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of digitally compressed signals. The method i
includes the steps of identifying the point in a :
video signal where splicing to a second video 1 ;

signal is desired, and thereafter, maintaining
adherence to certain parameters in the encoder
buffer to ensure that the input signal is not being
compressed at a rate that causes either underflow
or overflow in the encoder buffer. The method
also includes the steps of constraining the upper
bound of the encoder buffer to ensure that
data is not being outputted from the encoder
buffer to the decoder buffer too slowly so as

to cause an underflow of data in the decoder  taleiutnie
1
1

buffer. The method may also include the steps
of constraining the lower bound of the encoder :
buffer to ensure that data is not being outputted :

from the encoder buffer to the decoder buffer
too quickly so as to cause an overflow of data
in the decoder buffer.
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METHOD FOR SEAMLESS SPLICING IN A VIDEO ENCODER

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates generally to video encoders and decoder systems,
and in particular, to a method of splicing compressed video pictures from selected encoder

sources to achieve seamless switching.

2. Description of the Related Art

Television studios today typically process noncompressed, analog video.
Video signals in the analog domain in a television studio are all synchronized, that is, the
starting, running and ending times of each video picture is the same. Since each picture
starts at the same time, switching from one analog encoder to another analog encoder
requires the simple procedure of monitoring the end of a video picture in the first encoder
since the beginning and end of each picture of each video signal is synchronized with the
beginning and end of each picture in the second encoder. Since there is synchronization,
switching out of one picture at the end thereof automatically places the video at the
beginning of a picture in the other selected video signal. Therefore, switching, for example,
from one video source (showing for example, a television network program) to another video
source (showing for example, a local affiliate’s commercial) when using analog (and
therefore synchronized) signals, is relatively simple and well known.

Switching in the digital domain however, introduces additional obstacles that
must be overcome. Generally, a video source may be transmitting either digitally and
uncompressed, or digitally and compressed, video signals. In the first situation where the
digital signal is uncompressed, switching is still relatively simple since the signals again can
be easily synchronized as is well known in the art. In this way, switching from one video
encoder source to a second video encoder source when dealing with digitally uncompressed
signals is similar to the methods found when switching in the analog domain.

However, with the introduction of HDTV and other high resolution display
devices, there is an increasing desire to transmit and broadcast compressed digital video
signals to effectively operate over the necessary wider bandwidth. One known standard for

transmitting in the compressed digital domain is MPEG. MPEG represents a compressed
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video picture by a number of bits. However, the difficulty is that the particular number of
bits for each picture can vary. That is, the number of bits representing one video picture has
little correlation to the number of bits representing the next video picture. Therefore, editing
and switching between video sources, as illustrated above, of digitally compressed video
signals becomes very difficult because it is necessary to establish a smooth and accurate
splicing time between the selected video sources.

The MPEG standard does not set forth a solution to this problem. Although
MPEG is a variable rate encoding standard, the output of many MPEG encoders must be
transmitted over a channel (for example, over a television network) using a different rate that
depends on the channel and system characteristics. |

Therefore in such a system, the encoder formats data in a variable manner
while the transmission system is capable of only transmitting the video data bits at a different
bit rate. Therefore, without some sort of "buffer" to manage the flow of video data,
problems will arise. The MPEG standard along with the state of the art encoder/decoder
systems recognizes this problem. One suggested technique to solve the problem is the
introduction of an encoder buffer disposed between the encoding system (but which may still
be part of the encoder) and the channel. The buffer is constructed to smooth the variable
rate of data generated by the encoder to the bit rate that can be transmitted over the channel
and to the decoder. This buffer has been coined an encoder buffer.

However, the introduction of the aforementioned encoder buffer introduces a
still further significant problem. That is, there must be buffer management to manage the
data flow within the encoder buffer to make sure it does not overflow with video data. That
is, if data is entering the encoder buffer too quickly as compared to the rate at which it is
outputted to the channel, the encoder buffer will at some point overflow with data. This will
cause a loss of video data which may not subsequently be recapturable. On the other hand, if
the data entering the encoder buffer is entering at a very low rate, i.e. slower than the rate at
which it is being outputted to the channel, there may be an underflow of data at the encoder.

The decoder has a decoder buffer that gets data from the channel and has data
taken out periodically by the decoder. Decoder buffer underflow and overflow causes
unacceptable artifacts. The encoder buffer must therefore be managed in such a way as to
ensure that the decoder buffer does not underflow or overflow.

Another suggested method of achieving seamless splicing of compressed digital
video is to decompress the video signal, switch the video from the first selected encoder to

the second selected encoder in a known manner, and then again reencode the video.
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However, this method is extremely expensive, requiring additional circuitry, because it
requires decompression of the video, switching thereof, and thereafter, recompression.
Moreover, because switching in this manner requires the encoding and decoding of a video
signal twice, there may be an appreciable reduction in the video signal quality.

Therefore, an improved method of switching between two or more selected
encoders (which are transmitting digitally compressed video) to achieve at least essentially

seamless splicing and overcome the aforementioned deficiencies and disadvantages is desired.

