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Abstract
This document reports the tool-on results for Sign Data Hiding (SDH), which is included in HEVC but not included in VTM or BMS. This document also breaks out the performance gains of SDH for specific test sequence classes and encoding modes.
[bookmark: OLE_LINK27]The methodology of JVET-J1005 for BMS1.0 and BMS1.1 (BMS 1.1 includes bug fixes relative to BMS 1.0) is used.  For VTM tests, BDRate values reported for BMS1.1 are the same as those reported by Sony for BMS1.0. For BMS tests, the BDRate values reported for BMS 1.1 are very similar to those reported by Sony for BMS1.0: AI is the same; RA is slightly different with PSNRY -0.55% versus -0.54%, respectively due to ALF fix in BMS1.1. In addition, lower QP results (12, 17, 22, 27) for VTM using BMS1.1 are reported: average BDRate {Y, U, V} for AI is {-1.01%, -1.85%, -1.84%}; for RA is {-1.01%, -1.81%, -1.69%}. 
[bookmark: OLE_LINK200]Sign Data Hiding (SDH) shows approximately 1% or better performance gain for AI and slightly less gain for RA for both VTM and BMS. Performance gain is greatest for sequences having the following characteristics: UHD/HD resolutions, high bitdepth, high bitrate (low QP).  The similarity of the VTM and BMS results indicate that SDH performance gain is independent of gains that might be provided by other coding tools included in BMS. 
The data indicates that SDH has improved performance with minor complexity impact. The decoding time is about 100% of the anchor.  The encoding time reported by Sony is approximately 103%-105% of the anchor. These results support preserving Sign Data Hiding in VVC.
Introduction 
Sign Data Hiding (SDH) was adopted in HEVC based on contribution JCTVC-H0481 [1]. 
[bookmark: OLE_LINK201][bookmark: OLE_LINK202]SDH is method of saving bits by hiding the sign of a non-zero coefficient in a 4x4 subblock when the number of non-zero coefficients exceeds 3. The sign bit to be hidden is that of the last significant scan position in the reverse scanning pattern of each subblock. At the decoder, the sign is inferred to be positive (value 0) if the parity of the sum of the absolute values of the quantized coefficients is even. The sign is inferred to be negative (value 1) if the parity of the sum of the absolute values of the quantized coefficients is odd. At the encoder, the encoder adjusts the value of one of the quantized coefficients by +1 or -1 to match the sign and the parity. 
The evaluation of SDH is designed to be tool-on test in JVET-J1005 [2]. Both AI and RA are tested. Sony is the tester for SDH and Dolby is one of the crosscheckers. Sony reported results using software BMS1.0. Dolby ran the simulation using BMS1.1. Under VTM test condition, the two software versions report the same results. Under BMS test condition, the simulation results are also the same for the two versions for AI, and slightly different for RA: BMS1.0, {-0.54%, -1.01%, -1.17%}; BMS1.1, {-0.55%, -0.99%, -1.18%} due to ALF fix in BMS1.1. In addition, the contribution also reports gain for VTM for lower QP or higher bitrate. 
[bookmark: OLE_LINK204]
Simulation Results
Table 1 contains BDRate results for SDH using BMS1.0 software under CTC. Decoding time is about 100% as Anchor. Encoder run time is about 103%-105% of the anchor.
Table 1 Table 2 contains BDRate results for SDH using BMS1.1 software under CTC. Decoding time is about 100% as Anchor. (Note: Sony reports that encoder run time is about 103%-105% of the anchor.)
Table 3Table 2 contains BDRate results for SDH using BMS1.1 software under VTM for higher bitrate (QP=12, 17, 22, 27). 
The data reported in Table 1, Table 2 amd Table 3Table 1 and Table 2  indicate that SDH provides progressively increasing performance gains with increasing resolution. For the conditions tested, SDH provides best performance gain for UHD content and for All Intra (AI).
[bookmark: _Ref518379634][bookmark: OLE_LINK5][bookmark: _Ref517792725][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK3]Table 1. BDRate of SDH with BMS1.0 (QP=22, 27, 32, 37)
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	All Intra Main10 

	
	Over VTM-1.0
	Over BMS-1.0

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.91%
	-1.45%
	-1.58%
	103%
	99%
	-0.84%
	-1.30%
	-1.59%
	104%
	100%

