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(57) ABSTRACT 
Respective encoders provide a ?rst and second encoded 
MPEG-2 data streams for a ?rst and second program respec 
tively. Each stream includes at least video and audio com 
ponents. The encoder provides seamless video splice-in and 
splice-out points. A play-to-air splicer is commanded to 
sWitch the broadcast output from the ?rst input stream to the 
second input streams. The splicer identi?es approximately 
aligned seamless video splice-in and seamless video splice 
out points in the respective ?rst and second video streams. 
The splicer splices the second video stream to the ?rst video 
stream, but continues to broadcast the ?rst audio stream. The 
splicer identi?es corresponding audio splice-in and splice 
out points. The splicer splices the second audio component 
to the ?rst audio component. The splicer adjusts the decode 
and presentation times in the second stream after the respec 
tive slice-in to be consistent With such times in the ?rst 
program. A decoder converts the compressed video and 
audio components output from the splicer into uncom 
pressed form. 
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SEAMLESS SPLICING OF MPEG-2 MULTIMEDIA 
DATA STREAMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of provisional 
application No. 60/039,528 ?led Mar. 3, 1997. 

FIELD OF THE INVENTION 

[0002] The invention is related to the ?eld of digital 
multimedia transmissions and especially to MPEG-2 bit 
streams. 

BACKGROUND 

[0003] One of the most common operations in TV is 
sWitching from one program to another. At the studio, 
cameras and microphones are sWitched and mixed to form a 
program. At the broadcaster (Whether broadcast by cable or 
airWaves), programs are regularly sWitched to commercials 
and to other programs. Finally, the vieWer is given a choice 
of several program channels and often sWitches betWeen the 
channels, especially betWeen programs. 

[0004] Currently the sWitching of analog signals at the 
studio and at the broadcaster, occurs during vertical inter 
vals. In order to form a picture on a TV screen, ?rst the odd 
lines of the picture are draWn by an electron gun, from the 
upper left, across each line, to the loWer right side. Then 
during a vertical interval, the aim of the electron gun is 
moved from the loWer right back to the upper left corner. 
Then, in a similar manor the electron gun draWs the even 
lines of the picture interlaced With the odd lines. An inde 
pendent unit of video such as all the even lines (or all the odd 
lines) is usually referred to as a “frame”. 

[0005] Currently, play-to-air (PTA) sWitchers are used to 
sWitch analog TV signals. Such sWitchers include synchro 
niZing circuits, so that When a sWitch command is received, 
the PTA sWitcher Waits until the next vertical interval 
betWeen and then sWitches. When the program is sWitched 
during the vertical interval, there are no resulting ?ickers or 
?ashes or other anomalies in the picture display during 
sWitching. This is knoWn as seamless sWitching. 

[0006] In a typical implementation of a PTA sWitcher, 
there are tWo output channels: a program channel and a 
previeW channel. The program channel carries the material 
that is being broadcast (“aired”), Whereas the previeW chan 
nel is used for vieWing only Within the studio and it usually 
carries the program to be sWitched to next (i.e., the next 
program to be aired and transmitted over the program 
channel). The focus herein is on the output stream carried 
over the program channel since this is the stream that is 
received by the vieWers and has to be displayed seamlessly. 
Therefore, and unless speci?ed differently, output stream 
refers to the stream output over the program channel. 

[0007] Many broadcasters are considering adding digital 
channels to their broadcasts. In the World, colors, brightness, 
sounds have practically in?nite variations. (i.e. they are 
analog) For digital broadcasting, analog scenes and sounds, 
usually must be converted into digital representations in a 
process knoWn as digitaliZing or analog-to-digital (A/D) 
conversion. Due to the high bandWidth required for uncom 
pressed digital video signals, it is expected that the video 
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signals Will require compression even in the production 
studio. For example, a single channel of uncompressed 
standard de?nition, digital video requires transmission of 
about 250 Mbs (million bits per second) of information 
(high de?nition video requires 1.5 Gbs). In digital video, 
pictures may not be interlaced and the term “video frame” is 
used to refer to a complete picture. 

[0008] The digital compression/decompression system 
can be conceived as: multiple encoders, each of Which 
convert an uncompressed digital signal stream to a com 
pressed stream; a sWitcher or splicer Which sWitches 
betWeen the input stream from each encoder to an output 
stream; and a decoder Which decompresses the output 
stream from the splicer. 

[0009] The standard for handling digital multimedia data 
is knoWn as MPEG-2. In MPEG-2, the digital representa 
tions of elements (eg video, 2-4 audio channels, captions) 
of a program are compressed (encoded) in a lossy manner 
(i.e. some information is lost) and the encoded information 
is transmitted as a continuous stream of bits. At the end of 
transport, the encoded information is decompressed 
(decoded) to approximately reproduce the original digitali 
Zation of the elements, and the decoded elements are dis 
played to the vieWer. 