SUMMARY OF THE INVENTION
Generally speaking, in accordance with the invention, a method of preventing
data loss in a system during the switching of a signal from a first encoder source to a second
encoder source is provided. In a preferred embodiment, the method includes the steps of
identifying a splice point representing the point in time when the decoder is switched from
the first encoder source to the second encoder source and providing a buffer in the first

encoder source such that

,

E@),G)) < J R(u)du-B,+MSR.(1,(j)-1,)

L))

for j such that j<i and t(j) =(t,-A). Additionally, the method may also include the step of

ensuring that the number of data bits in the first encoder buffer is less than or equal to:

.

E@< J R(u du,where 1 (i)' =t thp-A

4

Also in accordance with the present invention, a method of splicing data in a
system that includes two encoder sources coupled to a decoder is provided. The method
preferably includes the steps of identifying an upcoming group of pictures to be encoded in
the first encoder source, identifying a splice point representing the point in time when the

decoder is switched from the first encoder source to the second encoder source, estimating
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the number of bits in an encoder buffer located in the encoder at t.(i)*, where E(t.(i)") is the
number of bits in the encoder buffer right after the i’th picture has been encoded,

determining whether the total number of bits in the encoder buffer satisfies the constraints:

!

E@()) = j R(u du-B,+MSR.(1 ()1,
)

for j such that j i and t,(j) = (t,,-A) and

L,

E@n= [ R(u du,where (t(i)* =t=1_-A

t

and based on this determination, either increasing or decreasing the total number of bits
allocated to the group of bits.

Still further, in accordance with the present invention, a method of picture
accurate splicing when the last picture in display order prior to a splice point is an I, B or P
picture is provided. If the last picture is an I or P picture, the preferable method includes
the steps of identifying the last picture in display order prior to a splice point, determining
the number of pictures in the current GOP containing the identified picture, determining if
the number of pictures in the current GOP is less than a threshold and if so, concatenating
the current GOP with a previous GOP and terminating the current GOP with the identified
picture if the splice point is a splice-in-point. If the last picture is a B picture, the preferable
method also includes the step of changing the type of the identified last picture to one of an I
or P picture after the step of identifying the last picture in display order prior to the splice
point.

Accordingly, it is an object of the invention to provide an improved method of
switching between selected encoders which are transmitting digitally compressed video.

Another object of the present invention is to provide an improved system that
incorporates the aforementioned improved method.

It is another object of the invention to enable a concatenation of compressed bit

streams.
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Another object of the present invention is to provide an improved switching
method that does not require an extensive amount of processing.

Still another object of the present invention is to provide a method of seamless
splicing that requires a minimum amount of circuitry.

A further object of the present invention is to provide a method of achieving |
seamless splicing that maintains the quality of the video signal.

A still further object of the present invention is to provide a method of seamless
splicing adaptable for and meeting all the requirements of MPEG.

Still other objects and advantages of the invention will in part be obvious and
will in part be apparent from the specification. |

The invention accordingly comprises the several steps and the relation of one or
more of such steps with respect to each of the others, the apparatus embodying features of
construction, combination of elements, and arrangement of parts which are adapted to effect
such steps, all as exemplified in the detailed disclosure hereinafter set forth, the scope of the

invention being indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, reference is made to the following
drawings which are to be taken in conjunction with the detailed description.

Figure 1 is a diagram of a system constructed in accordance with the present
invention;

Figures 2A and 2B is a timing chart illustrating the encoding and decoding
sequences of selected video pictures in a system constructed in accordance with the present
invention;

Figure 3 is a graph illustrating a preferred method of calculating the lower
occupancy boundary of an encoder buffer to prevent underflow therein and to prevent
overflow in the decoder buffer, all of which are constructed in accordance with the present
invention;

Figure 4 is a graph illustrating a preferred method of calculating the upper
occupancy boundary of an encoder buffer to prevent overflow therein and underflow in the
decoder buffer, all of which are constructed in accordance with the present invention;

Figure 5 is a graph illustrating both the upper and lower occupancy boundaries
of the encoder buffer constructed in accordance with the present invention;

Figure 6 is a flowchart setting forth a preferred method of the rate allocation in
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the encoder in accordance with the present invention;

Figure 7 is a still further detailed flowchart setting forth a preferred method of
the rate allocation in the encoder in accordance with the present invention; and

Figure 8 is yet a further detailed flowchart setting forth a preferred method of

picture accurate splicing in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference is first made to Fig. 1 which depicts the preferable configuration of a
video encoder/decoder arrangement in accordance with the present invention. As illustrated
in Fig. 1, the arrangement includes an encoder 10 for encoding video cbupled to a mux 20.
The output of mux 20 is coupled to an input of a network 30. By way of example, network
30 may be a television studio network, an over the air channel or the like. The output of
network 30 is coupled to both a demux 40 and a splicer 60. The output of demux 40 is
provided as the input to a first decoder 50. In the preferred embodiment, decoder 50
includes a buffer 52 coupled to a decompression engine 54, which itself is coupled to a
postprocessor 56. A video source 70, is provided in the preferred embodiment, its function
to be described below. The output of video source 70 is coupled to the input of splicer 60.
A second demux 80 has its input coupled to the output of splicer 60. The output of demux
80 is coupled to the input of a second decoder 90. Similar to decoder 50, decoder 90
preferably includes a buffer 92 coupled to a decompression engine 94, which itself is coupled
to a postprocessor 96.

