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Abstract
We present a concept for bit rate allocation with locally adaptive quantization for the JSVM. The error-propagation characteristics within the MCTF scheme are considered on a macroblock basis by modified computation of the distortion measure used for rate-distortion optimization. In an analytic approach, a performance gain of up to 0.3 dB is observed for four decomposition levels. In a model-based approach, a performance gain of up to 0.2 dB is observed for one decomposition level.
1 Motivation
Bit rate allocation is important for optimization of video coding systems. Roughly speaking, the problem is how to allocate the available bit rate among different macroblocks in order to maximize the quality of the a given video sequence after decoding. As a solution to this problem, Lagrangian rate-distortion optimization techniques are commonly used, aiming at minimization of the cost function
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for each macroblock MB, where 
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 is the distortion associated with the macroblock, 
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 is the corresponding amount of bits, and 
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 is the Lagrange factor, which can be fixed for all macroblocks if they affect the reconstruction approximately independently.
One main challenge in rate-distortion optimization is to consider the dependencies between different macroblocks. Exemplarily, in closed-loop/predictive coding, the rate allocation for a specific macroblock will not only affect the distortion of the corresponding reconstructed macroblock, but it will also affect the prediction quality and thus the rate-distortion performance of subsequently coded macroblocks.
In open-loop systems such as the JSVM, the dependencies between macroblocks are different, since encoder and decoder do not use identical references. Specifically, for inter blocks in the MCTF-structure of the JSVM, the encoder uses unquantized references, which will be quantized when referred to at the decoder. Due to the iterative temporal decomposition, quantization of a specific macroblock thus leads to controlled propagation of the quantization error during reconstruction. Error propagation is restricted by the temporal filter lengths and heavily depends on the decomposition structure and the temporal subband to be quantized. Typically, quantization errors applied to subband frames at coarser temporal decomposition levels will affect a larger number of samples after reconstruction. This demonstratively justifies that coarser temporal subbands should be quantized more accurately. In the JSVM encoder, this is considered by choosing appropriate 
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 factors on a frame basis, while 
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 is measured as distortion between the unquantized macroblock and the quantized macroblock.
Depending on the motion information, the error propagation characteristics can also vary within a given subband frame. Especially for sequences with inhomogeneous motion, certain macroblocks in a subband frame may correspond to longer motion trajectories, while other macroblocks in the same subband frame may be associated with short trajectories. Equal quantization of the respective macroblocks will then cause different amounts of quantization noise in the reconstructed sequence. Our preliminary investigations indicate that considering the locally varying error propagation characteristics during rate-distortion optimization can improve the overall coding performance of the JSVM.
2 Concept

To optimize the reconstruction quality at the decoder, we modify the cost function (1) at the encoder to
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now considering the distortion 
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 after temporal reconstruction. At the same time, we fix the value 
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 for all temporal subbands and macroblocks. Then rate-distortion optimization is performed in the same manner as in JSVM1.
We derive 
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 using two different approaches,

(1) computation by explicit reconstruction (analytic approach),
(2) estimation as a function of 
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 and local motion parameters (model-based approach).
While the first approach is computationally very complex, it provides an upper bound for the achievable gains brought by locally adaptive quantization. The second approach can be used to approximate these gains with low complexity. It can be employed for encoder optimization, generating a rate-distortion optimized deltaQp value for each macroblock. Alternatively, if the motion parameters used for derivation of 
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 are also available at the decoder, then the quantization can be adapted without transmission of side information.
3 First Results

3.1 Simulation Settings

In our experiments we use JSVM1 in single layer mode (single spatial layer, fixed QP, QPmode = QPresidual, no FGS layers). We also extend the function MbEncoder::encodeIntra to support selection of deltaQp values unequal to zero, which is originally not supported in the JSVM1 encoder. Then deltaQp values unequal to zero can be assigned to any macroblock in both H and L frames. The adaptive update step is enabled in all experiments.
3.2 Analytic Approach
We derive 
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 by explicit reconstruction. In our analytic experiments we use a GOP size of 16 and a maximum absolute deltaQp of 3. We compare three different settings.
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, intraDeltaQp=off
	Unmodified JSVM1
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, intraDeltaQp=on
	JSVM1 with deltaQp support for all macroblocks
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Results are exemplarily depicted in Figures 1, 2. First we observe that introduction of deltaQp support for intra blocks does not significantly improve the performance in the standard JSVM1. Second, while use of the analytically derived values 
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 leads to slight gains for sequences with homogeneous motion (e.g. Figure 2), we observe PSNR gains of up to 0.3 dB for sequences with inhomogeneous motion (e.g. Figure 1).
3.3 Model-based Approach
We now estimate 
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 as a function of 
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 and local motion parameters, employing a simple error propagation model. We use a simple decomposition structure with a GOP size of 2 and a maximum absolute deltaQp of 6. We compare the following settings. For all settings, deltaQp is supported for all macroblocks.
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	Unmodified JSVM1
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 model, deltaQpBypass=on
	bit rate for transmission of deltaQp values not considered


Results are exemplarily depicted in Figures 3, 4. We observe for all tested sequences that for the simple decomposition structure, use of the simple 
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 model does not lead to performance gains if the deltaQp values need to be transmitted. Since the motion parameters used for estimation of 
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 are also available at the decoder, the deltaQp values can hypothetically also be derived at the decoder. We consider this by disregard the transmission of the deltaQp values, observing performance gains of up to 0.2 dB for sequences with inhomogeneous motion.
4 Conclusion
We have presented a concept and first results of a bit rate allocation scheme with locally adaptive quantization for the JSVM. The results obtained from the analytic approach show performance gains of up to 0.3 dB. Using the model-based approach and a simple temporal decomposition structure, we obtain performance gains of up to 0.2 dB. Higher performance gains may be expected for higher spatial resolutions and more complex decomposition structures.
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Figure 1: Example for locally adaptive quantization using analytic approach.
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Figure 2: Example for locally adaptive quantization using analytic approach.
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Figure 3: Example for locally adaptive quantization using model-based approach.
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Figure 4: Example for locally adaptive quantization using model-based approach.
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