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PCT/IB95/01016       Playback device and method of playing back a bit
stream of a storage medium.                              The invention
relates to a playback device for playing back a bit stream of     a storage
medium, comprising read means for reading the recorded bit stream at a
predetermined bitrate. The invention also relates to a method of playing
back such a bit     stream. 5                     With the development of
the MPEG standard for coding and compressing      moving video picture
signals, the storage of moving video pictures via storage media such as
the optical disc and distribution via these media has become possible.
MPEG1 provides the      possibility of compressing a video signal to a bit
stream having a bitrate of approximately 1.5      Mbit/sec. This bit stream
may be recorded on the well-known Compact Disc so that it may 10  comprise
a video program having a duration of approximately 70 minutes of acceptable
quality. Such a disc is referred to as CD-Video. The bitrate of the bit
stream is equal to that      of the conventional audio CD players. The
CD-Video playback device therefore has a      conventional structure, in
other words, the disc has the customary speed of revolution and      the
read bit stream may be directly applied to an MPEG1 decoder. 15
Currently, optical discs having a higher storage density are being 



developed so that the duration will further increase and complete movies
can be stored. The      coding is also further refined. In "Information
technology - Generic coding of moving      pictures and associated audio
information - Part 1: Systems", ISO/IEC DIS 13818-1, 1994, a
provisional standard is described which is known as MPEG2. To achieve the
envisaged 20  duration and a satisfactory picture quality, a variable
bitrate coding is being considered.      Variable bitrate coding is
possible within the MPEG2 standard. This means that a higher      bitrate
is temporarily allocated to the more complex picture scenes at the expense
of simpler      picture scenes. It has been found that variable bitrate
coding renders a higher compression      factor possible as compared with
constant bitrate coding at the same perceptive picture 25  quality. The
profit gained is of the order of 30%. It is, however, troublesome to read a
bit      stream having a variable bitrate from an optical disc.
It is an object of the invention to provide a playback device which meets
this drawback.            WO 96/17346
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To this end, the playback device according to the invention comprises a
buffer for buffering the read bit stream at the     bitrate, means for
reading the     buffered bit stream in conformity with synchronization
parameters accommodated  in the bit     stream, measurring means for
measuring the fullness of the buffer and adapted to generate a 



5 read signal when a predetermined fullness of the buffer is reached, the
read means being     adapted to read a successive part of the bit stream in
response  to the read signal. It is thereby     achieved that the buffer is
burst-wise filled with the bit stream without specific actions of the
decoder being required for this purpose. The decoder only needs to read the
quantity of bits     required for a given display period from the playback
device. This an autonomous process 10  which is performed by standard
decoders. The playback device is therefore particularly      suitable to be
coupled to separate external decoders.                        It is to be
noted that a playback device is known from European Patent      Application
EP 0 429 139, in which the storage medium is read burst-wise at a higher
bitrate      than that of the recorded bit stream. However, in this
playback device the bitrate of the bit 15 stream should be known in
advance. Moreover, the bitrate of the bit stream is constant and      lower
than that at which the storage medium is read. In the playback device
according to the      invention the bitrate of the recorded bit stream may
be at least temporarily higher.                        In a favourable
embodiment, the playback device comprises detection      means for
detecting the bitrate of the stored bit stream from the transmitted
synchronization 20 parameters and for reading the buffer at the detected
bitrate. It is thereby achieved that the      playback device supplies a
bit stream at the same bitrate as that which was originally      produced
by the encoder. The output signal can now be directly applied to a
conventional      MPEG decoder.                        The bitrate may be
accommodated as such in the stored bit stream, for 25  example in the form
of the MPEG2 parameter program_mux_rate. This parameter is      described
on pages 50-51 of the above-mentioned publication ISO/IEC DIS 13818-1. The
bitrate may also be derived from other MPEG parameters, for example the
parameter      decoding_time_stamp. This parameter is described on pages
27-33 of ISO/IEC DIS 13818-1.                        Recording and
detecting a variable bitrate is known per se from United 30  States Patent
US 4,985,784. Here, the bit stream is applied to a buffer upon recording.
As      soon as the buffer has reached a maximum fullness, the bit stream
is written on the storage 



