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Abstract

This contribution presents the experimental results of 1 Dimensional Directional Unified Transform (1DDUT) for Tool Experiment 7 (MDDT simplification in HEVC).  1DDUT is a method of reducing the transform matrices of MDDT by using a set of pre-defined 1 D transform matrices depending in the intra prediction direction.  1DDUT was included in the CfP submission of JCTVC-A117 and the improved method was proposed in the contribution of JCTVC-B042 at JCT-VC Geneva meeting. 

In this document, the experimental results in TMuC software version 0.7.1 on the high efficiency conditions based on the common test conditions for both I slice only coding structure and the random access coding structure defined by TE7 are reported.  For I slice only coding structure, the BD-Bitrate gain compared with the anchor (MDDT on) is 0.07% on average, and for the random access coding structure, the BD-Bitrate gain is 0.03% on average.  It means that there are not any losses compared with MDDT.

1 Introduction
At JCT-VC Geneva meeting, Tool Experiment 7 on MDDT Simplification [1] was established and the following tasks have been decided to be performed in this TE;
· Ensure that the test conditions and tool configurations for these experiments are compatible, given the version of TMuC selected for this TE (TMuC 0.7).

· Evaluate compression and complexity performance of the MDDT Simplification tools from JCT-VC documents B024, B039, B042, B073, and B102 for coding intra prediction residuals of block sizes 4x4 and 8x8, on a common TMuC platform.

· Report the results and conclusions of these experiments
2 1 Dimensional Directional Unified Transform (1DDUT)
2.1 Algorithm description
1DDUT was firstly included in the CfP submission of JCTVC-A117 [2] and the improved method was proposed in the contribution of JCTVC-B042 [3] at JCT-VC Geneva meeting.  1DDUT is a method of reducing the transform matrices of MDDT [4] by using a set of pre-defined 1 D transform matrices depending in the intra prediction direction.

Intra prediction consists of multiple directional predictions using the reference pixels of the locally decoded neighboring blocks.  As the distance from the reference pixel and the prediction pixel increase, the prediction errors of these directional predictions tend to increase.  Since the intra prediction and the transform have a strong relation, it is desirable to define a specific transform for an intra prediction direction.  However, Unified Intra Prediction (UIP) [5] [6] has a total of 34 prediction modes (33 directional predictions and DC prediction).  This results in defining a number of transforms according to the number of intra prediction directions of UIP, which may have an impact on a certain implementation.
1DDUT is a transform of using combinations of two 1D transforms (type A and B). Table 1 shows the relationship between the transform index and each 1D transform matrix, and Table 2 shows the relation between intra prediction modes of UIP and transform index.  The transform matrix of type A is same as Discrete Cosine Transform (DCT).  The transform matrix of type B is Karhunen-Loeve Transform (KLT), which is pre-designed by using test sequences shown in Table 3. The steps of designing transform matrix of type B are following;

1) Calculate the prediction error by encoding test sequences using DCT for prediction mode 0
2) Design a vertical transform matrix using SVD (Singular Value Decomposition)
The transform matrices of type A and type B for 4x4 block are shown in the following equation.
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The transform matrices of type A and type B for 8x8 block are shown in the following equation.
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In order to reduce the matrix of MDDT, the combination of these only two 1D transform matrices are defined each prediction mode. This can reduce 88 % of transform matrices against to MDDT. In addition, an adaptive scan for transform coefficients is used.

Table 1:  Relationship between the TransformIdx and each 1 D transform matrix
	TransformIdx
	Vertical 1D Transform
	Horizontal 1D Transform

	0
	B
	A

	1
	A
	B

	2
	A
*
	A*

	3
	B
	B


Table 2:  Relationship between the IntraPredMode and the TransformIdx
	IntraPredMode
[ puPartIdx ]
	IntraPredType [ puPartIdx ]
	IntraPredAngleID
[ puPartIdx ]
	TransformIdx
[ puPartIdx ]

