1 DESCRIPTION TRANSMISSION APPARATUS, RECEPTION
APPARATUS, FRAME RATE CONVERSION SYSTEM, AND FRAME
RATE CONVERSION METHOD 5 Technical Field [0001] The present
invention relates to a frame rate conversion system, a frame rate
conversion method, and a transmission apparatus and reception
apparatus used in the system, for realizing a high frame rate of video 10
data encoded using a motion vector. Background Art [0002] For example,
there is disclosed a technique of efficiently converting a frame rate when
an apparatus that decodes an encoded video signal is 15 separate from
and an apparatus that displays the H&coded Ve signal at a high frame

rate (segy fafs FYalply %%?X&Bﬂ?é’{“%&y%ﬁ%o%g?&% d kil raTe

this frame rate conversion system, processing of converting the'frame

rate so asdonerrReseNt wilde:R0 referredigas thigh-framesatingli METHOD
hereinbelow. [0003] Patent Document 1 shows an example in which a
reproducing apparatus that decodes an encoded video signal is applied

to, for example, a. DVD player or a digital broadcast tuner, and an
apparalG&iit F8deildS 58 it is applied to, for example, a receiver (display
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a transmission apparatus and reception apparatus used
in the system, for realizing a high frame rate of video
10 data encoded using a motion vector.

Background Art

[00021 For example, there is disclosed a technigque
of efficiently converting a frame rate when an
apparatus that decodes an encoded video signal is

15 separate from and an apparatus that displays the
decoded video signal at a high frame rate (see, for
example, Patent Document 1}. It should be noted that in
this frame rate conversion system, processing of
converting the frame rate so as to increase it will be
20 referred to as "high-frame~rating" hereinbelow.

[0003] Patent Deocument 1 shows an example in which a
reproducing apparatus that decodes an encoded video
signal is applied to, for example, a DVD player or a
digital broadcast tuner, and an apparatus that receives
25 it is applied te, for example, a receiver {(display

apparatus) that receives television broadcasts. As



shown in Fig. 3 of Patent Document 1, a reproducing apparatus (1) and a
display apparatus (5) are connected by a video cable (4). [0004] In the
reproducing apparatus (1), an encoder 5 (3) superimposes reference
control information that is output from a decoder (2) and includes at least
a motion vector on a blanking area of a decoded video signal. In a
reception equipment (5), a decoder (6) separates the reference control
information from data 10 in the blanking arga of the video signal
transmitted from the reproducing apparatus (1). Frame rate converters
(7) to (11) perform high-frame-rating of the video signal by generating an
interpoRtigrframeliiging XhefeRabnns conaumiafdrnation. 160098 ing

Patent Document 1: Japanese Patent Application Laid-open No.
2007 2THEP Aot atn 1031 Hi0P L7 B RRrE o rvefipreonnected

Problemto.be;,selygd bythe Inyention 20 [0006] However, an amount of

data that can be incorporated in the blanking area cannot be said to be

sufficieht! Fgrlexamgle, wirenrtegnsmditting targewveotumesvidep dada, sinceder

an amount of reference control information of that video data also _
Sbecoméds largBP& T 25RABSfor WMRFEIRE réferdice comfFormfriritionrat is

CannOtcpl?tiﬂ&grpﬂ:%}nedam&ggo%%gkir(]g)arggg'al%ggﬁlérég at least a
motion vector on a blanking area of a decoded video
signal. In a reception equipment (5), a decoder (6)
separates the reference contrcl information from data

10 in the blanking area cf the video signal transmitted

from the reproducing apparatus (1). Frame rate

converters (7) to (11} perform high~frame-rating of the
videc signal by generating an interpolation frame using
the reference contrcl information,

15 i0045] Patent Document 1: Japanese Patent

Application Laid-open No. 2007-274679 (paragraph

{00311, Fig. 3}

Disclosure of the Invention

Problem to be solved by the Invention

20 {0006] However, an amount of data that can be

incorporated in the blanking area cannot be said to be

sufficient. For example, when transmitting large-volume
video data, since an amount of reference control

information of that video data alsc becomes large, a

25 situation where the reference control information

cannot be incorporated in the blanking area may occur.



[0007] In view of the circumstances as described above, an object of the
present invention is to provide a transmission apparatus, a reception
apparatus, a frame rate conversion system, and a frame rate 5
conversion method that are capable of transmitting reference control
information even when a data amount of the reference control information
is large. [0008] Another object of the present invention is to provide a
transmission apparatus, a reception 10 apparatus, a frame rate
conversion system, and a frame rate conversion method that are capable
of efficiently transmitting reference control information. Means for solving
the Probfdth 10009] E&r déisiBving thEoLjdts HestAiBegandvedasrribed

according to the Ppresent in\t/entéoq: there is provided a t£ansmission .
atove 1.0 %%F 8 he Present inventlon }s.tolgrov1de
apparatus transmitting video data to a feception apparatus, incliding:

decodezunit-to,drcede encasiedrideg data eaceded HY apRABEASHION &
coding method that uses a motion vector; and a transmission 20 interface

includingrarfiesttedams misgicrreiaie fort eransaditling thearidea dat
obtained by the decode to the reception apparatus and a secon

d . ..
YransmiSSIOH T AMeI T FaRshitdig 2ABXhe BB for? ApparitaE - tor'tié
receptiqn. 2pparatys g gepgiate an, Zp interpolation frame RetWeen .yount

frames of the video data and realize a high frame rate of the video data, 4
of the reference control information is large.

(00087 Another object of the present invention is to
provide a transmission apparatus, a reception
10 apparatus, a frame rate conversion system, and a frame
rate conversion method that are capable of efficiently
transmitting reference control information.
Means for sclving the Problem
[0008] For achieving the objects described above,
15 according to the present invention, there is provided a
transmission apparatus transmitting video data to a
reception apparatus, including: a decode unit teo decode
encoded video data encoded by a compression coding
method that uses a motion vector; and a transmission
20 interface including a first transmission channel for
transmitting the video data obtained by the decode to
the reception apparatus and a second transmission
channel for transmitting, to the reception apparatus,
for the reception apparatus to generate an
25 interpolation frame between frames of the video data

and realize a high frame rate of the video data,
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reference control information that includes information on the motion

vector and is obtained at a time the decode unit decodes the encoded

video data. [0010] For the reception apparatus to realize a high 5 frame

rate of the video data, the transmission apparatus transmits the reference
control information including the information on the motion vector to the
reception apparatus. The transmission appgratus includes the second
transmission channel for 10 transmitting the reference control information

aside from the first transmission channel for transmitting the video data.
Accordingly, the transmission apparatus can transmit a large amount of
reference®dcHifol Cipférpidtion: 1570019p FheRetBad tramemigsisn ehapHept1on

s structured 19 be,capaple of petforming one;way cqmmunication of ;..o oy
bidirectional communication. en the second transmission channél is

for bidirectional commugication, gither apesha halfhduRlexdfed video data.
communication system and a full-duplex communication system may be

adopted @18 comminicatibe systesp tthereafplpethigvasd,a realize a high
communication protocol is typically the Ethernet (registered trademark),

but other PIBtIcHIE iy 5&Gs¥d frtedaras [ddit2) arisimission

apparafys iythar InGludes 2, SUPRHIPOSIHOD UNILIOSURENIMPSEHIG ot 1on

reference™s
inciuding the information on the motion vector to the
reception apparatus. The transmission apparatus
includes the second transmission channel for
transmitting the reference contrel information aside
from the first transmission channel for transmitting
the videc data. MAccordingly, the transmission apparatus
can transmit a large amount of reference control
information.
{00113 The second transmission channel is structured
to be capable of performing one-way communication or
bidirectional communication. When the second
transmission channel is for bidirectional
communication, either cne of a half-~duplex
communication system and a full-duplex communication
system may be adopted as a communication system
thereof. In this case, a communication protocel is
typically the Ethernet (registered trademark), but

other protocols may be used instead.

25 [0012] The transmission apparatus further includes a

superimpcsition unit to superimpose the reference



control information on a blanking area of the video data obtained by the
decode, and a control means for making a switch between processing of
superimposing the reference control information on the blanking area by
5 the superimposition unit and transmission processing of the reference
control information from the second transmission channel. Accordingly,
the transmission apparatus can superimpose the reference control
information on the video data and transmit the 10 superimposed video
data to the reception apparatus from the first transmission channel.
[0013] The control means includes a judgment means for judging whether
a data amotnt of ilve” refeednicen contral infemiation exceedsian-hlowableo
data amount of 15 the reference control information that can be

superimdePBhAAE Btaiking Rfed st feaf8dor afehiify e thef or
data arﬁ%%%[{]tgegﬂe@msem@ informa '%§508%d%,§g>%%§%§4§§2'%ng the

data amount, the superimposition processing by thé superimpositi

unit to theeanrsipissishprasessingcahibe reference: reoniob infergatera by
from the second transmission channel. Accordingly, the transmission
Sapparafiecairgfidisnty irahsmittheref@@nte soandbipdormatioreessing of
[0014] I%the tra%nsmission age}?r us, t?e control 25 means 'gllcludes a

judgme% ?neraensefg??ﬁt?giﬁﬁ Wiéther & 5ﬁ“€e%%i8ﬁ is E5Us&d T A5k
betweepthe SCORESH channel. Accordingly, the transmission
apparatus can superimpose the reference control
information c¢n the video data and transmit the
10 superimposed video data to the reception apparatus from
the first transmission channel.
[0013] The control means inciudes a judgment means
for judging whether a data amount of the reference
control information exceeds an allowable data amount of
15 the reference control information that can be
superimposed on the blanking area, and means for
switching, when the data amount of the reference
control information exceeds the allowable data amount,
the superimpositicn precessing by the superimposition
20 unit to the transmission processing of the reference
contreol information from the second transmission
channel. Accordingly, the transmission apparatus can
efficiently transmit the reference control information.
10014 In the transmission apparatus, the control

25 means includes a Jjudgment means for judging whether a

congestion is caused in a network between the second



transmission channel and the reception apparatus, and means for

switching, when the congestion is caused, the transmission processing of

the reference control information from the second transmission channel to

the 5 superimposition processing of the reference control information by

the superimposition unit. Accordingly, the reference control information

can be transmitted efficiently. [0015] The judgment on whether a

congestion is 10 caused only needs to be fade based on a packet loss

count or rate, a delay time, and the like. Alternatively, the judgment on
whether a congestion is caused may be executed by other well-known
methodsr aMsreé@serpthectransmissioni apparates ardyibe 15pgustemizablend
such that a definition of a congestion can be selected or set by a user.

[0016] B6FERahple, tHe YeferBfce EBRtrol- MfoARARSH indiidds ifAdRIfibn the
to the mation. vector, an identifier.that indicates a form of a predictive,20
compen e e el
decodethvideadaian0014h Thedransmission iatestaceds ofor exande, ap the
HDMI (High Definition Multimedia Interface) . In this case, the second
Stransmissieprdirael piay corespond 1g 26 fat 1@t el oat ebatrol
reserved line, an HPD (Hot- Plug Detect) line, an SCL gSeriaI Clockzcli'ne,

and an* ormation by the Buperimpositicon unit, Accerdingly,

the reference control information can be transmitted

efficientliy.
[0015] The judgment on whether a congestion is
19 caused only needs to be made based on a packet loss

count or rate, a delay time, and the like.
Alternatively, the judgment on whether a congestion is
caused may be executed by other well-known methods.
Moreover, the transmission apparatus may be

15 customizable such that a definition of a congestion can
be selected or set by a user.

[0016] For example, the reference control
information includes, in addition to the motion vector,
an identifier that indicates a form of a predictive

20 compensation and an identifier that indicates a display
crder of the deccded videc data.

00171 The transmission interface is, for example,
an HDMI (High Definition Multimedia Interface). In this
case, the second transmission channel may correspond to
25 at least one line out of a reserved line, an HPD (Hot-

Plug Detect) line, an SCL (Serial Clock) line, and an



SDA (Serial Data) line of the HDMI. [0018] When all of the reserved line,
the HPD line, the SCL line, and the SDA line are used, the full- duplex
communication system using, for example, a twist 5 pair only needs to be
adopted. [0019] When two lines out of the four lines are used, a twist pair
only needs to be constituted by those two lines. Alternatively, when two
lines out of the four lines are used, it is also possible to use one 10 of
them for transmission and the other for recgption, for example. [0020]
Alternatively, it is also possible to transmit the reference control
information using three lines out of the four lines. In this case, two lines
15 for tFRdsniissioralorPeteptidrrareaisethas 8Bist pair and one line for
reception (or transmission) is_used as a single wire. [0021] According to |
é %%io]nme’

anotherl 38p&dt of thB'HiBsBnt iMeriidh, IfFE ¥ Brovided a t+afsh
apparafys. 2Q-yansmiiting videq, date4o & reception appasatus, including:

a decode unit to decode encoded video data encoded by a compression

coding dngthed thatised aa mafionsvecter, atnsmisson wierfade:, a twist

including a first transmission channel for transmitting the video 25 data
SobtaineREBY e d¥cage t§ the rédepidabdsishratus and a second

transmIF&BJI%(jhann%ggatrgﬂgwtgggétoo%t of the four lines are

used, a twist pair only needs to be constituted by
those two lines. Alternatively, when two lines out of
the four lines are used, 1t is also possible to use one
10 of them for transmission and the other for reception,
for example.

{0020] Alternatively, it is also possible to
transmit the reference control information using three
lines out of the four lines. 1In this case, two lines
15 for transmission (or reception) are used as a twist
pair and cne line for reception (or transmission) is
used as a single wire.

(00211 According to another aspect of the present
invention, there is provided a transmission apparatus
20 transmitting video data to a reception apparatus,
including: a decode unit to decode encoded video data
encoded by a compression coding method that uses a
motion vector; a transmission interface including a
first transmission channel for transmitting the video
25 data obtained by the decode to the reception apparatus

and a second transmission channel for transmitting, to



the reception apparatus, for the reception apparatus to generate an
interpolation frame between frames of the video data and realize a high
frame rate of the video data, reference control information that includes 5
information on the motion vector and is obtained at a time the decode unit
decodes the encoded video data; a superimposition unit to superimpose
the reference control information on a blanking area of the video data
obtained by the decode; a judgment meansfor 10 judging whether a data
amount of the reference control information exceeds an allowable data
amount of the reference control information that can be superimposed on
the blartkieg seeardanca cantrot means fosrswitehing,owheéndhe glap@mratus to
amount of the reference 15 control information exceeds the allowable data

amouneegl?p‘aﬁﬁp@gn&ﬁb%@@s}ﬁﬁ@w tﬁé%{aﬁeﬁﬁb‘ﬁ%ﬁf@nf&ﬁmé of the
transm @%@Q&f&‘a‘.‘éﬁs'%‘gq"frth%i%fz%egﬁ gﬁtggﬁ%‘rg‘x&%rm%%%“ QE”L%‘?‘Z video

second transmission channel. Accor e present invention,
transmiggsion,20-appakaivs caprafficiently. ransmitireferense CoRdOkdes
information. [0022] According to the present invention, there is provided a
Jeceptiom dppariisrecuivigevides tata wearispitteddrom aclraasmissiat a
apparatus including a 25 decode unit to decode encoded video data

encoded B} a "EEmpreedith EBding RetttFthal Bs&8 255 HoN Vattordiid: 2
9

superimposition unit to superimpose the reference
control information on a blanking area of the video
data obtained by the decode; a judgment means for

10 judging whether a data amount ¢f the reference control
information exceeds an allowable data amount of the
reference contrel information that can be superimposed
on the blanking area; and a control means for
switching, when the data amount of the reference

15 control information exceeds the allowable data amount,
superimposition processing by the superimposition unit
to transmission processing ¢f the reference control
information from the second transmission channel.

According to the present invention, the transmission

20 apparatus can efficientliy transmit reference control
information.
[0022] Accerding te the present invention, there is

provided a reception apparatus receiving video data
transmitted from a transmission apparatus including a
25 decode unit to decode encoded video data encoded by a

compression coding method that uses a motion vector and



a transmission interface including a first transmission channel for
transmitting the video data obtained by the decode, the reception
apparatus including: a reception interface including a first reception
channel for 5 receiving the video data and a second reception channel for
receiving reference control information that includes information on the
motion vector and is obtained at a time the decode unit decodes the
encoded video data, the reference control iAformation being 10
transmitted from a second transmission channel of the transmission
interface; and a frame rate conversion unit to generate an interpolation
frame betweenstramesocof thetrectived vided daia:gsingfihegeceivedsmission
reference control information to thus realize a high frame rate 15 of the

video dEta"f0R23f AECHIHRG Td Hie preseitt invenfiBn thete ¥ prolRRdy the

frame rgte cgnver;g}ilons stemcincludin a_transmissiaon Bgaratus and a ., .
Aecode e ce 100 ag aratu AnNC L'le reception

reception apparatus. Thé “transmission apparatus inclu s'd decode unit

to decogde:20 enseded ¥ideo: data.ensadad by aLompIessioneaing o
method that uses a motion vector, and a transmission interface including

Sa first trarsmission éhannel fero trdmsmitting the videondatessistaineshbyhannel
the decode and a second transmission channel for transmitting 25

referenc8cdriiot nfoRfafish FrANREIUGRR FATdmaARdT R otidAt
VedDrQEQfEBQEH@%%Qkﬁéqﬁ%ﬂh%ﬁothe motion vector and is

obtained at a time the decode unit decodes the encoded
video data, the reference contrcel information being

10 transmitted from a second transmission channel of the
transmission interface; and a frame rate conversion
unit to generate an interpolation frame between frames
of the received video data using the received reference
contrel information te thus realize a high frame rate
15 of the video data.

(0023} According to the present invention, there is
provided a frame rate conversion system including a
transmission apparatus and a reception apparatus. The
transmission apparatus includes a decode unit to decode
20 encoded video data encoded by a compression coding
method that uses a motion vector, and a transmission
interface including a first transmission channel for
transmitting the video data obtained by the decode and
a second transmission channel for fransmitting

25 reference control information that includes information

on the motion vector and is obtained at a time the



decode unit decodes the encoded video data. The reception apparatus
includes a reception interface including a first reception channel for
receiving the transmitted video data and a second reception channel 5 for
receiving the transmitted reference control information, and a frame rate
conversion unit to generate an interpolation frame between frames of the
received video data using the received reference control information to
thus realize a high frame rate 10 of the vidéb data. [0024] According to
the present invention, there is provided a frame rate conversion method
including: decoding, by a transmission apparatus including a
transmissiriinteiface, encesled deo slata @aendediby adky gompnession
coding method that uses a motion vector; transmitting, by the
transmisSRAPAp PAr RS ahe Wided rdatadttaifed yahs Harobe frarfiare
first tragﬁréﬂ%ségr% chanpel of the transmission interf%cef' transmittlrsl%ﬁ_)bé/eghe

the tranahission Spparatis refereRBe tBhtroP a8 Midmistion et

informatios,an the: motigns ¥ectes andisphtained &t & timedhe degodg LNt 1
decodes the encoded video data, from a second transmission channel of

Sthe trarsmissoreinterface; hrecendngrby acéceptitirappar atusinctiding a
25 reception interface, the transmitted video data using a first reception

channet’of t&' fdckptiondRtbrfackrae rate conversion unit to

generate an interpolation frame between frames of the
received video data using the received reference
control information to thus realize a high frame rate
10 of the video data.

[00241 According to the present invention, there is
provided a frame rate conversion method including:
decoding, by a transmission apparatus including a
transmission interface, encocded video data encoded by a
15 compression coding method that uses a motion vector;
transmitting, by the transmission apparatus, the video
data obtained by the decode from a first transmission
channel of the transmission interface; transmitting, by
the transmission apparatus, reference control

20 information that includes information on the motion
vector and is cbtained at a time the decode unit
decodes the encoded video data, from a second
transmission channel of the transmission interface;
receiving, by a reception apparatus including a

25 reception interface, the transmitted video data using a

first reception channel of the reception interface;



receiving, by the reception apparatus, the transmitted reference control
information using a second reception channel of the reception interface;
and generating, by the reception apparatus, an interpolation frame
between 5 frames of the received video data using the received reference
control information to thus realize a high frame rate of the video data.
Effect of the Invention [0025] As described above, according to the
present 10 invention, reference control infbtmation can be transmitted
even when a data amount of the reference control information is large,
and the reference control information can therefore be transmitted

efficiently . B8st Modes, forfearndpgRuinepyention.k5 (0928t ransmittea

Hereinafter, embodiments of the present invention will be described with
reference fo the cdrawings.d0027 fBiguatisendiagriary showgng adstnestee: L on
of a general picture transmission system as a reference 20 example of

this embRBTIRER. Herbhiare? CqR&Ere 18P ir6th £86 ﬁﬁ&&é%ﬂ% by
moving,i Hl? ge.while ;ainly referring to gach frame. of 8 MEyIng JIMAage, .+ yeen

"Video" refers to a moving image. However, in describing embodiments of
ghe presentisyention.bose Z5itnaiake aetclaanty differentiated anskbbaved

substantially the same meaning. 12

reference control information to thus realize a high

frame rate of the video data.

Effect of the Invention

[0025] As described above, according to the present
10 invention, reference control information can be
transmitted even when a data amount of the reference
contrel information is large, and the reference control
information can therefore be transmitted efficiently.
Best Mcdes for Carrying Out the Invention
15 [0026] Hereinafter, embodiments of the present
invention will be described with reference tc the
drawings.
[0027] Fig. 1 is a diagram showing a structure of a
general picture transmissicn system as a reference
20 example of this embodiment. Hereinafter, "picture"
refers to both a still image and a moving image while
mainly referring te each frame of a moving image.
"Video" refers to a moving image. However, in
describing embodiments of the present invention, those
25 two are not clearly differentiated and have

substantially the same meaning.



[0028] In Fig. 1, a receiver 11 for receiving digital television broadcasts
(hereinafter, referred to as digital TV), an AV amplifier 12, and a
reproducing apparatus 151 are installed in a living room on a left 5 hand
side of a user residence in the figure. The digital TV 11 and AV amplifier
12 and the AV amplifier 12 and reproducing apparatus 151 are connected
by an HDMI cable 13 and an HDMI cable 15, respectively. [0029]
Moreover, a hub 16 is installed in the livingt 20 room, and the digital TV 11
and the reproducing apparatus 151 are connected to the hub 16 by a
LAN (Local Area Network) cable 17 and a LAN cable 18, respectively.

