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Regarding concatenated sequences, the MPEG-2 Video Standard (13818-2) states: 

The behavior 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. 

While it is recommended, the Digital Television Standard does not require the production of 
well-constrained concatenated sequences. Well-constrained concatenated sequences are defined 
as having the following characteristics: 

• The extended decoder buffer never overflows, and may only underflow in the case of 
low-delay bit streams. Here “extended decoder buffer” refers to the natural extension of 
the MPEG-2 decoder buffer model to the case of continuous decoding of concatenated 
sequences. 

• When field parity is specified in two coded sequences that are concatenated, the parity of 
the first field in the second sequence is opposite that of the last field in the first sequence. 

• Whenever a progressive sequence is inserted between two interlaced sequences, the exact 
number of progressive frames should be such that the parity of the interlaced sequences is 
preserved as if no concatenation had occurred. 

5.4 Guidelines for Refreshing 
While the Digital Television Standard does not require refreshing at less than the intra-
macroblock refresh rate as defined in IEC/ISO 13818-2, the following is recommended: 

• Sequence layer information is very helpful and it is important that it be sent before every 
I-frame, independent of the interval between I-frames. Use of intra-macroblock refresh in 
the decoder can improve receiver channel-change performance. 

• Some receivers rely on periodic transmission of I-frames for refreshing. The frequency of 
occurrence of I-frames may determine the channel-change time performance of the 
receiver. It is recommended that I-frames be sent at least once every 0.5 second in order 
to have acceptable channel-change performance in such receivers. 

• In order to spatially localize errors due to transmission, intra-coded slices should contain 
fewer macroblocks than the maximum number allowed by the Standard. It is 
recommended that there be four to eight slices in a horizontal row of intra-coded 
macroblocks for the intra-coded slices in the I-frame refresh case as well as for the 
intraframe coded regions in the progressive refresh case. The size of non-intra-coded 
slices can be larger than that of intra-coded slices. 

5.5 Active Format Description (AFD) 
With the approval of Amendment 1 to A/53B, active format description data has been added to 
the ATSC Digital Television Standard. The term “active format” in this context refers to that 
portion of the coded video frame containing “useful information.” For example, when 16:9 
aspect ratio material is coded in a 4:3 format (such as 480i), letterboxing may be used to avoid 
cropping the left and right edges of the widescreen image. The black horizontal bars at the top 
and bottom of the screen contain no useful information, and in this case the AFD data would 
indicate 16:9 video carried inside the 4:3 rectangle. The AFD solves a troublesome problem in 
the transition from conventional 4:3 display devices to widescreen 16:9 displays, and also 
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addresses the variety of aspect ratios that have been used over the years by the motion picture 
industry to produce feature films. 

There are, of course, a number of different types of video displays in common usage—
ranging from 4:3 CRTs to widescreen projection devices and flat-panel displays of various 
design. Each of these devices may have varying abilities to process incoming video. In terms of 
input interfaces, these displays may likewise support a range of input signal formats—from 
composite analog video to IEEE 1394. 

Possible video source devices include cable, satellite, or terrestrial broadcast set-top (or 
integrated receiver-decoder) boxes, media players (such as DVDs), analog or digital VHS tape 
players, and personal video recorders. 

Although choice is good, this wide range of consumer options presented two problems to be 
solved: 

• First, no standard method had been agreed upon to communicate to the display device the 
“active area” of the video signal. Such a method would be able, for example to signal that 
the 4:3 signal contains within it a letterboxed 16:9 video image. 

• Second, no standard method had been agreed upon to communicate to the display device, 
for all interface types, that a given image is intended for 16:9 display. 

The AFD solves these problems and, in the process, provides the following benefits: 
• Active area signaling allows the display device to process the incoming signal to make 

the highest-resolution and most accurate picture possible. Furthermore, the display can 
take advantage of the knowledge that certain areas of video are currently unused and can 
implement algorithms that reduce the effects of uneven screen aging. 

• Aspect ratio signaling allows the display device to produce the best image possible. In 
some scenarios, lack of a signaling method translates to restrictions in the ability of the 
source device to deliver certain otherwise desirable output formats. 

