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(57) Abstract

A method is described for reproducing video
frames coded in accordance with an MPEG format,

in which method a carrier provided with recordings

is played with a speed which differs from the LI
nominal playback speed, and in which the number

of frames to be transferred to a display apparatus

and generated by reading out is compensated in

such a manner that the average number per unit of

time is equal to a predetermined nominal number

by repeating or by skipping B frames.
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Method of and arrangement for recording and reproducing video images

The invention relates to the recording and reprcduction of image
information (video). More in particular, the present invention relates to the general problem
of reproducing the recorded image information at a speed other than the normal speed.

As is known, video images (frames) are reproduced in accordance with a
predetermined format on a standard image display apparatus such as a television set, the
pixels of the frame being reproduced not simultaneously but sequentially. More particularly,
adjacent pixels are written consecutively so as to write a horizontal line and the horizontal
lines of the frame are written consecutively (interlaced). The time thus required for
reproducing one frame, i.e. the time required to write all the image lines making up the
frame, is 1/25 s in the PAL format. Consequently, a scene whose actual playing time is 100
s corresponds to a sequence of 2500 consecutive frames.

For recording video images on a carrier, such as for example a magnetic
tape, an analog method is known in which the consecutive pixels are recorded adjacent one
another on recording tracks which are inclined with respect to the playing direction of the
carrier. Each recording track then corresponds to one image line. With recordings of this
type the possibilities for slow-motion or fast-motion reproduction are limited. For example,
when it is desired to reproduce a scene at five times the normal speed, the carrier is moved
past a read head at five times the normal speed. This means that five consecutive images
move past the read head in the time required for the reproduction of a single image by the
image display apparatus. An image reproduced on the display screen then takes the form of
five fragments of these five consecutive images, which fragments are displayed one above the
other and are separated from one another by distorted image portions.

More recently, a digital recording method termed MPEG has been
developed. In this method the information relating to an image is digitally coded and
compressed and is linearly stored on a carrier, which is to be understood to mean that the
consecutive bits are arranged in line with one another in the write and read direction of the
carrier.

When such a recording is played back the bits being read do not

correspond to the pixels of a frame to be reproduced consecutively. A multiplicity of bits
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must be collected in order to be decoded and in order to reconstruct the image content of one
or more consecutive frames. The buffer memories and computing devices required for this
may be provided in the playback apparatus or in the display apparatus. It is to be noted,
though, that on an average the number of bits read corresponds to 25 frames per second at a
normal playback speed of the carrier. In principle, it is possible to move the carrier more
rapidly or slowly past the read head. However, the problem is that a standard display
apparatus such as a television set is not capable of converting the signals then received to
normal frames.

It is an object of the present invention to provide a method and an
arrangement which enable a video recording made in accordance with an MPEG method to
be reproduced with a playback speed which is adjustable within ample margins on a standard
display apparatus such as a television set.

More particularly, it is an object of the present invention to allow the user
of such a playback arrangement to vary the playback speed almost continuously between
slow- motion and fast-motion reproduction.

These and other aspects, features and advantages of the present invention
will be elucidated by means of the following description of a preferred embodiment of a
method and arrangement in accordance with the invention with reference to the drawings, in
which:

Figures 1A-1E illustrate the amount of information saved by MPEG
coding;

Figure 2A shows an example of an MPEG sequence;

Figure 2B shows an example of a sequence for slow-motion reproduction
derived from the sequence in Figure 2A;

Figure 2C shows an example of a sequence for fast-motion reproduction
derived from the sequence in Figure 2A; and

Figure 3 is a block-schematic diagram of an arrangement in accordance
with the invention.

Since MPEG coding is known per se, only a brief description of some
essential aspects of an MPEG recording procedure will be given with reference to Figure 1.
Specifically, a brief description of three different types of MPEG coding for a frame will be
given, which types of coding are referred to as I coding, P coding, and B coding and require
a decreasing number of bits per frame in the listed order.

