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FIG. 12
cbz | CD1 CDO Color Depth

0 0 0 Color Depth not indicated
0 0 1 Reserved

0 1 0 Reserved

0 1 1 Reserved

1 0 0 24 bits per pixel

1 0 1 30 bits per pixel

1 1 0 36 bits per pixel

1 1 1 48 bits per pixel
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FIG. 13

(" PROCESSING OF HDMI SOURCE )

511
RECEIVEEDID [

‘!’ <512
DETERMINE DEEP COLOR MODE

l

START OUTPUTTING PIXEL  |s'S13
CLOCK CORRESPONDING
TO DEEP COLOR MODE

l

TRANSMIT PIXEL DATA |54
OF IMAGE INDICATED
BY DEEP COLOR MODE

l

(_END )

Ex.1023/ Page 14 of 84
Intel Corp. et d



Patent Application Publication  Nov. 12,2009 Sheet 14 of 49 US 2009/0278984 A1

FIG. 14
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FIG. 19

sb2 | SD1 | SDO Sub Data Bit
0 0 0 Sub Data not Inserted
0 0 1 2 bit sub data
0 1 0 4 bit sub data
0 1 1 8 bit sub data
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
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FIG. 22
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FIG. 24
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FIG. 34
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FIG. 35

PIXELO || PIXEL1 || PIXEL2 || PIXEL3 || PIXEL4 [FR
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DEFAULT PIXEL CODING: RGB 4:4:4, 8 BITS/COMPONENT
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CHANNEL

BITS 3-0] Yo bits 3-0 X Y1 bits 3-0 X Y2 bits 3-0 X Y3 bits 3-0 X Ya bits 3—0

BITS 7-4 | Ca, bits 3-0 X Cry bits 3-0 X Cag bits 3-0 X Cry bits 3-0 X Ca bits 3-0
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FIG. 39

24-BIT MODE

GROUP SIZE = 1 PIXEL, 1 FRAGMENT

FRAGMENT HS/VS VALUE
8C0 S
FIG. 40
30-BIT MODE

GROUP SIZE = 4 PIXELS, 5 FRAGMENTS

FRAGMENT HS/VS VALUE
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FIG. 41

REMAINDER OF 30-BIT MODE
(FALLING EDGE OF DE OCCURS IN INTERMEDIATE GROUP)
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FIG. 42

36-BIT MODE

GROUP SIZE = 2 PIXELS, 3 FRAGMENTS

FRAGMENT HS/VS VALUE
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FIG. 43

48-BIT MODE

GROUP SIZE = 1 PIXEL, 2 FRAGMENTS

FRAGMENT HS/VS VALUE
16C0 S
16C1 S

FIG. 44

COLOR DEPTH (CD FIELD) VALUE

CD3 | CD2 | CD1 | CDO | COLORDEPTH

0 0 COLOR DEPTH NOT INDICATED

0 1 RESERVED

1 0 RESERVED

1 1 RESERVED

o 1O o |

0 24 BITS PER PIXEL

0
1 0 1 30 BITS PER PIXEL

1 1 0 36 BITS PER PIXEL

OO OO0 o0 |0 0O

1 1 1 48 BITS PER PIXEL

ALL OTHER VALUES RESERVED
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FIG. 45

PIXEL PACKING PHASE (PP FIELD) VALUE

PP3 PP2 PP1 PPO PIXEL PACKING PHASE

0 0 0 0 PHASE 4 (10P4)

0 0 0 1 PHASE 1 (10P1, 12P1, 16P1)

0 0 1 0 PHASE 2 {10P2, 12P2)

0 0 1 1 PHASE 3 {10P3)

0 1 0 0 RESERVED

ALL OTHER VALUES RESERVED

FIG. 46
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FIG. 48
24-BIT MODE
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FIG. 50
36-BIT MODE
12P0 12C0
AA S
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DE=1
12P1 12C1
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12P2 12C2
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DE=1 DE=0 DE=1  DE=0
FIG. 51
48-BIT MODE
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FI1G. 55
48 BITS/PIXEL: RECOMMENDED N AND EXPECTED CTS FOR 32 kHz
TMDS CLOCK (MHz) 32 kHz
N CTS
25.2/1.001 4576 56250
25.2 4096 50400
27 4096 54000
27*1.001 4096 54054
54 | 4096 108000
54*1.001 4096 108108
74.25/1.001 11648 421875
74.25 4096 148500
148.5/1.001 11648 843750
1485 4096 297000
OTHERS 4006 | MEASLRED
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COMMUNICATION SYSTEM,
TRANSMISSION APPARATUS, RECEIVING
APPARATUS, COMMUNICATION METHOD,
AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a communication
system, a transmission apparatus, a receiving apparatus, a
communication method, and a program. More particularly,
the present invention relates to a communication system
capable of performing efficient data transmission using, for
example, a communication interface, such as HDMI (High
Definition Multimedia Interface) (R), which is capable of
transmitting pixel data of an uncompressed image in one
direction at high speed, to a transmission apparatus and a
receiving apparatus, to a communication method, and to a
program.

BACKGROUND ART

[0002] In recent years, for example, as a communication
interface for transmitting a digital television signal, that is,
pixel data of an uncompressed (baseband) image (moving
image) and audio data accompanied with the image, at high
speed from a DVD (Digital Versatile Disc) recorder, a set-top
box, or another AV source (source) to a television receiver, a
projector, or another display, HDMI(R) has been becoming
popular.

[0003] Regarding HDMI(R), a TMDS (Transition Mini-
mized Differential Signaling) channel for transmitting pixel
data and audio data at high speed from an HDMI(R) source to
an HDMI(R) sink in one direction, a CEC (Consumer Elec-
tronics Control) line for performing bidirectional communi-
cation between the HDMI(R) source and the HDMI(R) sink,
and the like have been defined in the specification of HDMI
(the current up-to-date specification: “High-Definition Mul-
timedia Interface Specification Version 1.2a”, Dec. 14, 2005).
[0004] Furthermore, in HDMI(R), HDCP (High-Band-
width Digital Content Protection) can be implemented to
prevent copying of content.

[0005] In addition, for the HDMI(R), a method for not
transmitting an unnecessary signal in a vertical blanking
period and in a horizontal blanking period has been proposed
(refer to, for example, Patent Document 1).

[0006] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2005-102161

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0007] In the current HDMI(R), for example, an image,
RGB (Red, Green, Blue) color data of which is each com-
posed of 8-bit pixel data (hereinafter also referred to as a
24-bit (=8 bitsx . . . 3) image as appropriate), can be trans-
mitted. In recent years, there has been an increasing demand
for transmitting an image having a higher resolution, that is,
animage in which each of RGB data is composed of pixel data
of a large number of bits such as 10 bits or 12 bits, which is
larger than 8 bits (hereinafter also referred to as a high reso-
lution image).

[0008] Accordingly, in HDMI(R), a method of transmitting
a high resolution image has been studied.

Nov. 12, 2009

[0009] However, although there has been an increasing
demand for transmitting a high resolution image, 24-bit
images are still often handled.

[0010] Therefore, in the case that HDMI(R) is extended so
asto be capable of transmitting a high resolution image, when
a 24-bit image is to be transmitted, unnecessary data is trans-
mitted in an amount corresponding to the difference between
the number of bits of the pixel data of the high resolution
image and the 24 bits, which is the number of bits ofthe 24-bit
image, per pixel. Thus, inefficient data transmission is per-
formed.

[0011] Thepresent invention has been made in view of such
circumstances. It is an object of the present invention to be
capable of performing efficient data transmission using, for
example, a communication interface such as HDMI(R),
which is capable of transmitting pixel data of an uncom-
pressed image at high speed in one direction.

Means for Solving the Problems

[0012] A first aspect of the present invention provides a
transmission apparatus including a transmission apparatus
for, after capability information indicating the capability of a
receiving apparatus is received, transmitting pixel data of an
uncompressed image for one screen in one direction to the
receiving apparatus by using a differential signal through a
plurality of channels for transmitting data of a fixed number
of bits per clock of a pixel clock in a valid image period that
is a period in which a horizontal blanking period and a vertical
blanking period are excluded from a period from one vertical
synchronization signal to the next vertical synchronization
signal; and the receiving apparatus for receiving the pixel data
transmitted using a differential signal through the plurality of
channels from the transmission apparatus after the capability
information is transmitted, wherein the transmission appara-
tus includes transmission means for transmitting pixel data to
which a number of bits, which is greater than the fixed number
of'bits, is assigned, in one direction to the receiving apparatus
by using a differential signal through the plurality of channels
by adjusting the frequency of the pixel clock; sub-signal
reception capability/incapability determination means for
determining whether or not the receiving apparatus can
receive a sub-signal on the basis of the capability information;
sub-signal addition means for adding the sub-signal to pixel
data of a main image composed of pixel data whose number
of bits is smaller than that of transmission pixel data that is
pixel data to be transmitted by the transmission means when
the receiving apparatus can receive the sub-signal, thereby
constructing the transmission pixel data; and information
transmission control means for allowing sub-signal informa-
tion indicating whether or not the sub-signal is contained in
the transmission pixel data transmitted in the valid image
period immediately after the vertical blanking period, to be
transmitted in the vertical blanking period, and wherein the
receiving apparatus includes receiving means for receiving
the transmission pixel data transmitted using a differential
signal through the plurality of channels; sub-signal presence/
absence determination means for determining whether or not
the sub-signal is contained in the transmission pixel data
transmitted in a valid image period immediately after the
vertical blanking period on the basis of the sub-signal infor-
mation transmitted in the vertical blanking period; and sepa-
ration means for separating the sub-signal from the transmis-
sion pixel data when the sub-signal is contained in the
transmission pixel data.
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[0013] In the communication system of the above-de-
scribed first aspect, in the transmission apparatus, the trans-
mission means adjusts the frequency of the pixel clock and
thereby transmits pixel data to which a number of bits greater
than the fixed number of bits is assigned to the receiving
apparatus in one direction by using a differential signal
through the plurality of channels. It is determined whether or
not the receiving apparatus can receive a sub-signal on the
basis of the capability information. When the receiving appa-
ratus can receive the sub-signal, the transmission pixel data is
constructed by adding the sub-signal to the pixel data of the
main image formed of pixel data having a number of bits less
than that of the transmission pixel data that is pixel data to be
transmitted by the transmission means. In the vertical blank-
ing period, sub-signal information indicating whether or not
the sub-signal is contained in the transmission pixel data that
is transmitted in a valid image period immediately after the
vertical blanking period is transmitted. On the other hand, in
the receiving apparatus, the receiving means receives the
transmission pixel data transmitted using a differential signal
through the plurality of channels. Furthermore, on the basis of
the sub-signal information transmitted in the vertical blank-
ing period, it is determined whether or not the sub-signal is
contained in the transmission pixel data transmitted in the
valid image period immediately after the vertical blanking
period. When the sub-signal is contained in the transmission
pixel data, the sub-signal is separated from the transmission
pixel data.

[0014] A second aspect of the present invention provides a
transmission apparatus for, after capability information indi-
cating the capability of a receiving apparatus is received,
transmitting pixel data of an uncompressed image for one
screen in one direction to the receiving apparatus by using a
differential signal through a plurality of channels for trans-
mitting data of a fixed number of bits per clock of a pixel clock
in a valid image period that is a period in which a horizontal
blanking period and a vertical blanking period are excluded
from a period from one vertical synchronization signal to the
next vertical synchronization signal, the transmission appa-
ratus including: transmission means for transmitting pixel
data to which a number of bits, which is greater than the fixed
number of bits, is assigned, in one direction to the receiving
apparatus by using a differential signal through the plurality
of channels by adjusting the frequency of the pixel clock;
sub-signal reception capability/incapability determination
means for determining whether or not the receiving apparatus
can receive a sub-signal on the basis of the capability infor-
mation; sub-signal addition means for adding the sub-signal
to pixel data of a main image composed of pixel data whose
number of bits is smaller than that of transmission pixel data
that is pixel data to be transmitted by the transmission means
when the receiving apparatus can receive the sub-signal,
thereby constructing the transmission pixel data; and infor-
mation transmission control means for allowing sub-signal
information indicating whether or not the sub-signal is con-
tained in the transmission pixel data transmitted in the valid
image period immediately after the vertical blanking period,
to be transmitted in the vertical blanking period.

[0015] A second aspect of the present invention provides a
communication method for use with a transmission apparatus
for transmitting pixel data of an uncompressed image for one
screen in one direction to a receiving apparatus by using a
differential signal through a plurality of channels for, after
capability information indicating the capability of the receiv-
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ing apparatus is received, transmitting data of a fixed number
of bits per clock of a pixel clock in a valid image period that
is a period in which a horizontal blanking period and a vertical
blanking period are excluded from a period from one vertical
synchronization signal to the next vertical synchronization
signal, or provides a program to be executed by a computer
for controlling the transmission apparatus, the transmission
apparatus including transmission means for transmitting
pixel data to which a number of bits, which is greater than the
fixed number of bits, is assigned, in one direction to the
receiving apparatus by using a differential signal through the
plurality of channels by adjusting the frequency of the pixel
clock,

the communication method including the steps of: determin-
ing whether or not the receiving apparatus can receive a
sub-signal on the basis of the capability information; adding
the sub-signal to pixel data of a main image composed of pixel
data whose number of bits is smaller than that of transmission
pixel data that is pixel data to be transmitted by the transmis-
sion means when the receiving apparatus can receive the
sub-signal, thereby constructing the transmission pixel data;
and allowing sub-signal information indicating whether or
not the sub-signal is contained in the transmission pixel data
transmitted in the valid image period immediately after the
vertical blanking period, to be transmitted in the vertical
blanking period.

[0016] In the above-described second aspect, on the basis
of'the capability information, it is determined whether or not
the receiving apparatus can receive a sub-signal. When the
receiving apparatus can receive the sub-signal, the transmis-
sion pixel data is constructed by adding the sub-signal to the
pixel data of the main image formed of pixel data having a
number of bits less than that of the transmission pixel data that
is pixel data to be transmitted by the transmission means. In
the vertical blanking period, sub-signal information indicat-
ing whether or not the sub-signal is contained in the transmis-
sion pixel data that is transmitted in a valid image period
immediately after the vertical blanking period is transmitted.

[0017] A third aspect of the present invention provides a
receiving apparatus for receiving pixel data transmitted using
a differential signal through a plurality of channels from a
transmission apparatus after capability information is trans-
mitted to the transmission apparatus for transmitting pixel
data of an uncompressed image for one screen in one direc-
tion to the receiving apparatus by using a differential signal
through a plurality of channels for, after capability informa-
tion indicating the capability of the receiving apparatus is
received, transmitting data of a fixed number of bits per clock
of a pixel clock in a valid image period that is a period in
which a horizontal blanking period and a vertical blanking
period are excluded from a period from one vertical synchro-
nization signal to the next vertical synchronization signal, the
transmission apparatus including transmission means for
transmitting pixel data to which a number of bits, which is
greater than the fixed number of bits, is assigned, in one
direction to the receiving apparatus by using a differential
signal through the plurality of channels by adjusting the fre-
quency of the pixel clock; sub-signal reception capability/
incapability determination means for determining whether or
not the receiving apparatus can receive a sub-signal on the
basis of the capability information; sub-signal addition means
for adding the sub-signal to pixel data of a main image com-
posed of pixel data whose number of bits is smaller than that
of transmission pixel data that is pixel data to be transmitted
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by the transmission means when the receiving apparatus can
receive the sub-signal, thereby constructing the transmission
pixel data; and information transmission control means for
allowing sub-signal information indicating whether or not the
sub-signal is contained in the transmission pixel data trans-
mitted in the valid image period immediately after the vertical
blanking period, to be transmitted in the vertical blanking
period, the receiving apparatus including: receiving means
for receiving the transmission pixel data transmitted using a
differential signal through the plurality of channels; sub-
signal presence/absence determination means for determin-
ing whether or not the sub-signal is contained in the transmis-
sion pixel data transmitted in a valid image period
immediately after the vertical blanking period on the basis of
the sub-signal information transmitted in the vertical blank-
ing period; and separation means for separating the sub-
signal from the transmission pixel data when the sub-signal is
contained in the transmission pixel data.

[0018] A third aspect of the present invention provides a
communication method for use with a receiving apparatus for
receiving pixel data transmitted using a differential signal
through a plurality of channels from a transmission apparatus
after capability information is transmitted to the transmission
apparatus for, after capability information indicating the
capability of the receiving apparatus is received, transmitting
pixel data of an uncompressed image for one screen in one
direction to the receiving apparatus by using a differential
signal through a plurality of channels for transmitting data of
a fixed number of bits per clock of a pixel clock in a valid
image period that is a period in which a horizontal blanking
period and a vertical blanking period are excluded from a
period from one vertical synchronization signal to the next
vertical synchronization signal, the transmission apparatus
including transmission means for transmitting pixel data to
which a number of bits, which is greater than the fixed number
of'bits, is assigned, in one direction to the receiving apparatus
by using a differential signal through the plurality of channels
by adjusting the frequency of the pixel clock; sub-signal
reception capability/incapability determination means for
determining whether or not the receiving apparatus can
receive a sub-signal on the basis of the capability information;
sub-signal addition means for adding the sub-signal to pixel
data of a main image composed of pixel data whose number
of bits is smaller than that of transmission pixel data that is
pixel data to be transmitted by the transmission means when
the receiving apparatus can receive the sub-signal, thereby
constructing the transmission pixel data; and information
transmission control means for allowing sub-signal informa-
tion indicating whether or not the sub-signal is contained in
the transmission pixel data transmitted in the valid image
period immediately after the vertical blanking period, to be
transmitted in the vertical blanking period, or provides a
program to be executed by a computer for controlling the
receiving apparatus, the receiving apparatus including receiv-
ing means for receiving the transmission pixel data transmit-
ted using a differential signal through the plurality of chan-
nels, the communication method including the steps of:
determining whether or not the sub-signal is contained in the
transmission pixel data transmitted in a valid image period
immediately after the vertical blanking period on the basis of
the sub-signal information transmitted in the vertical blank-
ing period; and separating the sub-signal from the transmis-
sion pixel data when the sub-signal is contained in the trans-
mission pixel data.
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[0019] In the above-described third aspect, on the basis of
the sub-signal information transmitted in the vertical blank-
ing period, it is determined whether or not the sub-signal is
contained in the transmission pixel data transmitted in the
valid image period immediately after the vertical blanking
period. When the sub-signal is contained in the transmission
pixel data, the sub-signal is separated from the transmission
pixel data.

ADVANTAGES

[0020] According to the first to third aspects of the present
invention, efficient data transmission can be performed using,
for example, a communication interface such as HDMI(R),
which is capable of transmitting pixel data of an uncom-
pressed image at high speed in one direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1is ablock diagram showing an example ofthe
configuration of an embodiment of an AV system to which the
present invention is applied.

[0022] FIG. 2 is ablock diagram showing an example ofthe
configuration of an HDMI(R) source 53 and an HDMI(R)
sink 61.

[0023] FIG. 3 is ablock diagram showing an example ofthe
configuration of a transmitter 72 and a receiver 81.

[0024] FIG. 4 shows a transmission period of transmission
through three TMDS channels #0 to #2.

[0025] FIG. 5 is a timing chart showing the relationship
among control bits CTL0 and CTL1, a data island period, and
a control period.

[0026] FIG. 6 is a timing chart showing the timing of trans-
mission of the pixel data of an image transmitted in a video
data period of the current HDMI(R).

[0027] FIG. 7 is a timing chart showing the timing of trans-
mission of pixel data when a 30-bit image is transmitted in the
video data period of HDMI(R).

[0028] FIG. 8 is a timing chart showing the timing of trans-
mission of pixel data when a 36-bit image is transmitted in the
video data period of HDMI(R).

[0029] FIG. 9 is a timing chart showing the timing of trans-
mission of pixel data when a 48-bit image is transmitted in the
video data period of HDMI(R).

[0030] FIG. 10 shows the format of VSDB in E-EDID.
[0031] FIG. 11 shows the format of a general control
packet.

[0032] FIG. 12 shows the relationship between bits CDO,

CD1, and CD2 of byte #SB1 of a subpacket, and an image
transmitted in a video data period.

[0033] FIG. 13 is a flowchartillustrating the operation of an
HDMI(R) source 53 in compliance with deep color HDMI
®).

[0034] FIG. 14 is a flowchart illustrating the operation of an
HDMI(R) sink 61 in compliance with deep color HDMI(R).
[0035] FIG. 15 illustrates the transmission of pixel data of
a main image having a resolution lower than that of an image
in a deep color mode determined by the HDMI(R) source 53.
[0036] FIG. 16 illustrates an assignment method of assign-
ing a sub-signal to transmission pixel data.

[0037] FIG. 17 shows the format of VSDB in E-EDID.
[0038] FIG. 18 shows the format of a general control
packet.
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[0039] FIG. 19 shows the relationship between bits SDO,
SD1, and SD2 of byte #SB2 of a subpacket, and the number
of bits of a sub-signal.

[0040] FIG. 20 is a block diagram showing an example of
the configuration of a source signal processor 71.

[0041] FIG. 21 illustrates sub-signal-related information
contained in a sub-signal.

[0042] FIG. 22 is a flowchart illustrating the operation of
the HDMI(R) source 53 in compliance with extended HDMI
®).

[0043] FIG. 23 is a block diagram showing an example of
the configuration of a sink signal processor 82.

[0044] FIG. 24 is a flowchart illustrating the operation of
the HDMI(R) sink 61 in compliance with extended HDMI
®).

[0045] FIG. 25 is a block diagram showing an example of
the configuration of an embodiment of a computer to which
the present invention is applied.

[0046] FIG.26 is a block diagram showing an example of a
system configuration according to an embodiment of the
present invention.

[0047] FIG. 27 is an illustration showing an example of the
configuration of a transmission channel according to an
embodiment of the present invention.

[0048] FIG. 28 is an illustration showing an example of bit
structure according to an embodiment of the present inven-
tion.

[0049] FIG. 29 is an illustration showing an example of a
data packing example (example 1) according to an embodi-
ment of the present invention.

[0050] FIG. 30 is an illustration showing an example of a
data packing example (example 2) according to an embodi-
ment of the present invention.

[0051] FIG. 31 is an illustration showing an example of the
data structure of VSDB according to an embodiment of the
present invention.

[0052] FIG. 32 is an illustration showing an example of
display of a main image and a sub-image according to an
embodiment of the present invention.

[0053] FIG. 33 isanillustration showing an example of data
packing (example of 8 bits per pixel) of the HDMI standard.
[0054] FIG. 34 is anillustration showing an example of data
packing (example of 10 bits per pixel) of the HDMI standard.
[0055] FIG. 35 shows RGB 4:4:4 for 24-bit color depth.
[0056] FIG. 36 shows a signal mapping and a timing for
transferring 24-bit YC;Cp 4:2:2 data in HDMI(R).

[0057] FIG. 37 shows a signal mapping and a timing for
transferring 24-bit YC;C,, 4:4:4 data in HDMI(R).

[0058] FIG. 38 shows all “pixel coding” for all color
depths.
[0059] FIG. 39 shows a group size, and a sequence of

HSYNC and VSYNC transmission within a group for a 24-bit
mode.

[0060] FIG. 40 shows a group size, and a sequence of
HSYNC and VSYNC transmission within a group for a 30-bit
mode.

[0061] FIG. 41 shows a group size, and a sequence of
HSYNC and VSYNC transmission within a group for the
remainder of a 30-bit mode.

[0062] FIG. 42 shows a group size, and a sequence of
HSYNC and VSYNC transmission within a group fora 36-bit
mode.
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[0063] FIG. 43 shows a group size, and a sequence of
HSYNC and VSYNC transmission within a group for a 48-bit
mode.

[0064] FIG. 44 shows color depth values (CD fields) of
SB1.
[0065] FIG. 45 shows specific PP values regarding each

packing phase shown in a packing phase table in an early
period.

[0066] FIG. 46 shows YC5Cy 4:2:2 of pixel-doubling.
[0067] FIG. 47 shows a video color component range.
[0068] FIG. 48 is a state machine diagram for a 24-bit
mode.

[0069] FIG. 49 is a state machine diagram for a 30-bit
mode.

[0070] FIG. 50 is a state machine diagram for a 36-bit
mode.

[0071] FIG. 51 is a state machine diagram for a 48-bit
mode.

[0072] FIG. 52 shows recommended N and expected CTS

of'36 bits/pixel for 32 kHz and multiples.

[0073] FIG. 53 shows recommended N and expected CTS
of'36 bits/pixel for 44.1 kHz and multiples.

[0074] FIG. 54 shows recommended N and expected CTS
of'36 bits/pixel for 48 kHz and multiples.

[0075] FIG. 55 shows recommended N and expected CTS
ot 48 bits/pixel for 32 kHz and multiples.

[0076] FIG. 56 shows recommended N and expected CTS
of 48 bits/pixel for 44.1 kHz and multiples.

[0077] FIG. 57 shows recommended N and expected CTS
ot 48 bits/pixel for 48 kHz and multiples.

REFERENCE NUMERALS

[0078] 41 HD recorder, 42 display, 43 cable, 51 recording/
reproduction section, 52 codec, 53 HDMI(R) source, 54 HD,
61 HDMI(R) sink, 62 display controller, 63 display section,
71 source signal processor, 72 transmitter, 72A to 72C
encoder/serializer, 81 receiver, 81A to 81C recovery/decoder,
82 sink signal processor, 101 main image processor, 102
sub-signal addition section, 103 sub-signal processor, 104
sub-signal-related information insertion section, 105 sub-sig-
nal reception capability/incapability determination section,
106 number of sub-signal assignment bits determination sec-
tion, 107 sub-signal frame information transmission control-
ler, 108 deep-color-mode determination section, 121 FIFO
memory, 122 sub-signal presence/absence determination sec-
tion, 123 separator, 124 main image processor, 125 main
image memory, 126 sub-signal processor, 127 sub-signal
memory, 201 bus, 202 CPU, 203 ROM, 204 RAM, 205
EEPROM, 206 input/output interface, 301 HDMI cable, 310
video recording/reproduction apparatus (source-side appara-
tus), 311 recording/reproduction section, 312 video proces-
sor, 314 audio processor, 315 controller, 316 tuner, 320
HDMI transmission processor, 321 multiplexing circuit, 322
HDCP encryptor, 323 transmission processor, 324 HDMI
terminal, 330 television receiver (sink-side apparatus), 331
video selector/combiner, 332 video processor, 333 display
processor, 334 audio processor, 335 output processor, 336
controller, 340 HDMI transmission processor, 341 HDMI
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terminal, 342 transmission processor, 343 HDCP decryptor,
344 demultiplexing circuit, 351 to 354 speaker, 360 display
panel

BEST MODE FOR CARRYING OUT THE
INVENTION

[0079] Embodiments of the present invention will now be
described below with reference to the drawings.

