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There are two changes in this update: 1) simulation results on the ERP and the CMP under the CTCs are updated after fixing one encoder-side bug on lambda calculation; 2) additional simulation results on the rotated ERP pictures are also provided.
Abstract
This contribution presents one adaptive quantization method to enhance the performance of JEM-based 360-degree video coding. Compared to the HM-based adaptive quantization parameter (QP) methods in the current EE2, the main differences of the proposed method include: 1) it is proposed to independently apply different QP offsets for the luma and the chroma components for each coding tree unit (CTU); 2) it is proposed to use the input slice-level QP for the CTUs with the highest spherical sampling density and gradually decrease the QP value for the CTUs with lower spherical sampling density; 3) it is proposed to skip delta QP signaling, and let encoder/decoder derive and use the same QP adjustment. The simulation results are provided for the equirectangular projection (ERP) and cubemap (CMP) projection formats. It is reported that compared to the anchors based on JEM-6.0-360Lib-3.0, the proposed method provides on average {Y, Cb, Cr} gains of {4.95.0%, 7.36.8%, 7.66.8%} for the ERP and {2.42.6%, 12.311.2%, 12.712.4%} for the CMP in term of end-to-end distortion measurementsWS-PSNR.
Introduction
In the Hobart meeting, similar adaptive quantization methods were proposed in [1][2][3] to improve the coding efficiency of the equirectangular projection (ERP) format based on HM. Compared to the scheme that uses a fixed quantization parameter (QP), those methods can provide a more uniform reconstruction quality from region to region on the sphere by adjusting the QP value based on the weight derived by the weighted to spherically uniform PSNR (WS-PSNR), i.e., 
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where  is the weighting parameter that is calculated based on the weights used for the WS-PSNR for the ERP; and  is the slice QP for the luma component indicated at the slice header. Different weight normalization methods were used in [1][2][3], resulting in  being used in different areas of the picture: in [1],  is applied to blocks on the equator, whereas in [2][3],  is applied to blocks mid-way between the equator and the poles. In all three methods, the QP adaptation is performed at the coding unit tree (CTU) level. Additionally, all three proposals were focused on the HEVC codec, so the QP offsets are signaled in bit-stream, i.e., they require encoder-only changes.
The QP value as calculated by (1) is only used to determine the QP value of the luma component. For the chroma components, the adjusted chroma QP of one CTU is calculated by mapping the adjusted luma QP into the corresponding QP value used for the chroma components. This is done based on a pre-defined look-up table (LUT) which is used in both HM and JEM. Because the LUT is not one-to-one mapping (multiple luma QPs may be mapped to the same chroma QP), effectively different QP offsets may be applied to the luma and chroma components, meaning that the chroma QP of one CTU is not directly adjusted according to its sampling density on the sphere. This may reduce the coding efficiency of the chroma components.
Technical description
In this contribution, one adaptive quantization method is proposed for improving the performance of JEM-based 360-degree video coding. In general, the proposed method is built upon the same concept of the adaptive QP methods in [1][2][3], i.e., for each CTU, adaptively manipulating its QP value in order to modulate its coding distortion based on its spherical sampling density as indicated by the WS-PSNR weight. Compared to the methods in [1][2][3], several modifications are made for improved JEM-based coding performance of 360-degree video, which are summarized as follows:
1. Because no signaling is needed in this proposal, it is proposed to remove to the unnecessary clipping operation to 51 from (1). Additionally, instead of the “floor” function, the “round” function is used to map floating QP values to integer QP values. The adjusted QP for the luma component of each CTU is calculated as in (2). The center position of the CTU is used to derive  in (2).
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2. It is proposed to independently calculate QP offset to the chroma components of each CTU based on the spherical sampling density of the CTU. Additionally, given that compared to the luma component there are usually less residuals remaining in the chroma components after intra/inter prediction, it is proposed to apply a scaling factor to the chroma QP offsets. Specifically, in the proposed method, the chroma QP of one CTU is calculated as
	