Figure 1A illustrates a sequence of consecutive frames to be recorded on a
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carrier such as a magnetic tape, the individual frames bearing sequence numbers N, N+i,
N+2 etc. In the PAL format each frame corresponds to a playing time of 1/25 second.

Figure 1B shows diagrammatically a magnetic tape 10 on which
consecutive recording areas R, R+1, R+2 etc. have been indicated, which areas have equal
lengths, i.e. each of these recording areas R, R+1, R+2 etc. contains the same number of
bits. If each frame N, N+1, N+2 etc. had been recorded individually in digitally coded
form the recording of the sequence illustrated in Figure 1A would take the form outlined in
Figure 1B.

In order to reduce the amount of information expressed in bits/second
during the read-out of the digital information and during the transmission of the information
thus read to a reproduction apparatus the image information is compressed prior to
recording. In Figure 1C this is illustrated diagrammatically in that the carrier 10 has
consecutive recording areas C, C+1, C+2 etc. each having a length smaller than that of the
corresponding recording areas R, R+1, R+2 etc. in Figure 1B. Figure 1C particularly
relates to a situation arising when the information of each individual frame N, N+1, N+2
etc. would be compressed to a compressed frame prior to recording. In such a case the
associated original frame N, N+1, N+2 etc. can be derived from each compressed frame C,
C+1, C+2 etc. by decompression and decoding. Coded and compressed frames having this
feature will be referred to as intrinsic frames or I frames.

A further reduction of the amount of information is possible as a resuit of
the fact that normally the consecutive frames of a sequence bear much resemblance to one
another. If for a frame only the differences from its predecessor are recorded less
information is required to record this frame. Such a frame will be referred to as a predicted
frame or P frame and contains motional information of frame portions. Figure 1D
diagrammatically illustrates a situation in which the frame N is recorded as an I frame and in
which the next two frames N+1 and N+2 are recorded as P frames. It will be evident that it
is not possible to reconstruct, for example, the frame N+1 by decompression and decoding
of the recorded information of merely the P frame corresponding to the frame N+ 1 but that
for this it is necessary to combine the recorded information of the P frame corresponding to
the frame N+1 with the I frame corresponding to the frame N. However, it will also be
evident that a comparatively small number of bits are required to record the two consecutive
frames N and N+1.

MPEG further includes a coded and compressed frame of a third type,

which will be referred to as a bidirectional frame or B frame. To record a B frame even less
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bits are required than for recording a P frame, as is illustrated diagrammatically in Figuré‘
1E. The original corresponding to a B frame is reconstructed from the information of three
coded and compressed frames, i.e. said B frame, the last I frame or P frame preceding it,
and the first I frame or P frame following said B frame.

It is to be noted that the amount of information to be recorded depends on
the image content o the consecutive frames. For example, the reproduction of a one-hour
image sequence would require approximately 540 Gbit (67.5 Gbyte) but this amount of
information can be compressed to approximately 10.8 Gbit (1.35 Gbyte) by means of MPEG

recording.

The playback of video recordings thus coded will now be described with
reference to Figure 2.

Figure 2A shows diagrammatically an example of a sequence of stored
video frames. The frames successively bear the numerals 1, 2, 3 ..., as indicated in the
upper part of Figure 2A and the type of each respective frame is specified in the lower part
of Figure 2A. For the sake of simplicity the I, P and B frames are shown as though they are
equal in size. The coding structure IBBPBBPBB may be recurrent; in that case a group of
nine consecutive frames is termed "Group Of Pictures" or GOP. It is to be noted that in
MPEG the length of a GOP (i.e. 9 frames in the present case) is variable. Moreover, the
structure of a GOP, particularly the number of succeeding B-frames, is variable and
dependent on the image content of the frames to be recorded. It is to be noted also that
whether a frame is to be recorded as an I frame, a P frame or a B frame is decided during
the recording of a sequence by a recording apparatus (video recorder); however, the manner
in which this decision is made is not relevant to the present invention. In the scope of the
present invention it may be assumed that a recorded sequence includes I frames, P frames
and B frames of a more or less regular coding structure.

