
VIDEO INFORMATION REPRODUCTION METHOD AND SYSTEM, AND VIDEO
INFORMATION CONTENT FIELD OF THE INVENT/ON [0001]       The present
invention relates to a video information reproduction method and a
video information reproduction system for reproducing encoded data
delivered via a network or encoded data read from storage media. The
present invention also relates to content delivered via networks or
read from storage media. BACKGROUND ART [0002]      A program clock
reference (PCR) included in a transport stream (TS) is generally used
for synchronizing reproductioin of content delivered to a plurality
of reproducing devices without causing underflow or overflow of
buffer memory (see, for example, Patent Document 1). PRIOR ART
REFERENCES PATENT DOCUMENTS 



[0003] Patent document 1: Japanese Patent Application Publication No.
2008-96756 SUMMARY OF THE INVENTION PROBLEM TO BE SOLVED BY THE
INVENTION [0004]      In terrestrial digital broadcasts and other
broadcasts using a TS (Transport Stream), data are transmitted from
the data transmitter at a fixed bit rate, so that if the system clock
of the decoder does not perfectly match the standard 27 MHz, the
buffer memory may be emptied or overflow, making normal reproduction
impossible. An available means of avoiding this problem is to use the
PCR (Program Clock Reference) to correct the system clock of the
decoder  periodically. This enables the system clocks of all
reproducing devices that receive a TS to be adjusted to the same
time, so that when a plurality of reproducing devices are lined up to
create a display, the display devices are all perfectly synchronized.
[0005]      DVD and Blu-ray players, and other devices for
reproducing MPEG data, read the data from storage media in a way that
prevents their decoder buffers from underflowing or overflowing, so
that in general they do not require time correction of their system
clocks, using PCR. For this reason, when data that have been read
from storage media are sent to a plurality of reproducing devices and
displayed on the plurality of reproducing devices, for example,
system clock differences may cause the displays to lose
synchronization after a few hours. 



[0006]      The same thing may also happen in reproduction by network
delivery. Data delivered via networks are not transmitted at a fixed
bit rate as in broadcasting, so that the reproducing devices
generally perform reproduction from large buffer memories, and as
with DVD or the like, system clock correction by use of PCR is
impossible. During prolonged reproduction, therefore, different
display devices may lose synchronization. [0007]      In signage
applications, for example, multicast content must be reproduced in
synchronization at all reproducing devices, but as described above,
when data are read from storage media or delivered via a network, PCR
cannot be used, so that during prolonged reproduction by a plurality
of display devices, the problem of gradual loss of display
synchronization occurs. [0008]        The present invention addresses
the above problem with the object of enabling a plurality of video
information reproducing devices that reproduce data read from storage
media or receive and reproduce data delivered via a network to
synchronize their reproduction even under conditions in which system
clock correction by use of PCR is not possible. MEANS FOR SOLVING THE
PROBLEM [0009]       The inventive video information reproduction
method is a video information reproduction method for receiving
content formed by a sequence including at least intra-frame encoded
image information and inter-frame forward prediction encoded image
information, and including time stamp information, from a content
server connected by a network or from storage media, at a plurality
of video information reproducing devices and decoding and reproducing
the content at the video information reproducing devices; the video
information reproduction method comprises:      a detection step for
selecting a video information reproducing device from among the
plurality of video information reproducing devices as a reproduction
time reference and detecting a reproduction time difference between
each of the video information reproducing devices and the reference
video information reproducing device; and 



an adjustment step for adjusting a number of frames to be reproduced,
when lagging the reference video information reproducing device, by
subtracting a number of frames of encoded content to be reproduced
from a number of frames to be reproduced by the reference video
information reproducing device according to the lag time, and when
leading the reference video information reproducing device, by adding
a number of frames of encoded content to be reproduced to the number
of frames to be reproduced by the reference video information
reproducing device according to the lead time.  EFFECTS OF THE
INVENTION (0010]       In the reproduction of streamed data or data
read from storage media, the effect of the present invention is that
reproduction time can be synchronized among a plurality of video
information reproducing devices with a high degree of accuracy, since
the total number of frames of content data to be reproduced can be
individually set in each reproducing device. BRIEF DESCRIPTION OF THE
DRAWINGS [0011]       FIG. 1 is a block diagram schematically showing
an example of the structure of a video information reproducing device
used for implementation of a video information reproducing method
according to a first embodiment of the invention.       FIG. 2 is a
diagram conceptually illustrating the overall structure of a video
information reproducing system including the video information
reproducing device according to the first embodiment and a content
server connected to the video information reproducing device via a
network.       FIG. 3 is a diagram showing exemplary transitions of
the remaining amount in the buffer memory of the video information
reproducing device in FIG. 1. 