It is understood that the configuration set forth in Fig. 1 is illustrative and
modifications or changes may be made thereto while still remaining within the scope of the
invention. The present configuration is provided to highlight the advantages and features of
the present invention, all of which will be described below in further detail.

Reference is now made to encoder 10 in greater detail. In the preferable
encoder configuration, encoder 10 includes a preprocessor 12 for preprocessing the video, a
compression engine 14, coupled to the output of preprocessor 12, for compressing the video
signal in a known manner, and a logical buffer 16, coupled intermediate the output of
compression engine 12 and the output of encoder 10.

The unit for signal input into compression engine 14 is a picture (either a field
or a frame). The picture indexed by j enters preprocessor 12 where it is preprocessed and 1s
then outputted to compression engine 14 of encoder 10. At the encode time t.(j), the video

picture is instantaneously compressed and all of the data that constitutes the video picture
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compressed at encode time t.(j) is input to logical buffer 16. It is preferable that this
transmission of the video picture from compression engine 14 to buffer 16 also occurs
instantaneously. It is to be understood that logical buffer 16 is not a physical buffer of
encoder, which can be much larger. The rate at which the compressed data leaves buffer 16
of encoder 10 is specified by R(t). It is understood in the real implementation, an encoder
may not encode a picture instantaneously. This requires slight modifications to the buffer

control which can be done using techniques that are known to one of ordinary skill in the art.

It is assumed that there is zero delay in network 30. If the delay is not zero,
the delay can be compensated for by techniques that are known to one drdinarily skilled in
the art. As depicted in Fig. 1, the compressed video picture enters the decoder buffer 50 at
the rate (R(t)) at which the compressed video picture leaves encoder buffer 16. All of the
data that belongs to the picture indexed by j is instantaneously removed from decoder buffer
50 and decoded at the time t,(j) specified by the DTS (decode time stamp) of the picture. In
the preferred embodiment, ty(j) - t(j)= A, where A is end to end buffer delay. That is, the
delay in buffer 16 and buffer 52.

As illustrated in Fig. 1, the output of encoder 10 is transmitted to either
decoder 50 or 90. In the first case, the datastream produced by encoder 10 is outputted to
splicer 60. Splicer 60 preferably has two inputs, one of which is coupled to the output of
video source 70. Splicer 60 feeds one of the two inputs (from network 30 or video source
70) to it’s output after some manipulation of the datastream. The output of splicer 60 is
coupled to decoder 90. In a second case, the output of encoder 10 reaches decoder 50.
Since both of these transmissions are being considered, encoder 10 has to ensure that a
compliant MPEG-2 data stream is delivered to both decoders 50 and 90.

In the preferred embodiment, it is desirable that the complexity of the bitstream
manipulation in splicer 60 be low. If the particular splicing constraints specified by MPEG-2
as discussed further below are satisfied, the splicing or sWitching operation will be achieved.
The point in the bitstream at which these constraints are satisfied will be hereinafter referred
to as the splice point t,. At t,,, splicer 60 can switch to another video bitstream at a point
where it satisfies similar constraints. To achieve seamless splicing, encoder 10 must satisfy
the MPEG-2 splicing constraints around the splice point t,,. However, it must be understood
that not all seamless splice points will actually be spliced upon. Therefore, encoder 10 also

needs to ensure that the stream it produces is MPEG-2 compliant even in the absence of
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splicing.
Encoder Buffer Management

In order to prevent decoder buffer underflow and overflow, the following

equation has to be satisfied for all time (t):

E@) < J R(u)du < B +E(1) (1)

t

wherein:

a) The size of the decoder buffer is B,.

b) The number of bits in logical buffer 16 at time (t) is E(t).

c¢) The number of bits in decoder buffer 52 at time (t) is D(t).

d) The number of bits used in encoding the j’th picture is b(j).

e) The rate at which data is removed from encoder buffer 16 is R(t).

f) The end to end buffer delay from encoder 10 to it’s associated decoder 50 is A.

As will be clear from the above equation, the number of bits in buffer 16 at a
particular point in time (t) must be less than or equal to the number of bits outputted from
encoder buffer 16 from the particular point in time (t) up to delta (A) seconds into the
future. Therefore, if, for example, there is one megabyte of data in buffer 16 at time (t), the
number of bits that can be removed from buffer 16 in the next delta (A) seconds must be
greater than or equal to one megabyte. Otherwise it is clear that data is being removed too
slowly from the encoder buffer 16 causing both overflow in encoder 10 and underflow in
decoder 50.

Therefore if the number of bits in encoder 10 is always less than the number of
bits that will be removed from buffer 16 in the next delta (A) seconds, any bit of data in
buffer 16 will be removed by the time the next delta (A) seconds elapses and will reach
decoder buffer 56.

From the instant encoder 10 encodes a certain picture (j), within a certain

period of time, picture (j) must be decoded; that is, it must be at least in decoder buffer 56.

In terms of encoder buffer management, when a picture (j) is encoded, within delta (A)
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seconds, the last bit of picture (j) must be out of encoder buffer 16. Satisfying equation (1)
ensures this result because if there is any data in encoder buffer 16, it will be outputted
within delta (A) seconds, and therefore, it will have reached decoder buffer 56. In this way,
decoder buffer underflow is avoided.

