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Abstract
This contribution proposes to fix the problems of slice-level multi-QP optimization in VTM software. The main modifications this contribution proposes to the slice-level multi-QP optimization of the original version in VTM are as follows:
1. This contribution proposes to modify the QP-lambda relationship in slice-level multi-QP RDO.
2. This contribution proposes to fix the slice-level lambda while traversing the QP within a predefined range.
3. It is proposed in this contribution to disable CU-level mode reuse when multi-QP optimization is enabled.
The test results show that the fix brings significant performance improvement compared with the original implementation as follows:
[bookmark: _GoBack]AI: {-8.25%, -5.68%, -6.00%}; RA: {xx%, xx%, xx%}; LDB: {-5.28%, -3.96%, -3.34%}
Introduction
Slice-level multi-QP optimization is an algorithm that traverses different slice-level QPs, and then selects the best one by comparing the RD cost of different QPs. A fixed slice-level lambda should be used when calculating the RD-cost in the process of multi-QP RDO.
There are some problems in the current VTM implementation of slice-level multi-QP optimization. This contribution proposes to fix these problems.
Proposal
Fix the QP-lambda relationship bug in slice-level multi-QP RDO
The QP-lambda relationship used in the original multi-QP optimization implementation is proposed in JVT-AE010 [1], and it is inconsistent with the current QP-lambda relationship. Therefore, we modify this calculation process as follows to align to align the correct QP-lambda relationship used by other parts of the current VTM.

Table 1: proposed source code modification to correct the QP-lambda relationship in slice-level multi-QP RDO
	#if FIX_MULTIQP
dFrameLambda = m_vdRdPicLambda[0];
#else
int SHIFT_QP = 12 + 6 * (pcSlice->getSPS()->getBitDepth(CHANNEL_TYPE_LUMA) – 8 -DISTORTION_PRECISION_ADJUSTMENT(pcSlice->getSPS()->getBitDepth(CHANNEL_TYPE_LUMA)));

  // set frame lambda
  if (m_pcCfg->getGOPSize() > 1)
  {
    dFrameLambda = 0.68 * pow (2, (m_viRdPicQp[0]  - SHIFT_QP) / 3.0) * (pcSlice->isInterB()? 2 : 1);
  }
  else
  {
    dFrameLambda = 0.68 * pow (2, (m_viRdPicQp[0] - SHIFT_QP) / 3.0);
  }
#endif   // FIX_MULTIQP 


m_vdRdPicLambda[0] is the corresponding lambda of the slice-level QP calculated by calling calculateLambda() in initEncSlice(), which is consistent with the current VTM implementation.

Fix the setting of slice-level lambda in multi-QP optimization
In the original slice-level multi-QP optimization implementation in VTM, the lambda is also changed when traversing different QPs in the multi-QP RDO process. As we are performing RDO under a slice-level lambda, the lambda should not be changed. Therefore, we propose to fix the slice-level lambda, and only traverse different QPs to obtain the best QP. The modifications are as follows.

Table 2: proposed source code modification to fix the setting of slice-level lambda in multi-QP optimization
	for ( uint32_t uiQpIdx = 0; uiQpIdx < 2 * m_pcCfg->getDeltaQpRD() + 1; uiQpIdx++ )
  {
pcSlice       ->setSliceQp             ( m_viRdPicQp    [uiQpIdx] );
#if FIX_MULTIQP
    setUpLambda(pcSlice, m_vdRdPicLambda[0], m_viRdPicQp    [0]);
#else
    setUpLambda(pcSlice, m_vdRdPicLambda[uiQpIdx], m_viRdPicQp    [uiQpIdx]);
#endif   // FIX_MULTIQP 
    
    // try compress
    compressSlice   ( pcPic, true, m_pcCfg->getFastDeltaQp());

    uint64_t uiPicDist        = m_uiPicDist; // Distortion, as calculated by compressSlice.
    // NOTE: This distortion is the chroma-weighted SSE distortion for the slice.
    //       Previously a standard SSE distortion was calculated (for the entire frame).
    //       Which is correct?
#if W0038_DB_OPT
    // TODO: Update loop filter, SAO and distortion calculation to work on one slice only.
    // uiPicDist = m_pcGOPEncoder->preLoopFilterPicAndCalcDist( pcPic );
#endif
    // compute RD cost and choose the best
    double dPicRdCost = double(uiPicDist) + dFrameLambda * double(m_uiPicTotalBits);
 
    if ( dPicRdCost < dPicRdCostBest )
    {
      uiQpIdxBest    = uiQpIdx;
      dPicRdCostBest = dPicRdCost;
    }
  }

