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Reference Picture Resampling





�


This appendix describes the use and syntax of a resampling process which can be applied to the previous decoded reference picture in order to generate a “warped” framed for use in predicting the current frame.  This resampling syntax can specify the relationship of the current picture to a prior picture having a different source format, and can also specify a “global motion” warping alteration of the shape, size, and location of the prior picture with respect to the current picture.  A fast algorithm, loosely based on the Bresenham line-drawing algorithm [1, 2, 3], is used to generate bilinear interpolation coefficients.











Figure 1:  Conceptual motion vectors.


The reference picture resampling can be defined entirely in terms of the displacement of the four corners of the current picture area.  Thus, for a current picture field (either luminance or chrominance) of horizontal size H and vertical size V, we define four conceptual motion vectors � EMBED Equation.2  ���00, � EMBED Equation.2  ���H0, � EMBED Equation.2  ���0V, and � EMBED Equation.2  ���HV  for the upper left, upper right, lower left, and lower right corners of the picture, respectively.  These vectors describe how to move the corners of the current frame to  map them onto the corresponding corners of the previous decoded frame, as shown in Figure 1.  The units of these vectors are the same as those in the reference picture grid.  To generate a vector � EMBED Equation.2  ���(x,y) at some real-valued locations (x, y) in the interior of the current picture, we will use bilinear interpolation, i.e.,
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Using a scaling factor S, we define the resampling vectors
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and obtain





� EMBED Equation.2  ���





We now observe that if the coordinates of the upper left corner of the picture area are defined as (0,0) and each pixel has unit height and width, the centers of the pixels actually lie at the points (x, y)=(i + (, j + () for i = 0, …, H - 1 and j = 0, . . ., V - 1.  Thus, x- and y-displacements at the locations of interest in the reference picture are





� EMBED Equation.2  ���
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Furthermore, we observe that all positions and phases must be computed relative to the center of the upper-left corner pixel, whose coordinates are ((, ().  Thus, the quantities of interest are
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                 � EMBED Equation.2  ���





Once a location has been determined in the prior decoded reference picture, an approximation of bilinear interpolation as specified later in this appendix shall be used to generate a value for the resampled pixel.





We now note that it is possible to decompose each resampling vector into two components, with the first component describing the geometrical warping and the second component accounting for any difference in size between the predicted picture (horizontal size H and vertical size V) and the reference picture (horizontal size HR and vertical size VR).  The decomposition is as follows:





� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���





Thus, when reference picture resampling is selected (by setting the appropriate option bit in the picture header), it is sufficient to send eight warping parameters in the picture header using the variable length code (VLC) table shown in Table 1/P.  These eight integer warping parameters are denoted � EMBED Equation.2  ��� and � EMBED Equation.2  ��� and are sent in that order.  They represent scaled picture corner displacements relative to the displacements that would naturally be induced by resampling the corresponding field of the prior HR ( VR reference picture so that it has the size of the current image (H ( V).  The warping parameters are scaled to represent half-pixel offsets in the current luminance picture field so that S = 2 for luminance and S = 4 for chrominance.  The warping parameters are related to the resampling vectors by the relations
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Immediately following the VLC-coded warping parameters in the picture header are two bits which define the fill-mode action to be taken for the values of pixels for which the calculated location in the reference frame lies outside of the reference picture area.  The meaning of these two bits is shown in Table 2/P.





dmv value�
SSSS�
VLC�
dmv code�
�
0�
0�
00�
-�
�
(1, 1�
1�
010�
0, 1�
�
(3…(2, 2…3�
2�
011�
00…01, 10…11�
�
(7…(4, 4…7�
3�
100�
000…011, 100…111�
�
(15…(8, 8…15�
4�
101�
0000…0111, 1000…1111�
�
(31…116, 16…31�
5�
110�
00000…01111, 10000…11111�
�
(63…(32, 32…63�
6�
1110�
000000…011111, 100000…111111�
�
(127…(64, 64…127�
7�
11110�
0000000…0111111, 1000000…1111111�
�
(255…(128, 128…255�
8�
111110�
00000000…01111111, 10000000…11111111�
�
(511…(256, 256…511�
9�
1111110�
000000000…011111111, 100000000…111111111�
�
(1023…(512, 512…1023�
10�
11111110�
0000000000…0111111111, 1000000000…1111111111�
�
(2047…(1024, 1024…2047�
11�
111111110�
00000000000…01111111111, 10000000000…11111111111�
�



Table 1:  Warping parameter VLC codes





�
fill-mode bits�
fill action�
�
0 0�
clip�
�
0 1�
black�
�
1 0�
grey�
�
1 1�
color�
�



				Table 2:  Fill mode bits/action


If the fill action is clip, the coordinates of locations in the prior reference frame are independently limited so that pixel values outside of the prior reference frame area are estimated by extrapolation from the values of pixels at the image border.  If the fill action is black, luminance samples outside of the prior reference frame area are assigned a value of Y = 16 and chrominance samples are assigned a value of Cr = Cb= 128.  If the fill action is grey, luminance and chrominance values are assigned a value of Y = Cr =Cb = 128.  If the fill action is color, then the fill-mode bits are immediately followed in the bitstream by three eight-bit integers, Y__fill, Cb_ fill, and Cr_ fill, which specify a fill color precisely.





The method described herein shall be mathematically identical to that used to generate the samples of the resampled reference picture.  First, define
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It is then possible to express the transformed position in the reference frame as
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Next, a lookup table LUT of at most 2L elements is defined where L = 8.  To simplify the arithmetic in the description below, the operator “/” is defined as integer division with truncation toward negative infinity (n.b.: this definition of integer division is contrary to the manner in which most compilers implement it).  A binary-arithmetic shift parameter e is then defined to be the smallest positive integer such that d/2e < 2L, i.e., e = max((log2d( - L, 1).  The lookup table LUT is then defined according to





� EMBED Equation.2  ���      for k = 0,…, (d - 1)/2e,





where P = 16.  This lookup table is used to approximate the computation of (kP + d/2)/d.  This value, which should lie in the range 0,…, P, is used as a bilinear interpolation coefficient.  The lookup table can be generated efficiently via the following pseudo-code:





pk = P (2e-1) + d/2;


tk = 0;


for (k = 0; k ((d - 1)/2e; k++) {


   LUT[k] = tk;


   pk += P 2e;


   if (pk ( d) {


       pk -= d;


       tk++;


   }


}





First, we define a function for obtaining the value at any integer location relative to the prior reference frame sampling grid:





clip (xmin, x, xmax) {


   if  (x ( xmin)    {


        return xmin;


   }  else if (x ( xmax) {


        return xmax;


   }  else {


        return x;


   }


}





� EMBED Equation  ���





Next, we define a filter function based on bilinear interpolation.  It is assumed that the phase arguments, (x and (y, are quantized phases ranging between 0 and P, inclusive.





� EMBED Equation  ���


Finally, the reference picture is warped to generate a prediction for the current picture.  The pixels of the prediction picture are generated in a raster scan order.  This ordering of the computations allows for a fast division-free algorithm to be used to generate the integer and fractional parts of the position variables xR(i, j) - ( and yR(i, j) - (.  The basic idea is behind the algorithm is to use mixed radix, rather than fixed- or floating-point, arithmetic.  A simple one-dimensional example of this technique is described below.





Suppose we wish to compute the value of � EMBED Equation  ���.  In order to do this operation precisely, we would like to express each value of x(i) as a mixed fraction, i.e.,


			� EMBED Equation  ���,





where xint(i) is the “integer part” of x(i) and xrem(i) is the “remainder” or “fractional part” of x(i).  Then, defining the “%” operator so that a % b = a-(a/b)b, the values of xint(i) and xrem(i) can be computed via the following incremental procedure:





� EMBED Equation  ���





This simple idea may be extended to two dimensions by doing the computations in raster scan order.  Using this ordering, the row index j may be held constant while the column index i is incremented.  The processing of each row is essentially a one-dimensional operation, so the logic for each row follows the above example closely.  Furthermore, the logic used to update the incremental parameters (pi and ri in the above example) at the beginning of the processing of each row is also essentially one-dimensional in nature (i is held constant at 0 while j is incremented to the next row number).  Adding in the logic to generate the quantized phase values using the lookup table(s), the entire resampling may then be carried out according to:





� EMBED Equation  ���


for   (j  =  0;   j  <  V;   j++)   {


      � EMBED Equation  ���


	for   (i =  0  ;   i <  H  ;   i++)   {


	m  =  LUT[cx/2e] ;


	n   =  LUT[cy/2e];


	new_ref[j] [i]  =  filter (bx, by, m, n) ;
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