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1 Introduction

This document provides information about the implementation of long-term reference frame memory in Nokia's MVC codec. Bitstream syntax is described in document Q15-J-19, simulation results can be found in accompanying spreadsheet q15j42.xls and source code is available as part of the MVC library (document Q15-J-20).

The main aspects of the current implementation are

· Multiple reference frames can be switched on and off on frame basis.

· Reference frame information is transmitted on macroblock layer if multiple reference frames are switched on.

· Temporal order of reference frames is assumed in the frame buffer

· Motion parameter prediction is allowed only between macroblocks/blocks with same reference frame.

2 Bitstream elements

There are two new elements in the picture layer syntax. NRF (Number of Reference Frames) is included to the I picture headers and signals the size of the reference frame buffer to the decoder. NRF is coded using reversible VLC (see Q15-J-19 for details). MRFI (Multiple Reference Frame Indicator) is a single bit in the P picture header indicating whether multiple reference frames are to be used for the current picture.

The actual reference frame to be used for the macroblock is signalled in the macroblock layer right after the macroblock mode and DQUANT information. Signalling is again done using the same reversible VLC that was used for indicating the size of the reference frame buffer.

3 Encoding algorithm

Motion estimation and mode selection with multiple reference frames follows closely the standard MVC algorithm with one reference frame (see Figure 1 and document Q15-J-46). The main difference is that Full Motion Search and consecutive Coefficient Removal is applied to all the reference pictures. MVC codec considers neighboring blocks as candidates for motion coefficient prediction only if they have the same reference picture as the current block. Only the best prediction candidate (in MSE sense) is selected for Refinement Motion Search for each reference picture. Thus, a maximum of two Refinement Motion Searches can take place for 16x16 blocks and the first 8x8 block in the macroblock. Other 8x8 blocks may undergo as many Refinement Motion Searches as there are reference pictures in the long-term memory. As a result approximated complexity when using 5 reference frames is 2 to 3 times the complexity of the codec operating with one reference frame.
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Figure 1: MVC motion estimation and mode selection for an image block

4 Simulation results

Simulation results with 1 and 5 reference frames for both MVC and TML-2 case are given in q15j42.xls (attached below). It can be seen that the improvements obtained by using multiple reference frames in MVC are very close to the improvements TML-2 achieves with the same number of reference frames.
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Container

																								Container, 10 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		5377		37.91		53.77

																								16		3269		35.88		32.69

																								19		2008		33.79		20.08

																								22		1285		31.58		12.85

																								25		854		29.62		8.54

																								28		538		27.44		5.38

																												TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		5056		37.95		50.56

																								16		3046		35.95		30.46

																								19		1892		33.89		18.92

																								22		1240		31.65		12.4

																								25		860		29.73		8.6

																								28		578		27.49		5.78

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		5362		38.96		53.62

																								5		3921		37.53		39.21

																								7		2473		35.56		24.73

																								10		1511		33.45		15.11

																								15		958		31.09		9.58

																								20		680		29.39		6.8

																								25		552		28.13		5.52

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		5003		38.99		50.03

																								5		3617		37.57		36.17

																								7		2335		35.58		23.35

																								10		1474		33.5		14.74

																								15		950		31.13		9.5

																								20		687		29.41		6.87

																								25		553		28.12		5.53
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News

																								News, 10 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		7584		38.84		75.84

																								16		5347		36.54		53.47

																								19		3711		34.27		37.11

																								22		2535		31.95		25.35

																								25		1739		29.91		17.39

																								28		1166		27.77		11.66

																								News, 10 fps				TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		7572		38.85		75.72

																								16		5349		36.57		53.49

																								19		3740		34.28		37.4

																								22		2539		31.96		25.39

																								25		1780		29.95		17.8

																								28		1174		27.81		11.74

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		7254		39.9		72.54

																								5		5805		38.44		58.05

																								7		4220		36.22		42.2

																								10		2799		33.76		27.99

																								15		1843		31.27		18.43

																								20		1326		29.52		13.26

																								25		1070		28.15		10.7

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		7225		39.92		72.25

																								5		5796		38.46		57.96

																								7		4224		36.23		42.24

																								10		2803		33.78		28.03

																								15		1850		31.28		18.5

																								20		1351		29.54		13.51

																								25		1072		28.15		10.72
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Foreman

																								Foreman, 10 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		13520		37.8		135.2

																								16		9223		35.64		92.23

																								19		6318		33.48		63.18

																								22		4353		31.44		43.53

																								25		3076		29.61		30.76

																								28		2192		27.75		21.92

																												TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		12820		37.89		128.2

																								16		8872		35.77		88.72

																								19		6137		33.68		61.37

																								22		4301		31.63		43.01

																								25		3108		29.83		31.08

																								28		2205		27.88		22.05

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		12460		38.81		124.6

																								5		9723		37.35		97.23

																								7		6743		35.23		67.43

																								10		4484		33.13		44.84

																								15		2932		30.85		29.32

																								20		2168		29.42		21.68

																								25		1749		28.38		17.49

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		11760		38.86		117.6

																								5		9208		37.44		92.08

																								7		6472		35.33		64.72

																								10		4343		33.27		43.43

																								15		2880		31		28.8

																								20		2133		29.55		21.33

																								25		1736		28.53		17.36
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Silent