[0080] FIG. 1 shows an example of the configuration of an
embodiment of an AV (Audio Visual) system to which the
present invention is applied.

[0081] InFIG.1,anAV system includes an HD (Hard Disk)
recorder 41 and a display 42, with the HD recorder 41 and the
display 42 being connected to each other via a cable 43 for
HDMI(R).

[0082] The HD recorder 41 includes a recording/reproduc-
tion section 51, a codec 52, an HDMI(R) source 53, and an
HD 54, and records and reproduces data to and from the HD
54.

[0083] That is, the recording/reproduction section 51
records, in the HD 54, encoded data obtained by encoding
data of a baseband image and audio accompanied therewith,
which is supplied from the codec 52, by using an MPEG
(Moving Picture Experts Group) scheme or the like. Further-
more, the recording/reproduction section 51 reproduces
(reads) the encoded data from the HD 54 and supplies it to the
codec 52.

[0084] The codec 52 decodes the encoded data supplied
from the recording/reproduction section 51 into data of a
baseband image and audio by using an MPEG scheme or the
like, and supplies the data of the baseband image and audio to
the HDMI (R) source 53 and an external apparatus (not
shown).

[0085] Furthermore, the codec 52 encodes, for example,
data of a baseband image and audio, which is supplied from
an external apparatus (not shown), into encoded data, and
supplies the encoded data to the recording/reproduction sec-
tion 51.

[0086] The HDMI(R) source 53 transmits the data of the
baseband image and audio, which is supplied from the codec
52, to the display 42 via the cable 43 in one direction in
accordance with communication compliant with HDMI(R).
[0087] The display 42 includes an HDMI(R) sink 61, a
display controller 62, and a display section 63, and displays
an image.

[0088] That is, the HDMI(R) sink 61 receives data of a
baseband image and audio, which is transmitted from the
HDMI(R) source 53 of the HD recorder 41 connected via the
cable 43 in one direction in accordance with communication
in compliance with HDMI(R), and supplies the data of the
image among the received data to the display controller 62.
The data of audio, which is received by the HDMI(R) sink 61,
is supplied to, for example, a speaker (not shown) incorpo-
rated in the display 42 and is output therefrom.

[0089] The display controller 62 controls (drives) the dis-
play section 63 on the basis of the data of the baseband image
supplied from the HDMI(R) sink 61, so that the display
section 63 displays a corresponding image.

[0090] The display section 63 is constituted by, for
example, a CRT (Cathode Ray Tube), an LCD (Liquid Crystal
Display), an organic EL (Electro Luminescence), or the like,
and displays an image under the control of the display con-
troller 62.
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[0091] Inthe AV system of FIG. 1, which is configured as
described above, for example, when a user operates the HD
recorder 41 so as to reproduce the HD 54, the recording/
reproduction section 51 reproduces encoded data from the
HD 54 and supplies it to the codec 52.

[0092] The codec 52 decodes the encoded data supplied
from the recording/reproduction section 51 into baseband
image and audio data, and supplies the baseband image and
audio data to the HDMI(R) source 53.

[0093] On the basis of communication in compliance with
HDMI (R), the HDMI(R) source 53 transmits the baseband
image and audio data supplied from the codec 52 to the
display 42 in one direction via the cable 43.

[0094] In the display 42, on the basis of communication in
compliance with HDMI(R), the HDMI(R) sink 61 receives
the baseband image and audio data transmitted in one direc-
tion from the HDMI(R) source 53 of the HD recorder 41
connected via the cable 43, and supplies the image data
among the received data to the display controller 62 and
supplies the audio data to a speaker (not shown).

[0095] The display controller 62 controls the display sec-
tion 63 on the basis of the image data supplied from the
HDMI(R) sink 61, so that a corresponding image is displayed
on the display section 63.

[0096] FIG. 2 shows an example of the configuration of the
HDMI(R) source 53 and the HDMI(R) sink 61.

[0097] Inavalid image period (hereinafter referred to as an
“active video period” as appropriate) that is a period in which
a horizontal blanking period and a vertical blanking period
are excluded from the period from one vertical synchroniza-
tion signal to the next vertical synchronization signal, the
HDMI(R) source 53 transmits a differential signal corre-
sponding to pixel data of an uncompressed image for one
screen to the HDMI(R) sink 61 in one direction through a
plurality of channels. In the horizontal blanking period or in
the vertical blanking period, the HDMI(R) source 53 trans-
mits differential signals corresponding to audio data accom-
panied with an image, a control packet, and other auxiliary
data to an HDMI(R) sink in one direction through a plurality
of channels.

[0098] That is, the HDMI(R) source 53 includes a source
signal processor 71 and a transmitter 72.

[0099] Data of an uncompressed baseband image (Video)
and audio (Audio) is supplied to the source signal processor
71 from the codec 52 (FIG. 1) or the like. The source signal
processor 71 performs necessary processing on the image and
audio data supplied thereto and supplies the data to the trans-
mitter 72. Furthermore, the source signal processor 71 trans-
mits and receives information for control and information that
informs status (Control/Status) to and from the transmitter 72
as necessary.

[0100] The transmitter 72 converts the pixel data of the
image supplied from the source signal processor 71 into a
corresponding differential signal, and serially transmits the
differential signal to the HDMI(R) sink 61 connected via the
cable 43 in one direction through three TMDS channels #0,
#1, and #2.

[0101] Furthermore, the transmitter 72 converts audio data
accompanied with an uncompressed image, a control packet,
and other auxiliary data, which are supplied from the source
signal processor 71, and control data such as a vertical syn-
chronization signal (VSYNC) and a horizontal synchroniza-
tion signal (HSYNC), into corresponding differential signals,
and serially transmits the differential signals to the HDMI(R)
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sink 61 connected via the cable 43 in one direction through
three TMDS channels #0, #1, and #2.

[0102] Furthermore, the transmitter 72 transmits a pixel
clock synchronized with pixel data to be transmitted through
three TMDS channels #0, #1, and #2 to the HDMI(R) sink 61
connected via the cable 43 in a TMDS clock channel.
[0103] In the active video period, the HDMI(R) sink 61
receives the differential signal corresponding to the pixel data
transmitted in one direction from the HDMI(R) source 53
through a plurality of channels, and receives a differential
signal corresponding to the auxiliary data and the control
data, which is transmitted in one direction from the HDMI(R)
source through a plurality of channels in the horizontal blank-
ing period and in the vertical blanking period.

[0104] That is, the HDMI(R) sink 61 includes a receiver 81
and a sink signal processor 82.

[0105] The receiver 81 receives, through the TMDS chan-
nels #0, #1, and #2, a differential signal corresponding the
pixel data and a differential signal corresponding to the aux-
iliary data and the control data, which are transmitted in one
direction from the HDMI(R) source 53 connected via the
cable 43 in synchronization with a pixel clock transmitted
through a TMDS clock channel from the HDMI(R) source 53
in a similar manner.

[0106] Furthermore, the receiver 81 converts the differen-
tial signal into corresponding pixel data, auxiliary data, and
control data, and supplies them to the sink signal processor 82
as necessary.

[0107] The sink signal processor 82 performs necessary
processing on the data supplied from the receiver 81, and
supplies the data to the display controller 62 and the like. In
addition, the sink signal processor 82 transmits and receives
information for control and information that informs status
(Control/Status) to and from the receiver 81 as necessary.
[0108] The transmission channels of HDMI(R) include
three TMDS channels #0 to #2 serving as transmission chan-
nels for serially transmitting pixel data, auxiliary data, and
control data in synchronization with a pixel clock in one
direction from the HDMI(R) source 53 to the HDMI(R) sink
61, and transmission channels called DDC (Display Data
Channel) and CEC lines in addition to a TMDS clock channel
serving as a transmission channel for transmitting the pixel
clock.

[0109] The DDC is used for the HDMI(R) source 53 to read
E-EDID (Enhanced Extended Display Identification Data)
from the HDMI(R) sink 61 connected via the cable 43.
[0110] That is, the HDMI(R) sink 61 has an EDID ROM
(Read Only Memory) (not shown) storing E-EDID that is
capability information regarding its own capability (configu-
ration/capability) in addition to the receiver 81. The HDMI
(R) source 53 reads, via the DDC, the E-EDID of the HDMI
(R) sink 61 from the HDMI(R) sink 61 connected via the
cable 43. On the basis of the E-EDID, the HDMI(R) source 53
recognizes capability and setting of the HDMI(R) sink 61,
that is, for example, the format (the profile) of an image that
(an electronic apparatus having) the HDMI(R) sink 61 sup-
ports (for example, RGB (Red, Green, Blue), YC;Cy 4:4:4,
YC;Cr4:2:2).

[0111] The HDMI(R) source 53 can also store E-EDID and
transmit the E-EDID to the HDMI(R) sink 61 as necessary in
the same manner as for the HDMI(R) sink 61.

[0112] The CEC line is used to perform bidirectional com-
munication of data for control between the HDMI(R) source
53 and an HDMI(R) link 2.
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[0113] FIG. 3 shows an example of the configuration of the
transmitter 72 and the receiver 81 illustrated in FIG. 2.
[0114] The transmitter 72 includes three encoders/serializ-
ers 72A, 72B, and 72C corresponding to three TMDS chan-
nels #0 to #2, respectively. Then, each of the encoders/seri-
alizers 72A, 72B, and 72C encodes pixel data, auxiliary data,
and control data supplied thereto, converts them from parallel
data into serial data, and transmits it using a differential
signal.

[0115] At this point, when the pixel data has, for example,
three components of R, G, and B, the B component is supplied
to the encoder/serializer 72A, the G component is supplied to
the encoder/serializer 72B, and the R component is supplied
to the encoder/serializer 72C.

[0116] Examples of auxiliary data include audio data and a
control packet. The control packet is supplied to, for example,
the encoder/serializer 72A, and the audio data is supplied to,
for example, the encoders/serializers 72B and 72C.

[0117] Furthermore, the control data includes a 1-bit verti-
cal synchronization signal (VSYNC), a 1-bit horizontal syn-
chronization signal (HSYNC), and control bits CTL0, CTL1,
CTL2, and CTL3, each of which is 1 bit. The vertical syn-
chronization signal and the horizontal synchronization signal
are supplied to the encoder/serializer 72A, the control bits
CTLO0 and CTL1 are supplied to the encoder/serializer 72B,
and the control bits CTL.2 and the CTL3 are supplied to the
encoder/serializer 72C.

[0118] The encoder/serializer 72A transmits the B compo-
nent of the pixel data, the vertical synchronization signal and
the horizontal synchronization signal, and auxiliary data,
which are supplied thereto, at time division.

[0119] That is, the encoder/serializer 72A converts the B
component of the pixel data supplied thereto into parallel data
in units of 8 bits, which is a fixed number of bits. Furthermore,
the encoder/serializer 72A encodes the parallel data so as to
convert the data into serial data, and transmits it through the
TMDS channel #0.

[0120] Furthermore, the encoder/serializer 72A encodes
2-bit parallel data of the vertical synchronization signal and
the horizontal synchronization signal, which are supplied
thereto, so as to convert the data into serial data, and transmits
it through the TMDS channel #0.

[0121] Furthermore, the encoder/serializer 72A converts
the auxiliary data supplied thereto into parallel data in units of
4 bits. Then, the encoder/serializer 72A encodes the parallel
data so as to convert the data into serial data, and transmits it
through the TMDS channel #0.

[0122] The encoder/serializer 72B transmits the G compo-
nent of the pixel data, the control bits CTL0 and CTL1, and
the auxiliary data, which are supplied thereto, at time divi-
sion.

[0123] That is, the encoder/serializer 72B converts the G
component of the pixel data supplied thereto into parallel data
in units of 8 bits, which is a fixed number of bits. Furthermore,
the encoder/serializer 72B encodes the parallel data so as to
convert the data into serial data, and transmits it through the
TMDS channel #1.

[0124] Furthermore, the encoder/serializer 72B encodes
2-bit parallel data ofthe control bits CTL0 and CTL1 supplied
thereto so as to convert the data into serial data, and transmits
it through the TMDS channel #1.

[0125] Furthermore, the encoder/serializer 72B converts
the auxiliary data supplied thereto into parallel data in units of
4 bits. Then, the encoder/serializer 72B encodes parallel data
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so as to convert the data into serial data, and transmits it
through the TMDS channel #1.

[0126] The encoder/serializer 72C transmits the R compo-
nent, the control bits CTL2 and CTL3, and the auxiliary data,
which are supplied thereto, at time division.

[0127] That is, the encodet/serializer 72C converts the R
component of the pixel data supplied thereto into parallel data
in units of 8 bits, which is a fixed number of bits. Furthermore,
the encoder/serializer 72C encodes the parallel data so as to
convert the data into serial data, and transmits it through the
TMDS channel #2.

[0128] Furthermore, the encoder/serializer 72C encodes
the 2-bit parallel data of the control bits CTL2 and CTL3
supplied thereto so as to convert the data into serial data, and
transmits it through the TMDS channel #2.

[0129] Furthermore, the encoder/serializer 72C converts
the auxiliary data supplied thereto into parallel data in units of
4 bits. Then, the encoder/serializer 72C encodes the parallel
data so as to convert the data into serial data, and transmits it
through the TMDS channel #2.

[0130] The receiver 81 includes three recovery/decoders
81A, 81B, and 81C corresponding to the three TMDS chan-
nels #0 to #2, respectively. Each of the recovery/decoders
81A, 81B, and 81C receives pixel data, auxiliary data, and
control data, which are transmitted using a differential signal
through the TMDS channels #0 to #2. Furthermore, each of
the recovery/decoders 81A, 81B, and 81C converts the pixel
data, the auxiliary data, and the control data from serial data
into parallel data, decodes them, and outputs them.

[0131] That is, the recovery/decoder 81A receives the B
component of the pixel data, the vertical synchronization
signal, the horizontal synchronization signal, and the auxil-
iary data, which are transmitted using a differential signal
through the TMDS channel #0. Then, the recovery/decoder
81A converts the B component of the pixel data, the vertical
synchronization signal, the horizontal synchronization sig-
nal, and the auxiliary data from serial data into parallel data,
decodes them, and outputs them.

[0132] The recovery/decoder 81B receives the G compo-
nent of the pixel data, the control bits CTL0 and CTL1, and
the auxiliary data, which are transmitted using a differential
signal through the TMDS channel #1. Then, the recovery/
decoder 81B converts the G component of the pixel data, the
control bits CTL0O and CTL1, the auxiliary data from serial
data into parallel data, decodes them, and outputs them.
[0133] The recovery/decoder 81C receives the R compo-
nent of the pixel data, the control bits CTL.2 and CTL3, and
the auxiliary data, which are transmitted using a differential
signal through the TMDS channel #2. Then, the recovery/
decoder 81C converts the R component of the pixel data, the
control bits CTL2 and CTL3, and the auxiliary data from
serial data into parallel data, decodes them, and outputs them.
[0134] FIG. 4 shows an example of a transmission period in
which various kinds of transmission data are transmitted
through the three TMDS channels #0 to #2 of HDMI(R).
[0135] FIG. 4 shows a transmission period of various kinds
of transmission data when a progressive image ofa 720 ... x
.. . 480 matrix of pixels is transmitted through the TMDS
channels #0 to #2.

[0136] In a video field in which transmission data is trans-
mitted through the three TMDS channels #0 to #2 of HDMI
(R), there are three kinds of periods, that is, a video data
period, a data island period, and a control period, according to
the type of transmission data.
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[0137] Atthis point, the video field is a period from (therise
edge (active edge)) of one vertical synchronization signal to
the next vertical synchronization signal, and is divided into a
horizontal blanking period (horizontal blanking), a vertical
blanking period (vertical blanking), and an active video
period (Active Video), which is a period in which the hori-
zontal blanking period and the vertical blanking period are
excluded from the video field.

[0138] A video data period (the portion shaded with left
upward (right downward) diagonal lines in FIG. 4) is assigned
to an active video period. In the video data period, pixel
(active pixels) data of an uncompressed image for one screen
is transmitted.

[0139] A data island period (the portion shaded with right
upward (left downward) diagonal lines in FI1G. 4) and a con-
trol period (the portion shaded with lines in the vertical direc-
tion in FIG. 4) are assigned to a horizontal blanking period
and a vertical blanking period. In the data island period and
the control period, auxiliary data is transmitted.

[0140] Thatis, the data island period is assigned to portions
of the horizontal blanking period and the vertical blanking
period. In the data island period, data that is not related to
control, for example, packets of audio data, among the aux-
iliary data, is transmitted.

[0141] The control period is assigned to the other portions
of the horizontal blanking period and the vertical blanking
period. In the control period, data that is related to control, for
example, the vertical synchronization signal, the horizontal
synchronization signal, control packets, and the like, among
the auxiliary data, is transmitted.

[0142] At this point, in the current HDMI(R), that is, in
“High-Definition Multimedia Interface Specification Version
1.2a”, Dec. 14, 2005, which is the up-to-date specification of
HDMI(R), the frequency of the pixel clock transmitted
through a TDMS clock channel (FIG. 2) is, for example, 165
MHz. In this case, the transmission rate in the data island
period is approximately 500 Mbps.

[0143] As described above, in both the data island period
and the control period, the auxiliary data is transmitted, and
the distinction therebetween is made possible using the con-
trol bits CTLO and CTL1.

[0144] FIG. 5 shows the relationship among the control bits
CTLO and CTL1, a data island period, and a control period.

[0145] The control bits CTL0 and CTL1 can represent, for
example, two states, a device enable state and a device disable
state, as shown in the first area from the top in FIG. 5. In the
first area from the top in FIG. 5, the device enable state is
represented using an H (High) level and the device disable
state is represented using an L (Low) level.

[0146] The control bits CTLO and CTL1 enter a device
disable state in the data island period and enter a device enable
state in the control period. This makes it possible to distin-
guish between the data island period and the control period.

[0147] Then, in the data island period in which the control
bits CTL0 and CTL1 become an L level denoting a device
disable state, as shown from the second area from the top in
FIG. 5, data that is not related to control, for example, audio
data, among the auxiliary data, is transmitted.

[0148] On the other hand, in the control period in which the
control bits CTL0 and CTL1 become an H level denoting a
device enable state, as shown from the third area from the top
in FIG. 5, data that is related to control, for example, a control
packet and a preamble, among the auxiliary data, is transmit-
ted.
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[0149] In addition, in the control period, as shown from the
fourth area from the top in FIG. 5, a vertical synchronization
signal and a horizontal synchronization signal are also trans-
mitted.

[0150] Next, a description will be given, with reference to
FIG. 6, of the transmission of pixel data, which is defined in
the current HDMI(R), that is, “High-Definition Multimedia
Interface Specification Version 1.2a”, Dec. 14, 2005, which is
the up-to-date specification of HDMI(R).

[0151] FIG. 6 is a timing chart showing the timing of trans-
mission of pixel data of an image transmitted in a video data
period of the current HDMI(R).

[0152] In the current HDMI(R), pixel data of an image of
three formats of RGB 4:4:4, YC;Cj, 4:4:4, and YC;Cp, 4:2:2
can be transmitted through the TMDS channels #0 to #2. In
the following, a description will be given using, for example,
RGB 4:4:4 as an example among the above-described three
formats.

[0153] In HDCP, a technology for preventing copying of
content, which is adopted in HDMI(R), data is scrambled in
units of 8 bits. For this reason, through one TMDS channel,
data is transmitted in units of a fixed number of bits, that is, in
units of 8 bits for the object of processing in HDCP, per clock
of a pixel clock.

[0154] In the manner described above, through one TMDS
channel, since 8-bit data is transmitted per clock of a pixel
clock, it is possible for the three TMDS channels #0 to #2 to
transmit 24-bit data per clock.

[0155] Therefore, in the current HDMI(R), a 24-bit image
as an image of RGB 4:4:4, in which each of the R component,
the G component, and the B component of each pixel is 8 bits,
is transmitted through the three TMDS channels #0 to #2.

[0156] Thatis, inthe current HDMI(R), as shown in FIG. 6,
per clock of a pixel clock, the 8-bit B component among the
pixel data of one pixel of'a 24-bit image is transmitted through
TMDS channel #0, the 8-bit G component is transmitted
through TMDS channel #1, and the 8-bit R component is
transmitted through TMDS channel #2.

[0157] As described above, in recent years, there has been
an increasing demand for transmitting an image having a
higher resolution, that is, a high resolution image formed of a
large number of bits of pixel data such that each of the R
component, the G component, and the B component is 10 bits
or 12 bits, which is larger than 8 bits.

[0158] In the current HDMI(R), as described above, the
transmission of a 24-bit image is performed in such a manner
that 8-bit data is transmitted per clock of a pixel clock through
one TMDS channel. Therefore, simply, the transmission of a
high resolution image can be performed by transmitting data
of, for example, 10 bits or 12 bits, which is larger than 8 bits,
per clock of a pixel clock through one TMDS channel.
[0159] However, as described above, in HDCP, a technol-
ogy for preventing copying of content, which is adopted in
HDMI(R), data is scrambled in units of 8 bits. Therefore,
when data transmission is to be performed in units of bits
other than 8 bits per clock of a pixel clock through one TMDS
channel, it is difficult to apply HDCP. As a result, it is difficult
to perform data transmission in compliance with HDMI(R).
[0160] Therefore, in the current HDMI(R), as described
above, a pixel clock of the frequency of 165 MHz is
employed. By employing, as this pixel clock, a pixel clock
having a higher frequency, a high resolution image can also be
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transmitted while HDCP can be applied by transmitting data
in fixed units of 8 bits per clock of a pixel clock through one
TMDS channel.

[0161] It is possible to transmit a 10-bit high resolution
image (hereinafter also referred to as a “30 bit (=10 bitsx . . .
3) image” as appropriate) such that each of the R component,
the G component, and the B component is 10 bits by setting,
for example, the frequency of the pixel clock to % times 165
MHz when a 24-bit image is to be transmitted.

[0162] FIG. 7 is a timing chart showing the timing of trans-
mission of pixel data when a 30-bit image is to be transmitted
in a video data period of HDMI(R).

[0163] Transmission of a 30-bit image is common to the
transmission of a 24-bit image in that the B component is
transmitted through the TMDS channel #0, the G component
is transmitted through the TMDS channel #1, and the R com-
ponent is transmitted through the TMDS channel #2, and in
that 8-bit data is transmitted per clock of a pixel clock.
[0164] However, the transmission of a 30-bit image differs
from the transmission of a 24-bit image in the following
points. In the transmission of a 24-bit image, since one com-
ponent (the R component, the G component, or the B com-
ponent) of one pixel is 8 bits, the 8-bit components are trans-
mitted in one clock of the pixel clock. In comparison, in the
transmission of a 30-bit image, since one component of one
pixel is 10 bits, the 10-bit components are transmitted over a
plurality of clocks of the pixel clock.

[0165] That is, the 10-bit components from the LSB (Least
Significant Bit) to the MSB (Most Significant Bit) are
denoted as b0 to b9. The R component, the G component, and
the B component of the i-th pixel in the raster scan sequence,
of the pixel constituting the image are denoted as R #i-1
component, G #i-1 component, and B #i-1 component,
respectively, and the j-th clock will be referred to as a clock
#j—1 by using a particular clock (pulse) of a pixel clock as a
reference.

[0166] In this case, as shown in FIG. 7, regarding the B
component, the low-order 8 bits b0 to b7 among the 10-bit
B#0 components are transmitted in clock #0, and a total of 8
bits of the remaining high-order 2 bits b8 and b9 among the
10-bit B#0 component and the low-order 6 bits b0 to b5
among the 10-bit B#1 components of the next pixel are trans-
mitted in clock #1.

[0167] Furthermore, a total of 8 bits of the remaining high-
order 4 bits b6 to b9 among the 10-bit B#1 components and
the low-order 4 bits b0 to b3 among the 10-bit B#2 compo-
nents of the next pixel are transmitted in clock #2. A total of
8 bits of the remaining high-order 6 bits b4 to b9 among the
10-bit B#2 components, and the low-order 2 bits b0 and b1
among the 10-bit B#3 components of the next pixel are trans-
mitted in clock #3.

[0168] Then, the remaining high-order 8 bits b2 to b9
among the 10-bit B#3 components are transmitted in clock
#4.

[0169] Inthe manner described above, B#0 to B#3 compo-
nents, which are B components of 4 pixels, are transmitted in
5 clocks of clocks #0 to #4, and hereinafter, the B components
of 4 pixels are transmitted in 5 clocks in a similar manner.
[0170] As illustrated in FIG. 6, regarding a 24-bit image,
8-bit B components are transmitted in 1 clock, and regarding
a 30-bit image, 10-bit B components for 4 pixels are trans-
mitted in 5 clocks. Therefore, regarding a 30-bit image, by
transmitting the B component by using a pixel clock of a
frequency %4 times the frequency of the 24-bit image, one
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frame of the 30-bit image can be transmitted in the same
period of time as for one frame of the 24-bit image.

[0171] Components other than the B component of the
30-bit image, that is, the G component and the R component,
are also transmitted in the same manner as for the B compo-
nent.