Furthermaresg in the figure; @ digifalal-d&dsestalied i bedreamon,a
right-hand side from 15 the living room, and the digital TV 19 is
connectediid-ahe tribe18 vicca UAN 8dbles26. [0D80Ela 6ase whes€erred to
content recorded in the reproducing apparatus 151 is reproduced and a

picture 38 didFapéd oh'the @GiItAVNA 1AL tdreaniple, HE2G résrtRiH 19
apparatis 151 decodes pixgl dafa and audiq data for rep 0%%@9 the  1o5e-

content and supplies the resultant uncompressed pixel data and audio

ata tobedigitakTV¥ 1 laviadhe HI3W gahle=15.fherAV amplifier 12nhand
the HDMI cable 13. Then, the digital TV 11 25 displays a picture or
outputsday abdlio Bdséd oAtHe AYixargataiamdaddiodata Bupphdd dram i fier

therep¥§n§w§3%gproducing apparatus 151 are connected by an
HDMI cable 13 and an HDMI cable 15, respectively.
10029] Moreover, a hub 16 is installed in the living
19 room, and the digital TV 11 and the reproducing
apparatus 151 are connected to the hub 16 by a LAN
(Local Area Network) cable 17 and a LAN cable 18,
respectively. Furthermore, in the figure, a digital TV
1% is installed in a bedroom on a right-hand side from
15 the living room, and the digital TV 19 is connected to
the hub 16 via a LAN cable 20.
[0030] In a case where a content recorded in the
reproducing apparatus 151 is reproduced and a picture
is displayed on the digital TV 11, for example, the
20 reproducing apparatus 151 decodes pixel data and audio
data for reproducing the content and supplies the
resultant uncompressed pixel data and audio data to the
digital TV 11 via the HDMI cable 15, the AV amplifier
12, and the HDMI cable 13. Then, the digital TV 11
25 displays a picture or outputs an audio bhased on the

pixel data and audio data supplied from the reproducing



apparatus 151. [0031] Moreover, in a case where a content recorded in
the reproducing apparatus 151 is reproduced and a picture is displayed
on the digital TV 11 and the 5 digital TV 19 at the same time, the
reproducing apparatus 151 supplies compressed pixel data and audio
data for reproducing the content to the digital TV 11 via the LAN cable 18,
the hub 16, and the LAN cable 17, and also supplies them to the digital
TV 19 via the LAN 10 cable 18, the hub 16,2and the LAN cable 20. [0032]
Then, the digital TV 11 and the digital TV 19 decode the pixel data and
audio data supplied from the reproducing apparatus 151 and displays a
picture sprautputssan sudio based on the resultant uncompressed 15
pixel data and audio data. [0033] Furthermore, in a case where the digital
TV 11 ha§tédeivedidsidera anthadisatta 1ore repradaeimgent recorded
televisian-br adcasteccjé%go ram, when the refgived audio data is, for

Sa a

examplots 1A SRE S S0 Gy AT BR AT HStaiand fo ASHB S S8eanE®
by the gigitak T 11 therefare,canngt be,decoded, ihe digital T dlene

converts the audio data into an optical signal and transmits it to the AV
Samplifiet k2. {@Q34VTHhE Aot antplifient? receiees the opticalRbisigngl
transmitted from the digital TV 11 and performs a photoelectric

converdBRIEEHh, tnt dediibsdpecpressed pixel data and audio
data for reproducing the content to the digital TV 11

via the LAN cable 18, the hub 16, and the LAN cable 17,
and also supplies them to the digital TV 19 wvia the LAN
1C cable 18, the hub 16, and the LAN cable 20.

160321 Then, the digital TV 11 and the digital TV 19
decode the pixel data and audio data supplied from the
reproducing apparatus 151 and displays a picture or
outputs an audio based on the resultant uncompressed

i5 pixel data and audioc data.

(00331 Furthermore, in a case where the digital TV
11 has received pixel data and audic data for
reproducing a television-broadcasted program, when the
received audio data is, for example, 5.1 channel

20 surrcund audic data and the audio data received by the
digital TV 11 therefore cannot be decoded, the digital
TV 11 converts the audio data into an optical signal
and transmits it to the AV amplifier 12.

[0034] The AV amplifier 12 receives the optical

25 signal transmitted from the digital TV 1l and performs

a photcelectric conversion thereon, and decodes the



resultant audio data. Then, the AV amplifier 12 amplifies the decoded
uncompressed audio data as necessary and reproduces the audio from a
surround speaker connected to the AV amplifier 12. Accordingly, 5 by
decoding the received pixel data, displaying a picture based on the
decoded pixel data, and outputting an audio by the AV amplifier 12 based
on the audio data supplied to the AV amplifier 12, the digital TV 11
reproduces a 5.1 channel surround prograi# 10 [0035] Fig. 2 is a diagram
showing a structure of a picture transmission system according to an
embodiment to which the present invention is applied. [0036] The picture

transmissiom systemuisacenstituted otadgigital J 3%, amgmplifier 322a
15 reproducing apparatus 33, and a digital TV 34. The digital TV 31 and
amplifien32 afid ¢le Eraplifier S2eahdireprodueirpdppardtos 88 areas
respectively connected by an HDMI(R) cable 35 and an HDMI(R) cable
36 as QGfmLfcatGH EabiERCIRRSITTing 16 aRtDNIERTh 2054ttt

the digital T\ 31 and, thedigifal TV 3d.a58; copneqteddly a LANLable 37nq1y,
for a LAN, such as the Ethernet (registered trademark). [0037] In the

Sexamplewofdeagodithe digiakrEV Sily ciieramplifiel 825 anditkplreptodiicing
apparatus 33 are 25 installed in a living room on a left-hand side of a user
resideneé Gk € fiefehrfitHe GigharPessy gzl data, and outputting

an audio by the AV amplifier 12 based on the audio data
supplied to the AV amplifier 12, the digital TV 11
reproduces a 5.1 channel surround program.

10 [0035] Fig. 2 is a diagram showing a structure of a
picture transmission system according to an embodiment
to which the present invention is applied.

[0036] The picture transmission system is
constituted of a digital TV 31, an amplifier 32, a

15 reproducing apparatus 33, and a digital TV 34. The
digital TV 31 and amplifler 32 and the amplifier 32 and
reproducing apparatus 33 are respectively connected by
an HDMI{R}) cable 35 and an HDMI (R) cable 36 as
communication cables conferming to an HDMI{(R). In

20 addition, the digital TV 31 and the digital TV 34 are
connected by a LAN cable 37 for a LAN, such as the
BEthernet {registered trademark).

[0037] In the example of Fig. 2, the digital TV 31,
the amplifier 32, and the reproducing apparatus 33 are

25 installed in & living room cn a left-hand side of a

user residence in the figure, and the digital TV 34 is



installed in a bedroom on a right-hand side from the living room. [0038]
The reproducing apparatus 33 is constituted of, for example, a DVD
player or a hard disk recorder, 5 and decodes pixel data and audio data
for reproducing a content and supplies the resultant uncompressed pixel
data and audio data to the amplifier 32 via the HDMI(R) cable 36. [0039]
The amplifier 32 is constituted of, for 10 example, an AV amplifier, and
upon being supplied with the pixel data ant“the audio data from the
reproducing apparatus 33, amplifies the supplied audio data as
necessary. Moreover, the amplifier 32 supplies the audio data amplified
as necessary anddhe pixehdlata dothat have bgen supplied fram e the
reproducing apparatus 33 to the digital TV 31 via the HDMI(R) cable 35.
The diditatifg 3taisplays a picture or outputs an audio based on the
pixel data and the audio data supplied from the amplifier 32, and thus

reprodub®8H dontent 50 {6040 Bl tinfti®, 3ha didital TV 31 GatPihetuted
amplifier 32 capab| performy idirectional . c ication

as IP cégrﬁfn l?rrl%ation a? r%h épzﬁe%wl%?n%{%% I%%aMaI(Ig?ga :%{%%5’ afﬂ%gg)w%der'
mmplifies32 aRddhesepioduciag apparius 33 aredlse capablegfi?diucing a
performing bidirectional communication such as IP  communication at high
Speedlﬂ@@@ﬂ@§FﬁyqK§Hgﬁ&m§g6pm@ resultant uncompressed pixel

data and audio data to the amplifier 32 via the HDMI (R)

cable 36.
100393 The amplifier 32 is censtituted of, for
10 example, an AV amplifier, and upon being supplied with

the pixel data and the audic data from the reproducing
apparatus 33, amplifies the supplied audic data as
necessary. Moreover, the amplifier 32 supplies the
audio data amplified as necessary and the pixel data
15 that have been supplied from the reproducing apparatus
33 to the digital TV 31 via the HDMI{(R) cable 35. The
digital TV 31 displays a picture cor outputs an audio
based on the pixel data and the audio data supplied
from the amplifier 32, and thus reproduces a content.
20 [C040] Furthermore, the digital TV 31 and the
amplifier 32 are capable of performing bidirectional
cemmunication such as IP communicaticon at high speed
using the HDMI({R)} cable 35, and the amplifier 32 and
the reproducing apparatus 33 are also capable of

25 performing bidirectional communicaticon such as IP

communication at high speed using the HDMI(R) cable 36.



[0041] Specifically, by performing IP communication with the amplifier 32,
the reproducing apparatus 33 can transmit compressed pixel data and
audio data to the amplifier 32 via the HDMI(R) cable 36 as data 5
conforming to an IP, and the amplifier 32 can receive the compressed
pixel data and audio data transmitted from the reproducing apparatus 33.
[0042] Further, by performing IP communication with the digital TV 31,
the amplifier 32 can transmit 10 compressed pixel data and audio data to
the digital TV 31 via the HDMI(R) cable 35 as data conforming to the IF,
and the digital TV 31 can receive the compressed pixel data and audio

data trangguitted fromy the amplifier, 32,15 (00431 Thetefore, the digital TV: :

31 can transmit the received pixel'data and audio data to the digital TV 34
via the (Al cahle ImpMordever3the digdal-By 3dddecades the regaived3 can
pixel data and audio data and, based on the resultant uncompressed

pixel dathdarRIr20 SRy 8ats Hisplaysa plethfe sr8ufiid antiidio Bndthe
thus reproduces a cantent. [0044] igital TV. 34 receives and decodes
LS R atto 0Lt (AR Pohane “dna Tt v

the pixerlnga hé au ata transmitted from the dlg?ta

sthe LAN cable-37.and; hasgdan the,2b pngomprassed-pixgbdataand ceive
audio data obtained by the decode, displays a picture or outputs an audio
and thusht? compressed pixel data and audio data transmitted
from the reproducing apparatus 33.
(00427 Further, by performing IP communication with
the digital TV 31, the amplifier 32 can transmit
10 compressed pixel data and audio data to the digital TV
31 via the HDMI{R} cable 35 as datz conforming to the
I?, and the digital TV 31 can receive the compressed
pixel data and audic data transmitted from the
amplifier 32.
15 [0043] Therefore, the digital TV 31 can transmit the
received pixel data and audio data to the digital TV 34
via the LAN cable 37. Moreover, the digital TV 31
decodes the received pixel data and audio data and,
based on the resultant uncompressed pixel data and
20 audio data, displays a picture or outputs an audic and
thus reproduces a content.
[0044] The digital TV 34 receives and deccdes the
pixel data and.the audic data transmitted from the
digital TV 31 via the LAN cable 37 and, based on the
25 uncompressed pixel data and audio data obtailned by the

decode, displays a pilcture ox outputs an audio and thus



reproduces a content. Accordingly, in the digital TV 31 and the digital TV
34, the same content or different contents can be reproduced at the same
time. [0045] Furthermore, in a case where the digital TV 5 31 has
received pixel data and audio data for reproducing a program as a
television-broadcasted content, when the received audio data is, for
example, 5.1 channel surround audio data and the audio data received
by the digital TV 31 therefore cannot be 1A decoded, the digital TV 31
transmits, by performing IP  communication with the amplifier 32, the
received audio data to the amplifier 32 via the HDMI(R) cable 35. [0046]

The amplifier, 32 feceiyes and.decodes the pudio data trangitted fromy 7y 33

the digital TV 31 and 15 amplifies the decoded audio data as necessary.
Then, thel5dhehahngl sutrotndsdydiolis repraduces from acspedkardnet:
shown) connected to the amplifier 32. [0047] The digital TV 31 decodes
the recERREFINS Bafa B8 wEPAS ARty I aBated At the 20

amplifi ia the HDMI(R) cable 35, and reproduces a program by
display?[rrlog?b%%)iﬁ:ture Iggggcél %%ﬁﬁéeﬁixénda?acc% gin"‘(%%deg)?e thehge?é) el.tal B

5[0048] As dessribed abave, sinesielastiranicnaprajatusessuchras the
digital TV 31, the amplifier 25 32, and the reproducing apparatus 33

connectew by dhe HRMH R abte B52and: tHeeHBWiléR poable@Bicas ted

perform 18 , . .
content, when the received audio data i1s, for example,

5.1 channel surround audic data and the audic data
received by the digital TV 31 therefore cannot be

10 decoded,; the digital TV 31 transmits, by performing IP

| communication with the amplifier 32, the received audio
data to the amplifier 32 via the HDMI(R} cable 35.
i00406] The amplifier 32 receives and decodes the
audio data transmitted from the digital TV 31 and

15 amplifies the decoded audio data as necessary. Then,
the 5.1 channel surround audioc is reproduced from a
speaker (not shown) connected to the amplifier 32.
[0047] The digital TV 31 decodes the received pixel
data as well as transmitiing the audio data to the

20 ampliifier 32 wvia the HDMI(R) cable 35, and reproduces a
program by displayving a picture based on the pixel data
obtained by the decode.

[0G48] As described above, since electronic
apparatuses such as the digital TV 31, the amplifier

25 32, and the reproducing apparatus 33 connected by the

HDMI (R) cable 35 and the HDMI (R} cable 36 can perform



high-speed IP communication using HDMI(R) cables in the picture
transmission system shown in Fig. 2, a LAN cable corresponding to the
LAN cable 17 of Fig. 1 is unnecessary. 5 [0049] Moreover, by connecting
the digital TV 31 and the digital TV 34 by the LAN cable 37, data received
by the digital TV 31 from the reproducing apparatus 33 via the HDMI(R)
cable 36, the amplifier 32, and the HDMI(R) cable 35 can be additionally
transmitted to the digital 10 TV 34 via the UAN cable 37. Therefore, a LAN
cable and an electronic apparatus corresponding to the LAN cable 18
and the hub 16 of Fig. 1 are unnecessary. [0050] As shown in Fig. 1, in

the conyeptional. picture ransmission: systens differepttypes ofga0des in the

15 have been necessary depending on data to be transmitted and
receivediaribacommunicationgysterafand stikngs oh cables eonrectiig
the electronic apparatuses have been complex. On the other hand, in the
picture FSHISSIER CSRABH-BRowA it iy 1B Rt dliredticiaPy - 1 is
comm%nlilq@é@gs%écMS IP communication can be performed between the
electronic apparatuses connected by the HDMI(R) cables at high speed,

5t is pospiiiede simplify-ceraectians betweentheLleeikoricqapparatses. and

In other words, wirings of cables 25 connecting the electronic apparatuses

that ha¥é BedhaédmpleRindthelvorijentibhbl arebar beé/madeSimptareiged by

10

15

20

25

the digital TV 31 from the reproducing apparatus 33 via
the HDMI (R} cable 36, the amplifier 32, and the HDMI(R)
cable 35 can be additionally transmitted to the digital
TV 34 wvia the 1LAN cable 37. Therefore, a LAN cable and
an electronic apparatus corresponding to the LAN cable
18 and the hub 16 of Fig. 1 are unnecessary.

[0050] As sheown in Fig. 1, in the conventional
picture transmission system, different types of cables
have been necessary depending on data to be transmitted
and received and a communication system, and wirings of
cables connecting the electronic apparatuses have been
complex. On the other hand, in the picture transmission
system shown in Fig. 2, since bidirectional
communication such as IP communication can be performed
between the electronic apparatuses connected by the
HDMI (R) cables at high speed, it is possible Lo
simplify connections between the electronic
apparatuses. In other words, wirings cof cables
connecting the electronic apparatuses that have been

complex in the ccnventional art can be made simpler.



[0051] Next, Fig. 3 shows a structural example of an HDMI(R) source and
an HDMI(R) sink incorporated in respective electronic apparatuses
mutually connected by an HDMI(R) cable, for example, an HDMI(R)
source 5 provided in the amplifier 32 of Fig. 2 and an HDMI(R) sink
provided in the digital TV 31. [0052) An HDMI(R) source 71 and an
HDMI(R) sink 72 are connected by a single HDMI(R) cable 35, and the
HDMI(R) source 71 and the HDMI(R) sink 72 are capable 10 of
performing high-speed bidirectional IP communication using the HDMI(R)
cable 35 while maintaining compatibility with the existing HDMI(R). [0053]

The HDMHKR) sourceséi unigirectionadly olfansmits, 1o the HOMURSINE of an

72, using a plurality of 15 channels, a differential signal corresponding to
pixel d&16H&N upcompressed pictéi@of (R scregénkn ancactivendted area
as a section obtained bg removing a horizontal flyback section (horizontal

blanking &TBES antFa $eRfal AYbScRRBEFGT Waffcdlbididng areayrsgted by

from a sectan/aNgng P ong yerisal, synchranizaian signal g e next

vertical synchronization signal, and unidirectionally transmits, tot

HDMI(R)rsink Jeki using-a lunabty: aficharsels, ddifferental signals HoMI (R)
corresponding to at least audio 25 data associated with the picture, control
data, othel kalpxikaryizta iand ige dike iy tHe Adtizbhtal flyback 20

[0052] An HDMI (R} source 731 and an HDMI (R) sink 72
are connected by a single HDMI(R) cable 35, and the
HDMI (R) source 71 and the HDMI (R) sink 72 are capable
i0 of performing high-speed bidirectional IP communication
using the HDMI(R) cable 35 while maintaining
compatibility with the existing HDMI (R).

[0053] The HDMI (R} source 71 unidirectionally
transmits, to the HDMI (R} sink 72, using a plurality of
15 channels, a differential signal corresponding to pixel
data of an uncompressed picture of 1 screen in an
active video area as a section obtained by removing a
horizontal flyback section (horizontal blanking area)
and a vertical fiyback section (vertical blanking area)
20 from a section ranging from one vertical
synchronization signal to the next vertical
synchronizaticn signal, and unidirectionally transmits,
to the HDMI (R) sgink 72, using a plurality of channels,
differential signals corresponding to at least audio

25 data assocliated with the picture, control data, other

auxiliary data, and the like in the horizontal flyback



unit or the vertical flyback unit. [0054] Specifically, the HDMI(R) source 71
includes a transmitter 81. The transmitter 81 converts the differential
signals corresponding to the pixel data of 5 the uncompressed picture and
serially transmits them unidirectionally to the HDMI(R) sink 72 connected
thereto via the HDMI(R) cable 35 using three TMDS channels #0, #1, and
#2 as the plurality of channels. [0055] The TMDS channels #0, #1, and #2
provided in 10 the transmitter 81 function &sCa first transmission channel.
In addition, the TMDS channels #0, #1, and #2 provided in a receiver 82
function as a first reception channel. [0056] Further, the transmitter 81
convertsthe 15 differeptiaksignals:gafrespondingto the audio data
associated with the uncompressed picture, necessary control data, other
auxiliary 0a%d,land thepkieel and asérjallytinan Stmisl thiem sioidirectiohaliytd udes
the HDMI(R) sink 72 connected thereto via the HDMI(R) cable 35 20
using tife thraB vt SSehdinels TS #1= eiet Hobs9 ] FarRERRbRe, the
transmi smits lxel ocks nchroni ed wi |er dat

s e s T R W ettt o

transmitte e t ree

ssink 72@@@@1@%@5@%@@&%&%@5&@ DMUER):-eable Bbusing @s MRS them

clock channel. Here, in a single TMDS channel #i (i= 0, 1, 2), 10 bits of

pixel 2lunidirectionally to the HDMI (R) sink 72 connected
thereto via the HDMI(R) cable 35 using three TMDS
channels #0, #1, and #2 as the plurality of channels.
[0055] The TMDS channels #0C, #1, and #2 provided in

10 the transmitter 81 function as a first transmission

channel. In addition, the TMDS channels #0, #1, and #2

provided in a receiver B2 function as a first reception

channel.
00567 Further, the transmitter 81 converts the
15 differential signals corresponding to the audio data

assoclated with the uncompressed picture, necessary
control data, other auxiliary data, and the like and
serially transmits them unidirectionally to the HDMI (R)
sink 72 connected thereto via the HDMI (R} cable 35

20 using the three TMDS channels #0, #1, and #2.

[0057] Furthermore, the transmitter 81 transmits
pixel clocks synchronized with the pixel data
transmitted by the three TMDS channels #0, #1, and #2
te the HDMI(R) sink 72 connecied thereto via the

25 HDMI (R} cable 3% using a TMDS clock channel. Here, in a

gingle TMDS channel #i (i = 0, 1, 2}, 10 bits of pixel



data is transmitted during 1 clock of the pixel clocks. [0058] The HDMI(R)

sink 72 receives the differential signal corresponding to the pixel data
transmitted unidirectionally from the HDMI(R) source 71 using a 5

plurality of channels in the active area section, and receives the

differential signals corresponding to the audio data and the control data
transmitted unidirectionally from the HDMI(R) source 71 using the

plurality of channels in the horizontal flybaék unit or 10 the vertical flyback

unit. [0059] Specifically, the HDMI(R) sink 72 includes the receiver 82.

The receiver 82 receives, using the TMDS channels #0, #1, and #2, the
differentigl sianal icorresponding ta.thempixel data andtherdifferential 181 ocks.
signals corresponding to the audio data and control data, that are
transmitteeadidirectioreal jrGniithe sHDMI{R) seweevEEcohrecteédferential
thereto via the HDMI(R) cable 35, in 7‘ylnc with the pixel clocks S|m|IarIy

transm ﬁtb‘éi“f?dmctﬂjéqﬁrﬁﬁ/ﬁ(ﬁ})léﬁl rc8

Psiig e TRIDS 566¢K &

channel, [0Q8QLAS . ransmission, channelpf ARHDMIR). SY$eMeing 2
constituted of the HDMI(R) source 71 and the HDMI(R ) sink 72, there are

falso trapsmiasionchannels cadied DRCHRAsplay: Data ShannebR3 and and
CEC line 84 _in 25 addition_ to the thrr—;e TMDS channels #0 to #2 as
transmisSrL TN riels fet g ntdmsmitthil i ene@presponding to the

10

15

20

25

audio data and the control data transmitted
unidirectionally from the HDMI (R) scurce 71 using the
plurality of channels in the horizontal fiyback unit or
the vertical flyback unit.

[0059] Specifically, the HDMI(R) sink 72 includes
the receiver 82. The receiver 82 receives, using the
TMDS channels #0, #1, and #2, the differential signail
corresponding to the pixel data and the differential
signals corresponding to the audic data and control
data, that are transmitted unidirectiocnally from the
HDMI {R) source 71 connected thereto via the HEDMI (R)
cable 35, in sync with the pixel clocks similarly
transmitted from the HDMI (R) scource 71 using the TMDS
clcck channel.

[0060] As a transmission channel of an HDMI (R)
system constituted of the HDMI (R) socurce 71 and the
HEMI(R) sink 72, ther@ are also transmission channels
called DDC {Display Data Channel) 83 and CEC line 84 in
addition to the three TMDS channels #0 to #2 as

transmission channels for serially transmitting, in one



direction, the pixel data and audio data in sync with the pixel clocks from
the HDMI(R) source 71 to the HDMI(R) sink 72 and the TMDS clock
channel as a transmission channel for transmitting the pixel clocks. 5
[0061] The DDC 83 is constituted of two signal lines (not shown) included
in the HDMI(R) cable 35 and used for the HDMI(R) source 71 to read out
E-EDID (Enhanced Extended Display Identification Data) from the
HDMI(R) sink 72 connected thereto via the BIDMI(R) cable 35. 10 [0062]
Specifically, in addition to the receiver 82, the HDMI(R) sink 72 includes
an EDIDROM (EDID ROM (Read Only Memory) ) 85 that stores the
E-EDIDas-iderpation N s puvn seiingsaqd peifasmance. Ihesync with
HDMI(R) source 71 reads out, from the HDMI(R) sink 72 connected 15
thereto Vizetlrel HEMKR) chblef 35rE ERIDIBMEE®R in thea & DROM 85 Inf
the HDMI(R) sink 72 via the DDC 83, and recognizes, based on the

E-EDIDYHRE $Bttirfsdnd perfisinidiceofthe krohamee2, ffatds, a

picture ile) t lectr I n € 1ocks.
IOMI(R) SHE 1 Suppbrte Tke Ro (2o Eroas Bie), VARG i, Sad°

5YCbCr4;2:2%{0063] itsboutstbe noted &tai@ﬂﬂ@u@éaﬂl%ﬁhﬁw& Sigantaines
the HDMI(R) sink 72, the HDMI(R) source 71 can store E-EDID and
transmit fife ESRDD ko %W@HWRRJ)HZMS%WW%%C@S@&@ fBoe4drhesed

CEC “n?08r4 Eﬂ%org}%%%t?g)c}fs%alr ?% to read cut E-EDID (Enhanced

Extended Pisplay Identification Data) from the HDMI(R)

sink 72 connected thereto via the HDMI(R) cable 35.

