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Abstract

The primary purpose of this contribution is to summarize the coding performance of a direction-adaptive residual transform, using software and test conditions proposed by the Ad Hoc Group on Alternative Transforms. JM‑KTA 2.6r1 is used as an experimental platform, with an alternative 8x8 transform that performs 1‑D DCTs along aligned directional paths within prediction residual blocks. A rate-distortion optimized decision process is used to select among the conventional 2‑D transform and several directional transforms for 8x8 blocks. These alternative transforms are available for transforming both Inter and Intra prediction residuals. Experimental results are given for Hierarchical-B, IPP and all-Intra configurations. Subjective differences in visual quality are discussed as well.
1 Introduction
Prediction residuals often contain textures that exhibit features that are aligned in a particular direction. This contribution summarizes experimental results for coding sequences with both the conventional 2‑D transform and a set of direction-adaptive residual transforms. In this scheme, a set of directional transforms in a rate-distortion optimized framework is used to code prediction residuals [1]. These directional transforms were designed to exploit correlation along the direction of features in a block while avoiding the generation of high-frequency transform coefficients, by not applying transforms orthogonal to these features. The basis functions for the directional transforms are sets of co-aligned 1-D DCTs applied over a block. The angle of these transform paths span evenly-spaced intervals over the range of [0°,180°). As described in [2], [3] and [4], some example basis functions for these directional transforms are shown in Figure 1.
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Figure 1. Directional transform examples
For each residual block, the conventional 2‑D or directional transform that yields the lowest rate-distortion cost function 
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 is selected as the transform to be used for the final encoding of the block. This rate-distortion optimized decision and coding process is shown in Figure 2.
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Figure 2. Rate-distortion optimized transform selection process

For signaling which transform to use, the macroblock header includes a 0 if the 2-D DCT is used and a 1 if a directional transform is used. If this bit is 1, the index (direction) of the directional transform is also signaled. If, for example, four different directions are available, two additional bits are input to the entropy coder, representing directions 0, 1, 2, or 3, which would typically correspond to 0°, 45°, 90°, and 135°. Additional techniques are used to predict the direction to further reduce the bit-rate of the side information. The transform coefficients are scaled appropriately so that the existing quantizers can be used without modification.

2 Coding Performance Summary
Experiments were performed based upon the conditions outlined in the report from the AHG on Alternative Transforms [5]. The only deviation from the conditions specified in the AHG report was that extended macroblock sizes were disabled (UseExtMB=0). Coding results using jm11.0kta2.6r1 [6] were used as anchors for BD-Rate and BD-PSNR [7] comparisons, and the same codebase was used to implement directional transforms. Directional transforms were available for the R-D optimized selection of 8x8 Intra and Inter transforms. Other modes such as those that use 4x4 transforms used the conventional 2‑D transform. Experiments were performed for Hierarchical-B, IPP, and all-Intra coding formats.

2.1 Hierarchical-B coding results

In addition to the existing conventional 2‑D transforms, 8x8 directional transforms (4 directions for these experiments) were available for use in I and P blocks. The results are summarized in Table 1.
Table 1. Hierarchical-B coding performance

	Format
	Sequence
	fps
	Intra Period
	Start
Frame
	# Frames
	BD-Rate (%)
	BD-PSNR (dB)
	BD-Rate avg for this format

	
	
	
	
	
	
	
	
	