medium at a predetermined bitrate. When the buffer subsequently reaches a
minimum      fullness, writing of the bit stream alternates with suitable
time intervals so that the bit stream      is effectively recorded at a
lower bitrate. The lower bitrate thus obtained is recorded on the
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detected in the playback device in order to     reconstruct said suitable
time intervals upon playback of the bit stream. The bit stream is also
stored in a buffer and read picture-by-picture by the video decoder.
However, the recorded     bitrate has a completely different nature. In
fact, the bitrate is not determined by the encoder 5 but by the recording
device. If the encoder produces a small number of bits per picture (low
bitrate) while the buffer contents are written at the highest bitrate at
that moment, then the     relevant bit stream is also played back at this
highest bitrate upon display. If this bit stream     were directly applied
to an MPEG decoder, its input buffer would overflow rapidly.   10
These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings:                        Figs. 1 and 2 show embodiments of
the playback device according to the      invention. 15
Fig. 3 shows a possible division of a bit stream stored on a storage 



medium shown in Figs. 1 and 2.                        Figs. 4 and 5 show
possible embodiments of a bitrate detector shown in      Fig. 2.
Fig. 1 shows a first embodiment of the playback device according to the 20
invention. The playback device comprises a storage medium 1, for example an
optical disc, a      read head 2, a positioning circuit 3, a buffer 4, a
decoder 5 and a measuring circuit 6.                         A compressed
video signal is recorded in the form of a bit stream on      successive
sectors of disc 1. The disc has a given speed of revolution and is scanned
by the      read head 2. The position of the read head is determined by
positioning circuit 3. In response 25  to a received read signal R, the
positioning circuit activates the read head during a      predetermined
period which corresponds to a number of sectors of the disc. The bit stream
in      the sectors read is applied with a write clock signal f[err] to
buffer 4, a memory of the first-in      first-out type. The write clock
signal has a predetermined frequency in conformity with the      storage
density and speed of revolution of the disc. The buffer 4 is coupled to a
decoder 5, 30 for example an MPEG decoder as described in the
above-mentioned publication ISO/IEC DIS      13818-1. The input buffer
which forms part of a conventional MPEG decoder is constituted      by a
part of the buffer 4 in this embodiment. Decoder 5 periodically reads in
further known      manner, for example each picture period, the quantity of
bits required for such a period from      buffer 4. The clock signal f[err]
at which this is realised is the same clock signal as that at which
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a conventional MPEG decoder reads its input buffer. The way in which such a
clock signal is       generated  is generally known and is therefore not
further described.                         While decoder 5 reads the buffer
4, the quantity of data in the buffer      decreases. A measuring circuit 6
measuring the fullness of the buffer is coupled to the buffer  5  4. When a
predetermined minimum value is reached, the measuring circuit generates the
read      signal R and applies it to the positioning circuit 3. In response
to this read signal, buffer 4      receives a predetermined number of
sectors of the disc from the read head. The positioning      circuit is
adapted to hold the position of the last sector which has been read in
order to be      able to position the read head on the subsequent sector.
Measuring of the fullness and burst- 10  wise reading the disc in response
thereto is further described in detail in the above-mentioned      European
Patent Application EP 0 429 139.                         Fig. 2 shows a
second embodiment of a playback device according to the      invention.
This Figure uses the same reference numerals for the same elements as in
Fig. 1.      The embodiment is distinguished from the foregoing embodiment
in that buffer 4 is divided 15  into two different buffers 41 and 42.
Buffer 42 constitutes the known input buffer of a      conventional MPEG
decoder. In other words, buffer 42 and decoder 5 jointly constitute a
conventional MPEG decoder as described in ISO/IEC DIS 13818-1.
The playback device shown in Fig. 2 is further provided with a bitrate
detector 8. This detector receives the bit stream MP which is read from
buffer 41 and detects 20 therefrom the bitrate of the bit stream as was
originally produced by an encoder and is      accommodated in the bit
stream. The detected bitrate is applied in the form of a read clock
signal fd to the buffer 41. While the buffer 41 is being read in response
thereto, the quantity      of data in the buffer decreases. The measuring
circuit 6 measures the fullness of buffer 41      and realises in the
manner described above that the buffer is provided with new data. The bit
25  stream MP which has been played back is therefore available at output 7
at the same bitrate      as that at which the bit stream was originally
produced by an encoder. This bit stream may      be applied to a
conventional MPEG decoder via output 7 without the risk of overflow or 