	0
	Intra_Vertical
	0
	0

	1
	Intra_Horizontal
	0
	1

	2
	Intra_DC
	-
	2

	3
	Intra_Vertical
	-8
	3

	4
	Intra_Vertical
	-4
	3

	5
	Intra_Vertical
	+4
	0

	6
	Intra_Vertical
	+8
	0

	7
	Intra_Horizontal
	-4
	3

	8
	Intra_Horizontal
	+4
	1

	9
	Intra_Horizontal
	+8
	1

	10
	Intra_Vertical
	-6
	3

	11
	Intra_Vertical
	-2
	0

	12
	Intra_Vertical
	+2
	0

	13
	Intra_Vertical
	+6
	0

	14
	Intra_Horizontal
	-6
	3

	15
	Intra_Horizontal
	-2
	1

	16
	Intra_Horizontal
	+2
	1

	17
	Intra_Horizontal
	+6
	1

	18
	Intra_Vertical
	-7
	3

	19
	Intra_Vertical
	-5
	3

	20
	Intra_Vertical
	-3
	3

	21
	Intra_Vertical
	-1
	0

	22
	Intra_Vertical
	+1
	0

	23
	Intra_Vertical
	+3
	0

	24
	Intra_Vertical
	+5
	0

	25
	Intra_Vertical
	+7
	0

	26
	Intra_Horizontal
	-7
	3

	27
	Intra_Horizontal
	-5
	3

	28
	Intra_Horizontal
	-3
	3

	29
	Intra_Horizontal
	-1
	1

	30
	Intra_Horizontal
	+1
	1

	31
	Intra_Horizontal
	+3
	1

	32
	Intra_Horizontal
	+5
	1

	33
	Intra_Horizontal
	+7
	1


Table 3:  Test sequences used for designing KLT matrices
	Test sequence
	Resolution

	ChristmasTree
	1920x1080

	Tennis
	1920x1080

	Flowervase
	832x480

	Mobisode2
	832x480

	Keiba
	832x480

	Flowervase
	416x240

	Mobisode2
	416x240

	Keiba
	416x240


2.2 Complexity analysis
For the understanding of complexity, the following metrics for 1DDUT are explained;

· Operations counts (e.g., number of multiplies and additions) and operation precision for individual transform are same as MDDT in the current implementation to TMuC software (16 multiples and 12 adds for 4-point KLT/DCT, 64 multiplies and 56 adds for 8-point KLT/DCT)
· Quantization and coefficient scanning process are also same as MDDT

· Memory sizes of transform matrices: 88% reduction compared with MDDT

· Encoding time and Decoding time compared with anchor are shown in Section 3
2.3 Qualitative analysis
In the attachments, the decoded frames are provided (see Annex).
3 Experimental results
TMuC software version 0.7.1 of the default configuration is used in this simulation. That software gives the same results of TMuC software version 0.7.  I slice only coding structure and the random access coding structure are tested based on TE7 coding conditions [1], and the other conditions are completely same as TE12 common coding conditions [7].  BD-Bitrate (ΔBitrate [%]) [8] is measured by Excel sheet (TE12_results_template_r6.xls) provided on the JCTVC reflector.

The Table 4 shows the experimental results of 1DDUT compared with TE12 anchor (that means MDDT on).  BD-Bitrate gain of 1DDUT compared to the anchor is 0.07% on average for I slice only coding structure and 0.03% on average for the random access coding structure, respectively. That means the coding efficiency does not lose compared with MDDT. It's shown that 1DDUT does not affect the encoding time and the decoding time compared with the common condition anchor.
Table 4:  BD-Bitrate, the encoding time and the decoding time
	Class
	Seq.
	