The second inequality illustrated by equation 1 provides that the number of bits
transmitted in the next delta (A) seconds minus the number of bits in the encoder Buffer at
the particular point in time (t), is less than the size of decoder buffer 56. Satisfying this
inequality ensures that decoder buffer 56 does not overflow, that is, that the encoded data
does not arrive at the decoder buffer too soon. Therefore it is apparent that overflow in the
decoder buffer 56 means there is underflow in encoder buffer 16 and likewise in a mirror
image, any underflow in encoder buffer 16 means there is overflow in decoder buffer 56.

Reference is now made to Fig. 2 which more particularly depicts the timing of
encoding and decoding in the present invention and the encoding and decoding instances of
the pictures that are encoded by encoder 10. The time associated with the splice point is
denoted t,, which is the time when switching occurs from encoder 10 to video source 70, for
example. Because of the inherent known characteristics of encoder buffer 16, there is a
delay between the time when encoder 10 actually produces the data and the time when the
data leaves encoder buffer 16.

At the splice point t,, the input to decoder 90 is switched away from encoder

sp>
10 to video source 70. The last picture from the encoder 10 that is completely removed from
encoder buffer 16 prior to the splice point t,, is denoted as i. Therefore, t,, is the time at
which the last byte of data from the i’th picture leaves encoder buffer 16. The encode-time
of the i’th picture is denoted by time t.(i) and its decode time by ty(i). Note that encoder 10
can encode one or more pictures (i.e., (i+1), (i+2)) following the encoding of the 1’th
picture prior to splice point t,,. However, these pictures (i+1), (i+2) do not pass splicer 60
since splicer 60 splices at the splice point t,,. Thus the pictures encoded at the times that fall
within the shaded box in Fig. 2A do not reach decoder 90. However, if applicable, pictures
(i+1), (i+2)... would reach decoder 50. Thus, the pictures decoded by decoder 90 at the
times that are in the shaded box in Fig. 2B are pictures from video source 70. From a
display-standpoint, the output of encoder 10 gets spliced between pictures i and i+1.

In MPEG-2, two parameters that define seamless splicing are known as the

splice_decoding_delay (SDD) and the max_splice_rate (MSR). In Figure 2, the
splice_decoding_delay (SDD) is equal to ty(i+1)-t,,. For the time period prior to t,, decoder
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buffer control is no different from that wherein there is no splicing. However, the critical
time period is that from t, until t,(i), when data from two sources (encoder 10 and video
source 70) co-exist in decoder buffer 92. During this time period, decoder buffer underflow
is not applicable, since all of the data from encoder 10 that precedes the splice point t, is
already in decoder 90. However, to avoid decoder buffer overflow, the critical time period
is the time instances ty(j) which denotes a time just prior to the decoding of picture j. It is
necessary to consider all pictures j decoded at time t,(j) greater than t,, such that j is less than
or equal to i. Specifically, it is essential that there is no encoder buffer underflow during the
time t(i) =t=t,-A, wherein the i’th picture is the last picture encoded immediately before
the splice point, the (i+1)’th picture is the next picture encoded immediately after the splice
point and the j’th can represent any picture.

Referring now to Fig. 3, t(i-1), t.(i), t(i+1), t(i+2) are the points in time
when each successive picture is being encoded. Therefore, and similar to the corresponding
sequence in an analog television, after the particular picture is encoded, the data created is
placed in the encoder buffer. As illustrated, the spikes t.(i), t.(i+1), t(i+2) are separated by
constant intervals, for example 1/30 seconds (for a frequency of 30Hz). In general the
spikes need not be separated by constant intervals.

So although the splice point is designated by the dotted line in Fig. 3, the splice
point can be considered to represent the point in time when the last bit of data in a particular
picture leaves the encoder buffer, because the switching takes place between pictures. That
is, the defined splice point does not correspond to the point at when the last picture 18
encoded because the last picture is encoded at a point in time before the splice point.

The last encoded picture is encoded at time t(i). At t(i+1), the (i+1)’th
picture is encoded by the encoder after the last picture prior to the splice point because
additional pictures may be encoded after a splice point. That is, just because a splice point is
inserted does not mean a switch must be effectuated, but only that the option to cleanly

switch is available.

As depicted in Fig. 3, the lower bound of encoder buffer 16 is Max(0, RA -
B,) which is the rate at which the encoder buffer is being emptied multiplied by the end to
end delay (A) minus the decoder buffer size. This is the minimum lower bound for which
the encoder buffer should never fall below. If the encoder buffer falls below this value,

there will be encoder underflow which will result at some later point in time, decoder

overflow.
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Therefore, if you know MSR and SDD, Fig 3 illustrates that the lower bound
of buffer 16 changes from Max(0,RA - By) to a Max(O,(MSR)A—Bd). If the lower bound is

less than zero, by definition, there will be no underflow and there will be no concern with

respect to the encoder buffer management.

Decoder Buffer Overflow

Referring still to Fig. 3, which illustrates in greater detail the constraints on the
lower bounds on encoder buffer 16 so as to prevent underflow therein, tg, is the splice point
at which the video is switched from encoder 10 to video source 70 in Fig. 1. Because of
the existence of buffer 16, there is a delay between the time the encoder 10 actually
produces the data and when it leaves encoder buffer 16. For purposes of the invention
disclosed herein, it is permissible to assume that the pictures are instantaneously encoded.
Therefore at a particular point, as in a corresponding analog encoder, the encoder
instantaneously encodes the entire i’th picture and the data produced thereby is placed into
encoder buffer 16. Moreover, thé encode points are separated by a constant value, for
example, intervals of 1/30 sec. if for example, the signal is being transmitted at 30Hz.