FIG. 4 is a diagram showing an example of the packet structure of a
general TS stream.       FIG. 5 is a diagram showing exemplary
transitions of the remaining amount in the buffer memory of the
reproducing device with the most advanced reproduction time and the
reproducing device with the most delayed reproduction time in the
video information reproducing system in FIG. 2.      FIG. 6 is a
diagram showing an example of the PES packet structure of MPEG data
according to the first embodiment of the invention.       FIG. 7 is a
diagram showing an example of the packet structure of a TS stream
according to the first embodiment.       FIG. 8 is a diagram showing
an example of the syntax of the synchronization adjustment packet in
FIG. 7.       FIG. 9 is a flowchart illustrating the video
information reproducing method according to the first embodiment of
the invention. FIG. 10 is a flowchart showing details of step ST7 in
FIG. 9.       FIG. 11 is a diagram illustrating the reproduction of
different numbers of additional frames at each reproducing device for
synchronization adjustment in the first embodiment of the invention. 



FIG. 12 is a diagram showing an example of the relationship between
the decoding sequence and display sequence of ordinary MPEG-2 data.
FIG. 13 is a diagram showing an example of the relationship between
the decoding sequence and display sequence of the frames added for
synchronization adjustment according to the first embodiment.
FIG. 14 is a flowchart illustrating a video information reproducing
method according to a second embodiment of the invention. MODE FOR
CARRYING OUT THE INVENTION [0012] First Embodiment       FIG. 1 is a
block diagram schematically showing an example of the structure of a
video information reproducing device used to implement the video
information reproducing method according to the first embodiment of
the present invention. The video information reproducing device shown
is a device for reproducing content data distributed via a network
from a content server. [0013]        FIG. 2 is an overall block
diagram conceptually illustrating a video information reproducing
system including the video information reproducing device in FIG. 1
and a content server. Data are distributed from the content server 41
to each reproducing device 42 via a network 43 configured as, for
example, an Ethernet (registered trademark). The description that
follows assumes that data are distributed on the network 43 by
broadcast distribution using UDP (User Datagram Protocol). [0014] 



The reproducing devices 42 shown in FIG. 2 are configured as shown,
for example, in FIG. 1.      The video information reproducing device
shown in FIG. 1 has a reproducing section 10 as a means for
reproducing data delivered from the content server 41 and a CPU 21 as
a reproduction control means for executing control of the device as a
whole. The reproducing section 10 includes a data receiving unit 11
for receiving data distributed from the content server 41, a buffer
memory 12 for temporarily storing the data received by the data
receiving unit 11, a demultiplexer 13 for separating data read from
the buffer memory 12 into audio and video information, a video
decoder 14 for decoding the video information, and an audio decoder
15 for decoding the audio information. The video signal output from
the video decoder 14 is sent to an external display device 31, by
which a video picture is displayed. The audio signal output from the
audio decoder 15 is sent to an audio output device (not shown) for
output of sound. [0015]      In this embodiment, it is assumed that
data are delivered to the data receiving unit 11 in a TS (Transport
Stream). In this case, the video information and audio information
are divided into PES (Packetized Elementary Stream) packets, and then
further divided into TS packets,  the video information and audio
information being delivered in a multiplexed state. [0016]       In
the PES packets, PES header information is added to an ES (Elementary
Stream) that has been encoded according to MPEG-2, H.264, or the
like. PES packets are packetized in units of reproduction time
control; in the video information, for example, one image frame
(picture) becomes one PES packet. The header information of a PES
packet includes a time stamp such as, for example, a PTS
(Presentation Time Stamp) that provides reproduction time
information. 



[0017]      A TS packet has a fixed length (188 bytes). A PID (Packet
ID) unique to the data type is added to the header portion of each TS
packet. The PID makes it possible to distinguish between video
information, audio information, and system information (such as
reproduction control information). The demultiplexer 13 reads the
PID, thereby distinguishes between video information and audio
information, and assigns the data to the corresponding decoder.
(0018]      Although this embodiment is described on the assumption
of data divided into 18B-byte TS packets, other (non-TS) data formats
that enable video information to be distinguished from audio
information may be used. When no audio information is provided and
only video information data are delivered, the data may be delivered
directly in a PES (Packetized Elementary Stream) without being
divided into TS packets. In this case, the demultiplexer 13 and the
audio decoder 15 in the reproducing section 10 are unnecessary.
[0019] In the video information reproducing device in this
embodiment, the CPU 21 functions as a received data control means for
constantly monitoring the capacity of the buffer memory 12, thereby
controlling the buffer memory 12 to keep it from underf lowing or
overflowing. [0020]       FIG. 3 is a diagram illustrating
transitions in the capacity of the buffer memory 12. The CPU 21
constantly monitors the capacity of the buffer memory 12 and keeps
the content server 41 notified of the remaining capacity of the
buffer memory 12. 