	Class A2
	-0.94%
	-1.55%
	-1.36%
	103%
	100%
	-0.81%
	-1.33%
	-1.18%
	104%
	100%

	Class B
	-0.92%
	-1.89%
	-1.90%
	104%
	99%
	-0.74%
	-1.74%
	-1.76%
	104%
	100%

	Class C
	-0.77%
	-1.90%
	-2.02%
	106%
	100%
	-0.63%
	-1.79%
	-1.72%
	107%
	100%

	Class E
	-0.70%
	-1.97%
	-2.05%
	103%
	99%
	-0.55%
	-1.64%
	-1.78%
	106%
	101%

	Overall 
	-0.85%
	-1.78%
	-1.81%
	104%
	99%
	-0.71%
	-1.59%
	-1.63%
	105%
	100%

	Class D
	-0.77%
	-2.02%
	-1.99%
	106%
	100%
	-0.58%
	-1.79%
	-1.79%
	106%
	100%
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	Random Access Main 10

	
	Over VTM-1.0
	Over BMS-1.0

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.77%
	-0.81%
	-0.93%
	102%
	100%
	-0.70%
	-0.80%
	-1.02%
	103%
	100%

	Class A2
	-0.60%
	-0.96%
	-0.66%
	102%
	100%
	-0.49%
	-0.78%
	-0.57%
	103%
	100%

	Class B
	-0.65%
	-1.16%
	-1.34%
	103%
	100%
	-0.58%
	-1.16%
	-1.42%
	103%
	100%

	Class C
	-0.60%
	-1.43%
	-1.37%
	103%
	100%
	-0.42%
	-1.14%
	-1.43%
	104%
	101%

	Class E
	 
	
	 
	 
	
	 
	
	 
	 
	 

	Overall
	-0.65%
	-1.12%
	-1.13%
	103%
	100%
	-0.54%
	-1.01%
	-1.17%
	104%
	100%

	Class D
	-0.57%
	-1.34%
	-1.43%
	103%
	100%
	-0.46%
	-1.10%
	-1.18%
	104%
	99%



[bookmark: _Ref518379598]Table 2. BDRate of SDH with BMS1.1 (QP=22, 27, 32, 37)
	
	All Intra Main10 

	
	Over VTM-1.1
	Over BMS-1.1

	
	Y
	U
	V
	Y
	U
	V

	Class A1
	-0.91%
	-1.45%
	-1.58%
	-0.84%
	-1.30%
	-1.59%

	Class A2
	-0.94%
	-1.55%
	-1.36%
	-0.81%
	-1.33%
	-1.17%

	Class B
	-0.92%
	-1.89%
	-1.90%
	-0.74%
	-1.74%
	-1.76%

	Class C
	-0.77%
	-1.90%
	-2.02%
	-0.63%
	-1.79%
	-1.72%

	Class E
	-0.70%
	-1.97%
	-2.05%
	-0.55%
	-1.64%
	-1.78%

	Overall 
	-0.85%
	-1.78%
	-1.81%
	-0.71%
	-1.59%
	-1.63%

	Class D
	-0.77%
	-2.02%
	-1.99%
	-0.58%
	-1.79%
	-1.79%

	
	
	
	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-1.1
	Over BMS-1.1

	
	Y
	U
	V
	Y
	U
	V

	Class A1
	-0.77%
	-0.81%
	-0.93%
	-0.71%
	-0.75%
	-0.99%

	Class A2
	-0.60%
	-0.96%
	-0.66%
	-0.50%
	-0.72%
	-0.60%

	Class B
	-0.65%
	-1.16%
	-1.34%
	-0.59%
	-1.19%
	-1.40%

	Class C
	-0.60%
	-1.43%
	-1.37%
	-0.43%
	-1.13%
	-1.46%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.65%
	-1.12%
	-1.13%
	-0.55%
	-0.99%
	-1.18%

	Class D
	-0.57%
	-1.34%
	-1.43%
	-0.47%
	-1.12%
	-1.09%




[bookmark: _Ref518293098]Table 3. BDRate of SDH with BMS 1.1 (QP=12, 17, 22, 27)
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	All Intra Main10 