[0172] Furthermore, in the transmission of a 30-bit image,
the transmission of pixel data of 4 pixels in 5 clocks forms a
transmission unit, and the transmission unit is repeated. If the
clock in the transmission unit is referred to as a phase, the
transmission unit of the 30-bit image is composed of five
phases.

[0173] Next, by increasing the frequency of'the pixel clock,
it is possible to transmit a high resolution image having a
resolution higher than that of a 30-bit image, that is, a high
resolution image in which the R component, the G compo-
nent, and the B component are each, for example, 12 bits
(hereinafter also referred to as a 36-bit (=12 bitsx . . . 3) image
as appropriate), and a high resolution image in which the R
component, the G component, and the B component are each,
for example, 16 bits (hereinafter also referred to as a 48-bit
(=16 bitsx . . . 3) image as appropriate).

[0174] More specifically, for example, by setting the fre-
quency of the pixel clock to be % times 165 MHz in the case
of transmitting a 24-bit image, it is possible to transmit a
36-bit image in which the R component, G component, and B
component are each 12 bits.

[0175] FIG. 8 is a timing chart showing the timing of trans-
mission of pixel data when a 36-bit image is to be transmitted
in a video data period of HDMI(R).

[0176] Thetransmission of a36-bitimageiscommonto the
transmission of a 24-bit image in that the B component is
transmitted through the TMDS channel #0, the G component
is transmitted through the TMDS channel #1, and the R com-
ponent is transmitted through the TMDS channel #2, and in
that 8-bit data is transmitted per clock of a pixel clock.
[0177] However, in the transmission of a 24-bit image,
since one component of one pixel is 8 bits, the 8-bit compo-
nent is transmitted in one clock of a pixel clock. In compari-
son, in the transmission of a 36-bit image, since one compo-
nent of one pixel is 12 bits, the transmission of a 36-bit image
differs from the transmission of a 24-bit image in that the
12-bit component is transmitted over a plurality of pixel
clocks.

[0178] Thatis, ifthe 12-bit components from the LSB to the
MSB are denoted as b0 to b11 regarding the B components, as
shown in FIG. 8, the low-order 8 bits b0 to b7 among the
12-bit B#0 components are transmitted in clock #0. A total of
8 bits of the remaining high-order 4 bits b8 to b11 among the
12-bit B#1 components, and the low-order 4 bits b0 to b3 of
the next pixel are transmitted in clock #1.

[0179] Then, the remaining high-order 8 bits b4 to b1l
among the 12-bit B#1 components are transmitted in clock
#2.

[0180] In the manner described above, B#0 and B#1 com-
ponents, which are B components of two pixels, are transmit-
ted in 3 clocks of clocks #0 to #2, and hereinafter, the B
components of two pixels are transmitted in 3 clocks in a
similar manner.

[0181] As illustrated in FIG. 6, regarding the 24-bit image,
8-bit B components are transmitted in one clock, and regard-
ing the 36-bit image, 12-bit B components for two pixels are
transmitted in 3 clocks. Therefore, regarding the 36-bit
image, by transmitting the B components by using a pixel
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clock of a frequency 3% times that of the 24-bit image, it is
possible to transmit one frame of the 36-bit image in the same
period of time as for one frame of the 24-bit image.

[0182] Components other than the B component of the
36-bit image, that is, the G component and the R component,
are transmitted in the same manner as for the B component.
[0183] Furthermore, in the transmission of a 36-bit image,
the transmission of pixel data of 2 pixels in 3 clocks forms a
transmission unit, and the transmission unit is repeated.
Therefore, the transmission unit of the 36-bit image is com-
posed of three phases.

[0184] Next, the transmission of a 48-bit image in which
the R component, the G component, and the B component are
each 16 bits can be performed by setting the frequency of the
pixel clock to be two times 165 MHz in the case of transmit-
ting a 24-bit image.

[0185] FIG. 9 is a timing chart showing the timing of trans-
mission of pixel data when a 48-bit image is to be transmitted
in a video data period of HDMI(R).

[0186] Thetransmission of a48-bitimageiscommontothe
transmission of a 24-bit image in that the B component is
transmitted through TMDS channel #0, the G component is
transmitted through TMDS channel #1, the R component is
transmitted through TMDS channel #2, and in that 8-bit data
is transmitted per clock of a pixel clock.

[0187] The transmission of a 48-bit image differs from the
transmission of a 24-bit image as follows. In the transmission
of'a 24-bit image, since one component of one pixel is 8 bits,
the 8-bit component is transmitted in one clock of a pixel
clock. In comparison, in the transmission of a 48-bit image,
since one component of one pixel is 16 bits, the 16-bit com-
ponent is transmitted over a plurality of clocks of the pixel
clock.

[0188] That is, if 16-bit components from the LSB to the
MSB are denoted as b0 to b15, as shown in FIG. 9, regarding
the B components, the low-order 8 bits b0 to b7 among the
16-bit B#0 component are transmitted in clock #0, and the
remaining high-order 8 bits b8 to b15 among the 16-bit B#0
component are transmitted in clock #1.

[0189] Inthe manner described above, the B#0 component,
which is the B component of one pixel, is transmitted in two
clocks of clocks #0 and #1, and hereinafter, the B component
of one pixel is transmitted in two clocks in a similar manner.
[0190] As illustrated in FIG. 6, regarding the 24-bit image,
8-bit B components are transmitted in one clock, and regard-
ing the 48-bit image, 16-bit B components for one pixel are
transmitted in two clocks. Therefore, regarding the 48-bit
image, by transmitting the B component by using a pixel
clock of a frequency two times that of the 24-bit image, it is
possible to transmit one frame of the 48-bit image in the same
period of time as that of one frame of the 24-bit image.
[0191] Components other than the B component of the
48-bit image, that is, the G component and the R component,
are also transmitted in the same manner as for the B compo-
nent.

[0192] Furthermore, in the transmission of a 48-bit image,
the transmission of pixel data of 1 pixel in 2 clocks forms a
transmission unit, and the transmission unit is repeated.
Therefore, the transmission unit of the 48-bit image is com-
posed of two phases.

[0193] In the manner described above, by adjusting the
frequency of the pixel clock so as to be, for example, % times,
3 times, and 2 times that in the case of transmitting a 24-bit
image, the transmission of pixel data in which 10 bits, 12 bits,
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and 16 bits, which is greater than 8 bits, which is a fixed
number of bits that are transmitted per clock of a pixel clock
through the TMDS channel of the current HDMI(R), are
assigned to each component, that is, the transmission of a high
resolution image, such as a 30-bit image, a 36-bit image, or a
48-bit image, can be performed by using the TMDS channel
of the current HDMI(R) as it is.

[0194] Therefore, when it is considered that the transmis-
sion of a 24-bit image is performed in the current HDMI(R),
by adjusting the frequency of the pixel clock, the transmission
of pixel data in which a number of bits, which is greater than
8 bits, which is a fixed number of bits that are transmitted per
clock of a pixel clock through the TMDS channel of the
current HDMI(R), is assigned to each component, that is, for
example, the transmission of a high resolution image such as
a 30-bit image, a 36-bit image, or a 48-bit image, in addition
to a 24-bit image, can be performed by using the TMDS
channel of the current HDMI(R) as it is.

[0195] Ifacommunication interface capable of performing
the transmission of a high resolution image in addition to a
24-bit image by using the TMDS channel of the current
HDMI(R) as it is referred to as, in particular, deep color
HDMI(R), in the case in which, for example, an HDMI(R)
source in compliance with deep color HDMI(R) is to transmit
a high resolution image, first, it is necessary to recognize
whether or nota HDMI(R) sink with which communication is
performed supports (complies with) deep color HDMI(R).
[0196] At this point, whether or not the HDMI(R) sink
complies with deep color HDMI(R) can be described (con-
tained) in E-EDID that is capability information on the capa-
bility of the HDMI(R) sink.

[0197] FIG. 10 shows VSDB (Vender Specific Definition
Bit) in E-EDID.
[0198] In the current HDMI(R), bits #4, #5, and #6, which

are fifth, sixth, and seventh bits from the LSB of byte #6 of
VSDB are unused (Reserved). In FIG. 10, bits Suport_ 30 bit,
Suport_ 36 bit, and Suport_ 48 bit are assigned to bits #4, #5,
and #6, respectively.

[0199] All the bit Suport_ 30 bit assigned to bit #4 of byte
#6 of VSDB, the bit Suport_ 36 bit assigned to bit #5, and the
bit Suport_ 48 bit assigned to bit #6 are set to, for example, 0
when the HDMI(R) sink does not support a high resolution
image, that is, when HDMI(R) sink supports only a 24-bit
image.

[0200] When the HDMI(R) sink supports only a 30-bit
image among high resolution images, only the bit Suport_ 30
bit is set to 1. When the HDMI(R) sink supports only a 30-bit
image and a 36-bit image among the high resolution images,
only the bit Suport_ 36 bit is set to 1. Furthermore, when the
HDMI(R) sink supports all of the 30-bit image, the 36-bit
image, and the 48-bit image, only the bit Suport_ 48 bit is set
to 1.

[0201] In the manner described above, as a result of
describing whether or not the HDMI(R) sink complies with
deep color HDMI(R) in the VSDB of the E-EDID, it is pos-
sible for the HDMI(R) source to recognize whether or not the
HDMI(R) sink supports a high resolution image by reading
E-EDID from the HDMI(R) sink and by referring to the
VSDB of the E-EDID. Furthermore, when the HDMI(R) sink
supports a high resolution image, it is possible to recognize
which one of the 30-bit image, the 36-bit image, and the
48-bit image the HDMI(R) sink supports.
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[0202] The bits Suport 30 bit, Suport 36 bit, and
Suport_ 48 bit shown in FIG. 10 can also be described in the
VSDB of the E-EDID of the HDMI(R) source.

[0203] Next, exchanging of E-EDID between the HDMI
(R) source and the HDMI(R) sink is performed at a specific
timing, such as when the HDMI(R) source and the HDMI(R)
sink are connected to each other or when the power supply of
the HDMI(R) source or the HDMI(R) sink is turned on, and is
not performed in a periodic manner.

[0204] On the other hand, when the HDMI(R) source and
the HDMI(R) sink support a high resolution image, there are
cases in which a 24-bit image is transmitted from the HDMI
(R) source to the HDMI(R) sink or a high resolution image is
transmitted, and in the case of transmitting a high resolution
image, there is a case in which a 30-bit image, a 36-bit image,
or a 48-bit image is transmitted.

[0205] As illustrated in FIG. 4, the transmission of an
image is performed in a video data period assigned to an
active video period (Active Video) of a video field. Therefore,
it is preferable that the HDMI(R) sink can recognize which
one of the 24-bit image, the 30-bit image, the 36-bit image,
and the 48-bit image the image transmitted in the video data
period is for each video field containing the video data period.
[0206] Inthis case, itis necessary to transmit for each video
field, from the HDMI(R) source to the HDMI(R) sink, infor-
mation (hereinafter also referred to as a “deep color mode™ as
appropriate) indicating which one of the 24-bit image, the
30-bit image, the 36-bit image, and the 48-bit image the
image transmitted in the video data period contained in the
video field is.

[0207] At this point, as information transmitted for each
video field from the HDMI(R) source into the HDMI(R) sink,
there is a general control packet transmitted in the control
period illustrated in FIG. 4 within the vertical blanking
period.

[0208] Therefore, the deep color mode can be contained in
a general control packet, so that the deep color mode is
transmitted from the HDMI(R) source to the HDMI(R) sink
for each video field.

[0209] FIG. 11 shows the format of a general control
packet.
[0210] The general control packet has a packet header

(General Control Packet Header) and a subpacket (General
Control Subpacket). The upper area of FIG. 11 shows a packet
header, and the lower area of FIG. 11 shows a subpacket.
[0211] Inthe current HDMI(R), it is stipulated that bits #0,
#1, and #2, which are first, second, and third bits from the
LSB of byte #SB1 of a subpacket (the lower area of FIG. 11)
of'a general control packet, are unused and setto 0. In FIG. 11,
bits CD0, CD1, and CD2 indicating a deep color mode are
assigned to the bits #0, #1, and #2, respectively.

[0212] FIG. 12 shows the relationship between bits CDO,
CD1, and CD2 of byte #SB1 of a subpacket, and an image
transmitted in a video data period (FIG. 4) contained in a
video field containing a control period (FIG. 4) in which a
general control packet having a subpacket is transmitted.
[0213] When the HDMI(R) sink does not support a high
resolution image (Color Depth not indicated), all the bits
CD0, CD1, and CD2 indicating a deep color mode are set to
0 in the same manner as in the current HDMI(R).

[0214] Furthermore, when the HDMI(R) sink supports a
high resolution image, in the case that an image transmitted in
the video data period is a 24-bit image, the bits CD0, CD1,
and CD2 indicating a deep color mode are set to, for example,
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0, 0, and 1, respectively. When the image transmitted in the
video data period is a 30-bit image, the bits CD0, CD1, and
CD2 indicating a deep color mode are set to, for example, 1,
0, and 1, respectively.

[0215] Furthermore, when the image transmitted in the
video data period is a 36-bit image, the bits CD0, CD1, and
CD2 indicating a deep color mode are set to, for example, O,
1, and 1, respectively. When the image transmitted in the
video data period is a 48-bit image, all bits CD0, CD1, and
CD2 indicating a deep color mode are set to, for example, 1.
[0216] In the manner described above, the HDMI(R)
source transmits the bits CD0, CD1, and CD2 indicating a
deep color mode, with the bits being contained in the general
control packet, in the control period of the video field. As a
result, itis possible for the HDMI(R) sink to recognize which
one of the 24-bit image, the 30-bit image, the 36-bit image,
and the 48-bit image the image transmitted in the video data
period of the video field is.

[0217] In the current HDMI(R), the bits #4, #5, and #6 of
the fifth, sixth, and seventh bits from the L.SB of byte #SB1 of
a subpacket (the lower area of FIG. 11) of the general control
packet shown in FIG. 11 are assumed to be unused and set to
0. In FIG. 11, the bits PP0, PP1, and PP2 indicating a phase
are assigned to the bits #4, #5, and #6, respectively.

[0218] That is, when a 30-bit image, a 36-bit image or a
48-bit image is to be transmitted, a phase exists, as illustrated
in FIGS. 710 9, respectively. In the bits PP0, PP1, and PP2 of
byte #SB1 of the subpacket, values indicating the phase of the
pixel data that is transmitted finally among the pixel data of an
image transmitted in the video data period contained in the
video field containing the control period in which the general
control packet having the subpacket is transmitted are set.
[0219] Next, a description will be given, with reference to
the flowcharts in FIGS. 13 and 14, of the operation of the
HDMI(R) source 53 and the HDMI(R) sink 61 when the
HDMI(R) source 53 and the HDMI(R) sink 61 in FIG. 2
complies with deep color HDMI(R).

[0220] First, a description will be given below, with refer-
ence to the flowchart in FIG. 13, of the operation of the
HDMI(R) source 53 in FIG. 2.

[0221] The HDMI(R) source 53 waits for E-EDID of the
HDMI(R) sink 61 to be transmitted from the HDMI(R) sink
61 via the DDC illustrated in FIG. 2, and receives the E-EDID
in step S11.

[0222] Then, by referring to VSDB (FIG. 10) of E-EDID
from the HDMI(R) sink 61, in step S12, the HDMI(R) source
53 recognizes which one of a 24-bit image, a 30-bit image, a
36-bit image, and a 48-bit image the image (the correspond-
ing image) that can be received by the HDMI(R) sink 61 is.
Furthermore, the HDMI(R) source 53 determines the image
in the deep color mode, that is, the image to be transmitted
through the three TMDS channels #0 to #2, among the images
supported by the HDMI(R) sink 61.

[0223] At this point, it is possible for the HDMI(R) source
53 to determine, for example, an image having the highest
resolution as an image to be transmitted through the three
TMDS channels #0 to #2 among the images supported by the
HDMI(R) sink 61. In this case, when the HDMI(R) sink 61
supports, for example, a 24-bit image, a 30-bit image, a 36-bit
image, and a 48-bit image, the 48-bit image having the high-
est resolution is determined as an image to be transmitted
through the TMDS channels #0 to #2.

[0224] Thereafter, in step S13, the HDMI(R) source 53
adjusts the frequency of the pixel clock, and thereby starts
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outputting the pixel clock corresponding to the deep color
mode determined in step S12. The process then proceeds to
step S14.

[0225] In step S14, the HDMI(R) source 53 starts, through
the TMDS channels #0 to #2, the transmission of the pixel
data of the image indicated by the deep color mode deter-
mined in step S12.

[0226] The transmission of the image indicated by the deep
color mode through the TMDS channels #0 to #2 is performed
in synchronization with the pixel clock whose output has been
started in step S13.

[0227] Furthermore, during the transmission of the image
indicated by the deep color mode through the TMDS channels
#0 to #2, as illustrated in FIGS. 11 and 12, the HDMI(R)
source 53 transmits, for each video field, that is, for each
frame, a general control packet in which the bits CD0, CD1,
and CD2 indicating the deep color mode of the image trans-
mitted in the video data period are written, in the control
period (FIG. 4) of the vertical blanking period.

[0228] Next, a description will be given, with reference to
the flowchart in FIG. 14, of the operation of the HDMI(R)
sink 61 of FIG. 2.

[0229] Instep S31, the HDMI(R) sink 61 transmits its own
E-EDID to the HDMI(R) source 53 via the DDC (FIG. 2).
[0230] Thereafter, as illustrated in FIG. 13, in the HDMI(R)
source 53, the output of a pixel clock is started and a general
control packet is transmitted via the TMDS channels #0 to #2.
Then, in step S32, the HDMI(R) sink 61 receives the general
control packet (FIGS. 11 and 12) from the HDMI(R) source
53, and recognizes the deep color mode of the image trans-
mitted in the video data period by referring to the bits CDO,
CD1, and CD2 of the general control packet.

[0231] Then, the HDMI(R) sink 61 waits for the pixel data
of'the image of the deep color mode, which was recognized in
step S32, to be transmitted from the HDMI(R) source 53 in
synchronization with the pixel clock via the TMDS channels
#0 to #2, and receives the pixel data in step S33.

[0232] The processing of steps S32 and S33 is performed
for each video field.

[0233] Next, as illustrated in FIG. 13, the HDMI(R) source
53 determines the deep color mode and transmits the image of
the deep color mode through the TMDS channels #0 to #2.
The image supplied as an object to be transmitted to the
HDMI(R) source 53, that is, for example, the image to be
transmitted from the codec 52 (FIG. 1) to the HDMI(R)
source 53, does not necessarily match the image of the deep
color mode, which was determined by the HDMI(R) source
53.

[0234] That is, there is a case in which the image to be
transmitted is an image having a resolution lower than that in
the deep color mode, which was determined by the HDMI(R)
source 53.

[0235] At this point, the image to be transmitted from the
HDMI(R) source 53 to the HDMI(R) sink 61 will be herein-
after referred to as a main image, as appropriate.

[0236] In the manner described above, when the main
image is an image having a resolution lower than that in the
deep color mode, which was determined by the HDMI(R)
source 53, the pixel data of the main image is transmitted as
shown in, for example, FIG. 15.

[0237] FIG. 15 shows transmission pixel data that is pixel
data transmitted through one TMDS channel when the image
in the deep color mode is a 36-bit image and the main image
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is a 30-bit image having a resolution lower than that of an
image in the deep color mode.

[0238] When the image of the deep color mode is a 36-bit
image, eachof R, G, and B components of the pixel data of the
36-bit image is 12 bits. Therefore, as shown in FIG. 15,
transmission pixel data transmitted through one TMDS chan-
nel is 12-bit data.

[0239] On the other hand, when the main image is a 30-bit
image, eachof R, G, and B components of the pixel data of the
30-bit image is 10 bits. Therefore, when transmitting a 30-bit
image that is a main image, the pixel data of the main image
to be transmitted through one TMDS channel is data of 10
bits, whichis less than 12 bits, which is a number of bits of the
transmission pixel data.

[0240] Inthe manner described above, when the pixel data
of the main image is an image with a number of bits smaller
than that of transmission pixel data, the HDMI(R) source 53
transmits the pixel data of the main image in such a manner
that, for example, as shown in FIG. 15, the pixel data is
assigned to, by being packed closer to, the higher-order bits of
the transmission pixel data.

[0241] Therefore, when the pixel data of the main image is
10 bits and the transmission pixel data is 12 bits, as shown in
FIG. 15, the transmitter 72 (F1G. 2) of the HDMI(R) source 53
assigns the pixel data of the 10-bit main image to the high-
order 10 bits of a 12-bit transmission pixel data and transmits
it.

[0242] Inthis case, the receiver 81 (FIG. 2) of the HDMI(R)
sink 61 receives the 12-bit transmission pixel data from the
transmitter 72 of the HDMI(R) source 53. Only the pixel data
of'the main image, which is assigned to the high-order 10 bits
among the 12-bit transmission pixel data, is processed, and
the remaining low-order 2 bits are ignored (discarded).
[0243] At this point, when the HDMI(R) source 53 and the
HDMI(R) sink 61 support, for example, a 36-bit image in the
manner described above, that is, when the HDMI(R) source
53 transmits 12-bit transmission pixel data and the HDMI(R)
sink 61 can receive 12-bit transmission pixel data, in the case
that the pixel data of the main image is pixel data of less than
12 bits, in the HDMI(R) source 53 supporting a 36-bit image,
the low-order bits to which the pixel data of the main image is
not assigned among the 12-bit transmission pixel data are set
as a no-signal (0). Then, in the HDMI(R) sink 61 supporting
a 36-bit image, the 12-bit transmission pixel data from the
HDMI(R) source 53 is processed as it is, and the thereby
obtained image is displayed. In the display of the image, since
the low-order bits to which the pixel data of the main image is
not assigned among the 12-bit transmission pixel data are a
no-signal (0), the low-order bits are ignored in the display of
the image in the HDMI(R) sink 61. As a result, in the HDMI
(R) sink 61, the image formed by the pixel data assigned to the
high-order bits among the 12-bit transmission pixel data, that
is, the main image, is displayed. Therefore, in the HDMI(R)
sink 61, if 8-bit or 10-bit pixel data is assigned to the 12-bit
transmission pixel data, an image formed by the 8-bit or
10-bit pixel data is displayed.

[0244] In the manner described above, when a number B1
of bits of the pixel data of the main image is smaller than a
number B2 of bits of the transmission pixel data, the pixel
data of the main image whose number of bits is B1 is assigned
to the high-order bits of the transmission pixel data whose
number of bits is B2, and the transmission pixel data is trans-
mitted from the HDMI(R) source 53 to the HDMI(R) sink 61.
In this case, since the low-order (B2-B1) bits to which the
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pixel data of the main image is not assigned among the trans-
mission pixel data transmitted from the HDMI(R) source 53
to the HDMI(R) sink 61 are not substantially used, this is
inefficient.

[0245] Therefore, it is possible for the HDMI(R) source 53
and the HDMI(R) sink 61 to assign a signal differing from the
main image (hereinafter referred to as a “sub-signal” as
appropriate) to bits to which the pixel data of the main image
is not assigned among the transmission pixel data, thereby
making it possible to perform efficient data transmission in
which the main image and the sub-signal are transmitted
simultaneously.

[0246] Atthis point, bits to which the pixel data of the main
image is not assigned among the transmission pixel data will
be hereinafter referred to remainder bits as appropriate.
[0247] FIG. 16 shows an assignment method of assigning a
sub-signal to transmission pixel data.

[0248] For example, as illustrated in FIG. 15, when the
transmission pixel data (pixel data transmitted through one
TMDS channel) is 12 bits and (one component of) the pixel
data of the main image is 10 bits, the pixel data of the 10-bit
main image is assigned to the high-order 10 bits of the trans-
mission pixel data, and thereby the low-order 2 bits of the
transmission pixel data become remainder bits.

[0249] Ifitis assumed that the sub-signal is a signal (data)
in which, for example, 8 bits is one unit, as shown in FIG. 16,
the sub-signal in one unit is divided into four pieces of data at
intervals of two bits equal to the remainder bits, and the four
pieces of the data are assigned to the low-order 2 bits, which
are the remainder bits of the transmission pixel data of 4
pixels in a corresponding manner.

[0250] In this case, if the sub-signal is assumed to be an
image in which, for example, each of R, G, and B components
is 8 bits, as this image that is the sub-signal, for example, an
image having a resolution of (the number of pixels) approxi-
mately Y4 that of the main image can be used.

[0251] At this point, when the main image is an image of
1920 pixelsx . . . 1080 lines in which, for example, each of R,
G, and B components is 10 bits, and the transmission pixel
data is, for example, 12 bits, in the case that the sub-signal is
an image of 480 pixelsx . . . 360 lines in which each of R, G,
and B components is 8 bits, the sub-signal as the image of 480
pixelsx . . . 360 lines can be assigned to the low-order 2 bits
that are the remainder bits of the transmission pixel data for
360 lines among the 1080 lines of the main image. Then, in
this case, another sub-signal can further be assigned to the
transmission pixel data for 720 (=1080-360) lines, to which
the sub-signal as the image for 480 pixelsx . . . 360 lines is not
assigned, among the transmission pixel data for 1080 lines.
[0252] Furthermore, when the main image is an image of
1920 pixelsx . . . 1080 lines in which, for example, each of R,
G, and B components is 8 bits, and the transmission pixel data
is, for example, 12 bits, the low-order 4 bits of the transmis-
sion pixel data become remainder bits. In this case, an image
of approximately 960 pixelsx . . . 720 lines in which each of
R, G, and B components is 8 bits can be assigned to the
transmission pixel data for 1080 lines of the main image.
[0253] In the following, the sub-signal is assumed to be a
signal in units of 8 bits.