When the reproducing device performs reproduction in a state in which
the content server 41 is not transmitting data and as a result the
amount of data remaining in the buffer memory 12 diminishes to a
lower limit (a first prescribed threshold value) SR1, the content
server 41 starts (resumes) data transmission to the reproducing
device 42; when the amount remaining in the buffer memory 12 reaches
an upper limit (a second prescribed threshold value) SR2, the content
server 41 stops transmitting data to the reproducing device 42.
When the remaining space in the buffer memory 12 again falls to the
lower limit 12, the content server 41 resumes data transmission.
By repetition of the above operations, data transmission is
controlled so that the amount of data remaining in the buffer memory
12 is kept between the upper limit 8R2 and the lower limit SR1.
[0021]       The CPU 21 monitors the reproduction time of the video
decoder 14 in the same reproducing device 42, notifies the content
server 41 of the time, and also operates as a means of providing
control by increasing or decreasing the size of the data transferred
from the content server 41 to the buffer memory 12 according to the
time skew of the video  decoder 14 in the same reproducing device 42
with respect to a reference reproduction time received from the
content server 41. [0022]      The content server 41 notifies each
reproducing device 42 of the length of its skew from the reproduction
time of the standard reproducing device 42. The CPU 21 performs data
control such that when the reproduction time of the reproducing
device 42 leads the reproduction time of the standard reproducing
device 42, a larger amount of the data received at the data receiving
unit 11 is stored in the buffer memory 12, and when the reproduction
time lags the reproduction time of the standard reproducing device
42, a smaller amount of data is stored in the buffer memory 12. A
detailed description of the control of the amount of data stored in
the buffer memory 12 will be given later. [0023] 



FIG. 4 is a diagram illustrating the structure of the TS data
delivered from the content server 41. The audio and video information
in the TS data are divided into 188-byte packets (TS packets), and
video packets in which image data are stored, audio packets in which
sound data are stored, and PSI/SI packets in which PAT, PMT, and
other system information are stored are multiplexed to prevent audio
or video reproduction from being interrupted. [0024]      Next, the
sequence up to reproduction of the content delivered from the content
server 41 will be described. When a request for start of reproduction
(a request for data transmission for reproduction) is output from the
user to the content server 41, the content server 41 starts broadcast
transmission of the TS data to each reproducing device 42. (The
request for start of reproduction may be performed by sending a
signal from one of the reproducing  devices or may be given by
separate control equipment (not shown).) (0025]       Each
reproducing device 42 receives the distributed TS data with its data
receiving unit 11 and starts storing the data in the buffer memory
12. At this time, the content server 41 arbitrarily selects a
representative device among all the reproducing devices 42, and
constantly monitors the amount of data remaining in the buffer memory
12 of the representative reproducing device 42. When the content
server 41 detects that the amount remaining in the buffer memory 12
has exceeded a third prescribed threshold value (initial reproduction
starting value) SR3 that is greater than the lower limit value SR1
and smaller than the upper limit value 5R2 in FIG. 3, it commands all
the reproducing devices 42 to start reproduction (starting display
and output at the reproducing devices). [00261       When the
reproduction command is issued from the content server 41, in each
reproducing device 42, the packets of TS data in the buffer memory 12
are sent to the demultiplexer 13, where the data are separated into
video information, audio information, and SPI/SI information
according to the PIDs of the corresponding packets. The separated
video information is sent to the video decoder 14, from which a
decoded video signal is output to the external display device 31. The
separated audio information is sent to the audio decoder 15, from
which a decoded audio signal is sent to an audio output device (not
shown) that outputs sound. Even after the reproduction of audio and
video has started, as long as data transmission continues from the
content server 41, the amount remaining in the buffer memory 12
increases with time. However, the rate of increase is slower than
when reproduction is not being performed in the  



reproducing device, so that the slope of the remaining amount curve
decreases after the start of reproduction. [0027]      As described
earlier, the CPU 21 keeps the content server 41 notified of the
amount remaining in the buffer memory 12; when the content server 41
detects that the amount remaining in the buffer memory 12 has reached
the upper limit value SR2, it stops transferring data.      When data
transfer is stopped, the amount remaining in the buffer memory 12 of
each of the reproducing devices 42 gradually decreases as the data
are consumed by the decoders. When the content server 41 detects that
the amount remaining in the buffer memory 12 in the representative
reproducing device 42 has reached the lower limit value SR1, the
content server 41 resumes data distribution. [0028]      By repeating
the above operations, reproduction is continued without interrupting
the picture or sound by causing the buffer memory 12 to underf low or
overflow.      However, in the last part of each item of content,
even when the amount remaining in the buffer memory 12 is detected to
have reached the lower limit value SR1, since there are no more data
to transmit, the remaining amount dwindles further and finally
reaches zero, as indicated by dotted line in FIG. 3. [0029]      The
thresholds SR1, SR2, and SR3 should be set at appropriate values
according to the capacity of the buffer memory 12, the reproduction
bit rate, etc., but values of these thresholds will not be
particularly mentioned since they do not relate directly to this
application. (0030] 