																								Silent, 15 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		6528		37.91		97.92

																								16		4537		35.79		68.055

																								19		3087		33.67		46.305

																								22		2055		31.57		30.825

																								25		1373		29.81		20.595

																								28		894		27.8		13.41

																												TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		6311		38.02		94.665

																								16		4411		35.88		66.165

																								19		3022		33.77		45.33

																								22		2015		31.71		30.225

																								25		1356		29.89		20.34

																								28		889		27.87		13.335

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		6372		39.07		95.58

																								5		5042		37.49		75.63

																								7		3546		35.24		53.19

																								10		2363		33.13		35.445

																								15		1524		30.97		22.86

																								20		1107		29.47		16.605

																								25		889		28.41		13.335

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		6157		39.12		92.355

																								5		4889		37.54		73.335

																								7		3441		35.26		51.615

																								10		2316		33.14		34.74

																								15		1500		31		22.5

																								20		1100		29.52		16.5

																								25		881		28.49		13.215





Silent

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

						0		0



TML 2 (1 Ref. Frame)

TML 2 (5 Ref. Frames)

MVC    (1 Ref. Frame)

MVC    (5 Ref. Frames)

Bitrate (Kbit/s)

PSNR [dB]

Silent, 15 fps

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Paris CIF

																								Paris CIF, 15 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		36304		37.82		544.56

																								16		25498		35.53		382.47

																								19		17338		33.15		260.07

																								22		11334		30.85		170.01

																								25		7453		28.73		111.795

																								28		4683		26.5		70.245

																												TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		35748		37.83		536.22

																								16		25027		35.55		375.405

																								19		16995		33.19		254.925

																								22		11101		30.88		166.515

																								25		7328		28.81		109.92

																								28		4671		26.59		70.065

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		34867		38.81		523.005

																								5		28046		37.29		420.69

																								7		20019		34.97		300.285

																								10		12909		32.56		193.635

																								15		8066		29.94		120.99

																								20		5552		28.12		83.28

																								25		4293		26.9		64.395

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		34359		38.82		515.385

																								5		27632		37.3		414.48

																								7		19758		35.02		296.37

																								10		12773		32.62		191.595

																								15		8009		29.98		120.135

																								20		5561		28.16		83.415

																								25		4322		26.91		64.83
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Mobile CIF

																								Mobile CIF, 30 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		113707		36.3		3411.21

																								16		78260		33.76		2347.8

																								19		50863		31.15		1525.89

																								22		31196		28.62		935.88

																								25		19127		26.34		573.81

																								28		11352		24.05		340.56

																												TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		96349		36.4		2890.47

																								16		65091		33.88		1952.73

																								19		41948		31.32		1258.44

																								22		26100		28.89		783

																								25		16804		26.73		504.12

																								28		10967		24.55		329.01

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		103376		37.21		3101.28

																								5		81921		35.56		2457.63

																								7		56381		32.95		1691.43

																								10		33144		30.22		994.32

																								15		18888		27.47		566.64

																								20		12107		25.63		363.21

																								25		9002		24.37		270.06

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		87124		37.26		2613.72

																								5		67829		35.61		2034.87

																								7		46682		33.06		1400.46

																								10		27421		30.44		822.63

																								15		16102		27.76		483.06

																								20		10881		25.95		326.43

																								25		8390		24.66		251.7
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Tempete CIF

																								Tempete CIF, 30 fps				TML 2 (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		85212		37.05		2556.36

																								16		56314		34.65		1689.42

																								19		34943		32.25		1048.29

																								22		20475		29.94		614.25

																								25		12289		27.95		368.67

																								28		7265		25.96		217.95

																												TML 2 (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								13		75792		37.15		2273.76

																								16		49220		34.81		1476.6

																								19		30340		32.48		910.2

																								22		18163		30.29		544.89

																								25		11444		28.38		343.32

																								28		7229		26.42		216.87

																												MVC    (1 Ref. Frame)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		78270		37.95		2348.1

																								5		60574		36.38		1817.22

																								7		39653		33.95		1189.59

																								10		22670		31.48		680.1

																								15		12392		29.07		371.76

																								20		7962		27.52		238.86

																								25		5901		26.46		177.03

																												MVC    (5 Ref. Frames)

																								QP		Bits/frame		PSNRY		Bitrate (Kbit/s)

																								4		69187		38.02		2075.61

																								5		52871		36.47		1586.13

																								7		34598		34.1		1037.94

																								10		19713		31.72		591.39

																								15		11182		29.36		335.46

																								20		7492		27.82		224.76

																								25		5733		26.7		171.99
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