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_____________________________
Introduction

This (late) contribution to the Trondheim AHG meeting provides the derivation of a theoretical approximation of the expected amount of error introduced by a conversion from RGB to YCbCr and back to RGB.  We believe this analysis to be approximately correct within a dB or so (which we invite interested parties to verify either by experimental conversion of some example images or by programmatic analysis using averaging over all possible RGB triplet values).  We believe that this approximate analysis may be appropriate for use in verification of the correct implementation of these conversion processes.

Analysis

This initial analysis assumes H.264/AVC video_full_range_flag equal to 0 and assumes that the YCbCr sample values computed using the same number of bits of precision as fixed-point RGB data that (in this analysis) is assumed to be the source of the YCbCr 

RGB ( YCbCr:


Ey = [G + Kr * (R-G) + Kb * (B-G)] / 255


Eb = (B-Ey) / (2 * (1-Kb) * 255)


Er = (R-Ey) / (2 * (1-Kr) * 255)


Y = Round(219 * Ey) + 16


Cb = Round(224 * Eb) + 128


Cr = Round(224 * Er) + 128

The rounding operations here introduce an approximate MSE of 1/12 due to uniform rounding quantization error.

YCbCr ( RGB is then obtained as follows:


Eyq = (Y-16) / 219.0


Ebq = (Cb-128) / 224.0


Erq = (Cr-128) / 224.0


Rq = Round(255 * (2 * (1-Kr) * Erq + Eyq))


Bq = Round(255 * (2 * (1-Kb) * Ebq + Eyq))


Gq = Round(255 * (Eyq – 2 * (Kr * (1 – Kr) * Erq + Kb * (1 – Kr) * Ebq)))

For the cascade of the two conversion processes:


MSEr = [1 + square(2*255*(1-Kr)/224) + square(255/219)]/12


MSEb = [1 + square(2*255*(1-Kb)/224) + square(255/219)]/12


MSEg = [1 + square(255/219) + square(2 * 255 * Kr * (1 – Kr) / 224)





+ square(2 * 255 * Kb * (1 – Kb) / 224)]/12

Using, for the moment, the ITU-R Rec. BT.709 60 Hz definition of YCbCr:

Kr = 0.2126, Kb = 0.0722

Assuming N=8 bits per component, and defining


PSNR = 10 * log10( square(2N - 1) / MSE )

We obtain


MSEr = 0.464, PSNRr = 51.4 dB


MSEb = 0.568, PSNRb = 50.6 dB


MSEg = 0.210, PSNRg = 54.9 dB

These terms appear to be dominated by the precision used in the YCbCr domain rather than the precision used in the final RGB domain (this final round-off adds an MSE contribution of 1/12 = 0.083 to each RGB component).

For approximate scale factor adjustment for video_full_range_flag equal to 1:

Multiply each MSE by square(222/255) = 0.7579, which is a PSNR increase of 1.2 dB.  The result would then be:


MSEr = 0.352, PSNRr = 52.6 dB


MSEb = 0.431, PSNRb = 51.8 dB


MSEg = 0.159, PSNRg = 56.1 dB

Note that the Green component, which is the most perceptually important component, the PSNR is significantly higher than for the Red and Green components.  Also note that all three PSNRs exceed 50 dB.

For increasing values of N, the PSNR of each component should increase by approximately 10 * log10( 4 ) = 6.0 dB per bit (e.g., adding 12 dB when increasing bit depth by 2 bits).

For using the Rec BT.601 (which is equivalent to the 50 Hz definition in ITU-R Rec. BT.709) definition of YCbCr rather than the Rec. BT.709 60 Hz definition, the same formulas can be repeated in a straightforward fashion with Kr = 0.299, Kb = 0.114.

