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Abstract
In this document we provide a bug-fix for the Lifting quantization scheme.
1 Introduction
Recent investigations performed in the context of Panasonic’s EE13.5 [1] showed that for some QP values, point clouds encoded with Lifting scheme presented unexpected distortions, as illustrated in Figure 1. See how for QP = 51 the point cloud looks much more distorted than the point clouds encoded with the neighboring QPs (50 and 52). 
[image: ]
Figure 1 Unexpected distortion for QP = 51.







Table 1 shows the function from which the observed unexpected distortion is derived. Since kFixedPointWeightShift = 8, fixedPointQpOffset = (8 / 2) * 6 = 24. Consider the situation where sliceQpLuma and sliceQpChroma are originally equal to 52. Applying the suggested offset, both QPs become 52+24 = 76. Although “the lifting transform has extra fractional bits that equate to increasing the QP”, the original pair of forward and inverse quantization tables proposed in [1] was not designed to operate in such range of QPs.
	Table 1 Part of the code that generates the unexpected distortion.

	Quantizers
deriveQuantizers(
  const AttributeParameterSet& attr_aps,
  const AttributeBrickHeader& abh,
  int qpLayer)
{
  int sliceQpLuma = attr_aps.init_qp;
  int sliceQpChroma = attr_aps.init_qp + attr_aps.aps_chroma_qp_offset;
  ...
  // the lifting transform has extra fractional bits that equate to
  // increasing the QP.
  if (attr_aps.attr_encoding == AttributeEncoding::kLiftingTransform) {
    int fixedPointQpOffset = (kFixedPointWeightShift / 2) * 6;
    sliceQpLuma += fixedPointQpOffset;
    sliceQpChroma += fixedPointQpOffset;
  }
  ...
}



As can be observed in Figure 2 (a), the PSNR plot for CTC rates presents the expected behaviour. However, if we consider a shifted QP interval determined by fixedPointQpOffset, the rate-distortion behaviour becomes unstable for low bitrates, as shown in Figure 2 (b). Note that this new QP interval has been imposed by the function in Table 1 and must somehow be taken into consideration in the quantization step derivation.
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(a)                                                                              (b)
Figure 2 PSNR plots for CTC and extender QP interval (kQpStep x kQpStepRecip ≈ 222).
Next, we present a proposal to solve this issue.
2 Proposed Solution
Currently, the quantization scheme in TMC13 is performed using a pair of tables, as defined in [2]:

kQpStep[6] = {161, 181, 203, 228, 256, 287},

kQpStepRecip[6] = {26052, 23173, 20662, 18396, 16384, 14614}.

These tables were designed such that,

kQpStep x kQpStepRecip ≈ 222.

In order to avoid the problem described in the previous section, we propose to increase the number of fractional bits in the forward quantization, such that

kQpStep x kQpStepRecip ≈ 226.
        
This adjustment results in the new pair of tables,

kQpStep[6] = {161, 181, 203, 228, 256, 287},

kQpStepRecip[6] = {416825, 370767, 330586, 294337, 262144, 233829}.


Figures 3 shows PSNR plots for: (a) QPs in the CTC; and (b) shifted range of QPs. It is important to highlight that (a) is a subset of (b) in a rate-distortion sense. And also, that Figure 2 (a) and Figure 3 (a) present the same results. In other words, the change of fractional bits in the quantization scheme does not affect the results for the CTC rates.
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(a)                                                                              (b)
Figure 3 PSNR plots for CTC and shifted QP interval (kQpStep x kQpStepRecip ≈ 226)
Figure 4 shows the encoded point cloud using the enhanced kQpStepRecip. See how for QP = 51 the result seems more natural.

[image: ]
Figure 4  Results for the enhanced kQpStepRecip.
3 Conclusion
In this document we proposed increasing the precision of the quantization scheme in order to deliver better quality point clouds for the whole range of possible QPs in the Lifting scheme. Lifting presented distortions for low bitrates, which were avoided by the proposed modification.
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