The number of bits in the decoder buffer at time ty(j)_ is given by

k=<t-1
D@ ())=D(t,)+MSR.t (j)-t )~ L b(k) (2)

Lbze,

where MSR is the max_splice rate variable of MPEG-2 and b(k) is the number of bits used
to code picture k. In this example, the worst case scenario for source 70 is assumed. The
summation involving b(k) in the expression 2 is over all those pictures that are decoded
between t, and ty(j)_. The right hand side of the above expression needs to be less than B,.
This provides a constraint on decoder buffer 90. To convert this constraint to one on
encoder buffer 16, the following equation expresses the relationship between decoder buffer

92 and encoder buffer 16:

D(t+4)= [ Rudu-E0)<B, 3)

t
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The eventual constraint on the encoder buffer 16 occupancy is,

L()+A
E¢,()) = J R(u)du-B,, )
X0
. t, L(H-a
E¢()) = I R(u)du-B -+ j R(u)du, (5)
) i,
E¢,()) = I R(u)du-B+MSR (t () -1,,). (6)

0]

Note that these constraints have to be satisfied for all pictures j that coexist in decoder 90
with data from video source 70. Furthermore, if the channe] rate of encoder 10 is known,
these constraints can be computed in advance. This is important since it has a direct impact
on encoded video quality.

If encoder 10 is a constant bit rate encoder, the above
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expression (6) simplifies to:
E¢t (D) =R (,-t,())-B,+MSR (¢ ())-1,).d @)

where R is the constant bit rate.

The lower bound given by the right hand side of the expression in equation 7 is
illustrated in Figure 3 with a couple of examples, one for the case where MSR 1is greater
than R and the second MSR is less than R. When the lower bound on the encoder buffer is
negative, the constraint is automatically satisfied.

This additional constraint on the encoder buffer has to be satisfied from t, -A

to t.(i).
Decoder Buffer Underflow

Referring now to Fig. 4, it is preferable to ensure that all the data that is
produced by the encoder prior to the last picture (and including the last picture) leaves the
encoder buffer prior to the splice point. To ensure this, if you start at a point delta seconds
prior to the splice point, from that point on the maximum of data that can be transmitted is
RA. The buffer is being emptied at a rate R and for a period of delta (A) seconds. Fig. 4
illustrates at any instant of time the number of bits that can be transmitted at this point on to
the splice point. The encoder buffer occupancy should not go above this value otherwise it
will not be possible to transmit all the data.

In order to ensure that there is no decoder buffer underflow in the period from
t,p t0 t, +t,(i), we need to ensure that the data generated in encoder 10 prior to the splice
point t, reaches decoder 90. Therefore, from the time t,-A until t(i)", the number of bits

in the encoder buffer has to be limited by

L.

EQ)< [ R(u)du,where 1 (i) =121, -A (8)

{

As illustrated in Figure 4, in the case of a constant bit rate encoder, this expression for the

upper bound will be,
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E(t)sR'(tsp—t),where R is the constant bit rate %9)

Reference is now made to Fig. 5 which illustrates the upper and lower bounds
for encoder buffer 16 in order to satisfy the above identified constraints necessary for
seamless spliéing. In normal operation (in the absence of splice points), the lower and upper
bounds of the encoder buffer are given by Max(0, RA-B,) and RA respectively. In the
neighborhood of a splice point, the buffer bounds are more constraining as shown in Figure
5. These constraints take effect starting at time t,-A. After the encoder produces the last
picture that is to be transmitted prior to the splice point, the encoder buffer bounds return to
the normal bounds as indicated at t=t(i).

An additional requirement is that the last data bit from the i’th picture must
leave encoder buffer 16 at t,,. This is required by definition, since it is the presence of the
splice flag in the packet containing the last byte of data from the i’th picture that defines the
splice point. In the case of a constant bit rate ("CBR") encoder whose buffer is emptied at a
constant bit-rate, this requires that at t.(i)*, the number of bits in the encoder buffer equals
R(t,, - t(i)) which is the upper bound on the encoder buffer occupancy at time t,(i) as shown
in Figure 5. This can be satisfied by zero-stuffing the encoder buffer up to that upper bound
in a known manner. For variable bit rate ("VBR") encoders, this can be ensured in a variety

of ways.
Rate Allocation in the Encoder

In MPEG encoders, rate allocation is typically performed by allocating a certain
number of bits to a group of pictures ("GOP"). This target number of bits allocated to a
GOP is usually the bit-rate multiplied by a ratio equal to the size of the GOP over the picture
rate. This target number of bits for a GOP is then re-allocated among the pictures within the
GOP. This rate allocation methodology can be represented through a few parameters -
Targetgop, Target,, Target, and Targets, where Target gop is the target number of bits
allocated to a GOP and Target;, Target, and Target, are the corresponding targets for the I,
P and B pictures respectively.