[0254] In the manner described above, HDMI(R) capable
of assigning a sub-signal to the remainder bits of the trans-
mission pixel data and transmitting transmission pixel data
together with the main image through the TMDS channels #0
to #2 will be referred to as extended HDMI(R) in order to
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make a distinction from the current HDMI(R). Then, when
the HDMI(R) source in compliance with extended HDMI(R)
assigns the sub-signal to the remainder bits of the transmis-
sion pixel data, first, it is necessary to recognize whether or
not the HDMI(R) sink with which communication is per-
formed complies with extended HDMI(R).

[0255] Whether or not the HDMI(R) sink complies with
extended HDMI(R) can be described in, for example,
E-EDID, which defines capability information on the capa-
bility of the HDMI(R) sink, similarly to that described above,
that is, whether or not the HDMI(R) sink complies with deep
color HDMI(R).

[0256] FIG. 17 shows the format of VSDB in E-EDID.
[0257] In the current HDMI(R), as shown in FIG. 10, the
bits #4, #5, #6, and #7 of the fifth, sixth, seventh, and eighth
bits from the LSB ofbyte #7 of VSDB are unused (Reserved).
In FIG. 17, the bits Sub__2 bit, Sub__4 bit, Sub__8 bit, and
Sub_Data_Support are assigned to the bits #4, #5, #6, and #7,
respectively.

[0258] All of'the bit Sub__2 bit assigned to bit #4 of byte #7
of VSDB, the bit Sub_ 4 bit assigned to bit #5, and the bit
Sub__8 bit assigned to bit #6 are set to 0 when the HDMI(R)
sink cannot receive a sub-signal, that is, when the HDMI(R)
sink cannot handle a sub-signal.

[0259] Then, when the HDMI(R) sink can set the low-order
2 bits of the transmission pixel data as remainder bits and can
handle the sub-signal assigned to the 2-bit remainder bits, the
bit Sub_ 2 bitis set to 1. When the HDMI(R) sink can set the
low-order 4 bits of the transmission pixel data as remainder
bits and can handle the sub-signal assigned to the 4-bit
remainder bits, the bit Sub_ 4 bit is set to 1. Furthermore,
when the HDMI(R) sink can set the low-order 8 bits of the
transmission pixel data as remainder bits and can handle the
sub-signal assigned to the 8-bit remainder bits, the bit Sub__8
bit is set to 1.

[0260] The bit Sub_Data_Support is set to 1 when the
HDMI(R) sink can handle a sub-signal and is set to 0 when the
HDMI(R) sink does not comply with extended HDMI(R).
[0261] When the bit Sub_Data_Support is 0, all of Sub_ 2
bit, Sub__4 bit, and Sub__8 bit are set to 0.

[0262] In the manner described above, as a result of
describing whether or not the HDMI(R) sink complies with
extended HDMI(R) in VSDB of E-EDID, it is possible for the
HDMI(R) source to recognize whether or not the HDMI(R)
sink can handle the sub-signal by reading E-EDID from the
HDMI(R) sink and by referring to the VSDB of the E-EDID.
Furthermore, when the HDMI(R) sink can handle the sub-
signal, it is possible to recognize how many of the low-order
bits of the transmission pixel data can be assigned as remain-
der bits to the sub-signal.

[0263] The bits Sub_ 2 bit, Sub_ 4 bit, Sub_ 8 bit, and
Sub_Data_Support shown in FIG. 17 can also be described in
VSDB of E-EDID of the HDMI(R) source.

[0264] Althoughitisassumed in FIG. 17 that the sub-signal
to be assigned to the transmission pixel data is 2 bits, 4 bits, or
8 bits, the number of bits of the sub-signal to be assigned to
the transmission pixel data is not limited to this.

[0265] Furthermore, it is possible to set a value correspond-
ing to the number of bits of the sub-signal, which is assigned
to the transmission pixel data, rather than Sub_ 2 bit, Sub_ 4
bit, Sub__ 8 bit, and Sub_Data_Support, in the 4 bits #4 to #7
of'the fifth to eighth from the L.SB of byte #7 of VSDB. In this
case, 4 bits, that is, bits #4 to #7, can represent 16 kinds of
number of bits.
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[0266] Next, as described above, transmission and recep-
tion of E-EDID to and from the HDMI(R) source and the
HDMI(R) sink is performed at a specific timing, such as when
the HDMI(R) source and the HDMI(R) sink are connected to
each other or when the power supply of the HDMI(R) source
or the HDMI(R) sink is turned on, and is not performed in a
periodic manner.

[0267] On the other hand, when the HDMI(R) source and
the HDMI(R) sink comply with extended HDMI(R), there
can be a case in which a sub-signal has been assigned to the
transmission pixel data to be transmitted from the HDMI(R)
source to the HDMI(R) sink and a case in which a sub-signal
has not been assigned. Furthermore, when the sub-signal has
been assigned to the transmission pixel data, there is a case in
which the assigned sub-signal is 2 bits, 4 bits, or 8 bits.
[0268] At this point, for the sake of simplicity of descrip-
tion, the fact that a sub-signal has not been assigned to trans-
mission pixel data will also be hereinafter represented that the
number of bits of the sub-signal assigned to the transmission
pixel data is 0, as appropriate.

[0269] As illustrated in FIG. 4, the transmission of the
transmission pixel data is performed in the video data period
assigned to the active video period (Active Video) of the video
field. Therefore, it is preferable that the HDMI(R) sink can
recognize, for each video field containing the video data
period, which one of 0 bits, 2 bits, 4 bits, and 8 bits the
sub-signal assigned to transmission pixel data transmitted in
the video data period is.

[0270] In this case, it is necessary to transmit, for each
video field from the HDMI(R) source to the HDMI(R) sink,
information (hereinafter referred to as “sub-signal informa-
tion” as appropriate) indicating which one of 0 bits, 2 bits, 4
bits, or 8 bits the sub-signal assigned to the transmission pixel
data transmitted in the video data period contained in the
video field is.

[0271] Similarly to the above-described deep color mode,
the sub-signal information can be contained in the general
control packet transmitted in the control period (FIG. 4) inthe
vertical blanking period, and can be transmitted from the
HDMI(R) source to the HDMI(R) sink for each video field.
[0272] FIG. 18 shows a general control packet containing
sub-signal information.

[0273] As illustrated in FIG. 11, the general control packet
has a packet header (General Control Packet Header) and a
subpacket (General Control Subpacket). The upper area of
FIG. 18 shows a packet header, and the lower area of FIG. 18
shows a subpacket.

[0274] In the current HDMI(R), it is assumed that the bits
#0, #1, and #2 of the first, second, and third bits from the LSB
of byte #SB2 of a subpacket of a general control packet are
unused and set to 0. In FIG. 18, bits SD0, SD1, and SD2 as
sub-signal information are assigned to bits #0, #1, and #2,
respectively.

[0275] FIG. 19 shows the relationship between the bits
SD0, SD1, and SD2 of byte #SB2 of a subpacket, and the
number of bits of a sub-signal assigned to transmission pixel
data transmitted in the video data period (FIG. 4) contained in
the video field containing the control period (FIG. 4) in which
a general control packet having the subpacket is transmitted.
[0276] When the number of bits of the sub-signal assigned
to the transmission pixel data is 0, that is, when a sub-signal
is not assigned to the transmission pixel data (Sub Data not
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Inserted), all the bits SD0, SD1, and SD2 as sub-signal infor-
mation are set to 0 in the same manner as in the current HDMI
®R).

[0277] Furthermore, when the number of bits assigned to
the transmission pixel data is 2, the bits SD0, SD1, and SD2
as the sub-signal information are set to, for example, 1, 0, and
0, respectively. When the number of bits assigned to trans-
mission pixel data is 4, the bits SD0, SD1, and SD2 as the
sub-signal information are set to, for example, 0, 1, and O,
respectively. When the number of bits assigned to transmis-
sion pixel data is 8, the bits SD0, SD1, and SD2 as the
sub-signal information are set to, for example, 1, 1, and 0,
respectively.

[0278] In the manner described above, the HDMI(R)
source transmits the bits SD0, SD1, and SD2 as the sub-signal
information, with the bits SD0, SD1, and SD2 being con-
tained in the general control packet, in the control period of
the video field. As aresult, it is possible for the HDMI(R) sink
to recognize which one of 0 bits, 2 bits, 4 bits, and 8 bits the
sub-signal assigned to the transmission pixel data transmitted
in the video data period of the video field is.

[0279] FIG. 20 shows an example of the configuration of a
source signal processor 71 possessed by the HDMI(R) source
53 when the HDMI(R) source 53 of FIG. 2 complies with
extended HDMI.

[0280] InFIG. 20, the source signal processor 71 includes a
main image processor 101, a sub-signal addition section 102,
a sub-signal processor 103, a sub-signal-related information
insertion section 104, a sub-signal reception capability/inca-
pability determination section 105, a number of sub-signal
assignment bits determination section 106, a sub-signal
frame information transmission controller 107, and a deep-
color-mode determination section 108.

[0281] Forexample, a main image having each of R, G, and
B components is supplied to the main image processor 101.
The main image processor 101 performs necessary process-
ing on the main image supplied thereto, and supplies the pixel
data of the main image to the sub-signal addition section 102.
[0282] Furthermore, the main image processor 101 detects
the number P of pixels (the number of valid pixels) in the
video data period of the video field (FIG. 4) of the main image
supplied thereto, and supplies the number P of pixels to the
sub-signal processor 103.

[0283] Furthermore, the main image processor 101 detects
the number B1 of bits of each component of the pixel data of
the main image supplied thereto and supplies the number B1
of bits to the number of sub-signal assignment bits determi-
nation section 106.

[0284] The pixel data of the main image whose number of
bits is B1 is supplied to the sub-signal addition section 102
from the main image processor 101, and also a sub-signal is
supplied to the sub-signal addition section 102 from the sub-
signal-related information insertion section 104. Further-
more, the deep color mode is supplied to the sub-signal addi-
tion section 102 from the deep-color-mode determination
section 108 and also, the number of sub-signal assignment
bits indicating a number B3 of bits of the sub-signal assigned
to the transmission pixel data is supplied to the sub-signal
addition section 102 from the number of sub-signal assign-
ment bits determination section 106.

[0285] The sub-signal addition section 102 recognizes the
number B2 of bits of the transmission pixel data on the basis
of the deep color mode supplied from the deep-color-mode
determination section 108. That is, for example, when the
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deep color mode indicates one of a 24-bit image, a 30-bit
image, a 36-bit image, and a 48-bit image, the sub-signal
addition section 102 recognizes one of 8, 10, 12, and 16 as the
number B2 of bits of the transmission pixel data, respectively.
[0286] Then, the sub-signal addition section 102 divides
the sub-signal supplied from the sub-signal-related informa-
tion insertion section 104 for each number B3 of sub-signal
assignment bits from the number of sub-signal assignment
bits determination section 106, and adds the division sub-
signal, which is a divided sub-signal, as the low-order bits of
the pixel data whose number of bits is B1, which is supplied
from the main image processor 101. As a result, the transmis-
sion pixel data having the number B2 of bits, which is recog-
nized from the deep color mode from the deep-color-mode
determination section 108, that is, the transmission pixel data
having the number of bits B2 (=B1+B3), in which the pixel
data of the main image whose number of bits is B1 is assigned
to the high-order bits and the division sub-signal whose num-
ber of bits is B3 is assigned to the low-order bits, is con-
structed.

[0287] The sub-signal addition section 102 constructs
transmission pixel data whose number of bits is B2 with
regard to each of R, G, and B components. The transmission
pixel data having each of R, G, and B components, whose
number of bits is B2, which is obtained by the sub-signal
addition section 102, is supplied to the transmitter 72 (FIG.
2), and is transmitted, for example, at a timing corresponding
to the number B2 of bits of the transmission pixel data among
the timings described in FIGS. 6 to 9 through the TMDS
channels #0 to #2.

[0288] As described above, the number P of bits in the
video data period of the main image is supplied to the sub-
signal processor 103 from the main image processor 101 and
also, the sub-signal is supplied to the sub-signal processor
103. Furthermore, the number of sub-signal assignment bits
is supplied to the sub-signal processor 103 from the number
of sub-signal assignment bits determination section 106.
[0289] The sub-signal processor 103 determines the maxi-
mum amountofdata P. .. x ... B3 of the sub-signal that can
be transmitted in the video data period of one video field on
the basis of the number P of bits in the video data period of the
main image, which is supplied from the main image processor
101, and the number B3 of bits of the sub-signal assignment
bits B3, which is supplied from the number of sub-signal
assignment bits determination section 106, and determines
the amount D of data of the sub-signal (hereinafter referred to
as an “amount of sub-signal addition unit data” as appropri-
ate) that is transmitted in the video data period of one video
field (1 frame) in the range of the maximum amount of data P
..o.x... B3,

[0290] Furthermore, the sub-signal processor 103 supplies,
for each of the amount D of the sub-signal addition unit data,
the sub-signal supplied thereto, to the sub-signal-related
information insertion section 104 for each of the amount D of
the sub-signal addition unit data.

[0291] Furthermore, the sub-signal processor 103 supplies
the sub-signal information indicating whether or not a sub-
signal is contained in the transmission pixel data to the sub-
signal frame information transmission controller 107.
[0292] That is, when the sub-signal of the amount D of the
sub-signal addition unit data is to be supplied to the sub-
signal-related information insertion section 104, that is, when
there is a sub-signal to be assigned to the transmission pixel
data, the sub-signal processor 103 supplies the sub-signal
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information indicating that a sub-signal is contained in the
transmission pixel data to the sub-signal frame information
transmission controller 107. Furthermore, when the sub-sig-
nal of the amount D of the sub-signal addition unit data is not
to be supplied to the sub-signal-related information insertion
section 104, that is, when there is no sub-signal to be supplied
to the sub-signal-related information insertion section 104,
the sub-signal processor 103 supplies the sub-signal informa-
tion indicating that a sub-signal is not contained in the trans-
mission pixel data to the sub-signal frame information trans-
mission controller 107.

[0293] The sub-signal-related information insertion sec-
tion 104 contains (inserts) sub-signal-related information
related to the sub-signal, to the sub-signal of the amount D of
the sub-signal addition unit data from the sub-signal proces-
sor 103 and supplies the signal to the sub-signal addition
section 102.

[0294] The VSDB (FIG. 17) of the E-EDID, which is read
from the HDMI(R) sink with which the HDMI(R) source 53
communicates, is supplied to the sub-signal reception capa-
bility/incapability determination section 105.

[0295] The sub-signal reception capability/incapability
determination section 105 determines whether or not the
HDMI(R) sink with which the HDMI(R) source 53 commu-
nicates can receive the sub-signal, that is, determines whether
or not the HDMI(R) sink can handle the sub-signal, by refer-
ring to the bit Sub_Data_Support (FIG. 17) of the VSDB
supplied thereto, and supplies the determination result to
necessary blocks.

[0296] Furthermore, when it is determined that the HDMI
(R) sink with which the HDMI(R) source 53 communicates
can handle the sub-signal, the sub-signal reception capability/
incapability determination section 105 further recognizes the
number of bits of the sub-signal (hereinafter referred to as the
“number of bits that can be handled” as appropriate) that can
be handled by the HDMI(R) sink with which the HDMI(R)
source 53 communicates by referring to the bits Sub_ 2 bit,
Sub_ 4 bit, and Sub__ 8 bit (FIG. 17) of the VSDB, and sup-
plies the number of bits of the sub-signal to the number of
sub-signal assignment bits determination section 106.

[0297] As described above, the number B1 of bits of the
pixel data of the main image is supplied to the number of
sub-signal assignment bits determination section 106 from
the main image processor 101. Also, the number of bits that
can be handled is supplied to the number of sub-signal assign-
ment bits determination section 106 from the sub-signal
reception capability/incapability determination section 105.
Furthermore, the deep color mode is supplied to the number
of'sub-signal assignment bits determination section 106 from
the deep-color-mode determination section 108.

[0298] On the basis of the deep color mode supplied from
the deep-color-mode determination section 108, the number
of sub-signal assignment bits determination section 106 rec-
ognizes the number B2 of bits of the transmission pixel data,
and determines the difference B2-B1 with the number B1 of
bits of the pixel data of the main image from the main image
processor 101, that is, the number (B2-B1) of bits of the
remainder bits of the transmission pixel data.

[0299] Then, when there is a number of bits matching the
number (B2-B1) of bits of the remainder bits of the transmis-
sion pixel data in the numbers of bits that can be handled from
the sub-signal reception capability/incapability determina-
tion section 105, the number of sub-signal assignment bits
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determination section 106 determines the number of bits to be
the number B3 of sub-signal assignment bits.

[0300] At this point, when the number of bits that can be
handled from the sub-signal reception capability/incapability
determination section 105 is, for example, of three types of 2
bits, 4 bits, and 8 bits, the number B3 of sub-signal assign-
ment bits is determined to be the following values.

[0301] That is, when the number B2 of bits of the transmis-
sion pixel data is, for example, 10 and the number B1 of bits
of the pixel data of the main image is, for example, 8, the
number B3 of sub-signal assignment bits is determined to be
2.

[0302] Furthermore, when the number B2 of bits of the
transmission pixel data is, for example, 12 and the number B1
of'bits of the pixel data of the main image is, for example, 8 or
10, the number B3 of sub-signal assignment bits is deter-
mined to be 4 or 2.

[0303] When the number B2 of bits of the transmission
pixel data is, for example, 16 and the number B1 of bits of the
pixel data of the main image is 8 or 12, the number B3 of
sub-signal assignment bits is determined to be 8 or 4.

[0304] When there is no number of bits matching the num-
ber (B2-B1) of bits of the remainder bits of the transmission
pixel data in the numbers of bits that can be handled from the
sub-signal reception capability/incapability determination
section 105, the numbers of sub-signal assignment bits deter-
mination section 106 can determine, for example, a maxi-
mum value among the number of bits that can be handled
matching the number of bits less than the number (B2-B1) of
bits of the remainder bits of the transmission pixel data among
the numbers of bits that can be handled from the sub-signal
reception capability/incapability determination section 105,
to be the number B3 of sub-signal assignment bits. However,
for the sake of simplicity of description, when there is no
number of bits matching the number (B2-B1) of bits of the
remainder bits of the transmission pixel data in the numbers
of bits that can be handled from the sub-signal reception
capability/incapability determination section 105, it is
assumed that the HDMI(R) source 53 does not transmit the
sub-signal and the HDMI(R) sink with which communication
is performed performs the same processing as that when the
sub-signal cannot be handled.

[0305] When the number B3 of sub-signal assignment bits
is determined, the number of sub-signal assignment bits
determination section 106 supplies the number B3 of sub-
signal assignment bits to the sub-signal addition section 102,
the sub-signal processor 103, and the sub-signal frame infor-
mation transmission controller 107.

[0306] Asdescribed above, sub-signal information indicat-
ing whether or not the sub-signal is contained in the transmis-
sion pixel data is supplied to the sub-signal frame information
transmission controller 107 from the sub-signal processor
103. Also, the number B3 of sub-signal assignment bits is
supplied to the sub-signal-frame information transmission
controller 107 from the number of sub-signal assignment bits
determination section 106. In addition, the deep color mode is
supplied to the sub-signal frame information transmission
controller 107 from the deep-color-mode determination sec-
tion 108.

[0307] The sub-signal frame information transmission con-
troller 107 allows the transmitter 72 (FIG. 2) to transmit the
sub-signal information from the sub-signal processor 103, the
deep color mode from the deep-color-mode determination
section 108, and a general control packet (FIG. 18) containing
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the number B3 of sub-signal assignment bits, which is sup-
plied from the number of sub-signal assignment bits determi-
nation section 106 as necessary.

[0308] That is, when the sub-signal information from the
sub-signal processor 103 indicates that the sub-signal is not
contained in the transmission pixel data, the sub-signal frame
information transmission controller 107 performs transmis-
sion control such that the transmitter 72 transmits a general
control packet in which all the bits SD0, SD1, and SD2 of
FIG. 18 are set to 0, and the bits CD0, CD1, and CD2 are set
to values indicating the deep color mode from the deep-color-
mode determination section 108 (hereinafter referred to as a
“general control packet with no sub-signal” as appropriate).

[0309] Furthermore, when the sub-signal information from
the sub-signal processor 103 indicates that a sub-signal is
contained in the transmission pixel data, the sub-signal frame
information transmission controller 107 performs transmis-
sion control such that the transmitter 72 transmits a general
control packet (hereinafter referred to as a “general control
packet with a sub-signal” as appropriate) in which the bits
SD0, SD1, and SD2 of FIG. 18 are set to values indicating the
number B3 of sub-signal assignment bits from the number of
sub-signal assignment bits determination section 106 and the
bits CD0, CD1, and CD2 are set to values indicating the deep
color mode from the deep-color-mode determination section
108.

[0310] The VSDB (FIG. 17) of the E-EDID read from the
HDMI(R) sink with which the HDMI(R) source 53 commu-
nicates is supplied to the deep-color-mode determination sec-
tion 108.

[0311] The deep-color-mode determination section 108
determines whether or not the HDMI(R) sink with which the
HDMI(R) source 53 communicates supports a high resolu-
tion image by referring to the bits Suport_ 30 bit, Suport_ 36
bit, and Suport 48 bit (FIG. 17) of the VSDB supplied
thereto. When it is determined that the HDMI(R) sink does
not support a high resolution image, the deep-color-mode
determination section 108 determines the image in the deep
color mode, that is, the image to be transmitted through three
TMDS channels #0 to #2, to be a 24-bit image.

[0312] Furthermore, when it is determined that the HDMI
(R) sink with which the HDMI(R) source 53 communicates
supports a high resolution image, the deep-color-mode deter-
mination section 108 further refers to the bits Suport_ 30 bit,
Suport_ 36 bit, and Suport_ 48 bit (FIG. 17) of the VSDB,
thereby recognizes the high resolution image supported by
the HDMI(R) sink with which the HDMI(R) source 53 com-
municates and determines the image in the deep color mode,
that is, the image to be transmitted through the three TMDS
channels #0 to #2 among the high resolution images sup-
ported by the HDMI(R) sink.

[0313] That is, the deep-color-mode determination section
108 determines, for example, the image having the highest
resolution among the images supported by, for example, the
HDMI(R) sink, to be an image in the deep color mode (the
image to be transmitted through the three TMDS channels #0
to #2).

[0314] Then, the deep-color-mode determination section
108 supplies the deep color mode to the sub-signal addition
section 102, the number of sub-signal assignment bits deter-
mination section 106, and the sub-signal frame information
transmission controller 107.
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[0315] Next, a description will be given, with reference to
FIG. 21, of sub-signal-related information inserted into a
sub-signal by the sub-signal-related information insertion
section 104 of FIG. 20.

[0316] In extended HDMI(R), a sub-signal is assigned to
the pixel data in the video data period of a video field (FIG. 4),
that is, to the low-order bits of the transmission pixel data, and
the sub-signal together with the main image assigned to the
high-order bits of the transmission pixel data is transmitted.
However, the sub-signal is not necessarily assigned to all the
transmission pixel data.

[0317] That is, depending on the amount of data of the
sub-signal, the sub-signal may be assigned to only the trans-
mission pixel data in a portion of the video data period, and
the sub-signal may not be assigned to the remaining trans-
mission pixel data.

[0318] Inthe manner described above, when a sub-signal is
assigned to the transmission pixel data in a portion of the
video data period and the sub-signal is not assigned to the
remaining transmission pixel data, it is necessary for the
HDMI(R) sink that receive such transmission pixel data to
distinguish between the transmission pixel data to which the
sub-signal has been assigned and the transmission pixel data
to which the sub-signal has not been assigned, and to extract,
as the sub-signal, the low-order bits of only the transmission
pixel data to which the sub-signal has been assigned.

[0319] Therefore, the sub-signal-related information inser-
tion section 104 inserts sub-signal-related information con-
taining at least information used to distinguish the transmis-
sion pixel data to which the sub-signal has been assigned into
the sub-signal of the amount D of the sub-signal addition unit
data, that is, the sub-signal assigned to the transmission pixel
data in the video data period of one video field (FIG. 4).

[0320] That is, the sub-signal-related information is com-
posed of, for example, sub-signal start information and sub-
signal end information, as shown in the right side of FIG. 21.
The sub-signal start information is located at the beginning of
the sub-signal of the amount D of the sub-signal addition unit
data, and the sub-signal end information is located at the end
of'the sub-signal of the amount of the sub-signal addition unit
data.

[0321] Then, the sub-signal start information is assigned to
the transmission pixel data of the pixels constituting the first
line (the first horizontal line from the top) in the video data
period of the video field, shown at the left of FIG. 21, and the
sub-signal of the amount of the sub-signal addition unit data
is sequentially assigned to the transmission pixel data of the
pixels constituting the second and subsequent lines.

[0322] Ifitis assumed that all the sub-signals of the amount
D of the sub-signal addition unit data are assigned to the
transmission pixel data of the pixels constituting the second to
(M+1)th lines, the sub-signal end information is assigned to
the transmission pixel data of the pixels constituting the
(M+2)th line immediately after the (M+1)th line.

[0323] In the manner described above, in the sub-signal
start information located at the beginning of the sub-signal of
the amount D of the sub-signal addition unit data, for
example, the fact that a sub-signal has been assigned to the
transmission pixel data of the pixels of the second and sub-
sequent lines, information indicating the type (attribute) of
the sub-signal such that the sub-signal is image data, audio
data, or text data, the format of the sub-signal, and other
information related to the sub-signal, can be contained.
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[0324] In the sub-signal end information located at the end
of'the sub-signal of the amount of the sub-signal addition unit
data, aunique code indicating the end of the sub-signal can be
contained. Furthermore, when the transmission pixel data to
which the end of the sub-signal has been assigned is trans-
mission pixel data of the pixel in the middle of the pixels
constituting the (M+1)th line, information indicating the
position of the pixel of the transmission pixel data can be
contained in the sub-signal end information.

