
1  DESCRIPTION TRANSMISSION APPARATUS, RECEPTION
APPARATUS, FRAME RATE  CONVERSION SYSTEM, AND FRAME
RATE CONVERSION METHOD 5 Technical Field [0001] The present
invention relates to a frame rate  conversion system, a frame rate
conversion method, and  a transmission apparatus and reception
apparatus used  in the system, for realizing a high frame rate of video  10
data encoded using a motion vector. Background Art [0002] For example,
there is disclosed a technique  of efficiently converting a frame rate when
an  apparatus that decodes an encoded video signal is 15 separate from
and an apparatus that displays the  decoded video signal at a high frame
rate (see, for  example, Patent Document 1) . It should be noted that in
this frame rate conversion system, processing of  converting the frame
rate so as to increase it will be 20 referred to as "high-frame-rating"
hereinbelow. [0003] Patent Document 1 shows an example in which a
reproducing apparatus that decodes an encoded video  signal is applied
to, for example, a DVD player or a  digital broadcast tuner, and an
apparatus that receives 25 it is applied to, for example, a receiver (display
apparatus) that receives television broadcasts. As 2  



shown in Fig. 3 of Patent Document 1, a reproducing  apparatus (1) and a
display apparatus (5) are connected  by a video cable (4). [0004] In the
reproducing apparatus (1), an encoder  5 (3) superimposes reference
control information that is  output from a decoder (2) and includes at least
a  motion vector on a blanking area of a decoded video  signal. In a
reception equipment (5), a decoder (6)  separates the reference control
information from data 10 in the blanking area of the video signal
transmitted  from the reproducing apparatus (1). Frame rate  converters
(7) to (11) perform high-frame-rating of the  video signal by generating an
interpolation frame using  the reference control information. 15 [0005]
Patent Document 1: Japanese Patent  Application Laid-open No.
2007-274679 (paragraph  [0031], Fig. 3) Disclosure of the Invention
Problem to be solved by the Invention 20 [0006] However, an amount of
data that can be  incorporated in the blanking area cannot be said to be
sufficient. For example, when transmitting large-volume  video data, since
an amount of reference control information of that video data also
becomes large, a  25 situation where the reference control information
cannot be incorporated in the blanking area may occur. 3  



[0007] In view of the circumstances as described  above, an object of the
present invention is to provide  a transmission apparatus, a reception
apparatus, a  frame rate conversion system, and a frame rate 5
conversion method that are capable of transmitting  reference control
information even when a data amount  of the reference control information
is large. [0008] Another object of the present invention is to  provide a
transmission apparatus, a reception 10 apparatus, a frame rate
conversion system, and a frame  rate conversion method that are capable
of efficiently  transmitting reference control information. Means for solving
the Problem [0009] For achieving the objects described above,  15
according to the present invention, there is provided a  transmission
apparatus transmitting video data to a reception apparatus, including: a
decode unit to decode  encoded video data encoded by a compression
coding  method that uses a motion vector; and a transmission 20 interface
including a first transmission channel for  transmitting the video data
obtained by the decode to  the reception apparatus and a second
transmission channel for transmitting, to the reception apparatus,  for the
reception apparatus to generate an  25 interpolation frame between
frames of the video data and realize a high frame rate of the video data, 4



reference control information that includes information on the motion
vector and is obtained at a time the  decode unit decodes the encoded
video data.  [0010] For the reception apparatus to realize a high  5 frame
rate of the video data, the transmission apparatus transmits the reference
control information  including the information on the motion vector to the
reception apparatus. The transmission apparatus includes the second
transmission channel for 10 transmitting the reference control information
aside  from the first transmission channel for transmitting  the video data.
Accordingly, the transmission apparatus  can transmit a large amount of
reference control  information. 15 [0011] The second transmission channel
is structured  to be capable of performing one-way communication or
bidirectional communication. When the second  transmission channel is
for bidirectional  communication, either one of a half-duplex 20
communication system and a full-duplex communication  system may be
adopted as a communication system  thereof. In this case, a
communication protocol is  typically the Ethernet (registered trademark),
but  other protocols may be used instead. 25 [0012] The transmission
apparatus further includes a  superimposition unit to superimpose the
reference 5  



control information on a blanking area of the video  data obtained by the
decode, and a control means for  making a switch between processing of
superimposing the  reference control information on the blanking area by
5 the superimposition unit and transmission processing of  the reference
control information from the second  transmission channel. Accordingly,
the transmission  apparatus can superimpose the reference control
information on the video data and transmit the 10 superimposed video
data to the reception apparatus from  the first transmission channel.
[0013] The control means includes a judgment means  for judging whether
a data amount of the reference  control information exceeds an allowable
data amount of 15 the reference control information that can be
superimposed on the blanking area, and means for  switching, when the
data amount of the reference  control information exceeds the allowable
data amount, the superimposition processing by the superimposition  20
unit to the transmission processing of the reference  control information
from the second transmission  channel. Accordingly, the transmission
apparatus can  efficiently transmit the reference control information.
[0014] In the transmission apparatus, the control 25 means includes a
judgment means for judging whether a  congestion is caused in a network
between the second 6  



transmission channel and the reception apparatus, and  means for
switching, when the congestion is caused, the  transmission processing of
the reference control  information from the second transmission channel to
the 5 superimposition processing of the reference control  information by
the superimposition unit. Accordingly,  the reference control information
can be transmitted  efficiently. [0015] The judgment on whether a
congestion is  10 caused only needs to be made based on a packet loss
count or rate, a delay time, and the like.  Alternatively, the judgment on
whether a congestion is  caused may be executed by other well-known
methods.  Moreover, the transmission apparatus may be 15 customizable
such that a definition of a congestion can  be selected or set by a user.
[0016] For example, the reference control  information includes, in addition
to the motion vector,  an identifier that indicates a form of a predictive 20
compensation and an identifier that indicates a display  order of the
decoded video data. [0017] The transmission interface is, for example,  an
HDMI (High Definition Multimedia Interface) . In this  case, the second
transmission channel may correspond to 25 at least one line out of a
reserved line, an HPD (Hot- Plug Detect) line, an SCL (Serial Clock) line,
and an 7  



SDA (Serial Data) line of the HDMI. [0018] When all of the reserved line,
the HPD line,  the SCL line, and the SDA line are used, the full- duplex
communication system using, for example, a twist 5 pair only needs to be
adopted. [0019] When two lines out of the four lines are  used, a twist pair
only needs to be constituted by  those two lines. Alternatively, when two
lines out of  the four lines are used, it is also possible to use one 10 of
them for transmission and the other for reception,  for example. [0020]
Alternatively, it is also possible to  transmit the reference control
information using three  lines out of the four lines. In this case, two lines
15 for transmission (or reception) are used as a twist  pair and one line for
reception (or transmission) is  used as a single wire. [0021] According to
another aspect of the present  invention, there is provided a transmission
apparatus  20 transmitting video data to a reception apparatus, including:
a decode unit to decode encoded video data  encoded by a compression
coding method that uses a  motion vector; a transmission interface
including a  first transmission channel for transmitting the video 25 data
obtained by the decode to the reception apparatus  and a second
transmission channel for transmitting, to 8  



the reception apparatus, for the reception apparatus to  generate an
interpolation frame between frames of the  video data and realize a high
frame rate of the video  data, reference control information that includes 5
information on the motion vector and is obtained at a  time the decode unit
decodes the encoded video data; a  superimposition unit to superimpose
the reference  control information on a blanking area of the video  data
obtained by the decode; a judgment means for 10 judging whether a data
amount of the reference control  information exceeds an allowable data
amount of the  reference control information that can be superimposed  on
the blanking area; and a control means for  switching, when the data
amount of the reference 15 control information exceeds the allowable data
amount,  superimposition processing by the superimposition unit  to
transmission processing of the reference control  information from the
second transmission channel.  According to the present invention, the
transmission 20 apparatus can efficiently transmit reference control
information. [0022] According to the present invention, there is  provided a
reception apparatus receiving video data  transmitted from a transmission
apparatus including a 25 decode unit to decode encoded video data
encoded by a  compression coding method that uses a motion vector and
9  



a transmission interface including a first transmission  channel for
transmitting the video data obtained by the  decode, the reception
apparatus including: a reception  interface including a first reception
channel for 5 receiving the video data and a second reception channel  for
receiving reference control information that  includes information on the
motion vector and is  obtained at a time the decode unit decodes the
encoded video data, the reference control information being  10
transmitted from a second transmission channel of the  transmission
interface; and a frame rate conversion  unit to generate an interpolation
frame between frames  of the received video data using the received
reference  control information to thus realize a high frame rate  15 of the
video data. [0023] According to the present invention, there is  provided a
frame rate conversion system including a  transmission apparatus and a
reception apparatus. The  transmission apparatus includes a decode unit
to decode 20 encoded video data encoded by a compression coding
method that uses a motion vector, and a transmission  interface including
a first transmission channel for  transmitting the video data obtained by
the decode and  a second transmission channel for transmitting 25
reference control information that includes information  on the motion
vector and is obtained at a time the 10  



decode unit decodes the encoded video data. The  reception apparatus
includes a reception interface  including a first reception channel for
receiving the  transmitted video data and a second reception channel 5 for
receiving the transmitted reference control  information, and a frame rate
conversion unit to  generate an interpolation frame between frames of the
received video data using the received reference  control information to
thus realize a high frame rate  10 of the video data. [0024] According to
the present invention, there is  provided a frame rate conversion method
including:  decoding, by a transmission apparatus including a
transmission interface, encoded video data encoded by a 15 compression
coding method that uses a motion vector;  transmitting, by the
transmission apparatus, the video  data obtained by the decode from a
first transmission  channel of the transmission interface; transmitting, by
the transmission apparatus, reference control 20 information that includes
information on the motion  vector and is obtained at a time the decode unit
decodes the encoded video data, from a second  transmission channel of
the transmission interface;  receiving, by a reception apparatus including a
25 reception interface, the transmitted video data using a  first reception
channel of the reception interface; 11  



receiving, by the reception apparatus, the transmitted  reference control
information using a second reception  channel of the reception interface;
and generating, by  the reception apparatus, an interpolation frame
between 5 frames of the received video data using the received  reference
control information to thus realize a high  frame rate of the video data.
Effect of the Invention [0025] As described above, according to the
present  10 invention, reference control information can be  transmitted
even when a data amount of the reference  control information is large,
and the reference control  information can therefore be transmitted
efficiently.  Best Modes for Carrying Out the Invention 15 [0026]
Hereinafter, embodiments of the present  invention will be described with
reference to the  drawings. [0027] Fig. 1 is a diagram showing a structure
of a  general picture transmission system as a reference 20 example of
this embodiment. Hereinafter, "picture"  refers to both a still image and a
moving image while  mainly referring to each frame of a moving image.
"Video" refers to a moving image. However, in  describing embodiments of
the present invention, those 25 two are not clearly differentiated and have
substantially the same meaning. 12  



[0028] In Fig. 1, a receiver 11 for receiving  digital television broadcasts
(hereinafter, referred to  as digital TV), an AV amplifier 12, and a
reproducing  apparatus 151 are installed in a living room on a left 5 hand
side of a user residence in the figure. The  digital TV 11 and AV amplifier
12 and the AV amplifier  12 and reproducing apparatus 151 are connected
by an  HDMI cable 13 and an HDMI cable 15, respectively.  [0029]
Moreover, a hub 16 is installed in the living 10 room, and the digital TV 11
and the reproducing  apparatus 151 are connected to the hub 16 by a
LAN  (Local Area Network) cable 17 and a LAN cable 18,  respectively.
Furthermore, in the figure, a digital TV 19 is installed in a bedroom on a
right-hand side from  15 the living room, and the digital TV 19 is
connected to  the hub 16 via a LAN cable 20. [0030] In a case where a
content recorded in the  reproducing apparatus 151 is reproduced and a
picture  is displayed on the digital TV 11, for example, the 20 reproducing
apparatus 151 decodes pixel data and audio  data for reproducing the
content and supplies the  resultant uncompressed pixel data and audio
data to the  digital TV 11 via the HDMI cable 15, the AV amplifier  12, and
the HDMI cable 13. Then, the digital TV 11 25 displays a picture or
outputs an audio based on the  pixel data and audio data supplied from
the reproducing 13  



apparatus 151. [0031] Moreover, in a case where a content recorded  in
the reproducing apparatus 151 is reproduced and a  picture is displayed
on the digital TV 11 and the 5 digital TV 19 at the same time, the
reproducing  apparatus 151 supplies compressed pixel data and audio
data for reproducing the content to the digital TV 11  via the LAN cable 18,
the hub 16, and the LAN cable 17,  and also supplies them to the digital
TV 19 via the LAN  10 cable 18, the hub 16, and the LAN cable 20. [0032]
Then, the digital TV 11 and the digital TV 19  decode the pixel data and
audio data supplied from the  reproducing apparatus 151 and displays a
picture or  outputs an audio based on the resultant uncompressed  15
pixel data and audio data. [0033] Furthermore, in a case where the digital
TV  11 has received pixel data and audio data for  reproducing a
television-broadcasted program, when the  received audio data is, for
example, 5.1 channel 20 surround audio data and the audio data received
by the  digital TV 11 therefore cannot be decoded, the digital  TV 11
converts the audio data into an optical signal  and transmits it to the AV
amplifier 12. [0034] The AV amplifier 12 receives the optical 25 signal
transmitted from the digital TV 11 and performs  a photoelectric
conversion thereon, and decodes the 14  



resultant audio data. Then, the AV amplifier 12  amplifies the decoded
uncompressed audio data as  necessary and reproduces the audio from a
surround  speaker connected to the AV amplifier 12. Accordingly, 5 by
decoding the received pixel data, displaying a  picture based on the
decoded pixel data, and outputting  an audio by the AV amplifier 12 based
on the audio data  supplied to the AV amplifier 12, the digital TV 11
reproduces a 5.1 channel surround program. 10 [0035] Fig. 2 is a diagram
showing a structure of a  picture transmission system according to an
embodiment  to which the present invention is applied. [0036] The picture
transmission system is  constituted of a digital TV 31, an amplifier 32, a
15 reproducing apparatus 33, and a digital TV 34. The digital TV 31 and
amplifier 32 and the amplifier 32 and  reproducing apparatus 33 are
respectively connected by  an HDMI(R) cable 35 and an HDMI(R) cable
36 as  communication cables conforming to an HDMI(R). In 20 addition,
the digital TV 31 and the digital TV 34 are  connected by a LAN cable 37
for a LAN, such as the  Ethernet (registered trademark). [0037] In the
example of Fig. 2, the digital TV 31,  the amplifier 32, and the reproducing
apparatus 33 are  25 installed in a living room on a left-hand side of a user
residence in the figure, and the digital TV 34 is 15  



installed in a bedroom on a right-hand side from the  living room. [0038]
The reproducing apparatus 33 is constituted  of, for example, a DVD
player or a hard disk recorder,  5 and decodes pixel data and audio data
for reproducing a content and supplies the resultant uncompressed pixel
data and audio data to the amplifier 32 via the HDMI(R)  cable 36. [0039]
The amplifier 32 is constituted of, for 10 example, an AV amplifier, and
upon being supplied with  the pixel data and the audio data from the
reproducing  apparatus 33, amplifies the supplied audio data as
necessary. Moreover, the amplifier 32 supplies the  audio data amplified
as necessary and the pixel data 15 that have been supplied from the
reproducing apparatus  33 to the digital TV 31 via the HDMI(R) cable 35.
The  digital TV 31 displays a picture or outputs an audio  based on the
pixel data and the audio data supplied  from the amplifier 32, and thus
reproduces a content. 20 [0040] Furthermore, the digital TV 31 and the
amplifier 32 are capable of performing bidirectional  communication such
as IP communication at high speed  using the HDMI(R) cable 35, and the
amplifier 32 and  the reproducing apparatus 33 are also capable of 25
performing bidirectional communication such as IP  communication at high
speed using the HDMI(R) cable 36. 16  



[0041] Specifically, by performing IP communication  with the amplifier 32,
the reproducing apparatus 33 can  transmit compressed pixel data and
audio data to the  amplifier 32 via the HDMI(R) cable 36 as data 5
conforming to an IP, and the amplifier 32 can receive  the compressed
pixel data and audio data transmitted  from the reproducing apparatus 33.
[0042] Further, by performing IP communication with  the digital TV 31,
the amplifier 32 can transmit 10 compressed pixel data and audio data to
the digital TV  31 via the HDMI(R) cable 35 as data conforming to the  IF,
and the digital TV 31 can receive the compressed  pixel data and audio
data transmitted from the amplifier 32. 15 [0043] Therefore, the digital TV
31 can transmit the  received pixel data and audio data to the digital TV 34
via the LAN cable 37. Moreover, the digital TV 31  decodes the received
pixel data and audio data and,  based on the resultant uncompressed
pixel data and 20 audio data, displays a picture or outputs an audio and
thus reproduces a content. [0044] The digital TV 34 receives and decodes
the  pixel data and the audio data transmitted from the  digital TV 31 via
the LAN cable 37 and, based on the 25 uncompressed pixel data and
audio data obtained by the  decode, displays a picture or outputs an audio
and thus 17  



reproduces a content. Accordingly, in the digital TV 31  and the digital TV
34, the same content or different  contents can be reproduced at the same
time. [0045] Furthermore, in a case where the digital TV  5 31 has
received pixel data and audio data for  reproducing a program as a
television-broadcasted  content, when the received audio data is, for
example,  5.1 channel surround audio data and the audio data  received
by the digital TV 31 therefore cannot be 10 decoded, the digital TV 31
transmits, by performing IP  communication with the amplifier 32, the
received audio  data to the amplifier 32 via the HDMI(R) cable 35.  [0046]
The amplifier 32 receives and decodes the  audio data transmitted from
the digital TV 31 and 15 amplifies the decoded audio data as necessary.
Then,  the 5.1 channel surround audio is reproduced from a  speaker (not
shown) connected to the amplifier 32.  [0047] The digital TV 31 decodes
the received pixel  data as well as transmitting the audio data to the 20
amplifier 32 via the HDMI(R) cable 35, and reproduces a  program by
displaying a picture based on the pixel data  obtained by the decode.
[0048] As described above, since electronic  apparatuses such as the
digital TV 31, the amplifier  25 32, and the reproducing apparatus 33
connected by the HDMI(R) cable 35 and the HDMI(R) cable 36 can
perform 18  



high-speed IP communication using HDMI(R) cables in the  picture
transmission system shown in Fig. 2, a LAN  cable corresponding to the
LAN cable 17 of Fig. 1 is  unnecessary. 5 [0049] Moreover, by connecting
the digital TV 31 and  the digital TV 34 by the LAN cable 37, data received
by  the digital TV 31 from the reproducing apparatus 33 via  the HDMI(R)
cable 36, the amplifier 32, and the HDMI(R)  cable 35 can be additionally
transmitted to the digital 10 TV 34 via the LAN cable 37. Therefore, a LAN
cable and  an electronic apparatus corresponding to the LAN cable  18
and the hub 16 of Fig. 1 are unnecessary. [0050] As shown in Fig. 1, in
the conventional  picture transmission system, different types of cables
15 have been necessary depending on data to be transmitted and
received and a communication system, and wirings of  cables connecting
the electronic apparatuses have been  complex. On the other hand, in the
picture transmission  system shown in Fig. 2, since bidirectional 20
communication such as IP communication can be performed  between the
electronic apparatuses connected by the  HDMI(R) cables at high speed,
it is possible to  simplify connections between the electronic  apparatuses.
In other words, wirings of cables 25 connecting the electronic apparatuses
that have been  complex in the conventional art can be made simpler. 19  



