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taneous transmission of an audio signal and a MIDI sig-
nal.

Signals consecutive in predetermined units are
transmitted to a reception side via a predetermined trans-
mission path. The signals consecutive in the predeter-
mined units include a signal of a first predetermined unit
of the predetermined units including an audio signal and
a signal of a second predetermined unit of the predeter-

mined units including a MIDI signal. For example, the
audio signal is a linear PCM signal constituting a stereo
2-channel audio signal. For example, the MIDI signal in-
cludes packet data of a predetermined length, and the
packet data of the predetermined length is divided into a
plurality of pieces, and transmitted by being included in
signals of a plurality of pieces of the second predeter-
mined units.
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Description

TECHNICAL FIELD

[0001] The present technology relates to a transmis-
sion device, a transmission method, a reception device,
and a reception method.

BACKGROUND ART

[0002] With the serial digital interface standard of IEEE
1394, stable simultaneous transmission of an audio sig-
nal and a MIDI (Musical Instrument Digital Interface) sig-
nal is conventionally achieved. For example, Patent Doc-
ument 1 describes IEEE 1394 and MIDI signals.
[0003] Production of products using IEEE 1394 has
been stopped due to emergence of High-Definition Mul-
timedia Interface (HDMI), and a computer-based univer-
sal serial bus (USB) has been used for simultaneous
transmission of an audio signal and a MIDI signal. Fur-
thermore, HDMI does not support simultaneous trans-
mission of an audio signal and a MIDI signal.
[0004] Furthermore, as a digital audio interface, trans-
mission of a linear PCM signal by IEC 60958 is widely
used. Furthermore, IEC 61937 that transmits a com-
pressed audio signal on the protocol of IEC 60958 has
also been widespread, and is used for various audio co-
dec transmissions.
[0005] These are commercially used in actual products
by mapping the IEC 60958 protocol to formats of: a co-
axial terminal and an optical out terminal that are called
Sony Philips Digital Interface (SPDIF); a high-definition
multimedia interface (HDMI) that is a multimedia inter-
face including a video; a mobile high-definition link
(MHL); and a display port (Display Port).

CITATION LIST

PATENT DOCUMENT

[0006] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 9-116593

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In a case where a computer is used, latency
and a maximum amount of data greatly depend on per-
formance of the computer to be used, a device driver,
and software. For that reason, in the case where the com-
puter is used, there is a problem that real time property
is impaired or data loss occurs. There is a demand for a
real-time interface that can be used stably and reliably.
[0008] An object of the present technology is to provide
a new interface that supports simultaneous transmission
of an audio signal and a MIDI signal.

SOLUTIONS TO PROBLEMS

[0009] A concept of the present technology is in

a transmission device including
a transmission unit that transmits signals consecu-
tive in predetermined units to a reception side via a
predetermined transmission path, in which
the signals consecutive in the predetermined units
include a signal of a first predetermined unit of the
predetermined units including an audio signal and a
signal of a second predetermined unit of the prede-
termined units including a MIDI signal.

[0010] In the present technology, the signals consec-
utive in the predetermined units are transmitted to the
reception side via the predetermined transmission path
by the transmission unit. For example, the predetermined
units may be sub-frame units. Furthermore, for example,
the predetermined transmission path may be a coaxial
cable, an optical cable, an Ethernet (IEC 61883-6) cable,
an HDMI cable, an MHL cable, or a display port cable.
[0011] In the signals consecutive in the predetermined
units, the signal of the first predetermined unit including
the audio signal and the signal of the second predeter-
mined unit including a MIDI signal are included. For ex-
ample, the audio signal may be a linear PCM signal con-
stituting a stereo 2-channel audio signal. In this case,
simultaneous transmission of the stereo 2-channel audio
signal and the MIDI signal can be stably performed.
[0012] For example, the MIDI signal may include pack-
et data of a predetermined length, and the packet data
of the predetermined length may be divided into a plurality
of pieces, and transmitted by being included in signals
of a plurality of pieces of the second predetermined units.
In this case, for example, the packet data of the prede-
termined length may be 32-bit, 64-bit, 96-bit, or 128-bit
packet data, and divided into a plurality of pieces of 16
bits each. By dividing and transmitting the data as de-
scribed above, transmission is possible even in a case
where the data length of the packet data constituting the
MIDI signal exceeds a data payload area in the signals
of the predetermined units.
[0013] Furthermore, in this case, for example, in the
signal of the second predetermined unit including the
MIDI signal, the MIDI signal may be inserted on a lower
bit side, and identification information may be inserted
on an upper bit side, the identification information iden-
tifying whether the MIDI signal inserted on the lower bit
side is at least divided data of start or divided data of
continuation. The identification information is inserted as
described above, whereby the reception side can identify
whether the MIDI signal included in the signal of the sec-
ond predetermined unit is the divided data of start or the
divided data of continuation, and can correctly reconfig-
ure and receive the packet.
[0014] Then, in this case, for example, the identification
information may be set to cause a volume to be less than
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or equal to a predetermined value even when data of a
predetermined bit number including the MIDI signal on
the lower bit side and the identification information on the
upper bit side is reproduced as audio data. As a result,
even if the data is erroneously reproduced as audio data,
damage to an audio amplifier and a speaker can be avoid-
ed.
[0015] Furthermore, for example, packet data consti-
tuting the MIDI signal may be inserted from an arbitrary
bit position in a data payload area of the signal of the
second predetermined unit, and in a case where all the
packet data are not able to be inserted into the data pay-
load area, remaining part of the packet data may be in-
serted from a first bit position in a data payload area of
the signal of a next one of a plurality of the second pre-
determined units, and the packet data constituting the
MIDI signal may be transmitted. In this case, the packet
data can be inserted into the data payload area of the
signal of the second predetermined unit in accordance
with a generation timing of the MIDI signal.
[0016] Furthermore, for example, packet data of one
byte constituting the MIDI signal may be inserted into one
byte area of a data payload area of two bytes in the signal
of the second predetermined unit and transmitted. In this
case, since the packet data constituting the MIDI signal
is inserted along byte alignment, the processing on the
reception side can be simplified.
[0017] Furthermore, for example, packet data of one
byte constituting the MIDI signal may be inserted into one
byte area of a data payload area of two bytes in the signal
of the second predetermined unit, and another area of
one byte may be set as an extended byte area and trans-
mitted. In this case, using the extended byte area, unique
extension can be performed, for example, high resolution
of velocity, an increase in the number of channels, and
the like.
[0018] Furthermore, for example, the signal of the sec-
ond predetermined unit may include a plurality of chan-
nels of the MIDI signals. As a result, a plurality of systems
of the MIDI signals can be virtually transmitted, and the
number of channels can be increased.
[0019] As described above, in the present technology,
the signal of the first predetermined unit including the
audio signal and the signal of the second predetermined
unit including the MIDI signal are included in the signals
consecutive in the predetermined units transmitted. For
that reason, simultaneous transmission of the audio sig-
nal and the MIDI signal can be stably performed.
[0020] Note that, in the present technology, for exam-
ple, an information addition unit may be further included
that adds, to the signals consecutive in the predeter-
mined units, identification information that identifies that
the signals include a signal of a first predetermined unit
of the predetermined units including an audio signal and
a signal of a second predetermined unit of the predeter-
mined units including a MIDI signal. In this case, for ex-
ample, the information addition unit may add the identi-
fication information by using a predetermined bit area of

each of blocks configured for each of a predetermined
number of the predetermined units. The identification in-
formation is added as described above, whereby a re-
ception side can easily recognize that the signals con-
secutive in the predetermined units include the signal of
the first predetermined unit including the audio signal and
the signal of the second predetermined unit including the
MIDI signal.
[0021] Furthermore, another concept of the present
technology is in

a reception device including
a reception unit that receives signals consecutive in
predetermined units from a transmission side via a
predetermined transmission path, in which
the signals consecutive in the predetermined units
include a signal of a first predetermined unit of the
predetermined units including an audio signal and a
signal of a second predetermined unit of the prede-
termined units including a MIDI signal.

[0022] In the present technology, the consecutive sig-
nals in the predetermined units are received from the
transmission side via the predetermined transmission
path by the reception unit. In the signals consecutive in
the predetermined units, the signal of the first predeter-
mined unit including the audio signal and the signal of
the second predetermined unit including a MIDI signal
are included. For example, the audio signal may be a
linear PCM signal constituting a stereo 2-channel audio
signal. In this case, the stereo 2-channel audio signal
and the MIDI signal can be received simultaneously and
stably.
[0023] As described above, in the present technology,
the signal of the first predetermined unit including the
audio signal and the signal of the second predetermined
unit including the MIDI signal are included in the signals
consecutive in the predetermined units received. For that
reason, simultaneous reception of the audio signal and
the MIDI signal can be stably performed.
[0024] Note that, in the present technology, for exam-
ple, a processing unit may be further included that per-
forms processing using the audio signal and the MIDI
signal. In this case, it is possible to perform processing
using the audio signal and the MIDI signal that are stably
and simultaneously received. In this case, for example,
the processing unit may synthesize the audio signal with
an audio signal obtained by using a MIDI sound source
from the MIDI signal to obtain an output audio signal.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

Fig. 1 is a block diagram illustrating a configuration
example of a transmission/reception system as a first
embodiment.
Fig. 2 is a diagram illustrating an example of a mes-
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sage to be inserted into a universal MIDI packet in
MIDI 2.0.
Fig. 3 is a diagram illustrating a configuration exam-
ple of a note on message in MIDI 2.0.
Fig. 4 is a diagram illustrating a frame configuration
in the IEC 60958 standard.
Fig. 5 is a diagram illustrating a sub-frame configu-
ration in the IEC 60958 standard.
Fig. 6 is a diagram illustrating an example of a frame
configuration of an SPDIF signal in a case where a
stereo 2-channel audio signal as a linear PCM signal
and a MIDI signal are simultaneously included.
Fig. 7 is a diagram illustrating a configuration exam-
ple of a sub-frame including a MIDI signal.
Fig. 8 is a diagram illustrating an example of a case
where one note on message of MIDI 2.0 is transmit-
ted.
Fig. 9 is a diagram schematically illustrating a format
of a channel status in a case where a linear PCM
signal and a MIDI signal are simultaneously trans-
mitted.
Fig. 10 is a diagram illustrating an example of an
insertion method into a sub-frame in a case where
a linear PCM signal and a MIDI signal of MIDI 1.0
are simultaneously transmitted.
Fig. 11 is a diagram illustrating an example of the
insertion method into the sub-frame in the case
where the linear PCM signal and the MIDI signal of
MIDI 1.0 are simultaneously transmitted.
Fig. 12 is a diagram for explaining a case where there
is a plurality of channels of the MIDI signal to be
transmitted simultaneously with the linear PCM sig-
nal.
Fig. 13 is a diagram illustrating an IEC 61937-1 in-
terface format.
Fig. 14 is a diagram illustrating an example of a frame
configuration of an SPDIF signal in a case where
only a MIDI signal is transmitted.
Fig. 15 is a diagram schematically illustrating a for-
mat of a channel status in the case where only the
MIDI signal is transmitted.
Fig. 16 is a block diagram illustrating a configuration
example of an acoustic system as a second embod-
iment.
Fig. 17 is a block diagram illustrating a configuration
example of an AV system as a third embodiment.
Fig. 18 is a block diagram illustrating configuration
examples of an HDMI reception unit of a television
receiver and an HDMI transmission unit of an audio
amplifier.
Fig. 19 is a diagram illustrating a configuration ex-
ample of a high-speed bus interface of the television
receiver.
Fig. 20 is a diagram illustrating a configuration ex-
ample of a high-speed bus interface of the audio am-
plifier.
Fig. 21 is a block diagram illustrating a configuration
example of a game system as a fourth embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0026] The following is a description of a mode for car-
rying out the invention (the mode will be hereinafter re-
ferred to as the "embodiment"). Note that, explanation
will be made in the following order.