[0010] MPEG-2 streams are organiZed hierarchically. 
First, the digital representations for each element are 
encoded (compressed) into a bitstream knoWn as an elemen 
tary stream Then headers are inserted into each ES to 
form a packetiZed elementary stream (PES). The header of 
each PES contain a decode timestamp (DTS) Which speci?es 
When the decoding of the folloWing ES is to be completed, 
and a presentation timestamp (PTS) Which speci?es When 
the decoded information for the folloWing ES is to be 
presented. For example, a PES header Will be inserted before 
each picture of a video elementary stream and before each 
frame of an audio elementary stream. Each PES stream is 
encapsulated (packaged) into a series of transport packets 
each of Which are 188 bytes long and include a header and 
payload such as the bits of a PES stream. A typical PES 
stream such as a picture, requires a large number of packets. 
The header of each packet includes ?ags, a countdoWn ?eld, 
and a 13 bit packet identi?er (PID) ?eld Which identi?es the 
portion of the PES that the packet is for. For example, all the 
packets for an MPEG group of pictures may have the same 
PID. All the packets With the same PID are called a PID 
stream. 

[0011] There are several auxiliary PID streams for each 
program, one of the streams is the program clock reference 
(PCR) Which contains samples of a 27 MHZ clock used by 
the video and audio encoders and decoders. The PID that 
carries the PCR is called the PCR_PID. Another auxiliary 
PID stream for each program, contains a program map table 
(PMT) Which lists all the PID’s Which belong to the program 
and de?nes Which PID streams contain Which elements 
(video, audio channels, captions, PCR_PID). All the PID 
streams for a program are multiplexed together (the packets 
are intermixed, but bits of different packets are not inter 
mixed) so that, for example, the packets for pictures and the 
packets for audio frames are mixed together. 

[0012] An MPEG-2 bit stream may include multiple pro 
grams. For example, the stream in a cable TV system may 
include hundreds of programs. The packets for different 
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programs are also multiplexed together so that the decoder 
has to select the packets of a program in order to decode a 
particular program. Thus, another auxiliary PID stream is 
provided containing a program association table (PAT) 
Which lists the PID streams containing the PMT’s for each 
of the programs. The packets of the PAT stream are all 
identi?ed by a PID=0. 

[0013] The packets for each program in a multi-program 
stream may be referred to as a stream or sub-stream. 

Similarly, the packets for each element or component of a 
program may be referred to as a stream or substream. Those 
skilled in the art are accustomed to this terminology. 

[0014] FIG. 1 schematically illustrates a stream of packets 
With a packet identi?er in the header and video, audio, PCR 
or PMT data in the payloads. Each packet is actually a 
continuous stream of bits representing one formatted block 
as shoWn. The packets containing data for a ?rst video 
picture V1 are mixed With packets containing data for a ?rst 
audio frame A1 and packets containing data for a second 
audio frame A2 as Well as With packets containing PCR 
times and packets containing PMT information. Note that 
packets for different video frames in the same program are 
not mixed and packets for different audio frames in the same 
program are not mixed. HoWever, for multi-program 
streams, the packets for a picture of one program Would be 
mixed With packets for pictures of another program. Also, 
note that the bits of different packets are not mixed, that is, 
the stream transmits all the bits for one packet sequentially 
together then all the bits for the next packet sequentially 
together. 
[0015] FIG. 2 schematically illustrates the same streams 
as FIG. 1 in a different Way, by shoWing a separate bar for 
each component (element) of the program With vertical lines 
betWeen PES streams for each picture or audio frame. The 
separate packets are not shoWn. In FIG. 2, the intermixing 
of packets for audio frames 1 and 2 With video picture 1 is 
illustrated by overlapping the PES stream for picture 1 With 
the PES streams for audio frames 1 and 2. 

[0016] In the MPEG-2 standard, sWitching betWeen pro 
grams is referred to as splicing, and points Where splicing 
may take place Without causing anomalies are referred to as 
seamless splice points. In MPEG-2, a neW program is 
spliced onto an old program in the output stream When you 
sWitch from an old program to a neW program. In the header 
of the packet in the same PES stream most immediately 
before a splice point, the MPEG-2 standard speci?es that the 
splice point may be indicated, by setting the splicing _point 
_?ag=1, setting the splice_coutdoWn=0, and if the splice is 
a seamless splice point, that may also be indicated by setting 
the seamless_splice_?ag=1. 

[0017] In MPEG-2 video compression, each picture is ?rst 
compressed in a manner similar to JPEG (quadrature cosine 
intraframe compression), and then sequentially presented 
pictures are compressed together (quadrature cosine inter 
frame compression). Essentially in interframe compression, 
only the differences betWeen a picture and pictures it 
depends on are included in the compressed frame. The 
decoding of a picture may depend on the decoding of 
previously vieWed pictures and in some cases on the decod 
ing of subsequently vieWed pictures. In order to minimiZe 
decoding problems, especially errors that may be propagate 
from an erroneous decoding of one picture to cause the 
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erroneous decoding of dependent pictures, only a relatively 
small group of pictures (GOP) are compressed together (eg 
9 pictures). The pictures of each GOP are encoded together 
independently from the pictures of any other GOPs and can 
thus be independently decoded and errors can not propagate 
from group to group. The ?rst picture in a GOP (in order of 
presentation) is knoWn as an I-frame and it is essentially just 
a JPEG encoded (independently compressed) picture and its 
decoding can be preformed independently (i.e. its decoding 
does not depend on any other picture). Some of the subse 
quent pictures in the group may be so called P-frames 
(prediction encoded frames) and their decoding depends on 
the previous I-frame and any previous P-frames in the GOP. 
That is, each P-frame only contains the differences betWeen 
that picture and the previously decoded I or P-frame and the 
differences are compressed. Typically in broadcast streams, 
most of the pictures in a GOP are so called B-frames 
(bidirectionally encoded frames) and their decoding depends 
on both the immediately preceding I or P-frame and the 
immediately succeeding I or P-frame (in order of presenta 
tion). B-frames are typically, much smaller than P-frames 
Which are typically, much smaller than I-frames. The siZe of 
particular encoded frames in MPEG-2 varies depending on 
the complexity of the picture and on the amount of differ 
ence betWeen the picture and the picture or pictures on 
Which its decoding depends. 

