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1 Introduction
In the current H.264 design, both skipped macroblocks and modes are signaled by “mb_skip_run” and “mb_type” respectively. For some sequences and at high QPs, this has turned out to be very wasteful. This document describes a different method to signal coded macroblocks. In other words, a considerable gain in compression efficiency can be obtained with a new single syntax element. The main saving is at high QPs, but there is also a gain for complex sequences due to an elimination of unnecessary bits for skipped macroblocks in each frame having consecutive coded macroblocks, especially.
2 Present H.264 coding of macroblock type
For each macroblock in an inter frame, the macroblock type is coded by two code words:

	Index
	mb_skip_run
	mb_type

	0
	0
	16x16

	1
	1
	16x8

	2
	2
	8x16

	3
	3
	8x8

	4
	4
	8x8[ref_idx_0]


where 

· mb_skip_run = number of consecutive skipped macroblocks,

· mb_type = coding mode.
“mb_skip_run” is coded up to index 99 in case of QCIF while “mb_type” is done up to index 29. Before each coded macroblock, “mb_skip_run” is sent followed by the applicable “mb_type”. If the picture (or slice) ends with skipped macroblocks, a corresponding mb_skip_run is sent before the next picture/slice sync code. This way all macroblocks are signaled, yielding the same error robustness for packet losses as the current H.264 or H.263.

3 Proposed new coding method
We propose to replace “mb_skip_run” and “mb_type” by (mb_type, mb_skip_run) pair: 

	Index
	(mb_type, mb_skip_run) pair

	0
	(16x16, 0)

	1
	(8x8, 0)

	2
	(8x8[ref_idx_0], 0)

	3
	(16x8, 0)

	4
	(8x16,0)

	5
	(16x16, 1)

	6
	EOF


where 

· (mb_type, mb_skip_run)  = A pair of “mb_type” and “mb_skip_run”.
“(mb_type, mb_skip_run)” pair can be coded up to index 2940 maximaly in case of QCIF. If the picture (or slice) ends with skipped macroblocks, a new EOF(End-Of-Frame) symbol as shown in the code table above is sent. 

We have obtained about 500 symbols for a (mb_type, mb_skip_run) pair from four test sequences: Container, Foreman, News and Silent. The above code table is designed based on the average occurrence propobabilties of 500 symbols including an EOF. We could not observe the rest of the symbols in the test sequences. Present H.264 coding method is used for the excluded symbols.

4 Example

Consider the following sequence of macroblock modes:

Skip, 16x16, 16x16, 16x16, 16x16. 

Using the tables above, two bits can be saved:

	Macroblock type
	Skip
	16x16
	16x16
	16x16
	16x16
	Total bits

	Bits old
	-
	010 1
	1 1
	1 1
	1 1
	10

	Bits new
	-
	00110
	1
	1
	 1
	8


Note that each of three 16x16 macroblocks is coded with one bit where previously two bits were used. This shows that the new scheme can save some bits even in the absence of skipped macroblocks.

5 Experimental results and conclusion

The nine H.264 test sequences were encoded with JM8.2 using quantizers 32, 28, 24, 20, 16, as well as 12 and 8. The search window was set to (16 pixels and 5 frame memory was used.

The (a) graph shows the gains accoding to framerates when only “mb_skip_run” and “mb_type” bits were considered. The (b) graph shows the total percentage bit rate gain for each sequence.
Note that the reconstructed files from the new and old scheme are identical. Hence, no rate-distortion graphs are presented.
[image: image1.emf]10Hz

-10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

8 12 16 20 24 28 32

Qp

Percent

carphone(QCIF,10Hz)

container(QCIF,10Hz)

foreman(QCIF,10Hz)

hall(QCIF,10Hz)

news(QCIF,10Hz)

silent(QCIF,10Hz)

mobile(CIF,10Hz)

paris(CIF,10Hz)

tempete(CIF,10Hz)


[image: image2.emf]30Hz

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

8 12 16 20 24 28 32

Qp

Percent

carphone(QCIF,30Hz)

container(QCIF,30Hz)

foreman(QCIF,30Hz)

hall(QCIF,30Hz)

news(QCIF,30Hz)

silent(QCIF,30Hz)

mobile(CIF,30Hz)

paris(CIF,30Hz)

tempete(CIF,30Hz)


(a) (mb_skip_run + mb_type) gains
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(b) Total bit rate gains
The proposed method offers better coding gains than the present H.264 coding method for wide conditions. In particular, there is considerable improvement for complex sequences or at low QPs. Moreover, the proposed method is simple to implement without degrading the image quality. However, some memories are required for the code table of (mb_type, mb_skip_run) pair. 
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