With this procedure, reproduction is started concurrently at all the
reproducing devices 42, but the  oscillation frequencies of the
crystal oscillators in the clock circuits 22, which generate
reference times for the video decoders 14, are not exactly the same:
there are differences among the oscillator frequencies in the
reproducing devices 42. The output time of the decoded video data is
controlled according to the PTS (included in the header information
of the PES packets) in the video information based on the reference
times. Specifically, each PES Image is reproduced and output at a
time (a relative time from the start of reproduction of the content)
designated by the PTS included in the header information of the PES,
while decoding and time adjustment (delay) are performed, by
detecting that the time (the time relative to the time of
reproduction of the top of the content) designated by the PTS
included in the header information of the PES has been reached, by
comparison with the result of counting clock pulses generated by the
crystal oscillator in the reproducing device 42. The reproduction
time skew mentioned above means the difference between the time at
which reproduction of a PES packet including a PTS is timed by the
clock circuit 22 in one reproducing device and the time at which the
reproduction of a PES packet including the same PTS is timed by the
clock circuit 22 in another reproducing device. [0031]      Because
of the above configuration, over time, the reproduction times of the
reproducing devices 42 come to differ due to frequency error in their
crystal oscillators. For example, given that the accuracy of the
crystal oscillators is 20 ppm, there is a difference of 40 ppm
between a reproducing device 42 with the fastest display and a
reproducing device 42 with the slowest display, and if reproduction
takes place continuously for twenty-four hours, a time skew of about
three seconds can occur.  [0032]       In addition, since the content
server 41 controls data distribution by taking one of all the
reproducing devices 42, as a representative device, and monitoring
the data 



remaining in the buffer memory 12 in the representative device, if
the reproducing device 42 with the largest error is taken as the
representative device, the likelihood of occurrence of underf low and
overflow in the buffer memories 12 of the other reproducing devices
42 becomes high. [0033]       FIG. 5 is a diagram showing the
transitions of the amounts remaining in the buffer memory of the
reproducing device (F) with the time that runs the fastest and the
reproducing device (S) with the time that runs the slowest when the
reproducing device 42 with the time that runs the fastest is selected
as the representative device. The content server 41 resumes data
distribution when the amount remaining in the fastest reproducing
device (F) reaches the lower limit value SR1 at time Tl; at this
time, the slowest reproducing device (S) has more remaining data.
[0034]      For example, with a video encoding bit rate of 10 Mbps,
because of the above time skew, 3.5 Mbits more data remain in
reproducing device (S) than in reproducing device (F).       If the
capacity of the buffer memory 12 is 10 Mbits, the lower limit value
SR1 is 3 Mbits, and the upper limit value SR2 is 6 Mbits, then when
the mount remaining in reproducing device (F) is 6 Mbits, the amount
remaining in reproducing device (S) is 9.5 Mbits, which approaches
the limit capacity of the buffer memory, so that if reproduction
(data transmission therefor) continues further, data to be reproduced
will be discarded when the capacity of the buffer memory 12 of
reproducing device (S) is exceeded, and accordingly a video picture
with some frames missing will be  displayed. [0035]      As described
above, there has been the problem that because of differences in the
frequencies of the crystal oscillators, prolonged continuation of
reproduction causes loss of synchronization of the displays of the
different video information display devices, leading in the worst
case to overflow or underf low of the buffer memories and
interruption or suspension of reproduction. 



[0036]      FIG. 6 is a diagram showing an exemplary improved PES
packet sequence of video information for implementing the video
information reproducing method according to the first embodiment of
the invention.      Among the PES packets, those with reference
character 'I' include I-pictures, those with reference character IP'
include P-pictures, and those with reference character IB' include
B-pictures. The subscripts 11', '2', '3', etc. attached to the
reference characters II', '2', '3' are used to distinguish individual
I-, 2-, and B-pictures and also indicate the order of reproduction.
[0037]      An I-picture is image information that has been encoded
intra-frame (intra-frame encoded image information) and can be
decoded independently. A P-picture is image information (inter-frame
forward prediction encoded image information) that has been encoded
by forward motion-compensating prediction with reference to a
preceding picture (an I-picture or another P-picture); a B-picture is
image information (inter-frame bidirectional prediction encoded
image) that has been encoded by bidirectional motion-compensating
prediction with reference to preceding and following pictures
(I-pictures, P-pictures, or other B-pictures).  (0038]       Here, if
the reproduction time of the TS data is 60 seconds and the frame rate
is 30 fps, there are 1800 (60 x 30 = 1800) PES packets of TS data in
total, but in this embodiment, PES packets for a further ten frames
are added for reproduction synchronization adjustment to the main
part consisting of the above 1800 PES packets (the part included in
the TS data even when the inventive synchronization adjustment is not
performed), making a total of 1810 PES packets. The video images of
the ten added frames are encoded to display the same video image as
the video image in the final frame in the 60 seconds repetitively.
The (group of) synchronization adjustment frames in the example shown
include I-picture data for one frame consisting of the same video
data as the video data of the last frame and P-picture data for nine
frames that continuously display the same video image. [0039] 