[0018] A typical scheme proposed for broadcasting 
MPEG-2 is a group of 9 pictures presented sequentially on 
a display in the following order: 

11 B2 B3 P4 B5 B6 P7 B8 B9 

[0019] The decoding of P4 depends on I1 and the decoding 
of P7 depends on the decoding of P4 (Which depends on the 
decoding of I1). The decoding of B2 and B3 depends on the 
decoding of I1 and P4. The decoding of B5 and B6 depends 
on the decoding of P4 and P7. The decoding of the last tWo 
B-frames (B8 and B9) depends on the decoding of P7 and on 
the immediately folloWing I-frame (I10) in the folloWing 
GOP (not shoWn). 
[0020] In the data stream the encoded pictures are not 
transmitted or stored in presentation order. They are pro 
vided in the order that they are required for decoding. That 
is, the B-frames folloW the I and P-frames on Which they are 
dependent. The pictures in this typical scheme are provided 
in stream order, as folloWs: 

[0021] Note that in stream order B-2 and B-1 of the 
preceding GOP and I1O of the succeeding GOP are mixed 
With the pictures of this typical GOP. 

[0022] MPEG-2 de?nes a video buffer model for a 
decoder called the video buffering veri?er (VBV). The VBV 
is a bitstream constraint, not a decoder speci?cation. The 
actual decoder buffer Will be designed so that any bitstream 
that does not over?oW or under?oW the VBV model, Will not 
over?oW or under?oW the actual decoder buffer. The VBV 
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model is a ?rst-in-?rst-out (FIFO) buffer in Which bits 
simultaneously exit the buffer in chunks of one picture at a 
time at regular intervals (e.g. every 33 milliseconds(ms)). 
The rate at Which pictures eXit the buffer is called the decode 
time and it is the same as the frame rate. 

[0023] When a decoder resets and starts to decode a neW 
stream, the VBV buffer is initially empty. The VBV buffer 
is ?lled at a rate speci?ed in the bit stream for either: a 
predetermined period of time for constant bit rate (CBR) 
mode; or until ?lled to a predetermined level for variable bit 
rate (VBR) mode. The time required to partially ?ll the VBV 
buffer prior to operation is called the startup delay. The 
startup delay must be carefully adhered to in order to prevent 
over?oW or under?oW of the VBV buffer during subsequent 
decoder operation. 

[0024] When a bit stream terminates, the buffer continues 
to deliver pictures to the decoder until the buffer is emptied. 
The time required to empty the buffer after the stream ends 
is called the ending delay. 

[0025] Those skilled in the art are directed to the following 
publications: (1) Table 3 “Compression Format Constraints” 
of AnneXAof Doc. A/53, ATSC Digital Television Standard; 
(2) ISO/IEC 13818-1, “Generic Coding of Moving Pictures 
and Associated Audio: Systems”; (3) Section 5.13 titled 
“Concatenated Sequences” in Doc. A/54, “Guide to the use 
of the ATSC Digital Television Standard”, 4 Oct. 1995; (4) 
ISO/IEC 11172-3 International Standard, “Information 
Technology-Coding of Moving Pictures and Associated 
Audio for Digital Storage Media at up to about 1.5 Mbit/ 
s—Part 3: Audio, First edition”, 1993 Aug. 1; (5) ISO/IEC 
13818-3 “Draft International Standard, Information Tech 
nology—Generic Coding of Moving Pictures and Associ 
ated Audio: Audio,” ISO/IEC JTC1/SC29/WG11 N0703, 
May 10, 1994; (6) Proposed SMPTE Standard PT 20.02/10 
“Splice Points for MPEG-2 Transport Streams,” Second 
Draft, July 1997. 

SUMMARY OF THE INVENTION 

[0026] It is an object of the invention to provide methods 
and apparatus for carrying out seamless video splicing and 
to avoid disturbing audio anomalies due to the related audio 
splicing of MPEG-2 bit streams that include video and audio 
components. 