[0325] When one line in the video data period of the video
field is composed of, for example, 1920 pixels, in the case that
the sub-signal is assigned to, for example, the low-order 2 bits
of the transmission pixel data, the amount of data that can be
assigned to the transmission pixel data of the pixels consti-
tuting one line is 2 bitsx . . . 1920 pixels=3840 bits=480 bytes.
Therefore, as the sub-signal start information and the sub-
signal end information, 480-byte information can be used for
each of them.

[0326] Furthermore, the sub-signal processor 103 of FIG.
20 determines the amount D of the sub-signal addition unit
data in such a manner that the amount of data such that the
amount of data of the sub-signal start information and the
sub-signal end information contained in the sub-signal is
added to the amount D of the sub-signal addition unit data
does not exceed the maximum amount ofdataP ... x...B3
of the sub-signal that can be transmitted in the video data
period.

[0327] Next, a description will be given, with reference to
the flowchart in FIG. 22, of the operation of the HDMI(R)
source 53 when the HDMI(R) source 53 of FIG. 2 complies
with extended HDMI(R) and the source signal processor 71
of'the HDMI(R) source 53 is configured as shown in FIG. 20.
[0328] In the HDMI(R) source 53, the pixel data of the
main image is supplied to the main image processor 101 of the
source signal processor 71 (FIG. 20), and furthermore, a
sub-signal is supplied to the sub-signal processor 103 as
necessary.

[0329] The main image processor 101 performs necessary
processing on the main image supplied thereto and supplies
the pixel data of the processed main image to the sub-signal
addition section 102.

[0330] Furthermore, the main image processor 101 detects
the number P of pixels (the number of valid pixels) in the
video data period of the video field (FIG. 4) of the main image
supplied thereto, and supplies the number P of pixels to the
sub-signal processor 103.

[0331] Furthermore, the main image processor 101 detects
the number B1 of bits of each component of the pixel data of
the main image, and supplies the number B1 of bits to the
number of sub-signal assignment bits determination section
106.

[0332] Furthermore, the HDMI(R) source 53 waits for the
E-EDID of the HDMI(R) sink 61 to be transmitted via the
DDC illustrated in FIG. 2 from the HDMI(R) sink 61, and
receives the E-EDID in step S101.

[0333] In the HDMI(R) source 53, the E-EDID from the
HDMI(R) sink 61 is supplied to the sub-signal reception
capability/incapability determination section 105 of the
source signal processor 71 (FIG. 20) and the deep-color-
mode determination section 108.

[0334] In step S102, the deep-color-mode determination
section 108 recognizes which one of a 24-bit image, a 30-bit
image, a 36-bit image, and a 48-bit image the image sup-
ported by the HDMI(R) sink 61 is by referring to the VSDB
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(F1G.17) of the E-EDID from the HDMI(R) sink 61. Further-
more, the deep-color-mode determination section 108 deter-
mines the image to be transmitted through the three TMDS
channels #0 to #2 from among the images supported by the
DMI(R) sink 61, and supplies the deep color mode indicating
the image to the sub-signal addition section 102, the number
of sub-signal assignment bits determination section 106, and
the sub-signal frame information transmission controller 107.

[0335] When the image supported by the HDMI(R) sink 61
is only a 24-bit image, that is, when the HDMI(R) sink 61
does not support a high resolution image, the HDMI(R)
source 53 does not perform processing of step S104 and
subsequent steps (to be described later) and performs pro-
cessing in compliance with the current HDMI(R). Therefore,
in this case, the transmission of the sub-signal is not per-
formed.

[0336] Thereafter, in step S103, the HDMI(R) source 53
adjusts the frequency of the pixel clock to a frequency corre-
sponding to the deep color mode determined in step S102, and
starts outputting a pixel clock. The process then proceeds to
step S104.

[0337] In step S104, the sub-signal reception capability/
incapability determination section 105 determines whether or
not the HDMI(R) sink 61 can receive a sub-signal, that is, can
handle a sub-signal, by referring to the bit Sub_Data_Support
(FIG. 17) of the VSDB of the E-EDID from the HDMI(R)
sink 61, which is supplied thereto.

[0338] When it is determined in step S104 that the HDMI
(R) sink 61 cannot handle a sub-signal, that is, when the bit
Sub_Data_Support (FIG. 17) of the VSDB has been set to 0
indicating that the sub-signal cannot be handled, the process
proceeds to step S105. Hereafter, the HDMI(R) source 53
does not transmit a sub-signal and transmits the pixel data of
the image indicated by the deep color mode determined in
step S102 through the TMDS channels #0 to #2.

[0339] That is, in step S105, the sub-signal frame informa-
tion transmission controller 107 allows the transmitter 72
(FIG. 2) to transmit, in the control period (FIG. 4) of the
vertical blanking period of the video field, a general control
packet having no sub-signal, that is, a general control packet
in which all the bits SD0, SD1, and SD2 in FIG. 18 are set to
0, and the bits CD0, CD1, and CD2 are set to values indicating
the deep color mode supplied from the deep-color-mode
determination section 108 in step S102. The process then
proceeds to step S106.

[0340] In step S106, the sub-signal addition section 102
constructs the transmission pixel data of the number B2 of
bits corresponding to the image of the deep color mode deter-
mined in step S102 on the basis of only the pixel data of the
main image supplied from the main image processor 101, and
supplies the transmission pixel data to the transmitter 72. As
a result, the transmitter 72 transmits the transmission pixel
data inthe video data period of the video field, and the process
then proceeds to step S107.

[0341] At this point, the transmission of the transmission
pixel data is performed in synchronization with the pixel
clock whose output has been started in step S103.

[0342] In step S107, the sub-signal addition section 102
determines whether or not the transmission pixel data thathas
not yet been transmitted exists in the active video period of the
video field (hereinafter referred to as a “video field of inter-
est” as appropriate) in which the transmission pixel data has
been transmitted in the immediately previous step S106.
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[0343] When it is determined in step S107 that the trans-
mission pixel data that has not yet been transmitted exists in
the active video period of the video field of interest, the
process returns to step S106, where the transmission pixel
data that has not yet been transmitted in the active video
period of the video field of interest is transmitted.

[0344] When it is determined in step S107 that the trans-
mission pixel data that has not yet been transmitted does not
exist in the active video period of the video field of interest,
that is, when the transmission of all the transmission pixel
data in the active video period of the video field of interest is
completed, the process proceeds to step S108, where the
sub-signal addition section 102 determines whether or not a
video field (frame) next to the video field of interest exists.

[0345] When it is determined in step S108 that the video
field (frame) next to the video field of interest exists, the next
video field is newly set as a video field of interest. The process
then returns to step S105 and hereinafter, the same processing
is repeated.

[0346] When it is determined in step S108 that the video
field (frame) next to the video field of interest does not exist,
the processing is completed.

[0347] On the other hand, when it is determined in step
S104 that the HDMI(R) sink 61 can handle a sub-signal, that
is, when the bit Sub_Data_Support (FIG. 17) of the VSDB is
1, which is a value indicating that a sub-signal can be handled,
the sub-signal reception capability/incapability determina-
tion section 105 recognizes the number of bits that can be
handled, which is the number of bits of the sub-signal that can
be handled by the HDMI(R) sink 61, by referring to the bits
Sub_ 2 bit, Sub_ 4 bit, and Sub_ 8 bit (FIG. 17) of the VSDB,
and supplies the number of bits to the number of sub-signal
assignment bits determination section 106. The process then
proceeds to step S109.

[0348] Instep S109, onthe basis of the number B1 of bits of
the pixel data of the main image from the main image pro-
cessor 101, the number of bits that can be handled from the
sub-signal reception capability/incapability determination
section 105, and the number B2 of bits of the transmission
pixel data recognized from the deep color mode from the
deep-color-mode determination section 108, the number of
sub-signal assignment bits determination section 106 deter-
mines the number B3 of bits, which is the number of bits of
the sub-signal assigned to the transmission pixel data in the
manner described above, and supplies the number B3 of bits
to the sub-signal addition section 102, the sub-signal proces-
sor 103, and the sub-signal frame information transmission
controller 107. The process then proceeds to step S110.

[0349] At this point, when the number P of bits in the video
data period of the main image is supplied to the sub-signal
processor 103 from the main image processor 101, and the
number B3 of bits of sub-signal assignment bits is supplied to
the sub-signal processor 103 from the number of sub-signal
assignment bits determination section 106, as described
above, the sub-signal processor 103 determines the amount D
of the sub-signal addition unit data, which is the amount of
data of the sub-signal to be transmitted in the video data
period of one video field, on the basis of the number P of bits
in the video data period of the main image and the number B3
of sub-signal assignment bits.

[0350] Then, in step S110, the sub-signal processor 103
determines whether or not there is a sub-signal to be added to
the pixel data in the video data period of the video field.
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[0351] When it is determined in step S110 that there is a
sub-signal to be added to the pixel data in the video data
period of the video field, that is, when, for example, a sub-
signal has been supplied to the sub-signal processor 103, the
sub-signal processor 103 supplies the sub-signal for only the
amount D of the sub-signal addition unit data within the
sub-signal supplied thereto to the sub-signal-related informa-
tion insertion section 104 and also supplies sub-signal infor-
mation indicating that a sub-signal has been contained in the
transmission pixel data to the sub-signal frame information
transmission controller 107. The process then proceeds to
step S111, where the HDMI(R) source 53 transmits the sub-
signal and the pixel data of the main image indicated by the
deep color mode determined in step S102 through the TMDS
channels #0 to #2.

[0352] That is, in step S111, on the basis of the sub-signal
information from the sub-signal processor 103, the sub-signal
frame information transmission controller 107 allows the
transmitter 72 (FIG. 2) to transmit, in the control period (FIG.
4) of the vertical blanking period of the video field, a general
control packet having a sub-signal, that is, a general control
packet in which the bits SD0, SD1, and SD2 in FIG. 18 are set
to values corresponding to the number B3 of sub-signal
assignment bits, which is the number of bits of the sub-signal
assigned to the transmission pixel data, which is supplied
from the number of sub-signal assignment bits determination
section 106 in step S109, and the bits CD0, CD1, and CD2 are
set to values indicating the deep color mode supplied from the
deep-color-mode determination section 108 in step S102. The
process then proceeds to step S112.

[0353] Atthis point, when it is determined in step S110 that
there is a sub-signal to be added to the pixel data in the video
data period of the video field, as described above, the sub-
signal processor 103 supplies the sub-signal for the amount D
of the sub-signal addition unit data within the sub-signal
supplied thereto to the sub-signal-related information inser-
tion section 104.

[0354] When the sub-signal for the amount D of the sub-
signal addition unit data is supplied to the sub-signal-related
information insertion section 104 from the sub-signal proces-
sor 103, the sub-signal-related information insertion section
104 inserts sub-signal-related information related to the sub-
signal as illustrated in FIG. 21 and supplies it to the sub-
signal-addition section 102.

[0355] In step S112, the sub-signal addition section 102
starts the construction of the transmission image data, that is,
the addition of the sub-signal from the sub-signal-related
information insertion section 104 to the pixel data of the main
image from the main image processor 101.

[0356] That is, the sub-signal addition section 102 divides
the sub-signal from the sub-signal-related information inser-
tion section 104 into division sub-signals at the intervals of
the number B3 of sub-signal assignment bits supplied from
the number of sub-signal assignment bits determination sec-
tion 106 in step S109, and adds the division sub-signal as the
low-order bits of the pixel data from the main image proces-
sor 101. As a result, the transmission pixel data of the number
B2 of'bits recognized from the deep color mode supplied from
the deep-color-mode determination section 108 in step S102,
that is, the transmission pixel data whose number of bits is B2,
in which the pixel data of the main image whose number of
bits is B1 has been assigned to the high-order bits and the
division sub-signal whose number of bits is B3 has been
assigned to the low-order bits, is constructed.
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[0357] Then, the sub-signal addition section 102 proceeds
from step S112 to step S113, where the sub-signal addition
section 102 supplies the transmission pixel data in which the
pixel data of the main image has been assigned to the high-
order bits and the division sub-signal has been assigned to the
low-order bits to the transmitter 72. As a result, the transmitter
72 transmits the transmission pixel data in the video data
period of the video field, and the process then proceeds to step
S114.

[0358] At this point, the transmission of the transmission
pixel data is performed in synchronization with the pixel
clock whose output has been started in step S103.

[0359] In step S114, the sub-signal addition section 102
determines whether or not the transmission pixel data thathas
notyetbeen transmitted exists in the active video period of the
video field of interest, which is a video field in which pixel
data as transmission pixel data has been transmitted in the
immediately previous step S113.

[0360] When it is determined in step S114 that the trans-
mission pixel data that has not yet been transmitted exists in
the active video period of the video field of interest, the
process returns to step S113, where pixel data that has not yet
been transmitted in the active video period video field of
interest is transmitted as transmission pixel data.

[0361] Furthermore, whenitis determined in step S114 that
the transmission pixel data that has not yet been transmitted
does not exist in the active video period of the video field of
interest, that is, when the transmission of all the transmission
pixel data in the active video period of the video field of
interest is completed, the process proceeds to step S115,
where the sub-signal addition section 102 determines
whether or not there is a video field next to the video field of
interest.

[0362] When it is determined in step S115 that there is a
video field next to the video field of interest, the next video
field is newly set as a video field of interest. The process then
returns to step S110 and hereinafter, the same processing is
repeated.

[0363] When it is determined in step S115 that there is no
video field next to the video field of interest, the processing is
completed.

[0364] On the other hand, when it is determined in step
S110 that there is no sub-signal to be added to the pixel data
in the video data period of the video field, that is, for example,
when a sub-signal has not been supplied to the sub-signal
processor 103, the sub-signal processor 103 supplies the sub-
signal information indicating that a sub-signal is not con-
tained in the transmission pixel data to the sub-signal frame
information transmission controller 107. The process then
proceeds to step S116, where, on the basis of the sub-signal
information from the sub-signal processor 103, in the same
manner as in step S105, the sub-signal frame information
transmission controller 107 allows the transmitter 72 (FIG. 2)
to transmit, in the control period (FIG. 4) of the vertical
blanking period of the video field, a general control packet
having no sub-signal, that is, a general control packet in
which all the bits SD0, SD1, and SD2 in FIG. 18 are set to 0
and the bits CD0, CD1, and CD2 are set to values indicating
the deep color mode supplied from the deep-color-mode
determination section 108 in step S102.

[0365] Then, hereinafter, in steps S113 to S115, the HDMI
(R) source 53 does not transmit a sub-signal and transmits the
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pixel data of the main image indicated by the deep color mode
determined in step S102 through the TMDS channels #0 to
#2.

[0366] That is, when a general control packet having no
sub-signal has been transmitted in step S116, in step S113, the
sub-signal addition section 102 constructs transmission pixel
data for the number B2 of bits corresponding to the image of
the deep color mode determined in step S102 on the basis of
only the pixel data of the main image supplied from the main
image processor 101, and supplies the transmission pixel data
to the transmitter 72. As a result, the transmitter 72 transmits
the transmission pixel data in the video data period of the
video field, and the process then proceeds to step S114.
[0367] At this point, the transmission of the transmission
pixel data is performed in synchronization with the pixel
clock whose output has been started in step S103.

[0368] In step S114, the sub-signal addition section 102
determines whether or not transmission pixel data that has not
yet been transmitted exists in the active video period of the
video field of interest, which is a video field in which pixel
data has been transmitted as transmission pixel data in the
immediately previous step S113.

[0369] Whenitisdetermined instep S114 that transmission
pixel data that has not yet been transmitted exists in the active
video period of the video field of interest, the process returns
to step S113, where the transmission pixel data that has not
yet been transmitted in the active video period of the video
field of interest is transmitted.

[0370] Whenitisdetermined instep S114 that transmission
pixel data that has not yet been transmitted does not exist in
the active video period of the video field of interest, that is,
when the transmission of all the transmission pixel data in the
active video period of the video field of interest has been
completed, the process proceeds to step S115, where the
sub-signal addition section 102 determines whether or not a
video field next to the video field of interest exists.

[0371] Whenitis determined in step S115 that a video field
next to the video field of interest exists, the next video field is
newly set as a video field of interest. The process then returns
to step S110 and hereinafter, the same processing is repeated.
[0372] Whenitis determined in step S115 that a video field
next to the video field of interest does not exist, the processing
is completed.

[0373] FIG. 23 shows an example of the configuration of a
sink signal processor 82 possessed by the HDMI(R) sink 61
when the HDMI(R) sink 61 of FIG. 2 complies with extended
HDMI.

[0374] InFIG. 23, the sink signal processor 82 includes an
FIFO (First In First Out) memory 121, a sub-signal presence/
absence determination section 122, a separator 123, a main
image processor 124, a main image memory 125, a sub-signal
processor 126, and a sub-signal memory 127.

[0375] Transmission pixel data in the video data period of
the video field (FIG. 4), which is received by the receiver 81
(FIG. 2), is supplied to the FIFO memory 121.

[0376] The FIFO memory 121 sequentially stores the trans-
mission pixel data from the receiver 81, and supplies it to the
separator 123.

[0377] A general control packet in the control period of the
vertical blanking period of the video field (FIG. 4), which was
received by the receiver 81, is supplied to the sub-signal
presence/absence determination section 122.

[0378] On the basis of the bits SD0, SD1, and SD2 of the
general control packet (FIG. 18) from the receiver 81, the
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sub-signal presence/absence determination section 122 deter-
mines whether or not a sub-signal is contained in the trans-
mission pixel data transmitted in the video data period imme-
diately after the vertical blanking period in which the general
control packet has been transmitted, and supplies the deter-
mination result to the separator 123.

[0379] Furthermore, when it is determined that a sub-signal
is contained in the transmission pixel data, on the basis of the
bits SD0, SD1, and SD2 of the general control packet (FIG.
18) from the receiver 81, the sub-signal presence/absence
determination section 122 recognizes the number B3 of sub-
signal assignment bits of the sub-signal contained in the
transmission pixel data transmitted in the video data period
immediately after the vertical blanking period in which the
general control packet has been transmitted, and supplies the
number B3 of sub-signal assignment bits of the sub-signal to
the separator 123.

[0380] When the determination result indicating that a sub-
signal is not contained in the transmission pixel data is sup-
plied from the sub-signal presence/absence determination
section 122, the separator 123 receives the transmission pixel
data from the FIFO memory 121, and supplies the pixel data
of the main image assigned to the transmission pixel data to
the main image processor 124.

[0381] Furthermore, when the determination result indicat-
ing that a sub-signal is contained in the transmission pixel
data is supplied from the sub-signal presence/absence deter-
mination section 122, the separator 123 receives the transmis-
sion pixel data from the FIFO memory 121, and separates the
pixel data of the main image and the division sub-signal from
the transmission pixel data on the basis of the number B3 of
sub-signal assignment bits supplied from the sub-signal pres-
ence/absence determination section 122.

[0382] That is, the separator 123 extracts, as a division
sub-signal, the low-order bits for only the number B3 of
sub-signal assignment bits from the sub-signal presence/ab-
sence determination section 122 among the transmission
pixel data from the FIFO memory 121, and supplies the
division sub-signal to the sub-signal processor 126. Further-
more, the separator 123 extracts, as the pixel data of the main
image, the remaining high-order bits among the transmission
pixel data from the FIFO memory 121, and supplies it to the
main image processor 124.

[0383] The main image processor 124 performs necessary
processing on the pixel data of the main image supplied from
the separator 123, reconstructs a main image for one video
field, and supplies the main image to the main image memory
125.

[0384] The main image memory 125 temporarily stores the
main image supplied from the main image processor 124. The
main image stored in the main image memory 125 is read as
appropriate and is supplied to the display controller 62 (FIG.
1).

[0385] The sub-signal processor 126 reconstructs the origi-
nal sub-signal from the division sub-signal supplied from the
separator 123 and supplies the sub-signal to the sub-signal
memory 127. As illustrated in FIG. 21, the sub-signal-related
information is contained in the sub-signal, and the sub-signal
processor 126 reconstructs the sub-signal by referring to the
sub-signal-related information as necessary.

[0386] The sub-signal memory 127 temporarily stores the
sub-signal supplied from the sub-signal processor 126.
[0387] Next, a description will be given, with reference to
the flowchart in FIG. 24, of the operation of the HDMI(R)
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sink 61 when the HDMI(R) sink 61 of FIG. 2 complies with
extended HDMI(R) and the sink signal processor 82 of the
HDMI(R) sink 61 is configured as shown in FIG. 23.

[0388] Instep S131,the HDMI(R)sink 61 transmits its own
E-EDID to the HDMI(R) sink 61 via the DDC (FIG. 2).
[0389] Thereafter, as illustrated in FIG. 22, in the HDMI(R)
sink 61, the output of the pixel clock is started, and the general
control packet is transmitted via the TMDS channels #0 to #2.
Then, in step S132, the receiver 81 (FIG. 2) of the HDMI(R)
sink 61 receives the general control packet (FIG. 18) from the
HDMI(R) sink 61, and supplies the general control packet to
the sub-signal presence/absence determination section 122
(FIG. 23) of the sink signal processor 82. The process then
proceeds to step S133.

[0390] Instep S133, onthe basis of the bits SD0, SD1, and
SD2 of the general control packet (FIG. 18) from the receiver
81, the sub-signal presence/absence determination section
122 determines whether or not a sub-signal is contained in the
transmission pixel data transmitted in the video data period
immediately after the vertical blanking period in which the
general control packet has been transmitted.

[0391] When it is determined in step S133 that a sub-signal
is not contained in the transmission pixel data, the sub-signal
presence/absence determination section 122 supplies the
determination result indicating the fact to the separator 123.
The process then proceeds to step S134.

[0392] Instep S134, the receiver 81 (FIG. 2) of the HDMI
(R) sink 61 waits for the transmission pixel data of the image
of'the deep color mode indicated by the bits CD0, CD1, and
CD2 of the general control packet from the HDMI(R) source
53 to be transmitted from the HDMI(R) sink 61 viathe TMDS
channels #0 to #2 in synchronization with the pixel clock,
receives the transmission pixel data, and supplies it to the
separator 123 via the FIFO memory 121 of the sink signal
processor 82. The process then proceeds to step S135.
[0393] Instep S135, onthe basis of the determination result
indicating that a sub-signal is not contained in the transmis-
sion pixel data from the sub-signal presence/absence deter-
mination section 122, the separator 123 supplies the pixel
data of the main image assigned to the transmission pixel data
supplied via the FIFO memory 121 to the main image pro-
cessor 124.

[0394] Furthermore, in step S135, in order to reconstruct a
main image for one video field, the main image processor 124
supplies the pixel data of the main image from the separator
123 to the main image memory 125, whereby it is stored. The
process then proceeds to step S136.

[0395] In step S136, the main image processor 124 deter-
mines whether or not the processing of the pixel data of the
main image for one video field has been completed, that is, the
main image for one video field has been stored in the main
image memory 125.

[0396] When it is determined in step S136 that the process-
ing of the pixel data of the main image for one video field has
not been completed, the process returns to step S134 and
hereinafter, the same processing is repeated.

[0397] Furthermore, whenitis determined in step S136 that
the processing of the pixel data of the main image for one
video field has been completed, waiting for a general control
packet to be transmitted in the next video field is performed.
The process then returns to step S132 and hereinafter, the
same processing is repeated.

[0398] On the other hand, when it is determined in step
S133 that a sub-signal is contained in the transmission pixel
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data, on the basis of the bits SD0, SD1, and SD2 ofthe general
control packet (FIG. 18) from the receiver 81, the sub-signal
presence/absence determination section 122 recognizes the
number B3 of sub-signal assignment bits of the sub-signal
contained in the transmission pixel data, and supplies it
together with the determination result indicating that a sub-
signal has been contained in the transmission pixel data to the
separator 123. The process then proceeds to step S137.
[0399] In step S137, the receiver 81 (FIG. 2) of the HDMI
(R) sink 61 waits for the transmission pixel data of the deep
color mode indicated by the bits CD0, CD1, and CD2 of the
general control packet from the HDMI(R) source 53 to be
transmitted from the HDMI(R) sink 61 via the TMDS chan-
nels #0 to #2 in synchronization with the pixel clock, receives
the transmission pixel data, and supplies it to the separator
123 via the FIFO memory 121 of the sink signal processor 82.
The process then proceeds to step S138.

[0400] Instep S138, onthe basis of the determination result
indicating that a sub-signal is contained in the transmission
pixel data from the sub-signal presence/absence determina-
tion section 122, the separator 123 separates, from the trans-
mission pixel data supplied via the FIFO memory 121, the
low-order bits for the number B3 of sub-signal assignment
bits from the sub-signal presence/absence determination sec-
tion 122, and supplies the low-order bits as a division sub-
signal to the sub-signal processor 126.

[0401] Furthermore, in step S138, the separator 123 sepa-
rates the remaining high-order bits from the transmission
pixel data supplied via the FIFO memory 121, and supplies
the remaining high-order bits as the pixel data of the main
image to the main image processor 124. The process then
proceeds to step S139.

[0402] In step S139, in order to reconstruct a main image
for one video field, the main image processor 124 supplies the
pixel data of the main image from the separator 123 to the
main image memory 125, whereby it is stored. Furthermore,
in step S139, in order to reconstruct a sub-signal, the sub-
signal processor 126 supplies the division sub-signal from the
separator 123 to the sub-signal memory 127, whereby it is
stored.

[0403] In step S140, the main image processor 124 deter-
mines whether or not the processing of the pixel data of the
main image for one video field has been completed, that is, a
main image for one video field has been stored in the main
image memory 125.

[0404] When it is determined in step S140 that the process-
ing of the pixel data of the main image for one video field has
not been completed, the process returns to step S137 and
hereinafter, the same processing is repeated.

[0405] Furthermore, whenitis determined in step S140 that
the processing of the pixel data of the main image for one
video field has been completed, waiting for a general control
packet to be transmitted in the next video field is performed.
The process then returns to step S132 and hereinafter, the
same processing is repeated.