1. First embodiment
2. Second embodiment
3. Third embodiment
4. Fourth embodiment
5. Modifications

<1. First embodiment>

[Configuration example of transmission/reception sys-
tem]

[0027] Fig. 1 illustrates a configuration example of a
transmission/reception system 10 as a first embodiment.
The transmission/reception system 10 includes a trans-
mission device 101 and a reception device 102. The
transmission device 101 and the reception device 102
are connected to each other via a transmission path 103
including a coaxial cable, an optical cable, or the like.
The transmission path 103 constitutes an IEC 60958
transmission path.
[0028] The transmission device 101 includes a Sony
Philips Digital Interface (SPDIF) transmission circuit 110.
The SPDIF transmission circuit 110 is a circuit for trans-
mitting an IEC 60958 standard digital audio transmission
signal (hereinafter, referred to as a "SPDIF signal", as
appropriate), and is a transmission circuit conforming to
the IEC 60958 standard.
[0029] The SPDIF transmission circuit 110 generates
an SPDIF signal simultaneously including a linear PCM
signal and a Musical Instrument Digital Interface (MIDI)
signal, and transmits the SPDIF signal to the reception
device 102 through the transmission path 103. As the
linear PCM signal, audio signals such as mono, 2-chan-
nel, 5.1-channel, 7.1-channel, 10.2-channel, and 22.2-
channel signals are conceivable, but a stereo 2-channel
audio signal is considered here. Furthermore, as the MIDI
signal, a MIDI signal proposed as MIDI 2.0 is considered.
[0030] The reception device 102 includes an SPDIF
reception circuit 120. The SPDIF reception circuit 120 is
a circuit for receiving an SPDIF signal (IEC 60958 stand-
ard digital audio transmission signal), and is a reception
circuit conforming to the IEC 60958 standard. The SPDIF
reception circuit 120 receives the SPDIF signal transmit-
ted from the transmission device 101 through the trans-
mission path 103, and extracts and outputs the linear
PCM signal and the MIDI signal included in the SPDIF
signal.

"Message in MIDI 2.0"

[0031] In MIDI 2.0, universal MIDI packets respectively
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having a plurality of packet lengths are defined. The pack-
et lengths include 32 bits, 64 bits, 96 bits, 128 bits, and
the like. A message to be inserted into the universal MIDI
packet is proposed as illustrated in Fig. 2.
[0032] The definition of "Utility Messages" has not
been disclosed. In MIDI 1.0, "System Real Time Mes-
sages" are valid messages for all units connected to a
system, include only a status byte and do not include a
data byte, and can be transmitted between bytes of other
messages. "System Common Messages" are valid mes-
sages for all the units connected to the system in MIDI 1.0.
[0033] "System Exclusive Messages" are messages
that can transmit any number of bytes of data following
the status byte in MIDI 1.0. "MIDI 1.0 Channel Voice Mes-
sages" are messages in which "Channel Voice Messag-
es" of up to three bytes in MIDI 1.0 are mapped to "Uni-
versal MIDI Packet" of four bytes in MIDI 2.0.
[0034] The definition of "Data Messages (including
System Exclusive Message)" has not been disclosed.
"MIDI 2.0 Channel Voice Messages" are messages new-
ly provided in MIDI 2.0 and have an extended data res-
olution. The definition of "Data Messages" has not been
disclosed.
[0035] For example, regarding a note on message
(MIDI 2.0 Note On Message) among these messages, a
format illustrated in Fig. 3 has been proposed. The packet
length of the note on message is 64 bits (8 bytes).
[0036] A 4-bit field of "mt" is newly provided in MIDI
2.0, indicates a message type, and mt = 4 here. A 4-bit
field "group" is newly provided in MIDI 2.0 and indicates
a group. Each of groups is independent, and each group
has 16 MIDI channels. Thus, a MIDI signal of one system
can have up to 256 channels.
[0037] A 4-bit feel of "channel" indicates a MIDI chan-
nel. One physical MIDI signal line is divided into 16 logical
channels by a 4-bit channel number included in a MIDI
channel message. The definition of 1-bit field of "r" has
not been disclosed. A 7-bit field of "note number" indi-
cates a keyboard number. This number takes a value
from 0 to 127, and the number of "do" in the middle of an
88 key piano is 60.
[0038] An 8-bit field of "attribute type" is newly provided
in MIDI 2.0, and indicates an additional data type. As this
type, articulation, tuning details, and the like are conceiv-
able. A 16-bit field of "velocity" indicates strength of hitting
a keyboard, and is used to make a difference in strength
between sounds. A 16-bit field of "attribute" is newly pro-
vided in MIDI 2.0 and indicates a value of additional data
of a type defined by "attribute type".

"SPDIF signal"

[0039] The SPDIF signal (IEC 60958 standard digital
audio transmission signal) generated by the SPDIF trans-
mission circuit 110 will be described.
[0040] First, an outline of the IEC 60958 standard will
be described. Fig. 4 illustrates a frame configuration in
the IEC 60958 standard. Each frame includes two sub-

frames. In the case of stereo 2-channel audio, a left chan-
nel signal is included in the first one of the sub-frames
and a right channel signal is included in the second one
of the sub-frames.
[0041] A preamble is provided at the head of the sub-
frame, "M" is given as the preamble to the left channel
signal, and "W" is given as the preamble to the right chan-
nel signal. However, "B" representing the start of a block
is given to the preamble at the head for every 192 frames.
That is, one block includes 192 frames. The block is a
unit constituting a channel status to be described later.
[0042] Fig. 5 illustrates a sub-frame configuration in
the IEC 60958 standard. The sub-frame includes a total
of 32 time slots from the 0th to 31st time slots. The 0th
to 3rd time slots indicate a preamble (Sync preamble).
As described above, the preamble indicates any of "M",
"W", or "B" to represent distinction between the left and
right channels and a start position of the block.
[0043] The 4th to 27th time slots represent a main data
field, and in a case where a 24-bit code range is adopted,
the time slots all represent audio data. Furthermore, in a
case where the 20-bit code range is adopted, the 8th to
27th time slots represent audio data (Audio sample
word). In the latter case, the 4th to 7th time slots can be
used as additional information (Auxiliary sample bits).
The illustrated example indicates the latter case.
[0044] The 28th time slot is a validity flag (Validity flag)
of the main data field. The 29th time slot represents one
bit of user data (User data). A series of user data can be
configured by accumulating the 29th time slot over
frames. A message of the user data is configured in units
of 8-bit information units (IU), and one message includes
3 to 129 information units.
[0045] There may be "0" of zero to eight bits between
the information units. The head of the information unit is
identified by a start bit "1". First seven information units
in the message are reserved, and a user can set any
information in the eighth and subsequent information
units. Messages are divided by "0" of eight bits or more.
[0046] The 30th time slot represents one bit of the
channel status (Channel status). A series of channel sta-
tuses may be configured by accumulating the 30th time
slot for each block over frames. Note that, the head po-
sition of the block is indicated by the preamble of "B" (the
0th to 3rd time slots) as described above.
[0047] The 31st time slot is a parity bit (Parity bit). This
parity bit is given so that the numbers of "0" and "1" in-
cluded in the 4th to 31st time slots are even numbers.
[0048] In this embodiment, as described above, the
SPDIF signal simultaneously includes the stereo 2-chan-
nel audio signal as the linear PCM signal, and the MIDI
signal. Fig. 6 illustrates an example of a frame configu-
ration of the SPDIF signal in that case. The SPDIF signal
is signals consecutive in sub-frame units. One block is
constituted by 192 frames, and a plurality of the blocks
is consecutively included.
[0049] An even-numbered frame sub-frame is a sub-
frame (first sub-frame) into which an audio signal is in-
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serted. The first one of the sub-frames includes a left-
channel audio signal, and the second one of the sub-
frames includes a right-channel audio signal. Further-
more, an odd-numbered frame sub-frame is used as a
sub-frame (second sub-frame) into which a MIDI signal
is inserted. That is, the SPDIF signal includes a signal of
the first sub-frame including the audio signal and a signal
of the second sub-frame including the MIDI signal.
[0050] Fig. 7 illustrates a configuration of the second
sub-frame including the MIDI signal. In this case, the main
data field of the 4th to 27th time slots is divided into an
area of upper 8 bits and an area of lower 16 bits. The
MIDI signal is inserted into the area of the lower 16 bits,
and identification information is inserted into the upper 8
bits.
[0051] As described above, the packet length of the
universal MIDI packet into which the MIDI 2.0 message
is inserted is 32 bits, 64 bits, 96 bits, 128 bits, or the like.
For that reason, the packet data is divided into a plurality
of pieces of 16 bits each, and each piece of divided data
is subjected to byte alignment and inserted into the area
of the lower 16 bits (area of the 4th bit to the 19th bit) of
the main data field in a plurality of the second sub-frames.
[0052] The identification information inserted into the
area of the upper 8 bits (area of the 20th bit to the 27th
bit) of the main data field in the second sub-frame indi-
cates whether the MIDI signal inserted into the area of
the lower 16 bits is at least divided data of start or divided
data of continuation. For example, 64 bit length packet
data is divided into four pieces of 16 bits each, and the
divided data at the head is the divided data of start, and
other three pieces of divided data are the divided data of
continuation.
[0053] The identification information is inserted as de-
scribed above, whereby the reception side can appropri-
ately identify whether the MIDI signal inserted into the
area of the lower 16 bits is the divided data of start or the
divided data of continuation by checking the identification
information of the area of the upper 8 bits, and can cor-
rectly reconfigure and receive the packet.
[0054] Here, the 8-bit identification information is set
so that the volume (volume level) is less than or equal to
a predetermined value even when 24-bit data including
the 8-bit identification information on the upper bit side
and the 16-bit MIDI signal on the lower bit side is repro-
duced as audio data. As a result, even when the data is
erroneously reproduced as audio data on the reception
side, damage to an audio amplifier and a speaker can
be avoided.
[0055] For example, the 8-bit identification information
is two bits of the 20th bit and the 21st bit, and indicates
the above-described divided data information indicating
start or continuation. That is, when the MIDI signal in-
serted into the area of the lower 16 bits is the divided
data of start, the identification information inserted into
the area of the upper 8 bits is set as "10000000", and it
is indicated that the MIDI signal is the divided data of start.
[0056] Furthermore, when the MIDI signal inserted into