[0027] In the method of the invention for splicing 
MPEG-2 multimedia programs, in the same or different 
multimedia data streams, a ?rst and second programs are 
provided. Each program includes a ?rst media component of 
the same ?rst media (eg video) and a second media 
component of the same second media (eg an audio channel) 
Which is a different media than the ?rst media. Each media 
component of each program has a multitude of splice-in 
points With respective begin-presentation times for respec 
tive ?rst portions presented after the splice-in. Each media 
component also has a multitude of splice-out points With 
respective end-presentation times for a last portion presented 
before the splice-out. Such times (associated With splice-in 
and splice-out points) are relative to the starting time of the 
program. A command is received to splice the second 
program to the ?rst program. Then the splicer selects a 
seamless splice-in point for the ?rst component in the 
second program in the stream and selects a seamless splice 
out point for the ?rst component in the ?rst program in the 
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stream. The position of the slice-out point in the stream or 
streams in the splicer are approximately aligned With the 
position in the stream of the splice-in point of the ?rst 
component of the second program. Then the splicer cuts the 
?rst component of the ?rst program out at the selected 
splice-out point for the ?rst component, and splices in the 
?rst component of the second program at the selected 
splice-in point for the ?rst component. Then the presentation 
times in the second program are changed so that the ?rst 
presented portion of the ?rst component of the second 
program has a begin-presentation time Which is the same as 
the end-presentation time of the last presented component of 
the ?rst program. Then the splicer selects a splice-in point in 
the stream for the second component in the second program 
at Which (treating the presentation times in the tWo programs 
as consistent) the begin-presentation time of the earliest 
presented portion of the second component of the second 
program (after the splice-in point for the second component 
in the stream) is equal or after the end-presentation time of 
the latest presented portion of the ?rst component (before 
the splice-out point of the ?rst component of the ?rst 
program in the stream). The splicer also selects a splice-out 
point in the stream for the second component of the ?rst 
program, at Which the end-presentation time of the latest 
presented portion of the second component of the ?rst 
program (before the splice-out point for the second compo 
nent in the stream) is equal to or before both: the begin 
presentation time of the earliest presented portion of the ?rst 
component (after the splice-in point of the ?rst component 
in the stream); and the begin-presentation time of the earliest 
presented portion of the second component in the second 
program (after the splice-in point of the second component 
in the stream). The splicer then splices the second compo 
nent of the ?rst program out at the selected splice-out point 
of the second component and splices the second component 
of the second program in at the selected splice-in point of the 
second component. 

[0028] In one speci?c embodiment of the method of the 
invention, the begin-presentation time for the earliest pre 
sented portion of the second component of the second 
program (after the selected splice-in point for the second 
component in the stream) is equal to or after the begin 
presentation time for the earliest presented portion of the 
?rst component of the second program (after the selected 
splice-in point of the ?rst component in the stream). Also, 
the end-presentation time for the latest presented portion of 
the second component of the ?rst program is equal to or 
before the begin-presentation time for the earliest presented 
portion of the second program (folloWing the selected 
splice-in point for the second component in the stream). 
[0029] In another speci?c embodiment of the method of 
the invention, the end-presentation time for the latest pre 
sented portion of the second component of the ?rst program 
(before the splice-out point for the second component in the 
stream) is equal to or before the begin-presentation time for 
the earliest presented portion of the ?rst component of the 
second program (after the selected splice-in point for the 
?rst component in the stream). Also, the begin-presentation 
time for the earliest presented portion of the second com 
ponent of the second program (after the splice-in point for 
the second component in the stream) is equal to or later than 
the end-presentation time for the earliest presented portion 
of the second component in the ?rst program (before the 
splice-out point for the second component in the stream). 
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[0030] In another speci?c embodiment of the method of 
the invention, the number of audio frames that must be 
skipped to prevent over?owing an audio decoding buffer is 
determined. Then a splice-out point for the second compo 
nent in the ?rst program that is previous to the splice-in point 
of the second component in the second program is selected 
depending on the determination in order to prevent over 
?oWing the audio decoder buffer. 

[0031] In the MPEG-2 data stream of the invention a ?rst 
section of the stream consists essentially of a ?rst media 
component of a ?rst program and a second media compo 
nent of the ?rst program. A second section of the stream 
consists essentially of ?rst media component of a second 
program and a second media component of the second 
program. A third section of the stream betWeen the ?rst 
section and the second section, consists essentially of the 
?rst media component of the second program and the second 
media component of the ?rst program. 

[0032] A multimedia encoder of the invention includes a 
processing unit; a memory communicating With the process 
ing unit; one or more buffers in the memory; one or more 
netWork inputs communicating With the buffers in the 
memory, for receiving uncompressed programs; and at least 
one netWork output communicating With the buffers in the 
memory, for transmitting a data stream of one or more 
compressed programs from the encoder. The encoder also 
includes apparatus for receiving the uncompressed programs 
from the inputs into the buffers; apparatus for compressing 
the uncompressed portions of the programs in the buffers 
into compressed portions of the programs in the buffers; and 
apparatus for transmitting the compressed programs from 
the buffers onto the netWork output. The encoder also 
includes video splice-out providing apparatus for providing 
a multitude of seamless splice-out points in at least one of 
the compressed programs; and video splice-in providing 
apparatus for providing a multitude of seamless splice-in 
points in at least another one of the compressed programs. 
The encoder also has apparatus to prevent audio anomalies 
due to splicing the compressed programs. 

