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Abstract

Intra coding in the current TMuC achieves high compression efficiency, in part due to the highly effective intra prediction process that exploits spatial directional correlation. However, intra prediction of chroma components in YUV 4:2:0 videos uses a limited set of possible predictions available for coding of luma components. Furthermore, coding of chroma components proceeds somewhat independently of luma components, and ignores any possible correlation between them. This proposal demonstrates a way of using reconstructed luma pixels to help with intra prediction of chroma pixels. Specifically, it uses the hypothesis that regions with similar luma texture characteristics would also have similar chroma components. Therefore, by making use of the reconstructed co-located luma block to perform template matching in the luma plane, co-located chroma blocks of the matched luma blocks can be used as predictors. Simulations results indicate that, on average, the proposed approach is able to obtain 2.3% chroma bit-rate reduction and 0.5% luma bit-rate reduction over the anchor for all intra coding.

1 Introduction

In TMuC, each colour plane is coded somewhat independently. When the YUV colour-space is used, each of the Y, U and V colour planes are independently predicted and transform coded. While the Y component can have up to 34 intra prediction directions [8], the U and V component share the same intra prediction mode, and have only 5 possible intra prediction modes: DC, vertical, horizontal, diagonal down-right (or plane)
 and the signalled luma intra prediction mode [1]. 

Therefore, any remaining correlation between the colour planes is ignored and left unexploited. In the image coding literature, there exist many methods for hyper-spectral image coding, but these typically involve computing and applying an optimal colour de-correlating operation prior to compression (e.g., [2]) or using a 3-D wavelet (e.g., [3]), and thus are not easily applicable to video coding applications when the input and output are required to be in YUV. Furthermore, the use of chroma sub-sampling further complicates matters. 

In this contribution document, we propose a method that requires no change to be made to the existing YUV colour space. Instead, we simply add an additional intra prediction mode for the chroma (U and V) planes which exploits the availability of reconstructed luma samples. The main working assumption is that blocks with similar luma texture would also have similar chroma properties. In essence, the proposed approach uses the co-located reconstructed luma block as a template to find similar luma blocks in a search region consisting of reconstructed blocks; then, the chroma blocks of the matched luma blocks can be used as predictors for the source chroma block. Our experimental results show that when implemented on TMuC 0.7, the proposed method is effective, achieving an average chroma bit-rate reduction of 2.3% and an average overall bit-rate reduction of 0.5% over the anchor for intra high efficiency coding configuration.

2 Proposed Approach

We propose adding an intra prediction mode for chroma components that is based on template matching averaging [4] [5] on reconstructed luma components. This will be referred to as Chroma prediction using Luma Template Matching (CLTM) in the remainder of this document. For discussion purposes, we will also assume that YUV 4:2:0 is used.

The chroma intra prediction process takes place after reconstruction of the luma components is performed; this ensures that both encoder and decoder will have access to the same information. Figure 1 shows an example where the 2Nx2N coding unit (CU) has a transform depth of 1; thus, the associated chroma U and V blocks, of size NxN, will in most cases also have a transform depth of 1. As shown in Figure 1, each N/2xN/2 chroma block, that is to be predicted and transform coded, also has a co-located NxN luma block. Each of the 4 NxN luma blocks and 8 N/2xN/2 chroma blocks undergoes separate prediction and transform coding.
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Figure 1. Proposed method. To code the top-left chroma sub-block, the proposed approach, CLTM, uses the co-located luma block as a template. In this example, the diagonal-down-left shaded chroma U and V blocks are to be coded, and the diagonal-down-left shaded reconstructed luma Y block is used as the template. This template is used to search for the best matching luma block within the search area, shown here as the full shaded region. After the best match is found, its co-located chroma pixels can be used as a predictor for the top-left chroma sub-block. Here, the diagonal-down-right shaded luma Y block is the best match, and the diagonal-down-right shaded chroma U and V blocks are used as predictors for the chroma U and V source blocks respectively. Prediction performance can also be further improved by averaging chroma predictors from the L best matches.
In this example, to predict each N/2xN/2 chroma sub-blocks, we use the co-located NxN luma block as a template, and search within a designated search area in the luma plane that comprises only reconstructed regions. After obtaining a good match, the co-located chroma sub-block can be used as the predictor for the source chroma sub-block. To further improve prediction performance, our implementation follows the approach used by Tan et al. [5] and average predictors corresponding to the top L matches. In this work, we use L = 4. Because we perform template matching on the reconstructed regions of the luma plane, the decoder can also derive the same predictor without needing any additional side-information to be signaled. Note that since both U and V chroma components share the same intra prediction method, when CLTM is used, the search process needs only to be performed once to obtain predictors for both chroma components, hence mitigating the increased complexity of this prediction mode.