Such added synchronization adjustment frames may be held in a
pre-authored form in the content server 41 or may be added on the
content server 41 at the time of delivery by use of MPEG dummy
pictures. [0040]       The first PES packet among the additional PES
packets is an I-picture (for H.264, an IDR picture, which is also
intra-frame encoded image information), and the subsequent EES
packets include P-pictures or I-pictures (or IDR pictures) but not
B-pictures. Because no B-pictures are included, the display sequence
of the pictures for the ten added synchronization adjustment frames
matches their data sequence. In, for example, the leading portion of
the TS data in FIG. 6, however, the PES packet sequence is 'Ii',
1P1', 'B1' and 1B2', but the actual display sequence is 1131', 'B2'
and 'Pi', so that the display sequence differs  from the data
sequence. [0041]       FIG. 7 is a diagram showing the improved TS
data packet sequence for implementing the video information
reproducing method according to the embodiment. The difference from
the TS data in FIG. 4 is the multiplexing of an adjustment
information packet in which adjustment packet information indicating
how many packets there are from the head of the TS data to the first
TS packet among the PES packets of the ten additional frames. [0042]
FIG. 8 is a diagram illustrating the syntax of the synchronization
adjustment packet. The 'num_of_PES' parameter indicates the total
number of PES packets (frames) added to the main data and available
for synchronization adjustment. The following loop is repeated the
number of times indicated by 'num of_PES'. If there are ten frames,
'num_of_PES' = 10.    'PTS _ for_ adjust(i)' indicates the PTS value
at the head of each PES packet available for synchronization
adjustment. 1SPN for adjust(i)' is a value indicating how many 



_ _ packets there are from the start of the TS data to the TS packet
that includes the PES packet header with the value indicted by
'PTS_for_adjust(i)'.      Although the adjustment packet information
is sent to the reproducing device 42 multiplexed with the TS packets
in this embodiment, it need not necessarily be multiplexed with the
TS packets; the adjustment packet information may be sent to the
reproducing device 42 in an independent command. [0043]       In the
content server 41 there are a plurality of TS data streams structured
as in FIG. 7, which are delivered continuously to the reproducing
devices 42. When a reproduction command is output from the user to
the content   server 41, the content server 41 starts delivering the
TS data in a pre-instructed order.       In normal reproduction, from
the adjustment information packet data included in the TS data, the
CPU 21 anticipates the arrival of the TS packets including the PES
packets of the additional ten frames and discards the TS packets from
SPN_for_adjust(0) onward without storing them in the buffer memory
12. [0044]       FIG. 9 is a flowchart illustrating a processing
sequence for synchronizing reproduction among the 



reproducing devices 42. Steps 5T5 and ST6 indicate processing in the
content server 41; the other steps indicate processing in the
reproducing device 42. [0045]       During normal reproduction, when
the reproduction of the main content is completed, the ten frames
added as described above are not displayed (STI). As described above,
the crystal oscillator frequency accuracy is about 20 ppm, at which
level loss of synchronization is not visible after only several
minutes of reproduction. About once every several tens of minutes,
i.e., whenever a prescribed time has elapsed (ST2), a check of the
current reproduction time of each reproducing device 42 is made from
the content server 41 (ST3). [0046]      In response to the check of
the reproduction time from the content server 41, each reproducing
device 42 notifies the content server 41 of its current reproduction
time (3T4). [0047)      The content server 41 collates the reported
time data and decides whether a synchronization adjustment of the
reproduction times is necessary or not (ST5). For that purpose, it
determines whether the difference between the  most advanced
reproduction time and the least advanced reproduction time is equal
to or greater than a prescribed value: for example, equal to or
greater than one frame.       If the reproduction time difference is
equal to or greater than one frame and an adjustment is determined to
be necessary, a reproducing device 42 with an average reproduction
time is used as a reference reproducing device 42 and its
reproduction time is sent to all the other reproducing devices 42 as
a reference time (ST6). 



Each reproducing device 42 that receives the reference time
recognizes, from the difference between the reproduction time it
reported earlier and the reference time sent from the content server
41, whether its reproduction is running ahead of or behind the
reference reproducing device 42 and adjusts its reproduction time
(3T7). [0048]      The reproducing device 42 determines whether or
not the difference from the reference reproduction time sent by the
content server 41 is equal to or less than one frame; if the
reproduction time difference is within one frame, it reproduces the
first five frames of the ten frames added for synchronization
adjustment, and the CPU 21 discards the data from SPN for adjust(5)
onward. Therefore, the total _ reproduction time of the TS data
currently being reproduced corresponds to the main data plus five
frames, and the last frame of the main data is displayed repeatedly
for the last six frames. After the first five added frames have been
reproduced, reproduction continues with the TS data of the next
content. (0049]      FIG. 10 is a diagram illustrating details of the
adjustment sequence in step ST7 in FIG. 9. First, whether or not
reproduction lags the reproduction time (reference time) of the
reference reproducing device 42 by one frame or more  



Is determined (8T8).       A reproducing device 42 that determines
that it lags the reference time by one frame or more then calculates
the lag time from the reference time and its own reproduction time,
calculates the number of frames corresponding to the lag time, and
subtracts the number of frames corresponding to the lag time from
five frames, thereby calculating the amount of data to store in the
buffer memory 12. For example, if the lag time is 60 msec
(corresponding to two frames), only the first three of the ten frames
added at the end of the TS data are stored in the buffer memory 12,
and the data from SPN for adjust(3) onward are discarded (ST9). _ _
As a result, the total reproduction time of the TS data currently
being reproduced corresponds to the main data plus three frames, and
the last frame of the main data is displayed repeatedly during the
last four frames. After the first three added frames are reproduced,
reproduction continues with the TS data of the next content. [0050]
In step ST10, whether or not the reproduction time leads the
reproduction time of the reference reproducing device 42 by one frame
or more is determined. A reproducing device 42 that determines that
it leads the reference time by one frame or more then calculates the
lead time from the reference time and its own reproduction time,
calculates the number of frames corresponding to the lead time, and
adds the number of frames corresponding to the lead time to five
frames, thereby calculating the amount of data to store in the buffer
memory 12 (ST11). For example, if the lead time is 90 msec
(corresponding to three frames), only the first eight of the ten
frames added at the end of the TS data are stored in the buffer
memory 12, and the data from SPN for adjust(8) onward are discarded.
Accordingly, the _ _ total reproduction time of the TS data currently
being  



