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1. Introduction

In Eibsee’s document Q15-C-19 [1], we described how to extend the rate control in TMN8 [2] to efficiently handle B and enhancement frames. In regards to B frames, a new technique in [1] for assigning a different target number of bits to P and B frames was adopted into the test model by the Video Experts Group. In this contribution, we improve the performance of this technique according to suggestions of some of the Group members. 

To be more concrete, our frame-target method in [1] uses the relative prediction error energy between P and B frames and other parameters (from the rate control’s macroblock layer) to distribute a bit budget into the different types of frames. We showed that our method significantly improved the overall PSNR of the encoded video sequences and reduced the PSNR fluctuation within the sequences. Nevertheless, some members in the Video Experts Group suggested that we tune one of the parameters so that the PSNR of the P frames increased more with respect to that of the B frames. In general, this approach has two benefits:

Up to some point, increasing the PSNR of the P frames also increases the PSNR of the B’s. This is because the encoded P frames are used to predict the B’s in motion compensation. 

Since the PSNRs of both types of frames increase, the overall (mean) PSNR is also higher and the perceived visual quality of the encoded video sequence is better. 

However, if the PSNR of the P frames is much higher than that of the B’s, then the quality differences are visually noticeable and the overall perceived visual quality decreases. In this work, we tuned our frame-target technique so that the PSNR of the P frames is approximately within 1 dB and higher than the PSNR of the B’s. In our experiments, this appears to be a good trade-off point that achieves the two benefits above.



The Technique for Assigning a Target Number of Bits to P and B frames in TMN9



Consider the typical case where the sequence or pattern of frame types is:   



I,B,…,B,P,B,…,B,P, B,…,B,P,B,…,B,P, …,		        	        (1)



where observe that the set of frames “B,…,B,P” is repeated periodically after the first I frame. Let us refer to such a set as a group of pictures or GOP and let MB be the number of B frames in the GOP above. The target number of bits for the P picture in that GOP, TP, and the target for each of the B frames, TB, are computed using the expressions derived in [1]:  





� EMBED Equation.2  ���,	   with	� EMBED Equation.2  ��� ,     	        	        (2)



� EMBED Equation.2  ���,		     		        (3)	



where the parameters in (2) and (3) are defined as follows:



T, M, and N are the number of bits available for the GOP, the number of frames in the GOP, and the number of macroblock in a frame, respectively.

CP and CB are the motion and syntax rate for the P and B frames, respectively. The values of CP and CB are estimated by TMN8 rate control [2] in the respective macroblock layers. 

SP and SB are the average of the energies in previously encoded P and B frames, respectively. 



Equations (2) and (3) define the rate control in the frame layer of TMN9. Similar formulas can be derived for other GOP patterns, e.g., another pattern is I,B,B,P,B,B,I,B,B,P,B,B, … . 



� EMBED Equation.2  ���  is defined as the ratio between the energy of previously encoded P and B frames (see [1] for details). This parameter is key for distributing bits into either P or B frames. Specifically, increasing � EMBED Equation.2  ���  results in more bits allocated to the P frames, and viceversa. In the next section, we propose a new technique for computing the value of � EMBED Equation.2  ��� so that the PSNR of the P frames is approximately within one dB and higher than the PSNR of the B’s.



The New Formula for Estimating � EMBED Equation.2  ��� 



At the beginning of a GOP, we propose the following simple formula for updating the value of � EMBED Equation.2  ��� :

					� EMBED Equation.2  ���,				        (4)

where SP is the energy of the P frame in the previous GOP and SB is the average of the energies of the B frames in the previous GOP. F is a factor that controls the proportion of bits that go into P and B frames and is computed as follows: 

					� EMBED Equation.2  ���,				        (5)



where Bpp is the rate in bits per pixel for the given video sequence. Finally, if F is larger than 5 or smaller than 1, F is clipped to 5 or 1, respectively. 



The formula in (5) was obtained  as follows:



We encoded a wide variety of video sequences (which are described in the next section) using (4) and (5) using different values of F for a wide variety of bit rates Bpp.

For a given Bpp, we found the value of F that produced the best results and obtained a set of points (F*, Bpp). In Figure 1, the (F*, Bpp) values are indicated by “(” signs and are connected by a solid line.

Using linear regression, we found the parameters a and b of the curve  “� EMBED Equation.2  ���” that produced the best match to the empirical data. This curve, which corresponds to (5) is shown as the dashed line in Figure 1. We also tried several other types of exponential and polynomial curves, but the curve above generated a better match. 



�

	

Figure 1: The solid and dashed lines are the empirical and approximated curves, respectively, for F as a function of the rate (in bits per pixel) Bpp. The dashed line is the same as (5). 



4.  Experimental results



We used the UBC’s implementation of an H.263+ codec (version 3.1) with annexes D and F. We implemented the following two rate control algorithms:

 

The rate control in TMN9, which is basically TMN8 rate control [2] plus the formulas in (2) and (3) for assigning a different target number of bits to P and B frames. 

