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Abstract
This contribution reports the impact of secondary color transfer methods in the decoder. It also suggests limiting the search range of the color transfer method currently used in the s/w to reduce decoding time with a negligible performance impact. Without applying a color transfer process on the decoder, RD performance is reduced on average by 1.3%, 0.2%, and 0.3% for the luma, cb, and cr  components respectively for the All Intra case and 1.0%, 0.2%, 0.3% for the luma, cb, and cr  components respectively for the Random Access case compared to when this process is used. The decoder time savings is, however, ~40%. The loss mainly comes from one sequence, “queen” with actual loses of 7.4%, 0.8% and 1.6% for All Intra and 5.3%, 0.8%, 1.3% for Random Access for the luma, cb and cr component respectively. The proposed method improves the complexity of the currently activated color transfer method in the decoder and reduces processing time with a slight RD impact on the queen sequence. The proposed method shows a BD-rate impact of 0.2%, 0.1%, and 0.2% on average for each color component using the All Intra case and 0.2%, 0.2% and 0.3% for Random Access case while having a complexity reduction of average 17% in terms of decoding time.  
Introduction
The color/attribute transfer process can be applied to each attribute component, e.g. color component, associated with the smoothed geometry point clouds after the geometry smoothing is applied at the decoder.  This optional process can be done to adjust and correct these attribute component values according to the changes introduced to the geometry coordinates of each point by this process. The attribute transfer is not a normative process and can be implementation specific or could be omitted completely from an implementation. In particular, if the process is omitted, the decoder can save ~40% of the decoding time in the current TMC2 reference software. However, that could result on average in a loss of ~1.3% for the luma component, but such loss comes mainly from one sequence, Queen.  Queen shows a loss of  5.3%~7.4% for the luma component when the attribute transfer process is not applied.





Table 1 The performance when the color transfer is not applied (300 frames)
	All Intra
	Sequence
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	Class
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	0.0%
	0.0%
	0.1%
	0.3%
	0.6%
	
	0.0%
	0.0%
	0.1%
	0.2%
	0.5%

	 
	8ivfbv2_redandblack_vox10
	0.0%
	0.0%
	0.6%
	0.2%
	0.2%
	
	0.0%
	0.0%
	0.5%
	0.2%
	0.2%

	 
	8ivfbv2_soldier_vox10
	0.0%
	0.0%
	0.4%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.4%
	0.0%
	0.0%

	 
	queen
	0.0%
	0.0%
	8.7%
	0.9%
	1.7%
	
	0.0%
	0.0%
	7.4%
	0.8%
	1.6%

	cat2-B
	8ivfbv2_longdress_vox10
	0.0%
	0.0%
	0.3%
	0.1%
	0.2%
	
	0.0%
	0.0%
	0.3%
	0.1%
	0.1%

	cat2-C
	basketball_player_vox11
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%

	 
	dancer_player_vox11
	0.0%
	0.0%
	0.3%
	0.0%
	0.1%
	
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%

	
	Cat2-A average
	0.0%
	0.0%
	2.5%
	0.4%
	0.6%
	
	0.0%
	0.0%
	2.1%
	0.3%
	0.6%

	
	Cat2-B average
	0.0%
	0.0%
	0.3%
	0.1%
	0.2%
	
	0.0%
	0.0%
	0.3%
	0.1%
	0.1%

	
	Cat2-C average
	0.0%
	0.0%
	0.3%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%

	
	Overall average
	0.0%
	0.0%
	1.5%
	0.2%
	0.4%
	
	0.0%
	0.0%
	1.3%
	0.2%
	0.3%

	
	decoding time
	60%



	Random Access
	Sequence
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	Class
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	0.0%
	0.0%
	0.2%
	0.3%
	0.7%
	
	0.0%
	0.0%
	0.2%
	0.2%
	0.4%

	 
	8ivfbv2_redandblack_vox10
	0.0%
	0.0%
	0.5%
	0.3%
	0.2%
	
	0.0%
	0.0%
	0.4%
	0.2%
	0.1%

	 
	8ivfbv2_soldier_vox10
	0.0%
	0.0%
	0.6%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.4%
	0.0%
	0.0%

	 
	queen
	0.0%
	0.0%
	6.5%
	0.9%
	1.4%
	
	0.0%
	0.0%
	5.3%
	0.8%
	1.3%

	cat2-B
	8ivfbv2_longdress_vox10
	0.0%
	0.0%
	0.3%
	0.2%
	0.2%
	
	0.0%
	0.0%
	0.2%
	0.2%
	0.2%

	cat2-C
	basketball_player_vox11
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%

	 
	dancer_player_vox11
	0.0%
	0.0%
	0.2%
	0.0%
	0.1%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	
	Cat2-A average
	0.0%
	0.0%
	2.0%
	0.4%
	0.6%
	