[0051] Next, Fig. 3 shows a structural example of an  HDMI(R) source and
an HDMI(R) sink incorporated in  respective electronic apparatuses
mutually connected by  an HDMI(R) cable, for example, an HDMI(R)
source 5 provided in the amplifier 32 of Fig. 2 and an HDMI(R)  sink
provided in the digital TV 31. [0052) An HDMI(R) source 71 and an
HDMI(R) sink 72  are connected by a single HDMI(R) cable 35, and the
HDMI(R) source 71 and the HDMI(R) sink 72 are capable 10 of
performing high-speed bidirectional IP communication  using the HDMI(R)
cable 35 while maintaining  compatibility with the existing HDMI(R). [0053]
The HDMI(R) source 71 unidirectionally  transmits, to the HDMI(R) sink
72, using a plurality of  15 channels, a differential signal corresponding to
pixel  data of an uncompressed picture of 1 screen in an active video area
as a section obtained by removing a  horizontal flyback section (horizontal
blanking area)  and a vertical flyback section (vertical blanking area) 20
from a section ranging from one vertical  synchronization signal to the next
vertical  synchronization signal, and unidirectionally transmits,  to the
HDMI(R) sink 72, using a plurality of channels,  differential signals
corresponding to at least audio 25 data associated with the picture, control
data, other  auxiliary data, and the like in the horizontal flyback 20  



unit or the vertical flyback unit. [0054] Specifically, the HDMI(R) source 71
includes  a transmitter 81. The transmitter 81 converts the  differential
signals corresponding to the pixel data of 5 the uncompressed picture and
serially transmits them  unidirectionally to the HDMI(R) sink 72 connected
thereto via the HDMI(R) cable 35 using three TMDS  channels #0, #1, and
#2 as the plurality of channels.  [0055] The TMDS channels #0, #1, and #2
provided in 10 the transmitter 81 function as a first transmission  channel.
In addition, the TMDS channels #0, #1, and #2  provided in a receiver 82
function as a first reception  channel. [0056] Further, the transmitter 81
converts the  15 differential signals corresponding to the audio data
associated with the uncompressed picture, necessary  control data, other
auxiliary data, and the like and  serially transmits them unidirectionally to
the HDMI(R)  sink 72 connected thereto via the HDMI(R) cable 35 20
using the three TMDS channels #0, #1, and #2.  [0057] Furthermore, the
transmitter 81 transmits  pixel clocks synchronized with the pixel data
transmitted by the three TMDS channels #0, #1, and #2  to the HDMI(R)
sink 72 connected thereto via the 25 HDMI(R) cable 35 using a TMDS
clock channel. Here, in a  single TMDS channel #i (i = 0, 1, 2), 10 bits of
pixel 21  



data is transmitted during 1 clock of the pixel clocks.  [0058] The HDMI(R)
sink 72 receives the differential  signal corresponding to the pixel data
transmitted  unidirectionally from the HDMI(R) source 71 using a 5
plurality of channels in the active area section, and  receives the
differential signals corresponding to the  audio data and the control data
transmitted  unidirectionally from the HDMI(R) source 71 using the
plurality of channels in the horizontal flyback unit or 10 the vertical flyback
unit. [0059] Specifically, the HDMI(R) sink 72 includes  the receiver 82.
The receiver 82 receives, using the  TMDS channels #0, #1, and #2, the
differential signal  corresponding to the pixel data and the differential 15
signals corresponding to the audio data and control  data, that are
transmitted unidirectionally from the  HDMI(R) source 71 connected
thereto via the HDMI(R)  cable 35, in sync with the pixel clocks similarly
transmitted from the HDMI(R) source 71 using the TMDS  20 clock
channel. [0060] As a transmission channel of an HDMI(R)  system
constituted of the HDMI(R) source 71 and the  HDMI(R) sink 72, there are
also transmission channels  called DDC (Display Data Channel) 83 and
CEC line 84 in 25 addition to the three TMDS channels #0 to #2 as
transmission channels for serially transmitting, in one 22  



direction, the pixel data and audio data in sync with  the pixel clocks from
the HDMI(R) source 71 to the  HDMI(R) sink 72 and the TMDS clock
channel as a  transmission channel for transmitting the pixel clocks. 5
[0061] The DDC 83 is constituted of two signal lines  (not shown) included
in the HDMI(R) cable 35 and used  for the HDMI(R) source 71 to read out
E-EDID (Enhanced  Extended Display Identification Data) from the
HDMI(R)  sink 72 connected thereto via the HDMI(R) cable 35. 10 [0062]
Specifically, in addition to the receiver 82,  the HDMI(R) sink 72 includes
an EDIDROM (EDID ROM (Read  Only Memory) ) 85 that stores the
E-EDID as information  on its own settings and performance. The
HDMI(R) source  71 reads out, from the HDMI(R) sink 72 connected 15
thereto via the HDMI(R) cable 35, E-EDID stored in the  EDIDROM 85 of
the HDMI(R) sink 72 via the DDC 83, and  recognizes, based on the
E-EDID, the settings and  performance of the HDMI(R) sink 72, that is, a
picture  format (profile) that (the electronic apparatus 20 including) the
HDMI(R) sink 72 supports like RGB (Red,  Green, Blue), YCbCr4:4:4, and
YCbCr4:2:2. [0063] It should be noted that although not shown,  similar to
the HDMI(R) sink 72, the HDMI(R) source 71  can store E-EDID and
transmit the E-EDID to the HDMI(R)  25 sink 72 as necessary. [0064] The
CEC line 84 is constituted of a single 23  



signal line (not shown) included in the HDMI(R) cable  35 and used for
performing bidirectional communication  of control data between the
HDMI(R) source 71 and the  HDMI(R) sink 72. 5 [0065] Further, the
HDMI(R) source 71 and the  HDMI(R) sink 72 can perform bidirectional IP
communication by transmitting, for example, a frame  conforming to IEEE
(Institute of Electrical and  Electronics Engineers) 802.3 to the HDMI(R)
sink 72 and 10 the HDMI(R) source 71 via the DDC 83 or the CEC line
84. [0066] Furthermore, the HDMI(R) cable 35 includes a  signal line 86
connected to a pin called Hot Plug  Detect, and the HDMI(R) source 71
and the HDMI(R) sink 15 72 can use the signal line 86 to detect a
connection of  a new electronic apparatus, that is, the HDMI(R) sink  72 or
the HDMI(R) source 71. [0067] Next, Figs. 4 and 5 each show a pin
assignment of a connector (not shown) provided in the  20 HDMI(R)
source 71 or the HDMI(R) sink 72 connected to  the HDMI(R) cable 35.
[0068] It should be noted that in Figs. 4 and 5, a  pin number for specifying
a connector pin is described  on a left-hand column (PIN column), and a
name of a 25 signal allocated to a pin specified by the pin number
described on the left-hand column is described on a 24  



right-hand column on the same row (Signal Assignment  column). [0069]
Fig. 4 shows a pin assignment of a connector  called Type-A of the
HDMI(R). 5 [0070] Two signal lines as differential signal lines  through
which differential signals TMDS Data #I+ and  TMDS Data #i- of a TMDS
channel #i are transmitted are  respectively connected to a pin to which
TMDS Data #i+  is allocated (pins with pin numbers 1, 4, and 7) and a 10
pin to which TMDS Data #i- is allocated (pins with pin  numbers 3, 6, and
9). [0071] Further, the CEC line 84 through which a CEC  signal as control
data is transmitted is connected to a  pin with a pin number 13, and a pin
with a pin number 15 14 is a reserved pin. If bidirectional IP
communication  can be performed using this reserved pin, compatibility
with the existing HDMI(R) can be maintained. In this  regard, so as to
enable differentiation signals to be  transmitted using the CEC line 84 and
a signal line 20 connected to the pin with the pin number 14, the signal
line connected to the pin with the pin number 14 and  the CEC line 84 are
connected as a differential twist  pair and shielded, and grounded to
ground lines of the  CEC line 84 and the DDC 83 that are connected to a
pin  25 with a pin number 17. [0072] In addition, a signal line through
which an 25  



SDA (Serial Data) signal such as E-EDID is transmitted  is connected to a
pin with a pin number 16. A signal  line through which an SCL (Serial
Clock) signal as a  clock signal used in a synchronization at a time of 5
transmitting and receiving the SDA signal is  transmitted is connected to a
pin with a pin number 15.  The DDC 83 of Fig. 3 is constituted of the
signal line  through which the SDA signal is transmitted and the  signal
line through which the SCL signal is 10 transmitted. [0073] Further, like
the CEC line 84 and the signal  line connected to the pin with the pin
number 14, the  signal line through which the SDA signal is transmitted
and the signal line through which the SCL signal is 15 transmitted are
connected as a differential twist pair  and shielded so as to enable the
differential signals  to be transmitted, and grounded to the ground lines
connected to the pin with the pin number 17. [0074] In addition, the signal
line 86 through which  20 a signal for detecting a connection of a new
electronic  apparatus is transmitted is connected to a pin with a  pin
number 19. [0075] Fig. 5 shows a pin assignment of a connector  called
Type-C or Type-mini of the HDMI(R). 25 [0076] Two signal lines as
differential signal lines  through which differential signals TMDS Data #i+
and 26  



TMDS Data #i- of a TMDS channel #i are transmitted are  respectively
connected to a pin to which TMDS Data #i+  is allocated (pins with pin
numbers 2, 5, and 8) and a  pin to which TMDS Data #i- is allocated (pins
with pin  5 numbers 3, 6, and 9). [0077] Further, the CEC line 84 through
which a CEC  signal is transmitted is connected to the pin with the  pin
number 14, and the pin with the pin number 17 is a  reserved pin. As in
the case of Type-A, the signal line 10 connected to the pin with the pin
number 17 and the CEC  line 84 are connected as a differential twist pair
and  shielded, and grounded to ground lines of the CEC line  84 and the
DDC 83 that are connected to the pin with  the pin number 13. 15 [0078]
In addition, the signal line through which an  SDA signal is transmitted is
connected to the pin with  the pin number 16, and the signal line through
which an  SCL signal is transmitted is connected to the pin with  the pin
number 15. As in the case of Type-A, the signal 20 line through which an
SDA signal is transmitted and the  signal line through which an SCL signal
is transmitted  are connected as a differential twist pair and shielded  so
as to enable the differential signals to be transmitted, and grounded to the
ground lines connected  25 to the pin with the pin number 13. Also, the
signal  line 86 through which a signal for detecting a 27  



connection of a new electronic apparatus is transmitted  is connected to
the pin with the pin number 19. [0079] Next, Fig. 6 is a diagram showing a
structure  of the HDMI(R) source 71 and the HDMI(R) sink 72 that 5
perform IP communication by a half-duplex communication  system using
the CEC line 84 and the signal line  connected to the reserved pin of the
connector of the  HDMI (R) . It should be noted that Fig. 6 shows a
structural example of parts related to the half-duplex 10 communication in
the HDMI(R) source 71 and the HDMI(R)  sink 72. Moreover, in Fig. 6,
parts corresponding to  those of Fig. 3 are denoted by the same reference
numerals, and descriptions thereof will be omitted as  appropriate. 15
[0080] The HDMI(R) source 71 is constituted of the  transmitter 81, a
switching control unit 121, and a  timing control unit 122. Also, the
transmitter 81 is  provided with a conversion unit 131, a decode unit 132,
and a switch 133. 20 [0081] Supplied to the conversion unit 131 is Tx
data as data transmitted from the HDMI(R) source 71 to  the HDMI(R) sink
72 through bidirectional IP  communication between the HDMI(R) source
71 and the  HDMI(R) sink 72. The Tx data is, for example, 25 compressed
pixel data and audio data. [0082] The conversion unit 131 is constituted
of, 28  



for example, a differential amplifier, and converts the  supplied Tx data
into a differential signal constituted  of two partial signals. Moreover, the
conversion unit  131 transmits to the receiver 82 the differential 5 signal
obtained by the conversion via the CEC line 84  and a signal line 141
connected to a reserved pin of a  connector (not shown) provided in the
transmitter 81.  In other words, the conversion unit 131 supplies one of
the partial signals constituting the differential 10 signal obtained by the
conversion to the switch 133 via  the CEC line 84, more specifically, a
signal line that  is provided in the transmitter 81 and connected to the
CEC line 84 of the HDMI(R) cable 35, and supplies the  other one of the
partial signals constituting the 15 differential signal to the receiver 82 via
the signal  line 141, more specifically, a signal line that is  provided in the
transmitter 81 and connected to the  signal line 141 of the HDMI(R) cable
35, and the signal  line 141. 20 [0083] The decode unit 132 is constituted
of, for  example, a differential amplifier, and input terminals  thereof are
connected to the CEC line 84 and the signal  line 141. Under control of the
timing control unit 122,  the decode unit 132 receives the differential signal
25 transmitted from the receiver 82 via the CEC line 84  and the signal
line 141, that is, the differential 29  



signal constituted of the partial signal on the CEC  line 84 and the partial
signal on the signal line 141,  decodes it into Rx data as the original data,
and  outputs it. Here, the Rx data is data transmitted from 5 the HDMI(R)
sink 72 to the HDMI(R) source 71 through  bidirectional IP communication
between the HDMI(R)  source 71 and the HDMI(R) sink 72, such as a
command  that requests a transmission of pixel data and audio  data. 10
[0084] A CEC signal from the HDMI(R) source 71 or  the partial signal
constituting the differential signal  corresponding to the Tx data from the
conversion unit  131 is supplied to the switch 133 at a timing of
transmitting data, and a CEC signal from the receiver 15 82 or the partial
signal constituting the differential  signal corresponding to the Rx data
from the receiver  82 is supplied at a timing of receiving data. Under
control of the switching control unit 121, the switch  133 selects and
outputs the CEC signal from the HDMI(R) 20 source 71 or the CEC signal
from the receiver 82, or  the partial signal constituting the differential
signal  corresponding to the Tx data or the partial signal  constituting the
differential signal corresponding to  the Rx data. 25 [0085] In other words,
at the timing at which the  HDMI(R) source 71 transmits data to the
HDMI(R) sink 30  



72, the switch 133 selects either the CEC signal  supplied from the
HDMI(R) source 71 or the partial  signal supplied from the conversion unit
131 and  transmits the selected CEC signal or partial signal to 5 the
receiver 82 via the CEC line 84. [0086] Moreover, at the timing at which
the HDMI(R)  source 71 receives the data transmitted from the  HDMI(R)
sink 72, the switch 133 receives the CEC signal  transmitted from the
receiver 82 via the CEC line 84 or 10 the partial signal of the differential
signal  corresponding to the Rx data, and supplies the received  CEC
signal or partial signal to the HDMI(R) source 71  or the decode unit 132.
[0087] The switching control unit 121 controls the  15 switch 133 and
switches the switch 133 so that either  one of the signals supplied to the
switch 133 is  selected. The timing control unit 122 controls a timing  at
which the decode unit 132 receives the differential  signal. 20 [0088] The
HDMI(R) sink 72 is constituted of the  receiver 82, a timing control unit
123, and a switching  control unit 124. In addition, the receiver 82 is
provided with a conversion unit 134, a switch 135, and  a decode unit 136.
25 [0089] The conversion unit 134 is constituted of,  for example, a
differential amplifier, and is supplied 31  



with Rx data. Under control of the timing control unit  123, the conversion
unit 134 converts the supplied Rx  data into a differential signal constituted
of two  partial signals, and transmits to the transmitter 81 5 the differential
signal obtained by the conversion via  the CEC line 84 and the signal line
141. In other  words, the conversion unit 134 supplies one of the  partial
signals constituting the differential signal  obtained by the conversion to
the switch 135 via the 10 CEC line 84, more specifically, a signal line that
is  provided in the receiver 82 and connected to the CEC  line 84 of the
HDMI(R) cable 35, and supplies the other  one of the partial signals
constituting the  differential signal to the transmitter 81 via the 15 signal
line 141, more specifically, a signal line that  is provided in the receiver 82
and connected to the  signal line 141 of the HDMI(R) cable 35, and the
signal  line 141. [0090] The CEC signal from the transmitter 81 or the  20
partial signal constituting the differential signal  corresponding to the Tx
data from the transmitter 81 is  supplied to the switch 135 at a timing of
receiving  data, and the partial signal constituting the  differential signal
corresponding to the Rx data from 25 the conversion unit 134 or the CEC
signal from the  HDMI(R) sink 72 is supplied at a timing of transmitting 32  



data. Under control of the switching control unit 124,  the switch 135
selects and outputs the CEC signal from  the transmitter 81 or the CEC
signal from the HDMI(R)  sink 72, or the partial signal constituting the 5
differential signal corresponding to the Tx data or the  partial signal
constituting the differential signal  corresponding to the Rx data. [0091] In
other words, at the timing at which the  HDMI(R) sink 72 transmits data to
the HDMI(R) source  10 71, the switch 135 selects either the CEC signal
supplied from the HDMI(R) sink 72 or the partial signal  supplied from the
conversion unit 134 and transmits the  selected CEC signal or partial
signal to the  transmitter 81 via the CEC line 84. 15 [0092] Moreover, at
the timing at which the HDMI(R)  sink 72 receives the data transmitted
from the HDMI(R)  source 71, the switch 135 receives the CEC signal
transmitted from the transmitter 81 via the CEC line 84  or the partial
signal of the differential signal 20 corresponding to the Tx data, and
supplies the received  CEC signal or partial signal to the HDMI(R) sink 72
or  the decode unit 136. [0093] The decode unit 136 is constituted of, for
example, a differential amplifier, and input terminals  25 thereof are
connected to the CEC line 84 and the signal line 141. The decode unit
136 receives the differential 33  



signal transmitted from the transmitter 81 via the CEC  line 84 and the
signal line 141, that is, the  differential signal constituted of the partial
signal  on the CEC line 84 and the partial signal on the signal 5 line 141,
decodes it into Tx data as the original data,  and outputs it. [0094] The
switching control unit 124 controls the  switch 135 and switches the switch
135 so that either  one of the signals supplied to the switch 135 is 10
selected. The timing control unit 123 controls a timing  at which the
conversion unit 134 transmits the  differential signal. [0095] Further, in a
case where the HDMI(R) source  71 and the HDMI(R) sink 72 perform IP
communication by  15 a full-duplex communication system using the CEC
line 84, the signal line 141 connected to the reserved pin,  the signal line
through which the SDA signal is  transmitted, and the signal line through
which the SCL  signal is transmitted, the HDMI(R) source 71 and the 20
HDMI(R) sink 72 are structured as shown in Fig. 7, for  example. It should
be noted that in Fig. 7, parts  corresponding to those of Fig. 6 are denoted
by the  same reference numerals, and descriptions thereof will  be omitted
as appropriate. 25 [0096] The HDMI(R) source 71 is constituted of the
transmitter 81, the switching control unit 121, and a 34  



switching control unit 971. Also, the transmitter 81 is  provided with the
conversion unit 131, the switch 133,  a switch 181, a switch 182, and a
decode unit 183.  [0097] An SDA signal from the HDMI(R) source 71 is 5
supplied to the switch 181 at a timing of transmitting  data, and an SDA
signal from the receiver 82 or the  partial signal constituting the differential
signal  corresponding to the Rx data from the receiver 82 is  supplied at a
timing of receiving data. Under control 10 of the switching control unit 971,
the switch 181  selects and outputs the SDA signal from the HDMI(R)
source 71, the SDA signal from the receiver 82, or the  partial signal
constituting the differential signal  corresponding to the Rx data. 15 [0098]
In other words, at the timing at which the  HDMI(R) source 71 receives
data transmitted from the  HDMI(R) sink 72, the switch 181 receives either
the SDA  signal transmitted from the receiver 82 via an SDA line  191 as
the signal line through which an SDA signal is 20 transmitted or the partial
signal of the differential  signal corresponding to the Rx data, and supplies
the  received SDA signal or partial signal to the HDMI(R)  source 71 or the
decode unit 183. [0099] Moreover, at the timing at which the HDMI(R)  25
source 71 transmits the data to the HDMI(R) sink 72,  the switch 181
transmits the SDA signal supplied from 35  



the HDMI(R) source 71 to the receiver 82 via the SDA  line 191, or does
not transmit anything to the receiver  82. [0100] The SCL signal from the
HDMI(R) source 71 is  5 supplied to the switch 182 at a timing of
transmitting  data, and the partial signal constituting the differential signal
corresponding to the Rx data from  the receiver 82 is supplied at a timing
of receiving  data. Under control of the switching control unit 971, 10 the
switch 182 selects and outputs either the SCL  signal or the partial signal
constituting the  differential signal corresponding to the Rx data.  [0101] In
other words, at the timing at which the  HDMI (R) source 71 receives the
data transmitted from 15 the HDMI(R) sink 72, the switch 182 receives the
partial signal of the differential signal corresponding  to the Rx data, that
has been transmitted from the  receiver 82 via an SCL line 192 as the
signal line  through which an SCL signal is transmitted, and 20 supplies
the received partial signal to the decode unit  183, or does not receive
anything. [0102] Moreover, at the timing at which the HDMI(R)  source 71
transmits the data to the HDMI(R) sink 72,  the switch 182 transmits the
SCL signal supplied from 25 the HDMI(R) source 71 to the receiver 82 via
the SCL  line 192 or does not transmit anything. 36  