	
	Over VTM-1.1

	
	Y
	U
	V

	Class A1
	-1.28%
	-2.03%
	-2.03%

	Class A2
	-1.22%
	-1.90%
	-1.82%

	Class B
	-0.85%
	-1.74%
	-1.75%

	Class C
	-0.83%
	-1.81%
	-1.82%

	Class E
	-1.05%
	-1.87%
	-1.86%

	Overall 
	-1.01%
	-1.85%
	-1.84%

	Class D
	-0.75%
	-1.67%
	-1.70%

	
	
	
	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-1.1

	
	Y
	U
	V

	Class A1
	-1.19%
	-1.63%
	-1.68%

	Class A2
	-1.26%
	-2.09%
	-1.78%

	Class B
	-0.93%
	-1.84%
	-1.67%

	Class C
	-0.78%
	-1.69%
	-1.64%

	Class E
	 
	
	 

	[bookmark: _Hlk518319861]Overall
	-1.01%
	-1.81%
	-1.69%

	Class D
	-0.74%
	-1.69%
	-1.75%



For reference, Table 4 shows BDRate of BM1.1 over BMS1.0 for RA under CTC. The BDRate difference is rather small. 
[bookmark: _Ref518379687]Table 4. BDRate of BMS1.1 over BMS1.0 for RA (QP=22, 27, 32, 37)

	
	Random Access Main 10

	
	BMS1.1 Over BMS-1.0

	
	Y
	U
	V

	Class A1
	0.01%
	-0.04%
	0.03%

	Class A2
	0.01%
	-0.06%
	0.02%

	Class B
	0.01%
	0.01%
	-0.04%

	Class C
	0.01%
	0.01%
	-0.02%

	Class E
	　
	
	　

	Overall
	0.01%
	-0.02%
	-0.01%

	Class D
	0.00%
	-0.01%
	-0.03%



[bookmark: _Hlk519262473][bookmark: OLE_LINK214]Example Syntax and Semantics
We propose the following text be included in the next version of Versatile Video Coding draft specification [3].  The text below is a simplified version of the sign data hiding text in HEVC.
7.3.2.2	Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		…
	…

		sign_data_hiding_enabled_flag
	u(1)

		…
	

	}
	


7.3.4.8	Residual coding syntax

	residual_coding( x0, y0,  tbWidth, tbHeight, cIdx ) {
	Descriptor

	   …
	

			if( … )
	

				signHidden = 0
	

			else
	

				signHidden = lastSigScanPos − firstSigScanPos > 3
	

			}
	

	         …
	

			for( n = 15; n  >=  0; n− − ) {
	

				xC = ( xS  <<  2 ) + ScanOrder[ 2 ][ scanIdx ][ n ][ 0 ] 
	

				yC = ( yS  <<  2 ) + ScanOrder[ 2 ][ scanIdx ][ n ][ 1 ]
	

				if( sig_coeff_flag[ xC ][ yC ]  &&  
				( !sign_data_hiding_enabled_flag  | |  !signHidden  | |  ( n  !=  firstSigScanPos ) ) )
	

					coeff_sign_flag[ n ]
	ae(v)

			}
	

				if( … ) {
	

	                  …
	

					if( sign_data_hiding_enabled_flag  &&  signHidden ) {
	

						sumAbsLevel  +=  ( coeff_abs_level_remaining[ n ] + baseLevel )
	

						if( ( n  = =  firstSigScanPos )  &&  ( ( sumAbsLevel % 2 )  = =  1 ) )
	

							TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ] =
									−TransCoeffLevel[ x0 ][ y0 ][ cIdx ][ xC ][ yC ]
	

					}
	

				}
	

			}
	

		…
	

	}
	



7.4.3.2	Picture parameter set RBSP semantics
sign_data_hiding_enabled_flag equal to 0 specifies that sign bit hiding is disabled. sign_data_hiding_enabled_flag equal to 1 specifies that sign bit hiding is enabled.
[bookmark: _GoBack]Conclusion
[bookmark: OLE_LINK28]Our tests and previous results indicate that SDH provides meaningful performance improvement, particularly for high-quality and high-resolution formats, which might prove to be specifically important for HDR, 360o, and 8K video.
[bookmark: OLE_LINK4][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Sign Data Hiding (SDH) shows near 1% or better performance gain. Performance gain is greatest for sequences having the following characteristics: UHD/HD resolutions, high bitdepth, high bitrate (low QP).  Data reported here indicates that SDH has improved performance with minor complexity impact. It is recommended that Sign Data Hiding be preserved as a core coding tool in VVC.
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