Table 8-4 — Escape profile and

profile and level indication

10001111 to 11111111

10001110 Mul

10001101 Mul

10001100

10001011 Mul

10001010 Mul

10000110 to 10001001

10000101 4:2:

10000011 to 10000100 (Reserved)
10000010 4:2:2 profile @ High level

10000000 to 10000001 (Reserved)

A monoscopic coding with the same tools as Main Profile (MP), including ISO/TEC 11172-2, is applied to the base layer.
An enhancement layer is coded using Temporal Scalability tools and a hybrid prediction of motions and disparity can be

utilized in the enhanced layer.

MVP, viewed as one of the scalable profiles in terms of multiple viewpoint layers, is expected to have the same type of

compatibility features other scalable profiles have, such as compatibility with MP. For example:

1) decoders compliant to MVP at a certain Level are capable of decoding the bitstreams compliant to MP at

the corresponding Level (i.e. forward compatibility);

2) decoders compliant to MP at a certain Level are capable of decoding the bitstream in the base layer of

MVP (i.e. backward compatibility).

8.1 ISO/MEC 11172-2 compatibility

ISO/TEC 11172-2 "constrained parameter" bitstreams shal
Scalable and High profile decoders at all levels. Additionall
profile decoders shall be able to decode D-pictures-only |

constraints of the decoder.

8.2 Relationship between defined profiles

The Simple, Main, SNR Scalable, Spatially Scalable and F
syntax supported by a 'higher' profile includes all the syntaci
profile decoder shall be able to decode a bitstream conforr
same syntax set is supported regardless of level. The order of
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0010, | 0001, 0010, | 0001, 0010, | 0001, 0010, | 0001, 0010,
11 0011 0011 0011 0011
B LP.B LLP,.B LP.B LP.B
Unconstrained Constrained |Unconstrained
=3 Yes Yes No Yes
R SNR or SNR or - Temporal
Spatial Spatial
o Yes Yes No No
o No No No Yes
, 10 8,9,10 8,9,10,11 | 8,9,10,11 8,9.10
Restricted
6.1.2.2

For all defined profiles, there is a semantic restriction on 1
represented with not more than the number of bits indicated
each horizontal row of macroblocks may exceed this limitatic

Table 8-6 — Maximum num

chroma_format

4:2:0
4:2:2
4:2:2 (in 4:2:2 Profile)
4:4:4

In this context, a macroblock is deemed to start with the mrst bit oI e macroblock address increment (or
macroblock_escape, if any) and continues until the last bit of the macroblock() syntactic structure. The bits required to
represent any slice() that precedes (or follows) the macroblock are not counted as part of the macroblock.

The High profile is also distinguished by having different constraints on luminance sample rate, maximum bit rate, and
VBYV buffer size. Refer to Tables 8-12, 8-13 and 8-14.

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level
bitstreams.

8.2.1 Use of repeat_first field

The use of repeat_first field in Simple and Main profile bitstreams is constrained as specified in Table 8-7.
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Additionally, the following constraints exist for 4:2:2 profile @ Main level only:
e ifvertical size = 512 lines,
then if picture_coding_type=011 (i.e. B-picture), repeat_first field shall be 0;

e ifvertical size > 512 lines frame rate shall be "25Hz".

8.3 Relationship between defined levels

The Low, Main, High-1440 and High levels have a hierarchical relationship. Therefore the parameter constraints of a
'higher' level equal or exceed the constraints of 'lower’ levels (e.g. for a given profile, a Main level decoder shall be able
to decode a bitstream conforming to Low level restrictions). The order of hierarchy is given in Table 8-3.

The different parameter constraints for levels are given in Table 8-8.

8.4 Scalable layers

The SNR Scalable, Spatial Scalable, High and Multi-view profiles may use more than one bitstream to code the image.
These different bitstreams represent layers of coding, which when combined create a higher quality image than that
obtainable from one layer alone (see Annex D). The maximum number of layers for a given profile is specified in
Table 8-9. The scalable layers are named according to Table 7-31. The syntactic and parameter constraints for these
profile/level combinations when coded using the maximum permitted number of layers are given in Tables 8-11, 8-12,
8-13 and 8-14. When the number of layers is less than the maximum permitted, reference should also be made to
Tables E-21 to E-46 as appropriate.

It should be noted that a bitstream of the base layer of SNR Scalable and Multi-view profiles can always be decoded by a

Main profile decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by either SNR Scalable
or Multi-view profile decoder of equivalent level.
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FAIrAIra T

tosa] | ILeO-isty] | | TLaOaiaya] | [LAOiid ]
3] [1:4] [1:4] [1:4]
3] [1:4] [1:4] [1:4]
1,5] | [64:635] | [-64:63.5] | [-64:63.5]
5] [1:5] [1:8] [1:8]

Table 8-11

Table 8-12

Table 8-13

Table 8-14

:lude B-pictures, f code[1][0] and { code[1][1] shall

ted motion vector. In the case of dual prime motion

ing values:
3 3 2
1 1 0
1 1 0
0 0 1
2 3 2
0 1 0
1 1 0
0 0 1
2 2
0 0
1 0
0 1
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pa.rameter value permitted for the stated profile @ level except scalability. Note that for High proﬁle @ Main level spatially
scaled bitstreams, 'HP @ (level — 1)' becomes 'MP (@ (level — 1)'. In the event that a base layer bitstream uses fewer syntactic
elements or a reduced parameter range than permitted, profile and level indication may indicate a 'simpler’ profile @ level.

%) Note that 4:2:2 chroma format is not supported as a lower spatial layer of High profile @ Main level (see Table 8-12).

Details of the different parameter limits that may be applied in each layer of a bitstream and the corresponding
appropriate profile_and level indication that should be used are given in Tables E.20 to E.45.

8.4.2 Multi-view Profile specific constraints
Both the enhancement and base layers have the same frame rate.

The picture_mux_enable, picture_ mux_order and picture mux_factor are not used in this profile and shall be ignored.
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—  If base and enhancement layer do not have the same value for top_field first, there shall be no skipped
macroblocks.

In a B-field picture which is the first field of a frame, the prediction shall not make reference to the second field of the
corresponding base layer frame.

It is inherent in the Multi-view Profile that the two layers are tightly coupled to one another. It is a requirement that the
pictures in enhancement layer shall be decoded immediately after their corresponding required reference pictures are
decoded unless this requirement makes one to decode the enhancement layer pictures out of display order. In that case,
the pictures in the enhancement layer should be decoded in the display order.

8.5 Parameter values for defined profiles, levels and layers

See Table 8-11.

Table 8-11 - Upper bounds for sampling density

[ S BEL | I EaS i~
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High Enhancement 62 668 800 62 668 800 (4:2:2) 62 668 800 62 668 800

83 558400 (4:2:0)

Lower - 14745 600 (4:2:2) - 62 668 800

19 660 800 (4:2:0)

High- |Enhancement 47001 600 47001600 | 47001600 (4:2:2) - 47001 600
e 62 668 800 (4:2:0)
Lower - 10368000 | 11059200 (4:2:2) - 47001 600
14 745 600 (4:2:0)
Main |Enhancement | 10368000 | 10368000 | 10368 000 11059200 (4:2:2) | 11059200 | 10368000

14745 600 (4:2:0)

P =(16 * ((horizontal size + 15) / 16)) X (32 * ((vertical _size + 31) / 32)) X frame rate

8.6 Compatibility requirements on decoders

Table 8-15 defines the requirements on compatibility for decoders. There is a requirement that a decoder of a profile and
level represented by a column in Table 8-15 be capable of decoding correctly all bitstreams with profile and level
indication marked by an X in the column. In case of scalable hierarchy of bitstreams, the profile and level indication are
that of the upper layer.

NOTE - For Profiles and Levels which obey a hierarchical structure, it is recommended that each layer of the bitstream contain
the profile and level indication of the "simplest" decoder which is capable of successfully decoding that layer of the bitstream. In
the case where the profile and level indication Escape bit == 0, this will be the numerically largest of the possible valid values of
profile and level indication.
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x©)
X x) X
X x® | x9) x| x
X x) [ x® | x9 x| x
X X | x| x9 x| x
X X | X | x9 X | x
X | x9
X
| | | | | | | | |
X
x| x
x| x
ng all relevant lower layers.

file@Main level. Main profile@Low level and Simple profile@Main level
bitstreams.

L. MP@HL, MP@HL-1440, MP@ML, MP@LL and SP@ML. as well as

9.1 General

Parts 1, 2, and 3 of ISO/IEC 13818 provide support fc
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 this is by mea
ISO/IEC 13818-2 and ISO/IEC 13818-3 contain fields for
elementary stream syntax. This Recommendation | Inter
registering copyright identifiers in ITU-T Rec. H.262 | ISO/T

ITU-T Rec. H.262 | ISO/IEC 13818-2 specifies a unique 32
(such as ISBN, ISSN, ISRC, etc.) carried in the copyright de
wide number of Copyright Registration Authorities. Each |
semantic for identifying the audiovisual works or other cop
through appropriate use of the variable length additional cog
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Amnexes G, H and I to this Specification provide information on the procedures for registering a unique
copyright_identifier.
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u=0 v=0

f(x, y) is a real number.
The mathematical integer-number IDCT is defined as:
f'(x.y)=ro

where round() is the rounding to the nearest integer, with h
saturation is performed.

