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Introduction
- VR is getting more and more popular
- Head-mounted displays (HMD) can support a wider field of view (180 degree) 

and a higher resolution (6~8K).
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Background
- Omnidirectional MediA Format(OMAF) : 

- Standard that regulate the delivery of 360° content
- Only supports equirectangular projection (ERP) and cubemap projection (CMP) and their 

region-wise packing.
- Region-wise packing(RWP): rectangular regions of the projected frame may be 

resampled, rotaxted or mirrored.
- HEVC-based viewport-dependent OMAF video profile supports picture size of 8,912,896 

pixels, corresponding to 4K.

Figure credit:Skupin, R., Sanchez, Y., Wang, Y. K., Hannuksela, M. M., Boyce, J., & Wien, M. (2017, 
December). Standardization status of 360 degree video coding and delivery. In 2017 IEEE Visual 
Communications and Image Processing (VCIP) (pp. 1-4). IEEE.

CMP and ERP



- Viewport-adaptive streaming (VAS)
- Theoretically, we can only transmit video contents corresponding to the current viewport. The 

entire 360° video is transmitted due to the limitation of the VR system.
- Higher resolution for current viewport and lower resolution for the non-viewport of the video.
- Viewport-dependent projection
- Tile-based streaming

Background



VAS: viewport-dependent projection

Slide credit:https://2018.packet.video/wp-content/uploads/sites/6/2017/12/3001.pdf



Photo credit:Zare, A., Aminlou, A., Hannuksela, M. M., & Gabbouj, M. (2016, October). HEVC-compliant tile-based streaming of panoramic video for 
virtual reality applications. In Proceedings of the 2016 ACM on Multimedia Conference (pp. 601-605). ACM.

- Divide the 360° video into segments(tiles) 
with different resolutions.

- Combine tiles with different resolutions to 
generate the viewport.

VAS: Tile-based streaming



Problem
- If users want to see a 4K view, the video content should be 12K.

- The hardware decoders can only decode frames no bigger than 4K.
- OMAF also has 4K decoding constraint.
- It means that, If the ERP is 4K → user’s view is lower than 4K.

Equirectangular(ERP)
12K User’s View 4K



Solution
- A way to pack part of a 6K video in to a 4K frame without breaking the 

4k-decoding constraint



Solution



- The displayed content might partially rendered from the low-quality(resolution) 
content.

- Head movement
-  is not predictable

How to evaluate the QoE of a 360° video?



Zonal-PSNR(Peak Signal to Noise Ratio)

- Measure the QoE over a set of quality assessment views. (QAVs)
- Render the video using the closet viewport stream
- More focus on the equator

- Horizontal head movement is faster than the vertical one.

Photo credit:https://2018.packet.video/wp-content/uploads/sites/6/2017/12/3001.pdf
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Quality assessment zones in ERP



Experiment Setup
- Comparing MCTS based mixed resolution VAS using the proposed packing 

(mix-resolution)
- MCTS-based mixed-quality VAS (mix-quality)
- Single-stream mixed-resolution or pixel-domain region-wise packing (RWP)

- A viewport of 90°x90° FOV is rendered for each QAV.
- 8 videos, 6k and 8k, downsampled to

- 6K for mixed-resolution
- 4K for mixed-quality
- 3840x2304 for RWP



Mix-resolution vs mix-quality

- The PSNR(a metric to 
evaluate picture quality, the 
higher the better) values are 
averaged over the all QAVs

- BD-rate: negative values 
means that given the same 
PSNR, it needs less bits



Mix-resolution vs RWP
- Since RWP has no divided zones,  

only front-zone in mixed-resolution 
is compared.

- Other disadvantages of RWP:
- Require many pre-processing efforts
- Waste the encoding capacity



Takeaway
- A 6K-effective packing layout is proposed while complying to the current 

constraints.
- Outperform mixed-quality in the aspect of streaming and storage up to 32% 

and 20% respectively.
- A good candidate for future viewport-adaptive VR streaming.


