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Abstract 

This document provides MIV-specific tiling, merging, and frame packing methods with following 

experimental results. It introduces a pixel-domain and a compressed-domain frame packing to 

merge atlas sub-bitstreams into a single bitstream. By using the proposed packing method, one 

HEVC (level 6.2) decoder or multiple HEVC (level 5.2) decoders were used depending on its 

hardware capabilities. The experimental result showed 3.93% BD-rate gain.  

1 Introduction  

Proposals on frame packed video have been discussed to achieve two main goals: (1) BD-rate 

saving for overall quality improvement and (2) the number of decoder instances reduction for 

decoder synchronization [1-4]. In the proposals, the coded video sub-stream carries texture, 

geometry, and potentially occupancy data which are packed in frame(s) at pixel domain.  

This document provides a flexible solution for packing texture and geometry, regardless of the 

pixel-domain frame packing. Figure 1 shows the system overview of the proposed method. 

Depending on the packing method, each atlas can be packed in pixel domain. Then, each video is 

encoded using the motion-constrained tile set (MCTS) encoder, and different tile segmentation 

method can be applied depending on the packing method. Each tile from the bitstream is extracted 

and transmitted. If the packing method requires merging, the client merges the tile bitstreams in 

compressed-domain to reduce the number of decoder instances. After the decoding, the frame-

packed picture is unpacked.  

For the proposed methods,  the followings are required: tile segmentation method, tile extraction, 

and tile merging. This contribution introduces four MIV-specific non-uniform tile segmentation 

and merging methods to divide each basic views and additional views patches for quality control 

as described in [5], using MCTS. Tile bitstream extraction can be done using HM extractor. 

However, HM does not provide the tile merging software. Thus, the HM-based tile merging 

software has been implemented by SKKU[6] and used for this proposal.  

Furthermore, because the current HM does not support individual QP allocation for each tile/slice 

as mentioned in [4], kvazaar, an open source HEVC encoder[7], can be used for encoding the 

frame-packed video. The kvazaar may provide increased bitrate compared to HM when using non-



uniform tiling because of the differences in implementation. Further, tile extraction by HM 

software from MCTS bitstream generated by kvazaar cannot be done. This is because HM tile 

extractor generates output tile bitstream by parsing extraction information set (EIS) SEI messages, 

and kvazaar does not generate EIS SEI messages. Therefore, HM-based tile extraction software 

using slice segment address has been implemented by SKKU[8] and used for this proposal.A 

simplified uniform frame packing and tile segmentation method which is efficient in kvazaar is 

explained in Section 3.   

 

 
Figure 1. System overview of the proposed packing method 

2 MIV-specific non-uniform tiling and packing methods 

Pixel-domain frame packing has advantages on the number of decoder instances reduction. For 

example, four HEVC (level 5.2) bitstreams are generated in the MIV and MIV view anchors, while 

one HEVC (level 6.2) bitstream is generated in the frame packing. However, frame packing based 

MIV implementation on the legacy systems which does not has the capability to decode HEVC 

(level 6.2) bitstream is challenging. Therefore, a fine-grained packing method which can also cover 

the legacy system is needed. One of the approaches to meet the requirement is to encode the atlases 

using tiles, extract individual tiles, and merge them into one bitstream in compressed domain. 

Meanwhile, tile segmentation method was designed considering the following two requirements.  

• Each basic view and additional view is distinguished by the tile boundaries, thereby an 

implementation of selective streaming can be made as introduced in [5]. 

• Tiles should be divided not to generate any empty spaces in the merged bitstream, thereby 

the waste of the pixel rate is not made. 

Therefore, the proposed tiling and merging method are specific to the MIV test sequences. Figure 

2 shows four MIV-specific non-uniform tile segmentation and merging methods on eleven MIV 

test sequences. Note that the resultant bitstream generated by the proposed method is compatible 

with HEVC/VVC decoder. Not to make empty spaces in the merged bitstream, two input 

tiles/slices can be located vertically in one output tile, which meets the constraints of tiles in 



HEVC/VVC.  