	2560x1600
	Traffic
	30
	32
	0
	121
	0.06
	0.00
	-0.03

	2560x1600
	PeopleOnStreet
	30
	32
	0
	121
	-0.12
	0.01
	 

	1920x1080
	Kimono
	24
	24
	72
	121
	0.03
	0.00
	-0.12

	1920x1080
	ParkScene
	24
	24
	0
	121
	0.05
	0.00
	 

	1920x1080
	Cactus
	50
	48
	0
	121
	-0.45
	0.01
	 

	1920x1080
	BasketballDrive
	50
	48
	0
	121
	-0.27
	0.01
	 

	1920x1080
	BQTerrace
	60
	64
	0
	121
	0.04
	0.00
	 

	832x480
	BasketballDrill
	50
	48
	0
	121
	-2.43
	0.10
	-0.93

	832x480
	BQMall
	60
	64
	0
	121
	-0.56
	0.02
	 

	832x480
	PartyScene
	50
	48
	0
	121
	-0.48
	0.02
	 

	832x480
	RaceHorsesC
	30
	32
	0
	121
	-0.26
	0.01
	 

	416x240
	BasketballPass
	50
	48
	0
	121
	-0.86
	0.04
	-0.44

	416x240
	BQSquare
	50
	48
	0
	121
	-0.53
	0.02
	 

	416x240
	BlowingBubbles
	50
	48
	0
	121
	-0.26
	0.01
	 

	416x240
	RaceHorsesD
	30
	32
	0
	121
	-0.12
	0.01
	 


2.2 IPP coding results

For these experiments, the parameters were similar to those used for the hierarchical-B configuration, except that one I picture was followed by all P pictures. Results are summarized in Table 2.

Table 2. IPP coding performance

	Format
	Sequence
	fps
	Intra Period
	Start
Frame
	# Frames
	BD-Rate (%)
	BD-PSNR (dB)
	BD-Rate avg for this format

	
	
	
	
	
	
	
	
	

	2560x1600
	Traffic
	30
	32
	0
	121
	0.18
	-0.01
	-0.02

	2560x1600
	PeopleOnStreet
	30
	32
	0
	121
	-0.22
	0.01
	 

	1920x1080
	Kimono
	24
	24
	72
	121
	0.24
	-0.01
	-0.20

	1920x1080
	ParkScene
	24
	24
	0
	121
	0.12
	0.00
	 

	1920x1080
	Cactus
	50
	48
	0
	121
	-0.42
	0.01
	 

	1920x1080
	BasketballDrive
	50
	48
	0
	121
	-0.59
	0.02
	 

	1920x1080
	BQTerrace
	60
	64
	0
	121
	-0.35
	0.01
	 

	832x480
	BasketballDrill
	50
	48
	0
	121
	-1.58
	0.06
	-0.75

	832x480
	BQMall
	60
	64
	0
	121
	-0.41
	0.02
	 

	832x480
	PartyScene
	50
	48
	0
	121
	-0.86
	0.04
	 

	832x480
	RaceHorsesC
	30
	32
	0
	121
	-0.15
	0.01
	 

	416x240
	BasketballPass
	50
	48
	0
	121
	-0.60
	0.03
	-0.56

	416x240
	BQSquare
	50
	48
	0
	121
	-0.77
	0.03
	 

	416x240
	BlowingBubbles
	50
	48
	0
	121
	-0.78
	0.03
	 

	416x240
	RaceHorsesD
	30
	32
	0
	121
	-0.08
	0.00
	 

	1280x720
	vidyo1
	60
	64
	0
	121
	0.14
	-0.01
	0.06

	1280x720
	vidyo2
	60
	64
	0
	121
	-0.17
	0.01
	 

	1280x720
	vidyo3
	60
	64
	0
	121
	0.20
	-0.01
	 


2.3 All-Intra coding results

The Intra period was set to 1, so the sequence was coded as all Intra pictures. Results are summarized in Table 3.
Table 3. All Intra coding performance

	Format
	Sequence
	fps
	Intra Period
	Start
Frame
	# Frames
	BD-Rate (%)
	BD-PSNR (dB)
	BD-Rate avg for this format

	
	
	
	
	
	
	
	
	

