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1. Introduction

Interlaced field scanning was introduced originally as an analog video compression technique.  Although progressive picture scanning is generally regarded as superior for digital compression and display, the use of interlaced field scanning has persisted in many camera and display designs.  In particular, except for movies nearly all entertainment video delivered to home televisions originates in interlaced form. The MPEG-2 standard has been used effectively now for several years to deliver this interlaced video over satellite, cable, and fiber.  However, we are now receiving requirements to deliver that material at bit rates less than 2 Mbits/sec and are finding that MPEG-2 cannot deliver sufficient video quality at those rates.  Since the video compression in H.26L seems likely to be able to provide ample quality at those rates, it is important to make sure that H.26L has adequate syntax to support the interlace needs for video.
The purpose of this contribution is to define a core experiment to evaluate the benefit of possible semantics changes to JVT JM-1 [3] to compress interlaced video. 
In [4] we showed that macroblocks with the vertical component of the motion vector mvy=
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10.0, … contain severe image degradation in chrominance signal when the input video is in 4:2:0 interlaced format. We also proposed adaptive chroma phase shifting to solve this problem. The goal of this experiment is to verify that by employing adaptive chroma phase shifting output image quality of the sequence with motion is improved, not only in the sense of PSNR, but also of visual quality and to verify that our proposed algorithm will not have a negative impact on other sequence in terms of PSNR and computational complexity.

2. Definition of Interlace

Our definition of interlaced video comes from Annex W of H.263 [2].  An interlaced frame contains two fields, top and bottom, which are interleaved.  The top field consists of the first (i.e., top), third, fifth, etc. lines of the complete picture.  The bottom field consists of the second, fourth, sixth, etc. lines of the complete picture.  A Top Field Picture consists of only the top field lines of a total frame.  A Bottom Field Picture consists of only the bottom field lines of a picture. When sending interlaced field indications, an encoder shall use a picture size (custom picture size, if necessary) such that the picture dimensions correspond to those of a single field.

The vertical sampling positions of the chrominance samples in interlaced field coding of a top field picture are specified as shifted up by 1/4 luminance sample height relative to the field-sampling grid in order for these samples to align vertically to the usual position relative to the full-picture sampling grid.  The vertical sampling positions of the chrominance samples in interlaced field coding of a bottom field picture are specified as shifted down by 1/4 luminance sample height relative to the field-sampling grid in order for these samples to align vertically to the usual position relative to the full-picture sampling grid.  The horizontal sampling positions of the chrominance samples are specified as unaffected by the application of interlaced field coding.  The vertical sampling positions are shown with their corresponding temporal sampling positions in Fig 2.1.
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Fig 2.1

3. Adaptive Chroma Phase Shifting

In this section adaptive chroma phase shifting proposed in [4] is described. 

Fig. 3.1 illustrates phases of luminance and chrominance signals a frame-mc macroblock with mvvertical =
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2.0, 
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6.0, 
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10.0 … when the input signal is in 4:2:0 interlace format. In this case ideal chroma position is in the opposite field of the chroma phase in a frame memory, and it causes significant image degradation not only in the sense of PSNR but also of visual quality when the macloblock contains motion. 

In Fig 3.2 and Fig 3.3 examples of image degradation due to this problem are shown. 
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Fig 3.1

[image: image9.jpg]



(a) Original Image
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(b) Predicted Image with MPEG-2 Encoder

Fig 3.2
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(a) Original Image
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(b) Predicted Image with MPEG-2 Encoder

Fig 3.3

To fix the problem shown in Fig 3.1, we propose the following semantics change for motion compensation. No syntax change is necessary.

When the value of vertical component of the motion vector mvvertical =
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2.0, 
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6.0, 
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10.0 … , the pixel “X” in Fig 3.1 is generated by intra-field prediction. The following filter is used for this interpolation:


{1, -5, 20, 20, -5, 1} //32

That is, the chroma pixel value “X” is calculated as:
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4. Test Condition

The proposed algorithm described in the previous section will have an impact on the visual quality of the decoded image rather than on PSNR. We define two sets of experiments as follows: (a) experiments to verify that our proposed algorithm will have a positive impact with sequences which contain specific motion, and (b) experiments to verify that our proposal will not have a negative impact with other sequences in term of PSNR or computational complexity. 