Reference is now made generally to Fig. 6 in connection with the rate allocation
of an encoder constructed in accordance with the present invention. Generally speaking, at

the beginning of the sequence, the splice point is identified and the k’th picture, (where k is



10

15

20

25

30

WO 98/44737 15 PCT/1B98/00266

the index in display order of the last picture before the switching) is identified (step 600).
Thereafter, the i’th picture, corresponding to the picture number in the coding order, is
identified (step 605). At step 610 in the preferred method, the GOP structure change 1s
planned. This step will be set forth in greater detail when reference is made to Fig. 8
below. At step 615, the I, B and P picture types are accordingly modified. Thereafter, the
buffer bounds are derived as discussed above in the previous scctions (step 620). Lastly, in
step 625, the rate allocation is determined in order to satisfy the desired buffer bounds. This
step will be set forth in greater detail when reference is made to Fig. 7 below.

This standard rate allocation can be modified in order to meet the buffer
constraints set forth above and which are necessary to support splicing. | They are based on
the following idea: if the number of bits allocated to a GOP is actually used to code that
GOP, the occupancy of the buffer just prior to the start of encoding that GOP will be equal
to that just after encoding that GOP. If at time t, the number of bits in the encoder buffer
E(t), an estimate of the number of bits in the encoder buffer at any future time can be
estimated from the targets allocated to the individual pictures and the output rate of the
encoder buffer.

Generally speaking, at the start of encoding every GOP, if the last picture prior

to a splice point is to be coded in the upcoming GOP, the number of bits in the encoder

buffer at time t is estimated and denoted by E(t). If E(t(i)) meets the lower and upper
bounds given by equations (4)-(7), the targets are not modified. If E(t(i)) is lower than the
required lower bound, Targetgop is increased so as to make E(t.(i)) equal to the lower
bound. If E(t(i)*) is greater than the required upper bound, Targetgop is decreased so as to

make E(t(i)*) equal to the upper bound. A required margin for safety can also be built into

the adjustments that are made to Targetgop.
Reference is now made to Fig. 7 to more particularly illustrate in detail a

preferred method of the rate allocation step set forth in step 625 of Fig. 6. In particular, in

step 705, it is first determined whether E(t(i)) is less than the lower bound. If it is, the

Targetgop is increased so as to make E(t(i)) equal the lower bound (step 710). If E(i(i))
is not less than the lower bound, it is determined whether E(t.(i)*) is greater than the upper
bound (step 715). If the answer is yes, then Targetgop is decreased so as to make E(t.(i)")

equal the upper bound (step 720). If E(t(i)) is neither greater than the upper bound nor
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lower than the lower bound, then Target,, Targety, and Target, within the GOP are

calculated (step 725). Thereafter, the picture targets are clipped to meet the aforementioned
buffer bounds (step 730).

At step 735, it is to be determined whether E(t,(i)*) is less than R(t,-t.(i)). If

the answer is yes, then at step 740, the encoder is zero-stuffed up to R(t,-t.(i)). An end-of
sequence code is inserted after the encoding of the i’th picture (step 745). Lastly, the
encoder buffer bounds return to the bounds which are Max(0,RA-B,) and RFA. (step 750).

This modified Targetgop is used to calculate Target,, Target, and Target, within
the GOP. These picture targets are then clipped so as to ensure that the buffer bounds are
met. Thus, a two-step process is used to ensure that the buffer constraints are met. The
first-step is in the calculation of the GOP target and the second in the calculation and
clipping (if any) of the picture targets.

The target for the GOPs can be changed well in advance of the splice point (if
the encoder knows about the occurrence of the splice point) so as to smoothly transition the
buffer occupancy to the desired state. This can be done, since as stated earlier, the buffer
constraints imposed by splicing, have no time-dependencies and can be calculated in advance

if the channel rate of the encoder is known.
Picture Accurate Splicing in MPEG

MPEG uses three types of pictures - I, P and B. In order to accommodate the
type of motion prediction utilized in B pictures, MPEG encoders reorder the pictures,
thereby resulting in a picture encoding order that differs from the display order. Typically,
MPEG encoders use two parameters termed N and M, in the encoding process. N-1 is the
number of pictures between two consecutive I pictures, while M-1 is the number of B
pictures between two consecutive non-B pictures. As an example, if N=12, M=3, and the
pictures are indexed by their picture numbers, a typical encoding pattern is as illustrated
below:

I2 BO Bl PS B3 B4 PS B6 B? Pll B‘) BlO I14 B12

In a real-time encoder encoding a real-time video source (where the video
pictures enter the encoder in the order in which they are to be displayed), the following 1s a

typical timing diagram for the encoding pattern illustrated above.
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Index of input picture2 3 4 5 6 7 8 9 10 11 12 13 14

Encoding Pattern 1, B, B, P B; B, Py B¢ B, P, By By I,

Thus, the reference pictures (2, 5, 8, 11, 14,...) get encoded at the time at which they enter
the encoder while the B pictures (0, 1, 3, 4, 6, 7, 9, 10,...) get stored in picture buffers for
later encoding.