	2560x1600
	Traffic
	30
	1
	0
	121
	0.10
	-0.01
	0.04

	2560x1600
	PeopleOnStreet
	30
	1
	0
	121
	-0.02
	0.00
	 

	1920x1080
	Kimono
	24
	1
	72
	121
	0.33
	-0.01
	-0.25

	1920x1080
	ParkScene
	24
	1
	0
	121
	0.01
	0.00
	 

	1920x1080
	Cactus
	50
	1
	0
	121
	-0.60
	0.02
	 

	1920x1080
	BasketballDrive
	50
	1
	0
	121
	-0.52
	0.02
	 

	1920x1080
	BQTerrace
	60
	1
	0
	121
	-0.47
	0.02
	 

	832x480
	BasketballDrill
	50
	1
	0
	121
	-3.38
	0.15
	-1.41

	832x480
	BQMall
	60
	1
	0
	121
	-1.09
	0.06
	 

	832x480
	PartyScene
	50
	1
	0
	121
	-0.94
	0.06
	 

	832x480
	RaceHorsesC
	30
	1
	0
	121
	-0.24
	0.01
	 

	416x240
	BasketballPass
	50
	1
	0
	121
	-1.82
	0.09
	-0.98

	416x240
	BQSquare
	50
	1
	0
	121
	-0.68
	0.05
	 

	416x240
	BlowingBubbles
	50
	1
	0
	121
	-1.09
	0.06
	 

	416x240
	RaceHorsesD
	30
	1
	0
	121
	-0.35
	0.02
	 

	1280x720
	vidyo1
	60
	1
	0
	121
	-0.30
	0.02
	-0.44

	1280x720
	vidyo2
	60
	1
	0
	121
	-0.46
	0.03
	 

	1280x720
	vidyo3
	60
	1
	0
	121
	-0.54
	0.03
	 


2.4 Effects of quantizer scaling
As shown in Figure 2, the transform coefficients are scaled and reordered prior to being processed by the unmodified quantizer. The default quantizer matrix corresponds to a scaling of 1/16 for the 2‑D transform. Because the directional transforms have a different structure, they require a different scaling factor. Figure 3 shows the BD-Rate coding performance for the first Intra frame of BasketballDrill when coded using different quantizer matrix scaling factors.
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Figure 3. Effects of quantizer scaling on coding performance for BasketballDrill, Intra picture.
A scaling factor of 30.0 was used for all experiments presented in this report, so the transform was not adjusted to be optimal for any particular sequence.
3 Subjective evaluation

Although alternative transforms may affect the PSNR of coded sequences, it is also important to evaluate visual improvements and artifacts produced by these transforms. The particular transform used in this report is best suited for textures that have sharp lines or edges oriented in the same direction as the transform paths within the block. Figure 4 shows decoded Intra pictures for BasketballDrill. The transform map shows where the R‑D optimization process chose to use directional transforms. Green regions indicate where the directional transforms were not used.
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Figure 4. Decoded BasketballDrill Intra picture visual comparison
The decoded pictures at the bottom of the figure correspond to Intra frames that are coded with QP=38. For JM-KTA 2.6r1, the rate is 614.4 Kbps and the Y PSNR is 31.68 dB. For JM-KTA 2.6r1 with directional transforms, the rate is 612.6 Kbps and the Y PSNR is 31.72 dB. Although the improvement from directional transforms in this case is only 0.04 dB, differences in quality are easily visible along the features that use directional transforms. For example, the yellow line has sharper edges when coded with directional transforms. There are some areas where the directional transforms reproduce the thin line between the brown wooden boards more sharply than in the unmodified codec. Although this may be an improvement in a rate-distortion sense, further study is needed on where to best use these new transforms if a consistent quality over the entire picture is desired.
4 Summary and Conclusions

This report shows the performance of JM-KTA 2.6r1 with alternative directional transforms available for coding Intra and Inter blocks, using the test conditions proposed by the AHG on Alternative Transforms (except that extended MB sizes aren’t enabled). Because we expect that the TMuC will be used to evaluate tools after this meeting, we only added a limited number of 8x8 directional transforms to JM-KTA. The performance in this report therefore does not reflect the final performance of this type of transform when used with additional transform sizes and modes as was done in [2]. This contribution should, however, be useful for facilitating discussions related to test conditions and subjective evaluations related to alternative transforms.
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