	(3)


where  is the slice chroma QP that is derived by mapping the slice luma QP (i.e., ) onto the chroma component based on the luma-to-chroma QP LUT as defined in the HM and JEM;  is a scaling factor, which is set to 0.9 in this contribution.
3. It is proposed to apply the slice QPs (i.e.,  and ) for the CTUs associated with the highest spherical sampling density and gradually decrease the QP values for the CTUs associated with lower sampling density on the sphere. Using the ERP as one example, Figure 1 illustrates the corresponding QP arrangement after the proposed method is applied.
[image: ]
[bookmark: _Ref486839318]Figure 1 The QP arrangement of the proposed method for the ERP.
4. It is proposed to apply the same QP derivation process at both encoder and decoder. In other words, there is no need to signal delta QP values in bit-stream. Because the weight values derived for the adaptive QP adjustment is dependent on the coding projection format, certain projection information (including projection type and frame-packing parameters) are signaled from encoder to decoder when the proposed method is applied.
Simulation results
The proposed method is implemented based on the JEM-6.0 based 360Lib-3.0 [4]. Two projection formats are tested to evaluate the performance of the proposed adaptive quantization method: the ERP format and the CMP format. All the simulations are conducted by following the common test conditions (CTCs) [5]. Compared to the JEM-6.0-360Lib-3.0 anchors, Table 1 and Table 2 present the BD-rate savings of the proposed method for the ERP and the CMP, respectively, in terms of the end-to-end distortion measurements. Readers can refer to the accompanying spreadsheets for detailed information.
[bookmark: _Ref486845387]Table 1 BD-rate performance of the proposed adaptive quantization method for the ERP, compared to the JEM-6.0-360Lib-3.0 anchor
	AQP_ERP vs. ERP
	SPSNR-NN (End to End)
	SPSNR-I (End to End)
	CPP-PSNR (End to End)
	WS-PSNR (End to End)

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Trolley
	-1.9%
	-2.9%
	-5.6%
	-1.9%
	-3.0%
	-5.6%
	-2.0%
	-3.0%
	-5.6%
	-2.0%
	-2.9%
	-5.6%

	GasLamp
	-1.9%
	-2.0%
	2.8%
	-1.9%
	-2.1%
	2.7%
	-1.9%
	-2.1%
	2.7%
	-1.9%
	-2.0%
	2.8%

	Skateboarding_in_lot
	-9.5%
	-19.6%
	-18.7%
	-9.5%
	-19.6%
	-18.7%
	-9.5%
	-19.6%
	-18.7%
	-9.4%
	-19.6%
	-18.6%

	Chairlift
	-7.7%
	-8.2%
	-8.7%
	-7.7%
	-8.2%
	-8.7%
	-7.7%
	-8.2%
	-8.7%
	-7.6%
	-8.2%
	-8.7%

	KiteFlite
	-3.4%
	-4.2%
	-6.7%
	-3.4%
	-4.2%
	-6.7%
	-3.4%
	-4.4%
	-6.8%
	-3.4%
	-4.3%
	-6.8%

	Harbor
	-1.5%
	-5.6%
	-5.8%
	-1.5%
	-5.6%
	-5.8%
	-1.5%
	-5.6%
	-5.9%
	-1.5%
	-5.6%
	-5.8%

	PoleVault
	-7.6%
	-10.4%
	-11.7%
	-7.6%
	-10.1%
	-11.4%
	-7.6%
	-10.1%
	-11.4%
	-7.6%
	-10.4%
	-11.7%

	AerialCity
	-5.1%
	-5.9%
	-6.2%
	-5.1%
	-6.0%
	-6.3%
	-5.1%
	-5.9%
	-6.2%
	-5.0%
	-5.8%
	-6.2%

	DrivingInCity
	-0.8%
	0.3%
	1.2%
	-0.7%
	0.2%
	1.2%
	-0.7%
	0.2%
	1.1%
	-0.7%
	0.4%
	1.2%