If this recorded sequence is to be reproduced by means of a display
apparatus such as a television set in a normal way (i.e. in real time), the coded frames are
consecutively read by a playback apparatus (video recorder) and are supplied to said display
apparatus in coded form. Each coded frame also includes information relating to the coding
type. As stated hereinbefore, the recording of an I frame involves more information than a P
frame and a B frame, as a result of which the read-out and the transmission of a P-frame to
the display apparatus takes a shorter time than the rad-out and transmission of an I frame; the
read-out and transmission of a B frame takes an even shorter time. However, on an average

the number of PAL-format frames (I, P and B together) read and transmitted is 25 per



10

15

20

25

30

WO 98/48573 PCT/1B98/00326

second.

In the display apparatus the frames received are decompressed and
decoded, after which the decoded frames are stored in a buffer memory. The stored frames
are read from this buffer memory and displayed, the reproduction of each frame in PAL
format taking 1/25 second regardless of whether it has been coded as an I frame, P frame or
B frame.

If it is desired to view the recorded sequence at a speed other than the
normal speed (fast-motion reproduction or slow-motion reproduction) it is not adequate to
move the carrier merely past the read head at a higher or a lower speed. Indeed, in that case
the number of frames being stored in said buffer memory would be larger or smaller than the
nominal number while in the standard display apparatus the frames are read from this buffer
memory at the nominal rate (25 per second in the PAL format). The present invention
provides a method which assures that the average number of coded frames presented to the
display apparatus per unit of time remains equal to the nominal number, even when the
carrier is moved past the read head at a higher or lower speed (fast-motion reproduction or
slow-motion reproduction), as will be described hereinafter.

Figure illustrates diagrammatically a playback apparatus 100 in
accordance with the present invention, adapted to read information recorded on the carrier
10. The playback apparatus 100 has a read head 30 and means 20 for moving the carrier 10
past the read head 30. In the case that the carrier 10 is a magnetic tape the movement means
20 comprise a motor for driving a take-up reel for the tape. In the case that the carrier 10 is
a magnetic or optical disc, the movement means 20 comprise a motor for rotating the disc.

The playback apparatus 10 comprises a control device 40, which may
comprise, for example, a suitably programmed (hardware-oriented or software oriented)
microprocessor. The control device 40 is coupled to the movement means 20 to control the
speed at which the movement means 20 move the carrier 20 past the read head 30.

Furthermore, the control device 40 is coupled to the read 30 to receive
information read by means of the read head 30, which information, as stated, is coded
information about video frames. The control device 40 is further coupled to an output 101 of
the playback apparatus 100 for selectively applying information read by means of the read
head 30 to said output 101, as will be described in more detail hereinafter.

The playback apparatus 100 has a playback speed selector switch 50
coupled to the control device 40, which switch can be actuated by a user. The selector switch

50 can have different configurations. In one configuration the selector switch 50 can be
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constructed as a pointer which is movable along a scale graduation, which pointer for
example actuates a wiper which is movable along a resistance track. In another configuration
the selector switch 50 can be an alphanumeric keyboard. It is also possible to combine these
configurations, as will be evident to those skilled in the art.

By means of the selector switch 50 the user can give a command to the
control device 40 in order to select the desired playback speed. Normally, the user. will select
a normal playback speed, marked "N" in Figure 3. The control device 40 is adapted to
control the movement means 20 in such a manner that the carrier 10 is moved with a
substantially constant predetermine speed, hereinafter referred to as the nominal speed. The
video signals received from the read head 30 are then transferred integraily to the output
101.

The control device 40 is also adapted to monitor the stream of data
received from the read head 30 and to measure the average number of frames per unit of
time in this data stream. The control device 40 compares the measured average with a
predetermined fixed value, hereinafter referred to as the nominal value, which nominal value
is 25 per second in the case of the PAL format. If the measured average is greater than this
nominal value the control device 40 controls the movement means 20 to move the carrier
more slowly past the read head 30 and if the measured average is smaller than this nominal
value the control device 40 controls the movement means 20 to move the carrier more
rapidly past the read head 30 so as to assure that the number of frames supplied to the output
101 per unit of time is equal to said nominal value.

