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1. Introduction
Rate control plays a very important role in constant bit rate (CBR) video coding. Although it’s not a normative tool for any video coding standard, every video coding standard recommends its own rate control algorithm such as TM5 in MPEG-2 and TMN8 in H.263. Due to high coding efficiency, JVT as a promising video coding standard was already developed to the committee draft (CD) stage. However, unlike the existing video coding standards, rate control in JVT standard becomes quite difficult especially at macroblock level because both rate control and rate-distortion optimization (RDO) will involve the quantization parameters. In this proposal, we develop an efficient rate control algorithm at macroblock level for the coming JVT standard by considering both rate control and RDO. The proposed rate control is developed from TM5 [1], however, it outperforms the original TM5 up to 1.0dB on average PSNR at the same bit rate. In the proposed rate control, the sum of absolution difference (SAD) after intra prediction or motion compensation is used to define the macroblock activity, which can reflect the macroblock activity more accurately than the original macroblock variance used in TM5. 
2. Proposed Rate Control On JVT
Figure 1 illustrates the block diagram of JVT with the proposed rate control. In the proposed rate control, the sum of absolute difference (SAD) of each macroblock after either motion compensation or intra prediction is used to measure macroblock activity. Firstly, the quantization parameter of the previous macroblock is used as the estimated quantization parameter of the current macroblock for rate-distortion optimization. After the preliminary coding mode is decided by rate-distortion criterion, we can calculate the macroblock activity as well by the selected coding mode and motion vectors. Secondly, according to the macroblock activity and the current virtual buffer occupancy, the quantization parameter for the current macroblock is calculated with the similar model used in TM5. Using the new quantization parameter, RDO is performed again for finding the final optimal coding mode. At last, the obtained residue is encoded with either UVLC or CABAC. The proposed rate control algorithm is described in detail as follows.

Step 1: Bit allocation.

The proposed bit allocation is first performed at picture level, which is the same as that in TM5. Ti, Tp and Tb denote the bits allocated to I, P, B frame, respectively, which are calculated by:
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where Kp and Kb [2]are constants. They reflect the complexity portion among I, P, and B frames. In this proposal, we select Kp =1.1 and Kb =1.5. Np and Nb are the numbers of P pictures and B pictures remaining in the current group of picture (GOP) in the encoding order. Xi, Xp and Xb denote the complexity estimation of a certain type picture (I, P, or B). In the proposed rate control, Xi, Xp, Xb are initialized with Xi=(150*bit_rate)/115, Xp=(25*bit_rate)/115, and Xb=(18*bit_rate)/115, respectively. R is the remaining number of bits assigned to the GOP. After encoding a picture, R is updated as follows,

R = R - Si,p,b ,

where Si,p,b is the number of bits consumed in the picture just encoded (picture type may be I, P or B). Before encoding the first picture in a GOP, considering the rest or exceeding bits Rprev of previous GOP, initial R is given as follows,

R = G + Rprev,

where



    G = bit_rate*N/picture_rate,

and N is the number of pictures in the GOP. For the first GOP Rprev= 0.

Step 2: First time rate-distortion optimization.

The preliminary coding mode for the current macroblock m is found by using the quantization parameter Qm-1 of the macroblock m-1. The coding mode is selected by minimizing:
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If the picture is P or B, considering the SAD is used as criterion, the lambda in motion estimation is 
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Step 3: Computing the macroblock quantization parameter.

After motion compensation with the selected coding mode and motion vectors, the macroblock activity is calculated by:
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where s(i,j) is the luminance of original pixel (i,j), c(i,j) is the prediction of pixel (i,j), and avg_act is the average value of actj in the previously coded same type picture. The avg_act is initialized with avg_acti=1000, avg_actp=900, and avg_actb=800.
The quantization parameter Qm of macroblock m is decided by virtual buffer occupancy[5] and the macroblock activity, i.e.
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where dmn is the current virtual buffer occupancy. dmi, dmp, and dmb are the fullness of virtual buffers at macroblock m for each picture type. The final fullness of the virtual buffer (dmi, dmp, dmb : m=MB_CNT) is used as d0i, d0p, and d0b for encoding the next frame. Bm-1 is the number of bits generated by encoding all macroblocks in the picture up to an including macroblock m-1. MB_CNT is the number of macroblocks in a frame.