[0103] The decode unit 183 is constituted of, for  example, a differential
amplifier, and input terminals  thereof are connected to the SDA line 191
and the SCL  line 192. The decode unit 183 receives the differential 5
signal transmitted from the receiver 82 via the SDA  line 191 and the SCL
line 192, that is, the  differential signal constituted of the partial signal  on
the SDA line 191 and the partial signal on the SCL  line 192, decodes it
into Rx data as the original data,  10 and outputs it. [0104] The switching
control unit 971 controls the  switch 181 and the switch 182 and switches
the switch  181 and the switch 182 so that either one of the  supplied
signals is selected for each of the switch 181  15 and the switch 182.
[0105] The HDMI(R) sink 72 is constituted of the  receiver 82, the
switching control unit 124, and a  switching control unit 972. In addition,
the receiver  82 is provided with the switch 135, the decode unit 20 136, a
conversion unit 184, a switch 185, and a switch  186. [0106] The
conversion unit 184 is constituted of,  for example, a differential amplifier,
and is supplied  with Rx data. The conversion unit 184 converts the 25
supplied Rx data into a differential signal constituted  of two partial
signals, and transmits to the 37  



transmitter 81 the differential signal obtained by the  conversion via the
SDA line 191 and the SCL line 192.  In other words, the conversion unit
184 transmits one  of the partial signals constituting the differential 5
signal obtained by the conversion to the transmitter 81  via the switch 185,
and transmits the other one of the  partial signals constituting the
differential signal to  the transmitter 81 via the switch 186. [0107] The
partial signal constituting the 10 differential signal corresponding to the Rx
data from  the conversion unit 184 or the SDA signal from the  HDMI(R)
sink 72 is supplied to the switch 185 at a  timing of transmitting data, and
the SDA signal from  the transmitter 81 is supplied at a timing of receiving
15 data. Under control of the switching control unit 972,  the switch 185
selects and outputs the SDA signal from  the HDMI(R) sink 72, the SDA
signal from the  transmitter 81, or the partial signal constituting the
differential signal corresponding to the Rx data. 20 [0108] In other words,
at the timing at which the  HDMI(R) sink 72 receives data transmitted from
the  HDMI(R) source 71, the switch 185 receives the SDA  signal
transmitted from the transmitter 81 via the SDA  line 191 and supplies the
received SDA signal to the 25 HDMI (R) sink 72, or does not receive
anything. [0109] Moreover, at the timing at which the HDMI(R) 38  



sink 72 transmits the data to the HDMI(R) source 71,  the switch 185
transmits the SDA signal supplied from  the HDMI(R) sink 72 or the partial
signal supplied from  the conversion unit 184 to the transmitter 81 via the
5 SDA line 191. [0110] The partial signal constituting the  differential
signal corresponding to the Rx data from  the conversion unit 184 is
supplied to the switch 186  at a timing of transmitting data, and the SCL
signal 10 from the transmitter 81 is supplied at a timing of  receiving data.
Under control of the switching control  unit 972, the switch 186 selects and
outputs either the  partial signal constituting the differential signal
corresponding to the Rx data or the SCL signal. 15 [0111] In other words,
at the timing at which the  HDMI(R) sink 72 receives data transmitted from
the  HDMI(R) source 71, the switch 186 receives the SCL  signal
transmitted from the transmitter 81 via the SCL  line 192 and supplies the
received SCL signal to the 20 HDMI(R) sink 72, or does not receive
anything. [0112] Moreover, at the timing at which the HDMI(R)  sink 72
transmits the data to the HDMI(R) source 71,  the switch 186 transmits the
partial signal supplied  from the conversion unit 184 to the transmitter 81
via 25 the SCL line 192, or does not transmit anything.  [0113] The
switching control unit 972 controls the 39  



switch 185 and the switch 186 and switches the switch  185 and the
switch 186 so that either one of the  supplied signals is selected for each
of the switch 185  and the switch 186. 5 [0114] Incidentally, which of the
half-duplex  communication and the full-duplex communication is  possible
for the IP communication performed between the  HDMI(R) source 71 and
the HDMI(R) sink 72 depends on  the structures of the HDMI(R) source 71
and the HDMI(R) 10 sink 72. In this regard, the HDMI(R) source 71
references E-EDID received from the HDMI(R) sink 72 to  judge which of
the half-duplex communication and the  full-duplex communication is to be
performed, or  whether to perform bidirectional communication by an 15
exchange of CEC signals. [0115] The E-EDID received by the HDMI(R)
source 71  is constituted of a basic block and an expansion block  as
shown in Fig. 8, for example. [0116] At a head of the basic block of the
E-EDID,  20 data expressed as "E-EDID1.3 Basic Structure" defined  by
an E-EDID 1.3 standard is arranged, followed by  timing information
expressed as "Preferred timing" for  maintaining compatibility with
conventional E-EDID and  timing information expressed as "2nd timing"
different 25 from "Preferred timing" for maintaining compatibility  with the
conventional E-EDID. 40  



[0117] Moreover, in the basic block, subsequent to  "2nd timing",
information expressed as "Monitor NAME"  that indicates a name of a
display apparatus and  information expressed as "Monitor Range Limits"
that 5 indicates the number of pixels that can be displayed  when aspect
ratios are 4:3 and 16:9 are arranged  sequentially. [0118] On the other
hand, subsequent to information  that is expressed as "Speaker
Allocation" regarding  10 speakers on both sides and arranged at a head
of the expansion block, there are sequentially arranged  information
expressed as "VIDEO SHORT" that indicates a  displayable picture size, a
frame rate, and one of  interlace and progressive, data describing
information 15 on an aspect ratio and the like, data expressed as  "AUDIO
SHORT" that describes information on a  reproducible audio codec
system, sampling frequency,  cutoff band, codec bit count, and the like,
and  information expressed as "Speaker Allocation" regarding 20 the
speakers on both sides. [0119] In addition, in the expansion block,
subsequent to "Speaker Allocation", data expressed as  "Vender Specific"
uniquely defined for each  manufacturer, timing information expressed as
"3rd 25 timing" for maintaining compatibility with the  conventional
E-EDID, and timing information expressed 41  



as "4th timing" for maintaining compatibility with the  conventional E-EDID
are arranged. [0120] Furthermore, the data expressed as "Vender
Specific" has a data structure shown in Fig. 9. In 5 other words, the data
expressed as "Vender Specific" is  provided with 0-th to N-th blocks each
of a 1-byte  block. [0121] In the 0-th block arranged at a head of the  data
expressed as "Vender Specific", a header expressed  10 as
"Vendor-Specific tag code (= 3)" that indicates a data area of the data
"Vender Specific" and information  expressed as "Length (= N)" that
indicates a length of  the data "Vender Specific" are arranged. [0122]
Moreover, in the first to third blocks,  15 information expressed as "24bit
IEEE Registration  Identifier (Ox000C03) LSB first" that indicates a
number "Ox000C03" registered for the HDMI(R) is  arranged. In addition,
in the fourth block and the  fifth block, 24-bit information expressed as "A",
"B", 20 "C", and "D" that indicate physical addresses of sink  apparatuses
are arranged. [0123] In the sixth block, a flag expressed as  "Supports-AI"
that indicates a function supported by  the sink apparatus, information
respectively expressed 25 as "DC-48bit", "DC-36bit", and "DC-30bit" that
designate bit counts per pixel, a flag expressed as 42  



"DC-Y444" that indicates whether the sink apparatus  supports a
transmission of a YCbCr4:4:4 picture, and a  flag expressed as "DVI-Dual"
that indicates whether the  sink apparatus supports dual DVI (Digital
Visual 5 Interface) are arranged. [0124] Further, in the seventh block,
information  expressed as "Max-TMDS-Clock" that indicates a maximum
frequency of a TMDS pixel clock is arranged.  Furthermore, in the eighth
block, a flag expressed as 10 "Latency" that indicates presence/absence
of delay  information of a video and audio, a full-duplex flag  expressed as
"Full-duplex" that indicates whether full- duplex communication is
possible, and a flag expressed  as "Half-duplex" that indicates whether
half-duplex 15 communication is possible are arranged. [0125] Here, the
full-duplex flag set (e.g., set to  "1") indicates that the HDMI(R) sink 72 has
a function  of performing full-duplex communication, that is, has  the
structure shown in Fig. 7, and the full-duplex flag 20 that has been reset
(e.g., set to "0") indicates that  the HDMI(R) sink 72 does not have the
function of  performing full-duplex communication. [0126] Similarly, the
half-duplex flag set (e.g.,  set to "1") indicates that the HDMI(R) sink 72
has a  25 function of performing half-duplex communication, that is, has
the structure shown in Fig. 6, and the half 43  



duplex flag that has been reset (e.g., set to "0")  indicates that the
HDMI(R) sink 72 does not have the  function of performing half-duplex
communication.  [0127] Further, in the ninth block of the data 5 expressed
as "Vender Specific", delay time data of a  progressive video, that is
expressed as "Video  Latency", is arranged. In the tenth block, delay time
data of an audio associated with the progressive video,  that is expressed
as "Audio Latency", is arranged. 10 Furthermore, in the eleventh block,
delay time data of  an interlace video, that is expressed as "Interlaced
Video Latency", is arranged. In the twelfth block,  delay time data of an
audio associated with the  interlace video, that is expressed as "Interlaced
Audio  15 Latency", is arranged. [0128] Based on the full-duplex flag and
the half- duplex flag contained in the E-EDID received from the  HDMI(R)
sink 72, the HDMI(R) source 71 judges which of  half-duplex
communication and full-duplex communication 20 is to be performed or
whether to perform bidirectional  communication by an exchange of CEC
signals, and  performs bidirectional communication with the HDMI(R)  sink
72 based on a result of the judgment. [0129] For example, when the
HDMI(R) source 71 has  25 the structure shown in Fig. 6, although the
HDMI(R)  source 71 can perform half-duplex communication with 44  



the HDMI(R) sink 72 shown in Fig. 6, it cannot perform  half-duplex
communication with the HDMI(R) sink 72  shown in Fig. 7. [0130] In this
regard, upon power-on of the 5 electronic apparatus in which the HDMI(R)
source 71 is  provided, the HDMI(R) source 71 starts communication
processing and performs bidirectional communication  corresponding to
the function of the HDMI(R) sink 72  connected to the HDMI(R) source 71.
10 [0131] Hereinafter, referring to a flowchart of Fig.  10, communication
processing carried out by the HDMI(R)  source 71 shown in Fig. 6 will be
described. [0132] In Step 511, the HDMI(R) source 71 judges  whether a
new electronic apparatus has been connected  15 to the HDMI(R) source
71. For example, the HDMI(R) source 71 judges whether a new electronic
apparatus in  which the HDMI(R) sink 72 is provided has been  connected
based on a magnitude of a voltage applied to  a pin called Hot Plug Detect
to which the signal line  20 86 is connected. [0133] When judged in Step
S11 that a new electronic  apparatus is not connected, communication is
not  performed, and the communication processing therefore  ends. 25
[0134] On the other hand, when judged in Step S11  that a new electronic
apparatus has been connected, in 45  



Step S12, the switching control unit 121 controls the  switch 133 and
switches the switch 133 so that a CEC  signal from the HDMI(R) source
71 is selected at a time  of transmitting data and a CEC signal from the
receiver 5 82 is selected at a time of receiving data. [0135] In Step S13,
the HDMI(R) source 71 receives  E-EDID transmitted from the HDMI(R)
sink 72 via the DDC  83. In other words, the HDMI(R) sink 72 reads out
the  E-EDID from the EDIDROM 85 upon detecting a connection 10 of the
HDMI(R) source 71 and transmits the read-out E- EDID to the HDMI(R)
source 71 via the DDC 83. Thus, the  HDMI(R) source 71 receives the
E-EDID transmitted from  the HDMI(R) sink 72. [0136] In Step S14, the
HDMI(R) source 71 judges 15 whether half-duplex communication with
the HDMI(R) sink  72 is possible. In other words, the HDMI(R) source 71
references the E-EDID received from the HDMI(R) sink 72  to judge
whether the half-duplex flag "Half-duplex" of  Fig. 9 is set, and when the
half-duplex flag is set, 20 for example, judges that bidirectional IP
communication  using a half-duplex communication system, that is,
half-duplex communication is possible. [0137] When judged in Step S14
that the half-duplex  communication is possible, in Step S15, the HDMI(R)
25 source 71 transmits, as channel information indicating  a channel used
for the bidirectional communication, a 46  



signal notifying that IP communication by a half-duplex  communication
system using the CEC line 84 and the  signal line 141 is to be performed
to the receiver 82  via the switch 133 and the CEC line 84. 5 [0138] In
other words, when the half-duplex flag is  set, the HDMI(R) source 71 can
grasp that the HDMI(R)  sink 72 has the structure shown in Fig. 6 and
half- duplex communication using the CEC line 84 and the  signal line 141
is possible. Therefore, the channel 10 information is transmitted to the
HDMI(R) sink 72 to  notify that half-duplex communication is to be
performed. [0139] In Step S16, the switching control unit 121  controls the
switch 133 and switches the switch 133 so  15 that a differential signal
corresponding to Tx data from the conversion unit 131 is selected at a
time of  transmitting data and a differential signal  corresponding to Rx
data from the receiver 82 is  selected at a time of receiving data. 20 [0140]
In Step S17, the respective units of the  HDMI(R) source 71 perform
bidirectional IP  communication with the HDMI(R) sink 72 using a half-
duplex communication system, and the communication  processing is thus
ended. Specifically, at the time of 25 transmitting data, the conversion unit
131 converts the  Tx data supplied from the HDMI(R) source 71 into a 47  



differential signal, supplies one of partial signals  constituting the
differential signal obtained by the  conversion to the switch 133, and
transmits the other  one of the partial signals to the receiver 82 via the 5
signal line 141. The switch 133 transmits the partial  signal supplied from
the conversion unit 131 to the  receiver 82 via the CEC line 84. As a
result, the  differential signal corresponding to the Tx data is  transmitted
from the HDMI(R) source 71 to the HDMI(R)  10 sink 72. [0141) Further,
at the time of receiving data, the  decode unit 132 receives the differential
signal  corresponding to the Rx data transmitted from the  receiver 82.
Specifically, the switch 133 receives the 15 partial signal of the differential
signal corresponding  to the Rx data, that has been transmitted from the
receiver 82 via the CEC line 84, and supplies the  received partial signal
to the decode unit 132. The  decode unit 132 decodes the differential
signal 20 constituted of the partial signal supplied from the  switch 133
and the partial signal supplied from the  receiver 82 via the signal line 141
into Rx data as the  original data under control of the timing control unit
122, and outputs it to the HDMI(R) source 71. 25 [0142] Accordingly, the
HDMI(R) source 71 transmits  and receives various types of data such as
control 48  



data, pixel data, and audio data to/from the HDMI(R)  sink 72. [0143]
Further, when judged in Step S14 that half- duplex communication is not
possible, in Step S18, the  5 respective units of the HDMI(R) source 71
transmit and  receive CEC signals to perform bidirectional communication
with the HDMI(R) sink 72, and the  communication processing is thus
ended. [0144] Specifically, by transmitting a CEC signal to  10 the receiver
82 via the switch 133 and the CEC line 84  at the time of transmitting data
and receiving a CEC  signal transmitted from the receiver 82 via the
switch  133 and the CEC line 84 at the time of receiving data,  the
HDMI(R) source 71 transmits and receives control 15 data to/from the
HDMI(R) sink 72. [0145] Thus, the HDMI(R) source 71 references the
half-duplex flag and performs half-duplex communication  with the
HDMI(R) sink 72 that can perform the half- duplex communication using
the CEC line 84 and the 20 signal line 141. [0146] By thus switching the
switch 133 to select  the data to be transmitted and the data to be
received  and performing half-duplex communication, that is, IP
communication that uses a half-duplex communication 25 system with the
HDMI(R) sink 72 using the CEC line 84  and the signal line 141,
high-speed bidirectional 49  



communication can be performed while maintaining  compatibility with the
conventional HDMI(R). [0147] Moreover, similar to the HDMI(R) source
71,  the HDMI(R) sink 72 starts communication processing 5 upon
power-on of the electronic apparatus in which the  HDMI(R) sink 72 is
provided, and performs bidirectional  communication with the HDMI(R)
source 71. [0148] Hereinafter, referring to a flowchart of Fig.  11,
communication processing carried out by the HDMI(R)  10 sink 72 shown
in Fig. 6 will be described. [0149] In Step 541, the HDMI(R) sink 72 judges
whether a new electronic apparatus has been connected  to the HDMI(R)
sink 72. For example, the HDMI(R) sink  72 judges whether a new
electronic apparatus in which 15 the HDMI(R) source 71 is provided has
been connected  based on a magnitude of a voltage applied to a pin
called Hot Plug Detect to which the signal line 86 is  connected. [0150]
When judged in Step S41 that a new electronic  20 apparatus is not
connected, communication is not  performed, and the communication
processing therefore  ends. [0151] On the other hand, when judged in
Step S41  that a new electronic apparatus has been connected, in  25
Step S42, the switching control unit 124 controls the switch 135 and
switches the switch 135 so that a CEC 50  



