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Abstract

To simplify the operation of Mode Dependent Directional Transform (MDDT), a Mode-Dependent Fast Separable KLT for Block-based Intra Coding was previously introduced that requires only two transform matrices: a DCT and a derived KLT. The derived 4x4 KLT also has a structure that can be exploited to reduce the operation count of the transform operation. This contribution provides test results as stipulated in TE7. Experimental results show that the proposed technique matches the performance of MDDT even though the approach requires no training, and has lower operation count and storage costs.

1 Introduction

In MDDT, separable transforms are used to approximate an ideal non-separable directional transform [1]. Specifically, if X is an N x N block of pixels, then its 2D transform coefficients are given by:
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The subscript m in Cm and Rm denotes the dependence of the column and row transforms on the prediction mode. Note that in H.264, Cm = Rm = M, where M is an integer Discrete Cosine Transform (DCT) transform matrix. In the Mode-Dependent Directional Transform (MDDT) scheme, Karhunen-Loève Transforms (KLT) are used for Cm and Rm and are computed by performing SVD on residual blocks of prediction mode m collected from training video sequences.
In a previous proposal, we have presented a technique for reducing the computational and storage complexity of MDDT by requiring only two transforms [2]: DCT and a derived KLT. To properly handle the new unified intra prediction modes [3] as adopted by TMuC [4], we have also derived the proper mapping of intra prediction modes to row/column transforms [5]. Note that the same 2 transforms in [2] are still used, only the combination of transforms is updated.
In this contribution, we provide detailed experimental results using the test conditions in TE7 [6], according to the common test conditions [7], for [2] and [5]. Cross-checking was performed on [5].
2 Simulation Results

The test conditions as specified in TE7 [6] are followed. The implementation is on TMuC 0.7. Tests were conducted using the random access high efficiency and intra high efficiency coding configurations [7].

We compare our proposed scheme with the updated mapping of transforms for unified intra prediction [5] to the TMuC anchor. For comparisons purposes, we also provide results using the original MDDT map [2]. TE7 cross-checking was performed on [5].

2.1 RD results

Table 2 shows the BD-Rate
 [8] results when all the frames are coded as intra, for all the test sequences specified in the common coding conditions [7]. Here, the proposed technique matches the RD performance of MDDT, but requires less storage and computational complexity.

Table 2. RD results for intra high efficiency configuration.

	Sequence
	Cross-Checked Proposal [5]

BD-Rate (%)
	[2]

BD-Rate (%)

	Class A
	
	

	Traffic
	0.1
	0.1

	PeopleOnStreet
	0.0
	0.1

	Average for Class A
	0.0
	0.1

	Class B
	
	

	Kimono
	0.0
	0.0

	ParkScene
	0.3
	0.4

	Cactus
	0.1
	0.1

	BasketballDrive
	0.0
	0.0

	BQTerrace
	0.2
	0.2

	Average for Class B
	0.1
	0.1

	Class C
	
	

	BasketballDrill
	-0.3
	-0.2

	BQMall
	0.1
	0.2

	PartyScene
	0.3
	0.3

	RaceHorses
	0.0
	0.1

	Average for Class C
	0.0
	0.1

	Class D
	
	

	BasketballPass
	0.0
	0.0

	BQSquare
	0.1
	0.2

	BlowingBubbles
	0.1
	0.2

	RaceHorses
	-0.1
	0.0

	Average for Class D
	0.0
	0.1

	Class E
	
	

	Vidyo1
	-0.3
	-0.2

	Vidyo3
	0.3
	0.3

	Vidyo4
	0.1
	0.1

	Average for Class E
	0.0
	0.1

	
	
	

	ALL
	0.1
	0.1


Table 3 shows the RD results when the random access high efficiency configuration is used [7].

Table 3. RD results for random access high efficiency configuration

	Sequence
	Cross-Checked Proposal [5]

BD-Rate (%)
	[2]

BD-Rate (%)

	Class A
	
	

	Traffic
	0.0
	0.1

	PeopleOnStreet
	0.0
	0.1

	Average for Class A
	0.0
	0.1

	Class B
	
	

	Kimono
	0.0
	0.1

	ParkScene
	0.1
	0.2

	Cactus
	0.0
	0.0

	BasketballDrive
	0.0
	0.0

	BQTerrace
	0.1
	0.2

	Average for Class B
	0.1
	0.1

	Class C
	
	

	BasketballDrill
	-0.1
	-0.1

	BQMall
	0.1
	0.1

	PartyScene
	0.1
	0.1

	RaceHorses
	0.0
	0.1

	Average for Class C
	0.0
	0.0

	Class D
	
	

	BasketballPass
	0.0
	0.1

	BQSquare
	0.1
	0.2

	BlowingBubbles
	0.1
	0.1

	RaceHorses
	0.0
	0.1

	Average for Class D
	0.0
	0.1

	
	
	

	ALL
	0.0
	0.1


Essentially, using the simplification proposed in [5] has negligible effect on the coding performance, while reducing the number of transforms that needs to be stored. More detailed coding results can be found in the Excel attachment.

2.2 Qualitative results

In the attachments, we have provided one decoded frame from each of the test points. We have not noticed any items of note qualitatively.
2.3 Complexity

Our 4-point KLT requires only 8 multiplies and 10 adds [2], as compared to 16 multiples and 12 adds for a full matrix multiply. In addition, when the DCT is used, the operations count can be further reduced to that of a fast DCT. Our 8-point KLT still requires 64 multiplies and 56 adds as in a full matrix multiply.

Our proposal addresses reducing the number of transforms, and we require storing just two transforms: the DCT and a KLT.

In other aspects, such as bit-precision, scaling and scanning orders, our proposal defaults to MDDT [1] as implemented in TMuC.

There are no significant differences in encoding and decoding run-time.
2.4 Training

Since our KLT is derived analytically, no training is required.
3 Conclusion

This contribution presents TE7 results for our earlier proposal on simplifying MDDT [2]. The proposed technique reduces the computational and storage complexity of MDDT by using only two transforms: DCT and a derived KLT. Experimental results show that there is no significant loss in coding efficiency. We recommend adopting this proposal into TM/TMuC.
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