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coded_block_pattern -- coded_block_pattemn is a variable length code that is used to derive the variable
cbp according to table B.3. If macroblock_intra is zero, cbp=0. Then the pattern_codefi] for i=0 to 5 is
derived from cbp using the following:

pattern_code[i] = 0;

if ( cbp & (1<<(5-i)) ) pattem_code[i] = 11

if ( macroblock_intra ) pattern_code[i] = 1 ;

pattern_code[0] -- If 1, then the upper left luminance block is to be received in this macroblock.

pattern_code[1] -- If 1, then the upper right luminance block is to be received in this macroblock.

dct_dc_size_luminance -- The number of bits in the following dct_dc_differential code,
dc_size_luminance, is derived according to the VLC table B.5a. Note that this data element is used in intra
coded blocks.

det_dc_size_chrominance -- The number of bits in the following det_dc_differential code,
de_size_chrominance, is derived according to the VLC table B.5b. Note that this data element is used in
intra coded blocks.

det_dc_differential -- A variable length unsigned integer. If dc_size_luminance or dc_size_chrominance
(as appropriate) is zero, then dct_dc_differential is not present in the bitstream. dct_zz [] is the array of
quantized DCT coefficients in zig-zag scanning order. dct_zz[i] for i=0..63 shall be set to zero initially. If
de_size_luminance or de_size_chrominance (as appropriate) is greater than zero, then det_zz[0] is computed
as follows from dct_dc_differential:

For luminance blocks:
if ( det_dc_differential & ( 1 << (dc_size_lwninance-1)) ) det_zz[0] = det_dc_differential ;
else det_zz[0] = ( (-1) << (dc_size_luminance) ) | (dct_dc_differential+1) ;

For chrominance blocks:
if ( det_dc_differential & ( 1 << (dc_size_chrominance-1)) ) det_zz[0] = det_dc_differential |
else det_zz[0] = ( (-1) << (dc_size_chrominance) ) | (dct_dc_differential+1) ;

Note that this data element is used in intra coded blocks.

example for dc_size_luminance = 3

dct_dc_differential det_zz[0]

000 -7
001
010
011
100
101
110
111

woune bhdd

dct_coefT_first -- A variable length code according to tables B.5c through B.5f for the first coefficient,
The variables run and level are derived according to these tables. The zigzag-scanned quantized DCT
coefficient list is updated as follows.
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i=run;
if ( s ==0) dct_zz[i] = level ;
if (s ==1)dct_zz[i] = - level ;

The terms det_coeff_first and det_coeff_next are run-length encoded and dct_zz[i], i>=0 shall be set to zero
initially. A variable length code according to tables B.5c through B.5f is used to represent the run-length
and level of the DCT coefficients. Note that this data element is used in non-intra coded blocks.

dct_coeff_next -- A variable length code according to tables B.5c through B.5f for coefficients following
the first retrieved. The variables run and level are derived according to these tables. The zigzag-scanned
quantized DCT coefficient list is updated as follows.

i=i+mun+l;

if (s ==0) dct_zz[i] = level ;

if (s==1) dct_zz[i] = - level ;

If macroblock_intra = 1 then the term i shall be set to zero before the first dct_coeff_next of the block.
The decoding of det_coeff_next shall not cause i to exceed 63.

end_of_block -- This symbol is always used to indicate that no additional non-zero coefficients are
present. It is used even if dct_zz[63] is non-zero. Its value is the bit-string "10" as defined in table B.5c.
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2.4.4 The video decoding process

Compliance requirements for decoders are contained in ISO/IEC 11172-4.
2.4.4.1 Intra-coded macroblocks

In I-pictures all macroblocks are intra-coded and stored. In P-pictures and B-pictures, some macroblocks
may be intra-coded as identified by macroblock_type. Thus, macroblock_intra identifies the intra-coded
macroblocks.

The variables mb_row and mb_column locate the macroblock in the picture, They are defined in 2.4.3.6.
The definitions of dct_dc_differential, and dct_coeff_next also have defined the zigzag-scanned quantized DCT
coefficient list, dct_zz[]. Each dct_zz[] is located in the macroblock as defined by pattern_code[].