signal from the HDMI(R) sink 72 is selected at a time  of transmitting data
and a CEC signal from the  transmitter 81 is selected at a time of receiving
data.  [0152] In Step S43, the HDMI(R) sink 72 reads out E 5 EDID from
the EDIDROM 85 and transmits the read-out E- EDID to the HDMI(R)
source 71 via the DDC 83. [0153] In Step S44, the HDMI(R) sink 72
judges  whether channel information transmitted from the  HDMI(R)
source 71 has been received. 10 [0154] Specifically, channel information
indicating  a channel used for bidirectional communication is  transmitted
from the HDMI(R) source 71 according to  functions of the HDMI(R)
source 71 and the HDMI(R) sink  72. When the HDMI(R) source 71 has
the structure shown 15 in Fig. 6, for example, since the HDMI(R) source
71 and  the HDMI(R) sink 72 can perform half-duplex  communication
using the CEC line 84 and the signal line  141, channel information
notifying that IP  communication that uses the CEC line 84 and the signal
20 line 141 is to be performed is transmitted from the  HDMI(R) source 71
to the HDMI(R) sink 72. The HDMI(R)  sink 72 receives the channel
information transmitted  from the HDMI(R) source 71 via the switch 135
and the  CEC line 84 and judges that the channel information has  25
been received. [0155] On the other hand, when the HDMI(R) source 71 51



does not have the function of performing half-duplex  communication,
channel information is not transmitted  from the HDMI(R) source 71 to the
HDMI(R) sink 72.  Thus, the HDMI(R) sink 72 judges that channel 5
information is not received. [0156] When judged in Step S44 that channel
information has been received, the process advances to  Step S45 in
which the switching control unit 124  controls the switch 135 and switches
the switch 135 so 10 that a differential signal corresponding to Rx data
from the conversion unit 134 is selected at a time of  transmitting data and
a differential signal  corresponding to Tx data from the transmitter 81 is
selected at a time of receiving data. 15 [0157] In Step S46, the respective
units of the  HDMI(R) sink 72 perform bidirectional IP communication  with
the HDMI(R) source 71 using a half-duplex  communication system, and
the communication processing  is thus ended. Specifically, at the time of
20 transmitting data, the conversion unit 134 converts the  Rx data
supplied from the HDMI(R) sink 72 into a  differential signal under control
of the timing control  unit 123, supplies one of partial signals constituting
the differential signal obtained by the conversion to 25 the switch 135, and
transmits the other one of the  partial signals to the transmitter 81 via the
signal 52  



line 141. The switch 135 transmits the partial signal  supplied from the
conversion unit 134 to the  transmitter 81 via the CEC line 84. As a result,
the  differential signal corresponding to the Rx data is 5 transmitted from
the HDMI(R) sink 72 to the HDMI(R)  source 71. [0158] Further, at the
time of receiving data, the  decode unit 136 receives the differential signal
corresponding to the Tx data transmitted from the 10 transmitter 81.
Specifically, the switch 135 receives  the partial signal of the differential
signal  corresponding to the Tx data, that has been transmitted  from the
transmitter 81 via the CEC line 84, and  supplies the received partial
signal to the decode unit 15 136. The decode unit 136 decodes the
differential  signal constituted of the partial signal supplied from  the switch
135 and the partial signal supplied from the  transmitter 81 via the signal
line 141 into Tx data as  the original data, and outputs it to the HDMI(R)
sink  20 72. [0159] Accordingly, the HDMI(R) sink 72 transmits  and
receives various types of data such as control  data, pixel data, and audio
data to/from the HDMI(R)  source 71. 25 [0160] Further, when judged in
Step S44 that the  channel information is not received, in Step S47, the 53



respective units of the HDMI(R) sink 72 transmit and  receive CEC signals
to perform bidirectional  communication with the HDMI(R) source 71, and
the  communication processing is thus ended. 5 [0161] Specifically, by
transmitting a CEC signal to  the transmitter 81 via the switch 135 and the
CEC line  84 at the time of transmitting data and receiving a CEC  signal
transmitted from the transmitter 81 via the  switch 135 and the CEC line
84 at the time of receiving 10 data, the HDMI(R) sink 72 transmits and
receives  control data to/from the HDMI(R) source 71. [0162] Thus, upon
receiving the channel information,  the HDMI(R) sink 72 uses the CEC line
84 and the signal  line 141 to perform half-duplex communication with the
15 HDMI(R) sink 72. [0163] By thus switching the switch 135 to select  the
data to be transmitted and the data to be received  and performing
half-duplex communication with the  HDMI(R) source 71 using the CEC
line 84 and the signal 20 line 141, the HDMI(R) sink 72 can perform
high-speed  bidirectional communication while maintaining  compatibility
with the conventional HDMI(R). [0164] Moreover, when the HDMI(R)
source 71 has the  structure shown in Fig. 7, the HDMI(R) source 71
judges  25 in the communication processing whether the HDMI(R) sink 72
has a function of performing full-duplex 54  



communication based on the full-duplex flag contained  in the E-EDID,
and performs bidirectional communication  corresponding to a result of the
judgment. [0165] Hereinafter, referring to a flowchart of Fig.  5 12,
communication processing carried out by the HDMI(R)  source 71 shown
in Fig. 7 will be described. [0166] In Step S71, the HDMI(R) source 71
judges  whether a new electronic apparatus has been connected  to the
HDMI(R) source 71. When judged in Step S71 that  10 a new electronic
apparatus is not connected, communication is not performed, and the
communication  processing therefore ends. [0167] On the other hand,
when judged in step S71  that a new electronic apparatus has been
connected, in  15 Step S72, the switching control unit 971 controls the
switch 181 and the switch 182 and switches the switch  181 and the
switch 182 to make the switch 181 select  the SDA signal from the
HDMI(R) source 71 and make the  switch 182 select the SCL signal from
the HDMI(R) 20 source 71 at the time of transmitting data, and make  the
switch 181 select the SDA signal from the receiver  82 at the time of
receiving data. [0168] In Step S73, the switching control unit 121  controls
the switch 133 and switches the switch 133 so  25 that the CEC signal
from the HDMI(R) source 71 is selected at the time of transmitting data
and the CEC 55  



signal from the receiver 82 is selected at the time of  receiving data.
[0169) In Step S74, the HDMI(R) source 71 receives  E-EDID transmitted
from the HDMI(R) sink 72 via the SDA  5 line 191 of the DDC 83.
Specifically, the HDMI(R) sink 72 reads out E-EDID from the EDIDROM
85 upon detecting  a connection of the HDMI(R) source 71, and transmits
the read-out E-EDID to the HDMI(R) source 71 via the  SDA line 191 of
the DDC 83. Thus, the HDMI(R) source 71 10 receives the E-EDID
transmitted from the HDMI(R) sink  72. [0170] In Step S75, the HDMI(R)
source 71 judges  whether full-duplex communication with the HDMI(R)
sink  72 is possible. Specifically, the HDMI(R) source 71 15 refers to the
E-EDID received from the HDMI(R) sink 72  to judge whether the
full-duplex flag "Full Duplex"  shown in Fig. 9 is set, and when the
full-duplex flag  is set, judges that bidirectional IP communication  using a
full-duplex communication system, that is, 20 full-duplex communication is
possible. [0171] When judged in Step S75 that full-duplex  communication
is possible, in Step S76, the switching  control unit 971 controls the switch
181 and the switch  182 and switches the switch 181 and the switch 182
so 25 that the differential signal corresponding to the Rx  data from the
receiver 82 is selected at the time of 56  



receiving data. [0172] In other words, the switching control unit  971
switches the switch 181 and the switch 182 so that,  out of partial signals
constituting the differential 5 signal corresponding to the Rx data
transmitted from  the receiver 82, the partial signal transmitted via the
SDA line 191 is selected by the switch 181 and the  partial signal
transmitted via the SCL line 192 is  selected by the switch 182 at the time
of receiving 10 data. [0173] Because the SDA line 191 and the SCL line
192  constituting the DDC 83 are not used after the E-EDID  is transmitted
from the HDMI(R) sink 72 to the HDMI(R)  source 71, that is, the SDA
signal and the SCL signal 15 are not transmitted and received via the SDA
line 191  and the SCL line 192, the switch 181 and the switch 182  are
switched so as to use the SDA line 191 and the SCL  line 192 as
transmission channels of Rx data in the  full-duplex communication. 20
[0174] In Step S77, the HDMI(R) source 71 transmits,  as channel
information indicating a channel used for  the bidirectional communication,
a signal notifying  that IP communication by a full-duplex communication
system that uses the CEC line 84 and signal line 141  25 and the SDA line
191 and SCL line 192 is to be performed to the receiver 82 via the switch
133 and the 57  



CEC line 84. [0175] In other words, when the full-duplex flag is  set, the
HDMI(R) source 71 can grasp that the HDMI(R)  sink 72 has the structure
shown in Fig. 7 and full 5 duplex communication using the CEC line 84
and signal  line 141 and the SDA line 191 and SCL line 192 is  possible.
Therefore, the channel information is  transmitted to the HDMI(R) sink 72
to notify that full duplex communication is to be performed. 10 [01761 In
Step 578, the switching control unit 121  controls the switch 133 and
switches the switch 133 so  that a differential signal corresponding to Tx
data  from the conversion unit 131 is selected at a time of  transmitting
data. In other words, the switching 15 control unit 121 switches the switch
133 so that a  partial signal of the differential signal corresponding  to the
Tx data, that has been supplied from the  conversion unit 131 to the
switch 133, is selected.  [0177] In Step S79, the respective units of the 20
HDMI(R) source 71 perform bidirectional IP  communication with the
HDMI(R) sink 72 using a full- duplex communication system, and the
communication  processing is thus ended. Specifically, at the time of
transmitting data, the conversion unit 131 converts the 25 Tx data
supplied from the HDMI(R) source 71 into a  differential signal, supplies
one of partial signals 58  



constituting the differential signal obtained by the  conversion to the switch
133, and transmits the other  one of the partial signals to the receiver 82
via the  signal line 141. The switch 133 transmits the partial 5 signal
supplied from the conversion unit 131 to the  receiver 82 via the CEC line
84. As a result, the  differential signal corresponding to the Tx data is
transmitted from the HDMI(R) source 71 to the HDMI(R)  sink 72. 10
[0178] Further, at the time of receiving data, the  decode unit 183 receives
the differential signal  corresponding to the Rx data, that has been
transmitted  from the receiver 82. Specifically, the switch 181  receives the
partial signal of the differential signal 15 corresponding to the Rx data, that
has been transmitted  from the receiver 82 via the SDA line 191, and
supplies  the received partial signal to the decode unit 183.  Moreover, the
switch 182 receives the other one of the  partial signals of the differential
signal 20 corresponding to the Rx data, that has been transmitted  from
the receiver 82 via the SCL line 192, and supplies  the received partial
signal to the decode unit 183. The  decode unit 183 decodes the
differential signal constituted of the partial signals supplied from the  25
switch 181 and the switch 182 into Rx data as the  original data, and
outputs it to the HDMI(R) source 71. 59  



[0179] Accordingly, the HDMI(R) source 71 transmits  and receives
various types of data such as control  data, pixel data, and audio data
to/from the HDMI(R)  sink 72. 5 [0180] Further, when judged in Step S75
that full- duplex communication is not possible, in Step 580, the
respective units of the HDMI(R) source 71 transmit and  receive CEC
signals to perform bidirectional communication with the HDMI(R) sink 72,
and the  10 communication processing is thus ended. [0181] Specifically,
by transmitting a CEC signal to  the receiver 82 via the switch 133 and the
CEC line 84  at the time of transmitting data and receiving a CEC  signal
transmitted from the receiver 82 via the switch 15 133 and the CEC line
84 at the time of receiving data,  the HDMI(R) source 71 transmits and
receives control  data to/from the HDMI(R) sink 72. [0182] Thus, the
HDMI(R) source 71 references the  full-duplex flag and performs
full-duplex communication  20 with the HDMI(R) sink 72 that can perform
the full duplex communication using the CEC line 84 and signal  line 141
and the SDA line 191 and SCL line 192. [0183] By thus switching the
switch 133, the switch  181, and the switch 182 to select the data to be 25
transmitted and the data to be received and performing  full-duplex
communication with the HDMI(R) sink 72 60  



using the CEC line 84 and signal line 141 and the SDA  line 191 and SCL
line 192, high-speed bidirectional  communication can be performed while
maintaining  compatibility with the conventional HDMI(R). 5 [0184]
Moreover, also when the HDMI(R) sink 72 has  the structure shown in Fig.
7, the HDMI(R) sink 72  carries out communication processing as in the
case of  the HDMI(R) sink 72 shown in Fig. 6, and performs  bidirectional
communication with the HDMI(R) source 71. 10 [0185] Hereinafter,
referring to a flowchart of Fig.  13, communication processing carried out
by the HDMI(R)  sink 72 shown in Fig. 7 will be described. [0186] In Step
5111, the HDMI(R) sink 72 judges  whether a new electronic apparatus
has been connected  15 to the HDMI(R) sink 72. When judged in Step Sill
that a new electronic apparatus is not connected,  communication is not
performed, and the communication  processing therefore ends. [0187] On
the other hand, when judged in Step 5111  20 that a new electronic
apparatus has been connected, in  Step S112, the switching control unit
972 controls the  switch 185 and the switch 186 and switches the switch
185 and the switch 186 so that an SDA signal from the  HDMI(R) sink 72
is selected by the switch 185 at a time  25 of transmitting data and an
SDA signal from the transmitter 81 is selected by the switch 185 and an
SCL 61  



signal from the transmitter 81 is selected by the  switch 186 at a time of
receiving data. [0188] In Step S113, the switching control unit 124
controls the switch 135 and switches the switch 135 so  5 that a CEC
signal from the HDMI(R) sink 72 is selected at the time of transmitting
data and a CEC signal from  the transmitter 81 is selected at the time of
receiving  data. [0189] In Step S114, the HDMI(R) sink 72 reads out  10
E-EDID from the EDIDROM 85 and transmits the read-out  E-EDID to the
HDMI(R) source 71 via the switch 185 and  the SDA line 191 of the DDC
83. [0190] In Step S115, the HDMI(R) sink 72 judges  whether channel
information transmitted from the  15 HDMI(R) source 71 has been
received. [0191] Specifically, channel information indicating  a channel
used for bidirectional communication is  transmitted from the HDMI(R)
source 71 according to  functions of the HDMI(R) source 71 and the
HDMI(R) sink 20 72. When the HDMI(R) source 71 has the structure
shown  in Fig. 7, for example, since the HDMI(R) source 71 and  the
HDMI(R) sink 72 can perform full-duplex  communication, channel
information notifying that IP  communication by a full-duplex
communication system 25 that uses the CEC line 84 and signal line 141
and the  SDA line 191 and SCL line 192 is to be performed is 62  



transmitted from the HDMI(R) source 71 to the HDMI(R)  sink 72. Thus,
The HDMI(R) sink 72 receives the channel  information transmitted from
the HDMI(R) source 71 via  the switch 135 and the CEC line 84 and
judges that the 5 channel information has been received. [0192] On the
other hand, when the HDMI(R) source 71  does not have the function of
performing full-duplex  communication, channel information is not
transmitted  from the HDMI(R) source 71 to the HDMI(R) sink 72. 10
Thus, the HDMI(R) sink 72 judges that channel  information is not
received. [0193] When judged in Step S115 that the channel  information
has been received, the process advances to  Step S116 in which the
switching control unit 972 15 controls the switch 185 and the switch 186
and switches  the switch 185 and the switch 186 so that a  differential
signal corresponding to Rx data from the  conversion unit 184 is selected
at the time of  transmitting data. 20 [0194] In Step S117, the switching
control unit 124  controls the switch 135 and switches the switch 135 so
that a differential signal corresponding to Tx data  from the transmitter 81
is selected at the time of  receiving data. 25 [0195] In Step S118, the
respective units of the  HDMI(R) sink 72 perform bidirectional IP
communication 63  



with the HDMI(R) source 71 using a full-duplex  communication system,
and the communication processing  is thus ended. Specifically, at the time
of  transmitting data, the conversion unit 184 converts the 5 Rx data
supplied from the HDMI(R) sink 72 into a  differential signal, supplies one
of partial signals  constituting the differential signal obtained by the
conversion to the switch 185, and supplies the other  one of the partial
signals to the switch 186. The 10 switch 185 and the switch 186 transmit
the partial  signals supplied from the conversion unit 184 to the
transmitter 81 via the SDA line 191 and the SCL line  192. As a result, the
differential signal corresponding  to the Rx data is transmitted from the
HDMI(R) sink 72 15 to the HDMI(R) source 71. [0196] Further, at the time
of receiving data, the  decode unit 136 receives the differential signal
corresponding to the Tx data transmitted from the  transmitter 81.
Specifically, the switch 135 receives a 20 partial signal of the differential
signal corresponding  to the Tx data, that has been transmitted from the
transmitter 81 via the CEC line 84, and supplies the  received partial
signal to the decode unit 136. The  decode unit 136 decodes the
differential signal 25 constituted of the partial signal supplied from the
switch 135 and the partial signal supplied from the 64  



transmitter 81 via the signal line 141 into Tx data as  the original data, and
outputs it to the HDMI(R) sink  72. [0197] Accordingly, the HDMI(R) sink
72 transmits  5 and receives various types of data such as control  data,
pixel data, and audio data to/from the HDMI(R)  source 71. [0198] Further,
when judged in Step S115 that the  channel information is not received, in
Step S119, the  10 respective units of the HDMI(R) sink 72 transmit and
receive CEC signals to perform bidirectional  communication with the
HDMI(R) source 71, and the  communication processing is thus ended.
[0199] As described above, upon receiving the 15 channel information, the
HDMI(R) sink 72 performs full- duplex communication with the HDMI(R)
sink 72 using the  CEC line 84 and signal line 141 and the SDA line 191
and SCL line 192. [0200] By thus switching the switch 135, the switch  20
185, and the switch 186 to select the data to be  transmitted and the data
to be received and performing  full-duplex communication with the
HDMI(R) source 71  using the CEC line 84 and signal line 141 and the
SDA  line 191 and SCL line 192, the HDMI(R) sink 72 can 25 perform
high-speed bidirectional communication while  maintaining compatibility
with the conventional 65  