[0406] In the manner described above, in the HDMI(R)
source 53 that receives E-EDID as capability information
indicating the capability of the HDMI(R) sink 61 (FIG. 2) and
thereafter transmits the pixel data of an uncompressed image
for one screen in one direction to the HDMI(R) sink 61 by
using a differential signal through the three TMDS channels
#0 to #2 for transmitting a fixed number of bits of data per
clock of a pixel clock in the video data period assigned to the
active video period (the valid image period) in which the
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horizontal blanking period and the vertical blanking period
are excluded from the video field (the period from one vertical
synchronization signal to the next vertical synchronization
signal), the transmitter 72 transmits the transmission pixel
data to which a number of bits greater than 8 bits, which is a
fixed number of bits, has been assigned, in one direction to the
HDMI(R) sink 61 by using a differential signal through the
three TMDS channels #0 to #2 by adjusting the frequency of
the pixel clock.

[0407] In this case, the HDMI(R) source 53 determines
whether or not the HDMI(R) sink 61 can receive a sub-signal
on the basis of the VSDB (FIG. 17) of the E-EDID. When the
HDMI(R) sink 61 can receive the sub-signal, the transmission
pixel data is constructed by adding the sub-signal to the pixel
data of the main image composed of pixel data having a
number of bits less than that of the transmission pixel data
transmitted by the transmitter 72, and is transmitted through
the three TMDS channels #0 to #2 by the transmitter 72.

[0408] Furthermore, in the HDMI(R) source 53, a general
control packet (FIG. 18) containing the bits SD0, SD1, and
SD2 serving as sub-signal information indicating whether or
not a sub-signal is contained in the transmission pixel data
transmitted in the video data period immediately after the
vertical blanking period is transmitted in the control period
(FIG. 4) of the vertical blanking period.

[0409] On the other hand, in the HDMI(R) sink 61 that
transmits E-EDID and thereafter receives pixel data transmit-
ted using a differential signal through the three TMDS chan-
nels #0 to #2 from the HDMI(R) source 53, the receiver 81
receives the transmission pixel data transmitted using a dif-
ferential signal through the three TMDS channels #0 to #2.

[0410] Furthermore, in the HDMI(R) sink 61, on the basis
of the bits SD0, SD1, and SD2 contained in the general
control packet (FIG. 18) transmitted in the control period
(FIG. 4) of the vertical blanking period, it is determined
whether or not a sub-signal has been contained in the trans-
mission pixel data transmitted in the video data period imme-
diately after the vertical blanking period. When a sub-signal is
contained in the transmission pixel data, the sub-signal is
separated from the transmission pixel data.

[0411] Therefore, when the number of bits of the pixel data
of the main image is smaller than the number of bits of the
transmission pixel data determined by the deep color mode,
efficient data transmission such that the sub-signal is assigned
to the bits of the transmission pixel data, which are not
assigned to the pixel data of the main image, and the sub-
signal is transmitted together with the main image can be
performed.

[0412] The greater the difference between the number of
bits of the transmission pixel data and the number of bits of
the pixel data of the main image, a sub-signal (division sub-
signal) having a larger amount of data can be assigned to the
transmission pixel data.

[0413] Inthis embodiment, no particular mention has been
made in the uses of the sub-signal, but the sub-signal can be
used for various kinds of uses.

[0414] More specifically, as the sub-signal, for example, an
image having a low resolution synchronized with a main
image, an image of a program differing from a main image,
and other images can be used. In this case, it is possible for the
display 42 (FIG. 1) to display an image as a sub-signal on a
sub-screen for PinP (Picture in Picture) or to split-display an
image.
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[0415] Furthermore, as the sub-signal, for example, a con-
trol signal for controlling the display of the main image can be
used. In this case, itis possible for the display 42 to control the
display of the main image in response to a control signal as a
sub-signal.

[0416] When an image (moving image) is used as a sub-
signal, in the case that audio is accompanied with the image,
the audio can be assigned to transmission pixel data and
transmitted, and can also be transmitted in the data island
period (FIG. 4) similarly to the audio accompanied with the
main image. That is, in HDMI(R), in the data island period
(FIG. 4), the audio data of a plurality of audio channels can be
transmitted, and the audio accompanied with the image as the
sub-signal can be transmitted using an audio channel that is
not used for the transmission of the audio data accompanied
with the main image.

[0417] Next, the series of processes of the source signal
controller 71 and the sink signal processor 82 can be per-
formed by dedicated hardware and can also be performed by
software. When the series of processes is to be performed by
software, a program forming the software is installed into, for
example, a computer, such as a microcomputer, for control-
ling the HDMI(R) source 53 and the HDMI(R) sink 61.
[0418] FIG. 25 shows an example of the configuration of an
embodiment of a computer to which programs for executing
the above-described series of processes are installed.

[0419] Programs can be recorded in advance in an
EEPROM (Electrically Erasable Programmable Read-only
Memory) 205 and a ROM 203 serving as recording media
incorporated in the computer.

[0420] Alternatively, programs can be temporarily or per-
manently stored (recorded) on a removable recording
medium, such as a flexible disk, a CD-ROM (Compact Disc
Read Only Memory), an MO (Magneto optical) disc, a DVD
(Digital Versatile Disc), a magnetic disk, or a semiconductor
memory. Such a removable recording medium can be pro-
vided in the form of packaged software.

[0421] Inaddition to being installed into the computer from
the removable recording medium such as that described
above, programs may be transferred in a wireless manner
from a download site or may be transferred by wire to the
computer via a network, suchas a LAN (Local Area Network)
or the Internet. It is possible for the computer to receive the
programs that are transferred in such a manner via an input/
output interface 206 and to install the programs into the
EEPROM 205 incorporated therein.

[0422] The computer has a CPU (Central Processing Unit)
202 incorporated therein. The input/output interface 206 is
connected to the CPU 202 via a bus 201, and the CPU 202
loads a program stored in the ROM (Read Only Memory) 203
or the EEPROM 205 into a RAM (Random Access Memory)
204 and executes the program. As a result, the CPU 202
performs processing in accordance with the above-described
flowcharts or performs processing performed according to
the constructions in the above-described block diagrams.
[0423] Inthis specification, the processing steps describing
the program by which the computer performs various pro-
cesses do not have to be executed chronologically according
to the written orders in flowcharts, and the processing steps
include processes which are executed in parallel or individu-
ally (for example, parallel processes or object-oriented pro-
cesses).
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[0424] The programs may be processed by one computer,
and may also be processed in a distributed manner by a
plurality of computers.

[0425] The embodiments of the present invention are not
limited to the above-described embodiments, and various
modifications are possible within the spirit and scope of the
present invention.

[0426] That is, for example, all of the number B1 of bits of
the pixel data of the main image, the number B2 of bits of the
transmission pixel data, and the number B3 of sub-signal
assignment bits are not limited to the above-described values.
Furthermore, for example, areas for assigning the bits
Suport_ 30 bit, Suport_ 36 bit, and Suport_ 48 bit, the bits
Sub_ 2 bit, Sub_ 4 bit, Sub_ 8 bit, and Sub_Data_Support,
the bits SD0, SD1, and SD2 serving as sub-signal informa-
tion, and the like are not limited to the above-described areas.
In the current HDMI(R), they can be assigned to any areas
that are unused (Reserved).

[0427] The present invention can be applied to, in addition
to HDMI(R), a communication interface including a trans-
mission apparatus for, after capability information indicating
the capability of a receiving apparatus is received, transmit-
ting the pixel data of an uncompressed image for one screen
in one direction to the receiving apparatus by using a difter-
ential signal through a plurality of channels for transmitting
data of a fixed number of bits per clock of a pixel clock, ina
valid image period that is a period in which a horizontal
blanking period and a vertical blanking period are excluded
from the period from one vertical synchronization signal to
the next vertical synchronization signal, and a receiving appa-
ratus for receiving pixel data transmitted using a differential
signal from the transmission apparatus through a plurality of
channels after the capability information is transmitted.
[0428] Next, a description will be given of a sending
method, a transmission system, a transmission method, a
transmission apparatus, a receiving method, and a receiving
apparatus to which the present invention is applied.

[0429] The present invention relates to a sending method
and a transmission system that are suitable for use with a
digital video/audio input/output interface standard called the
HDMI (High-Definition Multimedia Interface) standard, and
to a transmission method, a transmission apparatus, a receiv-
ing method, and a receiving apparatus for use with the trans-
mission system.

[0430] In recent years, as an interface standard for trans-
mitting uncompressed digital video data and the like among a
plurality of video devices, an interface standard called the
HDMI standard has been developed. The HDMI standard is a
standard for transmitting video data individually in units of
one pixel as the primary-color data of each color (hereinafter
referred to as a “pixel”). Audio data is also transmitted using
atransmission line of the video data in the blanking period of
the video data. For the primary-color data to be transmitted,
primary-color data (R data, G data, B data) of 3 channels of
additive color mixing ofred, green, and blue is transmitted, or
luminance and color-difference signals of Y, Cb, and Cr are
transmitted.

[0431] Data of one pixel of each color is basically com-
posed of 8 bits. With regard to synchronization signals such as
a horizontal synchronization signal and a vertical synchroni-
zation signal, they are transmitted at a timing at which each
synchronization signal is located. Furthermore, a transmis-
sion line for a pixel clock for video data and a transmission
line for control data are also provided.
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[0432] FIG. 33 shows an overview of an example when
primary-color data (R data, G data, B data) is transmitted
using the interface of the HDMI standard. Regarding the
video data, B data, G data, and R data are individually trans-
mitted through three channels, that is, channel 0, channel 1,
and channel 2. In the example of FIG. 33, a period in which
data of 4 pixels of pixels 0, 1, 2, and 3 is transmitted is shown,
and the data of 1 pixel of each channel is composed of 8 bits.
[0433] That is, for the B data (blue data), 8-bit data B0 is
transmitted in the period of pixel 0 by using channel 0. Here-
after, 8-bit data B1, 8-bit data B2, and 8-bit data B3 are
sequentially transmitted in synchronization with the pixel
clock (not shown). For the G data (green data), 8-bit data G0
is transmitted in the period of pixel 0 by using channel 1.
Hereafter, 8-bit data G1, 8-bit data G2, and 8-bit data G3 are
sequentially transmitted in synchronization with the pixel
clock. For the R data (red data), 8-bit data R0 is transmitted in
the period of pixel 0 by using channel 2. Hereafter, 8-bit data
R1, 8-bit data R2, and 8-bit data R3 are sequentially trans-
mitted in synchronization with the pixel clock.

[0434] Although not shown in FIG. 33, control data and the
pixel clock are transmitted using another channel. The control
data is structured in such a manner that it can be transmitted
from a transmission-side apparatus (source-side apparatus)
for video data to the receiving-side apparatus (sink-side appa-
ratus) and also can be transmitted from the receiving-side
apparatus (sink-side apparatus) to the transmission-side
apparatus (source-side apparatus). In the source-side appara-
tus, data is encrypted in units of 8 bits, and in the sink-side
apparatus, the encrypted data is decrypted in units of 8 bits.
[0435] In the manner described above, the interface of the
HDMI standard is standardized on the assumption that one
pixel is sent in units of 8 bits per color. On the other hand, in
recent years, it has been studied to increase the resolution of
color, and it has been proposed that the number of bits per
color of one pixel be made more than 8. For example, it has
been proposed that the number of bits per color of one pixel be
made 10 or 12.

[0436] FIG. 34 shows an example of a transmission state in
which 10-bit data is assumed to be transmitted for each color
of one pixel in the interface of the HDMI standard. As has
already been described, the HDMI standard is a standard
assumed such that data is transmitted using 8 bits as one unit,
8 bits are transmitted in one pixel clock, and in order to
transmit 10-bit data, 2 pixel clocks are necessary. In the
example of FIG. 34, data is arranged in such a manner that
data of two pixels is transmitted in three pixel clocks. Phases
0,1, and 2, shown in FIG. 34, each indicate one cycle of one
pixel clock.

[0437] The data structure of FIG. 34 will be described. For
example, regarding B data, 8 bits among the 10 bits of the
pixel 0 are sent in the period of phase 0 of the channel 0. In the
period of phase 1, the remaining 2 bits of the pixel 0 are sent,
and in the period of the subsequent two bits, dummy data,
which is invalid data, is sent. Then, in the period of the 4 bits
of the second half of the phase 1, 4 bits among the 10 bits of
the next pixel 1 are sent. In the next period of phase 2, the
remaining 6 bits of the pixel 1 are sent, and in the period of the
subsequent two bits, dummy data, which is invalid data, is
sent. Hereinafter, this arrangement is repeated. For the G data
of channel 1 and the R data of channel 2, pixel data and
dummy data are sent in the same data arrangement. The
period in which the dummy data is arranged is an example,
and the dummy data may be arranged in another period. In the
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case of the data arrangement shown in FIG. 34, since a period
of 1.5 pixel clocks is required, the pixel clock needs to have a
higher frequency in a corresponding manner.

[0438] As a result of forming the data structure shown in
FIG. 34, itis possible to send pixel data having a large number
of bits comparatively efficiently by using the interface of the
HDMI standard that is assumed such that data is transmitted
using 8 bits as one unit.

[0439] InPCT publication W0O2002/078336, the details on
the HDMI standard have been described.

[0440] Therehas been a demand for making more advanced
data transmission possible by using this type of interface,
such as the HDMI standard. That is, the HDMI standard
stipulates that video data and audio data associated with the
video data are transmitted between a video device on the
source side and a video device on the sink side. In addition to
atransmission line for transmitting video data and audio data,
a transmission line for transmitting control data is also pro-
vided, and the control data can be transmitted using the line
for control data. However, there has been a demand for allow-
ing still another piece of data to be transmitted simulta-
neously.

[0441] The present invention has been made in view of such
points. An object of the present invention is to be capable of
efficiently performing data transmission by using a standard
in which the number of bits that can be transmitted is deter-
mined in a fixed manner, such as the HDMI standard.
[0442] The present invention has been configured as
described below. When video data is to be transmitted using a
transmission scheme for transmitting video data in units of
8-bits in synchronization with a pixel clock from a source-
side apparatus to a sink-side apparatus by using individual
transmission lines for each piece of color data or for each of
luminance and color-difference signals, video data of one
pixel to be transmitted from the source-side apparatus to the
sink-side apparatus is made to be of a predetermined number
of bits, which is not an integral multiple of 8 bits. The video
data of a predetermined number of bits, which is not an
integral multiple of 8 bits, is transmitted at a timing synchro-
nized with a pixel clock. Data differing from the video data of
a predetermined number of bits is arranged in a marginal
transmission period that occurs in an amount corresponding
to the number of bits of the difference between the number of
bits transmitted in the period of the pixel clock assigned to the
transmission of one pixel and the predetermined number of
bits, and is transmitted from the source-side apparatus to the
sink-side apparatus.

[0443] As a result of the above, it is possible to transmit
various kinds of data differing from main video data by using
a marginal transmission period that occurs in an amount
corresponding to the number of bits of the difference between
the number of bits transmitted in the period of the pixel clock
assigned to the transmission of one pixel and the predeter-
mined number of bits.

[0444] According to the present invention, it is possible to
transmit various kinds of data differing from main video data
by using a marginal transmission period that occurs in an
amount corresponding to the number of bits of the difference
between the number of bits transmitted in the period of the
pixel clock assigned to the transmission of one pixel and the
predetermined number of bits. Both the transmission of pixel
data having a number of bits larger than 8 bits and the trans-
mission of various kinds of data differing from main video
data can be performed, and thus transmission efficiency is
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improved. Furthermore, the transmission mode is a transmis-
sion mode in which the transmission unit of 8 bits, which is
defined by the transmission standard, is maintained, and
encryption and decryption can be performed in a state defined
by the standard.

[0445] An embodiment of the present invention will be
described below with reference to FIGS. 26 to 32.

[0446] Inthis example, the present invention is applied to a
transmission system for transmitting video data and the like
from a source-side apparatus to a sink-side apparatus by using
the HDMI standard. FIG. 26 shows a system configuration of
this example, in which a video recording/reproduction appa-
ratus 310 that is a source-side apparatus and a television
receiver 330 that is a sink-side apparatus are connected to
each other via an HDMI cable 301, so that video data and
audio data are transmitted from the video recording/repro-
duction apparatus 310 to the television receiver 330. In the
following description, regarding the HDMI standard, neces-
sary configuration and the like are described in sequence.
Basically, the existing HDMI standard is used as it is, and the
configuration of the HDMI cable 301 and the like are the same
as those of the related art.

[0447] The video recording/reproduction apparatus 310
will be described first. The video recording/reproduction
apparatus 310 includes a recording/reproduction section 311
and can record and reproduce video data and audio data. As
the recording/reproduction section 311, for example, a hard
disk drive (HDD) apparatus can be used. Video data obtained
by reproduction by the recording/reproduction section 311 is
supplied to a video processor 312, and audio data obtained by
reproduction is supplied to an audio processor 314. The video
recording/reproduction apparatus 310 further includes a tuner
316, and video data and audio data obtained by reception by
the tuner 316 are supplied to the video processor 312 and the
audio processor 314.

[0448] The video processor 312 performs processing for
setting video data obtained by reproduction or reception to be
video data for transmission. At this point, the video processor
312 of this example is configured so as to be capable of
simultaneously processing video data of two systems, so that
video data for a main image and video data for a sub-image
can be generated. Regarding the video data for a main image,
for example, one pixel is set as 10-bit data for each color, and
regarding the video data for a sub-image, for example, one
pixel is set as 2-bit data for each color.

[0449] The audio processor 314 performs processing for
setting audio data obtained by reproduction or reception to be
audio data for transmission. At this point, the audio processor
314 of this example can perform processing for setting the
supplied audio data to be audio data of a general data structure
for 2-channel audio reproduction and also to be audio data for
which multi-channel reproduction, such as 5.1 channel, is
performed. Audio data for 2-channel reproduction and audio
data for multi-channel reproduction can be output simulta-
neously. The audio data for multi-channel reproduction may
be bit-compressed audio data.

[0450] The video data and the audio data output by the
video processor 312 and the audio processor 314 are output to
an HDMI transmission processor 320. The HDMI transmis-
sion processor 320 is a circuit part for performing transmis-
sion processing of the interface of the HDMI standard and is,
for example, formed as an integrated circuit. The video data
and the audio data supplied to the HDMI transmission pro-
cessor 320 are multiplexed by a multiplexing circuit 321.
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During the multiplexing, for the video data ofthe mainimage,
data of 1 pixel is arranged using the period of 1.5 pixel clocks.
However, since the transmission of 8 bits is possible for each
channel in the period of 1 pixel clock, the transmission of 12
bits is possible in the period of 1.5 pixel clocks. In the case of
this example, by using a period for 2 bits, which is a marginal
period that occurs every 1.5 pixel clocks, other data is
arranged by the multiplexing circuit 321.

[0451] As the other data, for example, sub-image data gen-
erated by the video processor 312 is arranged. As has already
been described, the sub-image data is uncompressed video
data such that 1 pixel is 2 bits per color, and is arranged at the
interval of 1 pixel in the marginal period that occurs for 2 bits
per pixel. However, horizontal synchronization data and ver-
tical synchronization data in a blanking period are transmitted
with regard to only the main image, and with regard to the
sub-image data, vertical synchronization data and horizontal
synchronization data exclusively used for the sub-image data
are not transmitted. A specific example of the transmission of
data will be described later. As the above-described other
data, audio data for multi-channel reproduction may be
arranged separately every two bits at the intervals of 1.5 pixel
clocks. Alternatively, control data having a comparatively
large amount of transmission data generated by the controller
315 of the video recording/reproduction apparatus 310 or
auxiliary information may be arranged separately every two
bits at the intervals of 1.5 pixel clocks.

[0452] 2-channel audio data is multiplexed in such a man-
ner as to be transmitted using a blanking period of a channel
in which the video data therefor is transmitted. The process-
ing in which the 2-channel audio data is arranged in the
blanking period and is transmitted is a common transmission
process formulated by the HDMI standard.

[0453] Then, the data for transmission, which was multi-
plexed by the multiplexing circuit 321, is encrypted by an
HDCP encryptor 322. The HDCP encryptor 322 is designed
s0 as to encrypt a channel in which at least video data is
transmitted in accordance with the HDCP (High-bandwidth
Digital Content Protection System) standard. Encryption
herein is performed by using 8-bit data of 1 channel as a unit.
[0454] The data encrypted by the HDCP encryptor 322 is
supplied to the transmission processor 323. Pixel data of each
color is arranged in individual channels. In a pixel clock
channel and a control data channel, a corresponding clock and
corresponding data are arranged respectively, and these are
sent to the HDMI cable 301 connected to an HDMI terminal
324.

[0455] The HDMI cable 301 is connected to an HDMI
terminal 341 of a television receiver 330. The data transmitted
via the HDMI cable 301 connected to the HDMI terminal 341
is detected (received) in synchronization with the pixel clock
by a transmission processor 342 within the HDMI transmis-
sion processor 340. The detected data of each channel is
decrypted from the encryption at the time of transmission by
an HDCP decryptor 343. Decryption herein is also performed
in units of 8 bits per channel.

[0456] The decrypted data is supplied to a demultiplexing
circuit 344, whereby the data multiplexed for each channel is
separated. For the separation process herein, audio data (au-
dio data of 2 channels) arranged in the blanking period of the
channel in which a video is transmitted is separated from the
video data (main video data). Furthermore, the data arranged
in the marginal period for two bits, which occurs every 1.5
pixel clocks, is also separated from the video data. When the
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data arranged in the marginal period is sub-video data, the
sub-video data is extracted. When the data arranged in the
marginal period is multi-channel audio data, the multi-chan-
nel audio data is extracted. When the data arranged in the
marginal period is control data or auxiliary information, the
control data or the auxiliary information is extracted.

[0457] The main video data and the sub-video data sepa-
rated by the demultiplexing circuit 344 is supplied to a video
selector/combiner 331. The video selector/combiner 331
selects one of the video images on the basis of an instruction
from a controller 336 of the television receiver 330 and sup-
plies the selected video data to the video processor 332. The
video processor 332 performs necessary processing on the
supplied video data and supplies it to a display processor 333.
The display processor 333 performs processing for driving a
display panel 360.

[0458] The audio data separated by the demultiplexing cir-
cuit 344 is supplied to an audio processor 334, whereby audio
processing, such as analog conversion, is performed thereon.
The processed output is supplied to an output processor 335,
whereby processing such as amplification is performed
thereon so as to drive a speaker so that audio is output from a
plurality of speakers 351 to 354 connected to an output pro-
cessor 335. When the audio data supplied to the audio pro-
cessor 334 is 2-channel audio data, processing for 2 channels
is performed, and when the audio data is multi-channel audio
data, processing for multi-channel audio reproduction is per-
formed.

[0459] The control data separated by the demultiplexing
circuit 344 is supplied to the controller 336. The control data
can also be sent from the controller 336 of the television
receiver 330 to the controller 315 on the video recording/
reproduction apparatus 310 side by using a control data chan-
nel.

[0460] FIG. 27 shows an example of data structure for each
channel through which data is transmitted via the HDMI
cable 301 between the transmission processor 323 of the
video recording/reproduction apparatus 310 and the trans-
mission processor 342 of the television receiver 330. As
shown in FIG. 27, as channels for transmitting video data,
three channels, that is, channel 0, channel 1, and channel 2,
are provided and furthermore, a clock channel for transmit-
ting a pixel clock is provided. Furthermore, a DDC line and a
CEC line are provided as control data transmission channels.
[0461] On the transmission side, transmission processors
(transmitters) 323a, 3235, and 323¢ are provided within the
transmission processor 323 for each channel for transmitting
video data. Also, on the reception side, transmission proces-
sors (data receivers) 342a, 342, and 342¢ are provided
within the transmission processor 342 for each channel for
transmitting video data.

[0462] The configuration of each channel will be described.
Inthe channel 0, pixel data of B data, vertical synchronization
data, horizontal synchronization data, and auxiliary data are
transmitted. In the channel 1, pixel data of G data, two types
of control data (CTLO, CTL1), and auxiliary data are trans-
mitted. In the channel 2, pixel data of R data, two types of
control data (CTL2, CTL3), and auxiliary data are transmit-
ted.

[0463] FIG. 28 shows line structure and pixel structure for
one frame, which is transmitted in the transmission configu-
ration of this example. Video data (main video data) transmit-
ted in the case of this example is uncompressed data, and a
vertical blanking period and a horizontal blanking period are
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added thereto. More specifically, in the example of FIG. 28, a
video area (area shown as an active video area) to be dis-
played is set to be pixel data of 480 linesx . . . 720 pixels, and
the number of lines and the number of pixels containing up to
the blanking period are set to be 525 lines and 858 pixels,
respectively. The area indicated by double hatching (the
oblique lines in the right direction and in the left direction) in
the blanking period is a period, in which auxiliary data can be
added, which is called a data island.

[0464] Next, a description will be given, with reference to
FIG. 29, of a state in which data is transmitted using channel
0, channel 1, and channel 2 through which pixel data is
transmitted in the transmission configuration of this example.
In the example of FIG. 29, data is arranged such that data of
two pixels is transmitted in 3 pixel clocks. As data arranged in
a marginal period for 2 bits, which occurs every 1.5 pixel
clocks, sub-image data is used as an example. Phases 0, 1, and
2 shown in FIG. 29 each indicate one cycle of one pixel clock.
[0465] The data structure of FIG. 29 will be described. For
example, regarding the B data, 8 bits among the 10 bits of the
pixel 0 of the main image data in the period of phase 0 of the
channel 0 are sent, the remaining 2 bits of the pixel 0 of the
main image data are sent in the period at phase 1, and one
pixel of B data of the sub-image data is sent in the period of
the subsequent 2 bits.