Consider such an encoder and a case where a seamless splice point is desired
after picture 8. The splice point can be inserted after the encoding of picture 7. However,
consider a case where a splice point is desired after picture 9. If the splice point is inserted
after the encoding of picture 9, picture 11 would also have been encoded prior to the splice
point. This is not desirable since in the presence of a splice operation dccurring at this splice
point, picture 11 would reach the decoder, and be decoded and displayed. This results in a
picture that occurs in display-order after the splice time getting displayed. Moreover, picture
10 would be missing. In a compliant non-low-delay (low_delay field has a value '0’) MPEG
bitstream, there are no "missing" pictures, and this stream would therefore not be compliant.
The solution is to convert picture 9 to a P picture, as illustrated below:

Index of input picture 2 3 4 5 6 7 8 9 10 11 12 13 14

Encoding Pattern 1, B, B, P B;B, Py B, B, Py P, B)y By

Thus, the last picture in display-order prior to a splice point is a reference picture. The last
picture in coding-order prior to a splice point is either the last of a series of B pictures, or a
reference picture (only in the absence of B pictures in the immediate neighborhood).

Reference is made now to Fig. 8 which depicts in detail a preferred method of
motion prediction set forth herein. Specifically, the steps set forth in Fig. 8 are a more
detailed delineation of step 610 of Fig. 6. As illustrated, therein, at the beginning of this
subroutine, it is first determined whether the picture type of the i’th picture is a B picture
(step 805). If it is, the B picture is changed to a P picture and the value of M, which, as
stated above is the number of B pictures between two P pictures, is modified (step 810). If
in step 8035 it is determined that the picture is not a B picture, there will be no change in the
GOP structure (step 815). Thereafter, it is determined whether there is a splice-in point,
defined herein as the point in the bitstream at which there can be a switch to another
bitstream or at which another bitstream can join (step 820). If it is not a splice-in point, then
it is a splice-out point which means it is a point in the bitstream where it is possible only to
switch to another bitstream (step 825). If on the other hand, it is a splice-in point, an I
picture is placed after the i’th picture and the value of N (the number of pictures between

two consecutive I pictures) is modified (step 830).
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Thereafter, as illustrated in Fig. 8 at step 840, it is determined whether the
GOP size with the i’th picture is less than a threshold (T), generally equal to N/2. (T) is the
threshold value used to decide to merge the upcoming GOP to the previous GOP for
preserving video quality. If the GOP size is less than threshold (T), the current GOP is
merged with the previous GOP (step 835) and N is modified accordingly. If the
determination at step 840 is negative, there is to be no modification (step 845).

By performing the method set forth in accordance with the present invention,
seamless switching between a plurality of selected encoders can be achieved. Moreover, by
providing a encoder/decoder system that can perform the method set forth in the present
invention, an improved splicing arrangement is provided for seamless sWitching.
Additionally, the method set forth in the present invention achieves an improved
concatenation of digitally compressed bit streams. Moreover, the method set forth in
accordance with the present invention achieves seamless switching between a plurality of
selected encoders with a minimal amount of required circuitry, thereby also requiring a
minimal amount of processing. Still further, the method as set forth in the present invention
for seamless switching maintains the quality of the video signal and is fully adaptable for and
meets all the requirements set forth in the MPEG standard. Additionally, the output of the
encoders can be stored on servers or other storage devices, played out at a future time and

then spliced.
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Claims:

1. A method of preventing data loss in a system during the switching of a signal
from a first encoder source to a second encoder source, each of said first and second encoder
source including a buffer for storing and outputting data, said outputs of said first and second
encoder sources being coupled to the input of a decoder, said decoder having a buffer for
storing data outputted from said first and second encoder sources, said method including the
steps of:

identifying a splice point representing the point in time when the decoder 1s
switched from said first encoder source to said second encoder source;

providing a buffer in said first encoder source such that

t,
E(() = J R(u)du-B,+MSR.(1,(j)-t,,
X0}

for j such that j<i and t,(j) = (t,-A) and wherein:

E(t,(j)) represents the total number of bits that are in said buffer of said first encoder source
between just before the encoding of picture j;

R(u) represents the rate at which bits are removed from the encoder buffer of said first
encoder source at time u;

B, is the size of the decoder buffer,

MSR is the maximum splice rate and t,, is the splice point and ty(j) is the time at which the
j’th picture is decoded. |

2. The method as claimed in claim 1, wherein said first encoder source is a
constant bit rate encoder source and including the step of: providing an encoder buffer that

complies with the constraint:

E@t,())=R(t,-1,())-B,+MSR-(t()-T,).
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3. A method of preventing data loss in a system during the switching of a signal
from a first encoder source to a second encoder source, each of said first and second encoder
source including a buffer for storing and outputting data, said outputs of said first and second
encoder sources being coupled to the input of a decoder, said decoder having a buffer for
storing data outputted from said first and second encoder sources, said method including the
steps of:

identifying a splice point representing the point in time when the decoder 1s
switched from said first encoder source to said second encoder source;

ensuring that the number of data bits in said first encoder buffer is less than or

equal to:

L,

E9n< [ R(u)du,where 1(i) =121, -A

t

wherein:

R(u) represents the rate at which bits are removed from the encoder buffer of said first
encoder source at time u;

L is the splice point;

t.(i)* is the number of bits in the encoder buffer right after the i’th picture has been encoded;

and
A is the sum of the delay in said first encoder buffer and said decoder buffer.
4. The method as claimed in claim 3, wherein said first encoder source is a

constant bit rate encoder source and including the step of: constraining the number of bits in

said encoder buffer of said first encoder source such that:
E(t)2R~(tSp—t),where r is the constant bitrate