HDMI (R) [0201] It should be noted that in the example of  Fig. 7, the
HDMI(R) source 71 has a structure in which  the conversion unit 131 is
connected to the CEC line 84 5 and the signal line 141 and the decode
unit 183 is  connected to the SDA line 191 and the SCL line 192.
However, a structure in which the decode unit 183 is  connected to the
CEC line 84 and the signal line 141  and the conversion unit 131 is
connected to the SDA 10 line 191 and the SCL line 192 is also possible.
[0202] In such a case, the switch 181 and the switch  182 are connected
to the decode unit 183 as well as the  CEC line 84 and the signal line 141,
and the switch 133  is connected to the conversion unit 131 as well as the
15 SDA line 191. [0203] Further, the HDMI(R) sink 72 shown in Fig. 7
may also have a structure in which the conversion unit  184 is connected
to the CEC line 84 and the signal line  141 and the decode unit 136 is
connected to the SDA 20 line 191 and the SCL line 192. In such a case,
the  switch 185 and the switch 186 are connected to the  conversion unit
184 as well as the CEC line 84 and the  signal line 141 and the switch 135
is connected to the  decode unit 136 as well as the SDA line 191. 25
[0204] Furthermore, it is also possible for the CEC  line 84 and the signal
line 141 to be the replaced with 66  



the SDA line 191 and the SCL line 192 in Fig. 6. In  other words, the
conversion unit 131 and the decode  unit 132 of the HDMI(R) source 71
and the conversion  unit 134 and the decode unit 136 of the HDMI(R) sink
72 5 may be connected to the SDA line 191 and the SCL line  192 so that
the HDMI(R) source 71 and the HDMI(R) sink  72 perform IP
communication using a half-duplex  communication system. In addition, in
this case, a  reserved pin of a connector to which the signal line 10 141 is
connected may be used to detect a connection of  an electronic
apparatus. [0205] Moreover, the HDMI(R) source 71 and the  HDMI(R)
sink 72 may each have both of the function of  performing half-duplex
communication and the function 15 of performing full-duplex
communication. In such a  case, the HDMI(R) source 71 and the HDMI(R)
sink 72 can  perform IP communication using a half-duplex
communication system or a full-duplex communication  system according
to a function of an electronic 20 apparatus connected thereto. [0206] In a
case where the HDMI(R) source 71 and the  HDMI(R) sink 72 each have
both of the function of  performing half-duplex communication and the
function  of performing full-duplex communication, the HDMI(R) 25 source
71 and the HDMI(R) sink 72 are structured as  shown in Fig. 14, for
example. It should be noted that 67  



in Fig. 14, parts corresponding to those of Figs. 6 and  7 are denoted by
the same reference numerals, and  descriptions thereof will be omitted as
appropriate.  [0207] The HDMI(R) source 71 shown in Fig. 14 is 5
constituted of the transmitter 81, the switching  control unit 121, the timing
control unit 122, and the  switching control unit 971. The transmitter 81 is
provided with the conversion unit 131, the decode unit  132, the switch
133, the switch 181, the switch 182, 10 and the decode unit 183. In other
words, the HDMI(R)  source 71 of Fig. 14 has a structure in which the
timing control unit 122 and the decode unit 132 of Fig.  6 are added to the
HDMI(R) source 71 shown in Fig. 7.  [0208] Moreover, the HDMI(R) sink
72 shown in Fig. 15 14 is constituted of the receiver 82, the timing  control
unit 123, the switching control unit 124, and  the switching control unit
972. The receiver 82 is  provided with the conversion unit 134, the switch
135,  the decode unit 136, the conversion unit 184, the 20 switch 185, and
the switch 186. In other words, the  HDMI(R) sink 72 of Fig. 14 has a
structure in which the  timing control unit 123 and the conversion unit 134
of  Fig. 6 are added to the HDMI(R) sink 72 shown in Fig.  7. 25 [0209]
Next, communication processing carried out by  the HDMI(R) source 71
and the HDMI(R) sink 72 shown in 68  



Fig. 14 will be described. [0210] First, referring to a flowchart of Fig. 15,
communication processing carried out by the HDMI(R)  source 71 shown
in Fig. 14 will be described. It should 5 be noted that since processes of
Steps 5151 to S154 are  the same as the processes of Steps S71 to S74
of Fig.  12, descriptions thereof will be omitted. [0211] In Step S155, the
HDMI(R) source 71 judges  whether full-duplex communication with the
HDMI(R) sink  10 72 is possible. In other words, the HDMI(R) source 71
references E-EDID received from the HDMI(R) sink 72 to  judge whether
the full-duplex flag "Full Duplex" of  Fig. 9 is set. [0212] When judged in
Step S155 that full-duplex 15 communication is possible, that is, the
HDMI(R) sink 72  shown in Fig. 14 or 7 is connected to the HDMI(R)
source 71, in Step S156, the switching control unit 971  controls the switch
181 and the switch 182 and switches  the switch 181 and the switch 182
so that a 20 differential signal corresponding to Rx data from the  receiver
82 is selected at a time of receiving data.  [0213] On the other hand, when
judged in Step S155  that full-duplex communication is not possible, in
Step  S157, the HDMI(R) source 71 judges whether half-duplex 25
communication is possible. Specifically, the HDMI(R)  source 71
references the received E-EDID to judge 69  



whether the half-duplex flag "Half Duplex" of Fig. 9 is  set. In other words,
the HDMI(R) source 71 judges  whether the HDMI(R) sink 72 shown in
Fig. 6 is  connected to the HDMI(R) source 71. 5 [0214] When judged in
Step S157 that half-duplex  communication is possible or when the switch
181 and  the switch 182 are switched in Step S156, in Step S158,  the
HDMI(R) source 71 transmits channel information to  the receiver 82 via
the switch 133 and the CEC line 84. 10 [0215] Here, since the HDMI(R)
sink 72 has the  function of performing full-duplex communication when  it
is judged in Step S155 that full-duplex  communication is possible, the
HDMI(R) source 71  transmits to the receiver 82 via the switch 133 and
the 15 CEC line 84, as the channel information, a signal  notifying that IP
communication using the CEC line 84  and signal line 141 and the SDA
line 191 and SCL line  192 is to be performed. [0216] Further, since the
HDMI(R) sink 72 has the  20 function of performing half-duplex
communication  although not having the function of performing full- duplex
communication when it is judged in Step S157  that half-duplex
communication is possible, the HDMI(R)  source 71 transmits to the
receiver 82 via the switch 25 133 and the CEC line 84, as the channel
information, a  signal notifying that IP communication using the CEC 70  



line 84 and the signal line 141 is to be performed.  [0217] In Step S159,
the switching control unit 121  controls the switch 133 and switches the
switch 133 so  that a differential signal corresponding to Tx data 5 from
the conversion unit 131 is selected at a time of  transmitting data and a
differential signal  corresponding to Rx data transmitted from the receiver
82 is selected at a time of receiving data. It should  be noted that when the
HDMI(R) source 71 and the 10 HDMI(R) sink 72 perform full-duplex
communication, at  the time data is received in the HDMI(R) source 71, a
differential signal corresponding to Rx data is not  transmitted from the
receiver 82 via the CEC line 84  and the signal line 141. Therefore, the
decode unit 132 15 is not supplied with a differential signal  corresponding
to Rx data. [0218] In Step S160, the respective units of the  HDMI(R)
source 71 perform bidirectional IP  communication with the HDMI(R) sink
72, and the 20 communication processing is thus ended. [0219]
Specifically, when the HDMI(R) source 71  performs full-duplex
communication with the HDMI(R)  sink 72 and when performing
half-duplex communication  therewith, at a time of transmitting data, the
25 conversion unit 131 converts Tx data supplied from the  HDMI(R)
source 71 into a differential signal, transmits 71  



one of partial signals constituting the differential  signal obtained by the
conversion to the receiver 82  via the switch 133 and the CEC line 84, and
transmits  the other one of the partial signals to the receiver 82  5 via the
signal line 141. [0220] Moreover, when the HDMI(R) source 71 performs
full-duplex communication with the HDMI(R) sink 72, at  the time of
receiving data, the decode unit 183 receives the differential signal
corresponding to the  10 Rx data, that has been transmitted from the
receiver  82, decodes the received differential signal into Rx  data as the
original data, and outputs it to the  HDMI(R) source 71. [0221] On the
other hand, when the HDMI(R) source 71  15 performs half-duplex
communication with the HDMI(R)  sink 72, at the time of receiving data,
the decode unit  132 receives the differential signal corresponding to  the
Rx data, that has been transmitted from the  receiver 82, under control of
the timing control unit 20 122, decodes the received differential signal into
Rx  data as the original data, and outputs it to the  HDMI(R) source 71.
[0222] Accordingly, the HDMI(R) source 71 transmits  and receives
various types of data such as control 25 data, pixel data, and audio data
to/from the HDMI(R)  sink 72. 72  



[0223] Further, when judged in Step S157 that half- duplex communication
is not possible, in Step S161, the  respective units of the HDMI(R) source
71 transmit and  receive CEC signals via the CEC line 84 to perform 5
bidirectional communication with the HDMI(R) sink 72,  and the
communication processing is thus ended.  [0224] As described above, the
HDMI(R) source 71  references the full-duplex flag and the half-duplex
flag and performs full-duplex communication or half 10 duplex
communication according to the function of the  HDMI(R) sink 72 as a
communication counterpart. [0225] By thus switching the switch 133, the
switch  181, and the switch 182 to select the data to be  transmitted and
the data to be received according to 15 the function of the HDMI(R) sink
72 as the  communication counterpart and performing full-duplex
communication or half-duplex communication, high-speed  bidirectional
communication can be performed by  selecting an optimal communication
method while 20 maintaining compatibility with the conventional  HDMI(R).
[0226] Next, referring to a flowchart of Fig. 16,  communication processing
carried out by the HDMI(R)  sink 72 shown in Fig. 14 will be described. It
should 25 be noted that since processes of Steps S191 to S194 are  the
same as the processes of Steps Sill to S114 of Fig. 73  



13, descriptions thereof will be omitted. [0227] In Step 5195, the HDMI(R)
sink 72 receives  channel information transmitted from the HDMI(R)
source  71 via the switch 135 and the CEC line 84. It should be 5 noted
that when the HDMI(R) source 71 connected to the  HDMI(R) sink 72
does not have the function of  performing full-duplex communication nor
the function  of performing half-duplex communication, channel
information is not transmitted from the HDMI(R) source 10 71 to the
HDMI(R) sink 72. Thus, the HDMI(R) sink 72  does not receive channel
information. [0228] In Step S196, the HDMI(R) sink 72 judges  whether to
perform full-duplex communication based on  the received channel
information. When having received 15 channel information that notifies
that IP communication  using the CEC line 84 and signal line 141 and the
SDA  line 191 and SCL line 192 is to be performed, for  example, the
HDMI(R) sink 72 judges that full-duplex  communication is to be
performed. 20 [0229] When judged in Step S196 that full-duplex
communication is to be performed, in Step 5197, the  switching control
unit 972 controls the switch 185 and  the switch 186 and switches the
switch 185 and the  switch 186 so that a differential signal corresponding
25 to Rx data from the conversion unit 184 is selected at  a time of
transmitting data. 74  



[0230] Further, when judged in Step S196 that full- duplex communication
is not to be performed, in Step  S198, the HDMI(R) sink 72 judges
whether to perform  half-duplex communication based on the received
channel 5 information. When having received channel information  that
notifies that IP communication using the CEC line  84 and the signal line
141 is to be performed, the  HDMI(R) sink 72 judges that half-duplex
communication  is to be performed. 10 [0231] When judged in Step S198
that half-duplex  communication is to be performed or when the switch
185  and the switch 186 are switched in Step S197, in Step  S199, the
switching control unit 124 controls the  switch 135 and switches the switch
135 so that a 15 differential signal corresponding to Rx data from the
conversion unit 134 is selected at a time of  transmitting data and a
differential signal  corresponding to Tx data from the transmitter 81 is
selected at a time of receiving data. 20 [0232] It should be noted that
when the HDMI(R)  source 71 and the HDMI(R) sink 72 perform
full-duplex  communication, at the time data is transmitted in the  HDMI(R)
sink 72, a differential signal corresponding to  Rx data is not transmitted
from the conversion unit 134 25 to the transmitter 81. Thus, the switch 135
is not  supplied with the differential signal corresponding to 75  



Rx data. [0233] In Step S200, the respective units of the  HDMI(R) sink 72
perform bidirectional IP communication  with the HDMI(R) source 71, and
the communication 5 processing is thus ended. [0234] Specifically, when
the HDMI(R) sink 72  performs full-duplex communication with the
HDMI(R)  source 71, at the time of transmitting data, the  conversion unit
184 converts the Rx data supplied from 10 the HDMI(R) sink 72 into a
differential signal,  transmits one of partial signals constituting the
differential signal obtained by the conversion to the  transmitter 81 via the
switch 185 and the SDA line 191,  and transmits the other one of the
partial signals to 15 the transmitter 81 via the switch 186 and the SCL line
192. [0235] Further, when the HDMI(R) sink 72 performs  half-duplex
communication with the HDMI(R) source 71,  at the time of transmitting
data, the conversion unit 20 134 converts the Rx data supplied from the
HDMI(R) sink  72 into a differential signal, transmits one of partial  signals
constituting the differential signal obtained  by the conversion to the
transmitter 81 via the switch  135 and the CEC line 84, and transmits the
other one of 25 the partial signals to the transmitter 81 via the  signal line
141. 76  



[0236] Furthermore, when the HDMI(R) sink 72  performs full-duplex
communication with the HDMI(R)  source 71 and when performing
half-duplex communication  therewith, at the time of receiving data, the
decode 5 unit 136 receives a differential signal corresponding  to Tx data,
that has been transmitted from the  transmitter 81, decodes the received
differential  signal into Tx data as the original data, and outputs  it to the
HDMI(R) sink 72. 10 [0237] Moreover, when judged in Step S198 that
half- duplex communication is not to be performed, that is,  when channel
information is not received, in Step 5201,  the respective units of the
HDMI(R) sink 72 transmit  and receive CEC signals to perform
bidirectional 15 communication with the HDMI(R) source 71, and the
communication processing is thus ended. [0238] As described above, the
HDMI(R) sink 72  performs full-duplex communication or half-duplex
communication according to the received channel 20 information, that is,
the function of the HDMI(R)  source 71 as a communication counterpart.
[0239] By thus switching the switch 135, the switch  185, and the switch
186 to select the data to be  transmitted and the data to be received
according to 25 the function of the HDMI(R) source 71 as the
communication counterpart and performing full-duplex 77  



communication or half-duplex communication, high-speed  bidirectional
communication can be performed by  selecting an optimal communication
method while  maintaining compatibility with the conventional 5 HDMI(R).
[0240] Further, by connecting the HDMI(R) source 71  and the HDMI(R)
sink 72 by the HDMI(R) cable 35  including the CEC line 84 and signal line
141 that are  mutually connected as a differential twist pair, 10 shielded,
and grounded to a ground line and the SDA  line 191 and SCL line 192
that are mutually connected  as a differential twist pair, shielded, and
grounded to  a ground line, high-speed bidirectional IP  communication
using a half-duplex communication system 15 or a full-duplex
communication system can be performed  while maintaining compatibility
with the conventional  HDMI(R) cable. [0241] By selecting data to be
transmitted out of  one or a plurality of pieces of data to be transmitted  20
and transmitting the selected data to a communication counterpart via a
predetermined signal line, and by  selecting data to be received out of one
or a plurality  of pieces of data to be received that is/are  transmitted from
the communication counterpart and 25 receiving the selected data,
high-speed bidirectional  IP communication can be performed between the
HDMI (R) 78  



source 71 and the HDMI(R) sink 72 via the HDMI(R) cable  35 while
maintaining compatibility as an HDMI(R), that  is, while allowing pixel data
of an uncompressed  picture to be transmitted unidirectionally at high 5
speed from the HDMI(R) source 71 to the HDMI(R) sink  72. [0242] As a
result, in a case where a source  apparatus as an electronic apparatus
that incorporates  the HDMI(R) source 71, such as the reproducing 10
apparatus 33 shown in Fig. 2, has a function as a  server such as a DLNA
(Digital Living Network Alliance)  and a sink apparatus as an electronic
apparatus that  incorporates the HDMI(R) sink 72, such as the digital  TV
31 shown in Fig. 2, has a communication interface 15 for a LAN such as
the Ethernet (registered trademark),  through bidirectional IP
communication via an  electronic apparatus such as the amplifier 32
connected  directly or via an HDMI(R) cable, it is possible to  transmit a
content from the source apparatus to the 20 sink apparatus via the HDMI
(R) cable and also transmit  a content from the source apparatus, from the
sink  apparatus to another apparatus (e.g., digital TV 34  shown in Fig. 2)
connected to the LAN communication  interface of the sink apparatus. 25
[0243] Furthermore, by the bidirectional IP  communication between the
HDMI(R) source 71 and the 79  



HDMI(R) sink 72, control commands and responses can be  exchanged at
high speed between the source apparatus  incorporating the HDMI(R)
source 71 and the sink  apparatus incorporating the HDMI(R) sink 72,
which are 5 connected by the HDMI(R) cable 35, and it becomes  possible
to perform quick-response inter-apparatus  control. [0244] The series of
processes described above may  be realized by dedicated hardware or
software. When the  10 series of processes are realized by software, a
program constituting that software is installed in, for  example, a
microcomputer that controls the HDMI(R)  source 71 and the HDMI(R)
sink 72. [0245] In this regard, Fig. 17 shows a structural  15 example of an
embodiment of a computer in which a  program for executing the series of
processes described  above is installed. [0246] The program can be
recorded in advance in an  EEPROM (Electrically Erasable Programmable
Read-only 20 Memory) 305 or a ROM 303 as a built-in recording medium
of a computer. [0247] Alternatively, the program can be stored  (recorded)
temporarily or permanently in a removable  recording medium such as a
flexible disc, a CD-ROM 25 (Compact Disc Read Only Memory), an MO
(Magneto  Optical) disc, a DVD (Digital Versatile Disc), a 80  



magnetic disc, and a semiconductor memory. Such a  removable
recording medium can be provided as so-called  package software. [0248]
It should be noted that in addition to being  5 installed in a computer from
the removable recording  medium as described above, the program may
be  transferred wirelessly to a computer from a download  site via a
satellite for digital satellite broadcast or  transferred to the computer by
wire via a network such 10 as a LAN or the Internet so that the computer
can  receive the thus-transferred program by an input/output  interface
306 and install it in the built-in EEPROM  305. [0249] The computer
includes a built-in CPU (Central  15 Processing Unit) 302. The
input/output interface 306 is  connected to the CPU 302 via a bus 301,
and the CPU 302  loads the program stored in the ROM (Read Only
Memory)  303 or the EEPROM 305 into a RAM (Random Access Memory)
304 and executes it. Accordingly, the CPU 302 carries  20 out the
processing according to the flowcharts described above or processing
carried out by the  structures in the block diagrams described above.
[0250] Here, in the specification, process steps  that describe a program
for causing a computer to 25 execute various types of processing do not
necessarily  need to be processed in time-series along a sequence 81  



described in the flowchart, and processes that are  executed in parallel or
individually (e.g., parallel  process or process by object) are also included.
[0251] Moreover, the program may be processed by a 5 single computer
or may be processed dispersively by a  plurality of computers. [0252] In
this embodiment, bidirectional IP  communication is performed between
the HDMI(R) source  71 and the HDMI(R) sink 72 by controlling a timing of
10 selecting data and a reception timing and transmission  timing of a
differential signal as necessary. However,  bidirectional communication
may instead be performed by  a protocol other than the IP. [0253] It
should be noted that an embodiment of the  15 present invention is not
limited to the above  embodiment, and various modifications may be made
without departing from the gist of the present  invention. [0254] According
to the above embodiment, 20 bidirectional communication can be
performed. In  particular, it is possible to perform high-speed  bidirectional
communication while maintaining  compatibility in a communication
interface capable of  unidirectionally transmitting pixel data of an 25
uncompressed picture and audio data associated with  that picture at high
speed, for example. 82  