[0466] Then, in the 4-bit period of the second half period of
phase 1, 4 bits among the 10 bits of the next pixel 1 of the main
image data are sent. In the period of the next phase 2, the
remaining 6 bits of the pixel 1 of the main image data are sent,
and in the period of the subsequent 2 bits, one pixel of the B
data of the sub-image data is sent. Hereinafter, this arrange-
ment is repeated. Regarding the G data of the channel 1 and
the R data of the channel 2, the pixel data of the main image
data and the pixel data of the sub-image are sent in the same
data arrangement. In FIG. 29, data B0, G0, R0, B1, G1, and
R1 each indicate pixel data of the three primary colors of the
main image. Data BS0, GS0, RS0, BS1, GS1, and RS1 each
indicate pixel data of the three primary colors of the sub-
image.

[0467] FIG. 30 shows another example of data structure. In
this example, when compared with the example of FIG. 29, as
the period of phase 1, in the period of the first 2 bits, the
remaining 2 bits of the pixel data of the main image of the
pixel 0, which continues from the period of the previous phase
0, are sent. Next, 2-bit pixel data of the pixel 0 of the sub-
image is sent, and furthermore, 2-bit pixel data of the pixel 1
of the sub-image is sent. Then, in the period of the final two
bits at phase 1, the first 2 bits of the pixel data of the main
image of the pixel 1 are sent, and at phase 2, the pixel data of
the main image of the remaining 8 bits of pixel 1 is sent. In the
manner described above, in the example of FIG. 30, the
position at which the pixel data of the sub-image is arranged
differs from that in the example of FIG. 29.

[0468] In the examples of FIGS. 29 and 30, as data other
than the pixel data of the main image, the pixel data of the
sub-image is used. Also, when other data, such as multi-
channel audio data and control data, is to be arranged, it may
be arranged at identical positions. As control data, for
example, luminance control data for backlight required by a
display panel may be sent.

[0469] FIG. 31 shows an example in which multiplexing
data example is instructed from the source side to the sink side
by using data called VSDB, which is data that specifies the
structure of transmission data, when multiplexing for arrang-

Ex.1023 / Page 75 of 84
Intel Corp. et d



US 2009/0278984 Al

ing data other than pixel data of a main image is performed in
the manner described above. Data of VSDB is data transmit-
ted using a DDC line (FIG. 27). In the case of the VSDB of
this example, the data of the 6th byte indicates how many bits
one pixel is composed of. In the case of this example, data of
a total of 30 bits such that one pixel is 10 bits per color is
shown. Then, the presence/absence of the sub-image is
shown. In place of the data for the presence/absence of the
sub-image, the presence/absence of addition of multi-channel
audio or the presence/absence of addition of control data may
be shown.

[0470] The controller 336 (FIG. 26) of the sink-side appa-
ratus (television receiver 330) determines what kind of format
the sub-image is transmitted by making a determination as to
the data of the VSDB, and allows the demultiplexing circuit
344 or the like to perform processing, such as separation and
decoding ofthe data of the received sub-image, so that display
using the sub-image is correctly performed.

[0471] As data regarding the sub-image sent using VSDB,
more detailed data, such as the number of pixels of the sub-
image, may be sent. For example, when there are 4 types of
formats A, B, C, and D as the format of the sub-image, the
transmission may be configured such that which one of the 4
types the format is by using the low-order 4 bits of the 6th byte
data. The details of the formats A, B, C, and D may be
transmitted separately and may be reported to the sink-side
apparatus. For example, the format A may be such that the
sub-image has the same number of pixels, one pixel of each
coloris 2 bits, and the main image and the sub-image have the
same frame rate. The format B may be such that the sub-
image has a number of pixels of V4 that of the main image, one
pixel of each color is 8 bits, and the main image and the
sub-image have the same frame rate. The details of such data
structure of the sub-image may be transmitted and reported.
[0472] At this point, the data of VSDB is used to instruct a
multiplexing data example from the source side. Alterna-
tively, a device on the sink side may send identical data in
order to show the capability of data that can be received (a
display process capability). That is, when connected devices
mutually authenticate, the controller of the sink-side appara-
tus shows its own display process capability to the source side
by using the data of the VSDB (or other data). The controller
on the source side constructs data so as to transmit the data of
the sub-image at a format matching the capability. As a result
of'the above, a state of appropriate sub-image data transmis-
sion is reached.

[0473] The configuration in which data regarding a sub-
image is transmitted using the data of the VSDB transmitted
through a DDC line is an example. In addition, similar data,
which is transmitted between the source-side apparatus and
the sink-side apparatus, may be transmitted using another
data period. For example, in a portion of a period of a data
island in the blanking period shown in FIG. 28, additional
information indicating that data containing a sub-image has
been transmitted may be arranged.

[0474] At this point, the amount of data, such as a sub-
image, that can be transmitted, will be studied. For example,
when the frequency of'the clock channel is approximately 225
MHz, data up to approximately 900 Mbps can be transferred
on the basis of 225 MHz*(3 ch*8 bits)*((12 bits—10 bits)/12
bits)=900 Mbps. Furthermore, when a study is made on the
basis of the number of pixels of a main image, in the case that
the main image is 1920 pixelsx . . . 1080 p at 60 Hz, the
sub-video image becomes, for example, 1920 pixelsx . . .
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1080 p at 60 Hz at 2"6=64 colors, and the sub-image is sent in
synchronization with the main video image. In another
example, when the main video image is 1920 pixelsx ... 1080
p at 60 Hz, ifthe resolution of the sub-image is made to be 960
pixelsx . . . 540 p half that the length and width of the main
image, a sub-video image such that one pixel is 8 bits is
obtained for each color. Furthermore, a sub-video image of an
SD resolution of 720 pixelsx . . . 480 p at 60 Hz such that one
pixel is 12 bits for each color can be sent in synchronization
with the main video image. In the manner described above,
for the sub-image, the color can be made to be represented by
alarger number of bits, and the combination of the numbers of
pixels can be changed as desired in a range not exceeding the
transmission speed of data (dummy data in FIG. 34) that is
left over in the transmission of the main image.

[0475] FIG. 32 shows an example of a main image and a
sub-image. In this example, as a main image displayed in the
television receiver 330, an aerial photograph (satellite photo-
graph) image 361 of a specific place is shown, and a map
image of that place is shown as a sub-image 362. By sending
and displaying the main image and the sub-image that are
related to each other in the manner described above, images
can be used differently. In the case of this example, since the
main image and the sub-image can be transmitted in such a
manner that the bit positions are completely synchronized,
synchronization data of the main image can be commonly
used, and thus efficient transmission is possible.

[0476] By applying the transmission process of this
example in the manner described above, the number of bits of
the main image data can be increased to the number of bits in
one transmission unit, and also, various kinds of data, such as
a sub-image, can be transmitted using bit positions that are
left over at that time. Thus, it is possible to achieve both a
larger number of bits and improved transmission efficiency.
[0477] In the embodiment described thus far, an example
has been described in which data of 10 bits per pixel is
transmitted. When data of 12 bits, 14 bits, or the like differing
from the number of bits (here, 8 bits) in basic transmission
units is to be transmitted, other data such as a sub-image may
be transmitted in the period of the bits that are left over in that
case.

[0478] Furthermore, the present invention may be applied
to a format at which transmission is possible at another num-
ber of bits, such as a format at which one pixel can be trans-
mitted in units of 16 bits. Also, with regard to a unit for
encryption and decryption, the present invention may be
applied to processing performed by using another number of
bits, such as 16 bits, as a unit.

[0479] The embodiment has been described on the assump-
tion of the interface of the HDMI standard. The present inven-
tion can be applied to other similar transmission standards.
[0480] HDMI allows any video format timing to be trans-
mitted and displayed. To maximize interoperability between
products, common DTV formats have been defined. These
video format timings define the pixel and line counts and
timing, synchronization pulse position and duration, and
whether the format is interlaced or progressive. HDMI also
allows vendor-specific formats to be used.

[0481] InHDMI(R), the video pixels carried across the link
are in one of three different pixel encodings: RGB 4:4:4,
YCzCr 4:4:4 0or YCZCpr 4:2:2.

[0482] The HDMI “source” determines the pixel encoding
and video format of the transmitted signal based on the char-
acteristics of the source video, the format and pixel encoding
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conversions possible at the “source”, and the format and pixel
encoding capabilities and preferences of the “sink”.

[0483] InHDMI(R), in order to provide maximum compat-
ibility between video “sources” and “sinks”, specific mini-
mum requirements have been specified for “sources” and
“sinks”.

[0484] In HDMI(R), some of support necessary conditions
(1) to (vii) shown below are added to those specified in CEA-
861-D.

[0485] (i) An HDMI “source” supports at least one of the
following video format timings.

[0486] 640x480p @ 59.94/60 Hz

[0487] 720x480p @ 59.94/60 Hz

[0488] 720x576p @ 50 Hz

[0489] (ii) An HDMI “source” that is capable of transmit-
ting any of the following video format timings using any other
component analog or uncompressed digital video output, is
capable of transmitting that video format timing across the
HDMI interface.

[0490] 1280x720p @ 59.94/60 Hz

[0491] 1920x1080i @ 59.94/60 Hz

[0492] 720x480p @ 59.94/60 Hz

[0493] 1280x720p @ 50 Hz

[0494] 1920x1080i @ 50 Hz

[0495] 720x576p @ 50 Hz

[0496] (iii)) An HDMI “sink” that accepts 60 Hz video for-
mats supports the 640x480p @ 59.94/60 Hz and 720x480p @
59.94/60 Hz video format timings.

[0497] (iv) An HDMI “sink” that accepts 50 Hz video for-
mats supports the 640x480p @ 59.94/60 Hz and 720x576p @
50 Hz video format timings.

[0498] (v) An HDMI “sink” that accepts 60 Hz video for-
mats, and that supports HDTV capability, supports 1280x
720p @ 59.94/60 Hz or 1920x1080i @ 59.94/60 Hz video
format timings.

[0499] (vi) An HDMI “sink” that accepts 50 Hz video for-
mats, and that supports HDTV capability, supports 1280x
720p @ 50 Hz or 1920x1080i @ 50 Hz video format timings.
[0500] (vii) An HDMI “sink™ that is capable of receiving
any of the following video format timings using any other
component analog or uncompressed digital video input, is
capable of receiving that format across the HDMI interface.
[0501] 1280x720p @ 59.94/60 Hz

[0502] 1920x1080i @ 59.94/60 Hz

[0503] 1280x720p @ 50 Hz

[0504] 1920x1080i @ 50 Hz

[0505] During the “data island” period, HDMI carries
HSYNC and VSYNC signals using encoded bits on “chan-
nel” 0. During “video data” periods, HDMI does not carry
HSYNC and VSYNC and the “sink” should assume that these
signals remain constant. During “control” periods, HDMI
carries HSYNC and VSYNC signals through the use of four
different control characters on TMDS “channel” 0.

[0506] Only pixel encodings of RGB 4:4:4, YCCy 4:2:2,
and YC;Cj 4:4:4 (as specified in Section 6.5) may be used on
HDMI.

[0507] AIIHDMI “sources” supports either YC;C 4:2:2 or
YCzCy 4:4:4 pixel encoding whenever that device is capable
oftransmitting a color-difference color space across any other
component analog or digital video interface except where that
device would be required to convert RGB video to YC;Cy in
order to meet this requirement.

[0508] All HDMI “sinks™ is capable of supporting both
YC5Cx 4:4:4 and YC;Cp 4:2:2 pixel encoding when that
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device is capable of supporting a color-difterence color space
from any other component analog or digital video input.
[0509] If an HDMI “sink™ supports either YC;Cp 4:2:2 or
YC;Cy 4:4:4, then both are supported.

[0510] AnHDMI “source” may determine the pixel-encod-
ings that are supported by the “sink” through the use of the
E-EDID. If the “sink™ indicates that it supports YCzCx-for-
matted video data and if the “source” can deliver YC;C, data,
then it can enable the transfer of this data across the link.
[0511] HDMI “sources” and “sinks” may support color
depths of 24, 30, 36 and/or 48 bits per pixel. All HDMI
“sources” and “sinks” supports 24 bits per pixel.

[0512] Color depths of 30, 36, and 48 bits greater than 24
bits are defined as “deep color” modes. If an HDMI “source”
or “sink™ supports any “deep color” mode, it supports 36-bit
mode though all “deep color” modes are optional.

[0513] For each supported “deep color” mode, RGB 4:4:4
is supported and optionally YCC 4:4:4 may be supported.
YC;Cp 4:2:2 is not permitted for any “deep color” mode.
[0514] An HDMI “sink” supports all EDID-indicated
“deep color” modes on all EDID-indicated video formats
except if that combination exceeds the Max_TMDS_Clock
indication.

[0515] An HDMI “source” does not send any “deep color”
mode to a “sink” that does not indicate support for that mode.
[0516] All specified video line pixel counts and video field
line counts (both active and total) and HSYNC and VSYNC
positions, polarities, and durations is adhered to when trans-
mitting a specified video format timing.

[0517] For example, if a “source” is processing material
with fewer active pixels per line than required (i.e. 704 pixels
vs. 720 pixels for standard definition MPEG2 material), it
may add pixels to the left and right of the supplied material
before transmitting across HDMI. AVI bar info may need to
be adjusted to account for these added pixels.

[0518] Detailed timing is found in CEA-861-D or a later
version of CEA-861 for the following video format timings.
[0519] The primary video format timings are as follows.
[0520] 640x480p @ 59.94/60 Hz

[0521] 1280x720p @ 59.94/60 Hz

[0522] 1920x1080i @ 59.94/60 Hz

[0523] 720x480p @ 59.94/60 Hz

[0524] 720(1440)x480i @ 59.94/60 Hz

[0525] 1280x720p @ 50 Hz

[0526] 1920x1080i @ 50 Hz

[0527] 720x576p @ 50 Hz

[0528] 720(1440)x576i @ 50 Hz

[0529] The secondary video format timings are as follows.
[0530] 720(1440)x240p @ 59.94/60 Hz

[0531] 2880x480i @ 59.94/60 Hz

[0532] 2880x240p @ 59.94/60 Hz

[0533] 1440%x480p @ 59.94/60 Hz

[0534] 1920x1080p @ 59.94/60 Hz

[0535] 720(1440)x288p @ 50 Hz

[0536] 2880x576i @ 50 Hz

[0537] 2880x288p @ 50 Hz

[0538] 1440x576p @ 50 Hz

[0539] 1920x1080p @ 50 Hz

[0540] 1920x1080p @ 23.98/24 Hz

[0541] 1920x1080p @ 25 Hz

[0542] 1920x1080p @ 29.97/30 Hz

[0543] 2880x480p @ 59.94/60 Hz

[0544] 2880x576p @ 50 Hz

[0545] 1920%x1080i (1250 total) @ 50 Hz
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[0546] 720(1440)x480i @ 119.88/120 Hz

[0547] 720x480p @ 119.88/120 Hz

[0548] 1920x1080i @ 119.88/120 Hz

[0549] 1280x720p @ 119.88/120 Hz

[0550] 720(1440)x480i @ 239.76/240 Hz

[0551] 720x480p @ 239.76/240 Hz

[0552] 720(1440)x576i @ 100 Hz

[0553] 720x576p @ 100 Hz

[0554] 1920x1080i @ 100 Hz

[0555] 1280x720p @ 100 Hz

[0556] 720(1440)x576i @ 200 Hz

[0557] 720x576p @ 200 Hz

[0558] Next, a description will be given of pixel repetition.
[0559] Video formats whose unique pixel rate is 25M pix-

els/sec or less needs pixel repetition because they are sent via
the TMDS link. At the video format timings of 720x480i and
720%x5761, pixels are always repeated.

[0560] Furthermore, the HDMI(R) “source” indicates use
of'pixel repetition using a “pixel-repetition field in AVI InfoF-
rame. This field indicates the number of pixel repetitions,
each of which is unique, which is transmitted to the HDMI(R)
“sink”. In non-repeated formats, this value is set to 0.

[0561] Regarding pixel-repeated formats, this value indi-
cates the number of pixels that can be discarded by the “sink”
without losing real image content.

[0562] The “source” always indicates a pixel repetition
count that is used correctly. The use of the “pixel-repetition
field is optional with regard to the HDMI(R) “sink”™. The use
of the pixel repetition is described in detail in CEA-861-D.
[0563] There are three types of pixel coding that can be sent
viaan HDMI(R) cable: YC;Cp 4:4:4,YC;Cy 4:2:2, and RGB
4:4:4. Whichever coding is used, this conforms to one of the
methods described below.

[0564] Four color depths, thatis, 24,30, 36, and 48 bits, are
supported per pixel. In the depths (the “deep color” mode) of
30, 36, and 48 bits, which are greater than 24 bits, only RGB
4:4:4 and YC;Cy 4:4:4 are permitted.

[0565] FIG. 35 shows default coding, that is, RGB 4:4:4 for
a 24-bit color depth.

[0566] The R, G, and B components of the first pixel for a
specific line of video are transferred in the first pixel in the
video data period following a guard band character.

[0567] FIG. 36 shows a signal mapping and a timing for
transferring 24-bit YC;Cp 4:2:2 data in HDMI(R).

[0568] Since 4:2:2 data needs only two components per
pixel, it is possible to assign more bits to each component. In
FIG. 36, 24 bits that can be used are divided into 12 bits for the
Y component and are divided into 12 bits for the C compo-
nent.

[0569] YCzCj 4:2:2 pixel coding in HDMI(R) resembles
much the standard ITU-R BT.601. The high-order 8 bits of a
Y sample are mapped to 8 bits of “channel” 1, and the low-
order 4 bits are mapped to the low-order 4 bits of “channel” 0.
When 12 bits or less are used, effective bits are justified to the
left (that is, MSb=MSb) by embedding 0 to the LSb or lower
bits.

[0570] The first pixel transmitted within the “video data
period” contains three components Y0, Cb0, and Cr0.Y0 and
Cb0 components are transmitted in the first pixel period, and
Cr0 is transmitted in the second pixel period. The second
pixel period also contains only the component Y1 of the
second pixel. In the manner described above, through the link,
one Cz sample is sent at intervals of two pixels, and one Cr
sample is sent at intervals of two pixels.
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[0571] The two components (Cz and C) are multiplexed
and transmitted in the same signal path of the link.

[0572] Furthermore, in the third pixel, this process is
repeated on the third pixel to be transmitted using the Y and
Cj components. In the next pixel period, the C, component of
the third pixel and the Y component of the fourth pixel follow
this.

[0573] That is, with regard to the image of YCzCj 4:2:2,
each pixel has Y component, and one pixel within the two
pixels has Cz; component and C; component at intervals of
two pixels. In HDMI(R), 12 bits are assigned to each of the Y
component, the C; component, and the C, component of the
pixel data of an image of YC;C 4:2:2.

[0574] Then,in HDMI(R), as shown in FIG. 36, with regard
to the pixel data of YC;Cj 4:2:2, the low-order 4 bits (bits
3-0) within the Y component of 12 bits of one pixel and the
low-order 4 bits (bits 3-0) of one of the C; components and
the Cx components of 12 bits of one pixel can be transmitted
through the TMDS channel #0 per clock of the pixel clock.
Furthermore, through the TMDS channel #1, the high-order 8
bits (bits 11-4) within the’ Y component of 12 bits of one pixel
is transmitted. Also, through the TMDS channel #2, the high-
order 8 bits (bits 11-4) of one of the C; component and the C,
component of 12 bits of one pixel can be transmitted.

[0575] That is, with respect to the pixel data of YC,Cp
4:2:2, the Y component of 12 bits of one pixel is transmitted
per clock of the pixel clock. Furthermore, one of the Cg
component and the C; component of 12 bits of one pixel is
transmitted per clock of one of two pixel clocks, and the other
component is transmitted per remaining clock.

[0576] FIG. 37 shows a signal mapping and a timing for
transferring 24-bit YC,Cy 4:4:4 data in HDMI(R).

[0577] Next, a description will be given of packing of deep
color pixels.
[0578] In the color depth of 24 bits/pixel, pixels are sent at

the rate of one pixel per TMDS clock. In a color depth deeper
than this, the TMDS clock is executed earlier than the source
pixel clock and provides an extra bandwidth to additional
pixels. Furthermore, the TMDS clock rate increases at the
ratio of the pixel size to 24 bits.

[0579] The TMDS clock in each bit mode is shown in the
following.

[0580] (i) 24-bit mode: TMDS clock=1.0x pixel clock (1:1)
[0581] (ii) 30-bit mode: TMDS clock=1.25x pixel clock
5:4)

[0582] (iii) 36-bit mode: TMDS clock=1.5x pixel clock
(3:2)

[0583] (iv) 48-bit mode: TMDS clock=2.0x pixel clock
2:DH

[0584] When operating in the “deep color” mode, all the

video data (pixels) and signals (HSYNC, VSYNC, DE tran-
sition) are categorized as a series of pack formats “pixel
groups”. Each of them has the same number of pixels, and
needs the same number of TMDS clocks for the purpose of
transmission. In each TMDS clock, the “fragment of one
pixel group” is transmitted. The number of pixels per group
and the number of fragments per group are determined by the
pixel size.

[0585] Inthe following, the number of pixels per group and
the number of fragments per group in each bit mode are
shown.

[0586] (i) 24-bit mode: 1 pixel/group, 1 fragment/group
[0587] (ii) 30-bit mode: 4 pixels/group, 5 fragments/group
[0588] (iii) 36-bit mode: 2 pixels/group, 3 fragments/group
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[0589]

[0590] During the active video period, the input pixel data
is packed to these groups. During the blanking period,
HSYNC and VSYNC are packed to these same groups. In the
manner described above, all the video-related protocol ele-
ments are sent in direct proportion to the pixel clock. In the
manner described above, it is ensured that there is no change
in the relation between the pixel clock and the pixel data and
between DE transition and HSYNC or VSYNC transition.
This makes it possible to be supported in 24 bits/pixel, which
is supported equally at another pixel size.

[0591] All other HDMI(R) protocol elements are not
affected by “deep color” pixel packing. “Data islands”,
“video guard bands”, and “preamble” occur in the same man-
ner as that in a normal (24-bit) mode. That is, each “pre-
amble” is 8 TMDS clocks, each “data island” is 32 TMDS
clocks, and each “guard bandwidth” is 2 TMDS clocks.

[0592] In the manner described above, the pixel group is
composed of 1, 2, or 4 pixels. Each pixel group is divided into
1,2, 3, or 5 pixel fragments, in which one fragment is trans-
mitted per TMDS clock.

[0593] In each TMDS character period (1 TMDS clock)
within a stream to be transmitted, the “fragment of a single
pixel group” is sent, thereby showing a specific “packing
phase” of the group.

[0594] In order to synchronize the unpacking state of the
pixel with the pixel packed state of the source, the “sink”
needs to make a determination as to which character within a
character stream indicates the start or phase 0 of a new group.
In order to achieve this, the source sends a packet indicating
the packing phase of a specific pixel. This packet is sent at
least once per video field and indicates the then-current pack-
ing state. By using the data, the sink determines the first start
point of each new group, confirms that synchronization con-
tinues by using periodic updating, or recovers from gross
errors in the link.

(iv) 48-bit mode: 1 pixel/group, 2 fragments/group

[0595] FIG. 38 shows all “pixel codings™ for all color
depths.
[0596] In FIG. 38, packing of each phase is shown with

regard to each mode. The packing phase for active video is
identified as “mPn” (10P0, 10P1, etc.), and the packing phase
of blanking is identified as “mCn” (10C0, 10C1, etc.).

[0597] During the blanking, one HSYNC value and one
VSYNC value are sent per pixel clock in each “pixel group”.
This is for providing HSYNC and VSYNC slots, the number
of which is greater by one than the necessary number per
group (for example, 5 TMDS clocks with respect to 4 pixels).
For this reason, the HSYNC and the VSYNC values are
simply repeated in the final TMDS clock of the group.
[0598] FIGS. 39 to 43 show a group size and the sequence
of HSYNC and VSYNC transmission within the group with
regard to a 24-bit mode, a 30-bit mode, a 30-bit mode, the
remainder of a 36-bit mode, and a 48-bit mode.

[0599] In FIGS. 39 to 43, source HSYNC/VSYNC values
of'each pixel are labeled as S, T, U, and V (as necessary). The
source HSYNC/VSYNC value S is the leftmost (earliest)
code within the group.

[0600] In a 30-bit mode, if the “video data period” ends
before the pixel group boundary, the remaining fragments are
filled using one or more steps from the 10PCn sequence
shown in FIG. 41 until the group boundary is reached (step
10PC4). After that, the normal sequence is used (steps 10Cn).
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[0601] FIG. 41 shows the remainder of a 30-bit mode (the
falling edge of DE occurs in an intermediate group). “10PCn”
shown in FIG. 41 refers to a bridge state regarding the tran-
sition from 10Pn to 10C0.

[0602] When in a “deep color” mode, the “source” and
“sink” each record the packing phase of the last pixel char-
acter of a “video data” period.

[0603] The “source” occasionally sends a “general control
packet (GCP)” communicating the current color depth and
the packing phase of the last pixel character sent prior to the
GCP. This data is valid in the GCP whenever CD (CD0, CD1,
CD2, CD3) is nonzero.

[0604] Whenever the “sink™ receives a GCP with non-zero
CD data, it should compare the receiver’s own color depth and
phase with the CD data. If they do not match, the “sink”
should adjust its color depth and/or phase to match the CD
data.

[0605] When transmitting “deep color”, the “source” sends
a “general control packet (GCP)” with an accurate CD field
indicating the current color depth and with the PP field (PPO,
PP1, PP2, PP3) indicating the packing phase of the last pixel
character (within the last “video data period”) sent prior to the
GCP. “Sources” only send GCPs with non-zero CD to “sinks”
that indicate support for “deep color”, and only select color
depths supported by the “sink”.

[0606] Once a “source” sends a GCP with non-zero CD to
a sink, it should continue sending GCPs with non-zero CD at
least once per video field even if reverting to 24-bit color, as
long as the “sink™ continues to support “deep color”.

[0607] When the “sink” does not receive a GCP together
with a non-zero CD for 4 or more consecutive video fields, the
“sink” should need to exit the deep color mode (revert to
24-bit color).

[0608] FIG. 44 shows color depth values (CD fields) of
SB1.
[0609] As shownin FIG. 44, when the CD is 0, information

on the color depth is not indicated. PP is set to 0.

