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Abstract
This contribution presents a new BD-PSNR/Rate [1, 2] computation tool for five data points. The new BD-PSNR/Rate computation tool is based on a C-code and computes BD-PSNR/Rate values in the same manner as the Excel macros embedded in [3]. Unlike the Excel macros, the C-code can be complied on any platform. The compiled binary executable is friendly to batch processing, and its usage is very similar to that of AVSNR4 [4] which most of JCT-VC experts are familiar with. BD-PSNR/Rate mismatch between the C-code and the Excel macros is negligibly small. The appended C-code is proposed as the BD-PSNR/Rate computation tool for five data points in the future activities of JCT-VC.
1 BD-PSNR/Rate computation for five data points in [3]
This section reviews the algorithm of the Excel macros embedded in [3] that computes BD-PSNR values for five data points. The BD-PSNR computation is as follows.
Step 1. Load reference and proposal data.

Step 2. Compute the integral interval [Istart Iend]. The interval is determined as in the figure 1 to avoid use of extrapolation of the curves outside the end points [2].
Step 3. Center each bitrate data as in the figure 2.

Step 4. Compute a fourth order interpolation polynomial for each data set.
Step 5. Integrate each interpolation polynomial, and subtract the proposal integral value from the reference one.
Step 6. Compute the average PSNR difference in dB over the integral interval.
The Step 3 is introduced in [3]. The figure 1 and the figure 2 illustrate conventional and data-centered BD-PSNR computation, respectively. In the figure 1, OR is a center point of reference data, and OP is that of proposal data. In the figure 2, both reference and proposal bitrate data are shifted toward zero, and interpolation polynomials are computed by using these shifted data. 
The BD-Rate value can be computed in the same manner as BD-PSNR by swapping PSNR for bitrate.
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Figure 1 Conventional BD-PSNR computation.
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Figure 2 Data-centered BD-PSNR computation.
2 Usage

The binary executable of the appended C-code can be used like AVSNR4 [4]. Input is two data files. Each data file shall contain five rate points as follows:
<R1 Bitrate> <R1 PSNR Y> <R1 PSNR U> <R1 PSNR V>

<R2 Bitrate> <R2 PSNR Y> <R2 PSNR U> <R2 PSNR V>

:
<R5 Bitrate> <R5 PSNR Y> <R5 PSNR U> <R5 PSNR V>

Output is BD-PSNRs for Y, U, and V followed by BD-Rates for Y, U, and V as:

<BD-PSNR Y> <BD-PSNR U> <BD-PSNR V> <BD-Rate Y> <BD-Rate U> <BD-Rate V>
The example is as follows. Note that a.exe is an executable file.
% cat anchor.txt

 999.35  33.01 39.27 40.32

1598.99  34.93 40.08 41.04

2499.19  36.69 40.97 41.89

3996.57  38.42 41.83 42.87

5998.07  39.79 42.47 43.66

% cat proposal.txt

 997.34  34.68 40.11 41.13

1588.50  36.64 40.93 41.96

2493.93  38.34 41.80 42.92

3999.06  39.99 42.62 43.93

5980.18  41.00 43.27 44.77

% a.exe anchor.txt proposal.txt

  1.628122    0.828040    0.993032  -35.976930  -36.433158  -39.302836 
3 Verification
This section verifies BD-PSNR/Rate values computed by the appended C-code. The appended Excel sheet compares BD-PSNR/Rate values computed by the Excel macros and the presented C-code for Alpha and Gamma Anchor data of the Joint Call for Proposals [5]. Gamma and Alpha Anchor data are used as reference and proposal data, respectively. The appended Excel sheet also shows relative errors between their BD-PSNR/Rate values. Specifically, the relative error between two values x and y is defined by 
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. The maximum relative error is 1.88 x 1013 for “RaceHorses WQVGA,” and it is negligibly small. Therefore the Excel macros and presented C-code results with four digits after decimal point were identical.
4 Conclusions

This contribution presented a new BD-PSNR/Rate computation tool for five data points and verified that BD-PSNR/Rate mismatch between the C-code and the Excel macros is negligibly small. It is propose that the appended C-code is adopted as the BD-PSNR/Rate computation tool for five data points in the future activities of JCT-VC.
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