10

15

20
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[0062] Specifically, in addition to the receiver 82,
the HDMI(R) sink 72 includes an EDIDRCOM (EDID ROM (Read
Only Memory)) B85 that stores the E-EDID as information
on its own settings and performance. The HDMI(R) source
71 reads cut, from the HDMI(R) sink 72 connected
thereto via the HDMI (R) cable 35, E-EDID stored in the
EDIDROM 85 of the HDMI(R) sink 72 via the DDC 83, and
recognizes, based on the E-EDID, the settings and
performance of the HDMI(R) sink 72, that is, a picture
format (profile) that (the electrcnic apparatus
including) the HDMI{(R) sink 72 supports like RGE (Red,
Green, Blue), YCbCr4d:4:4, and YChCrd:2:2.

[0063) It should ke noted that although not shown,
similar to the HDMI (R} sink 72, the HDMI (R} source 71
can store E-EDID and transmit the E~EDID to the HDMI (R)
sink 72 as necessary.

[00€4] The CEC line 84 is constituted of a single



signal line (not shown) included in the HDMI(R) cable 35 and used for
performing bidirectional communication of control data between the
HDMI(R) source 71 and the HDMI(R) sink 72. 5 [0065] Further, the
HDMI(R) source 71 and the HDMI(R) sink 72 can perform bidirectional IP
communication by transmitting, for example, a frame conforming to IEEE
(Institute of Electrical and Electronics Engineers) 802.3 to the HDMI(R)

sink 72 and 10 the HDMI(R) source 71 viaie DDC 83 or the CEC line

84. [0066] Furthermore, the HDMI(R) cable 35 includes a signal line 86
connected to a pin called Hot Plug Detect, and the HDMI(R) source 71

and thesHIPMI(R) stk 1542 Gamowss thensignabline 86 te detesiair) cable
connection of a new electronic apparatus, that is, the HDMI(R) sink 72 or
the HDRfi(R soweed 1£ 006 FNexm Figs. Miahid 5asichnsow anpinnication
assignment of a cogﬁctor (not shown) provided in the 20 HDMI

source 71 SrEHOMITRPsRR 72°Ehrictted 18 1hE HB R cal Fé)%%':.l the

[0068] ki sheyid be noted; that in Figs. 4 and 5, a pin number for specifying
a connector pin is described on a left-hand column (PIN column), and a

Sname of atZs signal Bllecated toehpingpeciffed by the:pinnusber the
described on the left-hand column is described on a 24
HDMI (R) sink 72 can perform bidirectiocnal IP
communication by transmitting, for example, a frame

conforming to IEEE (Institute of Electrical and

Eilectronics Engineers) 802.3 to the HDMI{(R} sink 72 and

10 the BDMI (R} source 71 wvia the DDC 83 cor the CEC line
g4,
[0066] Furthermore, the HDMI (R} cable 35 includes a

signal line 86 connected to a pin called Hot Plug
Detect, and the HDMI{R) scurce 71 and the HDMI(R) sink
15 72 can use the signal line 86 to detect a connection of
a new electronic apparatus, that is, the HDMI(R) sink
72 or the HDMI (R} source 71.

[0067] Next, Figs. 4 and 5 each show a pin
assignment of a connector (not shown) provided in the
20 BDMI {(R) source 71 or the HDMI (R} sink 72 connected tc¢
the HDMI (R) cable 35.

[0068] It should be noted that in Figs. £ and 5, a
pin number for specifying a connector pin is described
on a left-hand column (PIN column}, and a name of a

25 signal allocated to a pin specified by the pin number

described on the left-~hand column is described on a



right-hand column on the same row (Signal Assignment column). [0069]
Fig. 4 shows a pin assignment of a connector called Type-A of the
HDMI(R). 5 [0070] Two signal lines as differential signal lines through
which differential signals TMDS Data #1+ and TMDS Data #i- of a TMDS
channel #i are transmitted are respectively connected to a pin to which
TMDS Data #i+ is allocated (pins with pin numbers 1, 4, and 7) and a 10
pin to which TMDS Data #i- is allocated (p#$ with pin numbers 3, 6, and
9). [0071] Further, the CEC line 84 through which a CEC signal as control
data is transmitted is connected to a pin with a pin number 13, and a pin

with a pin pumbentd ddlismreservedpinadidirectionall21 Assignment
communication can be performed using this reserved pin, compatibility
with thecexisting HDMI(R) can be maintained. In this regard, so as to
enable differentiation signals tg be transmitted using the CEC line 84 and

a signalt {7 26 conrfetied fo HPPR Witk e FRTIERBER T4 CtheSsigRANeCtor
line con&gﬂ%@t% e pin with the pﬁbﬂﬁ'zpﬁr 14 and the CEC line 84 are
S

connected as a differential twist pair an lelded, and grounded to
sground [ines®f the CEE Wig B4 andithesDRE 83 that asa coanesteghtola 1ines

pin 25 with a pin number 17. [0072] In addition, a signal line through
which agigmugh which differential signals TMDS Data #I+ and
TMDS Data #i- of a TMDS channel #i are transmitted are
respectively connected to a pin to which TMDS Data #i+
is allocated {pins with pin numbers 1, 4, and 7) and a
10 pin to which TMDS Data #i- is allocated (pins with pin
numbers 3, 6, and 9).
[0071] Further, the CEC line 84 through which a CEC
signal as control data is transmitted is connected to a
pin with a pin number 13, and a pin with a pin number
15 14 is a reserved pin. If bidirectional ¥P communication
can be performed using this reserved pin, compatibility
with the existing HDMI(R) can be maintained. In this
regard, so as to enable differentiation signalis to be
transmitted using the CEC line 84 and a signal line
20 connected te the pin with the pin number 14, the signal
line connected to the pin with the pin number 14 and
the CEC line 84 are connected as a differential twist
pair and shielded, and grounded to ground lines of the
CEC line 84 and the DDC 83 that are connected to a pin
25 with & pin number 17.

[0072] In addition, a signal line through which an



SDA (Serial Data) signal such as E-EDID is transmitted is connected to a
pin with a pin number 16. A signal line through which an SCL (Serial
Clock) signal as a clock signal used in a synchronization at a time of 5
transmitting and receiving the SDA signal is transmitted is connected to a
pin with a pin number 15. The DDC 83 of Fig. 3 is constituted of the
signal line through which the SDA signal is transmitted and the signal
line through which the SCL signal is 10 traagimitted. [0073] Further, like
the CEC line 84 and the signal line connected to the pin with the pin
number 14, the signal line through which the SDA signal is transmitted

and thegsignaldine;through which the, SCL signalds ASdransmitted are. s rreq
connected as a differential twist pair and shielded so as to enable the
differential signalsctebetransmiftedyant grogndedionthergroend knesignal
connected to the pin with the gin number 17. [0074] In addition, the signal

line 86 tht&Gg WIS 20" 8 SGgn&ToP detethifg Becorfneidibh ot iwrew as a
electronj ratus is transmitted._is conpected to a pin with a_ pjn
g%fﬁgg§§#éaft§%$énln a 8 nggro$ﬁ%§%gon 4t ‘a £1ﬁgdof

number Ig. 5'shows a pin assignme aconnector ca

SType-C o ahyperminief thaHRMIR) 26J00%6] Bua signaldinesas
differential signal lines through which differential signals TMDS Data #i+
and 26 transmitted is connected to a pin with a pin number 15.

The DDC 83 of Fig. 3 is constituted of the signal line
through which the SDA signal is transmitted and the
signal line through which the SCL signal is

10 transmitted.
[0073] Further, iike the CEC line 84 and the signal
line connected to the pin with the pin number 14, the
signal line through which the SDA signal is transmitted
and the signal line through which the SCL signal is

15 transmitted are connected as a differential twist pair
and shielded so as tc enable the differential signals
to be transmitted, and grounded to the ground lines
conn@cted.to the pin with the pin number 17.
{00741 In addition, the signal line 86 through which

20 a signal for detecting a connection of a new electronic
apparatus is transmitted is connected to a pin with a
pin number 19.
[0075] Fig. 5 shows a pin assignment cof a connector
called Type-~C or Type-mini of the HEDMI(R).

25 {0076} Two signal lines as differential signal lines

through which differential signals TMDS Data #i+ and



TMDS Data #i- of a TMDS channel #i are transmitted are respectively
connected to a pin to which TMDS Data #i+ is allocated (pins with pin
numbers 2, 5, and 8) and a pin to which TMDS Data #i- is allocated (pins
with pin 5 numbers 3, 6, and 9). [0077] Further, the CEC line 84 through
which a CEC signal is transmitted is connected to the pin with the pin
number 14, and the pin with the pin number 17 is a reserved pin. As in
the case of Type-A, the signal line 10 conrgsgted to the pin with the pin
number 17 and the CEC line 84 are connected as a differential twist pair
and shielded, and grounded to ground lines of the CEC line 84 and the

DDC 83,ihat a/e.connecteq tq thegin with ine pin pumber 13, 15 100784 are

In addition, the signal line through which an SDA signal is transmitted is
connecied fo: thei piiwith othespindalmbe a1l @ and:ihessignal inethroagh #1+
which an SCL signal is transmitted is connected to the pin with the pin
numbef $52A3 A¢ HECad@ BITypelR, hbrsigidtzorne throughtthiéh apnd 2
SDA signal i | ransmitte 6, SI al line thr h which an. SCL signal_.
is transmitte arg1 cor%llngc 6%2 "3 i rentl A twi ¥%a|\;¥angd s(aﬁle?c?e&q s%g pan
5as to enahiedbe differentiglgigals to be transmitted, and grounded to the
ground lines connected 25 to the pin with the pin number 13. Also, the

signal i€ BBlthroughiwiiicir a sidpeald8Cdetectindg &4 2hrough which a CEC

signal is transmitted is connected to the pin with the
pin number 14, and the pin with the pin number 17 is a
reserved pin. As in the case of Type-2, the signal line
10 connected to the pin with the pin number 17 and the CEC
line 84 are connected as a differential twist pair and
shielded, and grounded to ground lines of the CEC line
84 and the DDC 83 that are connected to the pin with
the pin number 13.

15 [0078] In addition, the signal iine through which an
SDA signal is transmitted is connected to the pin with
the pin number 16, and the signal line through which an
SCL signal is transmitted is connected to the pin with
the pin number 15. As in the case of Type-A, the signal
20 line through which an SDA signal is transmitted and the
signal line through which an SCL signal is transmitted
are connected as a differential twist pair and shielded
so as to enable the differential signals to be
transnitted, and grounded to the ground lines connected

25 to the pin with the pin number 13. Also, the signal

line 86 through which a signal for detecting a



connection of a new electronic apparatus is transmitted is connected to
the pin with the pin number 19. [0079] Next, Fig. 6 is a diagram showing a
structure of the HDMI(R) source 71 and the HDMI(R) sink 72 that 5
perform IP communication by a half-duplex communication system using
the CEC line 84 and the signal line connected to the reserved pin of the
connector of the HDMI (R) . It should be noted that Fig. 6 shows a
structural example of parts related to the hatf-duplex 10 communication in
the HDMI(R) source 71 and the HDMI(R) sink 72. Moreover, in Fig. 6,
parts corresponding to those of Fig. 3 are denoted by the same reference

numerals,gnd deseriptions hereehwillbe.amitted,as apRIOPHIAIS. 1o smit ted
[0080] The HDMI(R) source 71 is constituted of the transmitter 81, a

switching controkunitd2tpanta timning comtrohenip 122nAdses tha 9.
transmitter 81 is provided with a conversion unit 131, a decode unit 132,
and a s{th?133. 2081 Stipplieds the CoOAEROFOAIN 1Y j§ TS ructure

data as dataanated fam e HOVIE) sauree fho e HOMIE) sin

72 through rectional IP communication source
571 and 4be fdPMIER) skl ikha- T3 oty iss for-examplel 2R GAMRIESSest ion

pixel data and audio data. [0082] The conversion unit 131 is constituted
of, 28 system using the CEC line 84 and the signal line
connected to the reserved pin of the connector of the
HDMI(R). It should be ncted that Fig. 6 shows a
structural example of parts related to the half-duplex
10 communication in the HDMI(R) source 71 and the HDMI(R)
sink 72. Moreover, in Fig. 6, parts corresponding to
those of Fig. 3 are denoted by the same reference
numerals, and descripticns thereof will be omitted as
appropriate,
15 (00803} The HDMI (R) socurce 71 is constituted of the
transmitter 81, a switching control unit 121, and a
timing contrel unit 122. Alsc, the transmitter 81 is
provided with a conversion unit 131, a deccde unit 132,
and a switch 133.
20 (00811 Supplied to the conversion unit 131 is Tx
data as data transmitted from the HDMI(R) source 71 to
the HDMI (R} sink 72 through bidirectional IP
communication between the HDMI{(R) source 71 and the
HDMI (R) sink 72, The Tx data is, for example,

25 compressed pixel data and audio data.

[C082] The conversiocon unit 131 i1s constituted of,



for example, a differential amplifier, and converts the supplied Tx data
into a differential signal constituted of two partial signals. Moreover, the
conversion unit 131 transmits to the receiver 82 the differential 5 signal
obtained by the conversion via the CEC line 84 and a signal line 141
connected to a reserved pin of a connector (not shown) provided in the
transmitter 81. In other words, the conversion unit 131 supplies one of
the partial signals constituting the differentia® 10 signal obtained by the
conversion to the switch 133 via the CEC line 84, more specifically, a
signal line that is provided in the transmitter 81 and connected to the

CEC ling,84 0% the, DMUR) cable ap and syppliesethe, othel oneoiihe s the

partial signals constituting the 15 differential signal to the receiver 82 via

the sigraiplirie éd1Tmode specifically, & sithal-bne that is iproxidetbinsthétuted
transmitter 81 and connected to the signal line 141 of the HDMI(R) cable
35, andthedgn&eTiké 2415 2070083] TG HRE Uit 3SR EEASH At Rt

of, for mple, a differential amplifier, and in terminals,. thereof ar
connec?e togﬁ%néﬂbgme %4%%3 ﬁeecgéﬁglr I?r% 1%11? U%ﬁgg%gﬁﬂ% of the
giming conded uniik22i nthe decade upiA32.re¢eiMes the differentialisignals 4

25 transmitted from the receiver 82 via the CEC line 84 and the signal

line 14BrHakiss flundiffetdmal 20. connected te a reserved pin of a
connector (not shown) provided in the transmitter 81.
In other words, the conversion unit 131 supplies one of
the partial signals constituting the differential

10 signal obtained by the conversion to the switch 133 via

the CEC line 84, more specifically, a signal line that

is provided in the transmitter 81 and connected to the

CEC line 84 of the HDMI(R) cable 35, and supplies the

other one ¢f the partial signals constituting the

15 differential signal to the receiver 82 via the signal

line 141, mcre specifically, a signal line that is

provided in the transmitter 81 and connected to the

signal line 141 of the HBMI(R) cable 35, and the signal

line 141,

20 [C083] The decode unit 132 is constituted of, for

example, a differential amplifier, and input terminals

therecf are connected to the CEC line 84 and the signal

line 141. Under contrcl of the timing control unit 122,

the decode unit 132 receives the differential signal

25 transmitted from the receiver B2 wvia the CEC line 84

and the signal line 141, that is, the differential



signal constituted of the partial signal on the CEC line 84 and the partial
signal on the signal line 141, decodes it into Rx data as the original data,
and outputs it. Here, the Rx data is data transmitted from 5 the HDMI(R)
sink 72 to the HDMI(R) source 71 through bidirectional IP communication
between the HDMI(R) source 71 and the HDMI(R) sink 72, such as a
command that requests a transmission of pixel data and audio data. 10
[0084] A CEC signal from the HDMI(R) sourge 71 or the partial signal
constituting the differential signal corresponding to the Tx data from the
conversion unit 131 is supplied to the switch 133 at a timing of

transmilling. data, anda GEG §! Qf‘@'_ {rom e receiver ilgsngi oL %}Pé”iaéc

signal constituting the differential signal Correspondingto the Rx data

from the 1qeeiver BRissuppliedat-a timing afiresgiving dataddnderine 141,
control of the switching control unit 121, the switch 133 selects and
outputsthecCEE signalfitomitheddbDMIER) 20 sogrcbdZin ol tifeCEC sihal

from the receiver 82, or _the partial signal.constituting the differential
Sl B e ditr o RE T HaEs BFUSSR AP ORLE coREMTRIG RS £7om

wdifferentigh sighat earrespending 1@ theRx:iaiar ¢9) (008} otermardsyn
at the timing at which the HDMI(R) source 71 transmits data to the
HDMI(R)isinke8fcional IP communication between the HDMI (R)
source 71 and the HDMI(R) sink 72, such as a command
that requests a transmission of pixel data and audio
data.
10 [0084] A CEC signal from the HDMI(R) source 71 or
the partial signal constituting the differential signal
corresponding to the Tx data from the conversion unit
131 is supplied to the switch 133 at a timing of
transmitting data, and a CEC signal from the receiver
i5 B2 or the partial signal constituting the differential
signal corresponding to the Rx data from the receiver
82 is supplied at a timing of receiving data. Under
control of the switching control unit 121, the switch
133 selects and outputs the CEC signal from the HDMI (R)
20 source 71 or the CEC signal from the receiver 82, or
the partial signal constituting the differential signal
corresponding to the Tx data or the partial signal
constituting the differential signal corresponding to
the Rx data.
25 {0085] In other words, at the timing at which the

HDMI {R) source 71 transmits data to the HDMI (R) sink



72, the switch 133 selects either the CEC signal supplied from the
HDMI(R) source 71 or the partial signal supplied from the conversion unit
131 and transmits the selected CEC signal or partial signal to 5 the
receiver 82 via the CEC line 84. [0086] Moreover, at the timing at which
the HDMI(R) source 71 receives the data transmitted from the HDMI(R)
sink 72, the switch 133 receives the CEC signal transmitted from the
receiver 82 via the CEC line 84 or 10 the pagtial signal of the differential
signal corresponding to the Rx data, and supplies the received CEC
signal or partial signal to the HDMI(R) source 71 or the decode unit 132.

[0087] The syiiching cantrakunit 121 controls the, 15,suwith 133

switches the switch 133 so that either one of the signals supplied to the
switch 3343 iseleatedn T hadinMng Icautral ik d22Tonso s Bdirpingt b 1
which the decode unit 132 receives the differential signal. 20 [0088] The
HDMI(R)- ik 17 2 iara0nistitute 8 OF the ereteiies 821 antindifgtcohtrol #t

123, and a switching .control un 4 addition,. the receiver
o A B o e R o TERELAY Biopad o

25 [0089] J heseQnuarsiogunyt 1341k constituted.ofg for example, a
differential amplifier, and is supplied 31
(00861 Moreover, at the timing at which the EDMI(R)
source 71 receives the data transmitted from the
HDMI{(R) sink 72, the switch 133 receives the CEC signal
transmitted from the receiver 82 wvia the CEC line 84 orx
10 the partial signal of the differential signal
corresponding to the Rx data, and supplies the received
CEC signal or partial signal to the HDMI(R) source 71
or the decode unit 13Z.
i0087] The switching control unit 121 controls the
15 gswitch 133 and switches the switch 133 so that either
one of the signals supplied tc the switch 133 is
selected. The timing centrol unit 122 controls a timing
at which the decode unit 132 receives the differential
signal,
20 [0088] The HDMI (R) sink 72 is constituted of the
receiver 82, a timing control unit 123, and a switching
control unit 124. In addition, the receiver 82 is
provided with a conversion unit 134, a switch 135, and
a decode unit 136.
25 [0089] "he conversion unit 134 is constituted of,

for example, a differential amplifier, and is supplied



with Rx data. Under control of the timing control unit 123, the conversion

unit 134 converts the supplied Rx data into a differential signal constituted

of two partial signals, and transmits to the transmitter 81 5 the differential
signal obtained by the conversion via the CEC line 84 and the signal line
141. In other words, the conversion unit 134 supplies one of the partial
signals constituting the differential signal obtained by the conversion to

the switch 135 via the 10 CEC line 84, morgyspecifically, a signal line that

is provided in the receiver 82 and connected to the CEC line 84 of the
HDMI(R) cable 35, and supplies the other one of the partial signals
constitfing, e, diferentia,signal (0,1 wanalpitie S1da e 185008l unse
line 141, more specifically, a signal line that Is provided in thé receiver 82
and connegtedtie thensigrakiline 141 of e HEMKR) €ablendd,Aansbthited Rx
signal line 141. [0090] The CEC signal from the transmitter 81 or the 20
partial slgial doristitatintt tHeedifeantial signat lcoteaspohbitietd the Txo
data from the transmitter. 81 is supplied to the switch 135 at a timing of
receivinth Hata arid 6 patiat Sanel CRRBAILng the Bt STt aTSorar ©1
scorresponding torthe-Rx dafa from, 25 tBSt@DM@E‘?!%”BEé%oQH@?s@EQ via

signal from the HDMI(R) sink 72 is supplied at a timing of transmitting 32
the CEC line 84 and the signal line 141. 1In other
words, the conversion unit 134 supplies one of the
partial signals constituting the differential signal
cbtained by the conversion to the switch 135 wvia the
10 CEC line 84, more specifically, a signal line that is
provided in the receiver 82 and connected to the CEC
line 84 of the HDMI(R) cable 35, and supplies the other
one of the partial signals constituting the
differential signal to the transmitter 81 via the
15 signal line 141, more specifically, a signal line that

ig provided in the receiver 82 and connected to the

signal line 141 of the HEDMI(R) cable 35, and the signal

line 141.
[0690] The CEC signal from the transmitter 81 or the
20 partial signal constituting the differential signal

corresponding to the Tx data from the transmitter 81 is
supplied to the switch 135 at a timing of receiving
data, and the partial signal constituting the
differential signal corresponding tc the Rx data from
25 the conversion unit 134 or the CEC signal from the

HDMI(R) sink 72 is supplied at a timing of transmitting



data. Under control of the switching control unit 124, the switch 135
selects and outputs the CEC signal from the transmitter 81 or the CEC
signal from the HDMI(R) sink 72, or the partial signal constituting the 5
differential signal corresponding to the Tx data or the partial signal
constituting the differential signal corresponding to the Rx data. [0091] In
other words, at the timing at which the HDMI(R) sink 72 transmits data to
the HDMI(R) source 10 71, the switch 1353gelects either the CEC signal
supplied from the HDMI(R) sink 72 or the partial signal supplied from the
conversion unit 134 and transmits the selected CEC signal or partial

signal tg the .tra@é&@?%@%ﬁ’j{%ﬁhe&%@”%%ﬁtjc%l%%i’zgd\ﬂﬁl@&i’_ el 124,

the timing at which the HDMI(R) sink 72 receives the data transmitted

from the IRDMI(R)cIsource €4 1heswitetul3n teaaives the CEC siggakl from
transmitted from the transmitter 81 via the CEC line 84 or the partial

signal df'tke ErfereRtialsign8il2@ eoflespbhffing tenhd Thidatatafd HDMT (R)

supplies the received C signal. or, partial signal to the HDMI(R) sink 72
g e 8 bl KRR St N

sexamplg; & dlifferential agplifign, and-pPULIgIARRIS 125 thereokargita or the
connected to the CEC line 84 and the signal line 141. The decode unit
136 receidsithe differeritiat@8stituting the differential signal
corresponding to the Rx data.
[00911 In other words, at the timing at which the
HDMI (R) sink 72 transmits data to the HDMI (R} source
10 71, the switch 135 selects either the CEC signal
supplied from the HDMI (R) sink 72 or the partial signal
supplied from the conversion unit 134 and transmits the
selected CEC signal or partial signal to the
transmitter 81 via the CEC line 84.
15 [0092] Morecver, at the timing at which the HDMI (R)
sink 72 receives the data transmitted from the HDMI (R)
scurce 71, the switch 135 receives the CEC signal
transmitted from the transmitter 81 wvia the CEC line 84
or the partial signal of the differential signal
20 corresponding to the Tx data, and supplies the received
CEC signal or partial gignal to the HDMI(R) sink 72 or
the decode unit 136.
100937 The decode unit 136 is constituted of, for
example, a differential amplifier, and input terminals
25 thereof are connected tc the CEC line 84 and the signal

line 141. The decode unit 136 receives the differential



signal transmitted from the transmitter 81 via the CEC line 84 and the
signal line 141, that is, the differential signal constituted of the partial
signal on the CEC line 84 and the patrtial signal on the signal 5 line 141,
decodes it into Tx data as the original data, and outputs it. [0094] The
switching control unit 124 controls the switch 135 and switches the switch
135 so that either one of the signals supplied to the switch 135 is 10
selected. The timing control unit 123 contral3 a timing at which the
conversion unit 134 transmits the differential signal. [0095] Further, in a
case where the HDMI(R) source 71 and the HDMI(R) sink 72 perform IP

commugication by, 15,3 full-dyplex ommunicalign,system using,the CEC cxrc

line 84, the signal line 141 connected to the reserved pin, the signal line
throughiwhichstheaSRAtsignakigntransmitted, angd thesignal linedbrough
which the SCL signal is transmitted, the HDMI(R) source 71 and the 20
HDMI(RY AR 7ondreadtricitrad as Shotvihtin g 7 Fok examplel plshotgnal

be noted thet.n Fig. 7, parts, gorrespanding lo (hose ofFig. 0 are dspoted .,
by the same reference numerals, and dés rlplilons h&reotwill Be omittdd

s appropriate, 25, (96} dbe HPMIR),saurcg flsisLonstituted 0fthe 1 data,
transmitter 81, the switching control unit 121, and a 34

and outputs it.
{0094 The switching control unit 124 controls the
switch 135 and switches the switch 135 so that either
one of the signals supplied to the switch 135 is

10 selected. The timing control unit 123 controls a timing
at which the conversion unit 134 transmits the
differential signal.
[00951 Further, in & case where the HDMI(R) source
71 and the HDMI{(R)} sink 72 perform IP communication by

15 a full-duplex communication system usiﬁg the CEC line
84, the signal line 141 connected to the reserved pin,
the signal line through which the SDA signal is
transmitted, and the signal line through which the SCL
signal is transmitted, the HDMI{R) source 71 and the

20 HDMI(R) sink 72 are structured as shown in Fig. 7, for
example. It should be noted that in Fig. 7, parts
corresponding to those of Fig. 6 are denoted by the
same reference numerals, and descriptions thereof will
be omitted as appropriate.