the area of the lower 16 bits is the divided data of con-
tinuation, the identification information inserted into the
area of the upper 8 bits is set as "01000000", and it is
indicated that the MIDI signal is the divided data of con-
tinuation (continued). Furthermore, when no MIDI signal
is inserted into the area of the lower 16 bits, the identifi-
cation information inserted into the area of the upper 8
bits is set as "00000000", and an idling state is indicated
in which no MIDI signal is present.
[0057] In this case, in a case where 24-bit data includ-
ing the 8-bit identification information on the upper bit
side and 16-bit MIDI signal on the lower bit side are audio
data, five bits from 2SB to 6SB are "0" except MSB that
is a sign bit, so that even in a case where the data is
erroneously reproduced, the volume is less than or equal
to -32 dB, and the audio amplifier and the speaker are
not damaged.
[0058] Note that, a combination of values of the iden-
tification information inserted into the area of the upper
8 bits is not limited to the above-described example, and
other combinations are also possible. For example, a
combination of "10000001", "01000001", and
"00000001" also has equivalent functions and effects.
Moreover, when the packet length is long and
"01000001" continues, to indicate continuity of the data
transmission itself, "11000001" is newly introduced and
toggled, whereby it is possible to indicate continuity. That
is, the order of the identification signals is "10000001",
"01000001", "11000001", "01000001", and "11000001".
[0059] Fig. 8 illustrates an example of a case where
one MIDI 2.0 note on message (see Fig. 3) described
above is transmitted. In this case, the packet length of a
data packet (universal MIDI packet) of the note on mes-
sage is 64 bits, and the data packet is divided into four
pieces of 16 bits each and inserted into the four second
sub-frames.
[0060] Fig. 8(a) illustrates a frame configuration. One
block is constituted by 192 frames, and a plurality of the
blocks is consecutively included. Fig. 8(b) illustrates that
each frame includes two sub-frames. Fig. 8(c) illustrates
a sub-frame configuration (see Fig. 7).
[0061] For example, in a case where four pieces of
divided data obtained by dividing the data packet of the
note on message are inserted from a frame 1, the four
pieces of divided data are inserted into the first one and
second one of the sub-frames of the frame 1 and the first
one and second one of the sub-frames of a frame 3.
[0062] Fig. 8(d) illustrates a state of the main data field
of the 4th to 27th time slots in the first one of the sub-
frames of the frame 1. Data of the respective fields of
"mt", "group", "1001", and "channel" constituting the di-
vided data of start are inserted sequentially from the MSB
side into the area of the lower 16 bits (area of the 4th bit
to the 19th bit). Furthermore, identification information
"1000 0000" indicating that the MIDI signal inserted into
the area of the lower 16 bits is the divided data of start
is inserted into the area of the upper 8 bits (area of the
20th bit to the 27th bit).
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[0063] Fig. 8(e) illustrates a state of the main data field
of the 4th to 27th time slots in the second one of the sub-
frames of the frame 1. Data of the respective fields of "r",
"note number", and "attribute type" constituting the first
divided data of continuation are inserted sequentially
from the MSB side into the area of the lower 16 bits (area
of the 4th bit to the 19th bit). Furthermore, identification
information "0100 0000" indicating that the MIDI signal
inserted into the area of the lower 16 bits is the divided
data of continuation (continued) is inserted into the area
of the upper 8 bits (area of the 20th bit to the 27th bit).
[0064] Fig. 8(f) illustrates a state of the main data field
of the 4th to 27th time slots in the first one of the sub-
frames of the frame 3. Data of the field of "velocity" con-
stituting the second divided data of continuation is insert-
ed sequentially from the MSB side into the area of the
lower 16 bits (area of the 4th bit to the 19th bit). Further-
more, identification information "0100 0000" indicating
that the MIDI signal inserted into the area of the lower 16
bits is the divided data of continuation (continued) is in-
serted into the area of the upper 8 bits (area of the 20th
bit to the 27th bit).
[0065] Fig. 8(g) illustrates a state of the main data field
of the 4th to 27th time slots in the second one of the sub-
frames of the frame 3. Data of the field of "attribute" con-
stituting the third divided data of continuation is inserted
sequentially from the MSB side into the area of the lower
16 bits (area of the 4th bit to the 19th bit). Furthermore,
identification information "0100 0000" indicating that the
MIDI signal inserted into the area of the lower 16 bits is
the divided data of continuation (continued) is inserted
into the area of the upper 8 bits (area of the 20th bit to
the 27th bit).
[0066] Fig. 8(h) illustrates a state of the main data field
of the 4th to 27th time slots in the first one of the sub-
frames of a frame 5. The area of the lower 16 bits (area
of the 4th to 19th bit) is not used for insertion of the MIDI
signal. Furthermore, identification information "0000
0000" indicating the idling state in which no MIDI signal
is present in the area of the lower 16 bits is inserted into
the area of the upper 8 bits (area of the 20th bit to the
27th bit).
[0067] Note that, although not described in detail,
packets of other MIDI 2.0 messages (universal MIDI
packets) are similarly divided into sub-frames (second
sub-frames) into which MIDI signals are to be inserted,
and inserted.
[0068] Fig. 9 schematically illustrates a format of a
channel status in a case where the linear PCM signal
and the MIDI signal are simultaneously transmitted as
described above. The channel status is obtained by ac-
cumulating the 30th time slot in the sub-frame for each
block, as described above. The entire channel status in-
cludes the 0th to 23rd bytes.
[0069] The 0th bit a = "0" indicates that the channel
status is for consumer use. Furthermore, the first bit b =
"0" indicates use in transmission for linear PCM. Further-
more, for three bits from the third bit to the fifth bit, for

example, "001" is set, which indicates use in transmission
for multichannel linear PCM.
[0070] Four bits from the 49th bit to the 52nd bit are a
field indicating "Multichannel Configuration Type". The
four bits are set to "1110", for example, to be identification
information indicating simultaneous transmission of the
MIDI signal of MIDI 2.0 and the linear PCM signal. Fur-
thermore, when the four bits are "1110", the following
eight bits from the 53rd bit to the 60th bit are valid. The
eight bits are a field indicating a "configuration value".
The eight bits are set to "10000000", for example, to in-
dicate simultaneous transmission of the stereo 2-channel
audio signal and the MIDI signal of MIDI 2.0.

"Transmission of MIDI signal of MIDI 1.0"

[0071] In the above description, an example has been
described in which the linear PCM signal and the MIDI
signal of MIDI 2.0 are simultaneously transmitted. Simi-
larly, it is also conceivable to simultaneously transmit the
linear PCM signal and a MIDI signal of MIDI 1.0.
[0072] Fig. 10(a) is a diagram for explaining a "bit-
stream method" as a method of inserting the MIDI signal
of MIDI 1.0. In this method, the main data field of the 4th
to 27th time slots of a sub-frame (second sub-frame) in
which the MIDI signal is to be transmitted is divided into
an area of upper 8 bits (one byte) and an area of lower
16 bits (two bytes). Fixed data, for example, "00000000"
is inserted into the area of the upper 8 bits.
[0073] The MIDI signal of MIDI 1.0 is inserted into the
area of the lower 16 bits "MIDI 1.0 data payload" in bit
order. In this case, packet data constituting the MIDI sig-
nal is inserted from an arbitrary bit position in the area of
the lower 16 bits of a certain sub-frame (second sub-
frame), and in a case where all the packet data cannot
be inserted, remaining packet data is inserted from the
first bit position (4th bit) in the area of the lower 16 bits
of the next sub-frame (second sub-frame). On the recep-
tion side, bitstreams of the signal are connected together
across the sub-frames, and the MIDI signal of MIDI 1.0
is detected.
[0074] The MIDI signal of MIDI 1.0 logically has 8 bits,
but is transmitted in a total of 10 bits by adding one start
bit (logic 0) and one stop bit (logic 1). As described above,
the 10-bit data is inserted from an arbitrary bit position in
the area of the lower 16 bits "MIDI 1.0 data payload" of
the sub-frame (second sub-frame). To each bit position
in an area before the arbitrary bit position, data of logic
1 is inserted to indicate an idling state in which no data
exists.
[0075] In the "bitstream method", the packet data can
be inserted into the area of the lower 16 bits "MIDI 1.0
data payload" of the sub-frame (second sub-frame) in
which the MIDI signal is to be transmitted, in accordance
with a generation timing of the MIDI signal. However, in
this case, processing on the reception side is on a bit-
by-bit basis, and the processing may be complicated.
[0076] Fig. 10(b) is a diagram for explaining a "byte

11 12 



EP 4 030 416 A1

8

5

10

15

20

25

30

35

40

45

50

55

alignment method" as a method of inserting the MIDI sig-
nal of MIDI 1.0. In this method, the main data field of the
4th to 27th time slots of a sub-frame (second sub-frame)
in which the MIDI signal is to be transmitted is divided
into an area of upper 8 bits (one byte), an area of middle
8 bits (one byte), and an area of lower 8 bits (one byte).
Fixed data, for example, "00000000" is inserted into the
area of the upper 8 bits and the area of the lower 8 bits.
[0077] The MIDI signal of MIDI 1.0 is fixedly inserted
into the area of the middle 8 bits. In this case, one start
bit (logic 0) and one stop bit (logic 1) are not added. Note
that, it is also conceivable that the MIDI signal of MIDI
1.0 is inserted not in the area of the middle 8 bits but in
the area of the lower 8 bits.
[0078] In the case of the MIDI signal of MIDI 1.0, since
valid data is processed for each byte, the processing on
the reception side can be easily simplified in a case where
a byte position of the MIDI signal is fixed as described
above. In this case, an idling state in which no MIDI signal
of MIDI 1.0 is inserted can be indicated by a V (Validity
flag) bit. Furthermore, instead of inserting the MIDI signal
of MIDI 1.0, an end-of-exclusive (EOX) message or a
special message may be newly provided and inserted to
indicate the idling state in which no MIDI signal of MIDI
1.0 is inserted.
[0079] Fig. 11(a) is a diagram for explaining a "data
extension method" as a method of inserting the MIDI sig-
nal of MIDI 1.0. In this method, the main data field of the
4th to 27th time slots of a sub-frame (second sub-frame)
in which the MIDI signal is to be transmitted is divided
into an area of upper 8 bits (one byte), an area of middle
8 bits (one byte), and an area of lower 8 bits (one byte).
Fixed data, for example, "00000000" is inserted into the
area of the upper 8 bits.
[0080] The MIDI signal of MIDI 1.0 is fixedly inserted
into the area of the middle 8 bits. Furthermore, the area
of the lower 8 bits is used as an extended byte (Extended
Byte). Using the extended byte enables unique exten-
sion, for example, high resolution of velocity, an increase
in the number of channels, and the like. For example,
regarding the increase in the number of channels, the
extended byte can be used to indicate a sub-channel.
That is, in the case of MIDI 1.0, the number of channels
that can be identified by the channels included in the MIDI
signal is 16; however, by using the extended byte to iden-
tify the sub-channels of each channel, the number of
channels can be specified more finely. In this case, chan-
nel designation is performed such as "the mth sub-chan-
nel of the nth channel".
[0081] Even in the case of the "data extension meth-
od", it is possible to indicate the idling state in which no
MIDI signal of MIDI 1.0 is inserted, similarly to the "byte
alignment method" described above. Note that, it is also
conceivable to invert the area of the 8 bits into which the
MIDI signal of MIDI 1.0 is inserted and the area of the 8
bits of the extended byte.
[0082] Note that, in the byte of the MIDI signal of MIDI
1.0, its MSB is used to identify a status byte (Status Byte)

and a data byte (Data Byte), so that the resolution is
practically seven bits. For that reason, in Fig. 11(a), the
data length is illustrated as a total of 15 bits including 7
bits of the MIDI signal and 8 bits of the extension.
[0083] However, in consideration of compatibility with
MIDI 1.0, it is also conceivable to set the valid data length
for the extension to seven bits. In this case, the data
length is a total of 14 bits including 7 bits of the MIDI
signal and 7 bits of the extension. Figs. 11(b) and 11(c)
illustrate that case. Fig. 11(b) illustrates a case where
the byte of the MIDI signal is a status byte, and Fig. 11(c)
illustrates a case where the byte of the MIDI signal is a
data byte. By setting the valid data length of the extension
to seven bits as described above, for example, it is ex-
pected that processing by software is easy.
[0084] Note that, in a case where a plurality of the
above-described "bitstream method", "byte alignment
method", and "data extension method" is operated as the
method of inserting the MIDI signal of MIDI 1.0, it is pos-
sible to identify the methods by, for example, the "con-
figuration value" in the area from the 53rd bit to the 60th
bit of the above-described channel status (see Fig. 9).
[0085] Furthermore, in a case where the MIDI signal
of MIDI 1.0 is inserted into the sub-frame (second sub-
frame) by each of the above-described methods, the up-
per 8 bits of the 24 bit area of the main data field are
"00000000". For that reason, even if the 24-bit data is
erroneously reproduced as audio data, the volume is low,
and damage to the audio amplifier and the speaker can
be avoided.

