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1 Abstract

In this EE13.13, lossless attributes coding using Integer Haar Transform in m49627 was evaluated compared to TMC13v7 in terms of coding efficiency and complexity. The result shows that Integer Haar Transform does work well on top of new RAHT design in TMC13v7 and it would add the lossless encoding functionality to RAHT.

2 Evaluated method
m49627: lossless attributes coding using Integer Haar Transform harmonized with RAHT [2]
To facilitate hardware implementation, the fixed point RAHT [3][4] was introduced into G-PCC specification. However, lossless compression cannot be realized in it due to square-root and division operation. To realize lossless compression, m49627 proposes to introduce Integer Haar Transform on top of the fixed point RAHT design.
In MPEG 127th meeting, the basic design of fixed point RAHT was updated in m49380[5]. So, in this EE, the integer Haar Transform was also implemented on top of the updated design. In detail, HaarKernel class was implemented, in which forward and inverse transform of Integer Haar Transform proposed in m49627 were defined. Then, in case that Integer Haar Transform flag is turned on, the normalization process with weight value is skipped and forward and inverse transform of Integer Haar Transform is applied instead of RAHT Transform.
The following is the additional specification to TMC13v7.0
· Introduce Integer Haar transform and inverse Haar transfrom with the flag to control it
· If Interger Haar transform flag is equal to 1 then
· skip normalization process with weight value
· set QP = 4 (lossless setting)
· conduct shift operation to remove the floating point precision
Figure 1 shows the Fixed Point RAHT process in TMC13v7.0 and Figure 2 shows the implementation of integer Haar transform on top of Fixed Point RAHT. In Figure 2, the yellow block and blue sentenses are related to additional functions to introduce lossless coding with Integer Haar Transform. 
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Figure 1: Fixed point RAHT and prediction process overview in TMC13v7.0
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Figure 2: Integer Haar transform on top of fixed point RAHT process

3 Experimental results
The Integer Haar Transform was implemented into TMC13v7 and by running CTC [1] test on CW (Lossless geometry, Lossless attributes). The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2. 
In this experiment, the following settings of Integer Haar Transform were tested compared to Predicting Transform.
· Upsampled transform domain prediction is turned off (rahtPredictionEnabled = 0)
· Upsampled transform domain prediction is turned on (rahtPredictionEnabled = 1)
Table 1 shows the result with rahtPredictionEnabled = 0 compared to TMC13v7 anchor with the Predicting transform. From the result, there is an overall average of 3.0% loss in coding performance. The loss is more apparent in color attributes compare to reflectance. But in terms of encoding and decoding time, there is a 22% and 38% speed advantage. These results are similar trend as the one which was reported in m49627. It means that Integer Haar Transform does work well on top of new RAHT design in TMC13v7 and it could add the lossless encoding functionality to RAHT. Detailed result is included in the attached excel sheet (pcc-tmc3v7.0_octree_predlift_vs_EE13.13_IntegerHaar_pred0.xlsm).
[bookmark: _Ref13151467]Table 1: Summarized result of Integer Haar Transform with rahtPredictionEnabled = 0 compared to TMC13v7 anchor with Predicting transform
[image: ]
Table 2 shows the result with rahtPredictionEnabled = 1 compared to TMC13v7 anchor with the Predicting transform. From the result, there is an overall average of 1.8% loss in coding performance. By applying upsampled transform domain prediction for Integer Haar Transform, the loss of Cat1 contents was decreased in about 7% while the one of Cat3 contents was increased in about 4%. It seems that the density of input point cloud might affect the performance of the prediction and it would be recommended to turn off the prediction in encoding Cat3 contents with Integer Haar Transform. Detailed result is included in the attached excel sheet (pcc-tmc3v7.0_octree_predlift_vs_EE13.13_IntegerHaar_pred1.xlsm).
[bookmark: _Ref20946522]Table 2: Summarized result of Integer Haar Transform with rahtPredictionEnabled = 1 compared to TMC13v7 anchor with Predicting transform
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Additionally, to compare the compression efficiency with the similar computation time, the value of “SearchRange” parameter on Predicting Transform was adjusted. Table 3 and Table 4 show the result with rahtPredictionEnabled = 0 compared to Predicting transform with SearchRange = 8 and 4. The difference of the performance between Integer Haar Transform and Predicting Transform becomes small in case of smaller SearchRange value. Detailed result is included in the attached excel sheet (pcc-tmc3v7.0_octree_predlift_sr8_vs_EE13.13_IntegerHaa
r_pred0.xlsm and pcc-tmc3v7.0_octree_predlift_sr4_vs_EE13.13_IntegerHaar_pred0.xlsm).
[bookmark: _Ref20948484]Table 3: Summarized result of Integer Haar Transform with rahtPredictionEnabled = 0 compared to Predicting transform with SearchRange = 8
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[bookmark: _Ref20948495]Table 4: Summarized result of Integer Haar Transform with rahtPredictionEnabled = 0 compared to Predicting transform with SearchRange = 4
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4 Conclusion 
In this contribution, we reviewed the results of EE13.13 on lossless attributes coding using Integer Haar Transform which can co-exist with RAHT by minor modification. The result showed that Integer Haar Transform does work well on top of new RAHT design in TMC13v7 and it would add the lossless encoding functionality to RAHT. Based on this result, we would suggest to adopt EE13.13 method into next TMC13.
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Geometry Colour Reflectance Total

Cat1-A average 100.0% 112.0% 108.6%

Cat1-B average 100.0% #VALUE! 100.0%

Cat3-fused average 100.0% 109.5% 104.5% 104.1%

Cat3-frame average 100.0% 105.5% 100.8%

Overall average 100.0% #VALUE! 105.1% 103.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

78%

72%
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Geometry Colour Reflectance Total

Cat1-A average 100.0% 105.0% 103.6%

Cat1-B average 100.0% #VALUE! 100.0%

Cat3-fused average 100.0% 113.8% 105.0% 105.8%

Cat3-frame average 100.0% 108.6% 101.3%

Overall average 100.0% #VALUE! 107.2% 101.8%

Avg. Enc Time [%]

Avg. Dec Time [%]

107%

106%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]
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Geometry Colour Reflectance Total

Cat1-A average 100.0% 109.3% 106.7%

Cat1-B average 100.0% #VALUE! 100.0%

Cat3-fused average 100.0% 106.2% 101.6% 102.6%

Cat3-frame average 100.0% 101.9% 100.3%

Overall average 100.0% #VALUE! 101.8% 102.3%

Avg. Enc Time [%]

Avg. Dec Time [%]

101%

98%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]
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Geometry Colour Reflectance Total

Cat1-A average 100.0% 104.0% 102.9%

Cat1-B average 100.0% #VALUE! 100.0%

Cat3-fused average 100.0% 92.7% 86.5% 95.1%

Cat3-frame average 100.0% 85.8% 97.5%

Overall average 100.0% #VALUE! 86.1% 100.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

106%

105%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]
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