5.5.1 Active Area Signaling 

A consumer device such as a cable or satellite set-top box cannot reliably determine the active 
area of video on its own. Even though certain lines at the top and bottom of the screen may be 
black for periods of time, the situation could change without warning. The only sure way to 
know active area is for the service provider to include this data at the time of video compression 
and to embed it into the video stream. 

Figure 5.8 shows 4:3- and 16:9-coded images with various possible active areas. The group 
on the left is either coded explicitly in the MPEG-2 video syntax as 4:3, or the uncompressed 
signal provided in NTSC timing and aspect ratio information (if present) indicates 4:3. The 
group on the right are coded explicitly in the MPEG-2 video syntax as 16:9, provided with 
NTSC timing and an aspect ratio signal indicating 16:9, or provided uncompressed with 16:9 
timing across the interface. 
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Figure 5.8 Coding and active area. 

As can be seen in the figure, a pillar-boxed display results when a 4:3 active area is displayed 
within a 16:9 area, and a letterboxed display results when a 16:9 active area is displayed within a 
4:3 area. It is also apparent that double-boxing can also occur, for example when 4:3 material is 
delivered within a 16:9 letterbox to a 4:3 display. Or, when 16:9 material is delivered within a 
4:3 pillar-box to a 16:9 display. 

For the straight letter- or pillar-box cases, if the display is aware of the active area it may take 
steps to mitigate the effects of uneven screen aging. Such steps could, for example, involve using 
gray instead of black bars. Some amount of linear or nonlinear stretching and/or zooming may be 
done as well using the knowledge that video outside the active area can safely be discarded. 

The two double-boxed cases can occur as a result of poor or uninformed production choices 
made by the service provider, in some cases in concert with the content provider. Whenever 4:3 
material is coded as 16:9, double boxing occurs when the 4:3 display places the 16:9 coded 
frame on screen. Whenever 16:9 material is coded as 4:3, double boxing occurs when the 16:9 
display pillar-boxes the 4:3 coded frame. 

A common situation that will cause double-boxing on a 16:9 digital TV display occurs when 
a 4:3 NTSC signal is encoded as 480i MPEG video, but the NTSC image is a letterboxed 
widescreen movie. Regardless of the cause, two aspects of the problem are of prime importance: 

• The display device should not be expected to process the double-boxed image to fill the 
screen to make up for incorrectly coded content. 

• Content and service providers should be expected to deliver properly coded content. 
Native 4:3 content must be delivered coded as 4:3. Native 16:9 content must be delivered 
coded as 16:9. Letterboxed widescreen video in NTSC should not be coded as 4:3, but 
should be coded into a 16:9 coded frame.5 

5.5.2 Existing Standards 

Several industry standards include some form of active area information, including EIA-608-B 
and DVB Active Format Description (AFD). The EIA-608-B standard is applicable only to 
NTSC analog video. The DVB description data applies only to compressed MPEG-2 video. Also 

                                                 
5
 Letterboxed content inside a 4:3 results in vertical resolution less than standard-definition television. 
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working in this area, MPEG has adopted an amendment to the MPEG-2 Video standard to 
include active area data. 

Letterboxed movies can be seen on cable, satellite, and terrestrial channels today. If one 
observes closely, considerable variability in the size of the black bar areas can be seen. In fact, 
variations can be seen even over the course of one movie. 

As mentioned previously, a display device may wish to mitigate the effects of uneven screen 
aging by substituting gray video for the black areas. It is problematic for the display to be 
required to actively track a varying letterbox area, and real-time tracking of variations from 
frame to frame would be difficult (if not impossible). 

Clearly, two approaches are possible. First, include—on a frame-by-frame basis—a video 
parameter identifying the number of black lines (for letterbox) or number of black pixels (for 
pillar-box). Second, standardize on just two standard aspect ratios: 16:9 and 4:3. 

5.5.3 Treatment of Active Areas Greater than 16:9 

Any wide-screen source material can be coded into a 16:9-coded frame. No aspect ratio for 
coded frames exceeding 16:9 is standardized for cable, terrestrial broadcast, or satellite 
transmission in the U.S. If the aspect ratio of given content exceeds 16:9, the coded image will 
be letterboxed inside the 16:9 frame, as shown in Figure 5.9, where 2.35:1 material is letterboxed 
inside the 16:9 frame. 