Another feature of CLTM when used with YUV 4:2:0 sequences is that it leads very naturally to half-pel accurate template matching in the chroma domain, since the luma plane resolution is twice that of the chroma planes. In our implementation, the template matching search is first performed with full pel precision in the luma plane; this corresponds to searching with half-pel accuracy in the chroma planes. If interpolation is necessary to obtain the chroma predictor, i.e., the chroma predictor is located at half-pel coordinates, bi-linear interpolation is performed. Of course, a more accurate interpolation, e.g., a longer filter used in motion compensation, can lead to even better predictors.

In TMuC, the chroma block of a leaf CU uses the same transform quadtree as the corresponding luma component. When the CLTM mode is chosen, our current implementation performs the above matching and prediction derivation for each TU of the chroma block as indicated by the transform quadtree. Of course, it is also possible to extend this to any arbitrary transform quadtree for the chroma components.

In our implementation, CLTM is available as another chroma intra prediction mode, in addition to DC, horizontal, vertical and diagonal down-right (or plane) prediction. The mode decision is done using RD optimization as in the current TMuC, by choosing the chroma intra prediction mode that minimizes the RD cost. The bit-stream syntax is slightly modified; when signalling the chroma intra prediction mode, an additional binary symbol is signalled to indicate if CLTM is used.

3 Simulation Results

We have implemented CLTM in TMuC 0.7. The test conditions as specified in the common coding conditions are followed [6]. Tests were conducted using the random access high efficiency and intra high efficiency coding configurations.

We compare our proposed CLTM with the TMuC anchors. Since this contribution primarily targets intra coding of chroma components, we provide BD-Rate
 [7] results with respect to Y, U and V components. 

3.1 RD results

Table 2 shows the results with the intra high efficiency coding configuration, for all the test sequences specified in the common coding conditions. It clearly shows significant coding gains for the chroma components, and a slight overall coding gain with respect to luma.

Table 1. RD results for intra high efficiency configuration.

	Sequence
	Y

BD-Rate (%)
	U

BD-Rate (%)
	U

BD-Rate (%)

	Class A
	
	
	

	Traffic
	-0.5
	-1.8
	-2.4

	PeopleOnStreet
	-0.4
	-3.7
	-3.3

	Average for Class A
	-0.4
	-2.8
	-2.8

	Class B
	
	
	

	Kimono
	-0.5
	-1.8
	-1.6

	ParkScene
	-0.2
	-2.4
	-2.3

	Cactus
	-0.7
	-2.1
	-2.5

	BasketballDrive
	-0.8
	-3.6
	-3.5

	BQTerrace
	-0.3
	-2.8
	-3.8

	Average for Class B
	-0.5
	-2.5
	-2.7

	Class C
	
	
	

	BasketballDrill
	-2.8
	-4.7
	-5.5

	BQMall
	-0.2
	-1.7
	-1.9

	PartyScene
	0.0
	-1.0
	-1.3

	RaceHorses
	-0.4
	-1.6
	-2.1

	Average for Class C
	-0.8
	-2.3
	-2.7

	Class D
	
	
	