The saturated mathematical integer-number IDCT is defined
£"(x. y) = sat

where saturate() is the saturation in the range [-256, 255], de

saturate (x) =

[x _256<x<255

; may be any of several approximations of the saturated
meets all of the following requirements:

1g process shall have values always in the range [-256, 255].

ng process shall conform to the IEEE Standard Specification
crete Cosine Transform, IEEE Std. 1180-1990, 6 December

»f DCT coefficients cause all the 64 values output of the
'0 be in the range [-384, 383]. When f'(x, y) = 256, f[y][x]
7, fly][x] shall be equal to —256. For all values of f'(x, y) in
setween f]y][x] and f "(x, ¥) shall not be larger than 2.
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> contain one or more values out ot the range |[—384, 383]. 1t
e to £ "(x, y) for all bitstreams produced by reasonably well-

of Specifying IDCT Mismatch Errors" requires the specification of

»n of mismatch errors. Every macroblock is required to be refreshed
sblocks in B-pictures (and skipped macroblocks in P-pictures) are
iccumulation of mismatch errors. This requirement is the same as
nmendation H.261.
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0000 1001 12 0000 0011 100 29
0000 1000 13 0000 0011 011 30
0000 0111 14 0000 0011 010 31
0000 0110 15 0000 0011 001 32
0000 0101 11 16 0000 0011 000 33
0000 0101 10 17 0000 0001 000 macroblock escape

NOTE - The "macroblock stuffing” entry that is available in ISO/IEC 11172-2 is not available in this Specification.

131
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1 VL |V ]L]V]uV
01 oOjofjfoj110]0
001 0Ol1{0jJ0]|0]0
00011 oOjofjfojo|1]0
00010 1]j]1{0]1]01]0
00001 1jojfoj1j01]o0
0000 01 1jojfojoj1|o
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10 0|11 0]o
11 0|11 ofo
010 0]o]1 0]o
011 0]o]1 ofo
0010 ol1]o0 0]o
0011 ol1]o0 ofo
0001 1 olo]o 1]0
0001 0 1|11 0]o
0000 11 1|1]0 0]o
0000 10 1]0]1 0]o
0000 01 1|o]o 1]0
0011 olo]o 1]0 Intra 0
0010 1|o]o 1]0 Intra, Quant 0
0001 ojo]o 0o Not Coded, Compatible 4
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10 of1]ofj1|o]o

011 of1]of1|o]1

0000 100 ofo]Joj1|o]o

0001 11 ofoJof1lo]1

0010 of1]ojofo]o

0000 111 ofo]Jojo|[1]o

0011 of1]ofoo]1

010 1{1]o]1fo]o

0001 00 1{ojJoJ1|o]o

0000 110 1{ojJojof[1]o

11 1f1]of1]o]1

0001 01 1{ojJofJ1|o]1

0001 10 ofo]Jofjolo]1

0000 101 ofo]Joj1|o]o

0000 010 1{ojJoJ1|o]o

0000 011 ofo]Jojo|o]o
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10

—

11

010

011

[=0 B=T0

0010

—

0011

—

ocl|lojlo|lo|le|e

0001 10

—

0001 11

L=0N =]

0001 00

—

0001 01

(=20 =T =T =R BT Bl QT Rl R ]

—

0000 110

[=N =N N=2 =10 R-=T i1 =T N1 Rl -l Nl

—

0000 111

0000 100

—

0000 101

=N E=N N=]

0000 0100

L=0N =]

[=00 =T R =R Q] Q=]

0000 0101

—

000001100

=l1o | o

—

000001110

000001101

000001111

ocl|lojle|le]-

=N E=N =]

[=0 =T =0 N1 =]

=N =N =
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1 ojofjfoj110]0
01 1jojfoj1rjofo
001 0Ojofojo|l0]0

NOTE — There is no differentiation between pictur
in I-, P- and B-pictures. The "Not coded" type is n¢

beginning and end of a slice.

ITU-T Rec. H.262 (2000 E)
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1100 8 0001 1010 49
1011 16 0001 1001 21
1010 32 0001 1000 41
10011 12 0001 0111 14
10010 48 0001 0110 50
1000 1 20 0001 0101 22
10000 40 0001 0100 42
01111 28 0001 0011 15
01110 44 0001 0010 51
01101 52 0001 0001 23
01100 56 0001 0000 43
01011 1 0000 1111 25
01010 61 0000 1110 37
01001 2 0000 1101 26
01000 62 0000 1100 38
001111 24 0000 1011 29
0011 10 36 0000 1010 45
001101 3 0000 1001 53
0011 00 63 0000 1000 57
0010111 5 00000111 30
0010110 9 0000 0110 46
0010 101 17 0000 0101 54
0010 100 33 0000 0100 58
0010 011 6 000000111 31
0010010 10 0000 0011 0 47
0010 001 18 0000 0010 1 55
0010 000 34 0000 0010 0 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 O 39
0001 1101 19 0000 0000 1 0 (Note)
NOTE - This entry shall not be used with 4:2:0 chrominance structure.
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0000 0011 111

0000 0100 001 —12
0000 0100 011 —-11
0000 0100 11 -10
0000 0101 01 -9
0000 0101 11 -8
0000 0111 -7
0000 1001 —6
0000 1011 -5
0000 111 —4
0001 1 -3
0011 -2
011 -1
1 0
010 1
0010 2
0001 0 3
0000 110 4
0000 1010 5
0000 1000 6
0000 0110 7
0000 0101 10 8
0000 0101 00 9
0000 0100 10 10
0000 0100 010 11
0000 0100 000 12
0000 0011 110 13
0000 0011 100 14
0000 0011 010 15
0000 0011 000 16

ITU-T Rec. H.262 (2000 E)
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1111 11V

11111110

111111110

111111111

Table B.13 — Variable length coc

Variable length code

00

01

10

110

1110

11110

111110

1111 110

11111110

111111110

11111111 10

1111111111
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00111s

00110s

0001 10s

000111s

000101s

0001 00 s

0000110s

0000 100 s

0000111 s

0000101 s

0000 01

00100110

0010 0001 s

00100101 s

00100100 s

00100111 s

10

00100011 s

11

00100010 s

12

0010 0000 s

13

—

0000 0010 10 s

0000 0011 00 s

—

00000010 11 s

00000011 11 s

0000001001 s

| e

Rl w2

00000011 10 s

—

0000001101 s

15

0000 0010 00 s

16
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0000 0001 0010 s 4 3
0000 0001 1110 s 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111 s 17 1
0000 0001 1010 s 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
0000 0000 1101 0s 0 12
0000 0000 11001 s 0 13
0000 0000 11000 s 0 14
000000001011 1s 0 15
0000 0000 1011 0s 1 [
0000000010101 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1 s 3 4
0000 0000 1001 0s 5 3
0000 0000 10001 s 9 2
0000 0000 10000 s 10 2
00000000 1111 1s 22 1
0000 0000 1111 0s 23 1
0000 0000 11101 s 24 1
0000 0000 11100 s 25 1
000000001101 1s 26 1
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132

0000 0000 0110 00 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10 s 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 27
0000 0000 0100 11 s 0 28
0000 0000 0100 10 s 0 29
0000 0000 0100 01 s 0 30
0000 0000 0100 00 s 0 31
0000 0000 0011 000 s 0 32
0000 0000 0010 111 s 0 33
0000 0000 0010 110 s 0 34
0000 0000 0010 101 s 0 35
0000 0000 0010 100 s 0 36
0000 0000 0010 011 s 0 37
0000 0000 0010 010 s 0 38
0000 0000 0010 001 s 0 39
0000 0000 0010 000 s 0 40
0000 0000 0011 111 s 1 8
0000 0000 0011 110 s 1 9
0000 0000 0011 101 s 1 10
0000 0000 0011 100 s 1 11
0000 0000 0011 011 s 1 12
0000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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0000 0000 0001 1000 s

0000 0000 0001 0111 s

0000 0000 0001 0110 s

0000 0000 0001 0101 s

0000 0000 0001 1111 s

0000 0000 0001 1110 s

0000 0000 0001 1101 s

0000 0000 0001 1100 s

0000 0000 0001 1011 s

NOTE 1 — The last bit 's' denotes the sign of the
NOTE 2 — "End of Block" shall not be the only «
NOTE 3 — This code shall be used for the first (I
NOTE 4 — This code shall be used for all other ¢
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0001 10s

00110s

000111s

0000110s

0000 100 s

11100s

0000111 s

0000101 s

1111000

0000 01

11101s

000101s

1111001 s

00100110

1111010s

10

0010 0001 s

11

00100101 s

12

00100100 s

13

—

0001 00 s

00100111 s

—

11111100 s

11111101 s

000000100 s

| | e

Rl | w] &=

000000101 s

—

00000011 1s

15

0000001101 s

16
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0000 0001 0010 s 4 3
0000 0001 1110 s 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111 s 17 1
0000 0001 1010 s 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
11111010 s 0 12
11111011 s 0 13
11111110 s 0 14
11111111 s 0 15
0000 0000 1011 0s 1 [
0000000010101 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1 s 3 4
0000 0000 1001 0s 5 3
0000 0000 10001 s 9 2
0000 0000 10000 s 10 2
00000000 1111 1s 22 1
0000 0000 1111 0s 23 1
0000 0000 11101 s 24 1
0000 0000 11100 s 25 1
000000001101 1s 26 1
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0000 0000 0110 00 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10 s 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 27
0000 0000 0100 11 s 0 28
0000 0000 0100 10 s 0 29
0000 0000 0100 01 s 0 30
0000 0000 0100 00 s 0 31
0000 0000 0011 000 s 0 32
0000 0000 0010 111 s 0 33
0000 0000 0010 110 s 0 34
0000 0000 0010 101 s 0 35
0000 0000 0010 100 s 0 36
0000 0000 0010 011 s 0 37
0000 0000 0010 010 s 0 38
0000 0000 0010 001 s 0 39
0000 0000 0010 000 s 0 40
0000 0000 0011 111 s 1 8
0000 0000 0011 110 s 1 9
0000 0000 0011 101 s 1 10
0000 0000 0011 100 s 1 11
0000 0000 0011 011 s 1 12
0000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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0000 0000 0001 1000 s

0000 0000 0001 0111 s

0000 0000 0001 0110 s

0000 0000 0001 0101 s

0000 0000 0001 1111 s

0000 0000 0001 1110 s

0000 0000 0001 1101 s

0000 0000 0001 1100 s

0000 0000 0001 1011 s

NOTE 1 —The last bit 's' denotes the sign of the 1
NOTE 2 — "End of Block" shall not be the only ¢

I level following an ESCAPE code

147

Fixed length code signed_level
1000 0000 0000 reserved
1000 0000 0001 2047
1000 0000 0010 2046
11111111 1111 -1
0000 0000 0000 Forbidden
0000 0000 0001 +1
011111111111 +2047

ITU-T Rec. H.262 (2000 E)
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low_delay equals one, decoding a picture at the normally expected time might cause the VBV buffer to underflow. If this
is the case, the picture is not decoded and the VBV buffer is re-examined at a sequence of later times specified in C.7 and
C.8 until it is all present in the VBV buffer.