16:9

coded

frame

2.35:1

content

 
Figure 5.9 Example of active video area greater than 16:9 aspect ratio. 

It can be helpful for a display to know the actual aspect ratio of the active portion of the 16:9 
coded frame for a variety of reasons, including: 

• Reduction in the effects of uneven screen aging. The display device controller may wish 
to use gray instead of black for the bars. 

• The display may offer the user a “zoom” option to make better use of available display 
area, and knowledge of the aspect ratio can automate the selection of this display option. 
The zoom feature can be vertical scaling only, or a combination of horizontal and vertical 
where the leftmost and rightmost portions of the image are sacrificed to fill the screen 
area vertically. 

Several standards include aspect ratio data. The MPEG-2 video syntax includes horizontal 
and vertical size data and aspect ratio indication of the coded image. An NTSC signal is 
normally thought to be intended for 4:3 display, but this is not always the case. EIA-608-B 
includes a “squeezed” bit, and IEC 61880 defines a method for NTSC VBI line 20. The line-20 
method is currently used for playback of anamorphically coded DVDs, when the DVD player 
supports it and is properly set up by the user. 
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5.5.4 Active Format Description (AFD) and Bar Data 

In recognition of these issues, the ATSC undertook a study of available options and—in 
Amendment 1 to A/53B—decided to endorse the basic signaling structure developed by the 
DVB consortium. The benefits of common active format description signaling across many 
different markets is easily understood. 

Some common active video formats represented by the 4-bit AFD field include: 
• The aspect ratio of the active video area is 16:9; when associated with a 4:3 coded frame, 

the active video is top-justified 
• Active video area is 16:9; when associated with a 4:3 coded frame, the active video is 

centered vertically 
• Active video area is 4:3; when associated with a 16:9 coded frame, the active video is 

centered horizontally 
• Active video area exceeds 16:9 aspect ratio; active video is centered vertically (in 

whatever coded frame is used) 
• Active video area is 14:9; when associated with a 4:3 coded frame the active video is 

centered vertically; when associated with a 16:9 coded frame, it is centered horizontally 
It should be noted that certain active formats signal to the receiver that active video may be 
safely cropped in the receiver display (see [27], “Digital Receiver Implementation Guidelines 
and Recommended Receiver Reaction to Aspect Ratio Signaling in Digital Video Broadcasting.” 

In addition to AFD, Amendment 1 defined another data structure, bar_data(), also for use in 
the video Elementary Stream. The bar_data() structure, like AFD, appears in the picture user_data() 
area of the video syntax. While the AFD gives a general view of the relationship between the 
coded frame and the geometry of the active video within it, bar_data() is able to indicate precisely 
the number of lines of black video at the top and bottom of a letterboxed image, or the number of 
black pixels at the left and right side of a pillar-boxed image. 

For the ATSC system, AFD and/or bar_data() are included in video user data whenever the 
rectangular picture area containing useful information does not extend to the full height or width 
of the coded frame. Such data may optionally also be included in user data when the rectangular 
picture area containing useful information extends to the full height and width of the coded 
frame. 

The AFD and bar_data() are carried in the user data of the video Elementary Stream. After 
each sequence start (and repeat sequence start) the default aspect ratio of the area of interest is 
signalled by the sequence header and sequence display extension parameters. After introduction, 
each type of active format data remain in effect until the next sequence start or until another 
instance is introduced. Receivers are expected to interpret the absence of AFD and bar_data() in a 
sequence start to mean the active format is the same as the coded frame. Since it is not able to 
represent non-standard video aspect ratios, AFD may be only an approximation of the actual 
active video area. However when bar_data() is present, it should be assumed to be exact. If the 
bar_data() and the AFD are in conflict, the bar_data() should take precedence. 

6. AUDIO SYSTEMS 
This section describes the audio coding technology and gives guidelines as to its use. 
Information of interest to both broadcasters (and other program providers) and receiver 
manufacturers is included. The audio system is fully specified in Annex B of the Digital 
Television Standard and is based on the Digital Audio Compression (AC-3) Standard, with some 
limitations on bit rate, sampling rate, and audio coding mode. 


