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Overview
While the specification for the Advanced Video Codec is presently limited to a pixel depth of 8 bits, there is interest in higher precision formats [1, 4]. An extension to 11- and 13-bits residuals for the existing transformation and quantization stages has been presented to the JVT [2]. Here we present preliminary results for coding high quality material at 10- and 12-bit sample depths using this extension, along with some observations and opinions.
Method

Our software consists of JM4.0d modified as follows:

(1) Pixels are calculated and stored as 16-bit quantities for 10- and 12-bits
(2) Scale and bit-depth dependent calculations generalized

(3) The transformation and quantization proposal of JVT-B039 [2] was implemented
(4) Rate-distortion calculations were scaled
No changes to the loop filter or the entropy coding engines were made.

We examined both high quality sequences in addition to Tempete. The high quality sequences were derived from a high definition 10-bit master as shown in Figure 1. First the high definition source is filtered and down-sampled by a factor of two in both x and y to yield a standard definition image with 12-bit precision. We think of this as psuedo-12-bit data. This 12-bit source is right shifted 2-bits to produce the 10-bit data, and again for the 8-bit data.
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Figure 1 Generating 8-, 10- and 12-bit material
For Tempete, the 8-bit data was simply shifted up to produce 10- and 12-bit data (so that the 2 or 4 lsbs are zero).
Results

We somewhat arbitrarily divide the regions of interest into “low” QP and “high” or “overlapping” QP. The former is characterized by QP values that allow PSNR beyond what can be achieved by coding at lesser precision. The latter characterizes regions which correspond to low QP at a lesser bit-depth.
The logarithmic character of QP means that roughly equal rate-distortion performance is achieved when


QP10 = QP8 + 12


QP12 = QP10 + 12

Low QP

Figure 2 shows combined 8-, 10- and 12-bit rate-distortion curves for Tempete and the “Crew” sequence from the new MPEG/JVT HD Test Sequences (Electronic capture at 1280 x 720/60P original.  Reasonably well-lit human subject matter.  Human motion with multiple textures including chrome.). In each case QP was incremented by 6 between data points. 
[image: image2.emf]Rate Distortion Plot for Crew 640x368/60P Y at Low QP
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[image: image3.emf]Rate Distortion Plot for Tempete 352x288/30P Y at Low QP
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Figure 2 Rate distortion at Low QP
Qualitatively, these curves are similar and they dovetail as one would expect. This verifies the ability of the AVC to reach PSNRs unachievable with lower bit-depths.
High QP

10-bit coding provides an unexpected gain in regions where the rate-distortion performance of 10-bit coding overlaps 8-bit coding. Figure 3 shows results for luma, while Figure 4 displays analogous results for one chroma channel.
[image: image4.emf]Rate Distortion Plot for Crew 640x368/60P Y at High QP 
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[image: image5.emf]Rate Distortion Plot for Tempete 352x288/30P Y at High QP  
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Figure 3 Luma at 8 and 10 Bits
[image: image6.emf]Rate Distortion for Crew 640x360/60P U at High QP
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[image: image7.emf]Rate Distortion for Tempete 352x288/30P U at High QP
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Figure 4 Chroma at 8 and 10 Bits
The larger gains in chroma cannot be accounted for by the non-linear mapping between luma and chroma QPs. These results are consistent with our experience with an internally modified version of the MPEG-4 Studio Profile codec [3]. In particular, sequences coded and decoded at 10-bit precision and subsequently truncated to 8 bits just prior to display are superior in both subjective quality and bit-rate to direct coding at 8 bits. This leads to the somewhat counter-intuitive conclusion that 10 bit coding is required for optimal rate-distortion performance at the maximum quality achievable with 8 bit displays.
Comments
Video compression at higher bit depths has its own phenomenology. First and foremost, we have found that as the pixel depth increases the ability of PSNR to accurately reflect visual quality diminishes. We routinely also rely on JND metrics and a distinguished panel of “expert eyes” when making evaluations.
For example, consider the AVC loop filter. Our typical 10 bit coding occurs at an operating point where the loop filter is effectively off. At these values of QP, blocking artifacts are more likely the result of discontinuities in the motion vector field than excessive quantization of the residual. We have found Overlapped Block Motion Compensation (OBMC) to be effective at removing blocking artifacts due to motion. Similar tests with AVC have yet to be performed.
In our opinion, coding at higher bit depths may not be limited to professional applications. In the past the limitation has been in the display technology, not our eyeballs, and display technology is rapidly evolving.  The next generation of Windows (codenamed “Longhorn”) finally breaks the 8 bit “barrier” inside the OS (Operating System) and the most recent graphics cards handle 10 bits per pixel.
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