All the arithmetic in this annex is done with real-values, so that no rounding errors can propagate. For example, the
number of bits in the VBV buffer is not necessarily an integer.

C.1 The VBV and the video encoder have the same clock frequency as well as the same frame rate, and are
operated synchronously.

C.2 The VBV buffer is of size B, where B is the vbv_buffer size coded in the sequence header and sequence
extension if present.

CJ3 This subclause defines the input of data to the VBV buffer. Two mutually exclusive cases are defined in C.3.1
and C.3.2. In both cases the VBV buffer is initially empty. Let Ryjyax be the bitrate specified in the bit_rate field.

C.3.1 In the case where vbv_delay is coded with a value not equal to hexadecimal FFFF, the picture data of the n-th
coded picture enters the buffer at a rate R(n) where:

R(n) = d*nf (tn)—tn+ 1D +tn+1)—t(n))

Where
R(n) 1is the rate, in bits/s, that the picture data for the n-th coded picture enters the VBV.

d*n is the number of bits after the final bit of the n-th picture start code and before and including the final
bit of the (n + 1)-th picture start code.

tT(n) isthe decoding delay coded in vbv_delay for the n-th coded picture, measured in seconds.

tn)  Is the time, measured in seconds, when the n-th coded picture is removed from VBV buffer. t(n) is
defined in C.9, C.10, C.11, and C.12.

Ambiguity at the beginning of a sequence:

The interval of time t,,] — t, between removal of two consecutive pictures can normally be derived from the bitstream as
described in C.9, C.10, C.11 and C.12.

When random access is made in a sequence, ty,] — t, cannot be determined from the video bitstream alone for the first
picture(s) after the sequence header since the previous coded P- or I-frame does not exist in the decoded sequence. If the
bitstream is multiplexed as part of a systems bitstream according to ITU-T Rec. H.222.0 | ISO/IEC 13818-1, then it is
possible (but not certain) that information in the systems bitstream may be used to determine unambiguously this interval
of time. This information is available if Decoding Time Stamps (DTS) are transmitted for pictures n and n+1.

If the rate R(n) cannot be determined unambiguously, it is not possible for the VBV to precisely determine the fullness in
trajectories in the VBV buffer during a limited period (always less than the maximum value for vbv_delay, which is
approximately 0.73 seconds), therefore strict VBV verification of the entire bitstream is not always possible. Note that an
encoder always knows the values of t,, | — t, after each repeated sequence headers and therefore knows how to generate a
bitstream that does not violate the VBV constraints at those points.

The ambiguity may become a problem when the video bitstream is remultiplexed and delivered at a rate different from
the intended piecewise constant rate R(n).

It should also be noted that the input rate for the bits preceding the first picture header cannot be determined from the
bitstream.
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pernutted by the quantisation of vbv_delay.

C.3.2 In the case where vbv_delay is coded with the
specified in this subclause.

If the VBV buffer is not full, data enters the buffer at Ry,

If the VBV buffer becomes full after filling at R, for so
removed from the buffer.

After filling the VBV buffer with all the data that precedes tt
code itself, the VBV buffer is filled from the bitstream wm
continues at the rate specified in this subclause.

C4 Starting at the time defined in C.3, the VBV buffe
to C.8 defines the actions to be taken at each time the VBV b

C.S This subclause defines a requirement on all video t

At the ‘u'me the VBV buffer iS exam:ined before removing antr mi~rhwra data  tha mimbar At hate an tha hatrar chall ha
between zero bits and B bits where B is the size of the VBV !

For the purpose of this annex, picture data is defined as all
immediately preceding it if any (including any stuffing bet
including) the next start code, except in the case where the 1
included in the picture data.

sequence_header(), sequence_extension(), extension_g
group_of_pictures_header() and extension_ai
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to be decodeci), see 6.3.10. If the VBV buffer has to be re-examined, the pictu.ré currently to be decoded is referred to as
a big picture.

If picture currently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 field-periods before
removing the big picture, and no picture data is removed until the final re-examination.

At this time, the number of bits the VBV buffer immediately before removing the big picture shall be less than B, all the
picture data for the picture that has been in the buffer longest (the big picture) shall be present in the buffer and shall be
removed instantaneously. Then, normal operation of the VBV resumes, and C.5 applies.

The last coded picture of a sequence shall not be a big picture.
C.8 This subclause is informative only.

The situation where the VBV buffer would underflow (see C.7) can happen when low-delay applications transmit
occasionally large pictures, for example in case of scene-cuts.

Decoding such bitstreams will cause the display process associated with a decoder to repeat a previously decoded field or
frame until normal operation of the VBV can resume. This process is sometimes referred to as the occurrence of
"skipped pictures". Note that this situation should normally not occur except occasionally. It shall not occur when
low_delay is equal to 0.

Cc.9 This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 1 and low_delay equals to 0. In this case, the frame re-ordering delay always exists and
B-pictures can occur.

The time interval t, , | — t, between two successive examinations of the VBV buffer is a multiple of T, where T is the
inverse of the frame rate.

If the n-th picture is a B-picture with repeat_first field equals to 0, then t, 4 1 —t, is equal to T.

If the n-th picture is a B-Picture with repeat first field equal to 1 and top_field first equals O, then t, , | — t, is equal
to 2*T.

If the n-th picture is a B-Picture with repeat first field equal to 1 and top_field first equals 1, then t, , | — t, is equal
to 3*T.

If the n-th picture is a P-Picture or I-Picture and if the previous P-Picture or I-Picture has repeat_first field equal to 0,
thent, ;| —ty is equal to T.

If the n-th picture is a P-Picture or I-Picture and if the previo
top_field first equal to O, then t, ; | —t, is equal to 2*T.

If the n-th picture is a P-Picture or I-Picture and if the previo
top_field first equal to 1, then t, ; | —t, is equal to 3*T.

C.10 This subclause defines the time intervals between
progressive_sequence equals to 1 and low_delay equals to 1.

no frame re-ordering delay.

The time interval t, , | — t, between two successive examir
inverse of the frame rate.
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If the n-th picture is a frame-structure coded B-frame with repeat_first field equal to 0, then t, 4 1 —t, is equal to 2*T.
If the n-th picture is a frame-structure coded B-frame with repeat_first field equal to 1, then t, 4 1 —t, is equal to 3*T.
If the n-th picture is a field-structure B-picture (B-field picture), then t, , 1 —t; is equal to T.

If the n-th picture is a frame-structure coded P-frame or coded I-Frame and if the previous coded P-Frame or coded
I-Frame has repeat_first field equal to 0, then t, ; | —t, is equal to 2*T.

If the n-th picture is a frame-structure coded P-Frame or coded I-Frame and if the previous coded P-Frame or coded
I-Frame has repeat_first field equal to 1, then t, ; | —t, is equal to 3*T.

If the n-th picture is the first field of a field-structure coded P-frame or coded I-Frame, then t, , | —t, is equal to T.
If the n-th picture is the second field of a field-structure coded P-Frame or coded I-Frame and if the previous
coded P-Frame or coded I-Frame is using field-structure or has repeat first field equal to 0, then t, , | — t, is equal
to (2*T - T).

ve coded P-Frame or coded I-Frame and if the previous

nd has repeat first field equal to 1, then t; , | — t; is equal

mne-pictures. Frames Py, By and By have a display duration

Ps B

1 1 1 [ 1 1 | | | | »

R 1B B, R B, By e

Figure C.2

C.12 This clause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 0 and low_delay equals to 1. In this case the sequence contains no B-Pictures and there is
no frame re-ordering delay.

The time interval t, ; 1 — t, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the inverse of two times the frame rate.
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This Specification video coding supports both interlaced and progressive video. The respective indication is provided
with a progressive_sequence flag transmitted in the Sequence Extension code.

Allowed raster sizes are between 1 and (214 — 1) luminance samples each of the horizontal and vertical directions. The
video is represented in a luminance/chrominance colour space with selectable colour primaries. The chrominance can be
sampled in either the 4:2:0 (half as many samples in the horizontal and vertical directions), 4:2:2 (half as many samples
in the horizontal direction only). Furthermore, application specific sample aspect ratios and image aspect ratios are
flexibly supported. A chroma_format parameter is contained in the Sequence Extension code.

Sample aspect ratio information is provided by means of aspect ratio_information and (optional) display horizontal size
and display_vertical size in the sequence display extension(). Examples of appropriate values for signals sampled in
accordance with Recommendation ITU-R BT. 601 are given in Table D.1.

