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Abstract
This document provides some results obtained from experimentation using adaptive quantization during video encoding.  The results of a small number of tests are reported on the effect of adaptive quantization on luma and chroma fidelity with different adaptive-update weighting factors.  The amount of luma-component quality improvement that is obtained by use of this technique is reported to be about 11 dB (10 dB at equivalent bit rates).  This substantially exceeds the 3.7 dB anticipated improvement as calculated using high-resolution quantization theory analysis described in the contribution.  The chroma fidelity difference for use of the technique is reported to be in the 5 to 6 dB range.  Results are reported for one particular video sequence – however, one additional sequence is reported to have been checked, and it is asserted that the results are likely to be roughly similar for others.  The results are reported to have been approximately verified independently by Shijun Sun of Sharp.  Remarks on intra and lossless coding are also provided.
Quality Improvement by Adaptive Quantization at High Rates

For all of these experiments, the parameter OffsetMatrixPresentFlag was set to 0.

Figure 1 shows the result using the JM reference software of the operation of the JVT-N011 technique applied to luma only (not applied to chroma) for encoding the Foreman sequence at QCIF resolution at high bit rates (i.e., at small values of QP).  For this experiment, the AdaptRndWFactorIRef and AdaptRndWFactorPRef parameters of the config file were set equal to 8 and AdaptRndChroma was set equal to 0.

Based on high-resolution quantization theory, since the default value of the rounding offset fraction in the JM encoder algorithm for inter coding is 1/6 when adaptive rounding is not in use (neglecting intra coding for the moment), and since the ideal fraction at asymptotically high bit rates would be 1/2, the difference in quality for equal step sizes at very high bit rates might be expected to approach that given by the following formula:
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However, Figure 1 actually shows a quality difference that exceeds this amount.  Roughly 11 dB difference in maximum PSNR is observed between the quality levels on the two curves for the cases with QP equal to 0.  This is about a 10 dB difference when comparing the QP=0 point on the fixed-rule encoding curve to the equal bit-rate point on the adaptive quantization curve.  The results have been approximately verified by Shijun Sun of Sharp.
We believe the reason that the difference exceeds 3.7 dB is that when the step size becomes this small, the integerized nature of the input video data samples becomes important.  At a sufficiently small step size, many of the reproduced sample values will become exactly correct and thus will have an associated squared error of exactly 0.  Thus the exact histogram of the squared error distribution becomes important to the analysis and the results obtained by high-resolution quantization theory for smooth-pdf sources thus do not apply.

The cross-over point where the difference in quality begins to exceed 3.7 dB occurs at QP=4, which corresponds to a quantization step size equal to 1.  Note that this is a step size that is smaller (by a factor of 2) than what was supported in previous video coding standards.
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Figure 1: High-rate effect on luma fidelity
Figure 2 shows the same data, but with a larger range of bit rates and fidelities.  Since these results include larger values of QP, they correspond more closely to the previously-reported results in JVT-N011, differing in apparent behavior only due to inclusion of more points on the extreme right.
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Figure 2: High-rate effect on luma fidelity

Chroma also shows major amounts of improvement for using the adaptive quantization technique very small QP, although not as much as for luma.  The chroma fidelity when applying JVT-N011 to both luma and chroma is shown in Figures 3 and 4.  Here the difference at the extreme right is (only) between 5 and 6 dB.
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Figure 3: High-rate effect on chroma fidelity (U component)
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Figure 4: High-rate effect on chroma fidelity (V component)
Tests of Adaptive Update Weighting Factor
Some tests were performed to try to optimize the weighting factor for use in the adaptive update method.  Figure 5 compares the luma performance resulting from the use of 4 and 8 as the values of AdaptRndWFactorIRef and AdaptRndWFactorPRef.  It is observed that the weighting factor value doesn't make much of a difference in the result, except that the value 8 appears to be somewhat better for QP = 0 and 1 (although the relative benefit is only a little more than 1 dB at QP = 0 and is less than that at QP = 1).
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Figure 5: Effect of weighting factor on luma fidelity

However, we also see further confirmation of the benefit of using 8 rather than 4 when examining the chroma fidelity, as shown in Figures 6 and 7.
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Figure 6: Effect of weighting factor on chroma fidelity (U component)
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Figure 7: Effect of weighting factor on chroma fidelity (V component)
Intra and Lossless Coding

When checking the results reported herein, Shijun Sun of Sharp also tested all-intra coding and lossless coding (using the FRExt transform-bypass lossless coding method).

The fidelity achieved with all-intra coding with QP = 0 was much higher (by 7-14 dB) than when using both Intra and Inter modes (whether using adaptive quantization or not), although the bit rate was also substantially higher for all-Intra coding (as would be expected).  The difference between the maximum PSNR of the adaptive and non-adaptive quantization coding methods was somewhat smaller (about 4.5 dB), although it was still larger than would be expected by high-resolution theory.  It should be noted that the non-adaptive case for Intra uses f = 1/3 rather than the 1/6 value used for inter-coded quantization, so the expected theoretical difference would be a smaller number also – only 1.25 dB.

In both the all-intra coding and the ordinary coding cases, the bit rate used with QP = 0 is higher than the bit rate required for lossless coding of the sequence using the FRExt transform-bypass lossless coding tool.  However, we observe the following:

· The transform-bypass lossless coding tool is only available in the High 4:4:4 profile, while QP = 0 and adaptive quantization can be used in any profile.

· It should be noted that the very smallest step sizes are not really meant for coding ordinary video scenes at extremely high bit rates.  They are really more useful when considering atypical scenes such as stationary cameras pointed at stationary objects.  In such scenarios, step sizes can become very small (and thus fidelity can become very high) even when the bit rate per second is relatively low.  And in such cases, Intra coding (which almost always uses a lot of bits) becomes less interesting than Inter coding (which may use very few bits when the reference picture is essentially just a rougher approximation of the current picture).
Thus we believe that achieving a greater understanding of the behavior of video coding with very small values of QP may be interesting in a broad variety of applications.
Clearly, the use of alternative mode and motion decision criteria might also be of benefit when seeking the very highest fidelity representation of the video.  We also note that I_PCM can be chosen when desired for exact representation (except for the prohibition of zero-valued samples in I_PCM for the Baseline, Main and Extended profiles).
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