underflow of its input buffer 42. Since the MPEG decoder may be a separate
apparatus, this      embodiment is commercially very attractive. 30
Fig. 3 shows the division of an MPEG2 bit stream in so far as is
important to understand the invention. The elementary bit streams (audio,
video, possible      further data) of an audiovisual program are each
divided into PES packets 31. The series of      PES packets is regularly
interrupted by a pack_header 30. It can be recognized by the      presence
of a unique bit pattern, the pack_start_code 300. The pack_header further
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comprises, inter alia a parameter system_clock_reference 301. This is a
synchronizing signal      which constitutes the time base for the
elementary signals (audio, video) of the audiovisual      program. The
pack_header further comprises a parameter program_mux_rate 302.
Each PES packet starts with a unique bit pattern, the  5
packet_start_code_prefix 310. The packet further comprises a parameter
stream_id 311 at      predetermined bit positions and a plurality of flags
312. The parameter stream id indicates      the type of packet (audio,
video). The flags indicate the presence of further synchronizing
signals in the packet. Particularly, one of the flags indicates whether a
parameter      decoding_time_stamp 313 is accommodated in the packet. The
encoded signal is 10  accommodated in the remaining data field 314 of the
PES packet. A video PES packet may      comprise one or more encoded
pictures, but also only a part of a picture. The decoding time      stamp
313, if present, indicates at which instant of the time base the first
picture in the video 



packet must be decoded.                        Fig. 4 shows a first
embodiment of the bitrate detector 8 which is shown 15  in Fig. 2. The bit
stream MP is applied to a pack_start_code detector 800 and a shift register
802. Detector 800 is adapted to recognize the pack_start_code (300 in Fig.
3). Upon      detection of the pack_start_code, detector 800 activates a
counter 801 by means of a start      signal STRT. In response thereto, the
counter 801 counts down a predetermined number of      bits and then
applies a stop signal STP to shift register 802. The predetermined number
of 20  bits is such that upon the occurrence of the stop signal the
parameter program_mux_rate (302      in Fig. 3) is present in the shift
register 802. This parameter (PMR) is representative of the
instantaneous bitrate of the MPEG bit stream. The parameter PMR is thus
preserved and      applied to a programmable oscillator 803. In response
thereto, this oscillator generates the      clock signal fd at the relevant
bitrate. Whenever a pack_start_code is received, the clock 25  signal
f[err] is thus brought in conformity with the current value of the recorded
parameter      program_mux_rate.                        Fig. 5 shows a
second embodiment of the bitrate detector 8. The bit      stream MP is now
applied to a packet_start_code_prefix detector 810 and a shift register
812. Detector 810 is adapted to recognize the packet_start_code_prefx (310
in Fig. 3) in a 30  PES packet. Upon detection of the code, detector 810
activates a counter 811 by means of a      start signal STRT. In response
thereto, the counter 811 counts down a predetermined number      of bits
and then applies a stop signal STP to shift register 812. The predetermined
number of      bits is such that upon the occurrence of the stop signal the
decoding_time_stamp (313 in Fig.      3) is present in the shift register
812. The most recently received time stamp is denoted by      
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DTS(i) in the Figure.                        The stop signal STP which
marks the presence of a decoing_time_stamp     in the bit stream, is
further applied to a bit counter 813 in order to reset this counter.
Subsequently, the bit counter counts the number of bits in the bit stream
MP. The stop signal 5  is also applied to two registers 814 and 815. The
previous time stamp is preserved in register      814 upon reception of a
decoding_time_stamp. This previous time stamp is denoted by      DTS(i-1)
in the Figure. The number of bits N counted by bit counter 813 between the
current time stamp DTS(i) and the previous time stamp DTS(i-l) is stored in
register 815.                        The time stamps DTS(i) and DTS(i-1)
are applied to a subtracter circuit 10  816. The difference between the two
time stamps represents a period of time T of the video      signal,
generally one or more picture periods of 40 msec. Apparently, as many bits
are      produced by the encoder during this period of time T as have been
counted by the bit counter      813. Said number of bits is N and is stored
in register 815. The quotient N/T is computed in      a computing circuit
817 and applied to a programmable oscillator 818. In response thereto, 15
this oscillator generates the clock signal f[err] at a relevant bitrate.
Whenever a      decoding_time_stamp is received, the bitrate is recomputed
in this way.                         The invention has been explained
hereinbefore with reference to a rotating      optical storage medium.
However, the invention is also applicable to other storage media,
including magnetic tape.                         The invention can be
summarized as follows. The MPEG standard for      compressing audio and
video signals allows video compression with variable bitrate coding.
It yields a profit of approximately 30% as compared with a constant
bitrate. Variable bitrate      compression provides the possibility of
storing complete films on an optical disc. To play      back the bit stream
at a variable bitrate, the playback device comprises a buffer (4). This 