This Specification implements tools to support 4:4:4 chrominance, for possible future use. However, this is currently not
supported in any profile.

Tahla T¥ 1 — Framnle dienlav ciza valueac
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D.2.4 Transparent coding of composite video

Decoding from PAL/NTSC before transmission and re-coc
signals in non-low quality applications, such as contributic
carrier amplitude and phase reference signal (and v-axis swit

The input format can be indicated in the sequence header us
NTSC, SECAM and MAC. Reconstruction of the carrier

field sequence, sub_carrier, burst amplitude and st
composite_display flag in the picture coding_extension().

D.3 Picture quality

High picture quality is provided according to the bitrate
sufficiently high bitrate limits relating to a certain level in
achieved by using 4:2:2 chrominance

Quantiser matrices can be downloaded and used with a small

Moreover, scalable coding with flexible bitrate allows for service or quality hierarchy and graceful degradation. E.g.
decoding a subset of the bitstream carrying a lower resolution picture allows for decoding this signal in a low-cost
receiver with related quality; decoding the complete bitstream allows to obtain the high overall quality.

Furthermore, operation at low bitrates can be accommodated by using low frame rates (by either pre-processing before
coding or frame skipping indicated by the temporal_reference in the picture header) and low spatial resolution.

D4 Data rate control

The number of transmitted bits per unit time, which is selectable in a wide range, may be controlled in two ways, which
are both supported by this Specification. A bit_rate description is transmitted with the Sequence Header Code.

For Constant Bitrate (CBR) coding, the number of transmitted bits per unit time is constant on the channel. Since the
encoder output rate generally varies depending on the picture content, it shall regulate the rate constant by buffering, etc.
In CBR, picture quality may vary depending on its content.

The other mode is the Variable Bitrate (VBR) coding, in which case the number of transmitted bits per unit time may
vary on the channel under some constriction. VBR is meant to provide constant quality coding. A model for VBR
application is near-constant-quality coding over B-ISDN channels subject to Usage Parameter Control (UPC).

D.5 Low delay mode

A low encoding and decoding delay mode is accommo:
telephony, video-conferencing, monitoring. Total encoding
achieved for low delay mode operation of this Specificatio
defines a low delay bitstream.

The total encoding and decoding delay can be kept low by
This prevents frame re-ordering delay. By using dual-prime
high.

A low buffer occupancy for both encoder and decoder is ne

by the encoder. By using intra update on the basis of one o
this can be accommodated.
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access points are provided by sequence header() and this is then followed by intra information (picture data that can be
decoded without access to previously decoded pictures). A spacing of two random access points per second can be
achieved without significant loss of picture quality.

Channel hopping is the similar situation in transmission applications such as broadcasting. As soon as a new channel has
been selected and the bitstream of the selected channel is available to the decoder, the next data entry, i.e. random access
point has to be found to start decoding the new program in the manner outlined in the previous paragraph.

D.7 Scalability

The syntax of this Specification supports bitstream scalability. To accommodate the diverse functionality requirements of
the applications envisaged by this Specification, a number of bitstream scalability tools have been developed:

e  SNR scalability mainly targets for applications which require graceful degradation.
e  Chroma simulcast targets at applications with high chrominance quality requirements.
e  Data partitioning is primarily targeted for cell loss resilience in ATM networks.

e Temporal scalability is a method suitable for interworking of services using high temporal resolution
progressive video formats. Also suitable for high quality graceful degradation in the presence of channel
errors.

e  Spatial scalability allows multiresolution coding technique suitable for video service interworking
applications. This tool can also provide coding modes to achieve compatibility with existing coding
standards, i.e. ISO/IEC 11172-2, at the lower layer.

D.7.1 Use of SNR scalability at a single spatial resolution

The aim of SNR scalability is primarily to provide a mechanism for transmission of a two layer service, these two layers
providing the same picture resolution but different quality level. For example, the transmission of service with two
different quality levels is expected to become useful in the future for some TV broadcast applications, especially when
very good picture quality is needed for large size display receivers. The sequence is encoded into two bitstreams called
lower and enhancement layer bitstreams. The lower layer bitstream can be decoded independently from the enhancement
layer bitstream. The lower layer, at 3 to 4 Mbit/s, would provide a picture quality equivalent to the current
NTSC/PAL/SECAM quality. Then, by using both the lower and the enhancement layer bitstreams, an enhanced decoder
can deliver a picture quality subjectively close to the studio quality, with a total bitrate of 7 to 12 Mbit/s.

D.7.1.1 Additional features

D.7.1.1.1 Error resilience

As described in D.13, the SNR scalable scheme can be used as a mechanism for error resilience. If the two layer
bitstreams are received with different error rate, the lower layer, better protected, stands as a good substitute to fall back
on, if the enhancement layer is damaged.

D.7.1.1.2 Chroma simulcast

The SNR scalable syntax can be used in a chroma simulcast system. The goal of such a scheme would be to provide a
mechanism for simultaneous distribution of services with the same luminance resolution but different chrominance
sampling format (e.g. 4:2:0 in the lower layer and 4:2:2, when adding the enhancement layer and the simulcast
chrominance components) for applications which would require such a feature. The SNR scalable enhancement layer
contains some luminance refinement. The 4:2:2 chrominance is sent in simulcast. Only chrominance DC is predicted
from the lower layer. The combination of both layer luminance and of the 4:2:2 chrominance constitutes the high quality
level.
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D.7.1.2.2 A few important remarks

Since the prediction is the same for both layers, it is recon
loop (e.g. the images obtained by the conjunction of the low
the prediction used at the encoder side and what the low leve
from P-picture to P-picture and is reset to zero at each I-Pic
effect when there is an I- picture every 15 pictures or so.

Since the enhancement layer only contains refinement coet
information about the macroblocks (macroblock types, moti
syntax of this stream is very much simplified:

—  the macroblock type table only indicates i
changed and if the macroblock is NOT-CC
amounts to three VLC words.

— quantiser_scale_code in the enhancement laye

—  coded _block pattern() is transmitted for all ec

All NON-CODED macroblocks that are not at the begimmnng or ena o1 a suce are skippeq, smce e overneaa
information can be deduced from the lower layer.

It is recommended to use different weighting matrices for the lower and the enhancement layer. Some better results are
obtained when the first quantisation is steeper than the second one. However, it is recommended not to quantise too
coarsely the DCT coefficient that corresponds to the interlace motion, to avoid juddering effects.

D.7.2 Multiple resolution scalability bitstreams using SNR scalability

The aim of resolution scalability is to decode the base layer video suitable for display at reduced spatial resolution. In
addition, it is desirable to implement a decoder with reduced complexity for this purpose. This functionality is useful for
applications where the receiver display is either not capable or willing to display the full spatial resolution supported by
both layers and for applications where software decoding is targeted. The method described in this subclause uses the
SNR Scalability syntax outlined in clause 7 to transmit the video in two layers. Note that none of the options suggested
in this subclause changes the structure of the highest resolution decoder, which remains identical to the one outlined in
Figure 7-14. The bitstream generated on both layers is compatible with the HIGH profile. However, the base layer
decoder could be implemented differently with reduced implementation complexity suitable to software decoding.

D.7.2.1 Decoder implementation

In decoding to a smaller spatial resolution, an inverse DCT of reduced size could be used when decoding the base layer.
The frame memory requirement in the decoder MC loop would also be reduced accordingly.

If the bitstream of the two SNR Scalability layers was generated with only one MC loop at the encoder the base video
will be subject to drift. This drift may or may not be acceptable depending on the application. Image quality will, to a
large extent, depend on the sub-sample accuracy used for motion compensation in the decoder. It is possible to use the
full precision motion vector as transmitted in the base layer for motion compensation with a sub-sample accuracy
comparable to that of the higher layer. Drift can be minimised by using advanced sub-sample interpolation filters (see
[12]. [13] and [16] in the Bibliography of Annex F).

D.7.2.2 Encoder implementation

It is possible to tailor the base layer SNR Scalability bitstream to the particular requirements of the resolution scaled
decoder. A smaller DCT size can be more easily supported by only transmitting the appropriate DCT-coefficients
belonging to the appropriate subset in the base layer bitstream.
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D.7.4 Temporal scalability

A two layer temporally scalable coding structure consisting of a base and an enhancement layer is shown in Figure D.1.
Consider video input at full temporal rate to temporal demultiplexer; in our example it is temporally demultiplexed to
form two video sequences, one input to the base layer encoder and the other input to the enhancement layer encoder. The
base layer encoder is a non-hierarchical encoder operating at half temporal rate, the enhancement layer encoder is like a
MAIN profile encoder and also operates at half temporal rate except that it uses base layer decoded pictures for motion
compensated prediction. The encoded bitstreams of base and enhancement layers are multiplexed as a single stream in
the systems multiplexer. The systems demultiplexer extracts two bitstreams and inputs corresponding bitstreams to base
and enhancement layer decoders. The output of the base layer decoder can be shown standalone at half temporal rate or
after multiplexing with enhancement layer decoded frames and shown at full temporal rate.

Enhancement Enhancement
Encoder | Decoder

TDMX TRMX

w bt 2 ) -

lux
m
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Assuming progressive video input, if it is necessary to code progressive- format video in base and enhancement layers,
the operation of temporal demux may be relatively simple and involve temporal demultiplexing of input frames into two
progressive sequences. The operation of temporal remux is inverse, i.e. it performs re-multiplexing of two progressive
sequences to generate full temporal rate progressive output (see Figure D.2).