[0033] A multimedia data stream splicer of the invention 
includes: a processing unit; a memory communicating With 
the processing unit; one or more buffers in the memory; one 
or more netWork inputs communicating With the buffers in 
the memory, for one or more input data streams including at 
least a ?rst and second programs. Each program includes a 
?rst media component of the same ?rst media (eg video) 
and a second media component of the same second media 
(eg audio) Which is different than the ?rst media. Each 
media component of each program has a multitude of 
splice-in points, each associated With a portion of the 
component having an earliest begin-presentation time after 
the splice-in; and a multitude of splice-out points, each 
associated With a portion of the component having the latest 
end-presentation time before the splice-out. The splicer 
further includes at least one netWork output for an output 
data stream With one or more programs, communicating 
With the buffers in the memory. The splicer also includes 
apparatus (programed computer memory) for receiving the 
programs from the input data streams into the buffers; 
apparatus for transmitting the programs from the buffers 
onto the netWork output as a data stream; and apparatus for 
receiving a splice command to splice the second program to 
the ?rst program. The splicer also includes apparatus for 
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selecting a splice-in point of the ?rst component in the 
second program depending on the splice command; appa 
ratus for selecting a splice-out point of the ?rst component 
in the ?rst program, at an equal or previous time With respect 
to the splice-in point of the ?rst component in the second 
program; and apparatus for splicing the ?rst component of 
the ?rst program out at the selected splice-out point of the 
?rst component and splicing the ?rst component of the 
second program in at the selected splice-in point of the ?rst 
component. The splicer includes apparatus for changing the 
presentation times in the second program so that the ?rst 
presented portion of the second program has a begin 
presentation time Which is the same as the end-presentation 
time of the last presented portion of the ?rst program. The 
splicer also includes apparatus for selecting a splice-in point 
for the second component in the second program, at Which 
the begin-presentation time of the earliest presented portion 
of the second component of the second program, is equal to 
or after the end-presentation time of the latest presented 
portion of the ?rst component of the ?rst program before the 
splice-out point for the ?rst component. The splicer also 
includes apparatus for selecting a splice-out point for the 
second component in the ?rst program, at Which the end 
presentation time for the latest presented portion of the 
second component in the ?rst program before the splice-out 
point for the second component in the stream is equal to or 
before both: the begin-presentation time for the earliest 
presented portion of the ?rst component of the second 
program after the splice-in point of the ?rst component, in 
the stream; and the begin-presentation time for the earliest 
presented portion of the second component of the second 
program after the splice-in point in the stream of the second 
component. The splicer also includes apparatus for splicing 
the second component of the ?rst program out at the selected 
splice-out point of the second component and splicing the 
second component of the second program in at the selected 
splice-in point of the second component. 

[0034] A selective decoder of the invention includes a 
processing unit; memory communicating With the process 
ing unit, including buffers in the memory; one or more 
netWork inputs communicating With the buffers in the 
memory, for one or more input data streams including at 
least a ?rst and a second programs. Each data stream 
includes a ?rst media component of the same ?rst media and 
a second media component of the same second media Which 
is different than the ?rst media. Each media component of 
each program has a multitude of splice-in points and splice 
out points associated With at least a relative begin-presen 
tation time. The decoder further includes at least one output 
communicating With the memory, for transmitting uncom 
pressed data of one or more programs from the memory. The 
decoder also includes apparatus for selecting feWer than all 
the programs available in the multimedia data stream; appa 
ratus for receiving a selection of feWer than all the programs 
from the netWork input, including the ?rst or the second 
program. The decoder includes apparatus for receiving por 
tions of compressed programs from the input data streams 
into the decoder; apparatus for decoding portions of com 
pressed data into uncompressed data; and apparatus for 
transmitting the uncompressed portions of programs from 
the decoder onto the output as an uncompressed digital data 
stream. The selective decoder also includes apparatus for 
receiving a change channel command to splice the second 
program to the ?rst program; apparatus for selecting a 
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splice-in point of the ?rst component in the second program 
depending on the change channel command; apparatus for 
selecting a splice-out point of the ?rst component in the ?rst 
program, at an equal or previous begin-presentation time 
With respect to the splice-in point of the ?rst component in 
the second program; and apparatus for splicing the ?rst 
component of the ?rst program out at the selected splice-out 
point of the ?rst component and splicing the ?rst component 
of the second program in at the selected splice-in point of the 
?rst component. The decoder also includes apparatus for 
selecting a splice-in point for the second component in the 
second program, at Which the begin-presentation time of the 
earliest presented portion of the second component of the 
second program, is equal to or after the end-presentation 
time of the latest presented portion of the ?rst component of 
the ?rst program before the splice-out point for the ?rst 
component. The decoder includes apparatus for selecting a 
splice-out point for the second component in the ?rst pro 
gram, at Which both: the end-presentation time for the latest 
presented portion of the second component in the ?rst 
program (before the splice-out point for the second compo 
nent in the stream) is equal to or before both: the begin 
presentation time for the earliest presented portion of the 
?rst component of the second program (after the splice-in 
point of the ?rst component in the stream); and the begin 
presentation time for the earliest presented portion of the 
second component of the second program (after the splice-in 
point of the second component in the stream). Finally, the 
decoder includes apparatus for splicing the second compo 
nent of the ?rst program out at the selected splice-out of the 
second component and splicing the second component of the 
second program in at the selected splice-in point of the 
second component. 

[0035] Other alternatives and advantages of applicant’s 
inventions Will be disclosed or become obvious to those 
skilled in the art by studying the detailed description beloW 
With reference to the folloWing draWings Which illustrate the 
elements of the appended claims of the inventions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 shoWs an MPEG-2 stream of packets With 
the video, audio, and auxiliary packets intermixed. 