reproduced corresponds to the main data plus eight frames, and the
last frame of the main data is displayed repeatedly during the last
nine frames. After the first eight added frames are reproduced,
reproduction continues with the TS data of the next content. [0051]
In step ST10, if the reproducing device 42 determines that the lead
time is within one frame, it reproduces the first five frames in the
ten frames added to the end of the TS data and discards the data from
SPN_for_adjust(5) onward (ST12). Accordingly, the total reproduction
time of the TS data currently being reproduced corresponds to the
main data plus five frames and the last frame of the main data is
displayed repeatedly for the last six frames. After the first five
added frames are reproduced, reproduction continues with the TS data
of the next content. [0052]       In the above example, the total
reproduction time for the content currently being reproduced by the
reproducing device 42 that lags the reference time is two frames
shorter than that of the reference reproducing device 42; the total
reproduction time for the content currently being reproduced by the
reproducing device 42 that leads the reference time is two frames
more than that of the reference reproducing device 42. [0053]
FIG. 11 is a diagram illustrating transitions in reproduction time of
the reproducing devices 42 around a switch in content. When
reproduction is performed according to the above sequence, the
reproducing device 42 that lags the reference time makes the total
reproduction time of the TS data it is currently reproducing shorter
than the reference reproducing device 42 by the length of the lag,
while the reproducing device 42 that leads the reference  time makes
the total reproduction time of TS data it is currently reproducing
longer than the reference reproducing device 42 by the length of the
lag, whereby the starting timings of the reproduction the TS data of
the next content can be aligned to within a difference of one frame
or less. [0054] 



In order to make the reproduction time of TS data adjustable with
high precision at each reproducing device 42 as above, some
constraints are necessary on the added adjustment TS data. FIG. 12 is
a diagram illustrating a typical sequence of MPEG frames. In this
case, data are delivered in the sequence'Pl",1B2',... from the
content server 41, but the display sequence is'B11, 182',If the added
data were to be arranged as in FIG. 12, to reproduce up to 'B1', the
data of four frames 'II', 'Pa', 'By', and '132' would have to be
input to the buffer memory 12. The video decoder 14 would reproduce
the four frames of'81', 'B2', and 'Plr, exceeding the intended number
of displayed frames by two frames. [0055] The four frames of1B1',
'82', and 'Pl' would similarly be reproduced when display up to '132'
was intended or when display up to 'Par was intended. Thus if the
encoding is carried out so as to include B frames, an error of up to
two frames occurs in the case shown in FIG. 12, resulting in lowered
synchronization accuracy. (0056] 



FIG. 13 shows a frame sequence designed for synchronization with
one-frame precision. Unlike FIG. 12, encoding is performed without
using B frames. This encoding provides a match between the frame
sequence and reproduction sequence. Accordingly, to reproduce only
three frames, the data of the three frames 'Ili, 1P11, and 1P2' can
be stored in the buffer memory and the subsequent frames can be
discarded. Synchronization adjustment with frame precision is thus
possible by not using B frames. Encoding without using B frames
lowers the encoding efficiency, however, so that to obtain the same
image quality as obtained by use of B frames, the data size must
increase. In order to avoid this, it is preferable to encode the main
part by using B frames and encode the adjustment frames without using
B frames, but encoding the main data and adjustment frames with
mutually different rules is also problematic in that the encoding
becomes more complicated. Therefore, the adjustment frames are
preferably encoded without using B frames in a system requiring
precise synchronization, and are preferably encoded by use of B
frames when high synchronization precision is not required. [0057]
As described above, by using TS data with reproduction time
synchronization adjustment frames added at the end to adjust the
amount of TS data added for synchronization adjustment that is stored
in the buffer memory based on the information about reproduction time
difference relative to the reproduction time of the reference
reproducing device 42, it becomes possible to synchronize
reproduction with high precision among the display devices. [0058]
In the description of this embodiment, the reproduction time of the
reproducing device 42 with the value closest to the mean value of the
reproduction times of all the reproducing devices 42 is set as the
reference time, but it need not be the closest to the mean value;
instead, it may be the median value, for example, or exactly the same
effect may be obtained by setting the reproducing device 42 with the
most advanced reproduction time as the reference, having the
reproducing device 42 with the most advanced reproduction time
reproduce all ten added frames, and having  the other reproducing
devices 42 reproduce numbers of additional frames reduced from ten
frames according to the size of the deviation from the reference
reproduction time. Similarly, exactly the same effect is also
obtainable by setting the reproducing device 42 with the most delayed
reproduction time as the reference, having the reproducing device 42
with the most delayed reproduction time reproduce no added frames,
and having the other reproducing devices 42 reproduce numbers of
frames that increase according to the size of the deviation from the
reference reproduction time. 