	DrivingInCountry
	-9.2%
	-14.9%
	-16.4%
	-9.1%
	-14.9%
	-16.5%
	-9.1%
	-15.1%
	-16.5%
	-9.2%
	-15.0%
	-16.5%

	Overall
	-4.9%
	-7.3%
	-7.6%
	-4.9%
	-7.4%
	-7.6%
	-4.8%
	-7.4%
	-7.6%
	-4.8%
	-7.3%
	-7.6%
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	SPSNR-NN (End to End)
	SPSNR-I (End to End)
	CPP-PSNR (End to End)
	WS-PSNR (End to End)

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Trolley
	-2.0%
	-2.4%
	-5.0%
	-2.0%
	-2.4%
	-5.0%
	-2.0%
	-2.4%
	-5.0%
	-2.0%
	-2.4%
	-4.9%

	GasLamp
	-2.0%
	-1.3%
	3.6%
	-2.1%
	-1.5%
	3.5%
	-2.1%
	-1.4%
	3.6%
	-2.1%
	-1.3%
	3.7%

	Skateboarding_in_lot
	-9.6%
	-19.4%
	-17.6%
	-9.6%
	-19.3%
	-17.6%
	-9.6%
	-19.3%
	-17.6%
	-9.5%
	-19.3%
	-17.5%

	Chairlift
	-8.0%
	-7.6%
	-7.7%
	-8.0%
	-7.6%
	-7.8%
	-7.9%
	-7.6%
	-7.8%
	-7.9%
	-7.5%
	-7.8%

	KiteFlite
	-3.5%
	-3.7%
	-6.3%
	-3.5%
	-3.8%
	-6.3%
	-3.5%
	-4.0%
	-6.4%
	-3.5%
	-3.9%
	-6.4%

	Harbor
	-1.6%
	-4.6%
	-4.5%
	-1.6%
	-4.6%
	-4.5%
	-1.6%
	-4.7%
	-4.6%
	-1.6%
	-4.6%
	-4.5%

	PoleVault
	-7.9%
	-10.5%
	-11.4%
	-7.8%
	-10.2%
	-11.2%
	-7.8%
	-10.2%
	-11.2%
	-7.8%
	-10.6%
	-11.4%

	AerialCity
	-5.4%
	-5.3%
	-5.8%
	-5.4%
	-5.5%
	-5.9%
	-5.3%
	-5.4%
	-5.8%
	-5.4%
	-5.3%
	-5.8%

	DrivingInCity
	-0.8%
	1.4%
	2.5%
	-0.8%
	1.3%
	2.4%
	-0.7%
	1.3%
	2.3%
	-0.7%
	1.5%
	2.5%

	DrivingInCountry
	-9.3%
	-14.2%
	-15.8%
	-9.2%
	-14.3%
	-15.8%
	-9.2%
	-14.4%
	-15.9%
	-9.3%
	-14.3%
	-15.8%

	Overall
	-5.0%
	-6.8%
	-6.8%
	-5.0%
	-6.8%
	-6.8%
	-5.0%
	-6.8%
	-6.8%
	-5.0%
	-6.8%
	-6.8%




Table 2 BD-rate performance of the proposed adaptive quantization method for the CMP, compared to the JEM-6.0-360Lib-3.0 anchor
	AQP_CMP vs. CMP
	SPSNR-NN (End to End)
	SPSNR-I (End to End)
	CPP-PSNR (End to End)
	WS-PSNR (End to End)

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Trolley
	-2.6%
	-8.9%
	-8.1%
	-2.6%
	-8.9%
	-8.2%
	-2.5%
	-8.9%
	-8.0%
	-2.5%
	-8.8%
	-8.0%

	GasLamp
	-2.1%
	-11.1%
	-11.6%
	-2.1%
	-11.2%
	-11.7%
	-2.1%
	-11.0%
	-11.6%
	-2.1%
	-11.0%
	-11.6%

	Skateboarding_in_lot
	-2.7%
	-13.9%
	-16.4%
	-2.7%
	-13.9%
	-16.4%
	-2.9%
	-14.1%
	-16.7%
	-2.9%
	-14.0%
	-16.7%