[0037] FIG. 2 shoWs the stream of FIG. 1 With the 
elements separated to shoW the overlapping of video pic 
tures and audio frames. 

[0038] FIG. 3 schematically illustrates the inputs and 
broadcast output of a digital play-to-air sWitcher according 
to the invention. 

[0039] FIGS. 4 and 5 schematically illustrate examples of 
audio splicing in Which audio frames are dropped in accor 
dance With the invention. 

[0040] FIG. 6 schematically illustrates the classi?cation 
of video seamless splicing constraints With respect to splice 
points. 
[0041] FIG. 7 is a How diagram of the method of the 
invention. 

[0042] FIG. 8 is a block diagram of the overall multimedia 
delivery system of the invention. 

[0043] FIG. 9 is a block diagram of the encoder of the 
invention. 
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[0044] FIG. 10 is a block diagram of the splicer of the 
invention. 

[0045] FIG. 11 is a block diagram of the decoder/splicer 
of the invention. 

[0046] FIG. 12 is a block diagram of apparatus used to 
program a computer system to implement the apparatus of 
the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] The splicing operation of a PTA sWitcher must 
generate an MPEG-2 transport stream that can be decoded, 
seamlessly, by an MPEG-2 compliant decoder. Seamless 
sWitching, or seamless splicing, here means the folloWing: 

[0048] 1. The system target decoder (STD) and video 
buffer veri?er (VBV) buffer models of the decoder must not 
over?oW or under?oW before and/or after splicing. 

[0049] 2. Assuming program clock reference (PCR) con 
tinuity, the decoding time of the ?rst video access unit (e.g. 
picture) after splicing must take place at exactly the same 
decoding time (time relative to PCR, to start decoding) of an 
access unit of the old stream as if splicing did not occur. In 
other Words, if DTS_?rst_AUnew is the decoding time of the 
?rst video frame of the neW stream (after the splice point), 
and DTS_last_AUOld is the decoding time of the last video 
frame of the old stream (prior to the splice point), then 
seamless splicing is achieved if: 

[0050] DTS_?rst_AUneW=DTS_last-AUO1d+ 
Display_Period_last_AUOld 

[0051] Where Display_Period_last_AUOld is the time 
needed to display the last video access unit (i.e. picture) of 
the old video stream (prior to splicing). 

[0052] The above de?nition of seamless splicing does not 
exclude the case When the frame rates of the old and neW 
streams are different. MPEG-2 speci?es that if the frame rate 
changes, then a sequence_end_code must be inserted 
betWeen the tWo streams. MPEG-2 does not specify hoW a 
decoder should operate When tWo sequences With different 
frame rates are present in the receiver buffer of the decoder. 
HoWever, the ATSC standard speci?es that decoders must be 
able to handle sequence_end_codes seamlessly. 

[0053] A digital PTA sWitcher’s input and output streams 
Will be described. In general, a digital PTA sWitcher must 
perform splicing among different programs or elementary 
streams Which belong to one or more transport steams. FIG. 
3 shoWs an example of the input and output MPEG-2 
streams of a PTA sWitcher in a digital studio environment. 

[0054] FIG. 3 shoWs an example of a PTA sWitcher’s 
input streams and output broadcast stream. Each of the input 
streams is illustrated With a single program having a set of 
video and audio splice points. A splice point is de?ned as the 
end of a transport stream packet in Which (a) the MPEG-2 
?ag splicing _point_?ag is set, and (b) the MPEG-2 ?eld 
splice_countdoWn has a value of Zero. It is important to note 
that the splice points indicate places in the streams Where a 
device, such as the PTA sWitcher, is alloWed to sWitch from 
one stream to another. In other Words, splice points are not 
sWitching commands, but indications of Where splicing may 
occur. HoWever, once a command to splice is received, the 
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existence of a splice point or a seamless splice point With 
any or With certain splicing parameter values, Will trigger a 
sWitching operation. 

[0055] To achieve video seamless splicing (as de?ned 
above), a sWitching device must sWitch from the old stream 
at a seamless splice (SS) point and sWitch into the neW 
stream at a seamless splice-in (SSI) point. An SS point is a 
splice point in a stream that meets certain constraints, Which 
are described beloW. Sometimes SS points are referred to 
herein as seamless splice-out (SSO) points because all SS 
points may be used for SSO points. In addition to adhering 
to all of the constraints of a SS point, an SSI point must meet 
further constraints (explained beloW). Hereinafter, splice-out 
and splice-in Will be used to refer to seamless splice-out and 
seamless splice-in points. 

[0056] Audio splice points are aligned With the beginning 
and ends of audio frames. In typical audio compression 
algorithms (e.g. MPEG audio and Dolby AC-3), each audio 
frame is a self-contained decodable entity. Thus, no further 
constraints are needed on the audio elementary stream 
around splice points. 

[0057] The related audio splice points (in both input 
streams) occur after the corresponding video splice points in 
stream order. The audio material is expected to alWays 
folloW the corresponding video material in MPEG-2 trans 
port streams since the video buffer (and therefore the video 
decoding delay) is much larger than the audio buffer at the 
receiver. The amount of data for each picture varies Widely 
as does the time required to decode the pictures. Therefore, 
and in order to approximately equalize the decoding and 
display delays betWeen audio and video at the receiver, the 
audio data is delayed in the stream relative to the video data. 
Hence, in the invention herein, the sWitching operation is 
triggered by a combination of: a sWitch command (either 
scheduled in advance or issued in real time), Which indicates 
the time at Which sWitching from one program to another 
must occur (or indicates sWitching at the next splice-in 
point) and the arrival of video splice points in both streams 
around the desired sWitching time. 