D.7.4.2 Progressive — Interlace-to-interlace temporal scalability

Again, assuming full temporal rate progressive video input, if it is necessary to code interlaced format video in base
layer, the operation of temporal demux may involve progressive to two interlace conversion; this process involves
extraction of a normal interlaced- and a complementary interlaced sequence from progressive input video. The operation
of temporal remux is inverse, i.e. it performs two interlace to progressive conversion to generate full temporal rate
progressive output. Figures D.3 and D.4 show operations required in progressive to two interlace and two interlace to
progressive conversion.
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Figure D.4 — Two-interlace to progressive conversion
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Figure D.5 — Temporal demultiplexer and remultiplexer for
progressive — Interface-to-interface temporal scalability

D.7.4.3 Interlace — Interlace-to-interlace temporal scalability

Assuming interlaced video input, if it is necessary to code interlaced- format video in base and enhancement layers, the
operation of temporal demux may be relatively simple and involve temporal demultiplexing of input frames into two
interlaced sequences. The operation of femporal remux is inverse, i.e. it performs re-multiplexing of two interlaced
sequences to generate full temporal rate interlaced output. The demultiplexing and re-multiplexing is similar to that in
Figure D.2.

D.7.5 Hybrids of the spatial, the SNR and the temporal scalable extensions

This Recommendation | International Standard also allows combinations of scalability tools to produce more than 2
video layers as may be useful and practical to support more demanding applications. Taken two at a time, 3 explicit
combinations result. Moreover, within each combination, the order in which each scalability is applied, when
interchanged, results in distinct applications. In the hybrid scalabilities involving three layers, the layers are referred to as

ions
with basic interlaced HDTV and standard TV:

using spatial scalability enhancement layer 1 provides basic
:nt layer 2 uses temporal scalability to help generate full

nced progressive HDTV and basic progressive HDTV:

V format at temporal resolution, using temporal scalability
ssive HDTV at full temporal resolution and enhancement
igh spatial resolution progressive HDTV (at full temporal
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Base layer provides interlaced HDTV of basic quality, using SNR scalability enhancement layer 1 helps
generate interlaced HDTV at high quality and enhancement layer 2 uses temporal scalability to help
generate progressive HDTV at full temporal resolution (at high quality).

D.8 Compatibility

This Recommendation | International Standard supports compatibility between different resolution formats as well as
compatibility with ISO/IEC 11172-2 (and Recommendation H.261).

D.8.1 Compatibility with higher and lower resolution formats

This Specification supports compatibility between different resolution video formats. Compatibility is provided for
spatial and temporal resolutions with the Spatial Scalability and Temporal Scalability tools. The video is encoded into
two resolution layers. A decoder only capable or willing to display a lower resolution video accepts and decodes the
lower layer bitstream. The full resolution video can be reconstructed by accepting and decoding both resolution layers
provided.

D.8.2 Compatibility with ISO/TEC 11172-2 (and Recommendation H.261)

The syntax of this Specification supports both backward and forward compatibility with ISO/IEC 11172-2. Forward
compatibility with ISO/TEC 11172-2 is provided since the syntax of this Specification is a superset of the
ISO/TEC 11172-2 syntax. The Spatial Scalability tool provided by this Specification allows using ISO/IEC 11172-2
coding in the lower resolution, i.e. base layer, thus achieving backward compatibility.

The video syntax contains tools that are needed to implement H.261 compatibility that may be needed for possible future
use, however, this is currently not supported by any profile.

Simulcast serves as a simple alternative method to provide backward compatibility with both Recommendation H.261
and ISO/IEC 11172-2.

D.9 Differences between this Specification and ISO/IEC 11172-2
This subclause lists the differences between MPEG-1 Video and MPEG-2 Video.

All MPEG-2 Video decoders that comply with currently defined profiles and levels are required to decode MPEG-1
constrained bitstreams.

In most instances, MPEG-2 represents a super-set of MPEG-1. For example, the MPEG-1 coefficient zigzag scanning
order is one of the two coefficient scanning modes of MPEG-2. However, in some cases, there are syntax elements (or
semantics) of MPEG-1 that does not have a direct equivalent in MPEG-2. This Specification lists all those elements.

This Specification may help implementers identify those elements of the MPEG-1 video syntax (or semantics) that do
not have their direct equivalent in MPEG-2, and therefore require a special care in order to have guarantee MPEG-1
compatibility.

In this subclause, MPEG-1 refers to ISO/IEC 11172-2 whilst MPEG-2 refers to this Specification.

D.9.1 IDCT mismatch

MPEG-1 — The IDCT mismatch control consists in adding (or removing) one to each non-zero coefficient that would
have been even after inverse quantisation. This is described as part of the inverse quantisation process, in 2.4.4.1, 2.4.4.2
and 2.4.4.3 of ISO/IEC 11172-2 (MPEG-1).
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MPEG-1.

MPEG-2 — Run-level values that cannot be coded with a VLC are coded by the escape code '0000 01' followed by a
18-bit FLC (—2047 <= level <= 2047). This is described in 7.2.2.3 of MPEG-2.

D.9.4 Chrominance samples horizontal position

MPEG-1 — The horizontal position of chrominance samples is half the way between luminance samples. This is
described in 2.4.1 of MPEG-1.

MPEG-2 — The horizontal position of chrominance samples is co-located with luminance samples. This is described
in 6.1.1.8 of MPEG-2.

D.9.5 Slices

MPEG-1 — Slices do not have to start and end on the same horizontal row of macroblocks. Consequently it is possible to
have all the macroblocks of a picture in a single slice. This is described in 2.4.1 of MPEG-1.

MPEG-2 — Slices always start and end on the same horizontal row of macroblocks. This is described in 6.1.2
of MPEG-2.

D.9.6 D-Pictures

MPEG-1 — A special syntax is defined for D-pictures (pictw
Intra-DC coefficients, no End of Block, and a special end of

MPEG-2 — D-pictures (picture_coding_type = 4) are not pert
D.9.7 Full-pel motion vectors

MPEG-1 — The syntax elements full pel forward vector anc
case, the motion vectors that are coded are in integer-s
coordinates must be multiplied by two before being used f
MPEG-1.

MPEG-2 — The syntax elements full pel forward vector &
vectors are always coded in half-sample units.

D.9.8  Aspect ratio information

MPEG-1 — The 4-bit pel_aspect ratio value coded in the sequence header specifies the sample aspect ratio. This is
described in 2.4.3.2 of MPEG-1.

MPEG-2 — The 4-bit aspect_ratio_information value coded in the sequence header specifies the display aspect ratio. The
sample aspect ratio is derived from this and from the frame size and display size. This is described in 6.3.3 of MPEG-2.

D.9.9 forward f code and backward { code

MPEG-1 — The f code values used for decoding the motion vectors are forward f code and backward f code, located in
the picture_header().

MPEG-2 — The f code values used for decoding the motion wvectors are f code[s][t]. located in the
picture_coding_extension(). The values of forward f code and backward f code must be '111' and are ignored. This is
described in 6.3.9 of MPEG-2.
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MPEG-2 — The semantics for bit_rate are changed. In variable bitrate operation, vbv_delay may be set to FFFF (hex), but
a different value does not necessarily mean that the bitrate is constant. Constant bitrate operation is simply a special case
of variable bitrate operation. There is no way to tell that a bitstream is constant bitrate without examining all of the
vbv_delay values and making complicated computations.

Even if the bitrate is constant the value of bit_rate may not be the actual bitrate since bit_rate need only be an upper
bound to the actual bitrate.
D.9.12 VBV

MPEG-1 — VBV is only defined for constant bitrate operation. The STD supersedes the VBV model for variable bitrate
operation.

MPEG-2 — VBV is only defined for variable bitrate operation. Constant bitrate operation is viewed as a special case of
variable bitrate operation.
D.9.13 temporal reference

MPEG-1 — Temporal reference is incremented by one modulo 1024 for each coded picture, and reset to zero at each
group of pictures header.

MPEG-2 — If there are no big pictures, temporal reference is incremented by one modulo 1024 for each coded picture,
and reset to zero at each group of pictures header (as in MPEG-1). If there are big pictures (in low delay bitstreams), then
temporal reference follows different rules.

D.9.14 MPEG-2 syntax versus MPEG-1 syntax

It is possible to make MPEG-2 bitstreams that have a syntax very close to MPEG-1, by using particular values for the
various MPEG-2 syntax elements that do not exist in the MPEG-1 syntax.

In other words, the MPEG-1 decoding process is the same (except for the particular points mentioned earlier) as the
MPEG-2 decoding process when :

progressive_sequence = 'l' (progressive sequence)

chroma_format="'01' (4:2:0)

frame rate_extension n=0 and frame rate_extension d =0 (MPEG-1 frame-rate)
intra_dc_precision = "00' (8-bit Intra-DC precision)

picture_structure ='11' (frame-picture, because pro~raceirra camianca —11N0
frame pred frame dct=1 (only frame-based pred:
concealment_motion_vectors ='0' (no concealmen

q_scale_type ='0' (linear quantiser_scale)

intra_vle format="'0' (MPEG-1 VLC table for Intr

alternate_scan ='0' (MPEG-1 zigzag scanning orde

repeat_first field ='0" (because progressive_sequet

chroma_ 420 type ="'l' (chrominance is "frame-bas

progressive_sequence ='1")

progressive_frame ='1' (because progressive_sequ
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There is a conflict between the requirement for high compression and easy editing. The coding structure and syntax have
not been designed with the primary aim of simplifying editing at any picture. Nevertheless, a number of features have
been included that enable editing of coded data.

