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Introduction


The performance of the adaptive quantization scheme proposed by Rockwell Semiconductor [�] is evaluated by using the trellis-based R-D optimal quantization scheme presented in [�] to determine R-D information.  We have performed simulations for the “foreman” sequence at a frame rate of 10 Hz.  Our results indicate that further study should be performed before adoption of the adaptive quantization technique.


Trellis R-D quantization background


The use of run-length coding in the H.263 video coding family improves coding efficiency, but it also makes it more difficult to achieve R-D optimized coding. For any coefficient in a block, the rate associated with quantizing the coefficient to a given value will depend not only on the value of the coefficient, but also on the action of the quantizer on coefficients before and after it. One possible way of doing rate-distortion optimal quantization for DCT coefficients is by training with a large set of test video sequences and averaging the rate associated with quantizing each individual coefficient to zero or any LEVEL, as discussed in [1]. This solution is sub-optimal because it fails to take into account the differences in rate for different run-lengths.





To address this issue, we use a trellis-based R-D optimzation [2] that achieves R-D optimal quantization of coefficients. The trellis structure allows the rate calculation to include the dependencies among all coefficients in a block. Although the computational complexity of the trellis approach is high, it is important in establishing bounds on what can be achieved with the H.263 quantizer framework. The method we proposed can also be used in the case when multiple quantization tables are used in adaptive quantization techniques such as described by [1].


Adaptive Quantization background


The vast majority of coefficients quantized in a macroblock (MB) are quantized to the lowest reconstruction levels.  The adaptive quantization scheme presented in [1] uses a set of 4 quantizers which can be changed on a MB basis.  The quantizers differ in the lowest two nonzero reconstruction levels.  The encoder chooses the best quantizer based on an entropy-constrained optimization and signals which quantizer was used by use of a 2 bit field which is transmitted only when the MB is coded.





Since the distribution of the quantized coefficients changes due to the adaptive quantization, Rockwell has developed a new VLC table for the coding of the quantized coefficients [�].  


Simulation Method


In this simulation, we use our trellis algorithm to find the R-D optimal quantization for each coded MB for each of the four quantizers qi given in [1].  The algorithm then selects the best quantizer based on the same entropy-constrained Lagrangian optimization equation used in the trellis for coefficient quantization, Ri + (Di, where Ri and Di are the rate and distortion associated with quantizing the MB using quantizer qi, and ( is a Lagrangian multiplier which we vary over our simulations.  Should the R-D optimal solution be that all coefficients are quantized to zero, the macroblock is not coded and the CBP field is set to zero, and no flag is transmitted for quantizer selection.


Simulation Results


We have run five different simulations; the H.263+ coder from UBC with both the original H.263+ and Rockwell VLC tables, the non-adaptive trellis-based quantizer with both the original and Rockwell VLC tables, and the trellis-based adaptive quantizer with the Rockwell VLC table.  Each simulation was run on the “foreman” sequence at a frame rate of 10 Hz.  For the trellis-based and adaptive quantizers, ( was varied.  For each simulation, the quantization parameter QP was fixed at 16.  One INTRA frame was coded, followed by enough INTER frames for ten full seconds of video (i.e. at 30 Hz, 299 INTER frames, at 15Hz, 149 INTER frames, at 10 Hz, 99 INTER frames). 





Table 1 shows the SNR and bitrate for the UBC coder performance.  Table 2 shows the SNR and bitrate for the trellis-based adaptive and non adaptive simulations.  For the adaptive quantizer, bitrates are given both including the overhead for quantizer transmission and without.  For comparison, Rockwell reported an SNR of 29.73dB and a bitrate of 37.83kbps for this sequence/frame rate [1].  For the adaptive quantizer, we also recorded statistics on how often each quantizer was chosen.  This is contained in Table 3.





Coder�
SNR (dB)�
Bitrate (kbps)�
�
UBC, original VLC table�
29.50�
40.88�
�
UBC, Rockwell VLC table�
29.50�
39.35�
�



Table 1: SNR and bitrate for UBC coder


 foreman sequence, QP=16, 300 frames





�
trellis adaptive�
trellis only (old VLC)�
trellis only  (new VLC)�
�
Lambda�
SNR�
bitrate (with Rk)�
bitrate (w/o Rk)�
SNR�
bitrate�
SNR�
bitrate�
�
0.0030�
29.06�
31.09�
30.25�
29.10�
32.66�
29.10�
31.73�
�
0.0035�
�
�
�
�
�
29.44�
33.67�
�
0.0040�
�
�
�
29.63�
36.49�
29.63�
35.24�
�
0.0045�
�
�
�
29.85�
37.92�
29.85�
36.64�
�
0.0050�
29.96�
37.90�
36.90�
29.99�
39.27�
29.99�
37.79�
�
0.0070�
30.42�
42.35�
41.24�
30.42�
43.33�
30.42�
41.61�
�



Table 2: SNR and bitrate for trellis-based adaptive and non-adaptive quantization methods,


foreman sequence, QP=16, 300 frames


�



lambda�
R{0}�
R{1}�
R{2}�
R{3}�
�
0.0030�
�
�
�
�
�
0.0050�
57660�
1707�
104�
523�
�
0.0070�
58327�
1057�
295�
315�
�



Table 3: Frequency of quantizer usage for adaptive quantizer


foreman sequence, QP=16, 300 frames


Conclusions


It is clear from Tables 1 and 2 that simply using the new Rockwell VLC table improves performance.  Replacing the VLC table in the UBC H.263+ coder results in a 3.6% reduction in bitrate for the same distortion.  Replacing the table in the trellis-based non-adaptive quantizer results in a similar bitrate reduction.  We feel that this issue should be investigated, and possibly a new table developed.





The results in Table 2 suggest that more investigation is needed before adaptive quantization is adopted.  If adaptive quantization is to be adopted, we feel that the following are needed:





A consistent set of experimental results from multiple participants validating the adaptive quantization idea, and


Some underlying theoretical explanation regarding why, for the types of data and coding encountered in DCT-based video coding, the improvements in efficiency that result from adapting the quantizer more than make up for the overhead incurred in communicating quantizer choice.


A careful study of the frequency with which different quantizers are adaptively chosen under typical conditions.  If this study shows a skew in quantizer choice similar to the data in Table 3 (and if adaptive quantization shows clear benefits and is adopted), then a variable length code should be used to signal quantizer choice.





In summary, we feel that while adaptive quantization is an important topic of investigation, it would be premature at this stage to formally incorporate it into the video coding standards.   We hope to present some further results on adaptive quantization at future meetings, and would welcome the opportunity to collaborate with other ITU participants to validate and replicate our simulation results.
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