[0058] After sWitching from the video of the old stream to 
the video of the neW stream, the PTA sWitcher Will still be 
outputting audio from the old stream until the corresponding 
(and/or desired) audio splice point is reached. Therefore, for 
a short period of time (on the order of tens to hundreds of 
milliseconds), the output stream Will contain video from the 
neW stream and audio from the old stream. In order to: 
preserve the relative presentation times betWeen the audio 
and video frames; achieve seamless splicing of video; and 
for aesthetic reasons, it might be necessary to drop one or 
more audio frames from the old and/or neW stream. 
Examples of this are illustrated in FIGS. 4 and 5. Therefore, 
a parameter provided in the splicing command indicates 
Which audio frame is to be dropped. 

[0059] FIG. 4 shoWs an example of audio splicing With 
video pictures and audio frames in presentation order. The 

combination of: (a.) seamless splicing of video; and preserving the relative presentation times of audio and video 

frames prior to and after a splice point, forces, in general, the 
creation of a silent period around the desired splice point. In 
this example, the silent period is created due to the dropping 
of audio frames Arn+2 (from the main stream) and An+2 (from 
the inserted stream). 
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[0060] FIG. 5 shoWs another example of audio splicing 
With video pictures and audio frames in presentation order. 
In this case, the silent period is created due to the dropping 
of audio frame Arn+2 only. 

[0061] The dropping of audio frames can also be achieved 
through appropriate marking of audio splice points (using 
MPEG-2 splice ?ags and ?elds) Which correspond to the 
desired video splice points. In this case, a sWitching device 
(splicer) Would sWitch from an audio splice-out point in the 
old stream to an audio splice-in point in the neW stream. 

[0062] Marking a splice point for an audio stream Which 
is part of a program multiplexed in an MPEG-2 transport 
stream, can be done in several Ways. It is important, hoW 
ever, that the marking of audio splice points must prevent 
any overlap in audio presentation times from the old and 
neW streams (see FIGS. 4 and 5). One Way of guaranteeing 
that there is no overlap is to ?ag the audio splice points as 
folloWs: 

[0063] For an audio splice-out point Which corresponds to 
a video splice-out point: the audio splice-out point should be 
the end of a TS (time stamp) packet, Last_Audio_TSP, 
Whose last PBS payload byte is the last byte of an audio 
frame With a PTS value, PTS_Last_Audio. PTS_Last_Au 
dio must satisfy the folloWing relations: 

[0064] {PTS_First_Video—(NO1d*Audio_Frame_ 
PeriodO1 d)} i PTS_Last_Audio é PTS_First_Video 
Audio_Frame_PeriodO1d. 

[0065] Where NOld is a positive integer larger than one 
depending on the audio frames to be dropped, Audio_F 
rame_PeriodOld is the presentation period of an audio frame 
from the old stream, and PTS_First_Video is the PTS value 
of the ?rst video access unit after the (corresponding) video 
splice-out point. The Last_Audio_TSP packet must have the 
splicing _point_?ag set to “1” and splice_countdoWn ?eld 
set to “0”. 

[0066] For an audio splice-in point Which corresponds to 
a video splice-in point, the audio splice-in point shall be at 
the beginning of a TS packet, First_Audio_TSP, Whose ?rst 
PES-payload byte is the ?rst byte of an audio frame With a 
PTS value, PTS_First_Audio. PTS_First_Audio must sat 
isfy the folloWing relations: 

[0067] {PTS_First_Video+(NneW*Audio_Frame_ 
PeriodneW)} Z PTS_First_Audio Z PTS_First_Video. 

[0068] Where Nnew is a positive integer, Audio_Frame_P 
eriodnew is the presentation period of an audio frame from 
the neW stream, and PTS_First_Video is the PTS value of 
the ?rst video access unit of the corresponding video splice 
in point. The First-Audio_TSP packet must have the splicing 
point ?ag set to “1” and splice countdoWn set to “—1”. In 
addition, the audio packet (if any) Which precedes the 
First_Audio_TSP packet in the audio ES must have the 
splicing _point_?ag set to “1” and splice-countdoWn set to 
“0”. 

[0069] It is important to note, that While the above con 
straints on audio splice-out and splice-in points prevent any 
overlap in audio presentation times, these constraints pro 
vide the ?exibility of dropping one or more audio frames 
before and/or after a desired splice program point by con 
trolling the values of NOld and Nnew. The above relations also 
enable “seamless” audio splicing in the case When the audio 
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frames can be presented Without any gaps. Seamless audio 
splicing occurs When the following tWo equations are sat 
is?ed: 

[0070] PTS_Last 
dio_Frame_PeriodO1d. 

[0071] PTS_First_Audio=PTS_First_Video. 