If the user wishes to select a playback speed other than the nominal speed
he actuates the selector switch 50 to enter a speed factor oc. Hereinafter, the speed factor o
will be defined as a factor by which the nominal playback speed should be multiplied, so that
a speed factor o greater than one corresponds to fast-motion reproduction and a speed factor
o between zero and one corresponds to slow-motion reproduction.

In accordance with an important aspect of the present invention the speed
factor = can be adjusted continuously within given limits. In a variant it may be possible
that the user can choose only from a (comparatively large) number of predetermined values
for the speed factor o.

Hereinafter, an example of slow-motion reproduction in accordance with
the present invention will be elucidated with reference to Figure 2B, in order to illustrate the
principle of the present invention. Figure 2B shows a sequence of frames derived from the

sequence shown in Figure 2A by means of the control device 40 by repeating each B frame
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one time. Again, the frames in the new sequence successively bear the numerals 1, 2, 3 .. .'.,
as indicated in the upper part of Figure 2B and the type of each respective frame is specified
in the lower part of Figure 2B, the original sequence number of this frame (Figure 2A) being
given in parentheses.

Thus, in the present example a new sequence of 15 frames is derived
from an original sequence comprising 9 frames. An essential feature is that the new sequence
fully complies with the MPEG format, as a resuit of which the control device 40 can supply
this modified sequence directly to a standard display apparatus, which can then directly
decode and display this modified sequence. The playing time of this modified sequence (15
frames) is longer than that of the original sequence (9 frames) so that slow-motion play is
obtained: the speed factor o in the present case being consequently equal to 9/15 or 0.6.

It will be evident that there are a large number of "clean"” speed factors o
smaller than one. In the sequence of a GOP shown by way of example in Figure 2A it is also
simply possible to attain factors of 9/10, 9/11, 9/12, 9/13 and 9/14, namely by repeating 1,
2, 3, 4, or 5 of the B frames in the GOP. Other fractions can be realized by considering
more consecutive GOPs: if two consecutive GOPs are congidered it is possible, for example,
to obtain a speed factor of 18/23 by repeating 2 and 3 B frames in the first and the second
GOP, respectively.

It is to be noted that very small slow-motion factors are attainable by
repeating the B frames more than once. For example, the B frames of the GOP of Figure 2A
are each transmitted four times in succession: in this case the resulting slow-motion factor is
9/27 = 0.33. However, in the case of still smaller slow-motion factors it is not unlikely that
the reproduced image makes a jerky impression upon a viewer.

In practice, the length of the GOPs is not necessarily constant, as a result
of which it is not certain whether a given desired speed factor can be realized in any GOP.
However, this is not important, an important feature of the present invention being that in the
case of a delayed read-out of frames it is possible to obtain on an average the nominal
number of frames at the output 101 by repeating B frames.

Now reference is made to Figure 3. The control device 40 is adapted to
drive the movement means in the slow-motion reproduction mode with a speed which is
substantially equal to o times the nominal speed. Consequently, the average number of
frames read per unit of time by means of the read head 30 is substantially equal to o times
the nominal number. As already stated, the control device 40 is adapted to monitor the data

stream from the read head 30 and to count the number of frames transmitted per unit of
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time. Each time that the counted number is found to be smaller than the nominal numberithe
control device 40 will furnish the B-frame data X times at the output 101. For this purpose,
the control device 40 comprises a memory 41 for storing the B-frame data.

In principle, X is chosen to be 2. However, if the selected speed factor is
so small that supplying the B-frame data 2 times in not adequate to maintain the nominal
frame rate, the control device 40 will increment X to 3 or even to 4.

This ensures again that the average number of frames supplied to the
output 101 per unit of time is substantially equal to said nominal value. It is to be noted that
no modifications are required to receive the modified sequence at the side of the display
apparatus because the average number of frames in the modified sequence is always equal to
the nominal number of frames and the modified sequence complies with the MPEG format.
The display apparatus can decode each received frame in a "normal” manner and reproduce
it on the screen in the nominal time (1/25 second in the PAL format) regardless of the |
source, i.e. regardless of whether it is a "normal" or a "repeated” frame.

