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1. Introduction

In this proposal, we present an adaptive picture layer rate control scheme for JVT by introducing a linear model to predict the mean absolute difference (MAD) of current picture by that of previous picture. The target bit rate for the current picture is computed by adopting a fluid flow traffic model and simple tracking theory according to the removal interval between the previous picture and the current one, the current buffer occupancy, the target buffer level and the available channel bandwidth [6]. The corresponding quantization parameter is computed by using a quadratic rate-distortion (R-D) model [1,2]. The rate distortion optimization (RDO) is then performed for each macroblock (MB) in the current picture by using the quantization parameter. We focus on the variable bit rate (VBR) case while our scheme is also applicable to the constant bit rate (CBR) case. It should be emphasized that the VBR in our proposal means that the available channel bandwidth is time varying. A virtual buffer is used to store the generated bits and to help adjust the coding process according to the dynamics of the channel bandwidth. Since our scheme is directly based on the fluid flow traffic model and the bucket is not underflow   or overflow, our rate control is thus conformed to hypothetical reference decoder (HRD).  

2. Preliminary Knowledge

Since quantization parameters are involved in both rate control and RDO, there exists a problem when the rate control is implemented: to perform RDO for MBs in the current picture, a quantization parameter should be firstly determined for each MB by using the MAD of current picture and/or the MB [1,2,7,8]. However, the MAD of current picture and/or the MB is only available after performing the RDO. The following linear model (1) is proposed to solve this problem.

Suppose that the MADs of current picture and previous picture with the same type are denoted by 
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where 
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 is the actual MAD of previous picture, 
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 is the predicted MAD of current picture, 
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are two coefficients of prediction model. 

In the following description, the time base uses the num_units_in_tick and time_scale syntax in the Sequence Parameter Set to derive the difference of the removal time between the previous picture and the current picture. Particularly, let 
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 be the clock tick associate with the coding process [7]. 

Let 
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 denote the total number of pictures in a group of picture (GOP), 
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 denote the jth picture in the ith GOP, and 
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 denote the occupancy of virtual buffer. It can be shown from the fluid flow traffic model that
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where A(
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) is the actual bits generated by the jth picture in the ith GOP, u(
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) is the available channel bandwidth which can be either VBR or CBR, 
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 is the delay of the removal time for the (j+1)th picture in the ith GOP with respective to that of the jth picture in the ith GOP [7], and 
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 is the buffer size and its maximum value is determined based on different level and different profile [7]. Note that the initial level of the virtual buffer is set to Bs/4.

The model is similar to the leaky bucket model in [7] when
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 The above model guarantees that the bitstream is contained in the leaky bucket. Therefore, when the bitstream is input to the virtual buffer with parameters 
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, the buffer will not overflow and underflow. In other words, our rate control scheme is conformed to HRD.

3. Adaptive Rate Control

Our scheme is composed of two layers: GOP-layer rate control and picture-layer control.  

3.1 GOP-Layer Rate Control

In this layer, we need to compute the total number of bits 
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 for each GOP. Same as [5], we assume that the GOP structure is IBBPBBP... P or IPPP…P, with I being an intra-coded picture, P being a forward predicted picture and B being a bi-directional predicted picture. The length of a GOP is usually 15-50 [4].

The total number of bits allocated for the ith GOP is computed as follows:
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where 
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 is the predefined picture rate. The total number of bits is updated after coding each picture.

It can be shown from equation (3) that the coding results of the latter GOPs depend on those of the former GOPs. To ensure that all GOP has a uniform quality, each GOP should use its own budget. In other words, the buffer occupancy should be kept at 
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 after coding each GOP.

Since the channel bandwidth may vary at any time, 
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 is updated picture by picture as follows:
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3.2 Picture Layer Rate Control

In our scheme, the first I picture is coded by a predefined quantization parameter InitialQp, the first P picture and the first B picture are coded by (InitialQp+2) and (1.25*InitialQp), respectively. InitialQp is predefined based on the available channel bandwidth. The first P picture in other GOP is coded by (PtotalQp/Np-1) and the other I pictures are coded by (PtotalQp/Np-3) where Np is the total number of P pictures in a GOP and PtotalQp is the sum of quantization parameters for all P pictures in the previous GOP. 

The picture layer rate control scheme consists of two stages: pre-encoding and post-encoding.