	Chairlift
	-3.7%
	-14.7%
	-14.1%
	-3.7%
	-14.7%
	-14.1%
	-3.5%
	-14.6%
	-14.0%
	-3.5%
	-14.5%
	-14.0%

	KiteFlite
	-1.9%
	-11.1%
	-9.2%
	-1.8%
	-11.1%
	-9.3%
	-1.8%
	-11.1%
	-9.2%
	-1.8%
	-11.1%
	-9.2%

	Harbor
	-2.0%
	-9.4%
	-9.8%
	-1.9%
	-9.4%
	-9.8%
	-2.1%
	-9.6%
	-9.9%
	-2.1%
	-9.5%
	-9.9%

	PoleVault
	-1.3%
	-11.3%
	-14.6%
	-1.2%
	-11.0%
	-14.4%
	-1.3%
	-11.2%
	-14.5%
	-1.4%
	-11.5%
	-14.8%

	AerialCity
	-2.9%
	-14.8%
	-13.6%
	-2.8%
	-14.9%
	-13.7%
	-2.9%
	-15.0%
	-13.6%
	-2.9%
	-14.8%
	-13.5%

	DrivingInCity
	-2.2%
	-10.6%
	-10.4%
	-2.2%
	-10.6%
	-10.4%
	-2.6%
	-10.9%
	-10.7%
	-2.5%
	-10.7%
	-10.6%

	DrivingInCountry
	-3.2%
	-17.1%
	-19.1%
	-3.3%
	-17.2%
	-19.1%
	-3.2%
	-16.9%
	-18.9%
	-3.0%
	-16.8%
	-18.9%

	Overall
	-2.4%
	-12.3%
	-12.7%
	-2.4%
	-12.3%
	-12.7%
	-2.5%
	-12.3%
	-12.7%
	-2.5%
	-12.3%
	-12.7%



	AQP_CMP vs. CMP
	SPSNR-NN (End to End)
	SPSNR-I (End to End)
	CPP-PSNR (End to End)
	WS-PSNR (End to End)

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Trolley
	-2.7%
	-8.2%
	-7.5%
	-2.6%
	-8.3%
	-7.6%
	-2.6%
	-8.2%
	-7.4%
	-2.6%
	-8.1%
	-7.4%

	GasLamp
	-2.2%
	-10.1%
	-10.8%
	-2.2%
	-10.1%
	-10.9%
	-2.3%
	-10.0%
	-10.8%
	-2.3%
	-9.9%
	-10.8%

	Skateboarding_in_lot
	-2.8%
	-12.2%
	-13.9%
	-2.8%
	-12.3%
	-13.9%
	-3.0%
	-12.4%
	-14.1%
	-3.0%
	-12.4%
	-14.1%

	Chairlift
	-3.8%
	-13.4%
	-12.2%
	-3.8%
	-13.4%
	-12.2%
	-3.7%
	-13.2%
	-12.1%
	-3.7%
	-13.1%
	-12.1%

	KiteFlite
	-1.9%
	-10.3%
	-8.4%
	-1.9%
	-10.3%
	-8.5%
	-1.9%
	-10.4%
	-8.5%
	-1.9%
	-10.3%
	-8.4%

	Harbor
	-2.1%
	-7.8%
	-8.3%
	-2.0%
	-7.8%
	-8.3%
	-2.2%
	-8.0%
	-8.4%
	-2.1%
	-7.9%
	-8.4%

	PoleVault
	-1.4%
	-10.7%
	-14.0%
	-1.3%
	-10.5%
	-13.8%
	-1.4%
	-10.6%
	-13.8%
	-1.4%
	-10.8%
	-14.1%

	AerialCity
	-2.9%
	-13.9%
	-12.4%
	-2.9%
	-14.0%
	-12.5%
	-3.0%
	-14.1%
	-12.3%
	-3.0%
	-13.9%
	-12.3%