"MIDI signals of a plurality of channels"

[0086] Note that, the channel of the MIDI signal to be
transmitted simultaneously with the linear PCM signal is
not limited to one channel, and can be a plurality of chan-
nels. Such a plurality of MIDI signal channels corre-
sponds to a plurality of virtual MIDI cables. For example,
although the number of channels in one channel of MIDI
1.0 is 16, the number of channels can be increased by
providing a plurality of channels.
[0087] Fig. 12 illustrates an example of a frame con-
figuration of the SPDIF signal in that case. This example
indicates a case where the MIDI signal to be transmitted
simultaneously with the linear PCM signal has two chan-
nels of A and B.
[0088] In this case, in the even-numbered frame, the
left-channel audio signal is included in the first one of the
sub-frames (first sub-frames), and the right-channel au-
dio signal is included in the second one of the sub-frames
(first sub-frames). Furthermore, in the odd-numbered
frame, the first one of the sub-frames (second sub-
frames) includes the MIDI signal of the channel A, and
the second one of the sub-frames (second sub-frames)
includes the MIDI signal of the channel B.
[0089] Note that, also in a case where a plurality of
MIDI signal channels is provided, it is possible to identify
the methods by, for example, the "configuration value"
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in the area from the 53rd bit to the 60th bit of the above-
described channel status (see Fig. 9).
[0090] As described above, in the transmission/recep-
tion system 10 illustrated in Fig. 1, the signal of the sub-
frame (first sub-frame) including the audio signal (linear
PCM signal) and the signal of the sub-frame (second
sub-frame) including the MIDI signal are included in the
signals (SPDIF signal) consecutive in the sub-frame units
transmitted from the transmission device 101 to the re-
ception device 102. For that reason, simultaneous trans-
mission of the audio signal and the MIDI signal can be
stably performed without delay.
[0091] Note that, since the linear PCM signal and the
MIDI signal are asynchronous with each other, jitter oc-
curs when the MIDI signal is placed on the transmission
path at a sampling timing of the linear PCM signal. The
jitter can be ignored if it is within an acceptable range,
but it is also conceivable to suppress the jitter, for exam-
ple, by a jitter suppression system using a time stamp.
[0092] For example, in a case where a transmission
speed of an original MIDI 1.0 is 31.25 kbps and a sam-
pling frequency of the linear PCM signal is 48 kHz, the
MIDI signal accumulated in a buffer of the SPDIF trans-
mission circuit 110 at a timing of 31.25 kbps is transmitted
to the transmission path at a timing of 48 kHz, and jitter
occurs. For example, in a case where the MIDI signal is
generated at 48 kHz, jitter does not occur.
[0093] Furthermore, in the above description, an ex-
ample has been described in which the audio signal to
be transmitted simultaneously with the MIDI signal is a
linear PCM signal. A case is also conceivable in which
the audio signal to be transmitted simultaneously with
the MIDI signal is not a linear PCM signal but a com-
pressed audio signal. In that case, instead of the interface
format of IEC 609581 that handles the linear PCM signal
described above, the IEC 61937-1 interface format that
handles the compressed audio signal is used.
[0094] Fig. 13 illustrates an IEC 61937-1 interface for-
mat. Fig. 13(a) illustrates a frame configuration. One
block is constituted by 192 frames, and a plurality of the
blocks is consecutively included. Fig. 13(b) illustrates that
each frame includes two sub-frames.
[0095] A preamble is provided at the head of the sub-
frame, and "B" representing the start of the block is given
to the preamble of the sub-frame at the head of the block.
Then, "W" and "M" are alternately given to the preambles
at the heads of respective subsequent sub-frames.
[0096] Fig. 13(c) illustrates a sub-frame configuration.
In the case of the SPDIF signal including a predetermined
number of channels of the compressed audio signals,
bitstreams of the compressed audio signals are divided
and sequentially inserted into the 12th to 27th time slots
of respective sub-frames. That is, the upper 16 bits of
the 24-bit audio data area of the 4th to 27th time slots of
each sub-frame are used for transmission of the com-
pressed audio signal.

"Transmission of only MIDI signal"

[0097] Furthermore, in the above description, an ex-
ample has been described in which the audio signal and
the MIDI signal are transmitted simultaneously; however,
it is conceivable to transmit only the MIDI signal. In this
case, it is possible to use the IEC 61937-1 interface for-
mat that handles the compressed audio signal described
above, for example.
[0098] In this case, the MIDI signal is inserted into the
sub-frame into which the MIDI signal is to be inserted,
and transmitted. A configuration of the sub-frame in the
case of transmitting the MIDI signal of MIDI 2.0 can have
a configuration as illustrated in Fig. 7 described above,
for example. Furthermore, in the case of transmitting the
MIDI signal of MIDI 1.0, the MIDI signal can be inserted
by, for example, any of the above-described "bitstream
method", "byte alignment method", and "data extension
method" (see Figs. 10 and 11).
[0099] Furthermore, even in a case where only the
MIDI signal is transmitted as described above, the chan-
nel of the MIDI signal is not limited to one channel, and
a plurality of channels can be used.
[0100] Fig. 14 illustrates an example of a frame con-
figuration of the SPDIF signal in the case where only the
MIDI signal is transmitted. This example illustrates a case
where one 64-bit data packet of MIDI 2.0, for example,
one note on message (see Fig. 3) is transmitted. In this
case, the packet data is divided into four pieces of 16 bits
each, inserted into four consecutive sub-frames, and
transmitted. In the illustrated example, the divided data
are inserted into respective four sub-frames of frames 1
and 2.
[0101] Fig. 15 schematically illustrates a format of a
channel status in the case where only the MIDI signal is
transmitted as described above. The channel status is
obtained by accumulating the 30th time slot in the sub-
frame for each block, as described above. The entire
channel status includes the 0th to 23rd bytes.
[0102] The 0th bit a = "0" indicates that the channel
status is for consumer use. Furthermore, the first bit b =
"1" indicates use in transmission of a compressed digital
audio signal.
[0103] Four bits from the 49th bit to the 52nd bit are a
field indicating "Multichannel Configuration Type". The
four bits are set to "1110", for example, to be identification
information indicating transmission of the MIDI signal.
Furthermore, when the four bits are "1110", the following
eight bits from the 53rd bit to the 60th bit are valid. The
eight bits are a field indicating a "configuration value".
[0104] Here, "0000000" indicates transmission of the
MIDI signal of MIDI 2.0. Furthermore, "01000000" indi-
cates transmission of the MIDI signal of MIDI 1.0 accord-
ing to the "bitstream method" (see Fig. 10(a)). Further-
more, "11000000" indicates transmission of the MIDI sig-
nal of MIDI 1.0 according to the "byte alignment method"
(see Fig. 10(b)). Furthermore, "00100000" indicates
transmission of the MIDI signal of MIDI 1.0 according to

15 16 



EP 4 030 416 A1

10

5

10

15

20

25

30

35

40

45

50

55

the "data extension method" (see Fig. 11(a)). Further-
more, "10100000" indicates transmission of the MIDI sig-
nal of two channels A and B.
[0105] Note that, in the above description, it has been
described that the IEC 61937-1 interface format that han-
dles the compressed audio signals can be used in the
case where only the MIDI signal is transmitted. Although
detailed description is omitted, it is also conceivable to
use the interface format of IEC 609581 that handles the
linear PCM signal described above.

"Capability Inquiry (MIDI CI)"

[0106] MIDI CI is bidirectional communication with a
mechanism in which devices perform negotiation with
each other in advance, and a transfer rate change (Pro-
tocol) within a range in which the devices can cope with,
transmission and reception (Profile) in a new message
system, a tone library information exchange (Property)
between connected devices, or the like can be per-
formed.
[0107] The transmission path in which the SPDIF or its
protocol is mapped is bidirectionally connected, whereby
the MIDI CI is enabled. Alternatively, in a case where
there are bidirectional communication paths such as Eth-
ernet and HDMI CEC in parallel with the interface, a func-
tion of the MIDI CI can also be implemented by using
these.
[0108] Switching between protocols of MIDI 1.0 and
MIDI 2.0, and support confirmation and switching of an
extended protocol using MIDI 1.0 can also be performed
by extending the specification of the MIDI CI. Of course,
manual setting by the user is also permitted.

<2. Second embodiment>

[Configuration example of acoustic system]

[0109] Fig. 16 illustrates a configuration example of an
acoustic system 20 as a second embodiment. The acous-
tic system 20 includes a MIDI keyboard with microphone
input 201 and a MIDI sound source module 202. The
MIDI keyboard with microphone input 201 and the MIDI
sound source module 202 are connected to each other
via a transmission path 203 including a coaxial cable, an
optical cable, or the like. The transmission path 203 con-
stitutes an IEC 60958 transmission path.
[0110] The MIDI keyboard with microphone input 201
includes an A/D converter 210, a keyboard unit 211, and
an SPDIF transmission circuit 212. The A/D converter
210 converts an analog audio signal obtained by collect-
ing sound by a microphone 204 into a linear PCM signal
and transmits the linear PCM signal to the SPDIF trans-
mission circuit 212. The keyboard unit 211 includes a
MIDI detector (not illustrated), generates a MIDI signal
(MIDI signal of MIDI 2.0 or MIDI 1.0) with a performance,
and transmits the MIDI signal to the SPDIF transmission
circuit 212.

