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Introduction

Film material produced at 24 frames/sec is routinely converted to 60 fields/sec for distribution purposes. A Film Mode mechanism for encoding, decoding and display of converted film material exists in MPEG-2, and this solution has served the industry well, however, it requires encoders to be aware of the display device. Optimal encoding of converted film material requires what is known as 3:2 pull-down, where the original film frames are detected and encoded as frames and the encoder is required to convey proper display timing to the decoder.
A necessary requirement for encoding MPEG-2 video using Film Mode is that the frame rate encoded in the sequence header must indicate the frame rate of the original 60 field/sec input video sequence. Flags top_field_first and repeat_first_field are used for indicating how a picture should be displayed. However, this requirement is not desirable when the display device can vary, e.g. interlaced TV vs. progressive monitors, and the encoder has no way of knowing what kind of display will be used at the decoder end.
In this document we propose an simple optional picture header display extension to facilitate the coding and display of converted film material. One main advantage of this proposal is the separation of coding and display processes.
Background

The 3:2 pull-down process is commonly used in converting a 24 frame/second film sequence into a 30 (29.97) frame/second or 25 frame/second sequence for display.  Figure 1 shows the 3:2 pull-down process.
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Figure 1 Mapping of the 3:2 pull-down process

In MPEG-2 video elementary streams, two flags in the coded picture header, top_field_first and repeat_first_field, are used to indicate the current film state. Let us define the film states as shown in Table 1 and Figure 1. The four possible film mode states (represented as A, B, C, and D) are repeated in the same order every four pictures. Film ode processing will always commence with state A (or C) and exit with state D (or B).  

Film Mode encoding refers to the case when an encoder directly compresses 24 frame/sec material, or when an encoder uses the 3:2 pull-down process to convert 30 frame/sec video to 24 frame/sec material prior to encoding. If the input video sequence  prior to compression by an encoder is derived from a 24-frame/second film sequence, top_field_first and repeat_first_field flags indicate the “fields” that need to be repeated for a 30 (29.97) frame/second or a 25 frame /second display device.  If the input sequence is a video sequence that has already been converted from a film sequence, a 3:2 pull-down detector is often required to restore the film sequence prior to encoding.  In this case, two repeated fields are removed from each ten-field sequence by the 3:2 pull-down detector, as shown in Figure 1.   

Pictures
Transmitted Fields
Repeat First Field Flag
Top Field First Flag
Displayed Field

A
A1
1
1
A1


A2


A2





A1

B
B1
0
0
B2


B2


B1

C
C1
1
0
C2


C2


C1





C2

D
D1
0
1
D1


D2


D2

Table 1 Mapping of the 3:2 pull-down flags in MPEG-2

MPEG-2 System Timestamps

In MPEG-2 Systems, in addition to considering picture reordering when B-pictures are present, it is needed to check if the current picture has been coded in Film Mode in order to correctly compute the PTS and DTS.  Two of every four pictures will be of a three-field duration (one and one-half times the nominal picture period), while the other two are of a two-field duration (the nominal picture period). Therefore, in Film Mode, the time an I- or P-picture is delayed in the reordering buffer will not be merely the number of subsequent B-picture(s) multiplied by the nominal picture period, but instead will be the total display time of the B-picture(s). For example, if a P-picture is followed by two B-pictures, one of which will be displayed for a two-field duration and the other for a three-field duration, then the P-picture will be delayed for a total of five-field times, or two and one-half picture times. The PTS for the picture then becomes the DTS plus two and one-half picture times.  

The decoder will display film state A and C pictures for three field times since they both contain a “un-encoded” field of data. The decoder will re-display the first field to replace the "un-encoded" field. This is because in the 3:2 pull-down algorithm, the first field is repeated every other picture to convert film material at 24 pictures/sec to video mode at 30 pictures/second or 25 picture/second. Film state B and D pictures are displayed for only two field times. A Film Mode sequence of four pictures will therefore be displayed as a total of 10 field times. In this way, the decoded video is displayed at the correct video picture rate. 

Displayed Frames
Film States
Repeat First Field Flag
Top Field First Flag
Displayed Field

0

0
0
Frm0Bot

Frm0Top

1
C
1
0
Frm1Bot

Frm1Top

Frm1Bot

2
D
0
1
Frm2Top

Frm2Bot

3
A
1
1
Frm3Top

Frm3Bot

Frm3Top

4
B
0
0
Frm4Bot

Frm4Top

5
C
1
0
Frm5Bot

Frm5Top

Frm5Bot

6
D
0
1
Frm6Top

Frm6Bot

7
A
1
1
Frm7Top

Frm7Bot

Frm7Top

8
B
0
0
Frm8Bot

Frm8Top

9

0
0
Frm9Bot

Frm9Top

10

0
0
Frm10Bot

Frm10Top

Table 2 A film mode sequence

Table 2 shows a sequence of eleven coded pictures that are output from the video encoder during which Film Mode is enabled and then disabled.  In this example, Film Mode is enabled on Picture 1 and disabled on Picture 9.
Proposal  

We propose the following optional header and flags to simplify Film Mode coding and display processes.

Let us define frame_rate as the actual frame rate input to the video encoder (possibly after preprocessing such as 3:2 pull-down detector). The frame_rate is sent in the sequence header.

Include the following syntax elements in the (optional) sequence display extension.

Sequence display extension

{

…


display_rate

…

}

Note that if sequence display extension is not carried in the bit stream, then display_rate = frame_rate.

Include the following syntax elements in the picture display extension.

Picture display extension

{

…


film_mode_flag



1 bit


if (film_mode_flag)


    film_mode_state



2 bits

…

}

film_mode_flag – Film Mode is enabled if the value of this 1-bit flag equals one.

film_mode_state – This is a 2-bit code that indicates the Film Mode state given in the table below.  In the display order, encoder shall commence with the film state 00 (or 10) and exit with the film state 11 (or 01).

Film mode state
Frame notation
Field

parity
Displayed Field

00
a
a1
a1



a2
a2




a1

01
b
b1
b2



b2
b1

10
c
c1
c2



c2
c1




c2

11
d
d1
d1



d2
d2

The picture display extension is an optional header for transmitting picture level display related information.  This proposal completely separates the coding and display process.  One major difference between this proposal and MPEG-2 is that the frame rate here is the rate for actual coded frame. This implies that in some cases, the time-stamping process for DTS and PTS will be different than that for MPEG-2 video.

Example

The example given is Table 2 can be shown in this proposal as:
Displayed Frames
Film Mode States
Displayed Field

0

Frm0Bot

Frm0Top

1
10
Frm1Bot

Frm1Top

Frm1Bot

2
11
Frm2Top

Frm2Bot

3
00
Frm3Top

Frm3Bot

Frm3Top

4
01
Frm4Bot

Frm4Top

5
10
Frm5Bot

Frm5Top

Frm5Bot

6
11
Frm6Top

Frm6Bot

7
00
Frm7Top

Frm7Bot

Frm7Top

8
01
Frm8Bot

Frm8Top

9

Frm9Bot

Frm9Top

10

Frm10Bot

Frm10Top

Table 3. An example of film mode states.
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