[0059]      The present invention is applicable to, for example,
display devices that perform displays on multiple screens in
automobiles, trains, buildings, or the like, producing the effect of
enabling the reproduction times of a plurality of display devices to
be synchronized with high precision. [0060] Second Embodiment
The adjustment method described in the first embodiment is for a case
in which the variation in reproduction time among the reproducing
devices 42 stays within the range of the number of frames provided
for adjustment. However, there are cases in which reproduction
becomes greatly out of synchronization because the CPU 21 in a
reproducing device 42 experiences a sudden load, or the reproducing
device 42 experiences electrical noise and is reset, and data
delivery from the content server 41 starts before preparations for
reproduction can be made. In these cases, the time skew becomes as
long as several seconds, so that synchronization by the adjustment
method in the first embodiment might take several tens of minutes to
several hours to achieve. [0061]      FIG. 14 illustrates an improved
sequence for performing adjustments in a short time in such cases,
when there is  substantial reproduction time skew. Steps ST18 and
ST19 in FIG. 14 illustrate processing performed in the content server
41; the other steps illustrate processing in the reproducing devices
42. 



First, whether or not the amount of deviation from the reproduction
time of the reference reproducing device 42 is within the
synchronizable range (within the range adjustable by the method
described in the first embodiment) is determined (ST13). [0062]
If the deviation is determined to be within the synchronizable range,
the process proceeds to step ST14, in which the regular adjustment
(the adjustment described with reference to FIG. 10) is performed.
Details of the adjustment in step ST14 will be omitted since they
were given in the first embodiment.       If the amount of
reproduction time deviation is determined to be outside the
synchronizable range, the reproduction currently being performed is
suspended and all data stored in the buffer memory 12 are cleared
(ST15). [0063]       A reproducing device 42 in which reproduction is
suspended waits for the completion of the delivery of the TS data of
the content currently being reproduced and the arrival of the first
TS packet of the next content (ST16). Upon detection of the first TS
packet of the next content, the CPU 21 starts storing the data in the
buffer memory 12 (ST17). [0064]       Next, the content server 4].
commands the reference reproducing device 42 to notify the content
server 41 when it starts reproduction of the first frame of the next
content; when notified from the reference reproducing device 42 that
reproduction of the next content has started (ST18),  the content
server 41 issues a reproduction start command to the reproducing
device 42 in which reproduction was suspended (ST19), and the
reproduction of content is resumed in the reproducing device 42 in
which reproduction was suspended. 



[0065]       There are delays in having the content server 41
notified of the start of reproduction from the reference reproducing
device 42 and delays until the reproducing device 42 in which the
reproduction was suspended receives the reproduction start command
from the content server 41, including network delays and delays due
to software processing time, and there is a delay from the issuing of
the reproduction command to the video decoder 14 until the first
frame is displayed, so that at this point in time, the reproduction
time of the reproducing device 42 in which reproduction was suspended
is in a state that lags the other reproducing devices 42 by several
frames. This lag, however, is within the range adjustable by the
regular synchronization adjustment sequence, so that synchronization
can be achieved in the next adjustment sequence. [0066]      As
described above, a reproducing device 42 with a badly skewed
reproduction time can be brought into synchronization at the
adjustment of the next content by suspending reproduction and then
resuming reproduction at the timing at which the reference
reproducing device 42 starts reproduction of the first frame of the
next content. [0067]      The present invention is applicable to, for
example, display devices that perform displays on multiple screens in
automobiles, trains, buildings, or the like, producing the effect of
enabling the reproduction times of a plurality of display devices to
be synchronized in a short time.  REFERENCE CHARACTERS [0068] 



10 reproducing section, 11 data receiving unit, 12 buffer memory, 13
demultiplexer, 14 video decoder, 15 audio decoder, 21 CPU
(discrimination means, reproduction control means), 31 external
display device, 41 content server, 42 reproducing device, 43 network.
WHAT IS CLAIMED IS:  1. A video information reproduction method for
receiving content formed by a sequence including at least intra-frame
encoded image information and inter-frame forward prediction encoded
image information, and including time stamp information, from a
content server connected by a network or from storage media, at a
plurality of video information reproducing devices and decoding and
reproducing the content at the video information reproducing devices,
the video information reproduction method comprising:       a
detection step for selecting a video information reproducing device
from among the plurality of video information reproducing devices as
a reproduction time reference and detecting a reproduction time
difference between each of the video information reproducing devices
and the reference video information reproducing device; and       an
adjustment step for adjusting a number of frames to be reproduced,
when lagging the reference video information reproducing device, by
subtracting a number of frames of encoded content to be reproduced
from a number of frames to be reproduced by the reference video
information reproducing device according to the lag time, and when
leading the reference video information reproducing device, by adding
a number of frames of encoded content to be reproduced to the number
of frames to be reproduced by the reference video information
reproducing device according to the lead time.  2. The video
information reproduction method of claim I wherein, in the step for
detecting the reproduction time difference between each of the video
information reproducing devices and the reference video information
reproducing device, the content server collates reproduction times
reported from each of the video information reproducing  devices and
selects a video information reproducing device with a reproduction
time closest to an average value to be the reference.  3. The video
information reproduction method of claim I wherein, in the step for
detecting the reproduction time difference between each of the video
information reproducing devices and the reference video information
reproducing device, the content server collates reproduction times
reported from each of the video information reproducing devices and
selects a video information reproducing device with the most delayed
reproduction time to be the reference. 