	Intra slice only
	random access

	
	
	
	Y BD-
Bitrate(%)
	U BD-Bitrate(%)
	V BD-Bitrate(%)
	Y BD-Bitrate(%)
	U BD-Bitrate(%)
	V BD-Bitrate(%)

	Class A
	S01
	Traffic
	-0.02 
	0.01 
	-0.01 
	0.03 
	-0.16 
	-0.15 

	
	S02
	PeopleOnStreet
	0.00 
	-0.06 
	-0.11 
	0.02 
	0.07 
	0.05 

	Class B
	S03
	Kimono1
	-0.04 
	-0.08 
	-0.04 
	-0.05 
	-0.10 
	0.34 

	
	S04
	ParkScene
	0.27 
	-0.05 
	-0.05 
	0.14 
	-0.06 
	-0.20 

	
	S05
	Cactus
	-0.03 
	-0.14 
	-0.18 
	-0.04 
	-0.11 
	-0.15 

	
	S06
	BasketballDrive
	-0.26 
	-0.06 
	-0.07 
	-0.14 
	-0.04 
	-0.09 

	
	S07
	BQTerrace
	0.01 
	0.03 
	0.00 
	-0.09 
	-0.29 
	-0.75 

	Class C
	S08
	BasketballDrill
	-0.34 
	-0.06 
	-0.06 
	-0.10 
	0.37 
	-0.27 

	
	S09
	BQMall
	-0.21 
	-0.06 
	-0.04 
	-0.05 
	-0.50 
	0.12 

	
	S10
	PartyScene
	0.02 
	-0.09 
	-0.02 
	0.06 
	-0.05 
	-0.12 

	
	S11
	RaceHorses
	-0.03 
	-0.20 
	-0.17 
	-0.09 
	-0.12 
	-0.14 

	Class D
	S12
	BasketballPass
	-0.24 
	-0.06 
	-0.07 
	-0.10 
	-0.24 
	-0.06 

	
	S13
	BQSquare
	0.08 
	-0.02 
	-0.08 
	-0.03 
	0.29 
	-0.39 

	
	S14
	BlowingBubbles
	-0.03 
	-0.08 
	-0.11 
	0.05 
	-0.05 
	0.13 

	
	S15
	RaceHorses
	-0.12 
	0.02 
	-0.12 
	-0.05 
	-0.06 
	0.01 

	ClassE
	S16
	vidyo1
	-0.31 
	-0.12 
	-0.11 
	N/A
	N/A
	N/A

	
	S17
	vidyo3
	0.05 
	0.31 
	0.33 
	N/A
	N/A
	N/A

	
	S18
	vidyo4
	-0.05 
	-0.08 
	0.04 
	N/A
	N/A
	N/A

	Average Class A
	-0.01 
	-0.02 
	-0.06 
	0.02 
	-0.04 
	-0.05 

	Average Class B
	-0.01 
	-0.06 
	-0.07 
	-0.03 
	-0.12 
	-0.17 

	Average Class C
	-0.14 
	-0.10 
	-0.07 
	-0.04 
	-0.08 
	-0.10 

	Average Class D
	-0.08 
	-0.04 
	-0.09 
	-0.03 
	-0.01 
	-0.08 

	Average Class E
	-0.10 
	0.04 
	0.09 
	N/A
	N/A
	N/A

	Total Average
	-0.07 
	-0.04 
	-0.05 
	-0.03 
	-0.07 
	-0.11 

	Enc Time (%)
	99%
	100%

	Dec Time (%)
	100%
	100%


4 Conclusions
This contribution presents the experimental results of 1 Dimensional Directional Unified Transform (1DDUT) for Tool Experiment 7 (MDDT simplification in HEVC).  1DDUT can reduce 88% of transform matrices against to MDDT. From the experimental results, the average BD-Bitrate gain of 0.07% for I slice only coding structure and 0.03% for the random access coding structure compared with TMuC common condition anchor are reported without increase of the encoding time and the decoding time.
It’s suggested that 1 Dimensional Directional Unified Transform (1DDUT) is introduced in the HEVC test model as the tool of MDDT simplification.
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Annex

According to the description of JCTVC-B307r4, the YUV420 frames, which are decoded for I slice only coding structure, are attached in this contribution of the following sequences for the qualitative evaluation.

· BasketballDrive, decoded frame 0, for each of the four QP values used.

· Kimono1, decoded frame 150, for each of the four QP values used.

� When TransformIdx = 2, DCT, which is same as AVC, is applied in the current TMuC software (same as MDDT).
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