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1. FUNDAMENTALS

The video-coding algorithm proposed here extends the MPEG-1 video-coding
algorithm in a number of directions. The main theme of this proposal is the
incorporation of adaptive strategies into the MPEG-1 video coder, many of
which are geared to exploit the effects of interlace. In this proposal, a picture is
a CCIR-601 luminance frame of size 720X 480 plus the associated Cb and Cr
frames at 1/4 resolution (360 240); a video sequence comprises 29.97 such pic-
tures per second. The luminance frame is formed as the interlaced union of the
two constituent CCIR-601 luminance fields, while the chrominance frames are
derived by filtering and subsampling the respective 4:2:2 CCIR-601 chrominance
frames.

1.1 GOP Structure and Random Access

A Group-of-Picture (GOP) structure with N = 12 and M — 3 in the MPEG
parlance is employed. This GOP consists of one intra-coded (I-) picture, 3
predictively coded (P-) pictures, and 8 bidirectionally predictive coded (B-) pic-
tures.(Fig. 1). This GOP ensures that a complete I-picture occurs every
12/29.97 (approximately 0.4) seconds, which is hence the maximum delay for
acquiring a picture from a bit-stream.

1.2 Macroblock

As in MPEG-1, a picture is divided into macroblocks where a macroblock is
a 16X16 luminance block plus the co-sited 8X 8 Cb- and Cr-blocks (one of
each). This definition, however, is easily extended to full CCIR-601 vertical
chrominance resolution, where a 16X 16 luminance block is associated with two
8X8 Cb and two 8X8 Cr blocks. The macroblock is the unit for which




motion-compensation and quantization modes are defined.
1.3 Slice

A slice is defined to be one row of macroblocks, starting at the left edge of
the picture and ending at the right edge.

2. MOTION COMPENSATION

The motion estimation and compensation process in this proposal takes into
account that a macroblock contains luminance pixels of two interlaced fields.
Accordingly, two fundamental modes of motion compensation are defined: the
Jrame-MC and the field-MC modes. In the field-MC mode, the pixels of one
field are predicted only from pixels of the field of the same polarity in the refer-
ence frame(s). Two block sizes are allowed for motion compensation, with hor-
izontal X vertical dimensions of 16X 16 and 16X 8 respectively. In P- and B-
pictures, after motion compensation is finished, the computed difference "pix-
els" are put back in the original interlaced order to form a frame-difference
macroblock. We now consider the various motion compensation modes in P-
pictures and B-pictures allowed in this proposal.

2.1 Motion Compensation Modes for P-Pictures

1. 16X 16 frame-MC mode:
In this mode, the 16X 16 luminance block is compensated by another
16X 16 block from the reference frame that is fetched using one (forward)
motion vector. No distinction is made between the pixel-lines of the two
different fields. The prediction block also contains pixels of both fields of
the reference frame. This MC mode is identical to that in MPEG-1 for P-
pictures. :

2. 16X 8 frame-MC mode:
In this mode, the 16X 16 luminance block is divided vertically into two
16X 8 halves. Each half is independently compensated using a (forward)
motion vector. Again, no distinction is made between the lines of the two
different fields. Two motion vectors are transmitted per macroblock in
this mode.

3. 16X 8 field-MC mode:
In this mode, the 16X 16 luminance block is separated by field polarity
into two 16X 8 blocks, such that each 16X 8 block only contains pixel-lines
of one field. Each block is compensated independently using a (forward)
motion vector with a 16X 8 block that is derived from pixel-lines of the
field of the same polarity in the reference frame. Two motion vectors are
transmitted per macroblock in this mode.

2.2 Motion Compensation Modes for B-Pictures

1. 16X 16 bidirectional frame-MC mode:
This mode is identical to the bidirectional prediction mode in MPEG-1. A
forward motion vector fetches a 16X 16 block from the past reference



frame, and a backward motion vector fetches a 16X 16 block from the
future reference frame. These blocks are averaged to yield the final pred-
iction block. .

9. 16X 16 forward unidirectional frame-MC mode:
‘ This mode is identical to the forward unidirectional predictional mode in
MPEG-1. Only one forward motion vector is used for a macroblock.