[0255] Incidentally, although some parts overlap the  technique that has
already been described above, many  audio/video apparatuses are
implemented with a LAN  communication function for the purposes of 5
bidirectional program viewing, high-level remote  control, a reception of an
electronic program table,  and the like. [0256] As means for forming a
network among the  audio/video apparatuses, there are options including
10 laying of a dedicated cable such as CATS, wireless communication,
and lamp line communication. [0257] However, a dedicated cable makes
an inter- apparatus connection complex, and wireless or lamp line
connection is disadvantageous in that a complex 15 modulation circuit and
transceiver are expensive.  [0258] In this regard, in the above
embodiment,  there is disclosed a technique of adding a LAN
communication function without adding a new connector  electrode to the
HDMI. 20 [0259] Since the HDMI is an interface for performing  video and
audio data transmission, replacement and  authentication of connected
apparatus information, and  communication of apparatus control data by
using one  cable, an advantage that LAN communication can be 25
performed with an addition of the LAN function thereto,  without using a
dedicated cable nor wireless 83  



communication, is large. [0260] Incidentally, in the technique disclosed as
the above embodiment, the differential transmission  channel used in the
LAN communication is used for the 5 replacement and authentication of
connected apparatus  information and communication of apparatus control
data. [0261] In the HDMI, connected apparatus electric  characteristics are
severely restricted in terms of a  10 parasitic capacitance and an
impedance also with respect to DDC that performs replacement and
authentication of connected apparatus information and  CEC that
performs communication of apparatus control  data. 15 [0262] Specifically,
a DDC terminal parasitic  capacitance of an apparatus is required to be 50
pF or  less. The connection terminal is required to be  grounded to ground
GND at 200 0 or less at a time of  LOW output and connected by pull-up
to a power source 20 at about 2 kO in a HIGH state. [0263] On the other
hand, transmission/reception  terminals are required to be terminated at at
least  about 100 0 in a high frequency range in order to  stabilize
communication in LAN communication for 25 transmitting a high-speed
signal. [0264] Fig. 19 shows a state where a transmitter 404 84  



and a transmitter 405 for LAN communication, that are  constantly
connected to DDC lines of an existing HDMI  source apparatus 401 and
HDMI sink apparatus 402, are  AC-coupled. 5 [0265] In order to satisfy the
DDC parasitic  capacitance restrictions, it is required that a LAN
transmitter/receiver circuit added to the DDC lines has  AC coupling via a
sufficiently small capacitance. Since  a LAN signal is largely attenuated
and distorted, there 10 is a fear that the transmitter/receiver circuit for
compensating this may become complex and expensive.  [0266] A
transition between HIGH and LOW during DDC  communication may
hinder LAN communication. In other  words, there is a fear that the LAN
does not function 15 during a DDC communication period. [0267] In this
regard, hereinafter, as a more  preferable embodiment, a description will
be given on a  communication system having a characteristic that, in  an
interface that performs video and audio data 20 transmission, replacement
and authentication of  connected apparatus information, communication of
apparatus control data, and LAN communication by using  basically one
cable, the LAN communication is performed  by bidirectional
communication via a pair of 25 differential transmission channels and a
connection  state of the interface is notified based on a DC bias 85  



potential of at least one of the transmission channels.  [0268] The
technique described hereinbelow does not  necessarily need to have a
selection unit as in the  above embodiment. 5 [0269] Fig. 18 is a circuit
diagram showing a first  structural example of the communication system
in which  a connection state of the interface is notified based  on a DC
bias potential of at least one of the transmission channels. 10 [0270] Fig.
19 is a diagram showing a structural  example of the system in a case
where the Ethernet  (registered trademark) is used. [0271] As shown in
Fig. 18, a communication system  400 is constituted of a LAN function
expansion HDMI  15 (hereinafter, abbreviated to EH) source apparatus
401, an EH sink apparatus 402, an EH cable 403 for  connecting the EH
source apparatus and the EH sink  apparatus, an Ethernet (registered
trademark)  transmitter 404, and an Ethernet (registered trademark)  20
receiver 405. [0272] The EH source apparatus 401 includes a LAN  signal
transmitter circuit 411, a terminating resistor  412, AC coupling capacitors
413 and 414, a LAN signal  receiver circuit 415, a subtracting circuit 416,
a 25 pull-up resistor 421, a resistor 422 and a capacitor  423 forming a
low-pass filter, a comparator 424, a 86  



pull-down resistor 431, a resistor 432 and a capacitor  433 forming a
low-pass filter, and a comparator 434.  [0273] The EH sink apparatus 402
includes a LAN  signal transmitter circuit 441, a terminating resistor 5 442,
AC coupling capacitors 443 and 444, a LAN signal  receiver circuit 445, a
subtracting circuit 446, a  pull-down resistor 451, a resistor 452 and a
capacitor  453 forming a low-pass filter, a comparator 454, a  choke coil
461, and resistors 462 and 463 serially 10 connected between a power
source potential and a  reference potential. [0274] Provided in the EH
cable 403 are differential  transmission channels constituted of a reserved
line  501 and an HPD Line 502, and a source-side terminal 511 15 of the
reserved line 501, a source-side terminal 512 of  the HPD Line 502, a
sink-side terminal 521 of the  reserved line 501, and a sink-side terminal
522 of the  HPD line are formed. The reserved line 501 and the HPD  line
502 are connected as a differential twist pair. 20 [0275] In this case, the
source-side terminal 511 of  the reserved line 501 and the source-side
terminal 512  of the HPD Line 502 function as a second transmission
channel. Moreover, the sink-side terminal 521 of the  reserved line 501
and the sink-side terminal 522 of the 25 HPD Line function as a second
reception channel.  [0276] In the communication system 400 having the
87  



structure as described above, the terminals 511 and 512  are connected
to the terminating resistor 412, the LAN  signal transmitter circuit 411, and
the LAN signal  receiver circuit 415 via the AC coupling capacitors 413 5
and 414 in the EH source apparatus 401. [0277] The subtracting circuit
416 receives a sum  signal SG417 of a transmission signal voltage
generated  by a current output from the LAN signal transmitter  circuit 411
with the terminating resistor 412 and 10 transmission channels 501 and
502 as a load, and a  reception signal voltage as a signal transmitted from
the EH sink apparatus 402. [0278] In the subtracting circuit 416, a signal
SG413 obtained by subtracting a transmission signal  15 SG411 from the
sum signal SG412 is a net signal transmitted from the sink. [0279] The
sink apparatus 402 has a similar circuit  network, and by those circuits, the
source apparatus  4011 and the sink apparatus 402 perform bidirectional
20 LAN communication. [0280] In addition to the LAN communication
described above, the HPD line 502 notifies the source  apparatus 401 that
the cable 403 has been connected to  the sink apparatus 402 by a DC
bias level. 25 [0281] The resistors 462 and 463 and the choke coil  461 of
the sink apparatus 402 bias the HPD line 502 to 88  



about 4 V via the terminal 522 when the cable 403 is  connected to the
sink apparatus 402. [0282] The source apparatus 401 extracts a DC bias
of the HPD line 502 by the low-pass filter constituted  5 of the resistor 432
and the capacitor 433, and the comparator 434 compares it with a
reference potential  Vref2 (e.g., 1.4 V). [0283] If the cable 403 is not
connected to the  source apparatus 402, a potential of the terminal 512
10 is lower than the reference potential Vref2 at the pull-down resistor 431
and is higher if connected.  [0284] Therefore, if an output signal SG415 of
the  comparator 434 is HIGH, it indicates that the cable 403  is connected
to the sink apparatus 402. 15 [0285] On the other hand, if the output
signal SG415  of the comparator 434 is LOW, it indicates that the  cable
403 is not connected to the sink apparatus 402.  [0286] In the first
structural example, there is  additionally provided a function of mutually 20
recognizing, from a DC bias potential of the reserved  line 501, which of
an EH-compliant apparatus and a non- EH-compliant HDMI apparatus the
apparatuses connected  at both ends of the cable 403 are. [0287] The EH
source apparatus 401 pulls up (+ 5 V)  25 the reserved line 501 by the
resistor 421, and the EH  sink apparatus 402 pulls it down by the resistor
451. 89  



[0288] These resistors 421 and 451 do not exist in  the non-EH-compliant
apparatus. [0289] The comparator 424 of the EH source apparatus  401
compares a DC potential of the reserved line 501 5 that has passed
through the low-pass filter constituted  of the resistor 422 and capacitor
423 with a reference  voltage Vrefl. [0290] If the sink apparatus 402
supports EH and has  a pull down, the potential of the reserved line 501
10 becomes 2.5 V, and if not supporting EH and is opened,  the potential
becomes 5 V. Therefore, if the reference  potential Vrefl is set to 3.75 V, it
is possible to  make a distinction between a compliant sink apparatus  and
a non-compliant sink apparatus. 15 [0291] The comparator 454 of the sink
apparatus 402  compares a DC potential of the reserved line 501 that  has
passed through the low-pass filter constituted of  the resistor 452 and the
capacitor 453 with a reference  voltage Vref3. 20 [0292] If the source
apparatus 402 supports EH and  has a pull-up function, the potential
becomes 2.5 V,  and if not supporting EH, the potential becomes 0 V.
Therefore, if the reference potential is set to 1.25 V,  it is possible to make
a distinction between an EH 25 compliant apparatus and a
non-EH-compliant apparatus.  [0293] As described above, according to
the first 90  



structural example, in the interface that performs  video and audio data
transmission, replacement and  authentication of connected apparatus
information,  communication of apparatus control data, and LAN 5
communication by using one cable 403, the LAN  communication is
performed by bidirectional  communication via a pair of differential
transmission  channels, and a connection state of the interface is  notified
by a DC bias potential of at least one of the 10 transmission channels.
Therefore, it becomes possible  to perform spatial separation in which the
SCL line and  the SDA line are not physically used in LAN
communication. [0294] As a result, due to the division, a LAN 15
communication circuit can be formed irrespective of an  electrical
specification defined for DDC, with the  result that stable and reliable LAN
communication can  be realized at a low cost. [0295] It should be noted
that it is also possible  20 to provide the pull-up resistor 421 shown in Fig.
18 in  the EH cable 403 instead of the EH source apparatus 401.  In such
a case, terminals of the pull-up resistor 421  are respectively connected to
the reserved line 501 and  a line (signal line) connected to a power source
(power 25 source potential) out of the lines provided in the EH  cable 403.
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[0296] Furthermore, it is also possible to provide  the pull-down resistor
451 and the resistor 463 shown  in Fig. 18 in the EH cable 403 instead of
the EH sink  apparatus 402. In such a case, terminals of the pull 5 down
resistor 451 are respectively connected to the  reserved line 501 and a
line connected to the ground  (reference potential) (ground line) out of the
lines  provided in the EH cable 403. Also, terminals of the  resistor 463 are
respectively connected to the HPD Line 10 502 and the line connected to
the ground (reference  potential) (ground line) out of the lines provided in
the EH cable 403. [0297] Fig. 20 is a circuit diagram showing a second
structural example of the communication system in which  15 a connection
state of the interface is notified by a DC bias potential of at least one of
the transmission  channels. [0298] Fundamentally similar to the first
structural  example, a communication system 600 is characterized by  20
having a structure in which, in an interface that performs video and audio
data transmission, replacement  and authentication of connected
apparatus information,  communication of apparatus control data, and
LAN communication by using one cable, the LAN communication  25 is
performed by unidirectional communication via two  pairs of differential
transmission channels, and a 92  



connection state of the interface is notified by a DC  bias potential of at
least one of the transmission  channels, and that at least two transmission
channels  are used time-divisionally with the LAN communication, 5 for
communication for replacement and authentication of  connected
apparatus information. [0299] As shown in Fig. 20, the communication
system  600 is constituted of a LAN function expansion HDMI
(hereinafter, abbreviated to EH) source apparatus 601, 10 an EH sink
apparatus 602, and an EH cable 603 for  connecting the EH source
apparatus and the EH sink  apparatus. [0300] The EH source apparatus
601 includes a LAN  signal transmitter circuit 611, terminating resistors  15
612 and 613, AC coupling capacitors 614 to 617, a LAN  signal receiver
circuit 618, an inverter 620, a resistor 621, a resistor 622 and a capacitor
623  forming a low-pass filter, a comparator 624, a pull- down resistor 631,
a resistor 632 and a capacitor 633 20 forming a low-pass filter, a
comparator 634, a NOR gate  640, analog switches 641 to 644, an
inverter 635,  analog switches 646 and 747, DDC transceivers 651 and
652, and pull-up resistors 653 and 654. [0301] The EH sink apparatus 602
includes a LAN  25 signal transmitter circuit 661, terminating resistors  662
and 663, AC coupling capacitors 664 to 667, a LAN 93  



signal receiver circuit 668, a pull-down resistor 671,  a resistor 672 and a
capacitor 673 forming a low-pass  filter, a comparator 674, a choke coil
681, resistors  682 and 683 serially connected between a power source 5
potential and a reference potential, analog switches  691 to 694, an
inverter 695, analog switches 696 and  697, DDC transceivers 701 and
702, and a pull-up  resistor 703. [0302] Provided in the EH cable 603 are
differential  10 transmission channels constituted of a reserved line  801
and an SCL line 803 and differential transmission  channels constituted of
an SDA line 804 and an HPD line  802, and source-side terminals 811 to
814 thereof and  sink-side terminals 821 to 824 are formed. 15 [0303] The
reserved line 801 and SCL line 803 and  the SDA line 804 and HPD line
802 are connected as  differential twist pairs. The terminals 811 to 814
connected thereto function as a second transmission  channel. 20 [0304]
In the communication system 600 structured as  described above, the
terminals 811 and 813 are  connected to the transmitter circuit 611 for
transmitting a LAN transmission signal SG611 to the  sink and the
terminating resistor 612 via the AC 25 coupling capacitors 614 and 615
and the analog switches  641 and 642, in the source apparatus 601. 94  



[0305] The terminals 814 and 812 are connected to  the receiver circuit
618 for receiving a LAN signal  from the sink apparatus 602 and the
terminating  resistor 613 via the AC coupling capacitors 616 and 617 5
and the analog switches 643 and 644. [0306] In the sink apparatus 602,
the terminals 821  to 824 are connected to the transmitter and receiver
circuits 668 and 661 and the terminating resistors 662  and 663 via the AC
coupling capacitors 664, 665, 666,  10 and 667 and the analog switches
691 to 694. [0307] The analog switches 641 to 644 and 691 to 694  are
turned on when LAN communication is performed and  opened when DDC
communication is performed. [0308] The source apparatus 601 connects
the 15 terminals 813 and 814 to the DDC transceivers 651 and  652 and
the pull-up resistors 653 and 654 via other  analog switches 646 and 647.
[0309] The sink apparatus 602 connects the terminals  823 and 824 to the
DDC transceivers 701 and 702 and the  20 pull-up resistor 703 via the
analog switches 696 and  697. [0310] The analog switches 646, 647, 696,
and 697  are turned on when DDC communication is performed and
opened when DLAN communication is performed. 25 [0311] A recognition
mechanism of an EH-compliant  apparatus based on a potential of the
reserved line 801 95  



is basically the same as that of the first structural  example except that the
resistor 62 of the source  apparatus 601 is driven by the inverter 620.
[0312] When an input to the inverter 620 is HIGH,  5 the resistor 621
becomes a pull-down resistor, thus  providing a 0 V state which is the
same as a case where  a non-EH-compliant apparatus is connected as
seen from  the sink apparatus 602. [0313] Consequently, a signal SG623
indicating an EH  10 compliance identification result of the sink apparatus
602 becomes LOW, the analog switches 691 to 694 controlled by the
signal SG623 are opened, and the  analog switches 696 and 697
controlled by a signal  obtained by inverting the signal SG623 by the
inverter  15 695 are turned on. [0314] As a result, the sink apparatus 602
enters a  state where the SCL line 803 and the SDA line 804 are
disconnected from the LAN transceiver and connected to  the DDC
transceiver. 20 [0315] On the other hand, in the source apparatus  601, an
input to the inverter 620 is also input to the  NOR gate 640, and an output
SG614 thereof is set to LOW.  [0316] The analog switches 641 to 6444
controlled by  the output signal SG614 of the NOR gate 640 are opened,
25 and the analog switches 646 and 647 controlled by a  signal obtained
by inverting the signal SG614 by the 96  



inverter 645 are turned on. [0317] As a result, the source apparatus 601
also  enters a state where the SCL line 803 and the SDA line  804 are
disconnected from the LAN transceiver and 5 connected to the DDC
transceiver. [0318] Conversely, when an input to the inverter 620  is LOW,
both the source apparatus 601 and the sink  apparatus 602 enter a state
where the SCL line 803 and  the SDA line 804 are disconnected from the
DDC 10 transceiver and connected to the LAN transceiver.  [0319] The
circuits 631 to 634 and 681 to 683 for  confirming the connection based on
a DC bias potential  of the HPD line 802 have the same functions as those
of  the first structural example. 15 [0320] In other words, in addition to the
LAN  communication described above, the HPD Line 802  notifies the
source apparatus 601 that the cable 803  has been connected to the sink
apparatus 602 by a DC  bias level. 20 [0321] The resistors 682 and 683
and the choke coil  681 of the sink apparatus 602 bias the HPD line 802 to
about 4 V via the terminal 822 when the cable 603 is  connected to the
sink apparatus 602. [0322] The source apparatus 601 extracts a DC bias
25 of the HPD line 802 by the low-pass filter constituted  of the resistor
632 and the capacitor 633, and the 97  



comparator 634 compares it with the reference potential  Vref2 (e.g., 1.4
V). [0323] If the cable 603 is not connected to the  source apparatus 602,
a potential of the terminal 812  5 is lower than the reference potential
Vref2 at the pull-down resistor 631 and is higher if connected.  [0324]
Therefore, if an output signal SG613 of the  comparator 634 is HIGH, it
indicates that the cable 803  is connected to the sink apparatus 602. 10
[0325] On the other hand, if the output signal SG613  of the comparator
634 is LOW, it indicates that the  cable 603 is not connected to the sink
apparatus 602.  [0326] As described above, according to the second
structural example, in the interface that performs 15 video and audio data
transmission, replacement and  authentication of connected apparatus
information,  communication of apparatus control data, and LAN
communication by using one cable, the LAN communication is performed
by unidirectional communication via two  20 pairs of differential
transmission channels, and a  connection state of the interface is notified
by a DC  bias potential of at least one of the transmission  channels, and
further, at least two transmission  channels are used time-divisionally with
LAN 25 communication, for communication for replacement and
authentication of connected apparatus information. 98  