	DrivingInCity
	-2.3%
	-9.7%
	-9.3%
	-2.3%
	-9.8%
	-9.3%
	-2.6%
	-9.9%
	-9.6%
	-2.5%
	-9.8%
	-9.5%

	DrivingInCountry
	-3.2%
	-15.8%
	-17.7%
	-3.4%
	-15.9%
	-17.7%
	-3.2%
	-15.6%
	-17.5%
	-3.0%
	-15.5%
	-17.5%

	Overall
	-2.5%
	-11.2%
	-11.5%
	-2.5%
	-11.2%
	-11.5%
	-2.6%
	-11.2%
	-11.5%
	-2.6%
	-11.2%
	-11.4%


Additionally, similar to the tests in EE3, supplemental simulations are conducted by applying the proposed adaptive quantization method on the rotated ERP pictures where the content that contains detailed texture/edges are rotated from the equator to the pole. To rotate the input ERP pictures, the “SVideoRotation” parameter in the encoder configure file is set equal [0 90 0]. Table 3 presents the BD-rate savings in terms of the end-to-end distortion measurements of the proposed method for the rotated ERP.






[bookmark: _Ref487380837]Table 3 BD-rate performance of the proposed adaptive quantization method for the rotated ERP, compared to the rotated ERP coded by JEM-6.0-360Lib-3.0
	AQP_ERP_ROT vs. ERP_ROT
	SPSNR-NN (End to End)
	SPSNR-I (End to End)
	CPP-PSNR (End to End)
	WS-PSNR (End to End)

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Trolley
	-6.8%
	-7.7%
	-3.8%
	-6.8%
	-7.8%
	-3.9%
	-6.7%
	-7.7%
	-3.7%
	-6.7%
	-7.6%
	-3.7%

	GasLamp
	-6.6%
	-6.4%
	-8.2%
	-6.6%
	-6.6%
	-8.4%
	-6.4%
	-6.5%
	-8.3%
	-6.4%
	-6.4%
	-8.2%

	Skateboarding_in_lot
	-9.4%
	-8.0%
	-7.1%
	-9.4%
	-8.1%
	-7.1%
	-8.9%
	-7.4%
	-6.4%
	-9.0%
	-7.4%
	-6.4%

	Chairlift
	-10.4%
	-14.4%
	-14.5%
	-10.4%
	-14.4%
	-14.6%
	-10.3%
	-14.5%
	-14.7%
	-10.4%
	-14.5%
	-14.7%

	KiteFlite
	-8.3%
	-8.3%
	-6.8%
	-8.3%
	-8.4%
	-6.9%
	-8.0%
	-7.9%
	-6.4%
	-8.0%
	-7.9%
	-6.3%

	Harbor
	-11.5%
	-12.8%
	-13.8%
	-11.6%
	-12.8%
	-13.8%
	-11.3%
	-12.7%
	-13.5%
	-11.4%
	-12.6%
	-13.5%

	PoleVault
	-11.0%
	-15.2%
	-17.0%
	-11.3%
	-15.3%
	-17.0%
	-11.1%
	-15.0%
	-16.7%
	-10.9%
	-15.1%
	-16.7%

	AerialCity
	-8.8%
	-11.5%
	-12.5%
	-8.9%
	-11.8%
	-12.7%
	-8.5%
	-11.4%
	-12.6%
	-8.5%
	-11.3%
	-12.3%

	DrivingInCity
	-8.9%
	-10.5%
	-9.9%
	-9.0%
	-10.7%
	-10.2%
	-8.3%
	-9.9%
	-9.4%
	-8.4%
	-9.9%
	-9.5%

	DrivingInCountry
	-8.3%
	-13.6%
	-6.2%
	-8.7%
	-13.7%
	-6.5%
	-8.5%
	-13.6%
	-6.3%
	-8.2%
	-13.5%
	-6.1%

	Overall
	-9.0%
	-10.8%
	-10.0%
	-9.1%
	-11.0%
	-10.1%
	-8.8%
	-10.7%
	-9.8%
	-8.8%
	-10.6%
	-9.7%
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