3. 16X 16 backward unidirectional frame-MC mode:
This mode is identical to the backward unidirectional predictional mode in
MPEG-1. Only one backward motion vector is used for a macroblock.

4. 16X 8 frame-MC mode; top-forward with bottom-backward:
In this mode, the 16X 16 luminance block is divided vertically into two
16X 8 blocks. The top half is compensated using a forward motion vector,
which fetches a 16X 8 block from the past reference frame. The bottom
half is compensated using a backward motion vector, which fetches a
16X 8 block from the future reference frame. Two motion vectors are
transmitted per macroblock in this mode.

5. 16X 8 frame-MC mode; top-backward with bottom-forward:
This mode is very similar to the one above, with the top half compensated
using a backward motion vector and the bottom half using a forward
motion vector.

6. 16X 8 field-MC mode; odd-forward with even-backward:

In this mode, the 16X 16 luminance block is separated by field polarity
into two 16X 8 blocks, one containing the pixel-lines of the odd field and
the other the lines of the even field. The 16X 8 block with the odd-field
lines is compensated using a forward motion vector with another 16X 8
block derived only from odd-field lines of the past reference frame. Simi-
larly, the 16X 8 block with the even-field lines is compensated using a
backward motion vector with a 16X 8 block derived only from even-field
lines of the future reference frame. Two motion vectors are transmitted
per macroblock in this mode. '

7. 16X 8 field-MC mode; odd-backward with even-forward:
This mode is very similar to the one above, with the 16X 8 block contain-
ing the odd-field lines compensated using a backward motion vector with a
block from the future reference frame and the 16X 8 block containing the
even-field lines compensated using a forward motion vector with a block
from the past reference frame. Two motion vectors are again required per
macroblock in this mode.

2.3 Coding of Motion Vectors

Each motion vector component is encoded differentially, with respect to a
previously transmitted component. The VLC tables in the December 1990 ver-
sion of the MPEG-1 Video CD are employed.



3. QUANTIZATION AND QUANTIZER MATRICES

For the same reasons as with motion compensation, two basic quantization
and coding modes are allowed for a macroblock: frame coding and field coding.
These quantization+coding modes are completely independent of the motion-
compensation modes. In frame coding, four 8X8 luminance subblocks are
formed from a macroblock as in MPEG-1. In field coding, four 8 X8 luminance
subblocks are derived from a macroblock by separating the lines of the two
fields, such that each subblock contains only lines of one field. The frame- vs.
field-coding decision is made in the pixel domain once for the entire macroblock.
An 8% 8 DCT is then applied to each frame subblock or field subblock, depend-
ing on the mode selected.

3.1 Intra-Coded Macroblocks and DC-Prediction

All macroblocks in I-pictures are intra-coded; intra coding of macroblocks is
also allowed in P- and B-pictures. In intra-coded macroblocks (field or frame
mode), the DC coefficient of each subblock is uniformly quantized to 255 levels
(as in MPEG-1). DC-prediction is then employed to reduce the number of bits .
needed to encode the DC coefficients. Two predictors are maintained for lumi-
nance DC-prediction (rather than the one in MPEG-1) to increase its efficiency
in switching between the frame- and field-coding modes. For chrominance DC-
prediction, one predictor suffices for each color component as in MPEG-1. All
DC predictors are reset to zero at the start of a slice and at a non-intra-coded
macroblock.

3.2 Quantization Parameter and Quantizer Matrices

"For AC-coefficient quantization, a 5-bit quantization parameter and a set of
quantizer matrices are employed, just like in MPEG-1. Quantization is per-
formed with a dead-zone for non-intra coding and without one for intra coding;
the MPEG-1 reconstruction equations apply. Our proposal allows four different
quantizer matrices: one for each of the combinations of intra/nonintra- and
frame/field- coded macroblocks. There are no default matrices specified; the
ones used are loaded and transmitted at the sequence layer. The Cb- and Cr-
subblocks use the same matrices as the luminance subblocks (as in MPEG-1).

