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Abstract

This contribution proposes a method for encoding 3600 video with the ERP projection by using adaptive QP at the CTU level based on the location of the CTU in the picture. The QP offset is calculated based on the WS-PSNR weight. It is asserted that the proposed method is encoder change only. Simulation results show that the proposed method provides average gain of -4.3% RA coding gain (E2E WS-PSNR).
1 Introduction
Projection schemes for 3600 video have non-uniform sampling across the picture. For example, 3600 video with equirectangular (ERP) projection has pole areas with denser sampling resulting encoder spending more bits in those regions for constant QP configuration. This typically results in quality of viewports of the pole areas being higher than the quality of viewports in the equator area. The non-uniform sampling property of projection schemes for 3600 videos can be exploited to improve compression efficiency of 3600 videos by modulating the distortion according to the sampling density.
In this contribution WS-PSNR weight based adaptive QP scheme is applied for coding of ERP 360 video.
2 Proposed method
Given that distortion may be applied non-uniformly across the 3600 picture, we update the QP value for encoding according the following formula:
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where w is the weight that can be obtained from the pixel weight for the calculation of the quality of the reconstructed picture. The weight w is generated based on the weight used for calculating the WS-PSNR [1]. For ERP, the weight utilized by WS-PSNR is given as follows:
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where j denotes the height of the pixel position (ranges from 0 to picture height) and 
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 represents the resolution of the equirectangular format which is equal to
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We propose to normalize the WS-PSNR weighting formula to take into account the resolution of the 3600 video. For ERP, the normalized w value is computed as follows:

Let the sum of weights be:
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Then, the normalized weight is defined as:
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By using the above formulation, the w value for each pixel height position ranges between 0 and 1.570795. The graph in Figure 2 illustrates the w value for each pixel height for 3600 video coded with resolution 3328x1664.
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Figure 1 – Weight values based on normalized WS-PSNR weight formula

For CTU based adaptive QP, we compute the average value of the weight for all height positions within the CTU. To ensure that the updated QP is within the allowed range, the updated QP is bounded by the following formula:
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The QP offset (QP’ - QP) for each pixel height and CTU block for 3600 video coded with resolution 3328x1664 is shown in Figure 2.
[image: image9.png]QP Offset

30

25

20

15

10

QP Offset for 4K Sequences

= === Per pixel height

Per CTU Block

“YINOo MmO g ToOTNomo g
ReRaRSTSE S VN RD @
SHdNm IR AN S dalMmas A3

Sadfsaasaaa

Height in Picture




Figure 2 – QP offset based on normalized WS-PSNR weight

3 Experimental results
The proposed method has been implemented on top of 360Lib-2.1 software based on HM-16.15. The simulation results are obtained using the test configuration as given by JVET-E1030. For random access main 10 configuration, the proposed method provides gain -4.3% based on the end-to-end WS-PSNR metric [2].

The complete simulation results are given in the attached spreadsheet.
4 Discussion
For ERP projection, the adaptive QP encoding approach applies coarser QP to blocks that are closer to the pole areas as the pole areas have higher sampling density due to the projection transformation and, hence, have higher quality relative to the equator area in the reconstructed picture. However, it is important to ensure that QP adaptation is not too coarse for the poles area to ensure the quality drop is controlled.
We studied the effect of applying this adaptive QP to the quality of viewports in the pole areas by comparing the QP derived based on weight w from the WS-PSNR weight and QP derived based on normalized weight as described in section 2 (see attached spreadsheet). For reference, we compared the viewport quality of the poles areas in the ERP with adaptive QP and in ISP projection at the same frame QP. ISP projection is chosen for its close to uniform sampling density. For 900 field of view (FOV) viewport of both north and south poles of the sphere, using the adaptive QP derived based on weight from WS-PSNR keeps the quality significantly lower at the poles. On the other hand, using the adaptive QP derived based on the normalized weight results in a viewport quality close to that of ISP projection.
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