Therefore, it is possible to perform a time division to  obtain a time slot in
which the SCL line and the SDA  line are connected to a LAN
communication circuit by a  switch and a time slot in which they are
connected to a 5 DDC circuit and form a LAN communication circuit
irrespective of the electrical specification defined  for DDC by this division,
with the result that stable  and reliable LAN communication can be
realized at a low  cost. 10 [0327] It should be noted that it is also possible
to provide the resistor 621 shown in Fig. 20 in the EH  cable 603 instead
of the EH source apparatus 601. In  such a case, terminals of the resistor
621 are respectively connected to the reserved line 801 and a  15 line
(signal line) connected to a power source (power  source potential) out of
the lines provided in the EH  cable 603. [0328] Furthermore, it is also
possible to provide  the pull-down resistor 671 and the resistor 683 shown
20 in Fig. 20 in the EH cable 603 instead of the EH sink apparatus 602. In
such a case, terminals of the pull- down resistor 671 are respectively
connected to the  reserved line 801 and a line connected to the ground
(reference potential) (ground line) out of the lines 25 provided in the EH
cable 603. Also, terminals of the  resistor 683 are respectively connected
to the HPD Line 99  



802 and the line connected to the ground (reference  potential) (ground
line) out of the lines provided in  the EH cable 603. [0329] As described
heretofore, in the embodiment 5 associated with Figs. 2 to 17, out of 19
HDMI pins, SDA  and SCL are used as a first differential pair, and CEC
and Reserved are used as a second pair to thus realize  full duplex
communication in which unidirectional  communication is performed by
each pair. 10 [0330] However, for SDA and SCL, H is pull-up of 1.5  KQ
and L is pull-down of low impedance. Also for CEC, H  is pull-up of 27 KO
and L is pull-down of low impedance.  [0331] Retaining these functions in
order to have  compatibility with the existing HDMI may lead to a fear 15
that it becomes difficult to share a function of the  LAN for performing
high-speed data communication which  is required to have ends of a
transmission channel  matched and terminated. [0332] In this regard, in
the first structural 20 example, full duplex communication is realized by
one- pair bidirectional communication using Reserved and HPD  as a
differential pair while avoiding the use of SDA,  SCL, and CEC lines.
[0333] Since HPD is a flag signal based on a DC  25 level, injection of a
LAN signal by AC coupling and  transmission of plug information based on
a DC level 100  



are compatible. Newly added to Reserved is a function  of mutually
recognizing a terminal having a LAN  function by a DC level using a
method similar to HPD.  [0334] In the second structural example, HPD
and SDA, 5 and SCL and Reserved make two pairs of differential  pairs to
realize two-pair full duplex communication in  which unidirectional
communication is performed by each  pair. [0335] Timings of burst-type
DDC communication using  10 SDA and SCL in the HDMI are controlled
with the  transmitter being a master at all times. [0336] In this example,
analog switches are operated  so that, when a transmitter performs DDC
communication,  SDA and SCL lines are connected to the DDC
transceiver, 15 and when DDC communication is not performed, the lines
are connected to the LAN transceiver. [0337] These switch operation
signals are also  transmitted to a receiver at a DC level of the Reserved
line, and a similar SW switch is performed on the 20 receiver side. [0338]
By adopting the structure described above, as  a first effect, SCL, SDA,
and CEC communication is not  influenced by noises in LAN
communication and stable  DDC and CEC communication can constantly
be secured. 25 [0339] This is achieved by physically separating the  LAN
from those lines in the first structural example 101  



and cutting off a LAN signal from the lines by the  switches during DDC
communication in the second  structural example. [0340] As a second
effect, it becomes possible to  5 perform stable communication having a
large margin  because LAN communication is performed by lines having
ideal terminations. [0341] This is because, in the first structural  example,
since a LAN signal is superimposed on lines  10 like Reserved and HPD
that transmit a signal only by a DC level, terminating impedance can be
maintained at an  ideal value in a sufficiently broad frequency band
necessary for LAN communication, and in the second  structural example,
terminating circuits for the LAN 15 unpermitted for DDC communication
are connected by the  switches only during LAN communication. [0342]
Figs. 21A to 21E are diagrams showing  bidirectional communication
waveforms in the  communication system of the structural examples. 20
[0343] Fig. 21A shows a signal waveform transmitted  from an EH sink
apparatus, Fig. 21B shows a signal  waveform received by the EH sink
apparatus, Fig. 21C  shows a signal waveform passing through a cable,
Fig.  21D shows a signal received by an EH source apparatus, 25 and Fig.
21E shows a signal waveform transmitted from  the EH source apparatus.
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[0344] Fig. 22 is a block diagram showing a  structure of a frame rate
conversion system according  to an embodiment of the present invention.
[0345] The frame rate conversion system includes a  5 reproducing
apparatus 151 as a transmission apparatus  and a display apparatus 161
as a reception apparatus  connected to the reproducing apparatus 151 via
a cable  4. The reproducing apparatus 151 and the display  apparatus 161
are separated. Examples of the 10 reproducing apparatus 151 include a
disk player, a  digital tuner, a camera-integrated VTR, a decode
apparatus for decoding compression-coded data, and  various STBs (Set
Top Boxes). Examples of the display  apparatus 161 include a TV and a
display device. 15 [0346] The reproducing apparatus 151 includes a
decode unit 152 and a transmission interface 153. For  example, encoded
video data encoded by a compression  coding method that uses a motion
vector, such as MPEG  (Moving Picture Experts Group), is supplied to the
20 decode unit 152. The compression coding method is not  limited to
MPEG and any method may be used as long as a  motion vector is used
as will be described later. The  decode unit 152 is, for example, an
MPEG-standard  decoder. 25 [0347] As is well known, in the decode unit
152, a  quantized transform coefficient, a motion vector, an 103  



identifier indicating a form of a predictive  compensation of each decoded
picture, an identifier  indicating a display order of the decoded pictures,
and  the like are decoded by a variable length decode 5 circuit (not
shown) . Moreover, in the decode unit 152,  decoded information is
supplied to an inverse  quantization circuit or a compensation circuit (not
shown) . The identifier indicating a form of a  predictive compensation
indicates which of an in 10 picture prediction (I picture), a
forward-direction  prediction (P picture), and a bidirectional prediction  (B
picture) is being used. Of the quantized transform  coefficient, the motion
vector, the identifier indicating a form of a predictive compensation, and
an  15 identifier indicating a display order, the motion  vector, the identifier
indicating a form of a  predictive compensation, and the identifier
indicating  a display order are supplied as reference control  information to
the transmission interface 203. 20 [0348] The transmission interface 153
receives video  data decoded by the decode unit 152 and transmits the
video data and the reference control information to the  display apparatus
161 via the cable 4. The transmission  interface 153 is constituted of any
one of the HDMI 25 source 71 (see Fig. 3), the EH source 401 (see Fig.
18), and the EH source 601 (see Fig. 20) described 104  



above, for example. [0349] For the cable 4, any one of the HDMI cable 35
(see Fig. 3), the EH cable 403 (see Fig. 18), and the  EH cable 603 (see
Fig. 20) described above is used, for  5 example. [0350] The reproducing
apparatus 151 includes  circuits requisite therefor, such as a CPU 41, a
RAM  42, and a ROM 43. Blocks of the reproducing apparatus  151
function under control of the CPU 41. 10 [0351] The display apparatus
161 includes a  reception interface 163 and a frame rate conversion  unit
162. The frame rate conversion unit 162 includes a  video buffer 164, a
motion vector buffer 165, an  interpolation vector generation unit 166, an
15 interpolation frame generation unit 167, and a selector  168. [0352] The
reception interface 163 is connected to  the cable 4 and receives the video
data transmitted  from the reproducing apparatus 151 via the cable 4. The
20 reception interface 163 is constituted of any one of  the HDMI sink 72,
the EH sink 402, and the EH sink 602  described above, for example.
[0353] The transmission interface 153 transmits the  decoded video data
(also audio data, auxiliary data, 25 etc.) using a TMDS channel as the first
channel. On the  other hand, the transmission interface 153 transmits 105



reference control information using a high-speed data  line as the second
channel. [0354] In other words, when the cable 4 is the HDMI  cable 35,
the high-speed data line is at least one of a  5 CEC line and an HPD line.
When the cable 4 is the EH cable 403, the high-speed data line is at least
one of  the reserved line 501 and the HPD Line 502.  Alternatively, when
the cable 4 is the EH cable 603,  the high-speed data line is at least one of
a 10 combination of the reserved line 801 and an SCL line  and a
combination of an SDA line and an HPD line.  [0355] The reception
interface 163 supplies the  video data from which the reference control
information is separated and the identifier indicating a form of a  15
predictive compensation of each picture and an  identifier of a display
order that are contained in the  reference control information to the video
buffer 164  as a real-frame picture. In addition, the reception  interface 163
supplies the motion vector in the 20 reference control information to the
motion vector  buffer 165. Moreover, the reception interface 163 uses  the
reference control information and outputs a control  signal for controlling
the respective units of the  display apparatus 161. 25 [0356] The display
apparatus 161 includes circuits  requisite therefor, such as a CPU 51, a
RAM 52, and a 106  



ROM 53. The blocks of the display apparatus 161  function under control
of the CPU 51. [0357] Of the reference control information, the  reception
interface 163 may output, for example, the  5 identifier indicating a form of
a predictive compensation and the identifier indicating a display  order to
supply them to the CPU 51. In this case, the  CPU 51 generates the
control signal. [0358] The interpolation vector generation unit 166  10
generates an interpolation vector by using, out of  motion vectors stored in
the motion vector buffer 165,  a motion vector used in a prediction of
pictures of  real frames before and after an interpolation frame.  For
example, a length of a motion vector is a length 15 corresponding to a
time interval between real frames.  Further, in high frame rate display, an
interpolation  frame is generated so as to be interposed between real
frames. Therefore, the interpolation vector generation  unit 166 generates
an interpolation vector by, for 20 example, converting a motion vector into
a length  proportional to a time interval between a real frame  and an
interpolation frame. [0359] The interpolation frame generation unit 167
reads out pictures of real frames before and after the  25 interpolation
frame from the video buffer 164 based on  the identifiers described above.
Then, the 107  



interpolation frame generation unit 167 uses the  interpolation vector
generated by the interpolation  vector generation unit 166 to generate an
interpolation  frame interposed between those pictures based on a 5
prediction. [0360] The selector 168 selectively outputs, at a  display timing
matched with a converted frame rate, a  frame of the picture (real frame)
in the video buffer  164 and the interpolation frame generated by the 10
interpolation frame generation unit 167. The high- frame-rated video data
thus output from the selector  168 is supplied to a display drive circuit (not
shown)  of the display apparatus 161 to be displayed on a  screen of the
display apparatus 161. 15 [0361] Out of the pictures in the video buffer
164,  a picture that is selected by the selector 168 and has  become
unnecessary in generating an interpolation frame  is deleted by being
overwritten by a picture newly  supplied from the reception interface 163.
Also, out of 20 the motion vectors in the motion vector buffer 165, a
motion vector that has become unnecessary in generating  an
interpolation vector is deleted by being overwritten  by a motion vector
newly supplied from the reception  interface 163. 25 [0362] Next, an
operation of the frame conversion  system structured as described above
will be described. 108  



Fig. 23 is a flowchart showing processing of the  reproducing apparatus
151, and Fig. 24 is a flowchart  showing processing of the display
apparatus 161.  [0363] As shown in Fig. 23, in the reproducing 5
apparatus 151, the decode unit 152 decodes a certain  amount of
encoded video data (Step Sl). The decoded  video data and reference
control information obtained  at a time of decode (motion vector and
identifiers  described above) are supplied to the transmission 10 interface
153 to be transmitted therefrom to the  display apparatus 161 (Step S2).
After that, the  process returns to Step Sl and the process is repeated  for
the next certain amount of encoded video data.  [0364] As shown in Fig.
24, in the display apparatus 15 161, the reception interface 163 receives
the  transmitted video data and reference control  information (Step S21).
[0365] An identifier indicating a form of a  predictive compensation of each
picture and an 20 identifier indicating a display order in the reference
control information are added to the video data, and  the data is recorded
in the video buffer 164 (Step S22) . When there is an unnecessary picture
in the video  buffer 164 in Step 522, the unnecessary picture is 25 deleted
by overwrite. Moreover, the motion vector in  the reference control
information is recorded in the 109  



motion vector buffer 165 (Step S23) When there is an  unnecessary
motion vector in the motion vector buffer  165 in Step S22, the
unnecessary picture is deleted by  overwrite. 5 [0366] Subsequently, the
CPU 51 judges whether a  necessary amount of pictures for generating an
interpolation frame have been recorded in the video  buffer 164 (Step
S24) . When judged NO, the process  returns to Step S21, and the
processes of Steps S21 to  10 S24 are repeated. [0367] Step S24 is
carried out for the following  purpose. Since, when generating an
interpolation frame,  pictures of real frames before and after that frame are
used, a picture of a real frame displayed after the 15 interpolation frame
also becomes necessary. For  example, as shown in Fig. 25, in a case
where the  interpolation frame generation unit 167 generates an
interpolation frame represented by Cl between an I  picture and a Bl
picture as real frames using a motion 20 vector, the I picture, the Bl
picture, and a  complementary vector that is half the motion vector 73
become necessary. The motion vector 73 is a motion  vector between I
and Bl. [0368] Moreover, a delay time Ti exists before the I  25 picture is
read out from the video buffer 164 since  being input to the display
apparatus 161. Furthermore, 110  



a time T2 for generating the interpolation frame Cl  becomes necessary.
Therefore, a time that the  interpolation frame Cl can be displayed on the
display  apparatus 161 becomes a time between a time the Bl 5 picture as
a real frame is input and a time a B2  picture is input. [0369] The same
holds true for a case where an  interpolation frame represented by C2 is
generated  between the Bl picture and the B2 picture as real 10 frames or
a case where an interpolation frame  represented by C3 is generated
between the B2 picture  and a P picture as real frames. [0370] It should be
noted that in the example of  Fig. 25, the timing at which the BI picture is
recorded  15 in the video buffer 164 is the same as the timing at which the
I picture is displayed. Similarly, the timing  at which the B2 picture is
recorded is the same as the  timing at which the Bl picture is recorded. As
a matter  of course, those timings do not need to be the same. 20 [0371]
In the example of Fig. 25, the interpolation  frame has been generated
using nearest real frames  before and after that. However, real frames that
are  additionally apart in terms of time may be used  instead. For example,
as shown in Fig. 25, for 25 generating the interpolation frame Cl, an
interpolation  vector that is 1/4 the motion vector 76 between I and 111  



B2 and the B2 picture may be used. Alternatively, an  interpolation vector
that is 1/6 the motion vector 78  between I and P and the P picture may be
used. In those  cases, a timing at which the interpolation frame is 5
displayed is additionally delayed. [0372] In this regard, in Step S24 of Fig.
24, a  judgment is made on whether a necessary amount of  pictures for
generating an interpolation frame have  been recorded. When the amount
of pictures is 10 insufficient, the processes of Steps S21 to S24 are
repeated. [0373] When judged YES in Step S24, the  interpolation vector
generation unit 166 generates an  interpolation vector by using, out of
motion vectors 15 recorded in the motion vector buffer 165, a motion
vector used for a prediction of pictures of real frames  before and after the
interpolation frame (Step S25).  [0374] Subsequently, the interpolation
frame  generation unit 167 reads out pictures of real frames 20 before and
after the interpolation frame from the video  buffer 164 based on the
identifiers, and uses the  interpolation vector generated by the
interpolation  vector generation unit 166 to generate an interpolation
frame interposed between those pictures based on a 25 prediction (Step
S26). [0375] At a display timing matched with the 112  



converted frame rate, the selector 168 selects and  outputs a frame of
each of the picture in the video  buffer 164 and the interpolation frame
generated by the  interpolation frame generation unit 167 (Step S27) 5
After that, the process returns to Step S21. [0376] As described above, in
this embodiment, the  reference control information is transmitted via a
line  connecting the first transmission channel and the  second reception
channel. Accordingly, a transmission 10 data amount of the reference
control information (per  unit time) can be made larger than in a case
where the  reference control information is superimposed on a  blanking
area. [0377] Further, in a case where the transmission  15 interface 153
and the reception interface 163 are an  HDMI, various types of control
information have  conventionally been transmitted through a CEC line.
However, in the frame rate conversion system according  to this
embodiment, various types of control 20 information are transmitted and
received via a high- speed data line connecting the second transmission
channel and the second reception channel as described  above. [0378] In
this embodiment, even when the reproducing  25 apparatus 151 equipped
with the decode unit 152 and the  display apparatus 161 equipped with the
frame rate 113  



conversion unit 167 are separated, a frame rate  conversion can be
carried out without any problem. In  other words, the display apparatus
161 can generate a  natural interpolation frame using a motion vector and
5 perform a frame rate conversion, without requiring a  detection unit
having high processing performance for  detecting a motion vector within
a limited time before  a next frame is displayed after the frame rate
conversion or power consumption for the detection  10 processing. [0379]
Since the interpolation frame is not  generated on the reproducing
apparatus 151 side in this  embodiment, it becomes unnecessary to use a
high- transmission-data-amount cable that supports a high 15 frame rate
video as the cable 4 that connects the  reproducing apparatus 151 and the
display apparatus  161. [0380] Since the display apparatus 161 does not
perform the decode in this embodiment, it is possible  20 to input output
video data from the reproducing apparatus compatible with various coding
methods that  use a motion vector (reproducing apparatus having a
structure in which a decode unit compatible with a  coding method that
uses a motion vector, other than 25 MPEG, is provided instead of the
decode unit 152, and  video data and reference control information are
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supplied to the transmission interface 153 from that  decode unit) to the
display apparatus and realize a  high frame rate thereof. [0381] In this
embodiment, the reproducing apparatus  5 151 includes the second
transmission channel for  transmitting reference control information in
addition  to the first transmission channel for transmitting  video data.
Accordingly, the reproducing apparatus 151  becomes capable of
transmitting a large amount of 10 reference control information.
Conventionally, in a  case where reference control information is
superimposed on a blanking area of video data, the  reference control
information has sometimes been  superimposed on the blanking area after
being 15 compressed, in view of an allowable data amount in the
blanking area. However, the circuits and power  consumption for
compressing the reference control  information as described above
become unnecessary.  [0382] Fig. 26 is a block diagram showing a 20
structure of a frame rate conversion system according  to another
embodiment of the present invention. In  descriptions below, descriptions
on blocks, functions,  and the like that are the same as those of the frame
rate conversion system according to the embodiment 25 shown in Fig. 22
and the like will be simplified or  omitted, and different points will mainly be
described. 115  



[0383] This frame rate conversion system includes a  reproducing
apparatus 201 and a display apparatus 231.  [0384] A transmission
interface 203 of the  reproducing apparatus 201 includes a switch 204
(204a, 5 204b), a superimposition unit 205, a control unit 206,  a first
transmission channel 207, and a second  transmission channel 208.
[0385] The superimposition unit 205 is a circuit  that superimposes the
reference control information  10 described above on a blanking area of
decoded video data supplied from a decode unit 202. The video data on
which the reference control information has been  superimposed by the
superimposition unit 205 is  transmitted to the display apparatus 231 via
the first 15 transmission channel 207 and the cable 4. [0386] The
superimposition unit 205 and the switches  204a and 204b do not need to
be provided inside the  transmission interface 203 and may instead be
provided  outside the transmission interface 203 in the 20 reproducing
apparatus 201, for example. [0387] In a case where the transmission
interface  203 is an HDMI, the first transmission channel 207 is a  TMDS
transmission channel and the second transmission  channel 208 is a
channel corresponding to a high-speed 25 data line. A structure of the
high-speed data line is  as described above. 116  