Furthermore, it is to be noted that, in principle, it is possible to obtain
any desired slow-motion factor, obviously within reasonable limits, because it is not
necessary to repeat the same number of B frames in each GOP. It is merely important that
for any reading speed (playing speed of the medium) a B frame is repeated at given instants,
in such a manner that the total number of transmitted frames, averaged over a longer time, is
always substantially to the nominal number. The actual length of the GOPs is then irrelevant.

Hereinafter, an example of fast-motion reproduction in accordance with
the present invention will be elucidated with reference to Figure 2C, in order to illustrate the
principle of the present invention. Figure 2C shows a sequence of frames derived from the
sequence shown in Figure 2A by means of the control device 40 by skipping every second B
frame. Again, the frames in the new sequence successively bear the numerals 1, 2, 3 ..., as
indicated in the upper part of Figure 2C and the type of each respective frame is specified in
the lower part of Figure 2C, the original sequence number of this frame (Figure 2A) being
given in parentheses.

Thus, in the present example a new sequence of 6 frames is derived from
an original sequence comprising 9 frames. An essential feature is that the new sequence fully
complies with the MPEG format, as a result of which the control device 40 can supply this
modified sequence directly to a standard display apparatus, which can then directly decode
and display this modified sequence. The playing time of this modified sequence (6 frames) is

shorter than that of the original sequence (9 frames) so that fast-motion play is obtained: the
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speed factor o in the present case being consequently equal to 9/6 or 1.5.

It will be evident that there are a large number of "clean" speed factors o
greater than one. In the sequence of a GOP shown by way of example in Figure 2A it is aiso
simply possible to attain factors of 9/8, 9/7, 9/5, 9/4 and 9/3, namely by skipping 1, 2, 3, 4,
5 or 6 of the B frames in the GOP. Other fractions can be realized by considering more
consecutive GOPs: if two consecutive GOPs are considered it is possible, for example, to
obtain a speed factor of 18/13 by skipping 2 and 3 B frames in the first and the second GOP,
respectively. '

It is evident that maximum fast-motion factor thus attainable depends on
the number of frames in GOP. Larger fast-motion factors are possible by also skipping P
frames but this is only allowed if all the B frames associated with this P frame are skipped
likewise. If all the P frames are skipped only one frame of a GOP will be displayed in the
present example: the resulting fast-motion factor is then 9/1.

Now reference is made to Figure 3. The control device 40 is adapted to
drive the movement means in the fast-motion reproduction mode with a speed which is
substantially equal to o times the nominal speed. Consequently, the average number of
frames read per unit of time by means of the read head 30 is substantially equal to o times
the nominal number. As already stated, the control device 40 is adapted to monitor the data
streamn from the read head 30 and to count the number of frames transmitted per unit of
time. Each time that the counted number is found to be greater than the nominal number the
control device 40 will block the data of a B frame (and, if desired, even of a P frame), as a
result of which this data cannot reach the output 101.

This ensures again that the average number of frames supplied to the
output 101 per unit of time is substantially equal to said nominal value. It is to be noted that
no modifications are required to receive the modified sequence at the side of the display
apparatus because the average number of frames in the modified sequence is always equal to
the nominal number of frames and, in addition, the modified sequence complies with the
MPEG format. The display apparatus can decode each received frame in a "normal” manner
and reproduce it on the screen in the nominal time (1/25 second in the PAL format).

Furthermore, it is to be noted that, in principle, it is possible to obtain
any desired fast-motion factor, obviously within reasonable limits, because it is not necessary
to skip the same number of B frames in each GOP. It is merely important that for any
reading speed (playing speed of the medium) a B frame is skipped at given instants, in such a

manner that the total number of transmitted frames, averaged over a longer time, is always
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substantially to the nominal number. The actual length of the GOPs is then irrelevant.