	0.0%
	0.0%
	1.6%
	0.3%
	0.5%

	
	Cat2-B average
	0.0%
	0.0%
	0.3%
	0.2%
	0.2%
	
	0.0%
	0.0%
	0.2%
	0.2%
	0.2%

	
	Cat2-C average
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	
	Overall average
	0.0%
	0.0%
	1.2%
	0.2%
	0.4%
	
	0.0%
	0.0%
	1.0%
	0.2%
	0.3%

	
	decoding time
	60%



Proposed solution
[bookmark: _GoBack]To reduce the loss for the Queen sequence and to also reduce decoding complexity, this contribution proposes to limit the search range used in the currently activated color transfer method. The current color transfer method employs two searches, one over the geometry smoothed reconstructed point cloud and one over the non-smoothed reconstructed point cloud. Currently, a search range limit is applied only to the forward search, which tries to find the best matching non smoothed points for each smoothed point. This limitation can be applied further to the backward search, which tries to find the best matching smoothed points for each non smoothed point. In this case, the set of non smoothed points is determined during the forward search. Only the non-smoothed points selected as the best matching ones to the smoothed points are used for the backward search. To reduce the loss for Queen sequence, the set of non smoothed points should have a color restriction. In other words, non smoothed points assigned as best matching points to a smoothed point should have similar color to smoothed point. At the final averaging process, the color values of the smoothed whose geometry values are changed during the geometry smoothing process are adjusted. When the smoothed points are marked during the smoothing process, the proposed scheme doesnot mark points whose smoothed results are same as their non-smoothed values.

Table 2 The performance when the limited search range for the color transfer is applied (300 frames)
	All Intra
	Sequence
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	Class
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	0.0%
	0.0%
	0.1%
	-0.2%
	-0.2%
	
	0.0%
	0.0%
	0.1%
	-0.1%
	-0.1%

	 
	8ivfbv2_redandblack_vox10
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%

	 
	8ivfbv2_soldier_vox10
	0.0%
	0.0%
	0.1%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.1%
	-0.1%
	-0.1%

	 
	queen
	0.0%
	0.0%
	0.9%
	1.4%
	2.1%
	
	0.0%
	0.0%
	0.8%
	1.3%
	1.8%

	cat2-B
	8ivfbv2_longdress_vox10
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	cat2-C
	basketball_player_vox11
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	 
	dancer_player_vox11
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	
	Cat2-A average
	0.0%
	0.0%
	0.3%
	0.3%
	0.5%
	
	0.0%
	0.0%
	0.3%
	0.3%
	0.4%

	
	Cat2-B average
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	
	Cat2-C average
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	Overall average
	0.0%
	0.0%
	0.2%
	0.1%
	0.3%
	
	0.0%
	0.0%
	0.2%
	0.1%
	0.2%

	
	decoding time
	83%



	Random Access
	Sequence
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	Class
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	0.0%
	0.0%
	0.1%
	-0.2%
	-0.1%
	
	0.0%
	0.0%
	0.1%
	-0.1%
	-0.1%

	 
	8ivfbv2_redandblack_vox10
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	 
	8ivfbv2_soldier_vox10
	0.0%
	0.0%
	0.1%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.1%
	-0.1%
	-0.1%

	 
	queen
	0.0%
	0.0%
	1.6%
	1.9%
	2.8%
	
	0.0%
	0.0%
	1.3%
	1.5%
	2.2%

	cat2-B
	8ivfbv2_longdress_vox10
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	cat2-C
	basketball_player_vox11
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%

	 
	dancer_player_vox11
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%

	
	Cat2-A average
	0.0%
	0.0%
	0.5%
	0.4%
	0.6%
	
	0.0%
	0.0%
	0.4%
	0.3%
	0.5%

	
	Cat2-B average
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	
	Cat2-C average
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%

	
	Overall average
	0.0%
	0.0%
	0.3%
	0.2%
	0.3%
	
	0.0%
	0.0%
	0.2%
	0.2%
	0.3%

	
	decoding time
	83%





Fig. 1 shows the points whose color values are adjusted for the first frame of Queen sequence. Fig. 2 and Fig 3 show an example of the difference between non-color transferred point cloud and color transferred point cloud.
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Fig. 1 color values of points whose geometry values are smoothed are adjusted
[image: ]
Fig. 2 non-color transferred point cloud (detail)


[image: ]
Fig. 3 color transferred point cloud (detail)
Conclusion
An improved color transfer process for the decoder is presented in this document. The proposed method can further reduce the complexity of the color transfer process, when geometry smoothing is performed on the reconstructed points, while resulting in minimal performance loss compared to the previously defined method. 
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