25 [0096] The HDPMI (R) source 71 is constituted of the

transmitter 81, the switching control unit 121, and a



switching control unit 971. Also, the transmitter 81 is provided with the
conversion unit 131, the switch 133, a switch 181, a switch 182, and a
decode unit 183. [0097] An SDA signal from the HDMI(R) source 71is 5
supplied to the switch 181 at a timing of transmitting data, and an SDA
signal from the receiver 82 or the partial signal constituting the differential
signal corresponding to the Rx data from the receiver 82 is supplied at a
timing of receiving data. Under control 10 af4he switching control unit 971,
the switch 181 selects and outputs the SDA signal from the HDMI(R)
source 71, the SDA signal from the receiver 82, or the partial signal

constituting:thg diferential signgh Goresponding.to, therRx data. ;o 10098l 51 s
In other words, at the timing at which the HDMI(R) source 71 receives
data trapsmitteid fromi the tHBMI(R)sink 142 thenswitcls 181 reeeivesteither 33,

the SDA signal transmitted from the receiver 82 via an SDA line 191 as

the sigrial filié trfdubilwhizhS3it SBA Sihal R0 Gaf&Ritts BPte partial

signal o ifferentjal signal correspending Q. th , an plies ;
the rec¢£3i6§/ta¢3=)%ézlgI DA si%%aﬁg%p pasr%i%@%n%if%n thé%DmaéZu%cog %I%r?ﬁe °
glecode in#-182 {00891 Moreavesciat the timingzatawhichdhg HBMHRI 26t ing

source 71 transmits the data to the HDMI(R) sink 72, the switch 181
transmitsathe, SBAGsignalbdpplieginiidmi3®m  the receiver 82 or the

partial signal constituting the differential signal
corresponding to the Rx data from the receiver B8Z is
supplied at a timing of receiving data. Under control
10 of the switching control unit 271, the switch 181
selects and outputs the SDA signal from the HDMI(R)
source 71, the SDA signal from the receiver 82, or the
partial signal constituting the differential signal
corresponding to the Rx data.
15 [ooes} In other words, at the timing at which the
HDMI (R) source 71 recelves data transmitted from the
EDMI (R) sink 72, the switch 181 receives either the SDA
signal transmitted from the receiver 82 via an SDA line
191 as the signal line through which an SDA signal is
20 transmitted or the partial signal of the differential
signal corresponding to the Rx data, and supplies the
received SDA signal or partial signal to the HDMI(R)
source 71 or the decode unit 183.
[0099] Moreover, at the timing at which the HDMI{R)
25 source 71 transmits the data to the HDMI (R) sink 72,

the switch 181 transmits the SDA signal supplied from



the HDMI(R) source 71 to the receiver 82 via the SDA line 191, or does
not transmit anything to the receiver 82.[0100] The SCL signal from the
HDMI(R) source 71 is 5 supplied to the switch 182 at a timing of
transmitting data, and the partial signal constituting the differential signal
corresponding to the Rx data from the receiver 82 is supplied at a timing
of receiving data. Under control of the switching control unit 971, 10 the
switch 182 selects and outputs either the SG signal or the partial signal
constituting the differential signal corresponding to the Rx data. [0101] In
other words, at the timing at which the HDMI (R) source 71 receives the

data tragﬁamﬁ%@fragﬂ 15he HDMI(RYsipk /2, the.swilch 482 receives thg,

partial signal of the differential signal corresponding to the Rx data, that

has been transmitfedroav e neceiwer 82nviacar SEhh ling 102 anthereceiver
signal line through which an SCL signal is transmitted, and 20 supplies

the recéived partial signal to the decode unit 183, or does not receive

anythin ] Mor ve t the timing wh|c the R) source 7 .
transml?s £&8 ata to Iﬁ:})géllng g{}vltc lgi%gl(l}& nsm“{s%ﬁe ﬂ}l o
»CL S'%ﬁﬁ@@&?@ﬁ%ﬁ@%ﬁ@ﬂ@%@ gqyr%e ¥149.1Be sgceiyan8a Va ing
the SCL line 192 or does not transmit anything. 36

data, and the partial signal constituting the
differential signal corresponding to the Rx data from
the receiver 82 ig suppliied at a timing of receiving
data. Under control of the switching control unit 971,
10 the switch 182 selects and outputs either the SCL
signal or the partial signal constituting the
differential signal corresponding to the Rx data.
[0101] In other words, at the timing at which the
HDMI (R) source 71 recelves the data transmitted from

15 the HDMI{R) sink 72, the switch 182 receives the
partial signal of the differential signal corresponding
to the Rx data, that has been transmitted from the
receiver 82 via an SCL line 192 as the signal line
through which an SCL signal is transmitted, and

20 supplies the received partial signal to the decede unit
183, or does not receive anything.

{0102} Moreover, at the timing at which the HDMI (R)
source 71 transmits the data to the EDMI(R) sink 72,
the switch 182 transmits the SCL signal supplied from
25 the HDMI (R) source 71 to the receiver 82 via the SCL

iine 192 or does not transmit anything.



[0103] The decode unit 183 is constituted of, for example, a differential
amplifier, and input terminals thereof are connected to the SDA line 191
and the SCL line 192. The decode unit 183 receives the differential 5
signal transmitted from the receiver 82 via the SDA line 191 and the SCL
line 192, that is, the differential signal constituted of the partial signal on
the SDA line 191 and the partial signal on the SCL line 192, decodes it
into Rx data as the original data, 10 and ogigputs it. [0104] The switching
control unit 971 controls the switch 181 and the switch 182 and switches

the swi
signals
[0105]

tch 181 and the switch 182 so that either one of the supplied

i ted fqr.each of the switch 15 and the switch 182
B iR 1% SeME A%, cor

IS constitute he™ receiver

switchirg: ggptrel, unit 424 rand 2 switchina eantol UniQ¥ 2. p@dditioninals

the rec

eiver 82 is provided with the switch 135, the decode unit 20 136, a

conversibpxmitfl 84 e switolk d85dand A bwitéiPA 861 @106)ITled the SCL
conversion unit 184 is constituted of, for example, a differential amplifier,

and is suppfied fuith RXUSAEPRE combersiSrufit 18AEohvers Hd 2T ential
ssupplied Rx data ipto a ditferential signal constituted. of pwo pattial, . spa

signals

10

15

20

25

, and transmits to the 37
line 1921 and the SCL line 192, that is, the

differential signal constituted of the partial signal
on the 8SDA line 191 and the partial signal on the SCL
line 192, deccdes it into Rx data as the original data,
and outputs it.

[0104] The switching control unit 871 contrels the
switch 181 and the switch 182 and switches the switch
181 and the switch 182 so that either one of the
supplied signals is selected for each of the switch 181
and the switch 182Z.

10105 The HDMI (R} sink 72 is constituted of the
receiver 82, the switching control unit 124, and a
switching control unit 972. In addition, the receiver
82 is provided with the switch 135, the decode unit
136, a cenversion unit 184, a switch 185, and a swiich
186.

[01061 The conversion unit 184 is constituted of,
for example, a differential amplifier, and is supplied
with Rx data. The conversion unit 184 converts the
supplied Rx data into a differential signal constituted

of two partial signalis, and transmits to the



transmitter 81 the differential signal obtained by the conversion via the
SDA line 191 and the SCL line 192. In other words, the conversion unit
184 transmits one of the partial signals constituting the differential 5
signal obtained by the conversion to the transmitter 81 via the switch 185,
and transmits the other one of the partial signals constituting the
differential signal to the transmitter 81 via the switch 186. [0107] The
partial signal constituting the 10 differentiag signal corresponding to the Rx
data from the conversion unit 184 or the SDA signal from the HDMI(R)
sink 72 is supplied to the switch 185 at a timing of transmitting data, and

the SD@ Si naI f{(% I'he+trggsmtt 81 |s %u éﬂled at a mlrﬁ)gcof rec
i Ragy the

15 data; Under control of the Switc ng f Eontrdt unit 77 the SW

SethSc%!?ﬂr@E%thﬁ§%§'%’!§if@méh§ HDMHR) sik £2gthe;gPA 92,

signal from the transmitter 81, or the partial signal constituting the
differential sigrat cenedponding tocthvecRs data. 200108} Intothesmiords one
at the timin %at which the HDMI(R) sink 72 receives data transmitted from

the HOMI(R)SoRREE 73 e SRR 1887 8keas iR sBie dgrderential
I d
stransmifte gr[x)é‘im Be Lea %Scﬁ“%é?HD ?éﬁ% éj% \he %9%{’}@ SUppligs fhe . g1

received SDA signal to the 2 R) sin oes not receive
anythingi £0108] Maﬁaw&r,zatstheatﬂaln@xahwh{@m&&h@MtﬁE’éxfﬁ&ne of the
partial signals constituting the differential signal to
the transmitter Bl via the switch 186.
i0107] The partial signal constituting the
10 differential signal corresponding to the Rx data from
the conversicn unit 184 or the SDA signal from the
HDMI (R) sink 72 is supplied to the switch 185 at a
timing of transmitting data, and the SDA signal from
the transmitter 81 1is supplied at a timing of receiving
15 data. Under control of the switching control unit 9272,
the switch 185 selects and outputs the SDA signal from
the HDMI {R} sink 72, the SDA signal from the
transmitter 81, or the partial signal constituting the
differential signal corresponding to the Rx data.
20 [0168] In cther words, at the timing at which the
HDMI {R} sink 72 receives data transmitted from the
HDMI (R) source 71, the switch 185 receives the SDA
signal transmitted from the transmitter 81 wvia the SDA
line 191 and supplies the received SDA signal to the
25 HDMI (R} sink 72, or does not receive anything.

[0109] Moreover, at the timing at which the HDMI (R)



sink 72 transmits the data to the HDMI(R) source 71, the switch 185
transmits the SDA signal supplied from the HDMI(R) sink 72 or the partial
signal supplied from the conversion unit 184 to the transmitter 81 via the
5 SDA line 191. [0110] The partial signal constituting the differential
signal corresponding to the Rx data from the conversion unit 184 is
supplied to the switch 186 at a timing of transmitting data, and the SCL
signal 10 from the transmitter 81 is suppliegiat a timing of receiving data.
Under control of the switching control unit 972, the switch 186 selects and
outputs either the partial signal constituting the differential signal

corresponding o the Rx data arghe éf% signal. 15 Sﬁ%%g%kﬂ} otherwords, |

at the timing at which the HDMI(R) sink 72 receive ta transmitted from

the HDMKRYwoueee 73 5therswitehi 186upeeives the €41 sig@llied from
transmitted from the transmitter 81 via the SCL line 192 and supplies the
receivet’SCEZ{grid to tha R0/H DRI (R)sirkaz: br Hoesdivt Fesaippl ied from

anything,. [0112] Morepver, at the timing at which the HDMI(R) sink 72
et he SO T BRG] Sauics P Sne SRR 188 o e

ansmitéthe
spartial gigpah syppliegh from the conversion unit 184 to the transmitter 81
via 25 the SCL line 192, or does not transmit anything. [0113] The
switchiri@ cofafrol unit9€2montrodd theid8al constituting the

differential signal corresponding to the Rx data from
the conversion unit 184 is supplied tc the switch 186
at a timing of'transmitting data, and the SCL signal

10 from the transmitter 81 is supplied at a timing of
receiving data. Under control of the switching control
unit 972, the switch 186 selects and outputs either the
partial signal constituting the differential signal
correspending toe the Rx data or the SCL signal.

15 [01111 In other words, at the timing at which the
HDMI(R) sink 72 receives data transmitted from the
HDMI (R} source 71, the switch 186 receives the SCL
signal transmitted from the transmitter 81 via the SCL
line 192 and supplies the received SCL signal to the

20 HDMI (R} sink 72, or does not receive anything.
[0112] Moreover, at the timing at which the HDMI(R)
sink 72 transmits the data teo the HDMI(R) scurce 71,
the switch 186 transmits the partial signal supplied
from the conversion unit 184 te the transmitier 81 via

25 the SCL line 192, or does not transmit anything.

[0113] The switching contrecl unit 972 controls the



switch 185 and the switch 186 and switches the switch 185 and the
switch 186 so that either one of the supplied signals is selected for each
of the switch 185 and the switch 186. 5 [0114] Incidentally, which of the
half-duplex communication and the full-duplex communication is possible
for the IP communication performed between the HDMI(R) source 71 and
the HDMI(R) sink 72 depends on the structures of the HDMI(R) source 71
and the HDMI(R) 10 sink 72. In this regard; the HDMI(R) source 71
references E-EDID received from the HDMI(R) sink 72 to judge which of
the half-duplex communication and the full-duplex communication is to be

performed, or. w er tq perform bidirectignal commmunication by an 15,
exchanag%%ﬁggs%ﬁa% [ﬁlelBT%%cIEélg% e iv%“&lﬁ:yg%heesH (RY*teh
source 7#sis;eenstituted.ofiahasigdlack andanexpansionblogk ase

shown in Fig. 8, for example. [0116] At a head of the basic block of the
E-EDIDs12® Hatalexpressed dss"EBEEDRIDIe8 Bsic Stratture” deéfmedvblych 185
an E-EDID 1.3 standard is arranged, followed by timing information
expressiiflaspreféireehimihy® for maintaining compatibility with

E’cpnven?’gﬁltilﬁx-EDlDI and dtirﬂ%iﬂf,?r%%tl%%@éofe%%%d as,'gn { ! ing"
different 25 from "Pre erredetlmlng" for maintaining compa%a')l ity \ﬁr]l%h %e
conventeRahih-ERMY.A0 and the full-duplex communication is
possible for the IP communication performed between the
HDMI{R} source 71 and the HDMI(R) sink 72 depends on
the structures of the HDMI(R) source 71 and the EDMI (R)
10 sink 72. In this regard, the HDMI({R) socurce 71
references E-EDID received from the HDMI(R) sink 72 to
judge which of the half-duplex communication and the
full-duplex communication is to be performed, or
whether to perform bidirecticonal communication by an
15 exchange of CEC signals.
101151 The E-EDID received by the HDMI(R) source 71
is constituted of a basic block and an expansion block
as shown in Fig. 8, for example.
[011¢6] At a head of the basic block of the E-EDID,
20 data expressed as "E~EDID1.32 Basic Structure™ defined
by an E-EDID 1.3 standard is arranged, followed by
timing information expressed as "Preferred timing" for
maintaining compatibility with conventional E-EDID and
timing information expressed as "2nd timing" different
25 from "Preferred timing” for maintaining compatibility

with the conventional E-EDID.



[0117] Moreover, in the basic block, subsequent to "2nd timing",
information expressed as "Monitor NAME" that indicates a name of a
display apparatus and information expressed as "Monitor Range Limits"
that 5 indicates the number of pixels that can be displayed when aspect
ratios are 4:3 and 16:9 are arranged sequentially. [0118] On the other
hand, subsequent to information that is expressed as "Speaker
Allocation" regarding 10 speakers on bothsgides and arranged at a head
of the expansion block, there are sequentially arranged information
expressed as "VIDEO SHORT" that indicates a displayable picture size, a

frame rate, gnd one gf Interlace a1 piogressive. dafa dpsoltifgguens o

information 15 on an aspect ratio and the like, data expressed as ™

SHORT¥3hat desaries, infermatienana sepreducible audiooglecor NavE"
system, sampling frequency, cutoff band, codec bit count, and the like,

and infohnatiépékprdssedas tBseakersAibcation yregapding R tend
speakers %n both sides. [0119] In addition, in the expansion bloc

L k "
subseqUenti ket FIOERTGH" Hata eXPresad 3 MehddrSHecifitat
giniquely defipedfar each ymanutactyrer, iming information expressed aSeq

"3rd 25 timing" for maintaining compatibility with the conventional
E-EDIDyaad timmganforatation expredgséd ditd 16:9 are arranged

sequentialiy.
10118) On the other hand, subsequent to information
that is expressed as "Speaker Allocation" regarding

10 speakers con both sides and arranged at a head of the
expansion block, there are sequentially arranged
information expressed as "VIDEQO SHORTY™ that indicates a
displayable picture size, a frame rate, and one of
interlace and progressive, data describing information

15 on an aspect ratio and the like, data expressed as
"AUDIC SHORT™ that describes information on a
reproducible audioc codec system, sampling frequency,
cutoff band, codec bit count, and the like, and
information expressed as "Speaker Allocation" regarding

20 the speakers on beth sides.
(0119} In addition, in the expansion block,
subsequent to "Speaker Allcocation”, data expressed as
"Vender Specific" unigquely defined for each
manufacturer, timing information expressed as "3rd

25 timing” for maintaining compatibiliity with the

conventional E-EDID, and timing information expressed



as "4th timing" for maintaining compatibility with the conventional E-EDID
are arranged. [0120] Furthermore, the data expressed as "Vender
Specific" has a data structure shown in Fig. 9. In 5 other words, the data
expressed as "Vender Specific" is provided with 0-th to N-th blocks each
of a 1-byte block. [0121] In the O-th block arranged at a head of the data
expressed as "Vender Specific", a header expressed 10 as
"Vendor-Specific tag code (= 3)" that indicates a data area of the data
"Vender Specific" and information expressed as "Length (= N)" that
indicates a length of the data "Vender Specific" are arranged. [0122]
Moreover, in the first to third blocks, 15 information expressed as "24bit

IEEE R&istrhtion" tdertfier (Ok0BOEDST + SE W sFMBLInticaés g vith the
number., OxQ00CA3" registerad,far the A—Q_%@Q&s_ arranged. In addition,

in the fourth block and the fifth block, 24-bit information expressed as "A",
"B", 20 {C12ad "D" that ihdieaterphysieal attdressesoafsinkdapparatysese r
are arranged. [0123] In the sixth block, a flag expressed as "Supports-Al"

that indite€4 iftnchicrn sapPsited byr He iR appRFatuslinféfmation 10
gespecivaly expressed 25 g5 (DC-AB0IL, 1DC-30 and DC-30BIC AL
designacfe it counts per pixel, a?lag eﬁoresse as42 P

provided with 0-th to N-th blocks each of a l-byte

block.

[01217 In the 0-th block arranged at a head of the

data expressed as "Vender Specific', a header expressed
10 as "Vendor-Specific tag code (= 3)" that indicates a

data area of the data "Vender Specific" and information
expressed as "Length (= N)" that indicates a length of
the data "Vender Specific" are arranged.

[0122] Moreover, in the first to third blocks,

15 information expressed as "24bit IBEE Registration
Identifier (0x000C03) LSB first" that indicates a
number "0x000C03" registered for the HDMI(R) is
arranged. In addition, in the fourth block and the
fifth block, 24-bit information expressed as "A", "B",
20 "C", and "D" that indicate physical addresses of sink
apparatuses are arranged.

[0123] In the sixth block, a flag expressed as
"Supports~AI" that indicates a function supported by
the sink apparatus, informatiocon respectively expressed
25 as "DC-48bit", "DC~36bit"™, and "DC-30kit" that

designate bit counts per pixel, a flag expressed as



"DC-Y444" that indicates whether the sink apparatus supports a
transmission of a YCbCr4:4:4 picture, and a flag expressed as "DVI-Dual"
that indicates whether the sink apparatus supports dual DVI (Digital
Visual 5 Interface) are arranged. [0124] Further, in the seventh block,
information expressed as "Max-TMDS-Clock" that indicates a maximum
frequency of a TMDS pixel clock is arranged. Furthermore, in the eighth
block, a flag expressed as 10 "Latency" thdkindicates presence/absence
of delay information of a video and audio, a full-duplex flag expressed as
"Full-duplex" that indicates whether full- duplex communication is

possiblepang asflag expresseds as < Halfagupiex thahindicates yhsther
half-duplex 15 communication is possible are arranged. [0125] Here, the
full-duptexfiag set ¢e.graetno sUipindidates Matiné HDMIR)sink 2 kasl a
a function of performing full-duplex communication, that is, has t

h
structure' §RoWART B SF & theVntiptex ﬁ&&?o%ﬁgiﬁ%%eﬂ}}e’%@fer the
(e.9., setit, 0L} jndicates tgﬂb%%%t@'@l@i 51':5‘\}‘172{ (1)5*]?;6%{59} have jhe

function of performing full-duplex communication. ] Similarly, the

shalf-duptexdlathset)(exg¢ settangddndicates that the HDMI(R) sink 72
has a 25 function of performing half-duplex communication, that is, has
the struttdreishown fvFigie; anththeltsalfggenth block, information

expregsed as "Max-TMDS-~Clock™ that indicates a maximum
frequency of a TMDS pixel clock is arranged.
Furthermore, in the eighth block, a flag expressed as
10 "Latency" that indicates presence/absence of delay
information of a video and audic, a full-duplex flag
expressed as "Full-duplex"™ that indicates whether full-
duplex communication is possible, and a flag expressed
as "Half-duplex” that indicates whether half-duplex

15 communication is possible are arranged.

[0125] Here, the full-duplex flag set (e.g., set to
"1%") indicates that the HDMI(R) sink 72 has a functicn
of performing full-duplex communication, that is, has
the structure shown in Fig. 7, and the full-duplex flag
20 that has been reset {e.g., set to "0") indicates that
the HDMI(R) sink 72 does not have the function of
performing full-duplex communication.

