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1. Introduction

In this paper, we compare the performance of the rate control technique recently adopted in TMN8 [1] to that in the MPEG-4 verification model VM7 [2]. 

We will show that in general the number of bits in the encoder buffer fluctuates much more when the rate control in VM7  is used. As a result, VM7 rate control skips many more frames and underflows the buffer much more frequently than TMN8 rate control. Also, the video image quality is usually similar or slightly better (up to 1 dB) with TMN8’s. 



2. Experimental results



We used the May-20, MoMuSys implementation of MPEG-4’s VM 7.0  with its rate control and TMN8 rate control for encoding real video sequences. We chose the H.263 quantization mode in the codec. The first frame was intracoded with QP=16 and the following were all P-frames. In TMN8 rate control [1],  the values of A, Kprev, and Cprev were set to 0.2, 1, and 0.02, respectively. The threshold for frame skipping (the parameter M in [1]) was set to 0.1R bits for both rate control schemes, with R the target or channel bit rate used for each experiment.



After encoding the first I frame, the buffer fullness in VM7 rate control is initialized to 50 per cent of the buffer size (here set to 0.125R) and the target number of bits for the P-frames is computed using the number of bits and frames left in the video segment. In a codec for real-time communications, the initial buffer fullness is not 50 per cent and the number of frames left is not know. Even though this initialization setting (which was adopted in the MPEG4 testing conditions) is not realistic, it is still valid for comparing the performance of rate control techniques. We used this initialization for TMN8 rate control, and hence the two schemes started encoding the first P-frame with the same initial buffer fullness. 

 

In the following experiments, we present results for the two methods in a wide variety of sequences and bit rates and compare their performance using the following criteria: 



Average bit rate 

Temporal resolution   

Image quality and average PSNR 

Buffer delay



In Table 1, we describe the video sequences, target bit rates and frame rates used in the experiments and assign a name to each of the experiments. 



Average Bit Rate 



In Table 2, we show the actual bit rates achieved by the two rate control strategies. In most  of the tests, TMN8 rate control achieved a bit rate significantly closer to the target. In fact, VM7 rate control frequently underachieves the target and hence wastes channel bandwidth when the encoder buffer underflows (see “Buffer Delay” below).



Temporal Resolution



In Table 2, we show the total number of frames available (each video sequence lasted 10 seconds) and the number of them skipped by the two rate control methods during encoding. 

Observe that, in general,TMN8 rate control skipped many fewer frames than VM7’s.



In some cases, frame skipping can have drastic consequences. For example, in “silent” (i.e., “sil24”) a young lady uses the sign language and the skipped frames may contain an important sign for the conversation. In other cases, the frames skipped by the VM7’s method can generate serious lip-sync problems (e.g., in “mad10”). Finally, VM7 rate control produced a rough break of the motion continuity in the “coast112_c” experiment. TMN8’s also skipped a few frames in that experiment, but the motion in the encoded sequence was fairly smoother. 



Image Quality



Table 3 shows the averaged PSNR of the encoded video sequences. When frames were skipped, the respective repeated frames were used in the computation. Overall, TMN8 rate control achieves similar or higher PSNR than VM7’s. The right-most column shows the gain in luminance PSNR, which is up to about 1 dB. We verified that the visual image quality was similar or slightly better. Remarkably, we did not observe a loss in the image quality on the 8 video sequences where TMN8 rate control encoded more frames than VM7’s. A D1 tape demo will be showed in the meeting. 



Buffer Delay



The bits for the current frame being encoded cannot be sent until the bits in the encoder buffer are transmitted [3,4]. This is because the bits left in the buffer correspond to previous frames, which were encoded with more bits than those accepted by the channel. In Figures 1-15, we show the number of bits in the buffer when TMN8 rate control (solid line) and VM7’s (dashed line) are used. The straight, dotted line indicates the value of the threshold M used for frame skipping (recall M=0.1R, with R the channel rate). If the number of bits in the buffer is close to the dotted line, the buffer delay (i.e., the number of bits in the buffer divided by R) is close to 0.1 seconds. If the buffer fullness is close to 0, the delay is also approximately 0. 



Also, recall that if there are more than M bits in the buffer, both rate control schemes skip frames until the buffer fullness is below M. For example, in Figure 10 (“mad10”), the number of bits in the buffer for VM7’s rate control (dashed line) reaches M (dotted line) 17 times, which indicates that 17 frames are skipped in the encoder. 



The buffer delay produced by the TMN8 rate control method is always quite low since there are typically few bits in the buffer. In some frames, VM7 has fewer or no bits in the buffer, and hence it has a buffer delay a little lower than TMN8. But in those cases the buffer underflows very frequently; i.e., VM7’s rate control spends too few bits encoding the frames and has no bits left to send. Hence, this small reduction in delay comes at the expense of wasting channel bandwidth. The underflow problems are also clear from the results in Table 2, where note that VM7 underachieves the target bit rate fairly often. 



