03 

42 39.19 45.68 32.16 28.71 35.69 40.46 32.37 28.65 8.95% 11.42% -0.21 0.06 

 

5. Conclusion 

In this document, we proposed a depth pre-processing method for improving the inter-
view correlations of depth data. Since the depth data is supplementary information for 
view synthesis, the pre-processing could be allowed before coding. The provided depth 
data generated by DERS have low inter-view correlation; the inter-view prediction 
method in MVC is not effective. In the proposed method, we refined the depth data by 
referring to the similarity of color videos. By coding experiments, the refined depth data 
showed significant bitsaving especially in B-view coding. However, the quality of the 
synthesized images was decreased a little. In future work, we will improve the algorithm 
to keep the quality of view synthesis.  
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