[0111] Similarly to the SPDIF transmission circuit 110
in the transmission device 101 of the transmission/recep-
tion system 10 described above, the SPDIF transmission
circuit 212 is a circuit for transmitting an SPDIF signal
(IEC 60958 standard digital audio transmission signal),
and is a transmission circuit conforming to the IEC 60958
standard.
[0112] Similarly to the SPDIF transmission circuit 110,
the SPDIF transmission circuit 212 generates an SPDIF
signal simultaneously including the linear PCM signal
from the A/D converter 210 and the MIDI signal from the
keyboard unit 211, and transmits the SPDIF signal to the
MIDI sound source module 202 through the transmission
path 203.
[0113] The MIDI sound source module 202 includes
an SPDIF reception circuit 220, a MIDI sound source unit
221, an audio mixer 222, and a display unit 223. Similarly
to the SPDIF reception circuit 120 in the reception device
102 of the transmission/reception system 10 described
above, the SPDIF reception circuit 220 is a circuit for
receiving an SPDIF signal and is a reception circuit con-
forming to the IEC 60958 standard.
[0114] The SPDIF reception circuit 220 receives the
SPDIF signal transmitted from the MIDI keyboard with
microphone input 201 through the transmission path 203,
and extracts and outputs the linear PCM signal and the
MIDI signal included in the SPDIF signal. Furthermore,
the SPDIF reception circuit 220 outputs state information
indicating whether or not there is a MIDI signal. This state
information is transmitted to the display unit 223, and
whether or not there is a MIDI signal is displayed on the
display unit 223.
[0115] The MIDI sound source unit 221 receives the
MIDI signal output from the SPDIF reception circuit 220,
converts the MIDI signal into music data by the MIDI
sound source, and outputs a linear PCM signal corre-
sponding to the music data. The audio mixer 222 syn-
thesizes the linear PCM signal output from the SPDIF
reception circuit 220 and the linear PCM signal output
from the MIDI sound source unit 221, and outputs a syn-
thesized linear PCM signal.
[0116] The linear PCM signal synthesized as de-
scribed above is transmitted to a speaker system 206
through an amplifier 205. As a result, an acoustic output
based on the linear PCM signal is obtained from the
speaker system 206.
[0117] In the acoustic system 20, in a case where the
keyboard unit 211 is a keyboard unit of a piano and the
microphone 204 collects performance sound of the pi-
ano, in the MIDI sound source module 202, a linear PCM
signal of the sound of strings accompanying a piano per-
formance is output from the MIDI sound source unit 221,
and the sound obtained by synthesizing the sound of the
strings and the sound of the piano can be reproduced.
Furthermore, in the acoustic system 20, in a case where
the microphone 204 collects a singing voice synchro-
nized with accompaniment performed by the keyboard
unit 211, the MIDI sound source module 202 can repro-
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duce the sound obtained by synthesizing the accompa-
niment sound and the singing voice.
[0118] As described above, in the acoustic system 20
illustrated in Fig. 16, the SPDIF signal (signals consec-
utive in sub-frame units) transmitted from the MIDI key-
board with microphone input 201 to the MIDI sound
source module 202 includes the linear PCM signal and
the MIDI signal. As a result, simultaneous transmission
of the linear PCM signal (audio signal) and the MIDI signal
can be stably performed without delay, and generation
and reproduction of the synthesized sound can be satis-
factorily performed.

<3. Third embodiment>

[Configuration example of television system]

[0119] Fig. 17 illustrates a configuration example of an
AV system 30 as a third embodiment. The AV system 30
includes a television receiver 301 and an audio amplifier
302.
[0120] A reception antenna 309 for television broad-
casting, a MIDI file storage unit 307, the Internet 304, a
MIDI keyboard 305, and a microphone 306 are connect-
ed to the television receiver 301. Furthermore, a speaker
system 308 is connected to the audio amplifier 302.
[0121] The television receiver 301 and the audio am-
plifier 302 are connected to each other via an HDMI cable
303. Note that, "HDMI" is a registered trademark. The
television receiver 301 is provided with an HDMI terminal
311 to which an HDMI reception unit (HDMI RX) 312 and
a high-speed bus interface 313 constituting a communi-
cation unit are connected. The audio amplifier 302 is pro-
vided with an HDMI terminal 351 to which an HDMI trans-
mission unit (HDMI TX) 352 and a high-speed bus inter-
face 353 constituting a communication unit are connect-
ed. One end of the HDMI cable 303 is connected to the
HDMI terminal 311 of the television receiver 301, and the
other end thereof is connected to the HDMI terminal 351
of the audio amplifier 302.

[Configuration of television receiver]

[0122] The television receiver 301 includes the HDMI
reception unit 312, the high-speed bus interface 313, and
an SPDIF transmission circuit 314. Furthermore, the tel-
evision receiver 301 includes a system controller 315, a
user interface 316, a digital broadcast reception circuit
317, a content reproduction circuit 318, an audio synthe-
sis circuit 319, an A/D converter 320, an Ethernet inter-
face 321, and a display 322. Note that, "Ethernet" and
"Ethernet" are registered trademarks. Furthermore, in the
illustrated example, to simplify the description, each part
of an image system is appropriately omitted.
[0123] The system controller 315 controls operation of
each unit of the television receiver 301. The user interface
316 is connected to the system controller 315. The user
interface 316 constitutes an operation unit for the user

to perform various operations, and includes, for example,
a remote controller, a touch panel, a mouse, a keyboard,
a gesture input unit that detects an instruction input with
a camera, a voice input unit for performing instruction
input by voice, and the like.
[0124] The digital broadcast reception circuit 317 proc-
esses a television broadcast signal input from the recep-
tion antenna 309 to obtain a video signal and a linear
PCM signal of a broadcast content, and further obtain a
MIDI file. The Ethernet interface 321 communicates with
an external server via the Internet 304. The Ethernet in-
terface 321 acquires a network content from the external
server, and obtains a video signal and a linear PCM sig-
nal, and further a MIDI file of the network content.
[0125] The MIDI file storage unit 307 includes, for ex-
ample, a removable memory such as a USB memory,
and stores a MIDI file. The MIDI file storage unit 307 can
also store a MIDI file obtained in advance by the Ethernet
interface 321 or the digital broadcast reception circuit
317, for example.
[0126] The content reproduction circuit 318 outputs a
MIDI signal on the basis of the MIDI file obtained by the
digital broadcast reception circuit 317 or the Ethernet in-
terface 321 or the MIDI file read from the MIDI file storage
unit 307. Furthermore, the content reproduction circuit
318 extracts information of lyrics and a musical score
from the MIDI file and transmits the information to the
display 322. As a result, the lyrics and musical score are
displayed on the display 322.
[0127] The A/D converter 320 converts an analog au-
dio signal obtained by collecting sound by the micro-
phone 306 into a linear PCM signal. The audio synthesis
circuit 319 receives the linear PCM signal obtained by
the digital broadcast reception circuit 317, the linear PCM
signal obtained by the Ethernet interface 321, and further
the linear PCM signal obtained by the A/D converter 320,
and selectively synthesizes and outputs the signals. The
selection and synthesis in the audio synthesis circuit 319
is controlled by the system controller 315 in accordance
with the user’s operation.
[0128] The HDMI reception unit 312 receives image
and audio data supplied to the HDMI terminal 311 through
the HDMI cable 303 by communication conforming to
HDMI. The high-speed bus interface 313 is an interface
of a bidirectional communication path configured using
a reserve line and a hot plug detect (HPD) line constitut-
ing the HDMI cable 303. Note that, details of the HDMI
reception unit 312 and the high-speed bus interface 313
will be described later.
[0129] Similarly to the SPDIF transmission circuit 110
in the transmission device 101 of the transmission/recep-
tion system 10 described above, the SPDIF transmission
circuit 314 is a circuit for transmitting an SPDIF signal
(IEC 60958 standard digital audio transmission signal),
and is a transmission circuit conforming to the IEC 60958
standard.
[0130] Similarly to the SPDIF transmission circuit 110,
the SPDIF transmission circuit 314 generates an SPDIF
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signal simultaneously including the linear PCM signal
and the MIDI signal, and transmits the SPDIF signal to
the audio amplifier 302 through the high-speed bus in-
terface 313. Here, the linear PCM signal included in the
SPDIF signal is the linear PCM signal output from the
audio synthesis circuit 319. Furthermore, the MIDI signal
included in the SPDIF signal is a MIDI signal obtained
by synthesizing the MIDI signal output from the content
reproduction circuit 318 and the MIDI signal output from
the MIDI keyboard 305.

"Configuration of audio amplifier"

[0131] The audio amplifier 302 includes the HDMI
transmission unit 352, the high-speed bus interface 353,
and an SPDIF reception circuit 354. Furthermore, the
audio amplifier 302 includes a system controller 355, a
MIDI sound source unit 356, an audio mixer 357, an am-
plifier 358, a display unit 359, and an Ethernet interface
360.
[0132] The system controller 355 controls operation of
each unit of the audio amplifier 302. The HDMI transmis-
sion unit 352 transmits image and audio data from the
HDMI terminal 351 to the HDMI cable 303 by communi-
cation conforming to HDMI. The high-speed bus interface
353 is an interface of a bidirectional communication path
configured using a reserve line and a hot plug detect
(HPD) line constituting the HDMI cable 303. The Ethernet
interface 360 communicates with an external server via
the Internet. Note that, details of the HDMI transmission
unit 352 and the high-speed bus interface 353 will be
described later.
[0133] Similarly to the SPDIF reception circuit 120 in
the reception device 102 of the transmission/reception
system 10 described above, the SPDIF reception circuit
354 is a circuit for receiving an SPDIF signal and is a
reception circuit conforming to the IEC 60958 standard.
[0134] The SPDIF reception circuit 354 receives the
SPDIF signal from the television receiver 301 through
the high-speed bus interface 353, and extracts and out-
puts the linear PCM signal and the MIDI signal included
in the SPDIF signal. Furthermore, the SPDIF reception
circuit 354 outputs state information indicating whether
or not there is a MIDI signal. This state information is
transmitted to the display unit 359, and whether or not
there is a MIDI signal is displayed on the display unit 359.
[0135] The MIDI sound source unit 356 receives the
MIDI signal output from the SPDIF reception circuit 354,
converts the MIDI signal into music data by the MIDI
sound source, and outputs a linear PCM signal corre-
sponding to the music data. The audio mixer 357 syn-
thesizes the linear PCM signal output from the SPDIF
reception circuit 354 and the linear PCM signal output
from the MIDI sound source unit 356, and outputs a syn-
thesized linear PCM signal.
[0136] The amplifier 358 amplifies the linear-A PCM
signal obtained by the audio mixer 357 and supplies the
amplified signal to the speaker system 308. As a result,

an acoustic output based on the linear PCM signal is
obtained from the speaker system 308.