Additional results using TMN8 rate control can be found in [3], where buffer plots are shown for 22 different sequences and bit rates. Those results confirm the high buffer stability of that method.



3. Conclusions



We have compared the performance of TMN8 rate control to that of VM7 rate control. We showed that, in general, TMN8’s meets the target bit rate more accurately, skips many fewer frames, encodes the sequences with higher PSNR, and keeps a low buffer delay without underflowing the buffer. Usually, TMN8 rate control skips frames only when needed (at drastic scene changes) and encodes the video sequences with clearly better motion continuity. This is particularly important to avoid lip-sync problems and for specific applications such as sign-language communications.









Test Name�Video Sequence�Format�Target Bit 

Rate (Kbps)�Frame

Rate (fps)��coast112_c�“coastguard”�CIF�112 �15��coast112�“coastguard”�QCIF�112 �10��coast48�“coastguard”�CIF�48 �10��cont10�“container”�QCIF�10�7.5��cont24�“container”�QCIF�24�10��fmn112_c�“foreman”�CIF�112�15��fmn112�“foreman”�QCIF�112�10��fmn48�“foreman”�QCIF�48�10��hall10�“hall”�QCIF�10�7.5��mad10�“mother & daughter”�QCIF�10�7.5��mad24�“mother & daughter”�QCIF�24�10��news112_c�“news”�CIF�112�15��news112�“news”�QCIF�112�10��news48_c�“news”�CIF�48�7.5��sil24�“silent”�QCIF�24�10��		

						Table 1

Description of the experimes: names assigned to each experiment, video data sources, formats, target bit rate and frame rate. �

Test Name�   VM7

 Bit Rate�    TMN8

   Bit Rate�   Total 

 Frames�     VM7

 # Frames

   Skipped�   TMN8

# Frames

   Skipped��coast112_c�112.2�112.0�150�31�7��coast112�110.1�112.0�100�0�0��coast48�47.8�48.0�100�0�0��cont10�9.8�9.7�75�1�0��cont24�23.7�24.0�100�0�0��fmn112_c�112.2�112.1�150�41�24��fmn112�109.1�112.0�100�0�0��fmn48�46.8�48.0�100�0�1��hall10�9.4�10.0�75�4�1��mad10�9.2�10.0�75�17�1��mad24�22.9�24.0�100�2�0��news112_c�112.2�112.1�150�0�0��news112�107.5�112.1�100�1�0��news48_c�44.8�48.0�75�1�1��sil24�23.4�24.0�100�4�0��

Table 2. Comparison of the achieved bit rates and number of frames skipped by VM7’s rate control (VM7) and TMN8’s rate control (TMN8). 



Test Name�             VM7 

PSNR Y    (PSNR U,V)   dB�              TMN8 

PSNR Y    (PSNR U,V)   dB�   Gain in 

PSNR Y  dB��coast112_c�  25.49   (37.63, 40.43)�  25.93   (37.38, 38.88)�+ 0.44��coast112�  32.37   (41.27, 42.89)�  32.41   (41.51, 42.92)�+ 0.04��coast48�  29.15   (39.66, 41.33)�  29.11   (39.68, 41.32)�- 0.04��cont10�  29.22   (36.73, 36.29)�  28.86   (36.79, 36.11)�- 0.36��cont24�  32.25   (38.57, 37.93)�  32.09   (38.59, 38.03)�- 0.16��fmn112_c�  27.30   (35.74, 36.38)�  27.66   (35.40, 35.98)�+ 0.36��fmn112�  35.15   (39.59, 40.35)�  35.18   (39.51, 40.22)�+ 0.03��fmn48�  30.81   (36.93, 37.05)�  30.80   (36.91, 37.03)�- 0.01��hall10�  29.27   (36.27, 39.37)�  29.52   (36.27, 39.57)�+ 0.25��mad10�  31.79   (38.43, 39.51)�  31.56   (38.11, 39.01)�- 0.23��mad24�  34.67   (39.84, 40.75)�  34.70   (39.85, 40.83)�+ 0.03��news112_c�  33.36   (37.96, 38.81)�  33.38   (37.09, 38.32)�+ 0.02��news112�  38.69   (41.95, 42.57)�  39.62   (42.31, 42.82)�+ 0.98��news48_c�  30.38   (35.57, 37.12)�  30.74   (35.22, 37.08)�+ 0.36��sil24�  30.49   (35.22, 36.73)�  30.41   (35.07, 36.56)�- 0.08��

Table 3.  Comparison of the averaged PSNR of the encoded video sequences between VM7 and TMN8.  The right-most column shows the gain in PSNR by TMN8.

   

Fig. 1-15   Plots of buffer fullness for TMN8 rate control (solid line) and VM7’s (dashed line). The straight, dotted line indicates the value of the threshold used for frame skipping. For example, in Figure 10 the dashed line reaches the dotted line 17 times, which indicates that 17 frames are skipped in the encoder. Also, recall that when the number of bits in the buffer is close to the dotted line, the buffer delay is close to 0.1 seconds. If the fullness is close to 0, the delay is also near 0. 
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