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We have done some examinations of the test model related to the use of multiple reference frames. As a result of this study, we propose some simple changes to the test model.

Extension of the test model concerning long term prediction

Currently the maximal number of reference frames is fixed within the test model, although the syntax of H.26L allows for temporal prediction using more than five previous pictures.

In order to limit the increase in complexity and at the same time providing a sufficient search space, the search process is restricted depending on the temporal distance between the given frame and its reference frames. In the range of one to five reference frames the present input settings of the test model are unchanged, in the case of more than five reference frames the choice of macro block types is limited to the modes 1 – 4 and the search range in the integer pixel search is reduced to ( 2 pixel.

The maximal size of the long term memory is not restricted in the syntax, which will be essential in any real implementation and may depend on certain profiles. In our comparison we used a long-term memory of 5 sec.

Experimental results

Applying these changes and using 5 sec long-term memory we have done some tests, which especially in the case of the news-sequence (Fig. 1) result in significant gains.
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Fig. 1  Rate-Distortion Performance for the sequence News (QCIF, 10 fps) with 50 reference frames
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Fig. 2  Rate-Distortion Performance for the sequence Silent (QCIF, 15 fps) with 75 reference frames
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Akiyo.cif

																		Akiyo CIF				Hz				intra bits:		intra_pred, mb_mode, cbp, coeffY, coeffC

																		TML 4.5DM				15				inter bits (motion):		mb_mode, mvd, referenz frame

																										inter bits (texture):		cbp, coeffY, coeffC

																		uvlc inter ohne header												uvlc intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1		1026086		7249439		49.19						1		226705		49.47

																		16		261742		462583		40.67						16		55210		40.85

																		31		97602		43569		30.83						31		13718		31.02

																		uvlc

																		aac

																		entropy

																		aac inter ohne header												aac intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1		903102		6517146		49.19						1		203360		49.47

																		16		210106		447206		40.67						16		51824		40.85

																		31		48200		42576		30.83						31		12408		31.02

																		entropy inter ohne header												entropy intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1		915860		7194784		49.19						1		214056		49.47

																		16		225380		516989		40.67						16		58304		40.85

																		31		47330		46839		30.83						31		15061		31.02

																		gain aac %				gain entropy %								gain aac intra %				gain entropy intra %

																		11.9857399867				10.7423744209								10.297523213				5.579497585

																		19.727823582				13.8923061641								6.1329469299				-5.604057236

																		50.6157660704				51.5071412471								9.5494970112				-9.7900568596
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																		Mobile CIF				Hz				intra bits:		intra_pred, mb_mode, cbp, coeffY, coeffC

																		TML 4.5DM				30				inter bits (motion):		mb_mode, mvd, referenz frame

																										inter bits (texture):		cbp, coeffY, coeffC

																		uvlc inter ohne header												uvlc intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1												1

																		19												19

																		31												31

																		aac inter ohne header												aac intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1												1

																		19												19

																		31												31

																		entropy inter ohne header												entropy intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1												1

																		19												19

																		31												31

																		gain aac %				gain entropy %								gain aac intra %				gain entropy intra %
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																		Container QCIF				Hz				intra bits:		intra_pred, mb_mode, cbp, coeffY, coeffC

																		TML 4.5DM				10				inter bits (motion):		mb_mode, mvd, referenz frame

																										inter bits (texture):		cbp, coeffY, coeffC

																		uvlc inter ohne header												uvlc intra ohne header

																		QP		bits (motion)		bits (texture)		psnr						QP		bits		psnr

																		1												1

																		19												19

																		31												31

																		aac inter ohne header												aac intra ohne header
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																		entropy inter ohne header												entropy intra ohne header
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News QCIF

																								News QCIF				10 fps		5 sec. Reference frame memory = 50 frames

																								TML 4

																						QP		Bits		PSNRY		Kbits/frame		PSNRU		PSNRV

																						13		80735.7969		39.81		80.7357969		41.81		42.46

																						16		56705.3008		37.52		56.7053008		40.1		40.79

																						19		39662		35.14		39.662		38.7		39.25

																						22		27509.5		32.92		27.5095		36.75		38.05

																						25		19211.0996		30.79		19.2110996		35.36		37

																						28		12916.2002		28.48		12.9162002		34.29		36.24

		0		0

		0		0

		0		0																				50 reference frames, ab 6.ten reference frame nur noch blocktype 1-4, und search range +-2pixel