[0610] When the CD is other than 0, the color depth is
displayed, and the packing phase bit (PP) is valid.

[0611] When the “sink” does not indicate support for the
“deep color”, a CD field of 0 (the “color depth” is not indi-
cated) is used. This value may also be used in the “deep color”
mode to transmit a GCP indicating only “non-deep color”
information (e.g., AVMUTE).

[0612] When the CD field indicates 24 bits per pixel, the PP
field is invalid and should be ignored by the “sink™.

[0613] Inthe “pixel packing phase” field (PP) of SB1, when
the CD fieldis 0, the PP field is also set to 0. When the CD field
is not 0, the PP field indicates the packing phase of the final
fragment of the most recent “video data period” (prior to the
GCP message).

[0614] FIG. 45 shows a specific PP value regarding each
packing phase shown in a packing phase table in an early
period.

[0615] Since phase 0 always represents only part of the first
pixel of the group, no “video data period” will end at phase 0.
Therefore, Packing phase 0 does not need to be indicated
using the PP bits. Ifthe active video ends after the first pixel,
then the final phase will be phase 1, containing the last bits of
the first pixel.

[0616] Ifthe transmitted video format has timing such that
the phase of the first pixel of every “video data period” cor-
responds to pixel packing phase 0 (e.g., 10P0, 12P0, 16P0),
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the “source” may set the Default_Phase bit in the GCP. The
“sink” may use this bit to optimize its filtering or handling of
the PP field.

Next, a description will be given of a Default_Phasefield of
GCP SB2.

[0617] When Default_Phase is 0, the PP bits may vary and
the first pixel of each “video data period” may vary.

[0618] When Default_Phaseis 1, (i) to (iv) described below
are true.
[0619] (i) The first pixel of each “video data period” always

has a pixel packing phase of 0 (10P0, 12P0, 16P0).

[0620] (ii) The first pixel following each “video data
period” has a pixel packing phase of 0 (10C0, 12C0, 16C0).
[0621] (iii) The PP bits are constant for all GCPs and will be
equal to the last packing phase (10P4, 12P2, 16P1).

[0622] (iv) The first pixel following every transition of
HSYNC or VSYNC has a pixel packing phase of 0 (10C0,
12C0, 16C0).

[0623] Next, the above-described pixel repetition will be
described further.

[0624] During pixel-doubling (Pixel_Repetition_
Count=1), all of the data sent across during the first pixel
period will be repeated during the second pixel period. The
third pixel period will then represent the second actual pixel
and so on.

[0625] FIG. 46 shows YCzCy 4:2:2 of pixel-doubling.
[0626] Pixel repetition is permitted in conjunction with
“deep color modes”. The source replicates the pixels as
described above prior to deep color packing into multiple
fragments.

[0627] Next, a description will be given of video quantiza-
tion ranges.
[0628] Black and white levels for video components are

either a “full Range” or a “limited range”. YCzCj compo-
nents are always a limited range while RGB components may
be either a full range or a limited range. While using RGB, the
limited range is used for all video formats defined in CEA-
861-D, with the exception of VGA (640x480) format, which
requires the full range.

[0629] FIG. 47 shows a video color component gamut.
[0630] The component gamut regarding xvYCC has been
described in IEC 61966-2-4.

[0631] Next, a description will be given of colorimetry.
“Sources” will typically use the specific default colorimetry
for the video format being transmitted. If no colorimetry is
indicated in the AVI InfoFrame’s C field (C1, C0) then the
colorimetry of the transmitted signal matches the default
colorimetry for the transmitted video format.

[0632] The default colorimetry for all 480-line, 576-line,
240-line, and 288-line video formats described in CEA-
861-D is based on SMPTE 170M.

[0633] The default colorimetry of the high-definition video
formats (10801, 1080p, and 720p) described in CEA-861-D is
based on ITU-R BT.709-5.

[0634] The default colorimetry ofthe other video formats is
sRGB.
[0635] Next, a description will be given of applicable colo-

rimetry standards.

[0636] For any video categorized as SMPTE 170M, ITU-R
BT.601-5 Section 3.5 is used for any color space conversion
needed in the course of processing.

[0637] The encoding parameter values are as defined in
Table 3 of ITU-R BT.601-5.
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[0638] For any video categorized as ITU-R BT.709, Part 1,
Section 4 of that document is used for any color space con-
version needed in the course of processing.

[0639] The digital representation is as defined in Part 1,
Section 6.10 of ITU-R BT.709-5.

[0640] IEC 61966-2-4 (xvYCC) defines the “Extended-
gamut YCC color space for video applications™. It is based on
the YCC color encoding described in ITU-R BT.709-5, but
extends its definition to a much wider gamut.

[0641] xvCC601 is based on colorimetry defined in ITU-R
BT.40;. and xvYCC,, is based on colorimetry defined in
ITU-R BT.709. The details have been described in Chapter
4.3 of IEC 61966-2-4.

[0642] Any “source” transmission of xvYCC video (either
xvYCCgqp, orxvYCC,5)is accompanied by the transmission
of valid gamut boundary metadata.

[0643] If the attached “sink™ does not support xvYCC or
“gamut metadata packets”, then the source should not trans-
mit xvYCC-encoded video and does not indicate xvYCCgq,
or xvYCC, s in the AVI InfoFrame.

[0644] Next, a description will be given of gamut-related
metadata.

[0645] HDMI(R) has capability of sending description of
the video gamut boundary by using a “gamut metadata
packet”.

[0646] Furthermore, the “sink” sets one or more bits of

MDO0, MD1, and the like in a “colorimetry data block”,
thereby indicating support for a specific transmission profile.
[0647] When the EDID of the attached “sink” does not
contain a “colorimetry data block™, the “source” does not
transmit a “gamut metadata packet”. Note should be taken as
to the fact that the xvYCC colorimetry requires that the gamut
metadata be transmitted.

[0648] FIGS. 48 to 51 are state machine diagrams for each
mode of a 24-bit mode, a 30-bit-mode, a 36-bit mode, and a
48-bit mode.

[0649] For each mode, the source sequence starts at phase 0
and is incremented through each phase. When DE=1 (pixel
data can be used), a pixel data fragment mCn is transmitted.
When DE=0, a blanking fragment mCn is transmitted.
[0650] Next, adescription will be given of recommended N
and expected CTS values.

[0651] FIGS. 52 to 57 show recommended values of N of
the standard pixel clock rate in a “deep color” mode.

[0652] FIG. 52 shows recommended N and expected CTS
values of bits/pixel for 32 kHz. FIG. 53 shows recommended
N and expected CTS values of 36 bits/pixel for 44.1 kHz and
multiples. FIG. 54 shows recommended N and expected CTS
values of 36 bits/pixel for 48 kHz and multiples.

[0653] FIG. 55 shows recommended N and expected CTS
values of bits/pixel for 32 kHz. FIG. 56 shows recommended
N and expected CTS values of 48 bits/pixel for 44.1 kHz and
multiples. FIG. 57 shows recommended N and expected CTS
values of 48 bits/pixel for 48 kHz and multiples.

[0654] The “source” having a non-interferential clock is
recommended to use values shown for TMDS clocks of the
“others”

1. A communication system comprising:

a transmission apparatus for, after capability information
indicating the capability of a receiving apparatus is
received, transmitting pixel data of an uncompressed
image for one screen in one direction to the receiving
apparatus by using a differential signal through a plural-
ity of channels for transmitting data of a fixed number of
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bits per clock of a pixel clock in a valid image period that
is a period in which a horizontal blanking period and a
vertical blanking period are excluded from a period from
one vertical synchronization signal to the next vertical
synchronization signal; and

the receiving apparatus for receiving the pixel data trans-

mitted using a differential signal through the plurality of
channels from the transmission apparatus after the capa-
bility information is transmitted,

wherein the transmission apparatus includes

transmission means for transmitting pixel data to which a

number of bits, which is greater than the fixed number of
bits, is assigned, in one direction to the receiving appa-
ratus by using a differential signal through the plurality
of channels by adjusting the frequency of the pixel
clock;

sub-signal reception capability/incapability determination

means for determining whether or not the receiving
apparatus can receive a sub-signal on the basis of the
capability information;

sub-signal addition means for adding the sub-signal to

pixel data of amain image composed of pixel data whose
number of bits is smaller than that of transmission pixel
data that is pixel data to be transmitted by the transmis-
sion means when the receiving apparatus can receive the
sub-signal, thereby constructing the transmission pixel
data; and

information transmission control means for allowing sub-

signal information indicating whether or not the sub-
signal is contained in the transmission pixel data trans-
mitted in the valid image period immediately after the
vertical blanking period, to be transmitted in the vertical
blanking period, and

wherein the receiving apparatus includes

receiving means for receiving the transmission pixel data

transmitted using a differential signal through the plu-
rality of channels;

sub-signal presence/absence determination means for

determining whether or not the sub-signal is contained
in the transmission pixel data transmitted in a valid
image period immediately after the vertical blanking
period on the basis of the sub-signal information trans-
mitted in the vertical blanking period; and

separation means for separating the sub-signal from the

transmission pixel data when the sub-signal is contained
in the transmission pixel data.

2. A transmission apparatus for, after capability informa-
tion indicating the capability of a receiving apparatus is
received, transmitting pixel data of an uncompressed image
for one screen in one direction to the receiving apparatus by
using a differential signal through a plurality of channels for
transmitting data of a fixed number of bits per clock of a pixel
clock in a valid image period that is a period in which a
horizontal blanking period and a vertical blanking period are
excluded from a period from one vertical synchronization
signal to the next vertical synchronization signal, the trans-
mission apparatus comprising:

transmission means for transmitting pixel data to which a

number of bits, which is greater than the fixed number of
bits, is assigned, in one direction to the receiving appa-
ratus by using a differential signal through the plurality
of channels by adjusting the frequency of the pixel
clock;
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sub-signal reception capability/incapability determination
means for determining whether or not the receiving
apparatus can receive a sub-signal on the basis of the
capability information;

sub-signal addition means for adding the sub-signal to

pixel data of a main image composed of pixel data whose
number of bits is smaller than that of transmission pixel
data that is pixel data to be transmitted by the transmis-
sion means when the receiving apparatus can receive the
sub-signal, thereby constructing the transmission pixel
data; and

information transmission control means for allowing sub-

signal information indicating whether or not the sub-
signal is contained in the transmission pixel data trans-
mitted in the valid image period immediately after the
vertical blanking period, to be transmitted in the vertical
blanking period.

3. The transmission apparatus according to claim 2,
wherein the transmission means determines the number of
bits of the transmission pixel data on the basis of the capabil-
ity information, and adjusts the frequency of the pixel clock
on the basis of the number of bits of the transmission pixel
data.

4. A communication method for use with a transmission
apparatus for transmitting pixel data of an uncompressed
image for one screen in one direction to a receiving apparatus
by using a differential signal through a plurality of channels
for, after capability information indicating the capability of
the receiving apparatus is received, transmitting data of a
fixed number of bits per clock of apixel clock in a valid image
period that is a period in which a horizontal blanking period
and a vertical blanking period are excluded from a period
from one vertical synchronization signal to the next vertical
synchronization signal,

the transmission apparatus including transmission means

for transmitting pixel data to which a number of bits,
which is greater than the fixed number of bits, is
assigned, in one direction to the receiving apparatus by
using a differential signal through the plurality of chan-
nels by adjusting the frequency of the pixel clock,

the communication method comprising the steps of:

determining whether or not the receiving apparatus can

receive a sub-signal on the basis of the capability infor-
mation;

adding the sub-signal to pixel data of a main image com-

posed of pixel data whose number of bits is smaller than
that of transmission pixel data that is pixel data to be
transmitted by the transmission means when the receiv-
ing apparatus can receive the sub-signal, thereby con-
structing the transmission pixel data; and

allowing sub-signal information indicating whether or not

the sub-signal is contained in the transmission pixel data
transmitted in the valid image period immediately after
the vertical blanking period, to be transmitted in the
vertical blanking period.

5. A program to be executed by a computer for controlling
a transmission apparatus for transmitting, after capability
information indicating the capability of a receiving apparatus
is received, pixel data of an uncompressed image for one
screen in one direction to the receiving apparatus by using a
differential signal through a plurality of channels for trans-
mitting data of a fixed number of bits per clock of'a pixel clock
in a valid image period that is a period in which a horizontal
blanking period and a vertical blanking period are excluded
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from a period from one vertical synchronization signal to the
next vertical synchronization signal,

the transmission apparatus including transmission means
for transmitting pixel data to which a number of bits,
which is greater than the fixed number of bits, is
assigned in one direction to the receiving apparatus by
using a differential signal through the plurality of chan-
nels by adjusting the frequency of the pixel clock, the
program enabling a computer to perform communica-
tion processing comprising the steps of:

determining whether or not the receiving apparatus can
receive a sub-signal on the basis of the capability infor-
mation;

adding the sub-signal to pixel data of a main image com-
posed of pixel data whose number of bits is smaller than
that of transmission pixel data that is pixel data to be
transmitted by the transmission means when the receiv-
ing apparatus can receive the sub-signal, thereby con-
structing the transmission pixel data; and

allowing sub-signal information indicating whether or not
the sub-signal is contained in the transmission pixel data
transmitted in the valid image period immediately after
the vertical blanking period, to be transmitted in the
vertical blanking period.

6. A receiving apparatus for receiving pixel data transmit-
ted using a differential signal through a plurality of channels
from a transmission apparatus after capability information is
transmitted to the transmission apparatus for, after the capa-
bility information indicating the capability of the receiving
apparatus is received, transmitting pixel data of an uncom-
pressed image for one screen in one direction to the receiving
apparatus by using a differential signal through a plurality of
channels for transmitting data of a fixed number of bits per
clock of a pixel clock in a valid image period that is a period
in which a horizontal blanking period and a vertical blanking
period are excluded from a period from one vertical synchro-
nization signal to the next vertical synchronization signal, the
transmission apparatus including

transmission means for transmitting pixel data to which a

number of bits, which is greater than the fixed number of
bits, is assigned, in one direction to the receiving appa-
ratus by using a differential signal through the plurality
of channels by adjusting the frequency of the pixel
clock;

sub-signal reception capability/incapability determination

means for determining whether or not the receiving
apparatus can receive a sub-signal on the basis of the
capability information;

sub-signal addition means for adding the sub-signal to

pixel data of amain image composed of pixel data whose
number of bits is smaller than that of transmission pixel
data that is pixel data to be transmitted by the transmis-
sion means when the receiving apparatus can receive the
sub-signal, thereby constructing the transmission pixel
data; and

information transmission control means for allowing sub-

signal information indicating whether or not the sub-
signal is contained in the transmission pixel data trans-
mitted in the valid image period immediately after the
vertical blanking period, to be transmitted in the vertical
blanking period,

32
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the receiving apparatus comprising:

receiving means for receiving the transmission pixel data
transmitted using a differential signal through the plu-
rality of channels;

sub-signal presence/absence determination means for

determining whether or not the sub-signal is contained
in the transmission pixel data transmitted in a valid
image period immediately after the vertical blanking
period on the basis of the sub-signal information trans-
mitted in the vertical blanking period; and

separation means for separating the sub-signal from the

transmission pixel data when the sub-signal is contained
in the transmission pixel data.

7. A communication method for use with a receiving appa-
ratus for receiving pixel data transmitted using a differential
signal through a plurality of channels from a transmission
apparatus after capability information is transmitted to the
transmission apparatus for, after the capability information
indicating the capability of the receiving apparatus is
received, transmitting pixel data of an uncompressed image
for one screen in one direction to the receiving apparatus by
using a differential signal through a plurality of channels for
transmitting data of a fixed number of bits per clock of a pixel
clock in a valid image period that is a period in which a
horizontal blanking period and a vertical blanking period are
excluded from a period from one vertical synchronization
signal to the next vertical synchronization signal, the trans-
mission apparatus including

transmission means for transmitting pixel data to which a

number of bits, which is greater than the fixed number of
bits, is assigned, in one direction to the receiving appa-
ratus by using a differential signal through the plurality
of channels by adjusting the frequency of the pixel
clock;

sub-signal reception capability/incapability determination
means for determining whether or not the receiving
apparatus can receive a sub-signal on the basis of the
capability information;

sub-signal addition means for adding the sub-signal to
pixel data of a main image composed of pixel data whose
number of bits is smaller than that of transmission pixel
data that is pixel data to be transmitted by the transmis-
sion means when the receiving apparatus can receive the
sub-signal, thereby constructing the transmission pixel
data; and

information transmission control means for allowing sub-
signal information indicating whether or not the sub-
signal is contained in the transmission pixel data trans-
mitted in the valid image period immediately after the
vertical blanking period, to be transmitted in the vertical
blanking period,

the receiving apparatus including receiving means for
receiving the transmission pixel data transmitted using a
differential signal through the plurality of channels,

the communication method comprising the steps of:

determining whether or not the sub-signal is contained in
the transmission pixel data transmitted in a valid image
period immediately after the vertical blanking period on
the basis of the sub-signal information transmitted in the
vertical blanking period; and

separating the sub-signal from the transmission pixel data
when the sub-signal is contained in the transmission
pixel data.
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8. A program to be executed by a computer for controlling
a receiving apparatus for receiving pixel data transmitted
using a differential signal through a plurality of channels from
atransmission apparatus after capability information is trans-
mitted to the transmission apparatus for, after capability
information indicating the capability of the receiving appa-
ratus is received, transmitting pixel data of an uncompressed
image for one screen in one direction to the receiving appa-
ratus by using a differential signal through a plurality of
channels for transmitting data of a fixed number of bits per
clock of a pixel clock in a valid image period that is a period
in which a horizontal blanking period and a vertical blanking
period are excluded from a period from one vertical synchro-
nization signal to the next vertical synchronization signal, the
transmission apparatus including

transmission means for transmitting pixel data to which a

number of bits, which is greater than the fixed number of
bits, is assigned, in one direction to the receiving appa-
ratus by using a differential signal through the plurality
of channels by adjusting the frequency of the pixel
clock;

sub-signal reception capability/incapability determination

means for determining whether or not the receiving
apparatus can receive a sub-signal on the basis of the
capability information;
sub-signal addition means for adding the sub-signal to
pixel data of amain image composed of pixel data whose
number of bits is smaller than that of transmission pixel
data that is pixel data to be transmitted by the transmis-
sion means when the receiving apparatus can receive the
sub-signal, thereby constructing the transmission pixel
data; and
information transmission control means for allowing sub-
signal information indicating whether or not the sub-
signal is contained in the transmission pixel data trans-
mitted in the valid image period immediately after the
vertical blanking period, to be transmitted in the vertical
blanking period,
the receiving apparatus including receiving means for
receiving the transmission pixel data transmitted using a
differential signal through the plurality of channels,

the program enabling a computer to perform communica-
tion processing comprising the steps of:

determining whether or not the sub-signal is contained in

the transmission pixel data transmitted in a valid image
period immediately after the vertical blanking period on
the basis of the sub-signal information transmitted in the
vertical blanking period; and

separating the sub-signal from the transmission pixel data

when the sub-signal is contained in the transmission
pixel data.

9. A transmission method for transmitting video data by
using a transmission scheme for transmitting video data in
units of 8 bits from a source-side apparatus to a sink-side
apparatus by using individual transmission lines for each
piece of color data or for each of luminance and color-differ-
ence signals in synchronization with a pixel clock, the trans-
mission method comprising the steps of:

setting video data for one pixel to be transmitted from the

source-side apparatus to the sink-side apparatus to a
predetermined number of bits that is not an integral
multiple of 8 bits;
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transmitting the video data of the predetermined number of
bits that is not an integral multiple of 8 bits at a timing
synchronized with the pixel clock; and

arranging data differing from the video data of the prede-
termined number of bits in a marginal transmission
period that occurs in an amount corresponding to the
number of bits of the difference between the number of
bits transmitted in the period of the pixel clock assigned
to the transmission of one pixel and the predetermined
number of bits, and transmitting the data from the
source-side apparatus to the sink-side apparatus.

10. The transmission method according to claim 9, wherein
the source-side apparatus encrypts data to be sent to each
transmission line in units of 8 bits, and the sink-side apparatus
decrypts the data received via each transmission line in units
of 8 bits.

11. The transmission method according to claim 9, wherein
the other data is sub-video data differing from the video data.

12. The transmission method according to claim 9, wherein
the other data is audio data.

13. The transmission method according to claim 9, wherein
the other data is auxiliary information.

14. A transmission system for transmitting video data by
using a transmission scheme for transmitting video data in
units of 8 bits from a source-side apparatus to a sink-side
apparatus by using individual transmission lines for each
piece of color data or for each of luminance and color-differ-
ence signals in synchronization with a pixel clock,

wherein the source-side apparatus includes

avideo data generator configured to generate video data of
a predetermined number of bits such that video data of
one pixel is not an integral multiple of 8 bits;

a transmission data arrangement section configured to
arrange video data of the predetermined number of bits,
the video data being generated by the video data genera-
tor, in a video data transmission period in units of 8 bits
of the transmission scheme, and configured to arrange
data differing from the video data of the predetermined
number of bits in a marginal transmission period that
occurs in an amount corresponding to the number of bits
of the difference between the number of bits transmitted
in the period of the pixel clock assigned to the transmis-
sion of one pixel and the predetermined number of bits,
thereby constructing data in units of 8 bits; and

a sending section configured to send the data in units of 8
bits arranged by the transmission data arrangement sec-
tion to the transmission line in synchronization with the
pixel clock, and,

wherein the sink-side apparatus includes

a receiver configured to detect the data received from the
transmission line in units of 8 bits in synchronization
with the pixel clock; and

a data separator configured to separate the video data of the
predetermined number of bits and the other data trans-
mitted in the marginal transmission period from the data
in units of 8 bits received by the receiver.

15. The transmission system according to claim 9,

wherein the source-side apparatus comprises an encryptor
configured to encrypt the transmission data arranged by
the transmission data arrangement section in units of 8
bits, and the transmission data encrypted by the encryp-
tor is sent from the sending section, and

the sink-side apparatus comprises a decryptor configured
to decrypt the transmission data received by the receiver
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in units of 8 bits, and the transmission data decrypted by
the decryptor is separated by the data separator.

16. A transmission method for transmitting video data by
using a transmission scheme for transmitting video data in
units of 8 bits by using individual transmission lines for each
piece of color data or for each of luminance and color-differ-
ence signals in synchronization with a pixel clock, the trans-
mission method comprising the steps of:

setting video data of one pixel to be transmitted to a pre-
determined number of bits that is not an integral multiple
of 8 bits;

transmitting the video data of the predetermined number of
bits that is not an integral multiple of 8 bits at a timing
synchronized with the pixel clock; and

arranging data differing from the video data of the prede-
termined number of bits in a marginal transmission
period that occurs in an amount corresponding to the
number of bits of the difference between the number of
bits transmitted in the period of the pixel clock assigned
to the transmission of one pixel and the predetermined
number of bits, and transmitting the data from a source-
side apparatus to a sink-side apparatus.

17. A transmission apparatus for transmitting video data by
using a transmission scheme for transmitting video data in
units of 8 bits by using individual transmission lines for each
piece of color data or for each of luminance and color-differ-
ence signals in synchronization with a pixel clock, the trans-
mission apparatus comprising:

avideo data generator configured to generate video data of
a predetermined number of bits such that video data of
one pixel is not an integral multiple of 8 bits;

a transmission data arrangement section configured to
arrange the video data of the predetermined number of
bits, the video data being generated by the video data
generator, in a video data transmission period in units of
8 bits of the transmission scheme, and configured to
arrange data differing from the video data of the prede-
termined number of bits in a marginal transmission
period that occurs in an amount corresponding to the
number of bits of the difference between the number of
bits transmitted in the period of the pixel clock assigned
to the transmission of one pixel and the predetermined
number of bits, thereby constructing data in units of 8
bits; and

a sending section configured to send the data in units of 8
bits arranged by the transmission data arrangement sec-
tion to the transmission lines in synchronization with the
pixel clock.
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18. The transmission apparatus according to claim 17,
further comprising an encryptor configured to encrypt trans-
mission data arranged by the transmission data arrangement
section in units of 8 bits, wherein the transmission data
encrypted by the encryptor is sent from the sending section.

19. A receiving method for receiving video data by using a
transmission scheme for transmitting video data by using
individual transmission lines for each piece of color data or
for each of luminance and color-difference signals in syn-
chronization with a pixel clock, the receiving method com-
prising the steps of:

setting the video data of one pixel to be received to a
predetermined number of bits that is not an integral
multiple of 8 bits and receiving the video data of the
predetermined number of bits that is not an integral
multiple of 8 bits in synchronization with a timing syn-
chronized with the pixel clock; and

separating data differing from the video data of the prede-
termined number of bits, the video data being arranged
in a marginal transmission period that occurs in an
amount corresponding to the number of bits of the dif-
ference between the number of bits transmitted in the
period of a pixel clock assigned to the transmission of
one pixel and the predetermined number of bits.

20. A receiving apparatus for receiving video data by using

a transmission scheme for transmitting the video data by
using individual transmission lines for each piece of color
data or for each of luminance and color-difference signals in
synchronization with a pixel clock, the receiving apparatus
comprising:

a receiver configured to detect the data received from the
transmission lines in units of 8 bits in synchronization
with the pixel clock; and

a data separator configured to separate, from the data in
units of 8 bits received by the receiver, the video data of
the predetermined number of bits, which is not an inte-
gral multiple of 8 bits, and the other data transmitted in
the marginal transmission period that occurs in an
amount corresponding to the number of bits of the dif-
ference between the number of bits transmitted in the
period of a pixel clock assigned to the transmission of
one pixel and the predetermined number of bits.

21. The receiving apparatus according to claim 20, further
comprising a decryptor configured to decrypt the transmis-
sion data received by the receiver in units of 8 bits, wherein
the transmission data decrypted by the decryptor is separated
by the data separator.
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