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1. 
 Rate Control

1.1. Introduction to Rate Control
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. Due to high coding efficiency, AVC is a promising video coding standard. However, unlike the existing video coding standards, rate control in AVC standard becomes quite difficult especially at macroblock level because both rate control and rate-distortion optimization (RDO) will involve the quantization parameters. Here an efficient rate control algorithm at macroblock level for AVC standard is provided through considering both rate control and RDO. 

1.2. Technical Description of Rate Control

The rate control scheme is developed from TM5, however, it outperforms the original TM5 for AVC at the same bit rate.
There are four steps in the macroblock level rate control scheme:

1) Bit allocation.

The algorithm in this step aims at allocating an appropriate number of bits to the frame in a GOP. The bit allocation is based on the target bitrate and the frame rate. Different number of bits is allocated to I, P, B frames, respectively.

2) First mode selection. 

Utilizing the predicted QP, the motion estimation and coding mode selection is performed with the rate-distortion optimization. 

3) Quantization parameter decision
In terms of the selected motion vector and coding mode, the activity of the current macroblock is calculated based on the Sum of Absolution Difference (SAD) after intra prediction or motion compensation. According to the buffer and the activity, the final QP is decided.

4) Second mode selection.
If the absolute difference between the final decided QP and the predicted QP is less than a threshold (e.g. 1), the original motion vectors and coding mode are used. Otherwise, the rate distortion optimization with the final QP is performed to select the new motion vectors and coding mode. With the final motion vectors and coding mode, the current macroblock is compressed into the bitstream.

The algorithm is described 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 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=(155*bit_rate)/115, Xp=(15*bit_rate)/115, and Xb=(5*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 mode selection.

The preliminary coding mode for the current macroblock m is found by using the predicted Qpred. The coding mode is selected by minimizing:
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The QP of previous macroblock serves as Qpred of the current macroblock except that CBP of the previous macroblock is zero. If CBP of the previous macroblock is zero, the predicted QP of previous macroblock serves as Qpred of the current macroblock. 
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 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 mode selection.
If the absolute difference between the predicted QP and the final QP is less than a threshold, the predicted QP is still used to compress the current macroblock without performing the second mode selection. Otherwise, using the new quantization parameter, second mode selection is performed again in finding the optimal coding mode for the macroblock to be coded. In this way, the complexity of rate control is greatly reduced. Afterwards, the block is encoded with the selected coding mode and the decided quantization parameter. The virtual buffer is updated as well.
1.3. Conclusions

The rate control scheme can reach accurate rate control while keeping good PSNR. The rate control scheme is derived from TM5 joint considering RDO. Complexity of the rate control algorithm is reduced heavily for an accurate QP prediction technique. It is simple to realize on AVC. 
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