buffer is read by the MPEG decoder (5) and burst-wise filled with new data.
In a possible      embodiment, the bitrate is accommodated in the bit
stream. The playback device comprises      detection means (8) for
detecting the bitrate and reads the buffer at this bitrate. The bit
stream which has been read can be applied to a standard MPEG decoder.
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Claims:            1.                A playback device for playing back a
bit stream of a storage medium (1),      comprising read means (2, 3) for
reading the recorded bit stream at a predetermined bitrate      (f[err])
characterized in that the playback device further comprises:
a buffer (4; 41, 42) for buffering the read bit stream at the predetermined
5 bitrate (f[err]);                  means (5;8) for reading the buffered
bit stream in conformity with      synchronization parameters accommodated
in the bit stream;                  measuring means (6) for measuring the
fullness of the buffer and adapted to 



generate a read signal (R) when a predetermined fullness of the buffer is
reached, 10               the read means (2, 3) being adapted to read a
successive part of the bit stream      in response to the read signal.
2.                A device as claimed in Claim 1, characterized in that the
playback device      comprises detection means (8) for detecting the
bitrate (f[err]) of the stored bit stream from the      synchronization
parameters accommodated therein, and for reading the buffer (41) at the 15
detected bitrate.      3.                A device as claimed in Claim 1 or
2, characterized in that the recorded bit      stream is an MPEG bit
stream.      4.                A device as claimed in Claim 3,
characterized in that the synchronization      parameters are constituted
by the parameter program-mux_rate of the MPEG bit stream. 20  5.
A device as claimed in Claim 3, characterized in that the synchronization
parameters are constituted by the parameter decoding_time_stamp of the MPEG
bit stream.      6.                A method of playing back a bit stream of
a storage medium by means of      read means for reading the recorded bit
stream at a predetermined bitrate, characterized in      that the playback
device is adapted to: 25                     buffer the read bit stream at
the predetermined bitrate;                        read the buffered bit
stream in conformity with synchronization      parameters accommodated in
the bit stream;                        measure the fullness of the buffer
and generate a read signal when a      predetermined fullness of the buffer
is reached,            WO 96/17346
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a successive part of the bit stream being read in response to the read
signal.     7.                A method as claimed in Claim 6, characterized
in that the bitrate of the     stored bit stream is detected from the
synchronization parameters accommodated therein, and 5 in that the buffer
is read at the detected bitrate.     8.               A method as claimed
in Claim 6 or 7,  characterized  in that the recorded     bit stream is an
MPEG bit stream.     9.               A method as claimed in Claim 8,
characterized in that the synchronization     parameters are constituted by
the parameter program_mux_rate of the MPEG bit stream. 10  10.
A method as claimed in Claim 8, characterized in that the synchronization
parameters are constituted by the parameter decoding_time_stamp of the MPEG
bit stream.    