[0126] Similarly, the half-duplex flag set (e.g.,
set to "1") indicates that the HDMI({(R) sink 72 has a

25 function of performing half-duplex communication, that

is, has the structure shown in Fig. 6, and the half-



duplex flag that has been reset (e.g., set to "0") indicates that the
HDMI(R) sink 72 does not have the function of performing half-duplex
communication. [0127] Further, in the ninth block of the data 5 expressed
as "Vender Specific", delay time data of a progressive video, that is
expressed as "Video Latency", is arranged. In the tenth block, delay time
data of an audio associated with the progressive video, that is expressed

s "Audio Latency", is arranged. 10 Furthegmore, in the eleventh block,

delay time data of an interlace video, that is expressed as "Interlaced
Video Latency", is arranged. In the twelfth block, delay time data of an
audio agsoci ated§\ﬁ{|th tt%%algt%rlacef video, thatl ressed a ‘ﬂterl%c; d

Audio lélfatenc

5 r)Basec!@on eﬁﬂl’duﬁlex

i€ arranged” ag an

the half; duplexdlag eontainadiniheiRmDID; recetvedfram het HRMUR) he
sink 72, the HDMI(R) source 71 judges which of half-duplex

commufiieation @ndoflll irdurfexsonmmbrit tioh: 20 ésctabemperformetoor.
whether to perform bidirectional communication b%/ an exchan E3mof CEC

signals, {

erformaBititetiond cormimithioR Wt HEHEM (BT 6nk

2 based.on aresylt of the ludament, [0129] For examp %ea%ﬁsn&h%a of a

HDMI(R) source 71 has 25 the structure shown in"Fig.

ough the

HDMI(R)x-saukeesil ean pgrtorm:half-duplexgoramuaication witki 44
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Latency"™, is arranged. In the tenth block, delay time
data of an audio asscciated with the progressive video,
that is expressed as "Audio Latency", is arranged.
Furthermore, in the eleventh block, delay time data of
an interlace video, that is expressed as "Interlaced
Video Latency", is arranged. In the twelfth block,
delay time data of an audio associated with the
interlace video, that is expressed as "Interlaced Audio
Latency", 1s arranged.

(0128] Based on the full-duplex flag and the half-
duplex flag contained in the E-EDID received from the
HDMI (R} sink 72, the HDMI (R} source 71 judges which of
haif-dupiex communication and full-duplex communication
is to be performed or whether to perform bidirecticnal
communication by an exchange of CEC signals, and
performs bidirectional communication with the HDMI (R)
sink 72 based on a result cof the judgment.

i0129)] For exampie, when the HDMI{(R) source 71 has
the structure shown in Fig. ©, although the HDMI (R)

source 71 can perform half-duplex communication with



the HDMI(R) sink 72 shown in Fig. 6, it cannot perform half-duplex
communication with the HDMI(R) sink 72 shown in Fig. 7. [0130] In this
regard, upon power-on of the 5 electronic apparatus in which the HDMI(R)
source 71 is provided, the HDMI(R) source 71 starts communication
processing and performs bidirectional communication corresponding to

the function of the HDMI(R) sink 72 connected to the HDMI(R) source 71.

10 [0131] Hereinafter, referring to a flowchaut of Fig. 10, communication
processing carried out by the HDMI(R) source 71 shown in Fig. 6 will be
described. [0132] In Step 511, the HDMI(R) source 71 judges whether a

new eleglionie,appajalus fias been canegled 15 19 the HOMUR) SIS, .

71. For example, the HDMI(R) source 71 Judges PWwhefher a new electronic
apparmwmq@me;b@w{fﬁﬁm@zzwaﬁwwd@ hasibern senmected
based on a magnitude of a voltage applied to a pin called Hot Plug Detect
to whichltResigial kg - 20-86 is connected. [0133] When judged in Step

Sllth electronic, apparatus is not connected, communication is
ot poHOREY, and e CBMMCRRATAN GBI AT BMrE fehdE 25

5[0134] Onthe other hapd . whenjudgeqin Stenfd1nhiat ajew SleRtons ;g
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apparatus has been connected, in 45
provided, the HDMI(R) source 71 starts communication

processing and performs bidirectional communication
cerresponding to the function of the HDMI{(R) sink 72
connected to the HDMI(R) source 71.

[G131] Hereinafter, referring to a flowchart of Fig.
10, communication processing carried out by the HDMI(R)
source 71 shown in Fig. 6 will be described.

[G132] In Step S11, the HDMI (R} source 71 judges
whether a new electronic apparatus has been connected
to the HDMI(R) scurce 71. For example, the HDMI (R)
source 71 judges whether a new electronic apparatus in
which the HDMI{(R) sink 72 is provided has been
connected based on a magnitude of a voltage applied to
a pin called Hot Plug Detect to which the signal line
B6 is connected.

[0133] When judged in Step S$11 that a new electronic
apparatus is not connected, communication is not
performed, and the communication processing therefore
ends.

[0134] On the other hand, when judged in Step S11

that a new electronic apparatus has been connected, in



Step S12, the switching control unit 121 controls the switch 133 and
switches the switch 133 so that a CEC signal from the HDMI(R) source
71 is selected at a time of transmitting data and a CEC signal from the
receiver 5 82 is selected at a time of receiving data. [0135] In Step S13,
the HDMI(R) source 71 receives E-EDID transmitted from the HDMI(R)
sink 72 via the DDC 83. In other words, the HDMI(R) sink 72 reads out
the E-EDID from the EDIDROM 85 upon dgtecting a connection 10 of the
HDMI(R) source 71 and transmits the read-out E- EDID to the HDMI(R)
source 71 via the DDC 83. Thus, the HDMI(R) source 71 receives the

E-EDID, I;Eansrgiitgad f{ m the MI(R) sin??Z. [0136] 1 pSl4.t
HDMI(R§) source 71 ju%aegwl%ﬁv%%ét &rhal -guop ex Eélr%nmlér?cgﬁgrtf %v?t s the

the HDMKR)gink 382 isnpossibleciie stheraverds ithe HBMIER) seurcea’ krc
references the E-EDID received from the HDMI(R) sink 72 to judge

whethet i half-duptextiiag HEHE-RiplexduefcEig? 9 is segaletivhénadhea time

half-duplex flag is set, 20 for example, judges that bidirectional 1P i
commuRTeatibR" S8 5 Adl e Bttt Paf e tartiie receiver

dhalf-duplex comyunicatign s pessible. [9E371)Wbep iyidoed in Step S14
that the half-duplex communication is possible, in Step’S15, the HDMI(R)

25 sour¢ceAstransmits, & ehasnél, infarenationindicakeg: xa-ehannekusedre s
for the bidirectional communication, a 46
E-EDID transmitted from the HDMI (R} sink 72 wvia the DDC
83. In other words, the HDMI (R} sink 72 reads out the
E-EDID from the EDIDROM 85 upon detecting a connecticn

10 of the HDMI(R) source 71 and transmits the read-out E-
EDID to the HDMI{R} source 71 wvia the DDC B3. Thus, the
HDMI (R} source 71 receives the E-EDID transmitted from
the HDMI (R} sink 72Z.

[0136] In Step S$14, the HDMI(R) source 71 judges

15 whether half-duplex communication with the HDBMI (R) sink
72 is possible., In cther words, the HDMI{(R) source 71
references the E~EDID received from the HDMI(R) sink 72
to judge whether the half-duplex flag "Half-duplex® of
Fig. 9 is set, and when the half-duplex flag is set,

20 for example, Jjudges that bidirectional IP communication
using a half-duplex communication system, that is,
half-duplex communication is possible.

101371 When judged in Step S14 that the half-duplex
communication is possible, in Step S15, the HDMI(R)

25 source 71 transmits, as channel information indicating

a channel used for the bidirectional communication, a



signal notifying that IP communication by a half-duplex communication
system using the CEC line 84 and the signal line 141 is to be performed
to the receiver 82 via the switch 133 and the CEC line 84. 5[0138] In
other words, when the half-duplex flag is set, the HDMI(R) source 71 can
grasp that the HDMI(R) sink 72 has the structure shown in Fig. 6 and
half- duplex communication using the CEC line 84 and the signal line 141
is possible. Therefore, the channel 10 infogmation is transmitted to the
HDMI(R) sink 72 to notify that half-duplex communication is to be
performed. [0139] In Step S16, the switching control unit 121 controls the

switch 133 and switches.the switch 133 so 15 that a differential signal
corresponding to T ﬁé?&)rﬁc\ﬁ%ﬁg c%gvg%W&uﬁﬁi%i%i?g s}g%c?ezl%[t@a“duplex

time of rapemitting date apd-a-differentalsignat seoriesponding 1 R e
data from the receiver 82 is selected at a time of receiving data. 20 [0140]
In Step=S17ahelréspedtive drits of e HDMKR)sdUrce 7igertoreiver 82
bidirectional IP communication with the HDMI(R) sink 72 using a half-

duplex tofmbfRication SYstetr, 3R the Rofturicator? processing is thus
ended. ﬁﬁ%‘?éféca”y’ ghthe time of G lransmitiing datg, the conversion unit ;
131 converts the Tx data supplied from the HDMI(R) source 71 into a 47
set, the HDMI(R) source 71 can grasp that the HDMI (R)
sink 72 has the structure shown in Fig. 6 and half-
duplex communication using the CEC line 84 and the
signal line 141 is possible. Therefore, the channel
1¢ information 1is transmitted to the HDMI (R} sink 72 to
notify that half-duplex communication is to be
performed.
[0139] In Step 516, the switching control unit 121
controls the switch 133 and switches the switch 133 sco
15 that a differential signal corresponding to Tx data
from the conversicn unit 131 is selected at a time of
transmitting data and a differential signal
corresponding te Rx data from the receiver 82 is
selected at a time of receiving data.
20 [0140] In Step S17, the respective units of the
HDMI (R} source 71 perform bidirectional IP
communication with the HDMI(R) sink 72 using & half-
duplex communication system, and the communication
processing is thus ended. Specifically, at the time of
25 transmitting data, the conversicn unit 131 converts the

Tx data supplied from the HDMI (R) scource 71 into a



differential signal, supplies one of partial signals constituting the
differential signal obtained by the conversion to the switch 133, and
transmits the other one of the partial signals to the receiver 82 via the 5
signal line 141. The switch 133 transmits the partial signal supplied from
the conversion unit 131 to the receiver 82 via the CEC line 84. As a
result, the differential signal corresponding to the Tx data is transmitted
from the HDMI(R) source 71 to the HDMI(R) 10 sink 72. [0141) Further,
at the time of receiving data, the decode unit 132 receives the differential
signal corresponding to the Rx data transmitted from the receiver 82.

Specifically, the switch 133 receives the 15 partial signal of the differential
b ssenig AT Rae BB A RAROR o e

signal corrésponding to the' RX tata tha

receivey & viathe GECine 84.and sHpplias the received partiak Si%paéhe
to the decode unit 132. The decode unit 132 decodes the differentia

signal 20weastituted bbtheparial signal 3appledifromethem Switchil83other
and the partial signal supplied from the receiver 82 via the signal line 141

into RxCetaHs {e® oRfirtat tatd tABRT Eohfrol Gt the TiRfing Tontrol Bk the
5122, and gHiputs jtfg thg HDMKR) souice, /L. 29 @%é‘%ké%?%@%%‘y N8 51
HDMI(R) Source 71 transmits and recelves various types of data such as
controltynal supplied from the conversion unit 131 to the
receiver 82 via the CEC line 84. As a result, the
differential signal corresponding to the Tx data is
transmitted from the HDMI(R) source 71 to the HDMI (R)
i0 sink 72Z.
[0141] Further, at the‘time of receiving data, the
decode unit 132 receives the differential signal
corresponding to the Rx data transmitted from the
receilver 82. Specifically, the switch 133 receives the
i5 partial signal of the differential signal corresponding
to the Rx data, that has been transmitted from the
receiver 82 wvia the CEC line 84, and supplies the
received partial signal to the decode unit 132. The
decode unit 132 decodes the differential signal
20 constituted of the partial signal supplied from the
switch 133 and the partial signal supplied from the
receiver 82 wvia the signal line 141 into Rx data as the
original data under contrcl of the timing control unit
122, and outputs it to the HDMI{R) source 71.
25 [0142] Accordingly, the HDMI{(R) socurce 71 transmits

and recelves various types of data such as control



data, pixel data, and audio data to/from the HDMI(R) sink 72. [0143]
Further, when judged in Step S14 that half- duplex communication is not
possible, in Step S18, the 5 respective units of the HDMI(R) source 71
transmit and receive CEC signals to perform bidirectional communication
with the HDMI(R) sink 72, and the communication processing is thus
ended. [0144] Specifically, by transmitting a CEC signal to 10 the receiver
82 via the switch 133 and the CEC line 84 gt the time of transmitting data
and receiving a CEC signal transmitted from the receiver 82 via the
switch 133 and the CEC line 84 at the time of receiving data, the

HDMI(R).squrce.71 tranpsmits and,receives control 15 data to/from
HDMIAF Sk 72 151451 Tt JH8 HONTOR Soched 94 St fagr

half-duglexlagzand performs half-duplex communication with the

HDMI(R) sink 72 that can perform the half- duplex communication using

the CECUie384 andithet2Gsignahiine 1449 fod46T:B thas Switchimgtthea 1L
switch 133 Rt]o select the data to be transmitted and the data to be

receivedUBnEberfitiAg FRlfdibIes cBffmBMESidH Shat®, f-ep S18, the
scommupication-that uses ashalfduplexeammunication 25 systemwith the .o

HDMI(R) sink 72 using the CEC line 84 and the signal line 141,
high-speeddiidisectiinal 4$hals to perform bidirecticnal
communication with the HDMI(R) sink 72, and the
communication processing is thus ended.
[0144] Specifically, by transmitting a CEC signal to
i0 the receiver 82 via the switch 133 and the CEC line 84
at the time of transmitting data and receiving a CEC
signal transmitted from the receiver 82 via the switch
133 and the CEC line B4 at the time of receiving data,
the HDMI{R)} source 71 transmits and receives control
15 data to/from the HDMI(R) sink 72.
[01451 Thus, the HDMI(R) source 71 references the
half-dupiex flag and performs half-duplex communication
with the HDMI(R) sink 72 that can perform the half-
duplex communication using the CEC line 84 and the
20 signal line 141.
[Ci46] By thus switching the switch 133 to select
the data to be transmitted and the data to be received
and performing half-duplex communication, that is, IP
communication that uses a half-duplex communication
25 system with the HDMI (R} sink 72 using the CEC line 84

and the signal line 141, high-speed bhidirectional



communication can be performed while maintaining compatibility with the
conventional HDMI(R). [0147] Moreover, similar to the HDMI(R) source
71, the HDMI(R) sink 72 starts communication processing 5 upon
power-on of the electronic apparatus in which the HDMI(R) sink 72 is
provided, and performs bidirectional communication with the HDMI(R)
source 71. [0148] Hereinafter, referring to a flowchart of Fig. 11,
communication processing carried out by the HDMI(R) 10 sink 72 shown
in Fig. 6 will be described. [0149] In Step 541, the HDMI(R) sink 72 judges
whether a new electronic apparatus has been connected to the HDMI(R)

sink 72égr%%§g}<gg1?[}:lgb@e IgDV\%I%R#}gin 72é't§§iqver§.\§/hether anew.
electroniC apparatus in which 15 thie ADW source 71" %lffro%fbpelanﬁas
been coppggted,based opia magnituderRfa valtage applied e a pin

called Hot Plug Detect to which the signal line 86 is connected. [0150]
When ju@géd in StepSzHothat a rew electranic 20appiatls issnotrce 71,
connected, communication is not performed, and the communication

proces&ing (RBIERORE &hids® (0151 G e OMHBF M WHh jdgeassing
SStep S{ll OW%S‘VJ%‘?W%G%HPW%Q%?@E%&%%’G p%of}ﬂ:e&éeq’rjnvé%§ch the
Step S42, the switching control unit 124 controls the switch 135 an
switchagthe @witehi AB5 B that pek€hd, and performs bidirectional
communication with the EDMI(R) source 71.
[0148] Hereinafter, referring to a flowchart of Fig.
11, communication processing carried out by the HDMI(R)
10 sink 72 shown in Fig. 6 will be described.
[0149] In Step S$41, the HDMI{(R} sink 72 judges
whether a new electronic apparatus has been connected
to the HDMI(R) sink 72. For example, the HDMI (R} sink
72 iudges whether a new electronic apparatus in which
15 the HDMI(R) source 71 is provided has been connected

based on a magnitude of a voltage applied to a pin

called Hot Plug Detect to which the signal line 86 is

connected.
[0150] When judged in Step $41 that a new electronic
20 apparatus 1s not connected, communication is not

rerformed, and the communication processing therefore
ends.

(01511 On the other hand, when judged in Step $41
that a new electronic apparatus has been connected, in
25 Step $42, the switching control unit 124 contrcls the

switch 135 and switches the switch 135 so that a CEC



signal from the HDMI(R) sink 72 is selected at a time of transmitting data
and a CEC signal from the transmitter 81 is selected at a time of receiving
data. [0152] In Step S43, the HDMI(R) sink 72 reads out E 5 EDID from
the EDIDROM 85 and transmits the read-out E- EDID to the HDMI(R)
source 71 via the DDC 83. [0153] In Step S44, the HDMI(R) sink 72
judges whether channel information transmitted from the HDMI(R)
source 71 has been received. 10 [0154] Spgsifically, channel information
indicating a channel used for bidirectional communication is transmitted
from the HDMI(R) source 71 according to functions of the HDMI(R)

source 71 and the HDMI(R) sink_72. When the HDMI(R). source 71 has _
the stru%tlﬁrel%‘no%no TS%%@%%%X%%&%, zf’)‘ncésth%ﬁ%ﬁﬁ/ﬁ &5uketime

71 and dheHRWIR)-sINK 7 2961 perfarm hatfrduplex commynication

using the CEC line 84 and the signal line 141, channel information
notifying tizatskRi comma@anicationd¢hatuses the GECine 84 anddhesignaldata.
20 line 141 is to be performed is transmitted from the HDMI(R) source 71

to the HEMIRR) sink 72. PhEMHB/(R) 3P TetRivesihk chanfpds out E-
g M Bl JE e Y e o
been regeived: {0155 Gnithe Riheydiane: whenthe HRMI(R)sasce 71 51
[0153] In Step S44, the HDMI(R) s=ink 72 judges
whether channel information transmitted from the
HDMI (R) source 71 has been received.

10 01541 Specifically, channel information indicating
a channel used for bidirectional communication is
transmitted from the HDMI(R) source 71 according to
functions of the HDMI(R) scurce 71 and the HDMI (R} =sink
7Z2. When the HDMI(R) source 71 has the structure shown

15 in Fig. 6, for example, since the HDMI(R) source 71 and
the HDMI(R) sink 72 can perform half-duplex
communication using the CEC line 84 and the signal line
141, channel information notifying that IP
communication that uses the CEC line 84 and the signal

20 line 141 is to be performed is transmitted from the
HDMI (R} source 71 to the HDMI(R) sink 72. The HDMI (R)
sink 72 receives the channel information transmitted
from the HDMI{R) source 71 wvia the switch 135 and the
CEC line 84 and judges that the channel information has

25 been received.

[0155] On the other hand, when the HDMI (R} source 71



does not have the function of performing half-duplex communication,
channel information is not transmitted from the HDMI(R) source 71 to the
HDMI(R) sink 72. Thus, the HDMI(R) sink 72 judges that channel 5
information is not received. [0156] When judged in Step S44 that channel
information has been received, the process advances to Step S45 in
which the switching control unit 124 controls the switch 135 and switches
the switch 135 so 10 that a differential signg| corresponding to Rx data
from the conversion unit 134 is selected at a time of transmitting data and
a differential signal corresponding to Tx data from the transmitter 81 is
selected at a time of receiving data. 15 [0157] In Step S46, the respective

units of tAE SHEVH (RF BMK72 perfdriniiidiretidrial fe TomiAuifatiod “Rithi™
the HDMU(R), source 7dusing 4, hali-duplex commynication system,and + eq
the communication processing is thus ended. Specifically, at the time of

20 transmiiting Wataidle @onvessionaitil3dbcomertoiie(iRx datax 72
supplied from the HDMI(R) sink 72 into a differential signal under control

of the tifiHg cohfr®l Ritfl133, sugptiedonaeastiahsignalikeedistituting

he differetr%tial signal obtaineqcb¥ the conversion to 25 the switch 135, and

ransmits’

& Other One st the paﬁ%?ls?@%%]s to the transmitter 81 via the

signal 525156 When judged in Step S$44 that channel

10

15

20

25

informaticn has been received, the process advances to
Step $45 in which the switching control unit 124
controls the switch 135 and switches the switch 135 so
that & differential signal corresponding to Rx data
from the conversion unit 134 is selected at a time of
transmitting data and a differential signal
corresponding to Tx data from the transmitter 81 is
selected at a time of receiving data.

[0157] In'Step 346, the respective units of the

HDMI (R) sink 72 perform bidirecticnal IF communication
with the HDMI (R} source 71 using a half-duplex
communication system, and the communication processing
is thus ended. Specifically, at the time of
transmitting data, the conversion unit 134 converts the
Rx data supplied from the HDMI(R) sink 72 into a
differential signal under control cof the timing contrel
unit 123, supplies one of partial signals constituting
the differential signal obtained by the conversion to
the switch 135, and transmits the other one of the

partial signals to the transmitter 81 via the signal
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line 141. The switch 135 transmits the partial signal supplied from the
conversion unit 134 to the transmitter 81 via the CEC line 84. As a result,
the differential signal corresponding to the Rx data is 5 transmitted from
the HDMI(R) sink 72 to the HDMI(R) source 71. [0158] Further, at the
time of receiving data, the decode unit 136 receives the differential signal
corresponding to the Tx data transmitted from the 10 transmitter 81.
Specifically, the switch 135 receives the pajtial signal of the differential
signal corresponding to the Tx data, that has been transmitted from the
transmitter 81 via the CEC line 84, and supplies the received partial
signal to the decode unit 15 136. The decode unit 136 decodes the

differertidt SsigAal-conStufett b thel partiar &ABRLFofiRG f6mt e siitgRat
135 angJ.Bgpgggalﬁggalt%léopéigg‘)‘%pitgg gﬁ%’lsr!“?tﬂ 81 vigthe signal

line 141 into Tx data as the original data, and outputs It to the ﬁDMI(R)

sink 2@ 72n 59 Accordingly, the RIPMI(R)sinke42 transmitsean &, the
receives various types of data such as control data, pixel data, and audio
data toftidriele HBRHR)1ebaicec? L 125 1ored] murter tivheRjudgad int s

Step S44 thatthe. chagnel infgrmayignis not eceiveg) in Step S47, (pe 52

source 71.

[0158] Further, at the time of receiving data, the
deccde unit 136 receives the differential signal
corresponding to the Tx data transmitted from the
transmitter 81. Specifically, the switch 135 receives
the partial signal of the differential signal
corresponding to the Tx data, that has been transmitted
from the transmitter 81 via the CEC line 84, and
supplies the received partial signal to the decode unit
136. The decode unit 136 decodes the differential
signal constituted of the partial signal supplied from
the switch 135 and the partial signal supplied from the
transmitter 81 via the signal line 141 into Tz data as
the original data, and cutputs it to the HDMI(R) sink
72,

jo0l59] Accordingly, the HDMI{R) sink 72 transmits
and receives various types of data such as control
data, pixel data, and audio data to/from the HDMI (R)
source 71.

[0160] Further, when judged in Step S44 that the

channel information is not received, in Step S47, the



respective units of the HDMI(R) sink 72 transmit and receive CEC signals
to perform bidirectional communication with the HDMI(R) source 71, and
the communication processing is thus ended. 5 [0161] Specifically, by
transmitting a CEC signal to the transmitter 81 via the switch 135 and the
CEC line 84 at the time of transmitting data and receiving a CEC signal
transmitted from the transmitter 81 via the switch 135 and the CEC line
84 at the time of receiving 10 data, the HDMH(R) sink 72 transmits and
receives control data to/from the HDMI(R) source 71. [0162] Thus, upon
receiving the channel information, the HDMI(R) sink 72 uses the CEC line

84 and the s I line 14 rf m x commu t|on W|th the
15 HDh?rll?ﬁstm 7 [8%]% hlﬁ')fs’1 sv?ﬁﬂ %?ntgiﬁe SWItCh fv‘o LS e
data to bedsansmitied %@H&qga@otop@% recsivash @ndperforming
half-duplex communication with the HDMI(R) source 71 using the CEC

line 84 andthe sigrial 20 line-14 1 heFEBMIER) sink 72«cah!perdomn the
high-speed bidirectional communication, while maintaining compatibility

with the"CBERTORat BIOMRGSforeH] Mcreblérs widiFfie HDMI(R)

ource 74 figsithe seyctlre shownin Fig. 7, ¢ F,; t'a\ M;]Q ﬁs%“r EC?SJI'ang%lal to

Judges 25 in the communication processing w DMI(R)

has a funation:efrperfiorodag full-duplexn®4 switch 135 and the CEC line

84 at the time of transmitting data and receiving a CEC

signal transmitted from the transmitter 81 via the

switch 135 and the CEC line 84 at the time of receiving

10 data, the HDMI(R) sink 72 transmits and receives

control data to/from the HDMT (R) source 71.

f0162] Thus, upon receiving the channel information,

the HDMI(R) sink 72 uses the CEC line 84 and the signal

line 141 to perform half-duplex communication with the

15 HEMI (R} sink 72.

[0163} By thus switching the switch 135 to select

the data to be transmitted and the data to be received

and performing half-duplex communication with the

HDMI (R) source 71 using the CEC line 84 and the signal

20 line 141, the HDMI(R) sink 72 can perform high-speed
bidirectional communication while maintaining

compatibility with the conventional HDMI (R) .