An important advantage of the method proposed in accordance with the
present invention is that the reproduced images exhibit no disturbances and that the moving
elements of an image actually exhibit faster motions. As already stated, the maximum fast-
motion factor attainable by the method in accordance with the invention depends on the
number of B frames (and P frames, if applicable) in a GOP. Obviously, even larger fast-
motion factors are possible by also skipping I frames. However, at such high playback
speeds (fast-motion factors of 9 and higher) an image which moves correspondingly faster
can no longer be followed by a viewer, so that this possibility provided by the invention has
hardly any practical advantage. '

The present invention proposes an alternative which results in a steadier
image for a viewer. In accordance with this alternative a first predetermined number of
consecutive frames is first transmitted to the display apparatus, after which a second
predetermined number of consecutive frames is skipped. Said first and said second number
preferably correspond to an integral number of GOPs. In an example in which one GOP is
transmitted and subsequently nine consecutive GOPs are skipped the resulting fast-motion
factor is 10/1.

An advantage of this fast-motion reproducing method proposed by the
present invention is that the viewer always perceives a normally moving image scene for a
short time, successive image scenes being separated from one another by a jump in time. The
length of the time jump can hardly or not be estimated, so that in this respect viewing a
reproduction with a fast-motion factor of 5 is similar to viewing a reproduction with a fast-
motion factor of 50.

It will be evident to an expert that the protective scope of the present
invention as defined in the Claims is not limited to the examples shown in the drawings and
disclosed in the text but that it is possible to change or modify the disclosed embodiments of
the method and the arrangement in accordance with the invention within the scope of the

inventive concept.
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1. A method of reading a sequence of video frames coded in accordance with
an MPEG format, which sequence comprises 1 frames, P frames and B frames; in which a
carrier provided with a recording is played with a speed which differs from the nominal
playback speed, as a resuit of which said video frames of the sequence are supplied at a rate
(number of frames per unit of time) which differs from a nominal rate, and in which one or
more B frames of the frames thus read is/are repeated or skipped so as to transmit to a
display apparatus a modified sequence whose average number of frames per unit of time is
equal to a predetermined nominal number.

2. A method as claimed in Claim 1, in which the carrier is played with a
speed which is higher than the normal playback speed, and in which, in addition to B
frames, P frames are skipped.

3. A method as claimed in Claim 1, in which the carrier is played with a
speed which is higher than the nominal playback speed, and in which each time a first
predetermined number of consecutive frames is transmitted to a display apparatus, after
which a second predetermined number of consecutive frames is skipped, the second number
being greater than the first number.

4. A method as claimed in Claim 3, in which the first predetermined number
of consecutive frames corresponds to an integral number of GOPs, and in which the second
predetermined number of consecutive frames corresponds to an integral number of GOPs.

5. An arrangement (100) for carrying out the method as claimed in any one
of the Claims 1-4, comprising:

a read head (30) for reading information recorded on a carrier (10);

movement means (20) for moving the carrier (10) and the read head (30) with respect to one
another with an adjustable speed;

an output (101) for supplying a sequence of coded frames;

a control device (40) coupled to the read head (30) in order to receive the information being
read, and to the output in order to selectively supply the information being read to said
output (101);

a memory (41), associated with the control device (40), for the temporary storage of B-
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frames read;

a speed selector switch (50) to be actuated by a user and coupled to the control device (40);
in which the control device (40) is coupled to the movement means (20) and is adapted to be
responsive to a signal received from the speed selectbr switch (50) to control the movement
device (20) so as to make the speed of movement of the carrier (10) equal to o times a
predetermined nominal speed, o being a speed factor selected by means of the speed
selector switch (50);

in which the control device (40) is adapted to monitor the data stream from the read head
(30) and to compare the number of frames per unit of time in said data stream with a
predetermined nominal average,

in which the control device (40) is adapted, if the counted number of frames per unit of time
is smaller than the nominal average, to store the data of a B frame in the memory (41) and,
after the transfer of said data to the output (101), to read said data out of the memory (41)
and transfer said data again to the output (101);

and in which the control device (40) is adapted, if the counted number of frames per unit of
time is greater than the nominal average, to prevent the data of a B frame from reaching the

output (101).
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