Define det_recon[m][n] to be the matrix of reconstructed DCT coefficients of the block, where the first index
identifies the row and the second the column of the matrix. Define det_dc_y_past, dct_dc_cb_past and
det_dc_cr_past to be the dct_recon[0][0] of the most recently decoded intra-coded Y, Cb and Cr blocks
respectively. The predictors dct_dc_y_past, dci_dc_cb_past and det_dc_cr_past shall all be reset at the start
of a slice and at non-intra-coded macroblocks (including skipped macroblocks) to the valve 1 024 (128*8).

Define intra_quant{m][n] to be the intra quantizer matrix that is specified in the sequence header.

Note that intra_guant[0][0] is used in the dequantizer calculations for simplicity of description, but the result
is overwritten by the subsequent calculation for the dc coefficient.

Define scan[m][n] to be the matrix defining the zigzag scanning sequence as follows:

0 1 5 6 14 15 27 28
2 4 1 13 16 26 29 42
3 8 12 17 25 30 41 43
9 11 18 24 3 40 A4 53
10 19 23 32 39 45 52 54
20 22 33 38 46 51 55 60
21 M 37 47 50 56 59 61

35 36 48 49 57 58 62 63
Where n is the horizontal index and m is the vertical index.

Define past_intra_address as the macroblock_address of the most recently retrieved intra-coded macroblock
within the slice, It shall be reset to -2 at the beginning of each slice.

Then dct_recon{m][n] shall be computed by any means equivalent to the following procedure for the first
luminance block:

for (m=0; m<8; m++) (
for (n=0; n<8; n++) (
i=scan[m][n];
det_recon[m][n] = ( 2 * det_zz[i] * quantizer_scale * intra_quant[m][n] ) /16 ;
if ( (det_recon[m][n] & 1)=0)
det_recon[m][n] = dct_recon[m](n] - Sign(dct_recon[m][n]) ;
if (dct_recon[m][n] > 2 047) dect_recon[m)[n] =2 047 ;
if (dct_recon[m][n] < -2 048) dct_recon[m][n] =-2 048 ;
: }
det_recon[0][0] =dct_zz[0] * 8 ;
if ( ( macroblock_address - past_intra_address > 1) )
det_recon[0][0] = (128 * 8) + dct_recon[0](0] ;
else
det_recon[0][0] = det_dc_y_past + dct_recon[0][0] ;
det_dc_y_past = det_recon[0][0] ;

Note that this process disallows even valued numbers, This has been found to prevent accumulation of
mismatch errors.
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For the subsequent luminance blocks in the macroblock, in the order of the list defined by the array
pattern_code(]:

for (m=0; m<8; m++) (

' for (n=0; n<8; n++) {
' i =scanfm][n] ;

dct_recon[m][n] = ( 2 * dct_zz[i] * quantizer_scale * intra_quant{m](n] ) /16 ;

if ( (det_recon[m](n] & 1)=0)

det_recon[m][n] = det_recon[m][n] - Sign(dct_recon[m][n]) ;
if (det_recon[m](n] > 2 047) dct_recon[m][n] =2 047 ;
if (det_recon[m][n] < -2 048) dct_recon[m][n] = -2 048 ;
)

J
det_recon[0][0] = det_dc_y_past + (dct_zz[0] * 8) :
dct_dc_y_past = det_recon[0][0] ;

For the chrominance Cb block,:

for (m=0; m<8; m++) {
for (n=0; n<8; n++) {
i =scan{m][n] ;
det_recon[m][n] = ( 2 * dct_zz[i] * quantizer_scale * intra_quant[m][n] ) /16 ;
if (( det_recon[m]n] & 1)=0)
det_recon[m][n] = det_recon[m][n] - Sign(dct_recon[m][n]) ;
if (dct_recon[m][n] > 2 047) dect_recon[m][n] =2 047 ;
if (det_recon[m][n] < -2 048) det_recon[m][n] = -2 048 ;

)

)
det_recon[0][0] = det_zz[0] * 8 ;
if ( ( macroblock_address - past_intra_address ) > 1)
det_recon[0][0] = (128 * 8) + det_recon[0][0] ;
else
det_recon[0][0] = det_dc_cb_past + det_recon[0][0] ;
det_dc_cb_past = det_recon[0][0] ;