[0164] Moreover, when the HDMI{R) source 71 has the

structure shown in Fig. 7, the HDMI(R) source 71 judges

25 in the communication processing whether the HDMI (R)

sink 72 has a function of performing full~duplex



communication based on the full-duplex flag contained in the E-EDID,
and performs bidirectional communication corresponding to a result of the
judgment. [0165] Hereinafter, referring to a flowchart of Fig. 5 12,
communication processing carried out by the HDMI(R) source 71 shown
in Fig. 7 will be described. [0166] In Step S71, the HDMI(R) source 71
judges whether a new electronic apparatus has been connected to the
HDMI(R) source 71. When judged in Steps371 that 10 a new electronic
apparatus is not connected, communication is not performed, and the
communication processing therefore ends. [0167] On the other hand,

when judged in step. 571, that a new %{%CtE%']{§§QB§?tUS bas been

connected, n 15" tﬁé%nS%,st%e switc Ing control u §71 co%ﬁo%ofh%alned

switch 181+ard therswiich 184 and-switghes theiswiteh J&hand theinication
switch 182 to make the switch 181 select the SDA signal from the

HDMI(Ry sotscer g aingl rhake thiesswitcly 182 kselettdunSCL. signal from

the HDMI§I§§ 20 source 71 at the time of transmitting data, and make the _
switch 181%®elect thESBAGG TrohIheECdIder- B2 ar themha bF °f Fig-

sreceiving data, [Q198LIN SIgp 373 e swiching congoLypit {1, fantielsr (g,

the switch 133 and switches the switch 133 so 25 that the CET signal
from thecd DM (R) setikeen’ L is selected atithe timee aktrapsmitting data

and the CEC 55
[0166] In Step 871, the HDMI(R) source 71 judges
whether a new electronic apparatus has been connected
to the HDMI (R) source 71. When judged in Step 8§71 that
10 a new electronic apparatus is not connected,
communication is not performed, and the communication
processing therefore ends,
[0167] On the other hand, when judged in Step 871
that a new electronic apparatus has been connected, in
i5 Step 872, the switching control unit 9271 controls the
switch 181 and the switch 182 and switches the switch
181 and the switch 182 to make the switch 181 select
the SDA signal from the HDMI (R} source 71 and make the
switch 182 select the SCL signal from the HDMI (R)
20 source 71 at the time of transmitting data, and make
the switch 181 select the SDA signal from the receiver
82 at the time of receiving data.
10168] In Step S732, the switching control unit 121
controls the switch 133 and switches the switch 133 so
25 that the CEC signal from the HDMI{(R) source 71 is

selected at the time of transmitting data and the CEC



signal from the receiver 82 is selected at the time of receiving data.
[0169) In Step S74, the HDMI(R) source 71 receives E-EDID transmitted
from the HDMI(R) sink 72 via the SDA 5 line 191 of the DDC 83.
Specifically, the HDMI(R) sink 72 reads out E-EDID from the EDIDROM
85 upon detecting a connection of the HDMI(R) source 71, and transmits
the read-out E-EDID to the HDMI(R) source 71 via the SDA line 191 of
the DDC 83. Thus, the HDMI(R) source 71510 receives the E-EDID
transmitted from the HDMI(R) sink 72. [0170] In Step S75, the HDMI(R)
source 71 judges whether full-duplex communication with the HDMI(R)
sink 72is %35?6' Spegifically, the HDQ%I(R) source 71 15 refer%to the

E-EDID féteive

e time of

froth te"HOWITRY Sink"72 16 jutfe™Whethet thé

full-duplex-flag ; Full Buplex” shown in Fig. 9 is set, and when the

full-duplex flag is set, judges that bidirectional IP communication using a
full-dupléX é66mmuniCaticr systei thatis, 2o¥ull<auplexwcomemunicationiise s
possible. [0171] When judged in Step S75 that full-duplex communication

is posshieihistepeSreL-the Shitthify ‘ContfdPRitB71 ThifrolLthe-switds SPA

181 and the syitch _182.an itches the switch 181 and the swij :
5s.o 25 tga%tﬁtﬁe% er%%nti% giﬁcﬁésp%ﬁ%%é%%ﬁé ia?g( dg% f\;%wg{ % sink

receiven 82/s selecied at thetimerelab the EDIDROM 85 upoen detecting
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a connection of the HDMI(R) source 71, and transmits
the read-out E-EDID to the HDMI(R) source 71 via the
SDA line 191 of the DDC 83. Thus, the HDMI{(R) source 71
receives the E-EDID trénsmitted from the HDMI(R) sink
2.

[0170] In Step 575, the HDMI(R) source 71 judges
whether full-duplex communication with the HDMI{R) sink
72 is possible. Specifically, the EDMI(R) source 71
refers to the E-EDID received from the HDMI(R) sink 72
te judge whether the full-duplex flag "Full Duplex®
shown in Fig. 9 is set, and when the full-duplex flag
is set, Jjudges that bidirectional IP communication
using a full-duplex communication system, that is,
full-duplex communication 1s possible.

[06171] When judged in Step S75 that full-duplex
communication is possible, in Step 576, the switching
contrel unit 971 controls the switch 181 and the switch
182 and switches the switch 181 and the switch 182 so
that the differential signal corresponding to the Rx

data from the receiver 82 is selected at the time of



receiving data. [0172] In other words, the switching control unit 971
switches the switch 181 and the switch 182 so that, out of partial signals
constituting the differential 5 signal corresponding to the Rx data
transmitted from the receiver 82, the partial signal transmitted via the
SDA line 191 is selected by the switch 181 and the partial signal
transmitted via the SCL line 192 is selected by the switch 182 at the time
of receiving 10 data. [0173] Because the SDA line 191 and the SCL line
192 constituting the DDC 83 are not used after the E-EDID is transmitted
from the HDMI(R) sink 72 to the HDMI(R) source 71, that is, the SDA

signal and the SCL s%glnal 15 are not transmitted and received via the SDA

line 191 Anhd the '8¢ fh%‘ 192, the switch 181 and the switch 182 are

SWitChe_tja%Gr as to usethgJRA lips 11 apdihe PG iNe 19288 r01 wnit

transmission channels of Rx data in the full-duplex communication. 20
[0174] 87StepST ¢hthe HDMIER) sotirces?] frarsmiits, asichannigd2 so that,
information indicating a channel used for the bidirectional communication,

a signaPHtifying IR&t P comAiticatior® By fall-ttipl&xk Eofthithfieafidn 8+
Syer v e SECI A soplredi Ssandlte i
133 and the béceiver 82, the partial signal transmitted via the
SDA line 191 is selected by the gwitch 181 and the
partial signal transmitted via the SCL line 192 is
selected by the switch 182 at the time of receiving
16 data.
[01731 Because the SDA line 191 and the SCL line 192
constituting the DDC 83 are not used after the E-EDID
is transmitted from the HDMI (R} sink 72 to the HDMI({R)
source 71, that is, the SDA signal and the SCL signal
15 are not transmitted and received via the SDA line 191
and the SCL line 192, the switch 181 and the switch 182
are switched so as to use the 8DA line 191 and the SCL
line 192 as transmission channels of Rx data in the
full-duplex communication.
20 [0174] In Step 877, the HDMI(R) source 71 transmits,
as channel information indicating a channel used for
the bidirectional communication, a signal notifying
that IP communication by a full-duplex communication
system that uses the CEC line 84 and signal line 141
_25 and the SDA line 181 and SCL 1line 192 is to be

performed to the recelver 82 via the switch 133 and the



CEC line 84. [0175] In other words, when the full-duplex flag is set, the
HDMI(R) source 71 can grasp that the HDMI(R) sink 72 has the structure
shown in Fig. 7 and full 5 duplex communication using the CEC line 84
and signal line 141 and the SDA line 191 and SCL line 192 is possible.
Therefore, the channel information is transmitted to the HDMI(R) sink 72
to notify that full duplex communication is to be performed. 10 [01761 In
Step 578, the switching control unit 121 cegntrols the switch 133 and
switches the switch 133 so that a differential signal corresponding to Tx
data from the conversion unit 131 is selected at a time of transmitting
data. In_gther words, the switching 15 control unit 121 switches the switch
133 so (At élﬁaertiiquignal of the differential signal corresponding to the
Tx datay fhatshas been supplied from the gonversign f‘{?fll—?’éu?f& flag is
switch 133, is selected. [0177] In Step S79, the respective units of the 2
HDMI(Resources’ EpEiforn hidisectional IR aconmasicationtwithEheipMI (R)
HDMI(R) sink 72 using a full- duplex communication system, and the
commuhicttion’ préceddity FtHuS et B ISpetificallf Lat-the trne ofull-
5transmi tin gataé the convgrtsi'(c):)r;1 unit}flgl %%nve(r:tgéhf 25 T>é ?ata 4 .si 1
supplie 4 om%he%k/ﬂ(ﬁ) source 71 & ceﬁfferentlallg?gna, sﬂbpli%%gna

one of partial $igNals,§8the SDA line 191 and SCL line 192 is
possible. Therefore, the channel information is
transmitted to the HDMI(R) sink 72 to notify that full-
duplex communication is to be performed.

10 [G176] In Step 578, the switching control unit 121

controls the switch 133 and switches the switch 133 so

that a differential signal corresponding to Tx data

from the conversion unit 131 is selected at a time of

transmitting data. In other words, the switching

15 control unit 121 switches the switch 133 so that a

partial signal of the differential signal corresponding
to the Tx data, that has been supplied from the
conversion unit 131 to the switch 133, is selected.

{0177} In Step S79, the respective units of the

20 EDMI (R} source 71 perform bidirecticnal IP

communication with the HDMI (R} sink 72 using a full-
duplex communication system, and the communication
processing is thus ended. Specifically, at the time of

transmitting data, the conversion unit 131 converts the

25 Tx data supplied from the HDMI (R} source 71 into a

differential signal, supplies one of partial signals



constituting the differential signal obtained by the conversion to the switch
133, and transmits the other one of the partial signals to the receiver 82
via the signal line 141. The switch 133 transmits the partial 5 signal
supplied from the conversion unit 131 to the receiver 82 via the CEC line
84. As a result, the differential signal corresponding to the Tx data is
transmitted from the HDMI(R) source 71 to the HDMI(R) sink 72. 10
[0178] Further, at the time of receiving data,dhe decode unit 183 receives
the differential signal corresponding to the Rx data, that has been
transmitted from the receiver 82. Specifically, the switch 181 receives the
partial signal of the differential signal 15 correspondlgito the Rx data, that

has bedi Bahamitted Frdmahe TecaTaP B2 ta the9SBA IffE f@feéjn&)y he
supplies. Jhedeceivgdpartialsighal tothedecode ynit 183, Moreqyer, H%%er

switch 182 receives the other one of the partlal signals of the differential

signal 2&eoreespondipg ta the Rxidata} that bas beendeansraitted2frofma the
the receiver 82 via the SCL line 192, and supplies the received partial
signal t6 @ decodatnitles. THe decddduritPes BResRes thehe partial

ylff_erentlal Si nal con tltut f the partial S|gfnals sugplled go Ehe 025the
switch 18T an a the%ﬁntcﬁ 8f§r m?o%( data as the " orlglnafL gk, an%
outputs iitedheHDM (B soutce CEd9 ine 84. As a result, the
differential signal corresponding to the Tx data is
transmitted from the HDMI{(R) source 71 to the HDMI (R)
sink 72.

10 [0178] Further, at the time of receiving data, the
decode unit 183 receives the differential signal
corresponding to the Rx data, that has been transmitted
from the receiver 82. Specifically, the switch 181
receives the partial signal ©f the differential signal

15 corresponding to the Rx data, that has been transmitied
from the receiver 82 via the SDA line 191, and supplies
the received partial signal to the decode unit 183.
Moreover, the switch 182 receives the other one of the
partial signals of the differential signal

20 . corresponding to the Rx data, that has been transmitted
from the receiver 82 via the SCL line 192, and supplies
the received partial signal to the decode unit 183. The
decode unit 183 decodes the differential signal
constituted of the partial signals supplied from the

25 switch 181 and the switch 182 into Rx data as the

original data, and outputs it to the EDMI (R} source 7T1.



[0179] Accordingly, the HDMI(R) source 71 transmits and receives
various types of data such as control data, pixel data, and audio data
to/from the HDMI(R) sink 72. 5[0180] Further, when judged in Step S75
that full- duplex communication is not possible, in Step 580, the
respective units of the HDMI(R) source 71 transmit and receive CEC
signals to perform bidirectional communication with the HDMI(R) sink 72,
and the 10 communication processing is thys ended. [0181] Specifically,
by transmitting a CEC signal to the receiver 82 via the switch 133 and the
CEC line 84 at the time of transmitting data and receiving a CEC signal
transmiggd from the receiver 82 via the switch 15 133 and the CEC line

84 at th r%%%of recEiviig BAE ‘the MBMIR] Sollite SA T Rsmits SR s £
receives coniiol f3jadolfiamdhe HOMIR) SNk 12,0182} THUS ke ro1

HDMI(R) source 71 references the tull-duplex flag and performs
full-duptex-epmpitaicatian 20 with theddbMIER)=simlo 72:ibat ¢ar prOdINR )
the full duplex communication using the CEC line 84 and signal line 141
and the®SDA [frfe 191 and SCL line 192. [0183] By thus switching the

switch , swit 1, and the switch 182 to select th ﬁat to,be 25
5transmij[t%jdsa%]rﬁj the dgt%t%ébré ré"’élé:’l{}ea %#%%Cgrf%?m%ﬁge I?uﬁ(?7 up et 671

Comml»@iﬁﬁ[@ﬁ‘ withithe HRMIR) %i@krzg@qyossible, in Step $80, the
respective units of the HDMI(R) source 71 transmit and
receive CEC signals to perform bidirectional
communication with the HDMI (R} sink 72, and the

10 communication processing is thus ended.

01811 Specifically, by transmitting a CEC signal to

the receiver B2 via the switech 133 and the CEC line 84

at the time of transmitting data and receiving a CEC

sigral transmitted from the receiver 82 wvia the switch

15 133 and the CEC line 84 at the time of receiving data,

the HDMI(R) source 71 transmits and receives control

data to/from the HDMI(R) sink 72.

[0182] Thus, the HDMI({(R) source 71 references the

full-duplex flag and performs full-duplex communication

20 with the HDMI(R) sink 72 that can perform the full-

duplex communication using the CEC line 84 and signal

line 141 and the SDA line 191 and SCL line 192.

{01831 By thus switching the switch 133, the switch

181, and the switch 182 to select the data to be

25 transmitted and the data to be received and performing

full-duplex communicaticon with the HDMI(R) sink 72



using the CEC line 84 and signal line 141 and the SDA line 191 and SCL
line 192, high-speed bidirectional communication can be performed while
maintaining compatibility with the conventional HDMI(R). 5 [0184]
Moreover, also when the HDMI(R) sink 72 has the structure shown in Fig.
7, the HDMI(R) sink 72 carries out communication processing as in the
case of the HDMI(R) sink 72 shown in Fig. 6, and performs bidirectional
communication with the HDMI(R) source 73410 [0185] Hereinafter,
referring to a flowchart of Fig. 13, communication processing carried out
by the HDMI(R) sink 72 shown in Fig. 7 will be described. [0186] In Step

5111, the HDMI(R) sink 72 jud heth lectroni t
nas bediCBnGAAA 15 10 IHE LIOMED S 75 WhEhT.aded T S &P

that a neyy,elecyonic apRaAMYS isnateonnected. LommuiCation s N1
performed, and the communication processing therefore ends. [0187] On
the otherdnanch \when judgethindStep=blir?Oihata hewnelectrahici ng
apparatus has been connected, in Step S112, the switching control unit

972 corftfatB #te Rinitchy1 85 Hndthe SATCrETd6iana Swittléd fe switch
85 itch 186 _so that DA signal frgm t I(R) sink-7
E';I' and[H;Legé\i" c 1!E§Oﬁse2%vear ,a n?‘SanSé) Z%éggf%t [t%rg %%ﬂg% S}Lésxllgk722 has

is selecte he switc Satati (0] ransmlttlng ata and an
SDA signad feom the traaseiten8lis selgcter by-the switch 285 andkar 2

SCL 61
carries out communication processing as in the case of
the HDMI(R) =ink 72 shown in Fig. 6, and performs
bidirectional communication with the HDMI(R) source 71.
10 [0185] Hereinafter, referring to a flowchart of Fig.
13, communication processing carried out by the HDMI (R}
sink 72 shown in Fig. 7 will be described.
i0186] In Step S11i, the HDMI{(R) sink 72 ijudges
whether a new electronic apparatus has been connected
15 to the HDMI(R} sink 72, When judged in Step S$111 that a
new electronic apparatus is not connected,
communication is not performed, and the communication
processing therefore ends.
{0187] On the other hand, when judged in Step S$ill
20 that a new electronic apparatus has been connected, in
Step 8112, the switching control unit 972 contrels the
switch 185 and the switch 186 and switches the switch
185 and the switch 186 so that an SDA signal from the
HDMI (R} sink 72 is selected by the switch 185 at a time
25 of transmitting data and an SDA signal from the

transmitter 81 is selected by the switch 185 and an SCL
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signal from the transmitter 81 is selected by the switch 186 at a time of
receiving data. [0188] In Step S113, the switching control unit 124
controls the switch 135 and switches the switch 135 so 5 that a CEC
signal from the HDMI(R) sink 72 is selected at the time of transmitting
data and a CEC signal from the transmitter 81 is selected at the time of
receiving data. [0189] In Step S114, the I—é MI(R) sink 72 reads out 10
E-EDID from the EDIDROM 85 and transmits the read-out E-EDID to the
HDMI(R) source 71 via the switch 185 and the SDA line 191 of the DDC
83.[0190] In Step S115, the HDMI(R) sink 72 judges whether channel
informatem ransmited-frent e IS HEMI(R} ségrcePERAS Been the
received. 4%1%1]1 |%ecigcally1i channgl information indicating a channel
used o bidirectional tonfunication is “transmitted from the HDMI(R)

source [k aggordingrfo dyaetians; ef thesd DMIR) -sowge dhard thenit 124
HDMI(R) sink 20 72. When the HDMI(R) source 71 has the structure

shownciorEigo T sfortexamplesbintgtthertdDMWR)Smerce I7d and the 135 so
HDMI(R) sink 72 can perform full-duplex communication, channel

inform nétifyfify @18 L cdrhffurti&tdiPiy é%ll-%ﬁb*e%z is selected
communicayon gystem g5 é@%&%ﬁn%mg%'&e 84 and sigpalling. 141 ¢ oy
and thé SDA line 191 and SCL line 192 5 to be performed is 62
the transmitter 81 is selected at the time of receiving
data.
{0189] In Step 5114, the HDMI(R) sink 72 reads out
E-EDID from the EDIDROM 85 and transmits the read-out
E-EDID to the HDMI(R) source 71 via the switch 185 and
the SDA line 191 of the DDC 83.
{01507 In Step S115, the HDMI(R) sink 72 Jjudges
whether channel information transmitted from the
HDMI (R) source 71 has been received,
{01917 Specifically, channel information indicating
a channel used for bidirectional communication is
transmitted from the HDMI(R) source 71 according to
functions of the HDMI(R) source 71 and the HDMI(R) sink
72. When the BDMI(R) source 71 has the structure shown
in Fig. 7, for example, since the HDMI(R) source 71 and
the HDMI(R) sink 72 can perform full-duplex
communication, channel information notifying that I?
communication by a full~duplex communication system
that uses the CEC line 84 and signal line 141 and the

SDA line 191 and SCL line 192 is to be performed is



transmitted from the HDMI(R) source 71 to the HDMI(R) sink 72. Thus,
The HDMI(R) sink 72 receives the channel information transmitted from
the HDMI(R) source 71 via the switch 135 and the CEC line 84 and

judges that the 5 channel information has been received. [0192] On the
other hand, when the HDMI(R) source 71 does not have the function of
performing full-duplex communication, chagnel information is not
transmitted from the HDMI(R) source 71 to the HDMI(R) sink 72. 10

Thus, the HDMI(R) sink 72 judges that channel information is not

received. [0193] When judged in Step S115 that the channel information
has bebATREBH/EHthe Brdcss ac/abE o SStepasL I8 irFAHIRHHRDML (R)

L AT P B P M

and SWSI'[C?ﬁeS the SWItCﬁ’].S a sot entia

signal gerrespending te Rxdatadram thesgonversioniinik184 inselected via
at the time of transmitting data. 20 [0194] In Step S117, the switching
controlirit $24 tedntiolS thhe:dwithh X35°aAd switBldes:thie switcled3Blsg: the
that a differential signal corresponding to Tx data from the transmitter 81

Sis seleCBaH%he S 5PFELERINT GabE DS [EGSTRStep S118, the
respectiyg ghits of the HDMI(R) sink 77 perfopm biditectignakIfy) source 71

communication 63
does not have the function of performing full-duplex

communication, channel information is not transmitted
from the HDMI(R) source 71 to the HDMI(R) sink 72.

10 Thus, the HDMI (R) sink 72 judges that channel
information is not received.

[0193] When judged in Step $115 that the channel
information has been received, the process advances to
Step 5116 in which the switching control unit 972

15 controls the switch 185 and the switch 186 and switches
the switch 185 and the switch 186 so that a
differential signal corresponding to Rx data from the
conversion unit 184 is selected at the time of
transmitting data.

20 [01%41 In Step 5117, the switching control unit 124
controls the switch 135 and switches the switch 135 sc
that a differential signal corresponding te Tx data
from the transmitter 81 is selected at the time of
receiving data.

25 [0185] In Step 5118, the respective units of the

HDMI (R) sink 72 perform bidirectional IP communication



with the HDMI(R) source 71 using a full-duplex communication system,
and the communication processing is thus ended. Specifically, at the time
of transmitting data, the conversion unit 184 converts the 5 Rx data
supplied from the HDMI(R) sink 72 into a differential signal, supplies one
of partial signals constituting the differential signal obtained by the
conversion to the switch 185, and supplies the other one of the partial
signals to the switch 186. The 10 switch 185°and the switch 186 transmit
the partial signals supplied from the conversion unit 184 to the

transmitter 81 via the SDA line 191 and the SCL line 192. As a result, the
differentiaksighhbcoi¥sgdndingutocthe’Rx whatanis tranSmitted fromsthe
HDMI(R) sink 72 15 to the HDMI(R) source 71. [0196] Further, at the time
of recei7MYUAAES e ecbuet st 138FetdiveSHEUREFSHtLP Righpcessing

corresponding. o the;[x data transmjfied from the fxansmifier 81.