5. A method of splicing data in a system that includes two encoder sources
coupled to a decoder source, said method including the steps of:

identifying an upcoming group of pictures to be encoded in said first encoder
source;

identifying a splice point representing the point in time when said decoder is
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switched from said first encoder source to said second encoder source;

estimating the number of bits in a buffer located in said encoder source at ()",
wherein E(t.(i)*) is the number of bits in the encoder buffer right after the i’th picture has
been encoded;

determining whether said total number of bits in said encoder buffer satisfies the

constraints:

T,

Et )= J R(du)du-B,,+MSR -t )-1,,

L

for j such that j<i and t(j) = (t,-4) and

t
P

E@) < I R(u)du,where 1 ()" =121, -A

!

and based on said determination, one of increasing and decreasing said total
number of bits allocated to said group of bits.
6. The method as claimed in claim 5, and including the step of determining during
said determining step that the total number of bits in said encoder buffer just after the encode

time of the i’th picture is less than

R(uwydu

said method further including the step of increasing a quantity Targetgop Which
represents the quantity number of bits equal to the bit rate of the encoder source multiplied
by the ratio of the size of said group of pictures divided by a predetermined picture rate,
thereby making the number of bits in said encoder buffer at time t.(i) equal to said lower
bound.

7. The method as claimed in claim 5, and including the step of determining during
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said determining step that the total number of bits in said encoder buffer at the encode time

of the i’th picture is greater than or equal to

l,

j R(u)du-B,+MSR (1 (i)-t,)

IIAII

said method further including the step of decreasing a quantity Targetgop Which
represents the quantity number of bits equal to the bit rate of the encoder source muitiplied
by the ratio of the size of said group of pictures divided by a predetermined picture rate,
thereby making the number of bits in said encoder buffer at time t(i)" equal to said upper
bound.
8. The method as claimed in claim 6, and including the step of calculating Target,,
Target, and Target; within said group of pictures.
9. The method as claimed in claim 7, and including the step of calculating Target,,
Target, and Target, within said group of pictures.
10. The method as claimed in claim 8, including the step of clipping at least one of
said Target,, Target, and Targety so as to ensure satisfying said constraints.
11. The method as claimed in claim 9, including the step of clipping at least one of
said Target,, Target, and Targety so as to ensure satisfying said constraints.
12. A method of picture accurate splicing when the last picture in display order
prior to a splice point is a B picture, said method comprising the steps of:

identifying the last picture in display order prior to a splice point;

changing the type of the identified last picture to one of an I or P picture;

determining the number of pictures in the current GOP containing the identified
picture;

determining if the number of pictures in the current GOP is less than a
threshold and if so, concatenating the current GOP with a previous GOP; and

terminating the current GOP with the identified picture if the splice point is a
splice-in-point.
13. A method of picture accurate splicing when the last picture in display order
prior to a splice point is one of an I or P picture, said method comprising the steps of:

identifying the last picture in display order prior to a splice point;

determining the number of pictures in the current GOP containing the identified



10

15

20

25

WO 98/44737 23 PCT/IB98/00266

picture;

determining if the number of pictures in the current GOP is less than a
threshold and if so, concatenating the current GOP with a previous GOP; and

terminating the current GOP with the identified picture if the splice point is a
splice-in-point.
14. A system comprising:

an encoder having an encoder buffer meeting the constraint

L,

Et())= j R(u)du-B,+MSR ¢ {j)-1,)

L

for j such that j<i and t,(j)=(t,-A) and the constraint

!
-

Em= j R(u)du,wheret (i)* =1 =1 _-A

!

wherein:
R(u) represents the rate at which bits are removed from the encoder buffer of said encoder at
time u;

t, is the splice point;

t.(i)* is the number of bits in the encoder buffer right after the i’th picture has been encoded;

A is fhe sum of the delay between said first encoder buffer and said decoder buffer;
E(t,(j)") represents the total number of bits that are in said buffer of said encoder between just
before the encoding of picture j;
B, is the size of the decoder buffer; and
MSR is the maximum splice rate and t,, is the splice point and ty(j) is the time at which the
j’th picture is decoded; and _

a video storage device coupled to the output of said decoder.
15. A system comprising:

a first video storage device having been fed by an encoder having an encoder
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buffer meeting the constraint

!

E,()) = J R(u)du-B,+MSR (1 (j)-1,)

!

i

for j such that j<i and t.(j) =(t,-A) and the constraint

Ly

E@ < j R(u)du,wheret (i) =t =1_-A

!

a second video storage device, switchably coupled to said first video storage

device, fed by an encoder having an encoder buffer meeting the constraint

Ly

E9t ()= j R(u)du-B +MSR (1,(j)-1,,

Im,‘

for j such that j<i and t,(j) =(t,-A) and the constraint

t
P

E( < [ R(u)du,where t(i)"=t=1,-A

1

wherein:

R(u) represents the rate at which bits are removed from the encoder buffer of said encoder at
time u;

t, 18 the splice point;

t.(i)* is the number of bits in the encoder buffer right after the i’th picture has been encoded;

A is the sum of the delay between said first encoder buffer and said decoder buffer;

E(t.(j)) represents the total number of bits that are in said buffer of said encoder between just
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before the encoding of picture j;
B, is the size of the decoder buffer; and

MSR is the maximum splice rate and t, is the splice point and t,(j) is the time at which the

j’th picture is decoded.
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