Audio=PTS_First_Video—Au 

[0072] HoWever, to ensure that an audio gap is created 
betWeen the tWo streams, Which may be artistically desir 
able, then these equations must be modi?ed by one of the 
three folloWing alternatives: 

[0073] 1. To create a gap due to dropping of audio 
frames(s) from the old stream only, then the folloWing 
relations must be satis?ed: 

[0074] {PTS_First_Video—(NO1d*Audio_Frame_ 
Periodold)} é PTS_Last_Audio <(PTS_First_Video— 
Audio_Frame_PeriodO1d). 

[0075] (PTS_First_Video+Audio_Frame_ 
Period >PTS_First_Audio Z PTS_First_Video. new) 

[0076] In this case, any dropping of audio material from 
the neW stream Will occur only if that material is part of an 
audio frame With a PTS value less than PTS_First_Video. 

[0077] 2. To create a gap due to dropping of audio frame(s) 
from the neW stream only, then the folloWing relations must 
be satis?ed: 

[0078] PTS_First_Video-2*Audio_Frame_ 
PeriodOld é PTS_Last_Audio é PTS_First_Video— 
Audio_Frame_PeriodO1d. 

[0079] {PTS_First_Video+(NneW*Audio_Frame_ 
PeriodneW)} Z PTS_First_Audio>PTS_First_Video. 

[0080] In this case, any dropping of audio material from 
the old stream Will occur only if that material is part of an 
audio frame With a PTS value larger than {PTS 
_First_Video—Audio_Frame_PeriodO1d}. 
[0081] 3. To create a gap due to dropping of audio frame(s) 
from both the neW and old streams, then the folloWing 
relations must be satis?ed: 

[0082] {PTS_First_Video— 
(2*Audio_Frame_PeriodO1d)} ; PTS_Last Audio 2 
(PTS_First_Video—Audio_Frame_PeriodO1d). 

[0083] {PTS_First_Video+(NneW*Audio_Frame_ 
PeriodneW)} Z PTS_First_Audio>PTS_First_Video. 

[0084] In order to restrict the dropping of audio data to a 
single audio frame, NOld must be set to 2, and Nnew must be 
set to 1. 

[0085] For a video splice-in point (Which is not a begin 
ning-of-stream point) tWo audio splice points are needed; an 
audio splice-out and an audio splice-in point. This is because 
a video splice-in point can serve as a splice-out or as a 

splice-in point. In this case, the audio splice-out point Will 
alWays precede the audio splice-in point (based on the above 
relations). 
[0086] Moreover, the above de?nitions of audio splice-in 
and splice-out points can be implemented either as con 
straints on the bitstream (and therefore these points must be 
marked by the encoder using the appropriate ?ags as 
eXplained above), or they can be implemented by a sWitch 
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ing device (splicer). In the latter case, the splicer can use the 
above relations to determine Which audio frames to transmit 
and drop from the old and neW streams. This assumes, 
hoWever, that the splicer has access to the PTS values of 
both streams. If these values, Which are embedded in the 
PES header, are not accessible by the splicer (eg due to 
scrambling), they can be made available using the DTS neXt 
AU ?eld. In that case, the seamless_splice_?ag must be set 
and DTS_neXt_AU Will represent the PTS value of the neXt 
audio frame in the stream. 

[0087] There are several video splicing constraints and 
relations betWeen video splicing constraints Which must be 
considered to achieve seamless video splicing. Depending 
on the location of different constraints (relative to the 
location of splice points in a video bitstream), several sets of 
video constraints are de?ned as shoWn in FIG. 6. The 
seamless-splicing constraints that need to be imposed on the 
bitstream, must be analyZed, and focus must be draWn to a 
small WindoW of time T around each seamless splice point. 
If a typical distance betWeen tWo consecutive splice points 
in the stream is denoted by SPD (splice-point-distance), then 
it is assumed that T<<SPD. The folloWing siX sets of 
constraints that are required for seamless splicing, are 
de?ned: 

[0088] 1. Prior Splice-Out Constraints (PSOC) 

[0089] These constraints C(t), are needed in the bitstream 
prior to a splice-out point. 

[0091] Where tSSO is the time that the seamless-splice-out 
(550) point occurs in the stream. 

[0092] 2. After Splice-Out Constraints (ASOC) 

[0093] These constraints C(t), are needed in the bitstreams 
after a splice-out point: 

[0095] It is important to note that although this part of the 
video stream (i.e. the video material that comes after the 
splice-out point in the old stream) Will not be part of the 
output sWitched stream, the ASOC constraints are needed at 
receivers Where the old material Will continue playing after 
the splice-out point. This is applicable, for eXample, When a 
broadcaster decides to sWitch from one sporting event 
(Which might be broadcast nationally) to another sporting 
event restricted to a certain region of the country, Whereas 
the rest of the country Will still receive and vieW the original 
sporting event. 

[0096] 3. Prior Splice-In Constraints (PSIC) 

[0097] These constraints C(t), are needed in the bitstream 
prior to a splice-in point: 

[0098] PSIC={C(t):t <tssi, tET) 
[0099] Where tSsi is the time that the seamless-splice-in 
(SSI) point occurs in the stream. 

[0100] These are similar to ASOC’s, although this part of 
the video stream (i.e. the video material that comes before 
the splice-in point in the old stream) Will not be part of the 
output sWitched stream, the PSIC constraints are needed at 
receivers Where the neW material Was vieWed prior to the 
sWitching operation. 

tET}, 

tET}. 
