The improved version of b) according to (4) and (5). We label this case as TMN9*. 



We selected the option of inserting either one or two true B frames between each couple of P frames, i.e., the pattern of picture types was either IBPBPBP… or IBBPBBPBBP… 



The experiments that we performed are described in Table 1, and Tables 2 and 3 compare the performance of the rate control (in average luminance PSNR) with the current TMN9 and improved TMN9* frame layers. In the meeting, we will bring along plots of the PSNR, bits, and buffer fullness on a frame-by-frame basis. 





Test Name�Video Sequence�Pattern of

Frames�Bit Rate

(Kbps)��fmn112_a�“foreman”�IBPBP…�112 ��fmn112_b�“foreman”�IBBPBBP…�112 ��fmn64�“foreman”�IBPBP…�64��hall24�“hall”�IBPBP…�24��hall48�“hall”�IBPBP…�48��hall64_a�“hall”�IBPBP…�64��hall64_b�“hall”�IBBPBBP…�64��mad24�“mother & daughter”�IBPBP…�24��mad48�“mother & daughter”�IBPBP…�48��mad64_a�“mother & daughter”�IBPBP…�64��mad64_b�“mother & daughter”�IBBPBBP…�64��sil112_a�“silent”�IBPBP…�112��sil112_b�“silent”�IBBPBBP…�112��sil48�“silent”�IBPBP…�48��		

Table 1. Description of the experiments: names assigned to each experiment, video data sources, pattern of frames, and target bit rates. The spatial resolution of the video frames was QCIF and the frame rate was of 15 frames per second. As in [2], the bit rate achieved by the rate control was very close to the target in all cases. A total of five seconds were encoded for each video sequence.�

�TMN9 rate control�TMN9* rate control��Test�PSNR  P�PSNR  B�    P - B �PSRN  P�PSNR  B �   P - B ��fmn112_a�  34.71� 34.85�-0.14� 35.50�  34.58� 0.92��fmn112_b�  34.67� 34.62� 0.05� 35.85�  34.80� 1.05��fmn64�  31.83� 32.30�-0.47� 33.02�  32.34� 0.68��hall24�  31.69� 31.93�-0.24� 33.16�  32.64� 0.52��hall48�  34.61� 34.74�-0.13� 36.64�  35.37� 1.27��hall64_a�  36.28� 36.32� 0.04� 37.99�  36.58� 1.41��hall64_b�  35.74� 35.79�-0.05� 38.18�  37.00� 1.18��mad24�  33.44� 33.88�-0.44� 34.69�  34.48� 0.21��mad48�  35.84� 36.33�-0.49� 37.37�  36.95� 0.42��mad64_a�  37.05� 37.54�-0.49� 38.57�  37.98� 0.59��mad64_b�  36.77� 37.17�-0.40� 39.04�  38.20� 0.84��sil112_a�  36.78� 37.04�-0.26� 38.74�  37.93� 0.81��sil112_b�  36.72� 36.95�-0.23� 39.07�  38.39� 0.68��sil48�  32.26� 32.56�-0.30� 33.80�  33.19� 0.61��



Table 2.  Results of the average PSNR obtained when using the rate control in TMN9 with the current frame layer (TMN9) and the improved frame layer (TMN9*), for the P (PSNR P) and B (PSNR B) frames. In each case, P - B is the difference between PSNR P and PSNR B. With the improved frame layer (TMN9*) the rate control encodes the P frames with PSNR within about one dB and higher than the PSNR of the B frames.





Test�TMN9 PSNR�TMN9* PSNR�Gain in PSNR��fmn112_a�  34.78� 35.04�+0.26��fmn112_b�  34.64� 35.15�+0.51��fmn64�  32.07� 32.68�+0.61��hall24�  31.81� 32.90�+1.09��hall48�  34.67� 36.00�+1.33��hall64_a�  36.30� 37.29�+0.99��hall64_b�  35.77� 37.39�+1.62��mad24�  33.66� 34.59�+0.93��mad48�  36.09� 37.16�+1.07��mad64_a�  37.30� 38.28�+0.98��mad64_b�  37.04� 38.48�+1.44��sil112_a�  36.91� 38.33�+1.42��sil112_b�  36.87� 38.62�+1.75��sil48�  32.41� 33.50�+1.09��

Table 3. Results of the average PSNR obtained when using the rate control in TMN9 with the current frame layer (TMN9) and the improved frame layer (TMN9*). The gain in PSNR with the new frame layer is shown in the right-most column. 



�

5. Conclusions



We have compared the performance of TMN9 rate control with the current and an improved frame layer. With the latter, the bit allocation between P and B frames is more effective. Specifically, the improved frame layer increases the PSNR of the P frames with respect to that of the B frames and increases the overall image quality up to 1.8 dB in PSNR. 



We propose to replace the technique for estimating parameter� EMBED Equation.2  ���  in TMN9 rate control with the improved technique according to equations (4) and (5) proposed in this paper.
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