  // set best values
  pcSlice       ->setSliceQp             ( m_viRdPicQp    [uiQpIdxBest] );
#if FIX_MULTIQP
    setUpLambda(pcSlice, m_vdRdPicLambda[0], m_viRdPicQp    [0]);
#else
    setUpLambda(pcSlice, m_vdRdPicLambda[uiQpIdxBest], m_viRdPicQp    [uiQpIdxBest]);
#endif   // FIX_MULTIQP 



Disable CU-level mode reuse when slice-level multi-QP optimization is enabled
We also observe that there is a conflict between slice-level multi-QP optimization and the macro definition REUSE_CU_RESULTS. 
When REUSE_CU_RESULTS is enabled, the cache saving previous encoding results will affect the mode selection of the current block. However, when the slice-level multi-QP optimization is also enabled, the encoding results under the previous QPs will be retained in the cache. Therefore, when both slice-level multi-QP optimization and REUSE_CU_RESULTS are enabled, the coding results under previous QPs saved in the cache may influence the mode selection of the current block, leading to a crash. We propose to simply disable REUSE_CU_RESULTS when the slice-level multi-QP is enabled.

Table 3: proposed source code modification to disable CU-level mode reuse when slice-level multi-QP optimization is enabled
	#if FIX_MULTIQP
#define REUSE_CU_RESULTS                                  0
#else
#define REUSE_CU_RESULTS                                  1
#endif   // FIX_MULTIQP 



Experimental results
The VTM software modified as proposed in this contribution has been tested under the JVET common test conditions [2] in VTM-19.2. It can be seen the coding results of the modified implementation brings significant performance improvements of about 8.25% (All Intra), x.xx% (Random Access), and 5.28% (Low delay B) in Y-BDBR compared to the original multi-QP optimization.
The value of DeltaQpRD is set to 5 when slice-level multi-QP optimization is on in the experiments.

Table 4: Performance of fixed slice-level multi-QP optimization compared with original implementation (All Intra)
	
	Over VTM19.2 multiQP_anchor

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-9.18%
	2.85%
	-1.59%
	100%
	99%

	Class A2
	-9.38%
	-4.13%
	-4.38%
	100%
	101%

	Class B
	-8.31%
	-7.76%
	-6.98%
	100%
	100%

	Class C
	-7.20%
	-9.09%
	-8.54%
	99%
	101%

	Class E
	-7.51%
	-7.77%
	-7.03%
	100%
	101%

	Overall 
	-8.25%
	-5.68%
	-6.00%
	100%
	100%

	Class D
	-7.61%
	-8.35%
	-8.60%
	100%
	101%

	Class F (optional)
	
	
	
	
	




Table 5: Performance of fixed slice-level multi-QP optimization compared with original implementation (Random Access)
	
	Over VTM19.2 multiQP_anchor

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-11.15%
	-6.58%
	-6.58%
	100%
	100%

	Class C
	-10.49%
	-7.26%
	-9.33%
	100%
	99%

	Class E
	
	
	
	
	

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	-10.20%
	-7.54%
	-7.61%
	99%
	101%

	Class F (optional)
	
	
	
	
	



Table 6: Performance of fixed slice-level multi-QP optimization compared with original implementation (Low delay B)
	
	Over VTM19.2 multiQP_anchor

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	-8.22%
	-6.97%
	-6.04%
	100%
	100%

	Class C
	-3.48%
	-5.86%
	-7.32%
	100%
	100%

	Class E
	-2.78%
	3.61%
	6.49%
	100%
	100%

	Overall
	-5.28%
	-3.96%
	-3.34%
	100%
	100%

	Class D
	-4.81%
	-3.40%
	-4.08%
	100%
	101%

	Class F (optional)
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