Editing of encoded MPEG-2 bitstreams is supported due to the syntactic hierarchy of the encoded video bitstream.
Unique start codes are encoded with different level in the hierarchy (i.e. video sequence, group of pictures, etc.). Video
can be encoded with Intra-picture/intra-slices access points in the bitstream. This enables the identification, access and
editing of parts of the bitstream without the necessity to decode the entire video.

D.12 Trick modes

Certain Digital Storage Media (DSM) provide the capability of trick modes, such as Fast Forward/Fast Reverse (FF/FR).
The MPEG-2 syntax supports all special access, search and scan modes of ISO/IEC 11172-2. This functionality is
supported with the syntactic hierarchy of the video bitstream which enables the identification of relevant parts within a
video sequence. It can be assisted by MPEG-2 tools which provide bitstream scalability to limit the access bitrate (i.e.
Data Partitioning and the general slice structure). This subclause provides some guideline for decoding a bitstream
provided by a DSM.

The decoder is informed by means of a 1-bit flag (DSM_trick_mode_flag) in the PES packet header. This flag indicates
that the bitstream is reconstructed by DSM in trick mode, and the bitstream is valid from syntax point of view, but
invalid from semantics point of view. When this bit is set, an 8-bit field (DSM_trick_modes) follows. The semantics of
DSM_trick_modes are in the ITU-T Rec. H.220.0 | ISO/TEC 13818-1.

D.12.1 Decoder

While the decoder is decoding PES Packet whose DSM_trick mode_flag is set to 1, the decoder is recommended to:
—  Decode bitstream and display according to DSM_trick_modes.

Pre-processing

When the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:

—  Clear non trick mode bitstream from buffer.
Post-processing
When the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 0, the decoder is recommended to:
—  Clear trick mode bitstream from buffer.
Video Part
While the decoder is decoding PES Packet whose DSM _tricl
—  Neglect vbv_delay and temporal _reference va
—  Decode one picture and display it until next pi

The bitstream in trick mode may have a gap between slic:
decoder is recommended to:

—  Decode the slice and display it according to th
—  Fill up the gap with co-sited part of the last di
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:r() and higher syntactic structures.

et header.

trick mode.

meters as a normal bitstream.
arameters as a normal bitstream.

aeters as a normal bitstream except that it may be preferable
y to achieve this is to set vbv_delay to FFFF (hex).

1d vbv_delay are ignored in a decoder, therefore the DSM may not
need to set temporal reference and vbv_delay to correct values.

—  Concatenate slices which consists of intra coded macroblocks. The concatenated slices should have slice
vertical positions in increasing order.

D.13 Error resilience

Most digital storage media and communication channels are not error-free. Appropriate channel coding schemes should
be used and are beyond the scope of this Specification. Nevertheless the MPEG-2 syntax supports error resilient modes
relevant to cell loss in ATM networks and bit errors (isolated and in bursts) in transmissions. The slice structure of the
compression scheme defined in this Specification allows a decoder to recover after a residual data error and to
re-synchronise its decoding. Therefore, bit errors in the coded data will cause errors in the decoded pictures to be limited
in area. Decoders may be able to use concealment strategies to disguise these errors. Error resilience includes graceful
degradation in proportion to bit error rate (BER) and graceful recovery in the face of missing video bits or data packets.
It has to be noted that all items may require additional support at the system level.

Being an example of a packet-based system, B-ISDN with its Asynchronous Transfer Mode (ATM) is addressed in some
detail in the following. Similar statements can be made for other systems where certain packets of data are protected
individually by means of forward error-correcting coding.

ATM uses short, fixed length packets, called cells, consisting of a 5 byte header containing routing information, and a
user payload of 48 bytes. The nature of errors on ATM is such that some cells may be lost, and the user payload of some
cells may contain bit errors. Depending on AAL (ATM Adaptation layer) functionality, indications of lost cells and cells
containing bit errors may be available.

As an indication of the impact of cell loss in an ATM environment Table D.2 summarises the average interval between
cell losses for a range of CLR and service bitrates based on simple statistical modelling. (A cell payload must be
assumed for this. Allowing 1 byte/cell for AAL functions leaves 376 bits = 47 bytes). Note, however, that this summary
ignores cell loss bursts and other shorter term temporal statistics.

Bit Error Ratios (BER) corresponding to the above mean times between errors can be calculated easily for the case of
isolated bit errors. The BER that would cause the same incidence rate of errors is found by dividing by the cell payload

size, i.e. BER = CLR/376.
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The following techniques of minimising the impact of lost cells and other error/loss effects are provided for reference,
and indicate example methods of using the various tools available in this Specification to provide good performance in
the presence of those errors. Note that the techniques described may be applicable in the cases of packets of other sizes
(e.g. LANs or certain storage media) or video data with uncorrected errors of different characteristics, in addition to cell
loss. It may be appropriate to treat a known erasure [uncorrected bit error(s) known to exist somewhere in a data block]
as a lost data block, since the impact of bit errors cannot be predicted. However, this should be a decoder option. The
discussion that follows refers generally to "transport packets" where appropriate, to emphasise the applicability to a
variety of transport and storage systems. However, specific examples will refer to Cell Loss Ratios (CLR) because cell
transport is the most completely defined at the time of preparing this Specification.

The error resilience techniques are summarised in three categories, covering methods of concealing the error once it has
occurred, and the restriction of the influence of a loss or error in both space (within a picture) and time (from picture to
picture).

D.13.1 Concealment possibilities

Concealment techniques hide the effect of losses/errors once they have occurred. Some concealment methods can be
implemented using any encoded bitstream, while others are reliant on the encoder to structure the data or provide
additional information to enable enhanced performance.

D.13.1.1 Temporal predictive concealment

A decoder can provide concealment of the errors by estimating the lost data from spatio-temporally adjacent data. The
decoder uses information which has been successfully received to make an informed estimate of what should be
displayed in place of the lost/errored data, under the assumption that the picture characteristics are fairly similar across
adjacent blocks (in both the spatial and temporal dimensions). In the temporal case, this means estimation of errored or
lost data from nearby fields or frames.

D.13.1.11 Substitution from previous frame

The simplest possible approach is to replace a lost macroblock with the macroblock in the same location in the previous
picture. This approach is suitable for relatively static picture areas but block displacement is noticeable for moving areas.

The "previous picture" must be interpreted with care due to the use of bi-directional prediction and a difference between
picture coded order and picture display order. When a macroblock is lost in a P- or I-picture, it can be concealed by
copying the data corresponding to the same macroblock in the previous P-picture or I-picture. This ensures that the
picture is complete before it is used for further prediction. Lost macroblocks in B-pictures can be substituted from the
last displayed picture, of any type, or from a future I- or P-picture held in memory but not yet displayed.

D.13.1.1.2  Motion compensated concealment

The concealment from neighbouring pictures can be improved by estimating the motion vectors for the lost macroblock,
based on the motion vectors of neighbouring macroblocks in the affected picture (provided these are not also lost). This
improves the concealment in moving picture areas, but there is an obvious problem with errors in macroblocks whose
neighbouring macroblocks are coded intra, because there are ordinarily no motion vectors. Encoder assistance to get
around this problem is discussed in D.13.1.1.3.

Sophisticated motion vector estimation might involve storage of adjacent macroblock motion vectors from above and
below the lost macroblock, for predictions both forward and backward (for B-pictures) in time. The motion vectors from
above and below (if available) could then be averaged.
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concealment perforn?ance of the decoders. The concealment motion vector associated with an Intra-coded macroblock is
intended to be used only for concealment (if necessary) of the macroblock located immediately below the Intra-coded
macroblock.

For simplicity, concealment motion vectors associated with Intra-coded macroblocks are always forward, and are
considered as frame motion-vectors in Frame pictures and field motion-vectors in field pictures.

Therefore, encoders that choose to generate concealment motion vectors should transmit, for a given Intra-coded
macroblock, the frame- or field-motion vector that should be used to conceal (i.e. to predict, with forward frame- or
field-based prediction respectively) the macroblock located immediately below the Intra-coded macroblock.

Concealment motion vectors are intended primarily for I- and P-pictures, but the syntax allows their use in B-pictures.
Concealment in B-pictures is not critical, since B-pictures are not used as predictors and so errors do not propagate to
other pictures. Therefore, it may be wasteful to transmit concealment motion vectors in B-pictures.

Concealment motion vectors transmitted with Intra macroblocks located in the bottom row of a picture cannot be used

for concealment. However, if "concealment motion vectors" = 1, those concealment motion vectors must be
transmitted. Encoders can use the (0, 0) motion vector to minimise the coding overhead.

When concealment motion vectors are used, it is a good idea to have one slice contain one row of macroblocks (or
smaller), so that concealment can be limited to less than one row of macroblocks when a slice, or part of a slice, is lost.
This means that the loss of macroblocks in two successive rows is much less likely, and therefore the chances of
achieving effective concealment using concealment motion vectors is improved.

NOTE — When "concealment motion vectors" = 1, Predictors for Motion Vectors (PMV) are NOT reset when an Intra
macroblock is transmitted. Ordinarily, an Intra macroblock would reset the PMVs.

D.13.1.2 Spatial predictive concealment

The generation of predicted, concealment macroblocks is also possible by interpolation from neighbouring macroblocks
within the one picture (see Annex F, Bibliography, reference [17]). This is best suited to areas of high motion, where
temporal prediction is not successful, or as an alternative means of concealment for Intra macroblocks when concealment
motion vectors (see D.13.1.1.3) are not available. It also could be particularly useful for cell loss after scene changes.