4. The video information reproduction method of claim I wherein, in
the step for detecting the reproduction time difference between each
of the video information reproducing devices and the reference video
information reproducing device, the content server collates
reproduction times reported from each of the video information
reproducing devices and selects a video information reproducing
device with the most advanced reproduction time to be the reference.
5. The video information reproduction method of claim 1, further
comprising:      a decision step for deciding whether the
reproduction time difference detected in the detection step is within
a. range synchronizable by the adjustment made in the adjustment
step;      a discarding step for, when the difference is decided in
the decision step not to be within the synchronizable range,
suspending reproduction of the content currently being reproduced and
discarding the data of the content stored in a buffer memory; a
storage step for, in the video information  reproducing device in
which the reproduction is suspended, beginning when the next content
is received, storing the data of the content in the buffer memory;
and       a start control step for, when the video information
reproducing device in which the reproduction is suspended is notified
by the content server of a timing at which the reference video
information reproducing device has started reproduction of the next
content, starting reproduction of the next content on reception of
such notification.  6. The video information reproduction method of
any one of claims 1 to 5, wherein the intra-frame encoded image
information and inter-frame forward encoded image information are
MPEG-2 or H.264 encoded information. 



7. A video information reproduction system for receiving content
formed by a sequence including at least intra-frame encoded image
information and inter-frame forward prediction encoded image
information, and including time stamp information, from a content
server connected by a network or from storage media, at a plurality
of video information reproducing devices and decoding and reproducing
the content at the video information reproducing devices, the video
information reproduction system comprising:       a means for
selecting a video information reproducing device from among the
plurality of video information reproducing devices as a reproduction
time reference and detecting a reproduction time difference between
each of the video information reproducing devices and the reference
video information reproducing device; and       a means for adjusting
a number of frames to be reproduced, when lagging the reference video
information reproducing device, by subtracting a number of frames of
encoded content to be reproduced from a number of frames to  be
reproduced by the reference video information reproducing device
according to the lag time, and when leading the reference video
information reproducing device, by adding a number of frames of
encoded content to be reproduced to the number of frames to be
reproduced by the reference video information reproducing device
according to the lead time.  8. The video information reproduction
system of claim 7 wherein, in the means for detecting the
reproduction time difference between each of the video information
reproducing devices and the reference video information reproducing
device, the content server collates reproduction times reported from
each of the video information reproducing devices and selects a video
information reproducing device with a reproduction time closest to an
average value to be the reference.  9. The video information
reproduction system of claim 7 wherein, in the means for detecting
the reproduction time difference between each of the video
information reproducing devices and the reference video information
reproducing device, the content server collates reproduction times
reported from each of the video information reproducing devices and
selects a video information reproducing device with the most delayed
reproduction time to be the reference.  10. The video information
reproduction system of claim 7 wherein, in the means for detecting
the reproduction time difference between each of the video
information reproducing devices and the reference video information
reproducing device, the content server collates reproduction times
reported from each of the video information reproducing devices and
selects a video information reproducing device with the most advanced
reproduction time to be the reference.   11. The video information
reproduction system of claim 7, further comprising: 



a decision means for deciding whether the reproduction time
difference detected in the detection means is within a range
synchronizable by the adjustment made by the adjustment means;
a discarding means for, when the difference is decided by the
decision means not to be within the synchronizable range, suspending
reproduction of the content currently being reproduced and discarding
the data of the content stored in a buffer memory;       a storage
means for, in the video information reproducing device in which the
reproduction is suspended, beginning when the next content is
received, storing the data of the content in the buffer memory; and
a storage means for storing the data of the next content in the
buffer memory, beginning when the next content is received, in the
video information reproducing device in which the reproduction is
suspended; and       a start control means for, when the video
information reproducing device in which the reproduction is suspended
is notified by the content server of a timing at which the reference
video information reproducing device has started reproduction of the
next content, starting reproduction of the next content on reception
of such notification.  12. The video information reproduction system
of any one of claims 7 to 11, wherein the intra-frame encoded image
information and inter-frame forward encoded image information are
MPEG-2 or H.264 encoded information.  13. Video information content
delivered from a content server connected via a network or read from
storage media,  formed by a sequence including at least intra-frame
encoded image information and inter-frame forward prediction encoded
image information and including time stamp information, wherein: 



plural intra-frame encoded image information and inter-frame forward
prediction encoded image information for displaying video of the same
content as in a last frame of main content are added to the last
frame of the main content. 14. The video information content of claim
13, wherein the intra-frame encoded image information and inter-frame
forward encoded image information are MPEG-2 or H.264 encoded
information. 