The initial value for the virtual buffer fullness is:
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Step 4: Second rate-distortion computing.
Using the new quantization parameter, RDO is performed again in finding the optimal coding mode for the macroblock to be coded. Afterwards, the block is encoded with the selected coding mode and the decided quantization parameter. The virtual buffer is updated as well.
3. Experiments and Results

The proposed rate control is implemented in JVT JM2.0 codec. Since the rate control algorithm is derived from TM5 model, we also have implemented TM5 rate control on JVT JM2.0 as a reference. Comparisons between the results achieved by the proposed rate control and TM5 are discussed in this section. In the test, a GOP is composed of 15 frames. Every GOP contains one I frame. The other test conditions are listed in Table 1.

Table 2 shows the coding results with the proposed rate control on several test sequences. From the table, we can see that the proposed algorithm can accurately control the generated bit rate at different resolutions and frame rates. The error between target bit rate and real bit bate is below 1%. Table 3 shows the average PSNR gain compared between TM5/Proposed rate control and without rate control. The PSNR is calculated by averaging some typical bit-rates. For example, it was sampled at 16, 24, 32, …, 72kbps for the Foreman sequence at 10 fps. Figure 2~7 gives the rate-distortion curves with rate control, no rate control and TM5, respectively. It has been shown that the proposed rate control can still keep high coding efficiencies. In other words, the proposed rate control achieves higher coding efficiency rather than TM5. And also, at high bit rate, the PSNR achieved with the proposed rate control might be higher than that without rate control. At low bit rate, this might lead to a bit lower PSNR than that without rate control. It is reasonable because of the penalty for changing macroblock quantization parameter on RDO. Figure 8 shows the PSNR per frame for the test sequence coded using our proposed rate control and the PSNR per frame for the same test sequence without rate control at the same bit rate.

Furthermore, in Figure 9, multi-iterative results are demonstrated. From the figure, we can see that multiple iterations only get little gain on coding efficiency. To reduce encoding complexity, it is enough to do only one iteration.

Table 1 Test Conditions

	MV resolution
	1/4 pel 

	Hadamard
	ON

	RD optimization
	ON

	Search Range
	(16

	Restrict Search Range
	2

	Reference Frames
	2

	Symbol Mode
	CABAC

	GOP structure
	IPP or IBBP


	Stream
	Type
	Skip/Bframe

(GOP 15)
	Frame

rate
	Target bit-rate (kbps)
	Achieved bit-rate (kbps)
	PSNRY(dB)

	Foreman
	QCIF
	2
	10
	24.00
	24.05
	32.91

	Mother
	QCIF
	2
	10
	17.00
	17.00
	33.45

	Foreman
	QCIF
	2
	30
	73.00
	73.11
	33.02

	Coastguard
	CIF
	2
	30
	401.00
	401.14
	30.09

	Basket
	CIF
	2
	30
	531.00
	531.77
	30.02

	Mobile
	CIF
	0
	30
	646.00
	646.87
	29.37


Table 2. Proposed rate control test on several sequences
Table 3. Average PSNR gain compare between TM5/Proposed rate control and no rate control

	Stream
	Type
	Skip/Bframe

(GOP 15)
	Frame

rate
	Proposed rate control
	TM5

	Foreman1
	QCIF
	2
	10
	-0.2128
	-0.4815

	Mother2
	QCIF
	2
	10
	-0.3277
	-0.8670

	Foreman3
	QCIF
	2
	30
	-0.1002
	-0.7737

	Coastguard4
	CIF
	2
	30
	-0.1729
	-0.6065

	Basket5
	CIF
	2
	30
	-0.3162
	-0.6862

	Mobile6
	CIF
	0
	30
	-0.2611
	-1.9938
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Figure 1. Proposed rate control scheme on JVT

[image: image17.wmf]0

50

100

150

200

250

300

350

26

26.5

27

27.5

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

37.5

38

38.5

39

39.5

40

40.5

41

41.5

42

kbps

PSNRY(dB)

no rate control      

proposed rate control

TM5                  


Figure 2. PSNR graph for Foreman_qcif.yuv 30f/s with JVT/JM20 codec
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Figure 3. PSNR graph for Foreman_qcif.yuv 10f/s with JVT/JM20 codec
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Figure 4. PSNR graph for Mother_daughter_qcif.yuv 10f/s with JVT/JM20 codec
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Figure 5. PSNR graph for Coastguard_cif.yuv 30f/s with JVT/JM20 codec
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Figure 6. PSNR graph for basket_cif.yuv 30f/s with JVT/JM20 codec
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Figure7. PSNR graph for mobile_cif.yuv 30f/s with JVT/JM20 codec
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Figure 8. Comparison of PSNR values per frame for Foreman_qcif.yuv 30f/s 146kbps
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Figure 9. Comparison of multi-iterative results
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