There are several possible approaches to spatial interpolation, and it could be carried out in the spatial or DCT domain,
but normally it is only feasible and useful to predict the broad features of a lost macroblock, such as the DC coefficient
and perhaps the lowest AC coefficients. Spatial prediction of fine detail (high frequencies) is likely to be unsuccessful
and is of little value in fast-moving pictures anyway.

Spatial predictive macroblock concealment may also be useful in combination with layered coding methods (i.e. Data
Partitioning or SNR scalability, see D.13.1.3). If in the event of cell loss some DCT coefficients in a macroblock are
recovered from the lower layer, it is possible to use all information available (DCT coefficients recovered in the same
macroblock from the lower layer and all DCT coefficients received in the adjacent macroblocks) for error concealment.
This is especially useful if the lower layer only contains DC coefficients due to bandwidth constraints.

D.13.1.3 Layered coding to facilitate concealment

It is possible to assist the concealment process further by arranging the coded video information such that the most
important information is most likely to be received. The loss of the less important information can then be more
effectively concealed. This approach can gain from use of a transmission medium or storage device with different
priority levels (such as priority-controlled cell-based transmission in the B-ISDN, or where different error protection or
correction is provided on different channels). The components produced by the coding process can be placed in a
hierarchy of importance according to the effect of loss on the reconstructed image. By indicating the priority of bitstream
components and treating the individual components with due importance, superior error concealment performance may
be possible.
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with the base layer. provides a combined picture sequence ot greater picture rate.

These strategies produce layers which, when added progressively, produce increasing quality of the reconstructed
sequence. While some of these source coding techniques may result in a bitrate increase compared to the system without
layering, the performance of the layered systems, when subjected to channel errors, may be greater.

Considering error resilience alone, the hierarchically ordered layers should be handled with due quality, such that some
function (such as picture quality for a given total bitrate) is optimised. The bitstream components may be treated
differently at one or more of the following locations:

e  Encoder — Different channel coding might be used.

e  Channel — The channel may be able to provide different cell/packet loss probabilities or error
characteristics to the different bitstream components.

e  Decoder — Error concealment could be performed differently within each bitstream.

D.13.1.3.1 Use of data partitioning

Data partitioning allows a straightforward division of macroblock data into two layers. The Priority Break Point (PBP)
pointer determines the contents of each layer. Ordinarily, data partition 0 contains the address and control information
and the low frequency DCT coefficients, while data partition 1 contains the high frequency DCT coefficients.

At the encoder the value of the PBP pointer may be different for each slice such that the distribution of bits between the
two layers may be controlled (e.g. maintained constant). The distribution may be different for I-, P-, and B-frames. The
management of rate between the layers could mean that, for some macroblocks, data partition 0 contains no DCT
coefficients or motion vectors.

Good tolerance to errors can be achieved if channel errors are distributed so that data partition 1 receives most errors.

It is assumed that errors can be detected at the decoder, so that actions can be taken to prevent errored data from being
displayed. For data partition 1, errored data is simply not displayed (i.e. only data partition 0 is used). Losses or errors in
data partition 0 should be minimised through use of high reliability transport. Decoder concealment actions may also be
necessary.

D.13.1.3.2 Use of SNR scalable coding

SNR scalable coding provides two layers with the same spatial resolution but different image quality, depending on
whether one or both layers are decoded. This technique is mainly intended to provide a lower-quality layer that is usable
even when the enhancement layer is absent. However, it also provides good error resilience if the errors can be mainly
confined to the enhancement layer.

In case of errors in the enhancement layer, the lower layer can be used alone for the affected image area. Especially in
the case of frequent errors, temporary loss or permanent unavailability of the enhancement layer this concealment is very
effective, since the displayed signal can be made relatively free of non-linear distortions like blocking or motion
jerkiness.

If the enhancement layer is permanently unavailable and so only the lower layer is decoded, a small drift may occur in
the case where only one MC prediction loop is implemented in the encoder. However, this drift is likely to be invisible in
most configurations (e.g. M = 3, N = 12 would normally provide correction often enough).

The lower-layer of an SNR Scalable system is well suited to concealment in the case of a very high error rate, temporary
or permanent loss of the enhancement-layer signal. However, the enhancement-layer quality in the error-free case does
not achieve that of a sub-band like layered scheme (e.g. data partitioning).
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Spatial scalable coding provides a lower layer that is very suitable for concealment in case of a high error rate or
temporary loss of the enhancement layer. However, the quality of the enhanced picture when both layers are available
will not, in general, be as good as other layered coding approaches.

D.13.1.3.4 Use of temporal scalable coding

Temporal scalability is a coding technique that allows layering of video frames. The spatial resolution of frames in each
layer is the same but the temporal rates of each layer are lower than that of the source; however the combined temporal
rate of the two layers results in full temporal rate of the source. In case of errors in the enhancement layer, the base layer
of full spatial resolution can be easily used for concealment. Especially in case of frequent errors or temporary loss of the
enhancement layer, the base layer offers good concealment properties.

In some telecommunications applications a high degree of error resilience might be achieved with temporal scalability by
encoding the base layer using the same spatial resolution but only half the temporal resolution of the source; the
remaining frames corresponding to the other half of the temporal resolution are coded in the enhancement layer.
Typically, the enhancement layer data may be assigned lower priority and when lost, the base layer decoded frames can
be used for concealment by frame repetition. This type of concealment leads to only a temporary loss of full temporal
resolution while maintaining full spatial quality and full spatial resolution.

In HDTV applications such as those using high temporal resolution progressive video format as source, high degree of
error resilience can be achieved with temporal scalability. Such an application is envisaged to require 2 layers, a base
layer and an enhancement layer, each of which process same picture formats (either both progressive or both interlaced)
but at half the temporal rates. Temporal re-multiplexing of the base and enhancement layers irrespective of their chosen
formats always results in full progressive temporal resolution of the source. In HDTV transmission, if the lower priority
enhancement layer is corrupted, the base layer can be used for concealment, either directly, as in case of progressive
format base layer or after reversal of parity of fields for interlaced format base layer.

Typically, the enhancement layer data may be assigned lower priority and when lost, the base layer decoded frames can
be used for concealment by either frame repetition or frame averaging. This type of concealment leads to only a
temporary indistinguishable loss in temporal resolution while maintaining full spatial quality and full spatial resolution.

D.13.2 Spatial localisation

Spatial localisation encompasses those methods aimed at minimising the extent to which errors propagate within a
picture, by providing early resynchronisation of the elements in the bitstream that are coded differentially between
macroblocks.

Isolated bit errors may be detected through invalid codewords and so a decoder designer may choose to allow an errored
sequence to be decoded. However, the effect on the picture is difficult to predict (legal, but incorrect, codewords could
be generated) and it may be preferable to control the error through concealment of the entire affected slice(s) even when
only one bit is known to be in error somewhere in a block of data.

When long consecutive errors occur (e.g. packet or cell loss), virtually the only option is to discard data until the next
resynchronisation point is located (a start code at the next slice or picture header). By providing more resynchronisation
points, the area of the screen affected by a loss or error can be reduced, in turn reducing the demands on the concealment
techniques and making the errors less visible at the expense of coding efficiency. Spatial localisation of errors is
therefore dependent on controlling the slice size since this is the smallest coded unit with resynchronisation points (start
codes).
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From the view point of perceived picture quality, the performance of this method is generally dependent on the relative
size of slice size and picture. Therefore, the slice size should be decided by considering the picture size (in macroblocks)
and the trade-off between coding efficiency and visual degradation due to errors.

D.13.2.2 Adaptive slice size

There is a significant variation in the number of bits required to code a picture slice, depending on the coding mode,
picture activity, etc. If slices contain only a few macroblocks, it will be possible that one transport packet, even a short
packet or cell, could contain several slices. Offering multiple resynchronisation points in the same transport packet
serves no purpose. Another problem with the simplistic short slice approach is that, because no account is taken of the
transport packet structure, the first valid transport packet after a loss could contain most of the information for a slice, but
it is unusable because the start code was lost.

An improvement over the small slice method may be to use adaptive slice sizes. As the encoder is producing the
bitstream, it keeps track of the data contents within transport packets. The start of a slice is placed at the first opportunity
in every transport packet (or in every second, third, ...). This approach can achieve about the same spatial localisation of
errors as small, fixed size slices, but with a greater efficiency.

However, this method ONLY gives an advantage for cell or packet based transmission, or where error detection occurs
over a large block of data. The frequent resynchronisation points of small slice localisation are only wasteful if more than
one is lost in the event of an error. If isolated bit errors affect just one slice anyway, then there is no advantage in
adapting the slice size.

Furthermore, the adaptive slice size technique requires an intimate connection between encoder and packetiser, to allow
a new slice for a new packet or cell. As such, it may not be appropriate for some applications (e.g. stored video intended
to be distributed by multiple means) because only one transport packet structure would be assumed during encoding.

D.13.3 Temporal localisation

Temporal localisation encompasses those methods aimed at minimising the extent to which errors propagate from picture
to picture in the temporal sequence, by providing early resynchronisation of pictures that are coded differentially. An
obvious way to do this is to make use of intra mode coding.

D.13.3.1 Intra pictures

By use of intra pictures a single error will not stay in the decoded picture longer than (N + M —1) pictures if every Nth
picture is coded intra and (M-1) B-pictures are displayed before each I-picture.

While the intra pictures, normally used as "anchors" for synchronising the video decoding part way through a sequence,
are useful for temporal localisation, care should be taken in adding extra intra pictures (i.e. reducing N) for error
resilience. Intra pictures require a large number of bits to code, take up a relatively large proportion of the encoded
bitstream and, as a result, are more likely to be affected by losses or errors themselves.