		0		0																		QP		Rate		PSNRY		Kbits/frame

		0		0																		13		57456.1016		39.8		57.4561016

		0		0																		16		40120		37.55		40.12

		0		0																		19		28020.1992		35.18		28.0201992

																						22		19694.3008		32.95		19.6943008

																						25		14308.5		30.85		14.3085

																						28		10100.5		28.55		10.1005





News QCIF

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



TML 4

TML4 with 5 sec. reference frame memory

KBits

PSNR [dB]

News QCIF

0

0

0

0

0

0

0

0

0

0

0

0



Paris CIF

																								Paris CIF				15 fps		5 sec. Reference frame memory = 75 frames

																								TML 4

																						QP		Bits		PSNRY		Kbits/frame		PSNRU		PSNRV

																						13		576055.125		38.7		576.055125		40.89		41.03

																						16		398508.9063		36.41		398.5089063		39.03		39.27

																						19		273720		34.04		273.72		37.3		37.63

																						22		183474.2969		31.73		183.4742969		35.72		36.17

																						25		123585.5		29.55		123.5855		34.28		34.75

																						28		79459.1016		27.22		79.4591016		33.07		33.64

																								75 reference frames, ab 6.ten reference frame nur noch blocktype 1-4, und search range +-2pixel

																						QP		Rate		PSNRY		Kbits/frame		PSNRU		PSNRV
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Silent QCIF

																								Silent QCIF				15 fps		5 sec. Reference frame memory = 75 frames

																								TML 4

																						QP		Bits		PSNRY		Kbits/frame		PSNRU		PSNRV

																						13		103518.7969		38.8699		103.5187969		40.52		41.53

																						16		71452.7969		36.6199		71.4527969		38.85		40.31

																						19		49039.3984		34.4799		49.0393984		37.57		39.04

																						22		33496.6016		32.43		33.4966016		36.3		38.2

																						25		22974.4004		30.59		22.9744004		35.25		37.43

																						28		15096.7002		28.5		15.0967002		34.5		36.61

																								75 reference frames, ab 6.ten reference frame nur noch blocktype 1-4, und search range +-2pixel

																						QP		Rate		PSNRY		Kbits/frame		PSNRU		PSNRV

																						13		99456.9		38.88		99.4569

																						16		68245.3		36.67		68.2453

																						19		47072.3		34.51		47.0723

																						22		32412.5		32.48		32.4125

																						25		22287.9		30.61		22.2879

																						28		15009.5		28.59		15.0095
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Container QCIF

		Messung: 6.12.00																						Container QCIF				10 fps		5 sec. Reference frame memory = 50 frames

		3. Auflage: 14.12.00																						TML 4

																						QP		Bits		PSNRY		Kbits/frame		PSNRU		PSNRV

																						13		54016.3008		38.8		54.0163008		42.75		42.63

																						16		32286.1992		36.74		32.2861992		41.36		40.84

																						19		20002		34.62		20.002		39.7		39.35

																						22		13185.2998		32.57		13.1852998		38.48		38.1

																						25		9205.4004		30.62		9.2054004		37		36.97

																						28		6207.6001		28.22		6.2076001		36.29		35.85

																								50 reference frames, ab 6.ten reference frame nur noch blocktype 1-4, und search range +-2pixel

																								Rate		PSNRY		Kbits/frame		PSNRU		PSNRV
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Tempete CIF

																								Tempete CIF				30 fps		5 sec. Reference frame memory = 150 frames

																								TML 4

																						QP		Bits		PSNRY		Kbits/frame		PSNRU		PSNRV

																						13		2438846.25		38.31		2438.84625		39.28		40.83

																						16		1592459.875		35.94		1592.459875		37.59		39.41

																						19		996785.625		33.59		996.785625		36.08		38.14

																						22		611952.4375		31.39		611.9524375		34.76		36.98

																						25		391777.2813		29.3		391.7772813		33.41		35.81

																						28		248378.6563		27.16		248.3786563		32.33		34.97

																								150 reference frames, ab 6.ten reference frame nur noch blocktype 1-4, und search range +-2pixel

																								Rate		PSNRY		Kbits/frame		PSNRU		PSNRV
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