"Configuration example of HDMI transmission unit/re-
ception unit"

[0137] Fig. 18 illustrates a configuration example of the
HDMI reception unit 312 of the television receiver 301
and the HDMI transmission unit 352 of the audio amplifier
302 in the AV system 30 of Fig. 17.
[0138] The HDMI transmission unit 352 transmits a
baseband (uncompressed) differential signal of image
data for one screen to the HDMI reception unit 312 in
one direction through a plurality of channels, in a valid
image interval (hereinafter, referred to as an "active video
interval" as appropriate) that is an interval obtained by
removing a horizontal blanking period and a vertical
blanking period from an interval (hereinafter, referred to
as a "video field" as appropriate) from a certain vertical
synchronization signal to a next vertical synchronization
signal. Furthermore, in the horizontal blanking period and
the vertical blanking period, the HDMI transmission unit
352 transmits differential signals corresponding to audio
data, a control packet (Control Packet), other auxiliary
data, and the like accompanying image data, to the HDMI
reception unit 312 in one direction through a plurality of
channels.
[0139] The HDMI transmission unit 352 includes a
source signal processing unit 71 and an HDMI transmitter
72. Baseband uncompressed image (Video) and audio
(Audio) data is supplied to the source signal processing
unit 71. The source signal processing unit 71 performs
necessary processing on the supplied image and audio
data, and supplies the processed data to the HDMI trans-
mitter 72. Furthermore, the source signal processing unit
71 exchanges control information, information for notifi-
cation of a status (Control/Status), and the like with the
HDMI transmitter 72 as necessary.
[0140] The HDMI transmitter 72 converts the image
data supplied from the source signal processing unit 71
into a corresponding differential signal, and transmits the
differential signal in one direction to the HDMI reception
unit 312 connected via the HDMI cable 303 through three
TMDS channels #0, #1, and #2 that are a plurality of
channels.
[0141] Moreover, the audio data, control packet, and
other auxiliary data accompanying uncompressed image
data supplied from the transmitter 72 and the source sig-
nal processing unit 71, and control data such as a vertical
synchronization signal (VSYNC) and a horizontal syn-
chronization signal (HSYNC) are converted into corre-
sponding differential signals, and are transmitted in one
direction to the HDMI reception unit 312 connected via
the HDMI cable 303 through the three TMDS channels
#0, #1, and #2.
[0142] Furthermore, the transmitter 72 transmits a pix-
el clock synchronized with the image data transmitted
through the three TMDS channels #0, #1, and #2 to the
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HDMI reception unit 312 connected via the HDMI cable
303 through a TMDS clock channel.
[0143] The HDMI reception unit 312 receives the dif-
ferential signal corresponding to the image data trans-
mitted in one direction from the HDMI transmission unit
352 through a plurality of channels in the active video
interval, and receives the differential signals correspond-
ing to the auxiliary data and the control data transmitted
from the HDMI transmission unit 352 through a plurality
of channels in the horizontal blanking period and the ver-
tical blanking period.
[0144] The HDMI reception unit 312 includes an HDMI
receiver 81 and a sink signal processing unit 82. The
HDMI receiver 81 receives, through the TMDS channels
#0, #1, and #2, the differential signal corresponding to
the image data and the differential signals corresponding
to the auxiliary data and the control data transmitted in
one direction from the HDMI transmission unit 352 con-
nected via the HDMI cable 303 in synchronization with
the pixel clock similarly transmitted from the HDMI trans-
mission unit 352 through the TMDS clock channel. More-
over, the HDMI receiver 81 converts the differential sig-
nals into corresponding image data, auxiliary data, and
control data, and supplies the data to the sink signal
processing unit 82 as necessary.
[0145] The sink signal processing unit 82 performs
necessary processing on the data supplied from the HD-
MI receiver 81 and outputs the data. In addition, the sink
signal processing unit 82 exchanges control information,
information for notification of a status (Control/Status),
and the like with the HDMI receiver 81 as necessary.
[0146] In addition to the three TMDS channels #0, #1,
and #2 for serially transmitting the image data, auxiliary
data, and control data from the HDMI transmission unit
352 to the HDMI reception unit 312 in one direction in
synchronization with the pixel clock, and the TMDS clock
channel as a transmission channel for transmitting the
pixel clock, HDMI transmission channels include a dis-
play data channel (DDC) 83, and further, a transmission
channel called a CEC line 84.
[0147] The DDC 83 includes two lines (signal lines)
(not illustrated) included in the HDMI cable 303, and is
used by a source device to read enhanced-extended dis-
play identification (E-EDID) from a sink device connected
via the HDMI cable 303. That is, the sink device includes
an EDIDROM 85. The source device reads the E-EDID
stored in the EDIDROM 85 from the sink device connect-
ed via the HDMI cable 303 via the DDC 83, and recog-
nizes a setting and performance of the sink device on
the basis of the E-EDID.
[0148] The CEC line 84 includes one line (not illustrat-
ed) included in the HDMI cable 303, and is used to per-
form bidirectional communication of control data be-
tween the source device and the sink device.
[0149] Furthermore, the HDMI cable 303 includes a
line 86 connected to a pin called hot plug detect (HPD).
The source device can detect connection of the sink de-
vice by using the line 86. Furthermore, the HDMI cable

303 includes a line 87 used to supply power from the
source device to the sink device. Moreover, the HDMI
cable 303 includes a reserve line 88.

"Configuration example of high-speed bus interface"

[0150] Fig. 19 illustrates a configuration example of the
high-speed bus interface 313 of the television receiver
301 in the AV system 30 of Fig. 17. The Ethernet interface
321 performs local area network (LAN) communication,
that is, transmission and reception of an Ethernet signal,
by using a transmission path including a pair of lines of
the reserve line and the HPD line among a plurality of
lines constituting the HDMI cable 303. The SPDIF trans-
mission circuit 314 transmits the SPDIF signal by using
the transmission path including the pair of lines described
above.
[0151] The television receiver 301 includes a LAN sig-
nal transmission circuit 441, a termination resistor 442,
AC coupling capacitors 443 and 444, a LAN signal re-
ception circuit 445, a subtraction circuit 446, addition cir-
cuits 449 and 450, and an amplifier 451. These compo-
nents constitute the high-speed bus interface 313. Fur-
thermore, the television receiver 301 includes a choke
coil 461, a resistor 462, and a resistor 463 that constitute
a plug connection transmission circuit 460.
[0152] A series circuit of the AC coupling capacitor 443,
the termination resistor 442, and the AC coupling capac-
itor 444 is connected between a 14 pin terminal 521 and
a 19 pin terminal 522 of the HDMI terminal 311. Further-
more, a series circuit of the resistor 462 and the resistor
463 is connected between a power supply line (+5.0 V)
and a ground line. Then, a connection point between the
resistor 462 and the resistor 463 is connected to a con-
nection point Q4 between the 19 pin terminal 522 and
the AC coupling capacitor 444 via the choke coil 461.
[0153] A connection point P3 between the AC coupling
capacitor 443 and the termination resistor 442 is con-
nected to an output side of the addition circuit 449 and
is connected to a positive input side of the LAN signal
reception circuit 445. Furthermore, a connection point P4
between the AC coupling capacitor 444 and the termina-
tion resistor 442 is connected to an output side of the
addition circuit 450 and is connected to a negative input
side of the LAN signal reception circuit 445.
[0154] One input side of the addition circuit 449 is con-
nected to a positive output side of the LAN signal trans-
mission circuit 441, and the SPDIF signal output from the
SPDIF transmission circuit 314 is supplied to another in-
put side of the addition circuit 449 via the amplifier 451.
Furthermore, one input side of the addition circuit 450 is
connected to a negative output side of the LAN signal
transmission circuit 441, and the SPDIF signal output
from the SPDIF transmission circuit 314 is supplied to
another input side of the addition circuit 450 via the am-
plifier 451.
[0155] A transmission signal (transmission data)
SG417 is supplied from the Ethernet interface 321 to an
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input side of the LAN signal transmission circuit 441. Fur-
thermore, an output signal SG418 of the LAN signal re-
ception circuit 445 is supplied to a positive terminal of
the subtraction circuit 446, and the transmission signal
SG417 is supplied to a negative terminal of the subtrac-
tion circuit 446. In the subtraction circuit 446, the trans-
mission signal SG417 is subtracted from the output signal
SG418 of the LAN signal reception circuit 445, and a
reception signal (reception data) SG419 is obtained. In
a case where a LAN signal (Ethernet signal) is transmit-
ted as a differential signal via the reserve line and the
HPD line, the reception signal SG419 is the LAN signal.
The reception signal SG419 is supplied to the Ethernet
interface 321.
[0156] Fig. 20 illustrates a configuration example of the
high-speed bus interface 353 of the audio amplifier 302
in the AV system 30 of Fig. 17. The Ethernet interface
360 performs local area network (LAN) communication,
that is, transmission and reception of an Ethernet signal,
by using the transmission path including the pair of lines
of the reserve line and the HPD line among the plurality
of lines constituting the HDMI cable 303. The SPDIF re-
ception circuit 354 receives the SPDIF signal by using
the transmission path including the pair of lines described
above.
[0157] The audio amplifier 302 includes a LAN signal
transmission circuit 411, a termination resistor 412, an
AC coupling capacitors 413 and 414, a LAN signal re-
ception circuit 415, a subtraction circuit 416, an addition
circuit 419, and an amplifier 420. These components con-
stitute the high-speed bus interface 353. Furthermore,
the audio amplifier 302 includes a pull-down resistor 431,
a resistor 432, a capacitor 433, and a comparator 434
constituting a plug connection detection circuit 430. Here,
the resistor 432 and the capacitor 433 constitute a low
pass filter.
[0158] A series circuit of the AC coupling capacitor 413,
the termination resistor 412, and the AC coupling capac-
itor 414 is connected between a 14 pin terminal 511 and
a 19 pin terminal 512 of the HDMI terminal 351. A con-
nection point P1 between the AC coupling capacitor 413
and the termination resistor 412 is connected to a positive
output side of the LAN signal transmission circuit 411
and is connected to a positive input side of the LAN signal
reception circuit 415.
[0159] A connection point P2 between the AC coupling
capacitor 414 and the termination resistor 412 is con-
nected to a negative output side of the LAN signal trans-
mission circuit 411 and is connected to a negative input
side of the LAN signal reception circuit 415. A transmis-
sion signal (transmission data) SG411 is supplied from
the Ethernet interface 360 to an input side of the LAN
signal transmission circuit 411.
[0160] An output signal SG412 of the LAN signal re-
ception circuit 415 is supplied to a positive terminal of
the subtraction circuit 416, and a transmission signal
(transmission data) SG411 is supplied to a negative ter-
minal of the subtraction circuit 416. In the subtraction

