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Abstract
This document claims to reduce the bit cost for coding delta QPs when adaptive QP methods are used. In order to reduce the amount of bits spent on delta QPs, a QP table based algorithm is proposed for further study. Bit-rate reductions up to 1.2% are reported in the document based on simulations of captured TV bitstreams encoded by six different AVC broadcast encoders. The document proposes the described algorithm to be studied further in JCT-VC, preferable in a CE.
1 Introduction
Subjective video compression gains can be achieved by changing the QP within pictures. Applying a low QP in an area will generate more bits compared to a higher QP but the coding distortion will be lower. A lower QP can advantageously be used on areas that have smooth textures and a higher QP can be used on textured areas. This improves the subjective video quality since the human visual system will easily detect distortion in a smooth area, while the same amount of distortion in a highly textured area will go unnoticed. This technique is widely used in video encoder products. In this document we will refer to this technique as using adaptive QP.
By investigating 6 captured AVC TV broadcast bitstreams using adaptive QP from different channels, we found that the percentage of delta QP (dQP) bit cost over the total bits of the bitstream ranges from 2.27% to 4.19%, with an average of 2.99%. We believe all 6 bitstreams come from different AVC encoders. Table 1 reports the investigation. 
	Captured bitstream
	dQP bit cost (%)
	A = Average QP span per slice
	B = Average number of different QP values used per slice
	A / B (QP distribution indicator)

	1
	2.56%
	6.67
	3.0
	2.22

	2
	2.48%
	10.22
	11.1
	0.92

	3
	4.19%
	11.88
	12.9
	0.92

	4
	3.93%
	12.56
	13.1
	0.96

	5
	2.48%
	5.56
	3.0
	1.85

	6
	2.27%
	7.20
	3.8
	1.89


Table 1 - AVC dQP statistics
The dQP bit cost in Table 1 is the amount of bits spent on dQP for each bitstream. The number of bits spend on dQP was calculated from the entropy of the CABAC probabilities during decoding. In addition to that, the number of bits read by CABAC during dQP decoding was also counted. Both methods gave very similar results.

The QP span of a slice is the value of the maximum QP minus the minimum QP used in that particular slice. The average QP span per slice in Table 1 is the average of all QP spans in the bitstream. The QP distribution is indicated by the average QP span per slice divided by the average number of different QP values used per slice. It shows how sparse/condense the QPs are distributed in the bitstream. 
Table 1 indicates that the amount of bits spent on dQP is not negligible. Table 1 also shows that some commercially used AVC encoders use adaptive QP algorithms that result in sparse QP distributions. 

However, the current dQP coding method does not model sparse QP distribution very well.
2 Proposal 

The basic idea of the proposed algorithm is to let both the encoder and decoder keep a QP-table containing all possible QP values. Where previously a delta QP would have been encoded, an index to a QP-table entry is sent instead. The QP-tables are updated for each QP such that the tables are sorted on how recently used the QP values are. This enables more recently used QP values to be represented by fewer bits compared to QP values that were used a long time ago or not yet used at all. 

At the decoder side, the QP-table indices are decoded in order to get the QP values to use. The decoder QP table will after decoding of each QP be updated using the same method as for the encoder.
Since the current dQP signaling method and the proposed method targets different encoder QP assignment strategies, a PPS flag could be used to switch between the proposed and the current dQP signaling schemes.
2.1 Initialization of the QP table
It is important that the QP tables in the encoder and decoder are synchronized at all times. This means that the initialization of the tables for each slice has to be identical. We propose that the SliceQP is used for initialization and Table 1 shows an example QP table after initialization given a SliceQP of 25.

	Index
	QP

	0
	25

	1
	26

	2
	24

	3
	27

	4
	23

	5
	28

	…
	…


Table 1 - QP-table example
The initialization starts by inserting the SliceQP (25 in our example) at the first position in the QP table. Then QP values are added to the table with the QP value closest to the SliceQP first, then the second closest QP and so on.

2.2 Updating the QP table and generating output
The encoder then encodes the CUs one by one. For each block, the encoder decides what QP to use. Let us call this QP currentQP. After a QP value is sent the QP table is updated. The encoder first finds currentQP in the QP table. Then the corresponding table index is encoded and sent to the decoder. CurrentQP is then removed from the table and all QP values above are shifted down 1 position, leaving index 0 empty. Finally, currentQP is put back at index 0. Note that if currentQP is found at index 0 (equivalent to a dQP equal to 0), the table is kept as-is.
For example, assume that currentQP is 23 and that Table 1 shows the QP-table before update. QP 23 is found at index 4, which is the index to send to the decoder. Table 2 then shows the updated QP table.
	Index
	QP

	0
	23

	1
	25

	2
	26

	3
	24

	4
	27

	5
	28

	…
	…


Table 2 - Updated QP-table example
The syntax element for delta QP used in HEVC is cu_qp_delta, for which the decoded value is a signed integer. Instead of using a delta QP value, the proposed method uses a QP table index which is an unsigned integer. The proposed method uses the same binarization, contexts and coding as cu_qp_delta with the mapping shown in Table 3.

	dQP, current method
	Index, proposed method

	0
	0

	1
	1

	-1
	2

	2
	3

	-2
	4

	3
	5

	…
	…


Table 3 – dQP in current method and table index in proposed method 

For CAVLC coding the index is sent as a ue(v) which also is identical to the current HEVC method except for the mapping shown in Table 3.
3 Simulation results 
The AVC bitstreams from Table 1 were used for testing the QP table based algorithm. The dQP parts of the bitstreams were transcoded using the proposed algorithm. Table 4 shows the bitrate reductions.
	Captured bitstream
	dQP bit cost (%), current dQP method
	dQP bit cost (%), proposed dQP method
	Bitrate reductions

	1
	2.56%
	1.34%
	-1.22%

	2
	2.48%
	2.53%
	0.05%

	3
	4.19%
	4.35%
	0.16%

	4
	3.93%
	3.82%
	-0.11%

	5
	2.48%
	1.39%
	-1.09%

	6
	2.27%
	1.47%
	-0.80%


Table 4 – Simulation results
4 Conclusions
The presented QP-table based algorithm indicates that the compression performance when adaptive QP is used can be increased by up to 1 percent. Therefore further study of the presented algorithm is proposed to be carried out in JCT-VC, preferably in a CE.
5 Patent rights declaration(s)
Ericsson may have current or pending patent rights 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).

Page: 1
Date Saved: 2011-07-01