For the chrominance Cr block, :

for (m=0; m<8; m++) {

for (n=0; n<8; n++) {
i =scan[m][n] ;
det_recon[m][n] = ( 2 * det_zz[i] * quantizer_scale ¥ intra_quant[m][n] ) /16 ;
if ( (dct_recon[m][n] & 1)=0)

det_recon[m][n] = dct_recon[m][n] - Sign(dct_recon[m][n]) ;

if (det_recon[m][n] > 2 047) dct_recon[m][n] =2 047 ;
if (dct_recon[m][n] < -2 048) dct_recon[m][n]=-2048;

}

]
dct_recon[0][0] =dect_zz[0] * 8 ;
if ( ( macroblock_address - past_intra_address ) > 1 )
det_recon[0]1{0] = (128 * 8) + det_recon[0][0] ;
else
det_recon[0][0] = det_dc_cr_past + det_recon[0][0] ;
det_dc_cr_past = det_recon[0](0] ;

After all the blocks in the macroblock are processed:

past_intra_address = macroblock_address ;
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Values in the coded data elements leading (o det_recon[0][0] < 0 or det_recon(0][0] > 2 047 are not permitted.

Onee the DCT coefficients are reconstructed, the inverse DCT transform defined in annex A shall be applied
to obtain the inverse transformed pel values in the range [-256, 255]. These pel values shall be limited to
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the range [0, 255] and placed in the luminance and chrominance matrices in the positions defined by
mb_row , mb_column, and the list defined by the array pattern_code(].

2.4.4.2 Predictive-coded macroblocks in P-pictures
Predictive-coded macroblocks in P-Pictures are decoded in two steps.

First, the value of the forward motion vector for the macroblock is reconstructed and a prediction
macroblock is formed, as detailed below.

Second, the DCT coefficient information stored for some or all of the blocks is decoded, dequantized, inverse
DCT transformed, and added to the prediction macroblock.

Let recon_right_for and recon_down_for be the reconstructed horizontal and vertical components of
the motion vector for the current macroblock, and recon_right_for _prev and recon_down_for_prev be the
reconstructed motion vector for the previous predictive-coded macroblock. If the current macroblock is the
first macroblock in the slice, or if the last macroblock that was decoded contained no motion vector
information (either because it was skipped or macroblock_motion_forward was zero), then
recon_right_for_prev and recon_down_for_prev shall be set to zero.

If no forward motion vector data exists for the current macroblock (either because it was skipped or
macroblock_motion_forward == ()}, the motion vectors shall be set to zero,

If forward motion vector data exists for the current macroblock, then any means equivalent to the following
procedure shall be used to reconstruct the motion vector horizontal and vertical components,

forward_r_size and forward_f are derived from forward_f_code as follows:

forward_r_size = forward_f_code - 1
forward_f = 1 << forward_r_size

if ( (forward_f == 1) Il (motion_horizontal_forward_code = 0) ) {
complement_horizontal_forward_r = 0;

) else (
complement_horizontal_forward_r = forward_f -1 - motion_horizontal_forward_r;

)

if ( (forward_f == 1) Il (motion_vertical_forward_code = 0 {
complement_ventical_forward_r = 0;

} else {

)

right_little = motion_horizontal_forward_code * forward_f:
if (right_little = 0) {
right_big = 0;

complement_vertical_forward_r = forward_f - 1 - motion_vertical_forward_r;

) else {
if (right_little > 0) |
right_little = right_little - complement_horizontal_forward_r :
right_big = right_litle - (32 * forward_f):
) else {
right_little = right_little + complement_horizontal_forward_r :
right_big = right_little + (32 * forward_f):
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down_little = motion_vertical_forward_code * forward_F;
if (down_litle = 0) {
down_big = 0;
} else {
if (down_liutle > 0) {
down_little = down_little - complement_vertical_forward_r}
down_big = down_little - (32 * forward_f);
} else (
down_little = down_little + complement_vertical_forward_r ;
down_big = down_little + (32 * forward_f);

}

Values of forward_f, motion_horizontal_forward_code and if present, motion_horizontal_forward_r shall be
such that right_little is not equal to forward_f * 16,

Values of forward_f, motion_vertical_forward_code and if present, motion_vertical_forward_r shall be such
that down_little is not equal to forward_f * 16.

