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Abstract
We propose the use of codeword restrictions within the HEVC system.  A codeword restriction is a bound on the allowed codewords, or pixel values, within the reconstruction loop.  Here, we accomplish the restriction by simply modifying the clipping points that follow the motion compensation and adaptive loop filter processes.  In terms of performance, we observe improvements for image sequences with high contrast but with pixel values that do not cover the full input dynamic range.  For example, we observe that the BQSquare sequence is improved by 3% and 1.9% for Hierarchical-B and IPPP coding, respectively, with the modified clip points.  We assert that codeword restriction is simply a bugfix in the HEVC design and recommend adoption of the technique into the TMuC system.
1 Introduction
One differentiating property of the HEVC system is the adaptivity of the system to the statistics of the input signal.  This adaptivity is evident in the motion interpolation design that incorporates sets of filter to accommodate different signal characteristics.  This adaptivity is also evident in the adaptive loop filter design that allows the loop filter to be designed at the encoder and transmitted to the decoder.

The additional adaptivity provides increased coding efficiency for many sequences.  However, in the current HEVC design, it also results in dynamic range expansion.  For image sequences that are transmitted at full range, e.g., [0,255] in 8-bit, this dynamic range expansion is not an issue.  The decoding process currently restricts intermediate values to the full range, and so any dynamic range expansion is handled implicitly.
A problem occurs when the input data is not full range.  One very common scenario is when image data is stored with “broadcast legal values”.  In this case, the luma signal is traditionally in the range [16, 235] and chroma is traditionally in the range [16,240].  When data in this format is processed by the TMuC design, the reconstructed pixel values may exceed the range of the input values.  This is because the decoder restricts the values to full range and not a restricted range.

Here, we suggest a straightforward solution to the problem.  Specifically, we allow an encoder to transmit the input luma and chroma range to a decoder.  The decoder then uses these range values during the clipping operation.  The entire system consists solely of a change of the clipping points following the motion compensation and adaptive loop filter process.
2 Results

We integrated the codeword restriction operations into TMuC_0.3.  We then tested the restriction operation on sequences that did not contain the full range of input pixel values (the pixel values did not span [0,255]).  The BQSquare sequence resulted in the largest improvement and best evidence of the bug in the TMuC design.  Results are shown in Figure 1, and the BD-rate improvement of using the codeword restriction is 3.1%.  We note that due to the nature of the system, there is never a decrease in coding efficiency.
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Figure 1: RD plots of the TMuC software with and without codeword restrictions.  The modified codeword restrictions result in a 3.1% bit-rate improvement and no impact on decoder complexity.

3 Syntax
We propose to support the codeword restriction with the following syntax and semantics
	pic_parameter_set_rbsp( ) {
	C
	Descriptor

	
pic_parameter_set_id
	1
	ue(v)

	
seq_parameter_set_id
	1
	ue(v)

	
…
	
	

	
codeword_restrict_flag
	1
	u(1)

	
if( codeword_restrict_flag )
	
	

	
{
	
	

	

codeword_restrict_blegal_flag
	1
	u(1)

	

if( !codeword_restrict_blegal_flag )
	
	

	

{
	
	

	


codeword_restrict_sameC_data_flag
	1
	u(1)

	


codeword_restrict_minY
	1
	ue(v)

	


codeword_restrict_maxY
	1
	ue(v)

	


codeword_restrict_minCr
	1
	ue(v)

	


codeword_restrict_maxCr
	1
	ue(v)

	


if( codeword_restrict_sameC_data_flag )
	
	

	


{
	
	

	



codeword_restrict_minCb = codeword_restrict_min_Cr
	
	

	



codeword_restrict_maxCb = codeword_restrict_max_Cr
	
	

	


} else {
	
	

	



codeword_restrict_minCr
	1
	ue(v)

	



codeword_restrict_maxCr
	1
	ue(v)

	


}
	
	

	

}
	
	

	
	
	


Semantices

codeword_restrict_flag equal to 1 denotes that codeword restrictions are signaled in the bit-stream and that the codeword restriction process is enabled prior to storing frames in the prediction buffer.

codeword_restrict_blegal_flag equal to 1 denotes that codeword restriction operator shall use the broadcast legal codewords in the restriction process.  When this flag is true, codeword_restrict_minY shall be 16, codeword_restrict_maxY shall be 235, codeword_restrict_minCb and codeword_restrict_minCr shall be 16 and codeword_restrict_maxCb and codeword_restrict_maxCr shall be 240.

codeword_restrict_sameC_data_flag equal to 1 denotes that codeword restrictions are the same for all chroma channels.

codeword_restrict_minY defines the minimum allowable codeword for the luma channel.  Codewords less than this minimum value shall be replaced by the minimum value.

codeword_restrict_maxY defines the maximum allowable codeword for the luma channel.  Codewords greater than this maximum value shall be replaced by the maximum value.

codeword_restrict_minCb defines the minimum allowable codeword for the Cb channel.  Codewords less than this minimum value shall be replaced by the minimum value.

codeword_restrict_maxCb defines the maximum allowable codeword for the Cb channel.  Codewords greater than this maximum value shall be replaced by the maximum value.

codeword_restrict_minCr defines the minimum allowable codeword for the Cr channel.  Codewords less than this minimum value shall be replaced by the minimum value.

codeword_restrict_maxCr defines the maximum allowable codeword for the Cr channel.  Codewords greater than this maximum value shall be replaced by the maximum value.

4 Conclusion
We observe that the additional adaptivity in the TMuC design may result in dynamic range expansion of the reconstructed frame.  This is problematic for sequences that do not use the entire input dynamic range, as the coding process may produce pixel values that are outside of the dynamic range of the source.  To overcome this bug, we suggest modifying the clipping points within the TMuC to account for the dynamic range of the input source.  This provides improved coding efficiency for select sequences and requires no additional calculations.  We request that the JCT-VC adopt this technique as a bugfix.
5 Patent rights declaration(s)
SHARP Labs of America may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
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