D.13.3.2 Intra slices

To avoid the additional delay caused by intra pictures, some applications requiring low delay may want to update the
picture by coding only parts of the picture intra. This may provide the same kind of error resilience as intra pictures. As
an example assume that a constant number of slices per picture from top to bottom are intra coded so that the whole
picture is updated every P-pictures. Three aspects of this kind of updating should be kept in mind:

e  While an errored portion of the scene will ordinarily be erased within P-pictures (with an average duration
of about P/2), it is possible that motion compensation will allow the disturbance to bypass the intra refresh
and it may persist as long as 2P-pictures.
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subjective and application dependent, and so should be taken as nothing more than a guide. It is also true that several
different approaches to error resilience are likely to be used in combination. However, the following descriptions are
provided as some guidance to performance. They are the results of cell loss experiments, looking only at cell-based
transmission of video information.

A simple macroblock substitution from a previous frame combined with the small-slice method (4 macroblocks per slice)
will provide adequate picture quality for most sequences in the presence of rather low error rates of around CLR = 1073
(in a reference 4 Mbit/s, Main Profile, Main Level system).

Including sophisticated motion compensated concealment (with full spatial and temporal interpolation of motion vectors

for lost macroblocks, and concealing losses in P-pictures that use intra slice updating, i.e. N = infinity, M = 1) provides
adequate picture quality at CLR = 103 (again, in a reference 4 Mbit/s, Main Profile, Main Level system).
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scalability is more complex again, but provides a good lower layer picture quality at the expense of overall (two layer)
efficiency.

D.14  Concatenated sequences

Sequence concatenation occurs when an elementary stream contains a sequence ending with a sequence_end code that is
followed by another sequence starting with a sequence_start code. Any parameter including but not limited to profile,
level, VBV buffer size, frame rate, horizontal size, vertical size, or bitrate, which is not allowed to change within a single
sequence may change from sequence to sequence.

The behaviour of the decoding process and display process for concatenated sequences is not within the scope of this
Recommendation | International Standard. An application that needs to use concatenated sequences must ensure by
private arrangement that the decoder will be able to decode and play concatenated sequences.

Applications should ensure that decoders will have an acceptable behaviour when parameters change. For example
changes to the

—  frame size;
—  frame rate;

—  field parity of the first displayed field of the new sequence versus the field parity of the final displayed
field of the previous sequence;

—  buffer status,

amongst others may cause problems.
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International Standard.

NOTE — "Status" is kept blank if an entry is not a syntactic element.
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Table E.4 — Sequence di:

Comments

Input format related

Input format related

g|l9W|w|w|w|w]

Input format related

Status
SPAT
SNR
MAIN
SIMPLE
X
X
X
X
X
X
X
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Table E.10 — Pictux

Status
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05 | lower layer progressive frame o o o X X o
06 | lower layer deinterlaced field o o o X X o
select
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Forward motion vector

Backward motion vector
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Comments
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SIMPLE
# Syntactic elements Comments
01 | DCT coefficients x | x X x | x X X I
02 | End of block X X x | x| x X X I
E.2 Permissible layer combinations

Tables E.20 to E.46 illustrate the parameter limits that may be applied in each layer of a bitstream, and the corresponding
appropriate profile_and level indication that should be used. Each table describes the limits of a single compliance point
in the profile / level matrix.

The following notation has been adopted:

nrafila ahhratnatian~/A-lawal ahhratnatinn~
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G.2 Responsibilities of the Registration Authority

The primary responsibilities of the Registration Authority administrating the registration of copyright identifiers is
outlined in this subclause; certain other responsibilities may be found in the JTC 1 Directives. The Registration Authority

shall:
a)

b)

c)

d)

g

h)

implement a registration procedure for application for a unique RID in accordance with Annex H of the
JTC 1 Directives;

receive and process the applications for allocation of the work type code identifier from Copyright
Registration Authority;

ascertain which applications received are in accordance with this registration procedure, and to inform the
requester within 30 days of receipt of the application of their assigned RID;

inform application providers whose request is denied in writing within 30 days of receipt of the
application, and also inform the requesting party of the appeals process;

maintain an accurate register of the allocated RID. Revisions to the contact information and technical
specifications shall be accepted and maintained by the Registration Authority;

make the contents of this register available upon request to any interested party;

maintain a database of RID request forms, granted and denied. Parties seeking technical information on
the format of private data which has a copyright_identifier shall have access to such information which is
part of the database maintained by the Registration Authority;

report its activities to JTC 1, the ITTF, and the JTC 1/SC 29 Secretariat, or their respective assignees,
annually on a schedule mutually agreed upon.

G.2.1 Contact information of the Registration Authority

Organization Name:
Address:

Telephone:

Fax:

G3 Responsibilities of parties requesting an RID

The party requesting an RID for the purpose of copyright identification shall:

a)
b)

c)

d)

apply using the form and procedures supplied by the Registration Authority;

provide contact information describing how a complete description of the copyright organization can be
obtained on a non-discriminatory basis;

include technical details of the syntax and semantics of the data format used to describe the audiovisual
works or other copyrighted works within the additional copyright_info field. Once registered, the syntax
used for the additional copyright information shall not change;

agree to institute the intended use of the granted copyright_identifier within a reasonable time-frame;

maintain a permanent record of the application form and the notification received from the Registration
Authority of each granted copyright_identifier.
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d) to supply ISO member bodies with information concerning the scope of operation of the Registration
Authority.
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E-mail:

H.2 Statement of an intention to apply the assig

RID application domain: using guidelines to be provided by 1
H.3 Date of intended implementation of the RII

H.4 Authorized representative
Name:
Title:
Address:
Signature

H.5 For official use only of the Registration Aurnarrv
Registration Rejected
Reason for rejection of the application:

Registration Granted Registration Va

Attachment 1 — Attachment of technical details of the registe:
Attachment 2 — Attachment of notification of appeal procedu
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e  post processing after compression and decompression;

e  multiple generations of compression and decompression;
e  short Group of Pictures (GOP) for editability;

e  capability to pass all active video;

e  capability to pass vertical blanking interval information.

It should be noted that application of this Profile is an area of ongoing progress. Results presented here reflect varying
degrees of algorithm refinement, so further improvement can be expected.

J.1.1 Test sequences

The test sequences were generated using computer simulation of the ITU-T Rec. H.262 | ISO/IEC 13818-2 compression
and decompression. For 525/60, the test material included:

e Gwen:

e  Trailblazers;

"Basketball” 1s also a rapid motion sports sequence. Both are
ess. "Wall" consists of a woman standing in front of a wall
n in front of a complex background with a dissolve to a
articularly difficult compression test sequence with saturated
agments of "Mobile and Calendar" with a one second fade
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effects of picture repositioning which might occur in a DVE. Temporal shifting means that the GOP structure was shifted
one frame between the first and second generations and again between the fifth and sixth generations. Temporal shifting
represents the effect of multiple generations which have different GOP alignment.

Chroma key experiments were done by processing the foreground with blue screen through compression and
decompression. After decompression the component digital signal was chroma keyed to add the background. The
background image was not compressed.

Mixed environment tests for 525/60 used ITU-T Rec. H.262 | ISO/IEC 13818-2 4:2:2 compression and decompression
cascaded with a compressed digital VTR using 2:1 intra-field compression. The tests used a total of eight generations of
compression. The four odd number generations were MPEG and the four even number generations were compressed
digital VTR. There were no shifts between generations.

Mixed environment tests for 625/50 used only MPEG compression. The tests used a total of three generations of com-
pression. The first and third generations were ITU-T Rec. H.262 | ISO/TEC 13818-2 4:2:2 compression with IBBP-GOP
structure at 20 Mbits/s, while the second generation was ITU-T Rec. H.262 | ISO/IEC 13818-2 4:2:2 compression with
T-only GOP structure at 50 Mbits/s. A temporal shift of one frame was included between the second and third
generations.

1by:

J.1.3 Subjective assessment

The subjective assessment used the DSCQS method descr
viewing sessions were conducted at a number of sites arounc
and all of the non-expert viewing results were combined. I
subjective test results are presented, as signal to noise ratic
these cases.

Expert subjective assessment viewing sessions were conducte
e NHK;

« SMPTE.
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ducted by:

Test results are presented in the following order (see Tables J.1 and J.2):
e 525/60 Homogeneous Environment;
e 525/60 Non-Homogeneous Environment;
e 625/50 Homogeneous Environment;

e 625/50 Non-Homogeneous Environment.

The tables of test results are organized with higher data rates presented first and lower data rates presented last. Within a
given bit rate, results are organized by GOP structure, number of generations, and type of shifting. The mean and
confidence interval are given for each test sequence.

These tests used the continuous quality scale specified in ITU-R Rec. BT.500-6. The subjective assessments were done
on a continuous 0 to 100 scale. The mean differences between original and compressed sequence ratings were calculated,
on a 0 to 100 scale, with differences inferior or equal to 0 representing no degradation through compression and 100
being the worst possible rating.

Hereinafter the average of the differences between original and compressed sequence ratings, calculated over the
subjects, will be referred to as diff-grade.

The results presented here are based on the following quality definitions:
e transparency: diff-grade for all test sequences does not exceed 12% of the scale;

e near transparency: the diff-grade of the 25% of the test sequences is between 12% and 18%, while all
the other diff-grades do not exceed 12% of the scale;

e good quality in most of the material: the mean diff-grades calculated over the test sequences do not
exceed 18%, while the diff-grades of 25% of the test sequences exceed 18% of the scale;

e  difficulties in some materials: all other cases.
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GOP =IBBP + 3 generations, 1 temporal shift Good quality in most test | Good quality in most test
I+IBBP materials materials
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