In I-pictures, all macroblocks are coded, and the 5-bit quantization parame-
ter is transmitted for every macroblock. In P- and B- pictures, some macrob-
locks may contain no coded coefficient data. A one-bit flag is sent for each
macroblock to signal whether the macroblock is coded or not. In P-pictures, the
quantization parameter is then transmitted for every coded macroblock.

3.3 Quantization in B-Pictures

In B-pictures, 2 5-bit quantization parameter is transmitted at the start of
every slice. A two-bit index (denoted mscale_addr) is transmitted for every
coded macroblock in the slice that identifies one of four multipliers (all of which
are transmitted at the sequence layer). The slice quantization parameter is mul-
tiplied by the selected multiplier (denoted mscale), and the product is rounded
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to the nearest integer and limited to 5 bits. The resulting number becomes the
quantization parameter for that macroblock.

The Coded Block Pattern framework (for signalling which of the subblocks
inside a macroblock contain coded data) is used only with B-pictures.

4. SCANNING AND VL CODING
4.1 Scanning of AC Coefficients

Once the AC coefficients are quantized, they are coded for transmission
much as in MPEG-1. A scanning matrix ("scan") defines the order in which
they are processed for encoding. Two fixed scans are defined: one for use in the
frame-coding mode and the other for use in the field-coding mode. These scans
do not change with the picture type. They are illustrated in Fig. 4. ‘

4.2 VL Coding of AC Coefficients

As in MPEG-1, for non-zero quantized AC coefficients, runlength and level
combinations are encoded with two-dimensional VL codebooks. For each
macroblock in I- and P- pictures, we allow the encoder to select one codebook
out of a small number of codebooks and transmit the necessary overhead. In
this proposal, we have used four codebooks for I-pictures and four for P-
pictures. These eight codebooks are derived basically by permuting the code-
words in the MPEG-1 VLC. Among other things, they differ in the length of
the EOB-codeword (2, 3 or 4 bits). The lengths of the codewords in the top-left
corner of each codebook are shown in Figs. 5(a)-(h).

For a particular macroblock in an I- or P- picture, the codebook yielding the
smallest bit-count is selected, and signalled to the decoder with a 2-bit identif-
ier. In B-pictures, this overhead for codebook selection was found to be exces-
sive; we have therefore used one fixed codebook for all macroblocks in B-
pictures. This codebook is one of the four used with P-pictures, and is the one
shown in Fig. 5(e).




SUMMARY OF SYNTAX

Sequence Header:

sequence_header_code

horizontal size

vertical_size

pel_aspect_ratio

picture rate

bit_rate
intra_frame_quantizer_matrix|64]
intra_field quantizer_matrix[64]
nonintra frame quantizer_matrix[64]
nonintra_field_quantizer_matrix[64]

mscale[4]

Group-of-Pictures Layer:

group_start_code
time_code
closed_gop
broken_link

Picture Layer:

*

[ ]

picture_start_code

temporal_reference

picture_coding_type

full_pel forward vector (for P- and B-pictures)
forward_f (for P- and B-pictures)
full_pel_backward_vector (for B-pictures)
backward_f (for B-pictures)



Slice Layer:

« slice_start_code

quantization_parameter

Macroblock Layer in Intra-Coded MBs:

macroblock_type
quantization_parameter (5 bits)

vlc_select (2 bits)

Macroblock Layer in Predictive-Coded MBs:

macroblock_type

motion_horizontal_forward

motion_vertical_forward

macroblock_code_nocode (1 bit)

quantization_parameter (5 bits, sent when macroblock_code_nocode is “1")

vle_select (2 bits, sent when macroblock_code_nocode is "1")

Macroblock Layer in Bidirectionally Predictive-Coded MBs:

macroblock type
motion_horizontal_forward
motion_vertical_forward
motion_horizontal_backward
motion_vertical_backward
macroblock_code nocode (1 bit)

mscale_addr (2 bits, sent when macroblock_code_nocode is "1")

coded_block_pattern (sent when macroblock_code_nocode is "1")

Block Layer in Intra-Coded MBs:

det_dc_size



o dct_dc_differential
o dct_coell next

 end_of block (codeword depends on the codebook used)