circuit 416, the transmission signal SG411 is subtracted
from the output signal SG412 of the LAN signal reception
circuit 415, and the reception signal SG413 is obtained.
In a case where a LAN signal (Ethernet signal) is trans-
mitted as a differential signal via the reserve line and the
HPD line, the reception signal SG413 is the LAN signal.
The reception signal SG413 is supplied to the Ethernet
interface 360.
[0161] A connection point Q2 between the AC coupling
capacitor 414 and the 19 pin terminal 512 is connected
to the ground line via the pull-down resistor 431 and is
connected to the ground line via a series circuit of the
resistor 432 and the capacitor 433. Then, an output signal
of the low pass filter obtained at a connection point be-
tween the resistor 432 and the capacitor 433 is supplied
to one input terminal of the comparator 434. In the com-
parator 434, the output signal of the low pass filter is
compared with a reference voltage Vref2 (+1.4 V) sup-
plied to another input terminal. An output signal SG415
of the comparator 434 is supplied to a control unit (CPU)
(not illustrated) of the audio amplifier 302.
[0162] Furthermore, the connection point P1 between
the AC coupling capacitor 413 and the termination resis-
tor 412 is connected to one input terminal of the addition
circuit 419. Furthermore, the connection point P2 be-
tween the AC coupling capacitor 414 and the termination
resistor 412 is connected to another input terminal of the
addition circuit 419. An output signal of the addition circuit
419 is supplied to the SPDIF reception circuit 354 via the
amplifier 420. In a case where the SPDIF signal is trans-
mitted as an in-phase signal via the reserve line and the
HPD line, the output signal of the addition circuit 419 is
the SPDIF signal.
[0163] In the AV system 30 illustrated in Fig. 17. For
example, a case will be considered where a MIDI signal
corresponding to a background performance of karaoke
is output from the content reproduction circuit 318 on the
television receiver 301 side. In this case, lyrics and a
musical score are displayed on the display 322 on the
basis of the information supplied from the content repro-
duction circuit 318. In this state, it is assumed that the
user sings toward the microphone 306 and performs ad-
lib performance by using the MIDI keyboard 305 in an
interlude part.
[0164] In this case, in the SPDIF transmission circuit
314, an SPDIF signal is generated that includes a linear
PCM signal according to the user’s singing and a MIDI
signal (MIDI signal obtained by synthesizing a MIDI sig-
nal corresponding to background performance, and a
MIDI signal corresponding to ad-lib performance using
the MIDI keyboard 305), and the SPDIF signal is trans-
mitted to the audio amplifier 302 through the high-speed
bus interface 313.
[0165] In this case, on the audio amplifier 302 side, in
the SPDIF reception circuit 354, the SPDIF signal is re-
ceived from the television receiver 301 through the high-
speed bus interface 353, and the linear PCM signal and
the MIDI signal included in the SPDIF signal are sepa-
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rated and extracted. Then, in the MIDI sound source unit
356, a linear PCM signal is obtained that corresponds to
performance sounds of the background performance and
the ad-lib performance on the basis of the MIDI signal.
[0166] In the audio mixer 357, the linear PCM signal
corresponding to the performance sounds of the back-
ground performance and the ad-lib performance, and the
linear PCM signal corresponding to a singing sound of
the user extracted by the SPDIF reception circuit 354 are
synthesized. Then, the synthesized linear PCM signal is
amplified by the amplifier 358 and supplied to the speaker
system 308. As a result, from the speaker system 308,
a reproduction sound is obtained in which the perform-
ance sounds of the background performance and the ad-
lib performance and the user’s singing sound are syn-
thesized.
[0167] As described above, in the AV system 30 illus-
trated in Fig. 17, the SPDIF signal (signals consecutive
in sub-frame units) transmitted from the television receiv-
er 301 to the audio amplifier 302 includes the linear PCM
signal (audio signal) and the MIDI signal. As a result,
simultaneous transmission of the linear PCM signal and
the MIDI signal from the television receiver 301 to the
audio amplifier 302 can be stably performed without de-
lay, and generation and reproduction of the synthesized
sound can be satisfactorily performed in the audio am-
plifier 302.

<4. Fourth embodiment>

[Configuration example of game system]

[0168] Fig. 21 illustrates a configuration example of a
game system 60 as a fourth embodiment. The game sys-
tem 60 is a system that decodes a game content, and
progresses a game while sensing movement of a game
user.
[0169] A MIDI signal is also applied to mixer control,
illumination control, machine control, and the like in ad-
dition to control of an instrument sound source. For ex-
ample, a value of a fader can be controlled remotely. That
is, transmission and reception of a specific value can be
performed at an arbitrary timing, and this can be used
for transmission of values of various sensors, tempera-
ture setting of a thermal sensation presenting device, and
the like. Furthermore, synthesizing is possible as a sound
having a low frequency in a vibration actuator.
[0170] The game system 60 includes a head mounted
display 601 and a game console 602. A microphone 604
is connected to the head mounted display 601. Further-
more, the Internet 605 is connected to the game console
602.
[0171] The head mounted display 601 and the game
console 602 are connected to each other via an HDMI
cable 603. The head mounted display 601 is provided
with an HDMI terminal 611 to which an HDMI reception
unit (HDMI RX) 612 and a high-speed bus interface 613
constituting a communication unit are connected. The

game console 602 is provided with an HDMI terminal 651
to which an HDMI transmission unit (HDMI TX) 652 and
a high-speed bus interface 653 constituting a communi-
cation unit are connected. One end of the HDMI cable
603 is connected to the HDMI terminal 611 of the head
mounted display 601, and another end thereof is con-
nected to the HDMI terminal 651 of the game console
602.

"Configuration of head mounted display"

[0172] The head mounted display 601 includes the HD-
MI reception unit 612, the high-speed bus interface 613,
and an SPDIF transmission circuit 614. Furthermore, the
head mounted display 601 includes a system controller
615, an A/D converter 616, a left-eye display 617, a right-
eye display 618, and stereo headphones 619. Moreover,
the head mounted display 601 includes a sensor unit 620
including a gyro sensor, an acceleration sensor, a heart
rate sensor, a body temperature sensor, a pressure sen-
sor, and the like, and a controlled unit 621 including a
vibration actuator, a thermal sensation presenting de-
vice, a power sensation presenting device, and the like.
[0173] The system controller 615 controls operation of
each unit of the head mounted display 601. Similarly to
the high-speed bus interface 313 in the television receiv-
er 301 of the AV system 30 described above, the high-
speed bus interface 613 is an interface of a bidirectional
communication path configured using a reserve line and
a hot plug detect (HPD) line constituting the HDMI cable
603.
[0174] The A/D converter 616 converts an analog au-
dio signal related to an utterance of the game user (wear-
er of the head mounted display 601) obtained by collect-
ing sound by the microphone 604 into a linear PCM signal
and transmits the linear PCM signal to the SPDIF trans-
mission circuit 614.
[0175] Similarly to the SPDIF transmission circuit 110
in the transmission device 101 of the transmission/recep-
tion system 10 described above, the SPDIF transmission
circuit 614 is a circuit for transmitting an SPDIF signal
(IEC 60958 standard digital audio transmission signal),
and is a transmission circuit conforming to the IEC 60958
standard.
[0176] Similarly to the SPDIF transmission circuit 110,
the SPDIF transmission circuit 614 generates an SPDIF
signal simultaneously including the linear PCM signal
and the MIDI signal, and transmits the SPDIF signal to
the game console 602 through the high-speed bus inter-
face 613. Here, the linear PCM signal included in the
SPDIF signal is a linear PCM signal related to the utter-
ance of the game user obtained by the A/D converter
616. Furthermore, the MIDI signal included in the SPDIF
signal is a MIDI signal having detection signals of various
sensors obtained by the sensor unit 620.
[0177] Similarly to the HDMI reception unit 312 in the
television receiver 301 of the AV system 30 described
above, the HDMI reception unit 612 receives image and
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audio data supplied to the HDMI terminal 611 through
the HDMI cable 603 by communication conforming to
HDMI. Here, the HDMI reception unit 612 receives a 3D
video audio signal and the MIDI signal transmitted from
the game console 602.
[0178] In this case, the SPDIF signal (see Fig. 6) in-
cluding the stereo 2-channel audio signal (linear PCM
signal as an audio signal) and the MIDI signal is mapped
to an audio sample packet and transmitted. In the HDMI
reception unit 612, the stereo 2-channel audio signal and
the MIDI signal as control information are extracted from
the SPDIF signal.
[0179] A left-eye video signal obtained by the HDMI
reception unit 612 is transmitted to the left-eye display
617, and a left-eye image is displayed on the left-eye
display 617. Furthermore, a right-eye video signal ob-
tained by the HDMI reception unit 612 is transmitted to
the right-eye display 618, and a right-eye image is dis-
played on the right-eye display 618. The user can per-
ceive a stereoscopic image related to the game content
from the left-eye image and the right-eye image. Further-
more, the stereo 2-channel audio signal obtained by the
HDMI reception unit 612 is transmitted to the stereo head-
phones 619, and stereo sound related to the game con-
tent is reproduced.
[0180] Furthermore, the MIDI signal as the control in-
formation obtained by the HDMI reception unit 601 is
transmitted to the controlled unit 621. In the controlled
unit 621, an actuator and a device are controlled on the
basis of the MIDI signal. As a result, vibration, thermal
sensation, power sensation, and the like related to the
game content are given to the game user.

"Configuration of game console"

[0181] The game console 602 includes the HDMI
transmission unit 652, the high-speed bus interface 653,
and an SPDIF reception circuit 654. Furthermore, the
game console 602 includes a game control processing
unit 655 and an Ethernet interface unit 656.
[0182] Similarly to the high-speed bus interface 353 in
the audio amplifier 302 of the AV system 30 described
above, the high-speed bus interface 653 is an interface
of a bidirectional communication path configured using
a reserve line and a hot plug detect (HPD) line constitut-
ing the HDMI cable 603. The Ethernet interface 656 com-
municates with an external server (cloud server) via the
Internet 605. The Ethernet interface 656 streams a game
content from a cloud server that provides a game service,
for example.
[0183] Similarly to the SPDIF reception circuit 120 in
the reception device 102 of the transmission/reception
system 10 described above, the SPDIF reception circuit
654 is a circuit for receiving an SPDIF signal and is a
reception circuit conforming to the IEC 60958 standard.
[0184] The SPDIF reception circuit 654 receives the
SPDIF signal from the television receiver 301 through
the high-speed bus interface 653, and extracts and out-

puts the linear PCM signal and the MIDI signal included
in the SPDIF signal. In this embodiment, the linear PCM
signal is a linear PCM signal related to the utterance of
the game user as described above. Furthermore, the
MIDI signal is a MIDI signal having detection signals of
various sensors as described above.
[0185] The game control processing unit 655 includes
a CPU, a DSP, a GPU, and the like. The game control
processing unit 655 decodes the game content, and gen-
erates the 3D video audio signal and the MIDI signal by
referring to the MIDI signal and the linear PCM signal
obtained by the SPDIF reception circuit 354. Here, the
3D video audio signal includes the left-eye video signal,
the right-eye video signal, and the stereo 2-channel audio
signal (linear PCM signal). Furthermore, the MIDI signal
is a MIDI signal having a control signal for giving the
vibration, thermal sensation, power sensation, and the
like related to the game content, to the game user.
[0186] Similarly to the HDMI transmission unit 352 in
the audio amplifier 302 of the AV system 30 described
above, the HDMI transmission unit 652 transmits image
and audio data from the HDMI terminal 651 to the HDMI
cable 603 by communication conforming to HDMI. Here,
the 3D video audio signal and the MIDI signal are trans-
mitted that are generated by the game control processing
unit 655 as described above. In this case, the SPDIF
signal (see Fig. 6) including the stereo 2-channel audio
signal (linear PCM signal as an audio signal) and the
MIDI signal is generated, and the SPDIF signal is mapped
to the audio sample packet and transmitted.
[0187] As described above, in the game system 60 il-
lustrated in Fig. 21, the SPDIF signal (signals consecu-
tive in sub-frame units) transmitted from the head mount-
ed display 601 to the game console 602 includes the
linear PCM signal related to the utterance of the game
user and the MIDI signal having detection signals of var-
ious sensors. As a result, simultaneous transmission of
the linear PCM signal and the MIDI signal from the head
mounted display 601 to the game console 602 can be
stably performed without delay, and processing in the
game control processing unit 655 can be satisfactorily
performed in the game console 602.
[0188] Furthermore, in the game system 60 illustrated
in Fig. 21, the SPDIF signal (signals consecutive in sub-
frame units) transmitted from the game console 602 to
the head mounted display 601 includes the stereo 2-
channel audio signal (linear PCM signal as an audio sig-
nal) generated by the game control processing unit 655
and the MIDI signal having the control signal for giving
the vibration, thermal sensation, power sensation, and
the like related to the game content, to the game user.
As a result, simultaneous transmission of the linear PCM
signal and the MIDI signal from the game console 602
to the head mounted display 601 can be stably performed
without delay, and audio reproduction sound given to the
game user and the vibration, thermal sensation, power
sensation, and the like given to the game user can be
satisfactorily performed in a synchronized state without

29 30 



EP 4 030 416 A1

17

5

10

15

20

25

30

35

40

45

50

55

delay, in the head mounted display 601.