max = ( 16 * forward_f)-1;
min= (-16 * forward_f ) ;

new_vector = recon_right_for_prev + right_little ;
if ( (new_vector <= max) && (new_vector >= min) )
recon_right_for = recon_right_for_prev + right_little ;
else
recon_right_for = recon_right_for_prev + right_big ;
recon_right_for_prev = recon_right_for ;

if ( full_pel_forward_vector ) recon_right_for = recon_right_for<<1;
new_vector = recon_down_for_prev + down_liule ;
if ( (new_vector <= max) && (new_vector >= min) )

recon_down_for = recon_down_for_prev + down_little ;
else

recon_down_for = recon_down_for_prev + down_big ;
recon_down_for_prev = recon_down_for ;
if  full_pel_forward_vector ) recon_down_for = recon_down_for<< 1 ;

The motion vectors in whole pel units for the macroblock, right_for and down_for, and the half pel unit
flags, right_half_for and down_half_for, are computed as follows:

for luminance for chrominance
right_for = recon_right_for >> 13 right_for = ( recon_right_for/2)>> 1}
down_for = recon_down_for>> 1 ; down_for = ( recon_down_for/2)>>1;

right _half_for = recon_right_for - (2*right_for) ; right_half_for = recon_right_for/2 - (2*right_for) ;
|_down_half_for = recon, down_for - (2*down_for) ; || down_half for= recon_down_for/2 - (2*down_for);

Motion vectors leading to references outside a reference picture's boundaries are not allowed.

A positive value of the reconstructed horizontal motion vector (right_for) indicates that the referenced area of

the past reference picture is to the right of the macroblock in the coded picture.

A positive value of the reconstructed vertical motion vector (down_for) indicates that the referenced area of
the past reference picture is below the macroblock in the coded picture.

Defining pel_past[][] as the pel values of the past picture referenced by the forward motion vector, and
pell1[] as the predictors for the pel values of the block being decoded, then:

if ( (! right_half_for )&& (! down_half_for) )
pel[ilfj] = pel_past|i+down_for][j+right_for] ;
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if ( (! right_half_for) && down_half_for )
pellil(j] = ( pel_past[i+down_for][j+right_for] +
pel_past[i+down_for+1][j+right_for] ) // 2 ;

if ( right_half_for && (! down_half_for) )
pellil(j] = ( pel_past{i+down_tor][j+right_for] +
pel_past[i+down_for][j+right_for+1] ) // 2

if ( right_half_for && down_half_for)
pelli][j] = ( pel_past[i+down_for](j+right_for] + pel_past[i+down_for+1][j+right_for] +
pel_past[i+down_for][j+right_for+1] + pel_past[{i+down_for+1](j+right_for+1]) // 4 ;

Define non_intra_quant{m][n] to be the non-intra quantizer matrix that is specified in the sequence header.

The DCT coefficients for each block present in the macroblock shall be reconstructed by any means
equivalent to the following procedure:

for ( m=0; m<8; m++ ) {
for ( n=0; n<8; n++ ) {
i =scan[m][n] ;
det_recon[m][n] = ( ( (2 * det_zz[i]) + Sign(dct_zz[i]) ) *
guantizer_scale * non_intra_guant(m][n] )/ 16 ;
if ( (det_recon[m](n] & 1)=0)
det_recon[m][n] = dct_recon[m|[n] - Sign(dct_recon[m][n}) ;
if (dct_recon[m][n] > 2047) dct_recon[m][n] = 2047 ;
if (det_recon[m](n] < -2048) dct_recon[m][n] = -2048 :
if (det_zz[i] =0)
det_recon(m][n]=0;

]
dect_recon[m][n] = 0 for all m, n in skipped macroblocks and when pattem[i] == 0.

Once the DCT coefficients are reconstructed, the inverse DCT transform defined in annex A shall be applied
to obtain the inverse transformed pel values in the interval [-256, 255]. The inverse DCT pel values shall
be added 1o the pel[i][j] which were computed above using the motion vectors. The result of the addition
shall be limited to the interval [0,255]. The location of the pels is deteriined from mb_row, mb_column
and the pattemn_code list.

