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Paper [1] proposed a rate control strategy, which has been used in H.263 TMN8 and MPEG-4 VM8. It is also a core technique in TMN11 and VM15. TMN8’s rate control strategy is a variance-based algorithm, it needs to first calculate the DCT residual variance of the MBs of the frame then decide the QP for those MBs. However, Many hardware structures are favorable to execute MAD in parallel, moreover in motion estimation, MAD of block matching is a need-to-do process, so that using MAD to replace variance as a controlling trigger is reasonable. Furthermore, if this MAD can be predicted from previous frames, a low delay encoder can be obtained. In this proposal, we first introduce a MAD-based strategy that has the performance comparable to the variance-based one. Secondly, we will give experimental results of using a predicted MAD in order to reduce the encoding delay.
1. MAD-based rate control strategy

Let’s first derive the method for MB-based rate controlling, which can be easily extended to a slice-based one. 

Equation (1) is a linear modeling of the bits and the MAD for a MB, 
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where (p and (p are factors of the this linear model for P MB .

The following Figures are simulation results to show the linearity of equation (1). 

[image: image2.png]bits
700

HAD
0 200 400 00 BOD 1000 1200 1400 1600 1800 AP





Figure 1, I MB (football)
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Figure2 P MB (football)
Under the linearity assumption, a bit assigning strategy is described in the following steps:

Step 1: Frame bits assigning

Equation (3) is for updating the bits in the output buffer,
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where,

W is accumulated bits in the buffer;

B’ is the bits used by the previous frame;

R is the target bits;

F is the target frame rate.
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Thus we can assign the bits for current frame as follows:
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  is the number of frames need to be skipped;
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is a parameter of buffering delay, normally assigned to 0.1;
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is the bits assigned to current frame.

Step 2: MB bits assigning 

The bits assigned to the transform coefficient of a MB is,
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is the bits assigned for a frame, [image: image15.wmf]O

 is the overhead bits for current frame, which can be thought to be the same as that of the previous frame, [image: image16.wmf]N

is the total MB number in the frame, and [image: image17.wmf]_

AvgMAD

is the averaging MAD in the frame.
Step 3:  Obtaining quantization parameter

From equation (1), we get, 
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where,
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 is the difference between the predicted bits and the actually encoded bits, [image: image23.wmf]m

is a smoothing factor. 
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Step 4: Model parameter updating 

The linear model parameter updating is done by following equation, 
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Simulation results

The simulation conditions are,

Testing platform: TMN3.2 encoder;

Test sequences: Car Phone, Mother and Daughter, Coast Guard and Tempete;
Format: CIF (4:2:0);

Input frame rate is 30 frames/s, output frame rate is 10 frames/s;

240 frames are used for each sequence;

frame types of encoding are : IPPPPP…;

QP for the first frame is 10;

Figure 3 and 4 show the PSNR and bits of each frame for CarPhone @256Kb/s. It can be seen, the performance are comparable to that of TMN8’s. The results for other sequences are provided in Table 1~4.
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Figure 3  PSNR vs frames, Car Phone@256Kb/s
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Figure 4  Bits vs frames, Car Phone@256Kb/s

Table 1 Mother and Daughter
	
	TMN8’s 
	Proposed

	
	PSNR(dB)
	resulted

（Kb/s）
	PSNR(dB)
	resulted

(Kb/s)

	
	Y 
	Cb
	Cr
	
	Y
	Cb
	Cr
	

	128Kb/s
	37.03
	41.19
	41.19
	128.15
	36.89
	41.11
	41.17
	127.77

	256Kb/s
	39.58
	42.74
	42.98
	256.32
	39.59
	42.75
	42.98
	256.57

	384Kb/s
	41.06
	43.54
	43.94
	384.44
	41.17
	43.60
	44.03
	384.51


Table 2 Coast Guard

	
	TMN8’s
	Proposed

	
	PSNR(dB)
	resulted

（Kb/s）
	PSNR(dB)
	resulted

(Kb/s)

	
	Y 
	Cb
	Cr
	
	Y
	Cb
	Cr
	

	128Kb/s
	27.44
	37.06
	38.04
	128.14
	26.98
	37.40
	38.05
	127.63

	256Kb/s
	29.88
	39.22
	40.41
	256.28
	29.82
	39.61
	40.49
	255.76

	384Kb/s
	31.48
	40.34
	41.18
	384.43
	31.52
	40.78
	41.80
	384.37


Table 3  Tempete

	
	TMN8’s
	Proposed

	
	PSNR(dB)
	resulted

（Kb/s）
	PSNR(dB)
	resulted

(Kb/s)

	
	Y 
	Cb
	Cr
	
	Y
	Cb
	Cr
	

	128Kb/s
	26.41
	31.02
	33.30
	128.29
	26.13
	30.84
	33.23
	128.20

	256Kb/s
	28.69
	32.96
	35.02
	256.29
	28.58
	32.96
	35.04
	256.20

	384Kb/s
	30.24
	34.14
	36.14
	384.47
	30.20
	34.26
	36.22
	384.51


Table 4 Car Phone

	
	TMN8 Algorithm
	The Proposed Algorithm

	
	PSNR(dB)
	resulted

（Kb/s）
	PSNR(dB)
	resulted

(Kb/s)

	
	Y 
	Cb
	Cr
	
	Y
	Cb
	Cr
	

	128Kb/s
	35.17
	39.62
	40.56
	128.14
	34.89
	39.71
	40.59
	128.17

	256Kb/s
	38.31
	41.98
	42.77
	256.29
	38.27
	41.99
	42.64
	256.32

	384Kb/s
	40.11
	43.29
	44.07
	384.31
	40.06
	43.24
	43.86
	384.55


2. Rate control with low encoding delay

TMN8’s strategy needs to calculate the DCT residual variance for all MBs first then a QP for a MB can be decided. Because the variances have to be done after all MBs’ motion estimation, thus it results in encoding delay. In MAD-based strategy, we can use MAD to reduce computation load. In one hand, MAD can be easily conducted by parallel hardware, and in another hand, MAD is an already done value during motion estimation. The good performance has been shown in section 1.

In this section, we will present a new idea of getting the encoding delay further reduced, so as to obtain a low delay rate controlling.  
The idea is that we could predict the MAD of the current frame from the previous frames, thus need not to wait until the calculation of MAD to be finished for the current frame. The averaging MAD predicted from the previous frames can be simply used as in equation (9), 
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Using equation (9) to replace the MAD of the method in section 1, we get not bad results that are shown in Figure 5 and 6, the bits allocated are slightly worse than that of TMN8’s, the PSNR are similar as that of TMN8’s. The advantage of using predicted MAD is that it enables a forward rate control process.



Figure 5. 256Kbps,  4：2：0, Car Phone
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Figure 6. 4:2:0, CarPhone@256Kbps
3. Summaries 

The proposed MAD-based strategy can be used for CBR, and also for VBR. It requires few calculations, it is very simple in implementation and is fairly effective. It can use the MAD, a pre-computed value in ME, and obtains comparable results to that of TMN8’s. Moreover the strategy can be extended to a forward rate controlling by using the predicted MAD from the previous frames, to meet the requirement of a kind of delay sensitive encoders. We are currently testing on JVT platform. 
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