	BasketballPass
	-0.6
	-1.8
	-1.7

	BQSquare
	0.1
	-1.1
	-1.5

	BlowingBubbles
	-0.1
	-1.1
	-1.3

	RaceHorses
	-0.6
	-1.5
	-2.0

	Average for Class D
	-0.3
	-1.4
	-1.6

	Class E
	
	
	

	Vidyo1
	-0.5
	-2.5
	-2.4

	Vidyo3
	0.1
	-1.2
	-2.4

	Vidyo4
	0.0
	-1.9
	-1.8

	Average for Class E
	-0.1
	-1.9
	-2.2

	
	
	
	

	ALL
	-0.5
	-2.1
	-2.4


Table 3 shows the RD results when the random access high efficiency configuration is used. Again, there are clear coding gains for the chroma components, and slight overall coding gain with respect to luma.

Table 2. RD results for random access high efficiency configuration

	Sequence
	Y

BD-Rate (%)
	U

BD-Rate (%)
	U

BD-Rate (%)

	Class A
	
	
	

	Traffic
	-0.2
	-2.2
	-2.7

	PeopleOnStreet
	-0.1
	-3.2
	-3.4

	Average for Class A
	-0.2
	-2.7
	-3.1

	Class B
	
	
	

	Kimono
	-0.1
	-1.4
	-1.4

	ParkScene
	-0.1
	-2.8
	-2.4

	Cactus
	-0.3
	-2.9
	-2.6

	BasketballDrive
	-0.5
	-3.1
	-2.5

	BQTerrace
	0.0
	-3.7
	-5.4

	Average for Class B
	-0.2
	-2.8
	-2.8

	Class C
	
	
	

	BasketballDrill
	-0.9
	-2.8
	-3.1

	BQMall
	0.0
	-1.6
	-1.5

	PartyScene
	0.0
	-1.0
	-1.4

	RaceHorses
	-0.2
	-1.7
	-1.9

	Average for Class C
	-0.3
	-1.8
	-2.0

	Class D
	
	
	

	BasketballPass
	-0.3
	-1.4
	-1.3

	BQSquare
	0.1
	-1.3
	-2.1

	BlowingBubbles
	0.0
	-0.9
	-0.6

	RaceHorses
	-0.3
	-1.3
	-1.3

	Average for Class D
	-0.1
	-1.2
	-1.3

	
	
	
	

	ALL
	-0.2
	-2.1
	-2.2


3.2 Complexity

Table 3 below summarizes the complexity when CLTM is used, compared to TMuC 0.7. Due to the use of template matching, there is an increase in both encoding and decoding complexity. The relative increase is less in the random access high efficiency case than the intra high efficiency case.

Table 3. Run-time in percentage of TMuC 0.7 anchor
	Coding Configuration
	Encoding Time (%)
	Decoding Time (%)

	Intra, 

High Efficiency
	186
	295

	Random Access, High Efficiency
	108
	124


4 Conclusion

In this contribution, we have presented a new intra prediction mode for chroma intra coding that exploits the availability of reconstructed luma pixels at both the encoder and decoder. Specifically, when coding a chroma source block, the co-located reconstructed luma block can be used as a template to search for good matches within a reconstructed luma region. Then, the chroma blocks co-located with good matches can be used as predictors. Extensive simulations show that for the intra high efficiency coding configuration, the proposed approach can achieve a bit-rate reduction in chroma by an average of 2.3% and achieve a luma bit-rate reduction by an average of 0.5% 

This scheme can be very naturally extended to be used in other YUV chroma sub-sampling modes. For YUV 4:2:2 or YUV 4:4:4 sequences, the overall gains might be more substantial. 

We recommend considering this proposal for adoption into TM/TMuC and to study this proposal in Core Experiments.
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� Actually, according to the draft TMuC text [1], planar intra prediction should be used. However, in TMuC v0.7, the diagonal down-right mode is used instead.


� For avoidance of doubt, positive BD-Rate implies that the proposed method uses more rate, while a negative BD-Rate implies that the proposed method improves coding performance.
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