[0388] The control unit 206 uses the switch 204 to  make a switch
between, at predetermined timings,  superimposition processing by the
superimposition unit  205 and processing of transmitting, without carrying
5 out the superimposition processing by the  superimposition unit 205,
input video data from the  first transmission channel 207 as it is. [0389]
When connecting the switch 204a to the  superimposition unit 205, the
control unit 206 also  10 connects the switch 204b to the superimposition
unit 205. Conversely, when not connecting the switch 204a to  the
superimposition unit 205, the control unit 206  transmits video data from
the first transmission  channel 207 and also transmits reference control 15
information from the second transmission channel 208  without connecting
the switch 204b to the  superimposition unit 205. Alternatively, the lines
may  be switched with the switch 204b (204a) interlocking  with the switch
204a (204b). 20 [0390] Hereinafter, a state where the switches 204a  and
204b are connected to the superimposition unit 205  will be referred to as
state A and when not, state B,  for convenience. [0391] A reception
interface 233 of the display  25 apparatus 231 includes a separation unit
235, a first  reception channel 237, and a second reception channel 117  



238. [0392] The separation unit 235 is a circuit that  separates reference
control information from a blanking  area of video data received by the first
reception 5 channel 237. In a case where reference control  information is
not superimposed on a blanking area of  video data, the input video data
is supplied to the  frame rate conversion unit 162 as it is. Moreover, in  the
case where reference control information is not 10 superimposed on a
blanking area of video data, the  reception interface 233 receives the
reference control  information via the second reception channel 238.
[0393] The separation unit 235 does not need to be  provided inside the
reception interface 233 and may 15 instead be provided outside the
reception interface 233  in the display apparatus 231, for example. [0394]
In a case where the reception interface 233  is an HDMI, the first reception
channel 237 is a TMDS  reception channel and the second reception
channel 238  20 is a high-speed data line. [0395] In a case where the
transmission interface  203 and the reception interface 163 are an HDMI,
reference control information only needs to be  superimposed on video
data as follows. 25 [0396] Fig. 27 is a diagram showing an example of a
data island area (example where active video is 720 x 118  



480 pixels) as in-video-frame audio/AUX transmission  period in the
HDMI. At predetermined pixel positions in  a horizontal blanking area
corresponding to 138 pixels  in each active line and a vertical blanking
area 5 corresponding to 45 lines, data island areas are  located
dispersively. [0397] When the reproducing apparatus 151 and the  display
apparatus 161 shown in Fig 22 transmit and  receive video data according
to an HDMI standard (as  10 HDMI source and HDMI sink, respectively),
the superimposition unit 205 and the separation unit 235  may be
structured as parts of the HDMI transmitter 81  and the HDMI receiver 82
(see Fig. 3), respectively. It  is only necessary for the superimposition unit
205 to 15 superimpose reference control information as a type of  AUX
data on a data island area of Fig. 27 and the  separation unit 235 to
separate the reference control  information from the data island area.
[0398] Next, an operation of the thus-structured  20 frame rate conversion
system shown in Fig. 26 will be  described. Fig. 28 is a flowchart showing
processing of  the reproducing apparatus 201. Fig. 29 is a flowchart
showing processing of the display apparatus 231. [0399] The decode unit
152 decodes a certain amount  25 of encoded video data (Step S31). The
CPU 41 judges  whether a data amount of reference control information,
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for example, exceeds an allowable data amount of  reference control
information that can be superimposed  on a blanking area (Step S32)
(judgment means) . For  example, the CPU 41 judges whether reference
control 5 information of video data corresponding to 1 frame, for  example,
can be accommodated at predetermined pixel  positions set in horizontal
and vertical blanking areas  of video data corresponding to 1 frame (or
each of a  plurality of frames). 10 [0400] When the data amount of
reference control  information does not exceed the allowable data amount
of reference control information that can be  superimposed on a blanking
area, the control unit 206  sets the switch 204 to the state A. Accordingly,
the 15 control unit 206 superimposes the reference control  information on
the blanking area and transmits the  video data from the first transmission
channel 207  (Step 533). [0401] When the data amount of reference
control  20 information exceeds the allowable data amount of  reference
control information that can be superimposed  on a blanking area, the
control unit 206 sets the  switch 204 to the state B. Accordingly, decoded
video  data is transmitted from the first transmission channel 25 207 as it
is, and reference control information  obtained at a time of the decode is
transmitted from 120  



the second transmission channel 208 (Step S34) [0402] Here, a case
where the reproducing apparatus  201 and the display apparatus 231 are
connected via a  network is also possible. In a case where the second 5
transmission channel 208 and the second reception  channel 238 are, for
example, the Ethernet (registered  trademark), the network is LAN. Thus,
when a network is  connected between the second transmission channel
208  and the second reception channel 238, a congestion may 10 be
caused in the network. In this regard, in Step S5,  the control unit 206
judges whether a congestion is  caused in the network (Step S35)
(judgment means). When  a congestion is not caused, the process of Step
S34 is  continued. When a congestion is caused, the CPU 41 15 returns to
the process of Step S32. [0403] It should be noted that the judgment on
whether a congestion is caused in the network only  needs to be made
based on a packet loss count or rate,  a delay time, and the like.
Alternatively, the judgment 20 on whether a congestion is caused may be
executed by  other well-known methods. Moreover, the transmission
apparatus may be customizable such that a user can  select or set a
definition of a congestion. [0404] As shown in Fig. 29, when reference
control  25 information is superimposed on video data received by  the
first reception channel 237 in the display 121  



apparatus 231, the separation unit 235 extracts the  reference control
information from the video data (Step  S51a) Processes of Steps S52 to
S57 are the same as  those of Steps S22 to S27 shown in Fig. 24. When
the 5 reference control information is not superimposed on  the video data
received by the first reception channel  237, the reference control
information is received via  the second reception channel 238 (Step
S51b). [0405] Thus, since a path of reference control 10 information is
switched as appropriate, the reproducing  apparatus 201 can efficiently
transmit reference  control information. [0406] An embodiment of the
present invention is not  limited to the above embodiments, and various
other 15 embodiments may be adopted. [0407] The frame rate conversion
system is not  limited to the structure shown in Fig. 3. For example,  in Fig.
3, an apparatus (including PC (Personal  Computer) etc.) having at least a
function of 20 converting a frame rate may be used instead of the  display
apparatus 161. In this case, the display  apparatus only needs to be
connected to the frame rate  conversion apparatus. [0408] The Ethernet
(registered trademark) has been  25 exemplified as a high-speed data line
as the second  channel. However, protocols such as ATM (Asynchronous
122  



Transfer Mode) and DTM (Dynamic Synchronous Transfer  Mode), a
wireless protocol such as Wi-Fi, or USB  (Universal Serial Bus) may be
used. Alternatively, the  transmission interface 203 and the reception
interface 5 163 may be wireless interfaces. The HDMI may be  wireless.
[0409] The flowchart shown in Fig. 28 may be  processing that ends in
Step S34 without the judgment  processing of Step S35. Also, a default of
the 10 transmission processing of the reproducing apparatus  201 may be
transmission processing of reference control  information that uses the
second transmission channel  208 (without superimposition processing),
and Step S23  may be executed as necessary (e.g., based on judgment
15 processing of Step S32). [0410] Finally, a modified example of the
embodiment  described in Figs. 26 to 29 will be described below.  [0411]
In the above embodiment, the superimposition  unit 205 of the
reproducing apparatus 201 has 20 superimposed reference control
information on a  blanking area of video data in an uncompressed
manner.  However, the superimposition unit 205 may compress the
reference control information and superimpose it on the  blanking area,
and the separation unit 235 of the 25 display apparatus 231 may expand
the reference control  information separated from the blanking area of the
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video data. Accordingly, a limited band frequency of a  blanking area of a
transmission signal can be used  efficiently. [0412] In the above
embodiment, all the motion 5 vectors have been superimposed on
blanking areas of  video data. Instead, for example, only effective motion
vectors like motion vectors with a small macro block  differential may be
superimposed on the blanking areas  of video data. Accordingly, when
dealing with MPEG-4 or 10 the like that performs compression highly
efficiently  using motion vectors from a plurality of videos, a  limited band
frequency of a blanking area of a  transmission signal can be used
efficiently. [0413] Instead of the reproducing apparatus 201  15
transmitting video data and the like to the display  apparatus 231, it is
possible for the CPU 51 of the  display apparatus 231 to conversely
transmit a control  signal to the reproducing apparatus 201. Accordingly,
the reproducing apparatus 201 may receive the control 20 signal and
instruct to start reproduction, confirm  whether reference control
information can be  transmitted, instruct whether reception thereof is
possible, or instruct a transmission data amount. For  example, since an
apparatus conforming to an HDMI 25 standard is capable of transmitting a
control signal  for bidirectional control of a CEC protocol as 124  



described above, a control signal may be transmitted to  the reproducing
apparatus 201 by the CEC protocol.  Accordingly, it becomes possible to
transmit reference  control information or dynamically control a 5
transmission data amount only between apparatuses to  which this
embodiment is applied. [0414] Even when the display apparatus 231
receives  video data while displaying a video other than that  received
video data, the separation unit 235 may 10 separate reference control
information from that input  video data. The display apparatus 231 only
needs to  record the video data to which an identifier indicating  a form of
a predictive compensation and an identifier  indicating a display order are
added in the video 15 buffer 164 and record a motion vector in the motion
vector buffer 165. Accordingly, when executing high- frame-rating of the
input video data and displaying it  thereafter, the display apparatus 231
can readily  display the video since there is no need to wait for a 20 delay
time represented by Tl in Fig. 25. [0415] The identifier indicating a display
order  does not need to be contained in the reference control  information
when an order of decoding compression-coded  video data and a display
order of decoded pictures are 25 the same or when a display order of
pictures decoded by  the display apparatus 231 are known
unambiguously. 125  



Further, the identifier indicating a form of a  predictive compensation does
not need to be contained  in the reference control information when the
form of a  predictive compensation of each picture (e.g., which of 5 I
picture, P picture, and B picture that is) is  apparent from motion vectors
themselves. [0416] It should be noted that the "frame" of video  described
heretofore conceptually includes a "field".  For example, an allowable data
amount in the judgment 10 processing of Step 32 shown in Fig. 28 may be
set as an  allowable data amount for one frame or each of a  plurality of
frames. Brief Description of Drawings [0417] [Fig. 1] A diagram showing a
structure of a  15 general picture transmission system. [Fig. 2] A diagram
showing a structure of a picture  transmission system according to an
embodiment to which  the present invention is applied. [Fig. 3] A diagram
showing a structural example of an  20 HDMI(R) source and an HDMI(R)
sink. [Fig. 4] A diagram showing a Type-A connector pin  assignment of
an HDMI(R). [Fig. 5] A diagram showing a Type-C connector pin
assignment of the HDMI(R). 25 [Fig. 6] A diagram showing a
more-specific structural  example of the HDMI(R) source and the HDMI(R)
sink. 126  



[Fig. 7] A diagram showing another more-specific  structural example of
the HDMI(R) source and the  HDMI(R) sink. [Fig. 8] A diagram showing an
E-EDID data structure.  5 [Fig. 9] A diagram showing a Vender Specific
data  structure. [Fig. 10] A flowchart for explaining communication
processing by the HDMI(R) source. [Fig. 11] A flowchart for explaining
communication  10 processing by the HDMI(R) sink. [Fig. 12] A flowchart
for explaining communication  processing by the HDMI(R) source. [Fig.
13] A flowchart for explaining communication  processing by the HDMI(R)
sink. 15 [Fig. 14] A diagram showing another more-specific  structural
example of the HDMI(R) source and the  HDMI(R) sink. [Fig. 15] A
flowchart for explaining communication  processing by the HDMI(R)
source. 20 [Fig. 16] A flowchart for explaining communication  processing
by the HDMI(R) sink. [Fig. 17] A block diagram showing a structural
example  of a computer according to an embodiment to which the  present
invention is applied. 25 [Fig. 18] A circuit diagram showing a first structural
example of a communication system in which a connection 127  



state of an interface is notified based on a DC bias  potential of at least
one of transmission channels.  [Fig. 19] A diagram showing a structural
example of the  system when using the Ethernet (registered trademark). 5
[Fig. 20] A circuit diagram showing a second structural  example of the
communication system in which the  connection state of the interface is
notified based on  a DC bias potential of at least one of the transmission
channels. 10 [Fig. 21] A diagram showing a bidirectional  communication
waveform in the communication system of  the structural example. [Fig.
22] A block diagram showing a structure of a  frame rate conversion
system according to an embodiment  15 of the present invention. [Fig. 23]
A flowchart showing processing of a  reproducing apparatus. [Fig. 24] A
flowchart showing processing of a display  apparatus. 20 [Fig. 25] A
diagram exemplifying a picture necessary  for generating an interpolation
frame. [Fig. 26] A block diagram showing a structure of a  frame rate
conversion system according to another  embodiment of the present
invention. 25 [Fig. 27] A diagram showing an example of a data island
period in a video frame in the HDMI. 128  



[Fig. 28] A flowchart showing processing of the  reproducing apparatus.
[Fig. 29] A flowchart showing processing of the display  apparatus. 5
Description of Reference Numerals [0418] 151, 201 reproducing
apparatus  152, 202 decode unit 153, 203 transmission interface  161,
231 display apparatus 10 162 frame rate conversion unit  163, 233
reception interface 204 switch  205 superimposition unit  206 control unit
15 207 first transmission channel  208 second transmission channel  237
first reception channel  238 second reception channel 129  Claims  [1] A
transmission apparatus transmitting video data to a reception apparatus,
comprising: a decode unit to decode encoded video data encoded  5 by a
compression coding method that uses a motion  vector; and a
transmission interface including a first  transmission channel for
transmitting the video data  



obtained by the decode to the reception apparatus and a 10 second
transmission channel for transmitting, to the  reception apparatus, for the
reception apparatus to  generate an interpolation frame between frames of
the  video data and realize a high frame rate of the video  data, reference
control information that includes 15 information on the motion vector and
is obtained at a  time the decode unit decodes the encoded video data.
[2] The transmission apparatus according to claim 1,  further comprising: a
superimposition unit to superimpose the 20 reference control information
on a blanking area of the  video data obtained by the decode; and a
control means for making a switch between  processing of superimposing
the reference control  information on the blanking area by the
superimposition 25 unit and transmission processing of the reference
control information from the second transmission 130  channel. [3] The
transmission apparatus according to claim 2,  wherein the control means
includes a judgment means for judging whether a data  5 amount of the
reference control information exceeds an  allowable data amount of the
reference control  information that can be superimposed on the blanking
area, and 



means for switching, when the data amount of  10 the reference control
information exceeds the allowable  data amount, the superimposition
processing by the  superimposition unit to the transmission processing of
the reference control information from the second  transmission channel.
15 [4] The transmission apparatus according to claim 2,  wherein the
control means includes a judgment means for judging whether a
congestion is caused in a network between the second  transmission
channel and the reception apparatus, and 20 means for switching, when
the congestion is  caused, the transmission processing of the reference
control information from the second transmission  channel to the
superimposition processing of the  reference control information by the
superimposition  25 unit. [5] The transmission apparatus according to
claim 1, 131  wherein the reference control information includes, in
addition to the motion vector, an  identifier that indicates a form of a
predictive  compensation and an identifier that indicates a display 5 order
of the decoded video data. [6] The transmission apparatus according to
claim 1,  wherein the transmission interface is an HDMI  (High Definition
Multimedia Interface). 



[7] The transmission apparatus according to claim 6,  10 wherein the
second transmission channel  corresponds to at least one line out of a
reserved  line, an HPD (Hot-Plug Detect) line, an SCL (Serial  Clock) line,
and an SDA (Serial Data) line of the HDMI.  [8] A transmission apparatus
transmitting video data 15 to a reception apparatus, comprising: a decode
unit to decode encoded video data encoded  by a compression coding
method that uses a motion  vector; a transmission interface including a
first 20 transmission channel for transmitting the video data  obtained by
the decode to the reception apparatus and a  second transmission
channel for transmitting, to the  reception apparatus, for the reception
apparatus to  generate an interpolation frame between frames of the 25
video data and realize a high frame rate of the video  data, reference
control information that includes 132  information on the motion vector and
is obtained at a  time the decode unit decodes the encoded video data; a
superimposition unit to superimpose the  reference control information on
a blanking area of the  5 video data obtained by the decode; a judgment
means for judging whether a data amount  of the reference control
information exceeds an  allowable data amount of the reference control  



information that can be superimposed on the blanking 10 area; and a
control means for switching, when the data  amount of the reference
control information exceeds the  allowable data amount, superimposition
processing by  the superimposition unit to transmission processing of 15
the reference control information from the second  transmission channel.
[9] The transmission apparatus according to claim 8,  further comprising a
network judgment means for judging whether a  20 congestion is caused
in a network between the second  transmission channel and the reception
apparatus, wherein the control means switches, when the  congestion is
caused, the transmission processing of  the reference control information
from the second 25 transmission channel to the superimposition
processing  of the reference control information by the 133
superimposition unit. [10] A reception apparatus receiving video data
transmitted from a transmission apparatus including a  decode unit to
decode encoded video data encoded by a 5 compression coding method
that uses a motion vector and  a transmission interface including a first
transmission  channel for transmitting the video data obtained by the
decode, the reception apparatus comprising: 



a reception interface including a first reception  10 channel for receiving
the video data and a second  reception channel for receiving reference
control  information that includes information on the motion  vector and is
obtained at a time the decode unit  decodes the encoded video data, the
reference control 15 information being transmitted from a second
transmission channel of the transmission interface; and  a frame rate
conversion unit to generate an interpolation frame between frames of the
received  video data using the received reference control 20 information to
thus realize a high frame rate of the  video data. [11] A frame rate
conversion system, comprising:  a transmission apparatus including a
decode unit to decode encoded video data  25 encoded by a compression
coding method that uses a  motion vector, and 134  a transmission
interface including a first transmission channel for transmitting the video
data  obtained by the decode and a second transmission  channel for
transmitting reference control information 5 that includes information on
the motion vector and is  obtained at a time the decode unit decodes the
encoded  video data; and a reception apparatus including 



a reception interface including a first 10 reception channel for receiving
the transmitted video  data and a second reception channel for receiving
the  transmitted reference control information, and a frame rate conversion
unit to generate an  interpolation frame between frames of the received 15
video data using the received reference control  information to thus realize
a high frame rate of the  video data. [12) A frame rate conversion method,
comprising:  decoding, by a transmission apparatus including a  20
transmission interface, encoded video data encoded by a compression
coding method that uses a motion vector;  transmitting, by the
transmission apparatus, the  video data obtained by the decode from a
first  transmission channel of the transmission interface; 25 transmitting,
by the transmission apparatus,  reference control information that includes
information 135  on the motion vector and is obtained at a time the
decode unit decodes the encoded video data, from a  second
transmission channel of the transmission  interface; 5 receiving, by a
reception apparatus including a  reception interface, the transmitted video
data using a  first reception channel of the reception interface; receiving,
by the reception apparatus, the  



transmitted reference control information using a  10 second reception
channel of the reception interface;  and generating, by the reception
apparatus, an  interpolation frame between frames of the received  video
data using the received reference control 15 information to thus realize a
high frame rate of the  video data. 