2.4.4.3 Predictive-coded macroblocks in B-pictures
Predictive-coded macroblocks in B-Piclures are decoded in four steps.

First, the value of the forward motion vector for the macroblock is reconstructed from the retrieved forward
molion vector information, and the forward motion vector reconstructed for the previous macroblock, using
the same procedure as for calculating the forward motion vector in P-pictures. However, for B-pictures the
previous reconstructed motion vectors shall be reset only for the first macroblock in a slice, or when the
last macroblock that was decoded was an intra-coded macroblock. If no forward motion vector data exists for
the current macroblock, the motion vectors shall be obtained by:

recon_right_for = recon_right_for_prev,
recon_down_for = recon_down_for_prev.

Second, the value of the backward motion vector for the macroblock shall be reconstructed from the
retrieved backward motion vector information, and the backward motion vector reconstructed for the
previous macroblock using the same procedure as for calculating the forward motion vector in B-pictures,
In this procedure, the variables needed to find the backward motion vector are substituted for the variables
needed to find the forward motion vector. The variables and coded data elements used to calculate the
backward motion vector are;

recon_right_back_prev, recon_down_back_prev, backward_[_code, tull_pel_backward_vector

motion_horizontal _backward_code, motion_horizontal_backward_,
motion_vertical_backward_code, motion_vertical_backward_r,
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backward_r_size and backward_f are derived from backward_f _code as follows:

backward_r_size = backward_f_code - 1
backward_f = | << backward_r_size

The following variables result from applying the algorithm in 2.4.4.2, modified as described in the
previous paragraphs in this clause;

right_for  right_half_for down_for down_half_for
right_back right_half back down_back down_half_back

They define the integral and half pel value of the rightward and downward components of the forward motion
vector (which references the past picture in display order) and the backward motion vector (which references
the future picture in display order).

Third, the predictors of the pel values of the block being decoded, pel [1[], are calculated. If only forward
motion vector information was retrieved for the macroblock, then pel[1[] of the decoded picture shall be
calculated according to the formulas in 2.4.4.2, If only backward motion vector information was retrieved
for the macroblock, then pel[][) of the decoded picture shall be calculated according to the formulas in the
predictive-coded macroblock clause, with "back" replacing "for", and pel_future[][] replacing pel_past[][]. 1f
both forward and backward motion vectors information are retrieved, then let pel_for{][] be the value
calculated from the past picture by use of the reconstructed forward motion vector, and let pel_back[]f] be
the value calculated from the future picture by use of the reconstructed backward motion vector. Then the
value of pel[][] shall be calculated by:

pel(11l = ( pel_for(][] + pel_back[1l] ) #2;
Define non_intra_guant{m][n] to be the non-intra quantizer matrix that is specified in the sequence header.

Fourth, the DCT coefficients for each block present in the macroblock shall be reconstructed by any means
equivalent to the following procedure:

for ( m=0; m<8; m++) (
for ( n=0; n<8; n++) {
i=scan[m][n] ;
det_recon[m](n] = ( ( (2 * det_zz[i]) + Sign(det_zz[i]) ) *
quantizer_scale * non_intra_quant[m][n] )/ 16;
if ( ( det_recon[m]n] & 1)==0)
det_recon[m][n] = dct_recon[m][n] - Sign(det_recon[m][n]) ;
if (det_recon[m][n] > 2 047) det_recon[m](n] =2 047 ;
if (det_recon[m][n] < -2 048) det_recon[m][n] =-2 048 ;
if ( det_zz[i) =10)
det_recon[m][n] =0;

)
det_recon[m][n] = 0 for all m, n in skipped macroblocks and when pattern[i] = 0.

Once the DCT coefficients are reconstructed, the inverse DCT transform defined in annex A shall be applied
to obtain the inverse transformed pel values in the range [-256, 255]. The inverse DCT pel values shall be
added to pel[][), which were computed above from the motion vectors. The result of the addition shall be
limited to the interval [0,255]. The location of the pels is determined from mb_row, mb_column and the
pattern_code list.

2.4.4.4 Skipped macroblocks

For some macroblocks there are no coded data, that is neither motion vector information nor DCT
information is available to the decoder. These macroblocks are called skipped macroblocks and are indicated
when the macroblock_address_increment is greater than 1.

In I-pictures, all macroblocks shall be coded and there shall be no skipped macroblocks.
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