Block Layer in Non-Intra-Coded MBs:

o dct_coeff first
o dct_coeff next
« end_of block (in P-pictures, codeword depends on the codebook used)

The entire set of macroblock modes for all three picture types is listed in
Fig. 6. :



6. COMPATIBILITY

The video syntax proposed here comes very close to being (but is not
exactly) a "superset” of the MPEG-1 syntax according to the definitions in the
PPD (see Fig. 3 of PPD). Hence both forward compatibility and upward compa-
tibility with MPEG-1 are easily achieved (with minimal additional decoder com-
plexity), whereas backward or downward compatibility with MPEG-1 do not
exist.

7. CODEC DELAY

In a fully automated one-pass encoder, the delay incurred by the encoding
process is 2 to 3 picture periods. The delay at the decoder is 1 to 2 picture
periods (not counting any postprocessing delays). However, the encoder and
decoder buffers introduce 2 significantly greater delay of 0.5 seconds. The total
codec delay is thus 0.65 to 0.7 seconds.

8. OTHER FUNCTIONALITIES
8.1 Random Access

I-pictures provide access points roughly every 0.4 seconds. Beginning with
the I-picture, the other pictures in the GOP can be decoded as necessary to
obtain the desired picture from the bit-stream.

8.2 Fast Search

Fast forward and reverse are enabled by having regularly spaced I-pictures.

9. CONCLUSION

The basic features of our proposal have been presented, with all its syntacti-
cal details. A block diagram of the complete encoder and decoder are shown in
Figs. 2 and 3.
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Fig. 5(a): Lengths of Intra VLC # 1 (EOB = 2 bits)

Level (absolute value)
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Fig. 5(b): Lengths of Intra VLC # 2 (EOB = 2 bits)
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Fig. 5(c): Lengths of Intra VLC #3 (EOB =3 bits)

Level (absolute .value)
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Fig. 6(d): Lengths of Intra VLC # 4 (EOB = 4 bits)

Level (absolute value)
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Fig. 5(e): Lengths of Pred. VLC # 1 (EOB = 2 bits)
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Fig. 5(g): Lengths of Pred. VLC #3 (EOB = 3 bits)

Level (absolute value)
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Fig. 5(h): Lengths of Pred. VLC # 4 (EOB = 4 bits)
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\acroblock_type in I-pictures:

! 1
2 0l

nacroblock_type in p-pictures:

o~ e W

00001
000001

16x8
16x8
16x16
16x8
16x8
16x16
Intra
Intra

macroblock_type in B-pictures

1 10 16x16
2 i1 16x16
3 010 16x16
4 011 16x16
5 0010 . 16x16
6 0011 16x16
7 00010 16x8
8 00011 16x8
9 000010 . 16x8
10 000011 16x8
11 0000010 16x8
12 0000011 16x8
13 00000010 16x8
14 00000011 16x8
15 000000010 Intra
16 000000011 Intra

FIG. 6 VIC TABLES FOR MACROBLOCK

Intra, frame—-code
Intra, field—-code

frame-MC, frame—code

field-MC, frame—code

frame-MC, frame—code

frame-MC, field-code

field-MC, field-code

frame-MC, field-code

, field-code

, frame-code
frame—MCbdr, field-code
frame—-MCbdr, frame-code
frame-MCb , frame-code
frame-MCb , field-code
frame-MCf , field-code
frame-MCf , frame-code
frame-MCbf , frame-code
field-MCfb , frame-code
frame-MCfb , frame-code
field-MCbf , frame-code
field-MCfb , field-code
frame-MCbf , field-code
field-MCbf , field-code
frame-MCfb , field-code
, frame-code
, field-code

TYPES



ANNEX 1: STATISTICS

In the following pages, detailed statistics for each test sequence are presented at
both 4 and 9@ Mb/s. In each instance, statistics are listed for every picture,
followed by by average statistics for the entire sequence and for each picture
type. Next, the cumulative bit-count for each (0.4-second) GOP is given. After

the statistics of the individual sequences comes an "ls -1" listing of each
bitstream.

19
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