Both for experiment (a) and (b), the following GOP structures are tested. The picture format in frame memory is frame structure.

1.  I and P Pictures only: IPPP…
1-a. Without chroma phase shifting

1-b. With chroma phase shifting

2.  I, P and B Picutres: 

2-a. Without chroma phase shifting

2-b. With chroma phase shifting

Table 4.1 shows the test condition:

	Entropy Coding
	UVLC

	Hadamard
	On

	QP
	QPI=QPP=16,20,24,28

QPB=QPI+2

	RD Optimization
	On

	MC
	1/4-pel accuracy

	Reference Frames
	1

	Search Range
	16

	Restricted Search Range
	2


Table 4.1

The following output data will be provided for each experiment:

Experiment (a):

For experiment (a), visual quality evaluation is of higher priority, so demonstration with D-1 shall be prepared. The output image of JM software is in 4:2:0 format, but in displaying it with a monitor it is necessary to convert it into in 4:2:2 format. 4:2:0-to-4:2:2 conversion will be executed with intra-field interpolation described in [8] as follows:

In top field, the chrominance samples in 4:2:2 format are obtained by interpolating the chrominance samples in top field only of the 4:2:0 format. Referring to line numbers defined in the 4:2:2 frame, samples on lines 1, 5, 9, … are copied from the corresponding lines in the 4:2:0 field. Samples on lines 3, 7, 11, … are interpolated by the even tap filter [1,1]//2 from the corresponding adjacent lines in the 4:2:0 field.
In bottom field, the chrominance samples in the 4:2:2 field are obtained by interpolating the chrominance samples in bottom field only of the 4:2:0 format. Referring to line numbers defined in 4:2:2 frame, samples on lines 2, 6, 10, … are interpolated from the corresponding adjacent lines in the 4:2:0 field using a [1, 3]//4 filter. Samples on line 4, 8, 12, … are interpolated by a [3, 1]//4 filter from the corresponding adjacent lines in the 4:2:0 field. 

An example of alternative way of visual quality evaluation is shown in Fig 4.1. Suppose that in Fig 4.1(a) image degradation in the portion with square is significant. Then this portion is enlarged with zero-th order hold and shall be shown like Fig 4.2 (b). 

As supplemental data, statistics described in experiment (b) shall also be provided.
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(b)

Fig 4.1

Experiment (b):

For experiment (b), the tables with following statistics data shall be made available for each bit-stream with chroma phase shifting together with anchor bit-streams:

-PSNR (separate for luma and chroma) for the whole sequence

-Bit-rate for the whole sequence

-Difference in PSNR between chroma phase shifting and anchor

-Difference in bit-rate between chroma phase shifting and anchor

In addition, the result of objective differences between RD-curves of two coders shall be reported using two types of measurements, averaged difference in bit-rate and PSNR, described in [7]. 

Data on computational complexity, which shall be measured with time function or Vtune, shall also be provided. 

Test sequences in Table 4.2 and Table 4.3 will be used for experiment (a) and (b) respectively. 

	Sequence
	Resolution
	Frame Rate

	Src13
	720x480
	30Hz

	Popple
	720x480
	30Hz

	European Market
	1920x1088
	30Hz

	Flamingo
	1920x1088
	30Hz


Table 4.2

	Sequence
	Resolution
	Frame Rate

	Mobile (src15)
	720x480
	30Hz

	Flower
	720x480
	30Hz

	src2
	720x576
	25Hz

	src3
	720x576
	25Hz


Table 4.3

5. Concluding Remarks

We have defined an experimental implementation on JVT interlaced coding. With the experiment described in this document we should be able to verify whether adaptive chroma phase shifting will have a positive impact on the output image quality of sequences with specific motion and will not have a negative impact on other sequences in term of output image quality and computational complexity, when the input is in 4:2:0 interlaced format.
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