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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.
In Geneva meeting we proposed chroma phase shift for 4:2:0 interlaced video with 6-tap FIR filter, which prevents severe image degradation that is typically observed in MPEG-2 video compression, and in Fairfax meeting, we showed that the proposed algorithm has a positive impact on sequences which contain motion in terms of coding efficiency, and that it does not have a negative impact on other sequences in terms of coding efficiency and computational complexity. 

However, as current JM employs linear interpolation for chroma motion compensation, we expect a similar effect with 2-tap FIR (linear interpolation) chroma-phase-shift as the one with 6-tap FIR. In this contribution we showed that chroma phase shift with 2-tap FIR works as good as the previously proposed method. Moreover, the newly proposed method requires less frame memory bandwidth than the old one.
2. Proposed Algorithm
2.1 Problem with MPEG-2 Frame MC Mode

Fig. 2.1 illustrates phases of luminance and chrominance signals a frame-mc macroblock with mvvertical =
[image: image1.wmf]±

2.0, 
[image: image2.wmf]±

6.0, 
[image: image3.wmf]±

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 2.2 and Fig 2.3 image degradations typically observed in the predicted images of MPEG-2 bit-stream due to this problem are shown.
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Fig 2.1
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(a) Original Image
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(b) Predicted Image (MPEG-2 TM-5 Encoder)

Fig 2.2
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(a) Original Image
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(b) Predicted Image (MPEG-2 TM-5 Encoder)

Fig 2.3

2.2 Solution of the Problem

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

When the value of vertical component of the motion vector mvvertical =
[image: image9.wmf]±

2.0, 
[image: image10.wmf]±

6.0, 
[image: image11.wmf]±

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
In Fairfax meeting, we showed that the proposed algorithm has a positive impact on sequences which contain motion like “F1” or “Popple” in terms of coding efficiency, and that it does not have a negative impact on other sequences in terms of coding efficiency and computational complexity. 

However, it was pointed out that employing a 6-tap FIR filter to chroma samples may cause a severe increase in memory bandwidth, as current JM employs linear interpolation for chroma motion compensation.
In this contribution we propose the 6-tap FIR filter (2.1) be replaced with the following linear interpolation:


{1, 1} //
2
3. Simulation

Simulation Condition:

	Codec
	JM2.0

JM2.0 with Chroma Phase Shift (2-tap FIR) (*)
JM2.0 with Chroma Phase Shift (6-tap FIR)

	Sequence
	Group A:

“F1” (720x576x25i) (**)
“Popple” (720x480x30i)

Group B:

“Canoa” (720x576x25i) (**)
“Rugby” (720x576x25i) (**)
“Tempete” (720x480x30i) (**)
“Football” (720x480x30i) (**)

	GOP
	(a) IPPP…
(b) IBBPBBP…
(Frame Structure)

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

QPB = QPI + 2

	Entropy Coding
	UVLC / CABAC

	RD Optimization
	On

	Hadamard
	On

	Motion Compensation Accuracy
	1/4-pel

	Reference Frames
	1/5

	MV Search Range
	±16

	Restricted Search Range
	2


(*) Only minor modification is needed in “macroblock.c”. In this contribution the modified version of  “macroblock.c” is included. (2-tap FIR only.)

(**) Sequences specified as interlace common test conditions and can be obtained at www.vqeg.org.

Table 3.1

Simulation Result:

UVLC ref1 IPP

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.2

UVLC ref1 IPB

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.3

UVLC ref5 IPP

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.4

UVLC ref5 IPB

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.5

CABAC ref1 IPP

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.6

CABAC ref1 IPB

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.7

CABAC ref5 IPP

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.8

CABAC ref5 IPB

	
	C.P.S with 2-tap FIR
	C.P.S with 6-tap FIR

	F1
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Popple
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Canoa
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Rugby
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Tempete
	BD-PSNR
	
	

	
	BD-Bitrate
	
	

	Football
	BD-PSNR
	
	

	
	BD-Bitrate
	
	


Table 3.9

4. Conclusion
We previously proposed adaptive chroma phase shift for interlaced video with a 6-tap FIR filter and showed that the proposed algorithm will significantly improve coding efficiency with sequence which contains color component and vertical motions like F1 or Popple. We also verified that the proposed algorithm will not have a negative impact in terms of coding efficiency and computational complexity with other sequences.

However, as current JM employs linear interpolation for chroma motion compensation, we expect a similar effect with 2-tap FIR (linear interpolation) chroma-phase-shift as the one with 6-tap FIR. In this contribution we showed that chroma phase shift with 2-tap FIR works as good as the previously proposed method. Moreover, the newly proposed method requires less frame memory bandwidth than the old one.

In JVT field/frame adaptive will be adapted either on picture-level or on MB-level. In either case, the proposed algorithm can be adapted in frame mode and will contribute to the improvement in coding efficiency. Chroma mismatch described in this contribution is a bug in MPEG-2 specification, and in JVT it should definitely be fixed!
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