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Abstract
This document describes the changes made to the JM7.3 reference software to support extended bit depth. We implemented separate bit depths for luma and chroma channels, which is slightly more general than the single bit depth proposed in JVT-H037, but an idea that seemed to have support during the Trondheim AHG meeting. This is easily extended to separate bit depths for all three channels. We describe the changes in some detail and propose an extension of the existing 8-bit .yuv file format for extended bit depth data.
Overview of the Changes

While the changes for extended bit depth are conceptually simple, their implementation affects many modules in the code base, and so the changes are global, not local. In addition, we have attempted to update the encoder’s rate distortion calculations to handle extended bit depths. We expect that this code will be the foundation for the rest of the Professional Extensions (i.e., extended chroma support). Therefore we felt it was appropriate to disclose the nature of the changes made for general review.
First of all, the compile-time symbol PROF_EXT indicates new code for the Professional Extensions. Thus the code is riddled with 

#ifdef PROF_EXT



{ New code for Professional Extensions }


#else



{ Existing code }


#endif

The only exception is the renaming of the storage class of component variables from byte to pel_t. PROF_EXT can be defined by the compilation environment so that it is easy to build a standard version of the code or the Professional Extensions version. It may be desirable in the future to unify the code so that the PROF_EXT is no longer necessary. The only drawback is that this forces 16-bit storage for component data even when Professional Extensions are not used. Our suggestion would be to leave PROF_EXT in global.h so that pel_t has the optimal size (see the next section), but unify the remainder of the code.
Functionally, we have implemented the changes described in the draft amendment [1], with one minor enhancement. There was some discussion at the Trondhiem AHG meeting favoring independent bit depths for each channel. We therefore took an intermediate step and allow different bit depths for the luma and chroma channels, using the variables PelBitsY and PelBitsUV. If it is desired to extend this to all three components independently, one would simply use PelBitsUV[2], since most chroma is processed in loops over the two chroma channels. This requires minor changes to the syntax specified in the draft amendment [1]. The sequence parameter set would have bit_depth_idc replaced by two parameters, bit_depth_luma_idc and bit_depth_chroma_idc. Furthermore, we propose that Table 6-1in the draft amendment allow all bit depths from 8 to 12 and not just the even ones. Such odd bit depths might be perceptually meaningful or useful for color space transformations such as YCoCg-R [2].
Since the current yuv file format is limited to 8-bit data, we suggest the extension of this format to 16-bit cells containing 14-bit normalized data which we call yuv14le.

Overall, the code changes fall into two general areas: storage class changes to allow pels to have more than 8 bits, and algorithmic modifications that are dependent upon bit depth.

Storage Class Changes

The most pervasive changes are to enable the storage of component data with more than 8 bits. To do this we take advantage of the symbol pel_t, which looks like it was intended for component data anyway, but never completely implemented. Thus in global.h we added

#ifdef PROF_EXT



#define pel_t unsigned short

#else



#define pel_t byte


#endif

and redefined the appropriate variables from byte to pel_t (mostly variables with names beginning imgY-, imgUV- or mref-). The renaming from byte to pel_t propagates to function prototypes and into several routines. For example, in memalloc.c we added 2D and 3D allocation and freeing routines for pel_t data (e.g. get_mem2Dpel()).
Extending the bit depth beyond 8-bits also requires changing maximum (255) and half maximum (127 and 128) constants to variables dependent upon PelBitsY and PelBitsUV. These constants are used in the clipping functions and various initializations. For example, in macroblock.c we replaced the function clip1a() with clip1Y() for luma and clip1UV() for chroma.
Algorithmic Changes

No changes were made to either the transformation or entropy coding.

Quantization and dequantization changes in block.c turn out to be trivial, all that was needed was to add an offset in the calculation of qp_per of 6*(PelBitsY-8) or 6*(PelBitsUV-8). For example a luma routine would have,
#ifdef PROF_EXT

  qp_per    = (img->qp-MIN_QP+6*(PelBitsY-8))/6;

  qp_rem    = (img->qp-MIN_QP+6*(PelBitsY-8))%6;

#else

  qp_per    = (img->qp-MIN_QP)/6;

  qp_rem    = (img->qp-MIN_QP)%6;

#endif

The loop filter simply required the scaling of the , , and tC0 parameters as described in the draft amendment [1].
Lastly we made some changes in the encoder’s rate distortion optimization. First, we scaled lambda_mode by 2(PelBitsY-8). Secondly, we increased the distortion maximum value from (1<<20) to (1<<28) which should be adequate for 12-bit data.
File Format

In our opinion, there is no clear standard for file storage of 4:2:0 data for bit depths greater than 8 bits. We therefore propose a simple extension of the existing .yuv to 16-bit cells. The proposed file type has a particular normalization of data within these 16 bit cells. Our convention is that the data is normalized to 14 bits. Thus 10-bit samples are left-shifted by four and 12-bit samples would be left-shifted by 2. This format allows both overflow and underflow which has been useful in other contexts, but is not necessary here. Alternatively, one could assume unsigned data that is normalized to 16 bits. This 14-bit format is simply something which we have found generally useful. We identify these files by the extension .yuv14le, where the “le” indicates little endian. 
The final resolution of what file format(s) should be supported by these extensions needs to be resolved at this meeting.

Initial Testing

Initial testing of the new code uncovered two other, more general, bugs.  First, at higher bit depths and large image sizes the PSNR calculations are more prone to overflow in the calculation of MSE. For level 5.1 image sizes, the integer MSE overflows at effectively ~25 dB for 8 bits, ~37 dB for 10 bits, and ~49 dB for 12 bits. In other words, it is impossible to have a valid PSNR lower than these thresholds. This is easily fixed by computing the MSE as double rather than int. Second, despite a comment in the encoder about using relative seeks for files larger than 2 GB, it simply does not work. Correctly implemented, relative seeks can go beyond 2 GB, but not 4 GB. Fixing this either requires using lseeki64() for Windows or a file per frame format.
Summary

We’ve described the changes required to update JM7.3 for extended bit depth. We ask the JVT Experts to review these changes for completeness. We also ask that file format and testing issues be addressed at this meeting. Coding examples and the software itself will be made available at the meeting.
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