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Abstract

In HM-3.0, the least probable symbol (LPS) range table in CABAC has 4 columns (64*4*8 bits). This contribution used a 3-column table composed of two columns of LPS ranges (64*2*8 bits) and one column of refinement values (64*1*5 bits) to simulate an 8-column LPS range table (64*8*8 bits) on the fly. In comparison with the 4-column table, the simulated table could reduce quantization errors of LPS ranges without increasing the table size; on the contrary, it could reduce the table size. It was reported that 0.1% bit rate reduction could be achieved in HE-AI, HE-RA, and HE-LD cases while the overall LPS range table size was reduced by 34%.
1 Introduction
Binary arithmetic coding is a recursive interval-subdividing procedure. An output bitstream is a pointer to a probability of a final coding interval. The probability of a coding interval is specified by range and low. Low is the lower bound of coding interval, and range is the possible scope of the coding interval. Depending on the corresponding context with probability stateσ, the range is divided into rangeMPSσ (range of the most probable symbol in stateσ) and rangeLPSσ (range of the least probable symbol in stateσ). In theory, the rangeLPSσ value of a probability stateσ is derived by rangeLPSσ= range × pσ , where pσ is the probability to select the LPS. In the CABAC context model of HM-3.0, there are 64 probability states, and σ can be 0-63. The rangeMPSσ is equal to range minus rangeLPSσ.
To reduce the computation of deriving LPS ranges (rangeLPSσ), results of all conditions can be pre-calculated and stored in a look-up table. Therefore, the LPS range can be obtained without any multiplication. In HM-3.0, a 4-column pre-calculated LPS range table is adopted, as described in JCTVC-E603 [1] and shown in Table 1. The range is divided into four segments. The segment index can be derived by (range>>6)&3. In each segment, the LPS range of each probability stateσ is pre-defined. In other words, the LPS range of a probability stateσ is quantized into four values. Which one of the four LPS ranges is used depends on which segment the range belongs to. It is a trade-off between the number of table columns and the LPS range precision. Generally speaking, more columns result in smaller quantization errors of LPS range values and larger memory while fewer columns increase quantization errors with reduced memory. In this contribution, we try to improve coding efficiency and reduce table size at the same time. The rest of this contribution is organized as follows. The proposed algorithm will be described in Section 2, simulation results will be shown in Section 3, and conclusions will be given in Section 4.
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2 Algorithm description
In our method, two columns of LPS ranges and one column of refinement values are used to generate an 8-column LPS range table for reducing quantization errors, as shown in Table 2. In the proposed LPS range derivation method, the range is divided into eight segments. The range segment index can be derived by (range>>5)&7. For range segment index equal to 0-3, the first LPS range column and the refinement value are utilized to derive the LPS range. For range segment index equal to 4-7, the second LPS range column and the refinement value are utilized to derive the LPS range.
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In each state, the LPS range value of a range segment index can be derived as follow: 
· The LPS range value of range segment index equal to 0 = the LPS range value of range segment index equal to 1 in Table 2 – the corresponding refinement value.

· The LPS range value of range segment index equal to 1 = the LPS range value of range segment index equal to 1 in Table 2.

· The LPS range value of range segment index equal to 2 = the LPS range value of range segment index equals to 1 in Table 2 + the corresponding refinement value.

· The LPS range value of range segment index equal to 3 = the LPS range value of range segment index equal to 1 in Table 2 + (2 × the corresponding refinement value).
· The LPS range value of range segment index equal to 4 = the LPS range value of range segment index equal to 5 in Table 2 – the corresponding refinement value.

· The LPS range value of range segment index equal to 5 = the LPS range value of range segment index equal to 5 in Table 2.

· The LPS range value of range segment index equal to 6 = the LPS range value of range segment index equal to 5 in Table 2 + the corresponding refinement value.