Specifically, the switch 135 receives a 20 partial signal of the differential

signal correspandinghdodhe dx data, thaihas been transmitted framdbets the
transmitter 81 via the CEC line 84, and supplies the received partial
Signal t6th&yerodBRMES6. T deétodétihit (F36 déaddé<thiento a

differenig;éf%ignal %:SL gfpsgturggq]of gbe ggttieaé Si le s%opliegtfj(oT thg Lal
switch and the partlgl §gna 'suppiied from Hgeq " Partial signais
constituting the differential signal obtained by the
conversion to the gswitch 185, and supplies the other
cne of the partial signals to the switch 186. The
10 switch 185 and the switch 186 transmit the partial
signals supplied from the conversion unit 184 to the
transmitter 81 via the SDA line 191 and the SCL line
182. As a result, the differential signal corresponding
to the Rx data is transmitted from the HDMI(R) sink 72
15 to the HDMI(R) source 71.
[0196] Further, atlthe time of receiving data, the
decode unit 136 receives the differential signal
corresponding to the Tx data transmitted from the
transmitter 81. Specifically, the switch 135 receives a
20 partial signal of the differential signal corresponding
to the Tx data, that has been transmitted from the
transmitter 81 via the CEC iine 84, and supplies the
received partial signal to the decode unit 136. The
decode unit 136 decodes the differential signal
25 constituted of the partial signal supplied from the

switch 135 and the partial signal supplied from the
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transmitter 81 via the signal line 141 into Tx data as the original data, and
outputs it to the HDMI(R) sink 72. [0197] Accordingly, the HDMI(R) sink

72 transmits 5 and receives various types of data such as control data,
pixel data, and audio data to/from the HDMI(R) source 71. [0198] Further,
when judged in Step S115 that the channel information is not received, in
Step S119, the 10 respective units of the HDMI(R) sink 72 transmit and
receive CEC signals to perform bidirectional communication with the
HDMI(R) source 71, and the communication processing is thus ended.
[0199] As described above, upon receiving the 15 channel information, the
HDMI(RY 3?2 frerfdt s Tufl- aﬁ}me%iaﬁﬁﬁquhp‘éa@ioh%tﬁﬂf@@mFéR}a as
sink 7éﬁsin the, CEC 84 and si aI line 14 %nd T%%Ql ik
and S ﬁnerfé%rf@ O(SJ] ythus SWI |ﬁgtihe swﬂcﬁ the Switch 20
185, ang the switch 186 to select the data to be transmltted and the data

to be received and performing full-duplex communication with the

HDMI(R) sbuice 71AasingdhedIEC linee84aNd Signad link 141 amditiserits

SDA line 191 and SCL line 192, the HDMI(R) sink 72 can 25 perform
high-sp8et BRIfELTBRar &mARMicRSFwhie Jabhtaniy éSmpahbmt’

‘N“hthSé%QYeﬂiggﬁ'@%ta, and audio data to/from the HDMI (R)
source T71.
[0198] Further, when judged in Step S115 that the
channel information is not received, in Step 5119, the
respective units of the HDMI(R) sink 72 transmit and
receive CEC signals to perform bidirectional
communication with the HDMI(R) scurce 71, and the
communication processing is thus ended.
10199] As described above, upon receiving the
channel information, the HDMI (R) sink 72 performs full-
duplex communication with the HDMI (R} sink 72 using the
CEC line B84 and signal line 141 and the SDA line 181
and SCL line 192.
[0200] By thus switching the switch 135, the switch
185, and the switch 186 to select the data to be
transmitted and the data to be received and performing
full-duplex communication with the HDMI(R) source 71
using the CEC line 84 and signal line 141 and the SDA
line 191 and SCL line 192, the HDMI{(R} sink 72 can
perform high-speed bidirectional communication while

maintaining compatibility with the conventional



HDMI (R) [0201] It should be noted that in the example of Fig. 7, the
HDMI(R) source 71 has a structure in which the conversion unit 131 is
connected to the CEC line 84 5 and the signal line 141 and the decode
unit 183 is connected to the SDA line 191 and the SCL line 192.
However, a structure in which the decode unit 183 is connected to the
CEC line 84 and the signal line 141 and the.conversion unit 131 is
connected to the SDA 10 line 191 and the SCL line 192 is also possible.
[0202] In such a case, the switch 181 and the switch 182 are connected
to the decode unit 183 as well as the CEC line 84 and the signal line 141,
and thél8i#¢R 133 is connected to the conversion unit 131 as well as the

15 SDA s 491. [0203LEurthe, e HDMI(R) sink T2 shawn 1y Fig. 7

i.ex af
may als ave a structure iIn wi the conversion unit IS conhecte

to the GEg ling, 84andithersignaldnerd4 landihe decodenitilab isy which
connected to the SDA 20 line 191 and the SCL line 192. In such a case,
the switck 185nard sieswiteh 1 863dreiconrettesiocthet coiwersiditupitne 84

184 as well as the CEC line 84 and the signal line 141 and the switch 135
Sis conndRted iFtHE Hezbdd Uit 136 a8 el AL tHeSSBAInE 161, 18

[0204] Euptherpore (Lis@lso pegsiple forithe CEQ ing-84@ndithasignal,
line 141 to be the replaced with 66
However, a structure in which the decode unit 183 is
connected to the CEC line 84 and the signal line 141
and the conversion unit 131 is connected to the S5SDA
10 line 191 and the SCL line 192 is also possible.
[0202] In such a case, the switch 181 and the switch
182 are connected to the decode unit 183 as well as the
CEC line 84 and the signal line 141, and the switch 133
is connected to the conversion unit 131 as well as the
15 SDA line 191.
[0203] Further, the HDMI(R) sink 72 shown in Fig. 7
may alsc have a structure in which the conversion unit
184 is connected to the CEC line 84 and the signal line
141 and the decode unit 136 is connected to the SDA
20 line 191 and the SCL line 192. In such a case, the
switch 185 and the switch 186 are connected to the
conversion unit 184 as well as the CEC line 84 and the
signal line 141 and the switch 135 is connected to the
decode unit 136 as well as the S5DA line 191.
25 (02047 Furthermore, it is also possible for the CEC

line 84 and the signal line 141 to be the replaced with



the SDA line 191 and the SCL line 192 in Fig. 6. In other words, the
conversion unit 131 and the decode unit 132 of the HDMI(R) source 71
and the conversion unit 134 and the decode unit 136 of the HDMI(R) sink
72 5 may be connected to the SDA line 191 and the SCL line 192 so that
the HDMI(R) source 71 and the HDMI(R) sink 72 perform IP
communication using a half-duplex communication system. In addition, in
this case, a reserved pin of a connector to Which the signal line 10 141 is
connected may be used to detect a connection of an electronic
apparatus. [0205] Moreover, the HDMI(R) source 71 and the HDMI(R)
sink 72timayEdehitiave b8ih ehthetiumchieh ol ipwforRind halfidupléx In

communication and the function 15 of performing full-duple

commuTHERTort 1A Gon S CaSEr et PISHIy Shurer DARGRE 1SRG
sink 72,6an. Pestorpk IR gamiBunication Usinga AalfdupIe¥e conversion
communication system or a full-duplex communication system according

to a functibh af3an elettronic 2@ apparatusiconBécteil thieeetdDO206] I8 a0k 72

case where the HDMI(R) source 71 and the HDMI(R) sink 72 each have
Shoth of ¥R¥ fSCtRATEE Perforiing halfthiblex e6mhiiniéafort BRd thé 1ine

function 49 perfamina L dyplex asmmupieation the HOMUR) 26:Soyrcg:

9
71 andthe Sink 72 are structired as shown in ig. 14
examplez ltshotid hemotedthatbZation using a half-duplex

communication system. In addition, in this case, a
reserved pin of a connector to which the signal line

10 141 is connected may be used to detect a connection of
an electronic apparatus.
[0Z05] Moreover, the HDMI{(R} source 71 and the
HDMI (R) sink 72 may each have both of the function of
perfcrming half-duplex communication and the function

15 of performing full-duplex communication. In such a
case, the HDMI (R} source 71 and the HDMI(R) sink 72 can
perform IP communication using a half-duplex
communication system or a full-duplex communication
system according to a function of an electronic

20 apparatus connected thereto.
[0206] In a case where the HDMI(R) source 71 and the
HDMI (R} sink 72 each have both of the function of
performing half-duplex communication and the function
of performing full-duplex communication, the HDMI (R)

25 source 71 and the HDMI{(R) sink 72 are structured as

shown in Fig. 14, for example. It should be noted that



in Fig. 14, parts corresponding to those of Figs. 6 and 7 are denoted by
the same reference numerals, and descriptions thereof will be omitted as
appropriate. [0207] The HDMI(R) source 71 shown in Fig. 14 is 5
constituted of the transmitter 81, the switching control unit 121, the timing
control unit 122, and the switching control unit 971. The transmitter 81 is
provided with the conversion unit 131, the Egls;code unit 132, the switch
133, the switch 181, the switch 182, 10 and the decode unit 183. In other
words, the HDMI(R) source 71 of Fig. 14 has a structure in which the
timing control unit 122 and the decode unit 132 of Fig. 6 are added to the
HDMI(RY sbiifce £ shbdFi-in Eigr 7S J62081 Merdovet heeHBMITRYSink® and
72 shogm in Fig. 15g4ciisbcons1t1ituted of the Eeceiver 82, the tin}fing cor&trol
unit 123, fie swi Cl?ﬁ]lna conro u%itsﬁgﬁ and t ]éesnvﬁffcﬁ]iﬁﬁec%% fof ufiit
972. The tegeiyeri8ais pravided with the,eonyersionunit 134 theswiteh: .
135, the decode unit 136, the conversion unit 184, the 20 switch 185, and
the swif¢2286. In othee WiHE (the HDMIR) BinksTi2of Fign Fibas B is
structure in which the timing control unit 123 and the conversion_unit 134

Sof Fig. BafE458E6%0 tfe HISMIERTSAK FoSholh int/ig. o7 Y55 10508)
Next, compunicalign prossssing £aried aut by e HOMIR) 5998 tne
and the HDMI(R) sink 72 shown in 68
switching control unit $71. The transmitter 81 is
provided with the conversion unit 131, the decode unit
132, the switch 133, the switch 181, the switch 182,
10 and the decode unit 183. In other words, the HDMI (R)
gource 71 of Fig. 14 has a structure in which the
timing centrol unit 122 and the decode unit 132 of Fig.
6 are added to the HDMI(R) source 71 shown in Fig. 7.
[0208] Morecver, the HDMI (R} sink 72 shown in Fig.
i5 14 is constituted of the receiver 82, the timing
contrel unit 123, the switching control unit 124, and
the switching contrcl unit 972. The receiver 82 is
provided with the conversion unit 134, the switch 135,
the decode unit 136, the conversion unit 184, the
290 switch 185, and the switch 186. 1In other words, the
HDMI(R) sink 72 of Fig. 14 has a structure in which the
timing control unit 123 and the conversion unit 134 of
Fig. 6 are added to the HDMI{(R) sink 72 shown in Fig.
7.
25 [0209] Next, communication processing carried out by

the HDMI (R) scurce 71 and the HDMI (R} sink 72 shown in



Fig. 14 will be described. [0210] First, referring to a flowchart of Fig. 15,
communication processing carried out by the HDMI(R) source 71 shown
in Fig. 14 will be described. It should 5 be noted that since processes of
Steps 5151 to S154 are the same as the processes of Steps S71 to S74
of Fig. 12, descriptions thereof will be omitted. [0211] In Step S155, the
HDMI(R) source 71 judges whether full-dyplex communication with the
HDMI(R) sink 10 72 is possible. In other words, the HDMI(R) source 71
references E-EDID received from the HDMI(R) sink 72 to judge whether
the full-duplex flag "Full Duplex” of Fig. 9 is set. [0212] When judged in
Step ST58 thatfuliiduplBg 1% &shnrftffication is possible, that is, the

HDMI(R), sink, 72 in Fig. 14 or.7 | d.to the HDM
TN Siop S156 e SHEhm Gomrol it 71 SohlroR tho i

errin
source P ) the swﬂcﬁlng gontrol uni contro

181 anddhesiitch: 182 apdsyitahas, the switdn18% anshiherawitghigz)

so that a 20 differential signal corresponding to Rx data from the receiver

82 is selegtatkal/d timdeufiraceiving datd. $0213]10n trsothepddnd, Wheriiculd
judged.in Step S155 that full-duplex communication is not possible, in

SStep SI5PMEBDNMNR) SothiEe 71968588 Whethet TlEdGpRR J5° 514 are
communication is passible. specifically, the HOMUR)sSQUICE Bhs of rig.

references the received E-EDID to judge 69
12, descriptions thereof will be omitted.

02111 Iin Step S$155, the HDMI(R) scurce 71 Fjudges
whether full~duplex communication with the HDMI (R} sink

10 72 is possible. In other words, the HDMI{R) source 71
references E-EDID received from the HDMI(R) sink 72 to
judge whether the full-duplex flag "Full Duplex"™ of
Fig. 9 is set.
[0212] When judged in Step S155 that full-duplex

15 communication is possible, that is, the HDMI (R} sink 72
shown in Fig. 14 or 7 is connected to the HDMI(R)
source 71, in Step 85156, the switching contrcl unit 971
contrcls the switch 181 and the switch 182 and switches
the switch 181 and the switch 182 so that a

20 differential signal corresponding to Rx data from the
receiver 82 is selected at a time cof receiving data.
[0213] On the other hand, when judged in Step 8155
that full-duplex communication is noit possiblie, in Step
5157, the HDMI (R} source 71 judges whether half-duplex

25 comrunication is possible. Specifically, the HDMI (R)

source 71 references the received E-EDID to judge
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whether the half-duplex flag "Half Duplex" of Fig. 9 is set. In other words,
the HDMI(R) source 71 judges whether the HDMI(R) sink 72 shown in
Fig. 6 is connected to the HDMI(R) source 71. 5 [0214] When judged in
Step S157 that half-duplex communication is possible or when the switch
181 and the switch 182 are switched in Step S156, in Step S158, the
HDMI(R) source 71 transmits channel infzg%nation to the receiver 82 via
the switch 133 and the CEC line 84. 10 [0215] Here, since the HDMI(R)
sink 72 has the function of performing full-duplex communication when it
is judged in Step S155 that full-duplex communication is possible, the

HDMI(B)Xdtrde rctARsATISUBLRE rééaler 82 Via therditch 2535 ° is
the 15 CEC line 84, as the channel information,. a signal notifying that IP
Ao e BE@ e O AT Sl e and the SR

communication us(fng e CECTihe sign a

line 193nhand SCLrlre HE92r istp ke perfopmed. P2 16hFurther, singe the
HDMI(R) sink 72 has the 20 function of performing half-duplex
commanicato calttiougihaotiBdiiing the durction of performing full- duplex
communication when it is j,udé;ed in ,Stng S157 that half-du%)}lex

commufitaion is pBE&BIe) 1HE BbMIR) *€Burce 71 riAdmite 14 TepLe®
receives g2 via;the switch 25 133.and the, CEG line B4.ag the chanpel -4

information, a signal notifying that IP communication using the CEC 70
the switch 182 are switched in Step S$156, in Step S158,

the HDMI(R) source 71 transmits channel information to
the receiver 82 via the switch 133 and the CEC line 84.
[0215] Here, since the HDMI (R) sink 72 has the
function of performing full-duplex communication when
it is judged in Step $155 that full-duplex
communication is possible, the HDMI(R) scurce 71
transmits to the receiver 82 wvia the switch 133 and the
CEC line 84, as the channel information, a signal
notifying that IP communication using the CEC line 84
and signal line 141 and the SDA line 191 and SCL line
192 is to be performed.

[0216] Further, since the HDMI{(R) sink 72 has the
function of performing half-duplex communication
although not having the function of performing full-
duplex communication when it is judged in Step S157
that half-duplex communication is possible, the HDMI (R)
source 71 transmits to the receiver 82 via the switch
133 and the CEC line 84, as the channel information, a

signal notifying that IP communication using the CEC



line 84 and the signal line 141 is to be performed. [0217] In Step S159,
the switching control unit 121 controls the switch 133 and switches the
switch 133 so that a differential signal corresponding to Tx data 5 from
the conversion unit 131 is selected at a time of transmitting data and a
differential signal corresponding to Rx data transmitted from the receiver
82 is selected at a time of receiving data. I_? hould be noted that when the
HDMI(R) source 71 and the 10 HDMI(R) sink 72 perform full-duplex
communication, at the time data is received in the HDMI(R) source 71, a

differential signal corresponding to Rx data is not transmitted from the
receivet 82evif 4heCEChimesg4rand thesighdllinésl 410 Threreforé otiesd -

decode unit 132 15 is not supplied with a differential signal corresponding

to Rx dé%r%ﬁ[(%gm] In%te%%&&,? t%%’re%%%cﬁ\‘/”el&iﬁ%%%th(éoﬁﬁ\ﬂﬁ(djmt 121

source Zd-perfarm pigirectiopal IR compuinicatienith the HOMIR) sinks 5o

72, and the 20 communication processing is thus ended. [0219]

Specificalbyt vehehitheekBMI{R) setincea 1l operfosmsduti-duplere Tx data

communication with the HDMI(R) sink 72 and when performin% _

“half-dupEXtdmmurreaipns Hdrewitht at Aime offafisihffing tata, thee of

25 conyersion unif 131 converts Tx dat :SYR lied from the HDMI(R)

source TR CHE A SaRaE ey gne el HigHal
corresponding to Rx data transmitted from the receiver

82 is selected at a time of receiving data. It should
be noted that when the HDMI{R) source 71 and the

10 HDMI (R} sink 72 perform full-duplex communication, at
the time data is received in the HDMI (R) source 71, a
differential signal corresponding tc Rx data is not
transmitted from the receiver 82 wvia the CEC line 84
and the signal line 141. Therefore, the decode unit 132

135 is not supplied with a differential signal
correspending to Rx data.
[0218] In Step $160, the respective units of the
HDMI (R) source 71 perform bidirectional 1P
communication with the HDMI{R)} sink 72, and the

20 communication processing is thus ended.
[0219] Specifically, when the HDMI{(R) source 71
performs full-duplex communication with the HDMI (R)
sink 72 and when performing half-duplex communication
therewith, at a time of transmitting data, the

25 convergion unit 131 converts Tx data supplied from the

HDMI (R) socurce 71 into a differential signal, transmits



one of partial signals constituting the differential signal obtained by the
conversion to the receiver 82 via the switch 133 and the CEC line 84, and
transmits the other one of the partial signals to the receiver 82 5 via the
signal line 141. [0220] Moreover, when the HDMI(R) source 71 performs
full-duplex communication with the HDMI(R) sink 72, at the time of
receiving data, the decode unit 183 receives the differential signal
corresponding to the 10 Rx data, that has’Been transmitted from the
receiver 82, decodes the received differential signal into Rx data as the
original data, and outputs it to the HDMI(R) source 71. [0221] On the
other hand, whep:the HDM Fhsdurcectk tliStparforgnshalf-dllpfexcential
communication with the HDMI(R) sink 72, at the time of receiving data,
the decbdadit CRIZ ieteiv sthe  GiffeParRa Sigfial EBrreBFordiRgtHethed?

Rx data, .tha ptas been tra itted from th iver under, control of.
oot v e A b oo wecieiest o chak GRS

RX datgras thenarigipakdata, and Qaputsit tathen ARMER)sauree ddiver 82
[0222] Accordingly, the HDMI(R) source 71 transmits and receives

Svariousvtypesiof datgsadh dsreontidl 25 data, pixel data, and audio data
toffrom {'[5182%?M|(R)I\43i1%<01%r72 when the HDMI(R) socurce 71 performs
r
full-duplex communication with the HDMI{(R) sink 72, at
the time of receiving data, the decode unit 183
receives the differential signal corresponding to the
16 Rx data; that has been transmitted from the receiver
82, decodes the received differential signal into Rx
data as the original data, and ocutputs it to the
HDMI (R) source 71,
[02211 On the other hand, when the HDMI{R) source 71
15 performs half-duplex communication with the HDMI (R)
sink 72, at the time of receiving data, the decode unit
132 recelves the differential signal corresponding to
the Rx data, that has been transmitted from the
receiver 82, under control of the timing contrel unit
20 122, decodes the received differential signal into Rx
data as the original data, and outputs it to the
HDMI (R} source 71.
[0222] Accordingly, the HDMI({R) source 71 transmits
and receives various types of data such as control
25 data, pixel data, and audic data to/from the HDMI (R)

sink 72.



[0223] Further, when judged in Step S157 that half- duplex communication
is not possible, in Step S161, the respective units of the HDMI(R) source
71 transmit and receive CEC signals via the CEC line 84 to perform 5
bidirectional communication with the HDMI(R) sink 72, and the
communication processing is thus ended. [0224] As described above, the
HDMI(R) source 71 references the full-duplex flag and the half-duplex
flag and performs full-duplex communicatiof or half 10 duplex
communication according to the function of the HDMI(R) sink 72 as a
communication counterpart. [0225] By thus switching the switch 133, the
switch [18E3dnd the'swittle & 82vheselactdbe daiantEbertransmittdthantal £~
the data to be received according to 15 the function of the HDMI(R) sink

72 as tABPEHHMGATRERGT ChuRterpart i P&foriiing fultdupiese S161, the
commynication of half:duplex communisation, highsspeed,bidirectional. 4
communication can be performed by selecting an optimal communication
methodaditev20 orintairjng xeompatihility withctheicenventionab dRMHIR).
[0226] Next, referring to a flowchart of Fig. 16, communication processing

3 carriedGGtiE tHel DA (RPSiHk ¥ oashiowin thifsg. tasyil Béldéscrivieek It72,

should 2n5 b%poted I;@ﬂat sjnceC processes of Steps SlQ%hto SlQé}ia&e the
same a¢ fll'me pFBOCce%selsJ %%%?epé’ SiPlo 8114 %)P&igl.sm us ended.
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[0224] As described above, the HDMI (R) scurce 71
references the full-duplex flag and the half-duplex
flag and performs fulli-duplex communication or half-
duplex communication according to the functicon of the
HDMI(R) sink 72 as a communication counterpart.

[0225] By thus switching the switch 133, the switch
181, and the switch 182 te select the data to be
transmitted and the data Lo be received according to
the function of the HDMI(R) sink 72 as the
communication counterpart and performing full-duplex
communication or half-duplex communication, high-speed
bidirectional communication can be pericrmed by
selecting an cptimal communication method while
maintaining compatibility with the conventional

HDMI (R) .

[0226] Next, referring to a flowchart of Fig. 16,
communication processing carried out by the HDMI (R}
sink 72 shown in Fig. 14 will be described. It should
be noted that since processes of Steps S1%1 to 8194 are

the same as the prccesses of Steps S111 to $114 of Fig.



13, descriptions thereof will be omitted. [0227] In Step 5195, the HDMI(R)

sink 72 receives channel information transmitted from the HDMI(R)

source 71 via the switch 135 and the CEC line 84. It should be 5 noted

that when the HDMI(R) source 71 connected to the HDMI(R) sink 72

does not have the function of performing full-duplex communication nor

the function of performing half-duplex communication, channel

information is not transmitted from the HDMI(R) source 10 71 to the

HDMI(R) sink 72. Thus, the HDMI(R) sink 72 does not receive channel
information. [0228] In Step S196, the HDMI(R) sink 72 judges whether to
perform full-88pRxiESrAmiddiresdsed 6/ the regédiveathannel

informati hen having recej 15 chanpel information. that notifies,

that 1P SRS nicatih SSRE e ec e BPHId Slor e 131 e
SDA lipgdideand S€l-line 192 is 1o he-perfarmed, far exampigthe) source
HDMI(R) sink 72 judges that full-duplex communication is to be
performed v2(: [0229] sWhenjudged mSte: 819G ¢hatful-diiplex It should be
communication is to be performed, in Step 5197, the switching control

unit 972 ¢bftroltHe &itch 185 dHI'HHE swher 186 dnld Sritees fifk =0 the
Switch i%%(@fi )thsiﬁw'% 186.30 [hat 4, differential fgﬂvmweéﬁonding

25 to Rx data from the conversion unit 184 is selected at a time of
transmigking dadid. nfift full-duplex communication nor the function

o

of performing half-duplex communication, channel

information is not transmitted from the HDMI (R) source

10 71 to the HDMI(R) sink 72, Thus, the BDMI{(R} sink 72

does not receive channel information.
[0228)] In Step 8196, the HDMI(R) sink 72 judges
whether to perform full-duplex communication based on

the received channel information. When having received

15 channel information that notifies that IP communication

using the CEC line 84 and signal line 141 and the SDA
line 191 and SCL line 192 is to be performed, for
example, the HDMI(R) sink 72 Jjudges that fuli-duplex

communication 1ls to be performed.