   3.2.1 Pre-Encoding Stage:

The objective of this stage is to compute quantization parameter for each picture. This is achieved via the following two steps:

Step 1 Determine a target bit rate for each picture. Step 1 is composed of the following two sub-steps.

Step 1.1 Macroscopic control (budget allocation among pictures).  

The bit allocation is implemented by predefining a target buffer level for each P picture.

After coding the first P picture in the ith GOP, we reset the initial value of target buffer level as 
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where 
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 is the actual buffer occupancy after coding the first P picture in the ith GOP. The target buffer level for the subsequent picture is determined according to the following two cases:

Case 1. The jth picture in the ith GOP is a P picture. Its target buffer level is predefined and determined using the following equation:
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where 
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 is the number of remaining B pictures after coding the jth picture,  and Target(j+1) is the target buffer level. 
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 are the number of bits generated by encoding the corresponding picture, and 
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 are the quantization parameters. 

Case 2. The jth picture is a B picture. Its target buffer level is predefined and determined using the following equation:
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It can be easily shown that 
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. Thus, if the actual buffer fullness is exactly the same as the predefined target buffer level, it means that each GOP uses its own budget. However, since the rate-distortion (R-D) model is not accurate [1,2], there usually exists a difference between the actual buffer fullness and the target buffer level. We therefore need to compute a target bit rate for each picture to attenuate this difference. This is achieved by the following microscopic control.
Step 1.2 Microscopic control (target bit rate computation). 

Using linear tracking theory [6], the target bits allocated for the jth picture in the ith GOP is determined based on the target buffer level, the difference of the removal time between the previous picture and the current picture, the available channel bandwidth and the actual buffer occupancy as follows:
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where ( is a constant and its typical value is 0.25 for both P pictures and B pictures. Further adjustment by a weighted smoothing of the target bit rate is given according to the following two cases: 

Case 1. The jth picture is a P picture.
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where 
[image: image47.wmf]b

 is a constant and its typical value is 0.95 for both P pictures and B pictures. 

Case 2. The jth picture is a B picture.
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 Step 2 Compute the quantization parameter and perform RDO. 

The MAD of current picture is predicted by using model (1) and the MAD of previous picture.

The quantization parameter corresponding to the target bit rate is then computed by using the quadratic model provided in [1,2].  The details on this can be found in [1,2,5], it is thus not elaborated in this section. The final quantization parameter is adjusted according to the following two cases:  

The final 
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where DQuant is 2 if the number of successive B pictures is less than 2, and it is 3 otherwise.

The final quantization parameter 
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 for B pictures is adjusted as follows:
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The quantization parameter is then used to perform RDO for each MB in the current picture by using the method provided in [7,8]. The coding mode is selected by minimizing the following performance index:
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If the picture is P or B and the SAD is adopted as the criterion, the lambda in motion estimation is give by
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Post-encoding Stage:

There are two major tasks in this stage:  update the model parameters, and determine the number of skipped pictures.

After encoding a picture, the parameters of model (1), as well as that of the quadratic R-D model should be updated. A method similar to that in [1,2] is used where the window size is computed by using the method provided in [5] instead of that in [1,2].

After encoding a picture, the total number of actual generated bits A(
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is added to the current buffer occupancy. To ensure that the updated buffer occupancy is not too high, the picture skipping parameter 
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 is set to zero and increased until the following buffer condition is satisfied [1]:
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where the buffer fullness is updated as follows:


[image: image59.wmf]post

,

,

,

1

,

N

1

 

);

y(n

moval_dela

Pre_enc_re

*

*

)

(

)

(

)

(

<

£

-

=

+

+

+

+

+

l

t

n

u

n

B

n

B

l

j

i

c

l

j

i

l

j

i

c

l

j

i

c

                (18)

4. Experimental Results

We test our rate control scheme in both the VBR case and the CBR case, in both the case that RDO is on and the case that RDO is off.