· The LPS range value of range segment index equal to 7 = the LPS range value of range segment index equal to 5 in Table 2 + (2 × the corresponding refinement value).
Figure 1 shows an example of the proposed LPS range derivation method. Two columns of LPS ranges and one column of refinement values are used to generate an 8-column LPS range table. The columns of indices 1 and 5 in the 8-column table are preserved and used as the two columns of LPS ranges in Table 2. Besides, a delta (△) value for each state is used for approximating the rest six columns in the 8-column table.
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State

… … … … … … … … … …

9  - Δ 95  + Δ  + 2Δ  - Δ 135  + Δ  + 2Δ 10

10  - Δ 90  + Δ  + 2Δ  - Δ 128  + Δ  + 2Δ 10

11  - Δ 86  + Δ  + 2Δ  - Δ 122  + Δ  + 2Δ 9

12  - Δ 81  + Δ  + 2Δ  - Δ 115  + Δ  + 2Δ 9

13  - Δ 77  + Δ  + 2Δ  - Δ 110  + Δ  + 2Δ 8

14  - Δ 73  + Δ  + 2Δ  - Δ 104  + Δ  + 2Δ 8

15  - Δ 69  + Δ  + 2Δ  - Δ 99  + Δ  + 2Δ 7

16  - Δ 66  + Δ  + 2Δ  - Δ 94  + Δ  + 2Δ 7

… … … … … … … … … …
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State
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9 85 95 105 115 125 135 145 155 10

10 80 90 100 110 118 128 138 148 10

11 77 86 95 104 113 122 131 140 9

12 72 81 90 99 106 115 124 133 9

13 69 77 85 93 102 110 118 126 8

14 65 73 81 89 96 104 112 120 8

15 62 69 76 83 92 99 106 113 7

16 59 66 73 80 87 94 101 108 7

… … … … … … … … … …
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Figure 1.  An example of the proposed LPS range derivation method.
3 Simulation results
The proposed approach was implemented on HM-3.0. High efficiency all intra (HE-AI), high efficiency random access (HE-RA), and high efficiency low delay (HE-LD) configurations were simulated according to JCTVC-E700 [2]. Table 3 shows the experimental results of proposed method. The bit rate was reduced by 0.1%. The encoding time and decoding time were the same as the anchor. The overall table size of LPS ranges was reduced by 34%. In HM-3.0, 2048 (64*4*8) bits are required for the LPS range table. In the proposed method, 1344 (64*2*8 + 64*1*5) bits are required for the LPS ranges and refinement values.
Table 3.  Results of the proposed method.
	
	Intra
	Random access
	Low delay

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.1 
	-0.1 
	0.0 
	-0.2 
	-0.3 
	-0.4 
	　
	　
	　

	Class B
	-0.1 
	0.0 
	0.0 
	-0.1 
	-0.1 
	0.0 
	-0.1 
	0.1 
	0.2 

	Class C
	-0.1 
	0.0 
	0.0 
	-0.1 
	0.1 
	0.0 
	-0.1 
	-0.2 
	0.1 

	Class D
	-0.1 
	0.0 
	0.0 
	0.0 
	-0.1 
	-0.2 
	-0.1 
	0.2 
	1.2 

	Class E
	-0.1 
	-0.1 
	-0.1 
	　
	　
	　
	-0.2 
	0.3 
	0.0 

	All
	-0.1 
	0.0 
	0.0 
	-0.1 
	-0.1 
	-0.1 
	-0.1 
	0.1 
	0.4 

	Enc Time[%]
	99%
	100%
	100%

	Dec Time[%]
	100%
	100%
	100%


4 Conclusions
MediaTek proposed a new LPS range derivation method that could reduce memory for the LPS range table while providing small coding gain. In this approach a 2-column LPS range table and a small refinement value table were used to generate an 8-column LPS range table while in HM-3.0 a 4-column LPS range table is used. The results reportedly showed that the bit rate was reduced by 0.1% in HE-AI, HE-RA, and HE-LD cases without encoding or decoding time increase. The overall size of the LPS range table was reduced by 34%.
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Table 1.  The LPS range table in HM-3.0.
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Table 2.  The LPS range table in HM-3.0.
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