<5. Modifications>

[0189] Note that, in the above-described embodiment,
an example has been described in which a coaxial cable
or an optical cable, and further, an HDMI ARC or an HDMI
transmission path are used as the IEC 60958 transmis-
sion path; however, a configuration using another IEC
60958 transmission path is also conceivable. For exam-
ple, examples are also conceivable in which an IEC
61883-6 transmission path, an MHL transmission path,
a display port transmission path (DP transmission path),
and the like are used as the IEC 60958 transmission path.
Also in these cases, the SPDIF signal (IEC 60958 signal)
is mapped to an audio sample packet (audio sample
packet) and transmitted in the same forward direction as
video transmission.
[0190] Furthermore, the preferred embodiments of the
present disclosure have been described in detail with ref-
erence to the accompanying drawings, but the technical
scope of the present disclosure is not limited to such ex-
amples. It is obvious that persons having ordinary knowl-
edge in the technical field of the present disclosure can
conceive various modification examples or correction ex-
amples within the scope of the technical idea described
in the claims, and it is understood that the modification
examples or correction examples also belong to the tech-
nical scope of the present disclosure.
[0191] Furthermore, the effects described in the
present specification are merely illustrative or exemplary
and not restrictive. That is, the technology according to
the present disclosure can exhibit other effects obvious
to those skilled in the art from the description of the
present specification together with the above-described
effects or in place of the above-described effects.
[0192] Furthermore, the technology can also have a
configuration as follows.

(1) A transmission device including

a transmission unit that transmits signals con-
secutive in predetermined units to a reception
side via a predetermined transmission path, in
which
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

(2) The transmission device according to (1), in
which
the predetermined units are sub-frame units.
(3) The transmission device according to (1) or (2),
in which
the audio signal is a linear PCM signal constituting

a stereo 2-channel audio signal.
(4) The transmission device according to any of (1)
to (3), in which

the MIDI signal includes packet data of a prede-
termined length, and
the packet data of the predetermined length is
divided into a plurality of pieces, and transmitted
by being included in signals of a plurality of piec-
es of the second predetermined units.

(5) The transmission device according to (4), in
which
the packet data of the predetermined length is 32-
bit, 64-bit, 96-bit, or 128-bit packet data, and divided
into a plurality of pieces of 16 bits each.
(6) The transmission device according to (4) or (5),
in which
in the signal of the second predetermined unit includ-
ing the MIDI signal, the MIDI signal is inserted on a
lower bit side, and identification information is insert-
ed on an upper bit side, the identification information
identifying whether the MIDI signal inserted on the
lower bit side is at least divided data of start or divided
data of continuation.
(7) The transmission device according to (6), in
which
the identification information is set to cause a volume
to be less than or equal to a predetermined value
even when data of a predetermined bit number in-
cluding the MIDI signal on the lower bit side and the
identification information on the upper bit side is re-
produced as audio data.
(8) The transmission device according to any of (1)
to (3), in which
packet data constituting the MIDI signal is inserted
from an arbitrary bit position in a data payload area
of the signal of the second predetermined unit, and
in a case where all the packet data are not able to
be inserted into the data payload area, remaining
part of the packet data is inserted from a first bit po-
sition in a data payload area of the signal of a next
one of a plurality of the second predetermined units,
and the packet data constituting the MIDI signal is
transmitted.
(9) The transmission device according to any of (1)
to (3), in which
packet data of one byte constituting the MIDI signal
is inserted into one byte area of a data payload area
of two bytes in the signal of the second predeter-
mined unit and transmitted.
(10) The transmission device according to any of (1)
to (3), in which
packet data of one byte constituting the MIDI signal
is inserted into one byte area of a data payload area
of two bytes in the signal of the second predeter-
mined unit, and another area of one byte is set as
an extended byte area and transmitted.
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(11) The transmission device according to any of (1)
to (10), in which
the signal of the second predetermined unit includes
a plurality of channels of the MIDI signals.
(12) The transmission device according to any of (1)
to (11), further including
an information addition unit that adds, to the signals
consecutive in the predetermined units, identification
information that identifies that the signals include a
signal of a first predetermined unit of the predeter-
mined units including an audio signal and a signal
of a second predetermined unit of the predetermined
units including a MIDI signal.
(13) The transmission device according to (12), in
which
the information addition unit adds the identification
information by using a predetermined bit area of
each of blocks configured for each of a predeter-
mined number of the predetermined units.
(14) The transmission device according to any of (1)
to (13), in which
the predetermined transmission path is a coaxial ca-
ble, an optical cable, an Ethernet (IEC 61883-6) ca-
ble, an HDMI cable, an MHL cable, or a display port
cable.
(15) A transmission method including

a procedure of transmitting signals consecutive
in predetermined units to a reception side via a
predetermined transmission path, in which
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

(16) A reception device including

a reception unit that receives signals consecu-
tive in predetermined units from a transmission
side via a predetermined transmission path, in
which
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

(17) The reception device according to (16), in which
the audio signal is a linear PCM signal constituting
a stereo 2-channel audio signal.
(18) The reception device according to (16) or (17),
further including
a processing unit that performs processing using the
audio signal and the MIDI signal.
(19) The reception device according to (18), in which

the processing unit synthesizes the audio signal with
an audio signal obtained by using a MIDI sound
source from the MIDI signal to obtain an output audio
signal.
(20) A reception method including

a procedure of receiving signals consecutive in
predetermined units from a transmission side
via a predetermined transmission path, in which
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

REFERENCE SIGNS LIST

[0193]

10 Transmission/reception system
101 Transmission device
102 Reception device
103 Transmission path
110 SPDIF transmission circuit
120 SPDIF reception circuit
20 Acoustic system
201 MIDI keyboard with microphone input
202 MIDI sound source module
203 Transmission path
204 Microphone
205 Amplifier
206 Speaker system
210 A/D converter
211 Keyboard unit
212 SPDIF transmission circuit
220 SPDIF reception circuit
221 MIDI sound source unit
222 Audio mixer
223 Display unit
30 AV system
301 Television receiver
302 Audio amplifier
303 HDMI cable
304 Internet
305 MIDI cable
306 Microphone
307 MIDI file storage unit
308 Speaker system
309 Reception antenna
311 HDMI terminal
312 HDMI reception unit
313 High-speed bus interface
314 SPDIF transmission circuit
315 System controller
316 User interface
317 Digital broadcast reception circuit
318 Content reproduction circuit
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319 Audio synthesis circuit
320 A/D converter
321 Ethernet interface
322 Display
351 HDMI terminal
352 HDMI transmission unit
353 High-speed bus interface
354 SPDIF reception circuit
355 System controller
356 MIDI sound source unit
357 Audio mixer
358 Amplifier
359 Display unit
360 Ethernet interface
60 Game system
601 Head mounted display
602 Game console
603 HDMI cable
604 Microphone
605 Internet
611 HDMI terminal
612 HDMI reception unit
613 High-speed bus interface
614 SPDIF transmission circuit
615 System controller
616 A/D converter
617 Left-eye display
618 Right-eye display
619 Stereo headphones
620 Sensor unit
621 Controlled unit
651 HDMI terminal
652 HDMI transmission unit
653 High-speed bus interface
654 SPDIF reception circuit
655 Game control processing unit
656 Ethernet interface

Claims

1. A transmission device comprising

a transmission unit that transmits signals con-
secutive in predetermined units to a reception
side via a predetermined transmission path,
wherein
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

2. The transmission device according to claim 1,
wherein
the predetermined units are sub-frame units.

3. The transmission device according to claim 1,
wherein
the audio signal is a linear PCM signal constituting
a stereo 2-channel audio signal.

4. The transmission device according to claim 1,
wherein

the MIDI signal includes packet data of a prede-
termined length, and
the packet data of the predetermined length is
divided into a plurality of pieces, and transmitted
by being included in signals of a plurality of piec-
es of the second predetermined units.

5. The transmission device according to claim 4,
wherein
the packet data of the predetermined length is 32-
bit, 64-bit, 96-bit, or 128-bit packet data, and divided
into a plurality of pieces of 16 bits each.

6. The transmission device according to claim 4,
wherein
in the signal of the second predetermined unit includ-
ing the MIDI signal, the MIDI signal is inserted on a
lower bit side, and identification information is insert-
ed on an upper bit side, the identification information
identifying whether the MIDI signal inserted on the
lower bit side is at least divided data of start or divided
data of continuation.

7. The transmission device according to claim 6,
wherein
the identification information is set to cause a volume
to be less than or equal to a predetermined value
even when data of a predetermined bit number in-
cluding the MIDI signal on the lower bit side and the
identification information on the upper bit side is re-
produced as audio data.

8. The transmission device according to claim 1,
wherein
packet data constituting the MIDI signal is inserted
from an arbitrary bit position in a data payload area
of the signal of the second predetermined unit, and
in a case where all the packet data are not able to
be inserted into the data payload area, remaining
part of the packet data is inserted from a first bit po-
sition in a data payload area of the signal of a next
one of a plurality of the second predetermined units,
and the packet data constituting the MIDI signal is
transmitted.

9. The transmission device according to claim 1,
wherein
packet data of one byte constituting the MIDI signal
is inserted into one byte area of a data payload area
of two bytes in the signal of the second predeter-
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mined unit and transmitted.

10. The transmission device according to claim 1,
wherein
packet data of one byte constituting the MIDI signal
is inserted into one byte area of a data payload area
of two bytes in the signal of the second predeter-
mined unit, and another area of one byte is set as
an extended byte area and transmitted.

11. The transmission device according to claim 1,
wherein
the signal of the second predetermined unit includes
a plurality of channels of the MIDI signals.

12. The transmission device according to claim 1, further
comprising
an information addition unit that adds, to the signals
consecutive in the predetermined units, identification
information that identifies that the signals include a
signal of a first predetermined unit of the predeter-
mined units including an audio signal and a signal
of a second predetermined unit of the predetermined
units including a MIDI signal.

13. The transmission device according to claim 12,
wherein
the information addition unit adds the identification
information by using a predetermined bit area of
each of blocks configured for each of a predeter-
mined number of the predetermined units.

14. The transmission device according to claim 1,
wherein
the predetermined transmission path is a coaxial ca-
ble, an optical cable, an Ethernet (IEC 61883-6) ca-
ble, an HDMI cable, an MHL cable, or a display port
cable.

15. A transmission method comprising

a procedure of transmitting signals consecutive
in predetermined units to a reception side via a
predetermined transmission path, wherein
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

16. A reception device comprising

a reception unit that receives signals consecu-
tive in predetermined units from a transmission
side via a predetermined transmission path,
wherein
the signals consecutive in the predetermined

units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.

17. The reception device according to claim 16, wherein
the audio signal is a linear PCM signal constituting
a stereo 2-channel audio signal.

18. The reception device according to claim 16, further
comprising
a processing unit that performs processing using the
audio signal and the MIDI signal.

19. The reception device according to claim 18, wherein
the processing unit synthesizes the audio signal with
an audio signal obtained by using a MIDI sound
source from the MIDI signal to obtain an output audio
signal.

20. A reception method comprising

a procedure of receiving signals consecutive in
predetermined units from a transmission side
via a predetermined transmission path, wherein
the signals consecutive in the predetermined
units include a signal of a first predetermined
unit of the predetermined units including an au-
dio signal and a signal of a second predeter-
mined unit of the predetermined units including
a MIDI signal.
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