Experiments for this proposal were conducted following the MIV CTC[9], yet HM version 16.20 

was used to encode and decode because the current VVenC does not fully support the tile and sub-

picture encoding.  

 

Mode 0, class CG-A, CG-C 

 

Mode 1, class CG-B, CG-N, CG-Q 

 

Mode 2, class NC-E, CG-J, CG-O, NC-P, CG-R 



 

Mode 3, class NC-D 

 

Figure 2. MIV-specific non-uniform tile segmentation and merging methods; white represents 

texture, gray represents geometry, dotted area distinguishes the atlas index, red-dotted lines 

represent the slice boundary within a tile 

 

Table 1 below shows the experimental results of the MIV-specific non-uniform tiling and packing 

methods compared to the MIV anchors. Overall, the proposed method showed slight BD-rate 

savings. One of the reasons of this gain is deactivation of deblocking filter owing to MCTS[10]. 



Note that the proposed method required single decoder while the anchor needed four decoders. 

Otherwise, the proposed method can merge tiles and generate two, three, or four bitstreams 

depending on the client’s capability.  

 

Table 1. MIV-specific non-uniform tiling and packing results compared to the A17 anchors 

 

3 Simplified uniform frame packing and tiling methods 

Because the proposed method described in Section 2 showed gain on HM, experiments on the 

same method using kvazaar was conducted. However, experimental results showed BD-rate loss 

compared to the MIV anchor. Early termination and optimization of encoding on kvazaar caused 

different results with these of HM. By an investigation of tiling on kvazaar discovered that non-

uniform tiling on kvazaar showed BD-rate loss, while uniform and simplified tiling does not. 

Therefore, the simplified and uniform frame packing and tiling methods for kvazaar were designed, 

while considering the following two requirements.  

• Frame packing should not generate any empty spaces. 

• Tiles should be divided to distinguish texture and geometry, to apply different QPs. 

Figure 3 shows two simplified uniform frame packing and tiling schemes on eleven MIV test 

sequences. Note that the resolutions of each tile are same because they are uniformly tiled, while 

the merged two geometry atlases in the frame packed video is considered as one tile.  

Experiments for this proposal were conducted following the MIV CTC[9], yet kvazaar was used 

to encode and decode because the current HM does not provide the individual QP allocation for 

each tile.  

 

 

 

 

 

 

 

 



Mode 0, class CG-A, CG-C 

 

Mode 1, class CG-B, CG-N, CG-Q, NC-D, NC-E, CG-J, CG-O, NC-P, CG-R 

 

Figure 3. Simplified uniform tile segmentation and merging methods; white represents texture, 

gray represents geometry, dotted area distinguishes the atlas index, red-dotted lines represents 

the slice boundary within a tile 

 

Table 2 below shows the experimental results of the simplified uniform frame packing and tiling 

methods compared to the MIV anchors generated by kvazaar. The proposed method showed 3.93% 

BD-rate savings on Y-PSNR. Because the proposed method used tile and they are extractable, the 

proposed method can generate one, two, three, four, or five bitstreams depending on the client’s 

capability.  

 

 

 



Table 2. Simplified uniform tiling and packing results compared to the A17 anchors 

 

4 Conclusion 

This document presents the MIV-specific non-uniform tiling, packing method and simplified 

uniform frame packing, tiling method for HM and kvazaar. Experimental results showed 0.49% 

and 3.93% BD-rate gains for non-uniform and uniform packing methods in high bitrate, especially 

efficient on NC sequences. Besides, the proposed method required single decoder instance, while 

having the flexibility to provide bitstreams considering the capabilities of the client.  

This document recommends: 

• Adding the proposed packing methods in MIV, including the tiling, extraction, merging, 

and decoding processes.   

In the next meeting, we will provide the results of the proposed packing method on the extended 

profile proposed by Intel[1].  

Participants who wish to obtain the tile merger[6] and the slice segment address-based tile 

extractor[8] may request the software coordinator listed in below.  

Software coordinator: 

• Jong-Beom Jeong 

uof4949@skku.edu  
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