Group 1 Variable bit rate (VBR)

Two groups of experiments are carried out. Test conditions are given in Table 1. The other experimental conditions are given as follows:

Testing platform: JM5.0;

Test sequences: news, foreman, children, weather, container, coastguard, and carphone; 

Format: QCIF(4:2:0);

Input picture rate is 30 pictures/s, output picture rate is 10pictures/s;

100 pictures are used for each sequence;

QP for the first I picture is 17;

Bandwidth: 128000 bits/s (
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Table 1 Test Conditions

	MV resolution
	1/4 pel 

	Hadamard
	ON

	RD optimization
	Off

	Search Range
	(16 (QCIF)

	Restrict Search Range
	2

	Reference Frames
	1

	Symbol Mode
	CABAC

	ABT Mode
	OFF

	GOP structure
	IPP 


The experimental results for the sequences with QCIF size are given in the following table: 

Table 2 Experimental Results for VBR and QCIF

	sequence
	foreman
	News
	Container
	coastguard
	Weather
	children
	carphone

	Average PSNR
	40.08dB
	45.03dB
	44.08dB
	35.56dB
	45.37dB
	37.59dB
	41.17dB

	Resulted Bandwidth
	153.63kb/s
	153.52kb/s
	153.94kb/s
	153.47kb/s
	153.70dB
	153.71kb/s
	153.71kb/s


Group 2 Constant bit rate (CBR)

The test conditions are given in Table 3 and the experimental conditions are given as follows:

Testing platform: JM5.0;

Test sequences: news, foreman, children, weather, container, coastguard, and carphone; 

Format: QCIF(4:2:0);

Input picture rate is 30 pictures/s, output picture rate is 10pictures/s;

100 pictures are used for each sequence;

QP for the first I picture is 20;

Bandwidth: 64kbs/s

                           Table 4 Test Conditions

	MV resolution
	1/4 pel 

	Hadamard
	ON

	RD optimization
	ON

	Search Range
	(16(QCIF), (32(CIF)

	Restrict Search Range
	2

	Reference Frames
	5(QCIF),1(CIF)

	Symbol Mode
	CABAC

	ABT Mode
	OFF

	GOP structure
	IBBPBB 


The experimental results for the sequences with QCIF size are given in the following table: 

Table 4 Experimental Results for 64kb/s, IBBPBB and RDO=ON

	sequence
	foreman
	News
	Container
	coastguard
	weather
	children
	carphone

	Average PSNR
	35.82dB
	40.41dB
	41.36dB
	32.00dB
	38.88dB
	31.40dB
	37.29dB

	Resulted Bandwidth
	63.54kb/s
	64.19kb/s
	64.00kb/s
	64.02kb/s
	65.36kb/s
	63.72kb/s
	65.36kb/s


Testing platform: JM5.0;

Test sequences: hall, goldfish, bike, mobile and paris; 

Format: CIF(4:2:0);

Input picture rate is 30 pictures/s, output picture rate is 10pictures/s;

100 pictures are used for each sequence;

QP for the first I picture is 30;

Bandwidth: 128kb/s;

The experimental results for the sequences with CIF size are given in the following table: 

Table 5 Experimental Results for sequence with CIF size

	Sequence
	mobile
	paris
	bike
	hall
	goldfish

	Average PSNR
	27.09dB
	32.66dB
	31.45dB
	38.43dB
	32.53dB

	Resulted Bandwidth
	129.68kb/s
	128.39kb/s
	129.04kb/s
	128.31kb/s
	128.73kb/s


5. Discussion About Our Scheme

A picture layer rate control is provided in this proposal by introducing a linear prediction model. There are generally two performance indices for the rate control, the PSNR and the fluctuation of generated bits. In generally, a picture layer rate control could achieve a high PSNR and big bit fluctuation, while MB layer rate control could have small bit fluctuation, but with slight loss in PSNR. A good trade-off could be achieved by introducing the concept of basic unit.

Definition 1: Suppose that a picture is composed of 
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 MBs. A basic unit is defined to be a group of MBs that is composed of 
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For example, a basic unit can be an MB, or a slice, or a field, or a picture, and so on. In this proposal, we consider the case that a basic unit is a picture.

If the basic unit is not selected as a picture, an additional basic unit layer rate control should be added to our scheme.

To reduce the number of bits used for Dquant , the difference among the quantization parameters of macroblocks, the syntax of JVT could be modified by inserting a flag in the beginning of the bit stream to indicate the exact number of MBs in the basic unit. We then only need to code the difference among the quantization parameters of basic unit instead of those of macroblocks. 

6. Conclusion.

An adaptive rate control scheme is provided for JVT by introducing a linear model to predict the MAD of current picture by that of previous one. The linear model is used to solve the problem arising from the coexistence of RDO and rate control algorithm in JVT. Our scheme is directly based on a fluid flow traffic model and is thus conformed to HRD. Moreover, it is applicable to both VBR case and CBR case. It is applicable to different choice of basic unit. 
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