290 {0229] When judged in Step 51%6 that fuil-duplex

communication is to be performed, in Step 5197, the
switching control unit 972 controls the switch 185 and
the switch 186 and switches the switch 185 and the

switch 186 so that a differential signal corresponding

25 to Rx data from the conversion unit 184 is selected at

a time of transmitting data.
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[0230] Further, when judged in Step S196 that full- duplex communication
is not to be performed, in Step S198, the HDMI(R) sink 72 judges
whether to perform half-duplex communication based on the received
channel 5 information. When having received channel information that
notifies that IP communication using the CEC line 84 and the signal line
141 is to be performed, the HDMI(R) sink 72 judges that half-duplex
communication is to be performed. 10 [02381] When judged in Step S198
that half-duplex communication is to be performed or when the switch
185 and the switch 186 are switched in Step S197, in Step S199, the
switchingasgritrol uritik2A eentrelsdhe jswijeli1 35 ahidegwitalies theaswifehi 1 -
135 so that a 15 differential signal corresponding to Rx data from the
conver3igntGrfit %Wi%%éf@é%é@%t airi€ bf ﬁ%r@nﬁmﬁaéﬁé‘%ﬂd  Step

differeny é{aéélgr% e gﬁﬁqg\ndln tﬁng ata from the smlgerS s rm
201

selecte atétlme of receiving ata ?tsho enoted Hhat

when the HDMI{R )k sosseend A angh therHBMIR) sink itdepeidei@ved channel
full-duplex communication, at the time data is transmitted in the HDMI(R)

sink 72 ref differdritial sigihkcorresporaling te Ree datdhisrmst transheitedt ion
from the conversion_unit 134 25 to the transmitter 81. Thus, the switch 135

is not SUBHIEPHithiR diftélential &aﬂﬁ}l&&ﬁ@%@rﬁﬁlﬁ@{é"% e CkC line

84 and the signal line 141 is to be performed, the

HDMI (R) sink 72 judges that half-duplex communication
1is to be performed.

[0231] When judged in Step 5188 theit half-duplex
communication is to be performed or when the switch 185
and the switch 186 are switched in Step 8197, in Step
519%, the switching contreol unit 124 controls the
switch 135 and switches the switch 135 so that a
differential signal corresponding to Rx data from the
conversgion unit 134 is selected at a time of
transmitting data and a differential signal
corresponding to Tx data from the transmitter 81 is
selected at a time of receiving data.

[0232] It should be noted that when the HDMI{R)
source 71 and the HDMI (R) sink 72 perform full-duplex
communication, at the time data is transmitted in the
HDMI (R) sink 72, a differential signal corresponding to
Rx data is not transmitted from the conversion unit 134
to the transmitter 81i. Thus, the switch 135 is not

supplied with the differential signal corresponding to



Rx data. [0233] In Step S200, the respective units of the HDMI(R) sink 72
perform bidirectional IP communication with the HDMI(R) source 71, and
the communication 5 processing is thus ended. [0234] Specifically, when
the HDMI(R) sink 72 performs full-duplex communication with the
HDMI(R) source 71, at the time of transmitting data, the conversion unit
184 converts the Rx data supplied from 10 the HDMI(R) sink 72 into a
differential signal, transmits one of partial %Ejnals constituting the
differential signal obtained by the conversion to the transmitter 81 via the
switch 185 and the SDA line 191, and transmits the other one of the
partial Signdkstt®.15 the transmitter 81 via the switch 186 and the SCL line
192. [0235] Further, when the HDMI(R) sink 72 performs half-duplex
commuhitativh with the HERIE Kburéd s 1 et Bfs tifiecot Bdismring e
data, t rsion unit, 20_134.converts the Rx data supplied from the _, .
DV o T e e Ca et T o el g fon
constitufingnthendifferentied signal ebtained by thercenvessiandodhe ion
transmitter 81 via the switch 135 and the CEC line 84, and transmits the
Sother ohe et 2Ssthecpartiakbighafsnt@datie transmitter 81 via the signal line

141. 76 .o .
[0234] Specifically, when the HDMI{R) sink 72

performs full-duplex communication with the HDMI (R)
source 71, at the time of transmitting data, the

conversion unit 184 converts the Rx data supplied from

19 the HDMI(R) sink 72 into & differential signai,

15

20

transmits one of partial signals constituting the
differential signal obtained by the conversion to the
transmitter 81 via the switch 185 and the SBA line 191,
and transmits the other one of the partial signals to
the transmitter 81 via the switch 186 and the SCL line
192.

[0235] Further, when the HDMI(R) sink 72 performs
half-duplex communication with the HDMI({R} source 71,
at the time of transmitting data, the conversion unit
134 converts the Rx data suppliied from the HDMI (R} sink
72 into a differential signal, transmits one of partial
signals constituting the differential signal obtained
by the conversgion to the transmitter 81 wvia the switch

135 and the CEC line 84, and transmits the other one of

25 the partial signals to the transmitter 81 via the

signal line 141.
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[0236] Furthermore, when the HDMI(R) sink 72 performs full-duplex
communication with the HDMI(R) source 71 and when performing
half-duplex communication therewith, at the time of receiving data, the
decode 5 unit 136 receives a differential signal corresponding to Tx data,
that has been transmitted from the transmitter 81, decodes the received
differential signal into Tx data as the original data, and outputs it to the
HDMI(R) sink 72. 10 [0237] Moreover, whéfi judged in Step $S198 that
half- duplex communication is not to be performed, that is, when channel
information is not received, in Step 5201, the respective units of the
HDMI(R) 388H] 72 transmiheantbieceiveh€i G- bignal3fo(perferimk 72
bidirectional 15 communication with the HDMI(R) source 71, and the

commUEHEAEET Prdcessir Rt EHER Y 0238 9Bs Héstriddttabole, the

HDMI(R) sink 72 ,perf rr@q%éu,tﬂ-e%%@'%£g%§;ﬂ§$99auorl@%f-gméni,cation

communication accordlng to receive nnel 20 information, that is,

the funetier @f the HRMI e seurse ¢l asacedrimiieation ceuriesarbde
[0239] By thus switching the switch 135, the switch 185, and the switch

186 to selcct 13 datxtobe stranshifteerand id datomabe eeggigsponding

according to 25 the function of the HDMI(R) source 71 as the
commutficator?@santerpart ditpdifsiming HERuplsc7#rom the

transmitter 81, decodes the received differential

signal intec Tx data as the original data, and ocutputs

it to the HDMI(R) sink 72Z.

102373 Moreover, when judged in Step $198 that half-
duplex communication is not to be performed, that is,

when channel information is not received, in Step 5201,

the respective units of the HDMI(R) sink 72 transmit
and receive CEC signals to perform bidirectional
communication with the HDMI(R) scurce 71, and the
communication processing is thus ended.

[0238] As described above, the HDMI{(R) sink 72
performs full-duplex communication or half-duplex
communication according to the received channel
information, that is, the function of the HDMI(R)

source 71 as a communication counterpart.

[0239] By thus switching the switch 135, the switch

185, and the switch 186 to select the date to be
transmitted and the data to be received according to
the function of the HDMI{(R) source 71 as the

communication counterpart and performing full-duplex



communication or half-duplex communication, high-speed bidirectional
communication can be performed by selecting an optimal communication
method while maintaining compatibility with the conventional 5 HDMI(R).
[0240] Further, by connecting the HDMI(R) source 71 and the HDMI(R)
sink 72 by the HDMI(R) cable 35 including the CEC line 84 and signal line
141 that are mutually connected as a differential twist pair, 10 shielded,
and grounded to a ground line and the SDA/ line 191 and SCL line 192
that are mutually connected as a differential twist pair, shielded, and
grounded to a ground line, high-speed bidirectional IP communication
using a-baltkatuptex-cemmumnisatic sysiesx 12 onadhl-cuplex, high-speed
communication system can be performed while maintaining compatibility
with th® EBhveatideala HDMRY tabie. f024 1By Selebtiig e to by
ransmitted.out of, one or g plurality of pisces.of.data fo be ransmited 20
and transmltqflngr}ﬂe SelSted thta 168 communication counctierpar via a

predetgrmined sidnal linenand:ky; selgctipgdata tQ bedgeeivedQuiof one
or a plurality of pieces of data to be received that is/are transmitted from

5the corHihiddtion counterpart and 25 receiving the selected data,
high-speed bidirectional IP communication can be performed between the
H[WWI@ﬁzﬂQ] Further, by connecting the HDMI (R) scurce 71
and the HDMI({R) sink 72 by the HDMI(R) cable 35
including the CEC line B84 and signal line 141 that are
mutually connected as a differential twist pair,
10 shielded, and grounded to a ground line and the SDA
line 191 and SCL line 192 that are mutually connected
as a differential twist pair, shielided, and grounded to
a ground line, high-speed bidirectionali IP
communication using a half-duplex communication system
15 or a full-duplex communication system can be performed
while maintaining compatibility with the conventional
HDMI (R) cable.
[0241] By selécting data to be transmitted out of
one or a plurality of pieces of data to be transmitted
20 and transmitting the selected data to a communication
counterpart via a predetermined signal line, and by
selecting data to be received out of one or a plurality
of pieces of data to be received that is/are
transmitted from the communication counterpart and
25 receiving the selected data, high-speed bidirectional

IP communication can be performed bhetween the HDMI (R)



source 71 and the HDMI(R) sink 72 via the HDMI(R) cable 35 while
maintaining compatibility as an HDMI(R), that is, while allowing pixel data

of an uncompressed picture to be transmitted unidirectionally at high 5
speed from the HDMI(R) source 71 to the HDMI(R) sink 72. [0242] As a
result, in a case where a source apparatus as an electronic apparatus

that incorporates the HDMI(R) source 71, such as the reproducing 10
apparatus 33 shown in Fig. 2, has a functid® as a server such as a DLNA
(Digital Living Network Alliance) and a sink apparatus as an electronic
apparatus that incorporates the HDMI(R) sink 72, such as the digital TV

31 showsindsig72, hasia omamicetionsintekfate Lbifor ehkANIBUCIRAS cable
the Ethernet (registered trademark), through bidirectional IP
commuhicatioht fiatht Eledtreriie spparatiseheh Bs the afphfdtkR) » that

connected dlt{%cflé/ orja an HDMI){[%%cgble it ISprSSIb|e to transmit.a

content frém the Source a"ffb%?aﬁfé he %asir?k aSBaFaI%ﬁg I\%Farﬁsesﬁ%Ml

(R) cahle andralse rapsmit- aneenteptfiophthe spakes appanafusHframgthe
sink apparatus to another apparatus (e.g., digital TV 34 shown in Fig. 2)
Sconnectedtol therbANtdemiilhid&tiors anterfacé bf thre simk appérakis. 2bnk
[0243] Furthermore, by the bidirectional IP communication between the

HDMI(Iifsource 71 and the 79

[0242] As a result, in a case where a source
apparatus as an electronic apparatus that incorporates
the HDMI (R) source 71, such as the reproducing

10 apparatus 33 shown in Fig. 2, has a function as a
server such as a DLNA (Digital Living Netweork Alliance)
and a sink apparatus as an electronic apparatus tThat
incorporates the EDMI(R) sink 72, such as the digital
TV 31 shown in Fig. 2, has a communication interface

15 for a LAN such as the Ethernet (registered trademark),
through bidirectional TP communication via an
electronic apparatus such as the amplifier 32 connected
directly or via an HDMI(R) cable, it is possible to
transmit a content from the source apparatus to the

20 sink apparatus via the HDMI (R) cable and also transmit
a content from the source apparatus, from the sink
apparatus to another apparatus (e.g., digital TV 34
shown in Fig. 2) connected to the LAN communication
interface of the sink apparatus.

25 [0243] Furthermore, by the bidirecticnal IP

communiication between the HDMI{R) source 71 and the



HDMI(R) sink 72, control commands and responses can be exchanged at
high speed between the source apparatus incorporating the HDMI(R)
source 71 and the sink apparatus incorporating the HDMI(R) sink 72,
which are 5 connected by the HDMI(R) cable 35, and it becomes possible
to perform quick-response inter-apparatus control. [0244] The series of
processes described above may be realized by dedicated hardware or
software. When the 10 series of processegare realized by software, a
program constituting that software is installed in, for example, a
microcomputer that controls the HDMI(R) source 71 and the HDMI(R)

sink 72;{924%)Indhisyeqard, Fige 14 shows.a stiuctural lagxanple ofan pe

embodiment of a computer in which a program for executing the series of
processes:ldesgribied taliovghisspstaliede [0246h The pregram«<candparatus
recorded in advance in an EEPROM (Electrically Erasable Programmable
Read-ori 208 /o P3¢5 or BPHON O%%é%%u]tllnal%‘éoi;&iﬁg%é&um

of & coppuer, {0247 Aleipatvely, e progia,can be stored, (recpidsd),

tempora y or permanenty inarem ing me jum Stich &s a
sflexible-diggca C4AROM2R (Bompacs DisgRead OnlyMemory)e asrddO

(Magneto Optical) disc, a DVD (Digital Versatile Disc), a 80
possible to perform quick-response inter-apparatus
control.
[0244] The series of processes described above may
be realized by dedicated hardware or software. When the
10 series of processes are reallzed by software, a program
constituting that software is installed in, for
example, a microcomputer that controls the HDMI (R)
source 71 and the HDMI{(R) sink 72.
[0245] In this regard, Fig. 17 shows a structural
15 example of an embodiment of a computer in which a
program for executing the series of processes described
above is installed.
{02461 The program can be recorded in advance in an
EEPROM (Electrically Erasable Programmable Read-only
20 Memory) 305 or a ROM 303 as a built-in recording medium
of a computer.
[0247] Alternatively, the program can be stored
{(recorded) temporarily or permanently in a removable
recording medium such as a flexible disc, a CD-ROM
25 {Compact Disc Read Only Memory), an MO (Magneto

Optical} disc, a DVD (Digital Versatile Disc), a



magnetic disc, and a semiconductor memory. Such a removable

recording medium can be provided as so-called package software. [0248]

It should be noted that in addition to being 5 installed in a computer from

the removable recording medium as described above, the program may

be transferred wirelessly to a computer from a download site via a

satellite for digital satellite broadcast or transferred to the computer by

wire via a network such 10 as a LAN or th& {hternet so that the computer

can receive the thus-transferred program by an input/output interface

306 and install it in the built-in EEPROM 305. [0249] The computer
includesahuittin GRUYJ{Cental 215 Brocessind-¥nit) 3@2cthe  such a
input/output interface 306 is connected to the CPU 302 via a bus 301,

and ther€ERI 802 eloads thre prggresw storedam theeROM(Réad @slysc~called
Memory) 303 or the EEPROM 305 into a RAM (Random Access Memory)
304 and ¥xEEHRsTP AR 8ingly, the CPU 302 carries 20 out the
processee%?mdm@&og@%ﬂ?éﬁ/%@f&%&@é&“Q%%@%@exsiﬁégé%%&%?'% being

carried out by the structures in the block diagrams ove.

§0250] Hgree,dn the spacificatiepuprocess Stepshthatdlescrbe @ pragraming
for causing a computer to 25 execute various types of processing do not
necess&f weed 3o drsSerocesdede tife-S&rfescaloagarsaguerce 81

transferred wirelessly to a computer from a download
site via a satellite for digital satellite broadcast or
transferred to the computer by wire via a network such
10 as a LAN or the Internet so that the computer can
recelve the thus=-transferred program by an input/cutput

interface 306 and install it in the built-in EEPROM

305.
[0249] The computer includes a built-in CPU {Central
15 Processing Unit) 302. The input/output interface 306 is

connected to the CPU 302 via a bus 301, and the CPU 302
loads the program stored in the RCM (Read Only Memory)
303 or the EEPRCM 305 into a RAM (Random Access Memory)
304 and executes it. Accordingly, the CPJ 302 carries
20 out the processing according to the flowcharts
described above or processing carried out by the
structures in the block diagrams described above.
10250] Here, in the specification, process steps
that describe a program for causing a computer to

25 execute varicus types of processing do not necessarily

need te be processed in time-series along a sequence



described in the flowchart, and processes that are executed in parallel or
individually (e.g., parallel process or process by object) are also included.
[0251] Moreover, the program may be processed by a 5 single computer
or may be processed dispersively by a plurality of computers. [0252] In
this embodiment, bidirectional IP éommunication is performed between
the HDMI(R) source 71 and the HDMI(R) sink 72 by controlling a timing of
10 selecting data and a reception timing abd transmission timing of a
differential signal as necessary. However, bidirectional communication
may instead be performed by a protocol other than the IP. [0253] It
shouldhespetasktat anamabedimenafithe a1 Presant dvantionsis note
limited to the above embodiment, and various modifications may be made
withoutedeparting fiomrthegistedf the predenti thnvehtipn.(f0254] Actoedihgl
to the above embodiment, 20 bidirectional communication can_be

perforMEQCRE HaffcitaP F58 HIREIRE 16 peHorh higH-SPecB Chidiettional
commupysatign whilg maintaining. compayihility ina cOMMPRICAION.y by a

interface capable of unidirectionally transmitting pixel data of an 25
suncompresses pistyre e audindataassesiatedwithdthaspictikeavhigh a

speed, for example. 82
pluraltity of computers.
[02521 In this embodiment, bidirectional IP
communication i1s performed between the HDMI{R} source
71 and the HDMI(R} sink 72 by controlling a timing of
10 selecting data and a recepticn timing and transmission
timing of a differential signal as necessary. However,
bidirectional communicaticn may instead be performed by
a protocol other than the IP,
f0253] It should be noted that an embodiment of the
15 present invention is not limited to the above

embodiment, and various modifications may be made

without departing from the gist of the present

invention.
[0254] According to the above embodiment,
20 bidirectional communication can be performed. In

particular, it is possible to perform high-speed
bidirectional communication while maintaining
compatibility in a communication interface capable of
unidirectionally transmitiing pixel data of an

25 uncompressed picture and audio data associated with

that picture at high speed, for example.



[0255] Incidentally, although some parts overlap the technique that has
already been described above, many audio/video apparatuses are
implemented with a LAN communication function for the purposes of 5
bidirectional program viewing, high-level remote control, a reception of an
electronic program table, and the like. [0256] As means for forming a
network among the audio/video apparatuses, there are options including
10 laying of a dedicated cable such as CAFS8, wireless communication,
and lamp line communication. [0257] However, a dedicated cable makes
an inter- apparatus connection complex, and wireless or lamp line

connectiopgs disadvaitagreusimipat a16ameRIgk 1ocmedylation Gikauitiand the
transceiver are expensive. [0258] In this regard, in the above

embodipssht; ithete i disclosedal teohtiieehadding aibaN above, many
communica,tio; function without adding a new connector electrode to the

HDMI. 286258} 8t RBAB I 5§ AnihferfHER 6P HRIG M Vide o 4Nd
audio datg, fransmuission. eplacqragnt-and . guthsptcation.ofgonnected

apparatus information, and communication of apparatus control data by
5using Oned cable; ashadvantage dhatdiAN icommunigationean hedbte
performed with an addition of the LAN function thereto, without using a
dedicatedrdanié not wikslestggn of an electronic program table,

and the like.

[0256] As means for forming a network among the
audio/video apparatuses, there are options including

10 laying of a dedicated cable such as CATS5, wireless
communication, and lamp line communication.

[0257] However, a dedicated cable makes an inter-
apparatus connecticn complex, and wireless or lamp line
connection is disadvantageous in that a complex

15 modulation circuit and transceiver are expensive.

[0258] Iin this regard, in the above embodiment,
there is disclosed a technigque of adding a LAN
communication function without adding a new connector
electrode to the HDMI.

20 [0258] Since the HBDMI is an interface for performing
video and audio data transmission, replacement and
authentication of connected apparatus information, and
communication of apparatus control data by using one
cable, an advantage that LAN communication can be

25 performed with an addition of the LAN function thereto,

without using a dedicated cable nor wireless



communication, is large. [0260] Incidentally, in the technique disclosed as
the above embodiment, the differential transmission channel used in the
LAN communication is used for the 5 replacement and authentication of
connected apparatus information and communication of apparatus control
data. [0261] In the HDMI, connected apparatus electric characteristics are
severely restricted in terms of a 10 parasitic capacitance and an
impedance also with respect to DDC that getforms replacement and
authentication of connected apparatus information and CEC that
performs communication of apparatus control data. 15 [0262] Specifically,

a DDC terminal parasiic, capacitagee of an apparatus is required to be 50
pF or less. The connection terminal is required to be grounded to ground

GND at[2@6 0lor les$at &time f LIvOW nutut ahdadonngetediy pldlagsl as
to a power source 20 at about 2 kO in a HIGH state. [0263] On the other

hand, traHSn8SER/EBBAHOA R mirdl§ afe féftmadthHe terffiiatbasat ot
least apput, 109 Q,i0.a;high freguency rangs in prder 19, stabilizey for the

communication in LAN communication for 25 transmitting a high-speed
ssignal. (0364 Fdget? shaws=a: stade nihere adransmiden 40484 apparatus
information and communication of apparatus control
data.
62611 In the HEDMI, connected apparatus electric
characteristics are severely restricted in terms of a

10 parasitic capacitance and an impedance also with
respect to DDC that performs replacement and
authentication of connected apparatus information and
CEC that performs communication of apparatus control
data.

15 [0262] Specifically, a DDC terminal parasitic
capacitance of an apparatus is required to be 50 pF ox
less. The connection terminal is required to be
grounded to ground GND at 200 Q or less at a time of
LOW output and connected by pull-up to a power socurce

20 at about 2 kQ in a EBIGH state.

[0263] On the other hand, transmission/reception
terminals are regquired teo be terminated at at least
apout 100 Q in a high frequency range in order to
stabilize communication in LAN communication for

25 transmitting a high-speed signal.

[0264] Fig. 19 shows a state where a transmitter 404



and a transmitter 405 for LAN communication, that are constantly
connected to DDC lines of an existing HDMI source apparatus 401 and
HDMI sink apparatus 402, are AC-coupled. 5 [0265] In order to satisfy the
DDC parasitic capacitance restrictions, it is required that a LAN
transmitter/receiver circuit added to the DDC lines has AC coupling via a
sufficiently small capacitance. Since a LAN signal is largely attenuated
and distorted, there 10 is a fear that the tragwsmitter/receiver circuit for
compensating this may become complex and expensive. [0266] A
transition between HIGH and LOW during DDC communication may

hinder LAN commynication. Ingiber: worgdgthere is 2 fearthaf the LAN .

does not function 15 during a DDC communication period. [0267] In this
regard,chereinaftel yas anmece cpyeferablecembadiert, ardesetiptionyvikpmz
be given on a communication system having a characteristic that, in an
interfact ihat PeffBRmEaidéo AR autho dalEl 26 irahshnesion tiepldcement e
and au ntlcatl f connected apparatus information, communication of
apparatus cont?gl d%ta and LAN communication by using basically one

scable, thedeghly communisaiion ispestormed, by hidirggtiopalasitic
communication via a pair of 25 differential transmission channels and a
connectianastatanf the faerface isonetifiedbasedrenaiDEbias 85 a LAN
transmitter/receiver circuit added to the DDC lines has
AC coupling via a sufficiently small capacitance. Since
a LAN signal is largely attenuated and distorted, there
10 ig a fear that the transmitter/receiver circuit for
compensating this may become complex and expensive.
[0266] A transition between HIGH and LOW during DDC
communication may hinder LAN communication. In other
words, there is a fear that the LAN does not function
i5 during a DDC communication period.
i0267] in this regard, hereinafter, as a more
preferable embodiment, a description will be given on a
communication system having a characteristic that, in
an interface that performs videc and audio data
20 transmission, replacement and authentication of
connected apparatus information, communication of
apparatus control data, and LAN communication by using
basically one cable, the LAN communication is performed
by bidirectional communication via a pair of
25 differential transmission channels and a connection

state of the interface is notified based on a DC bias



potential of at least one of the transmission channels. [0268] The
technique described hereinbelow does not necessarily need to have a
selection unit as in the above embodiment. 5 [0269] Fig. 18 is a circuit
diagram showing a first structural example of the communication system
in which a connection state of the interface is notified based on a DC
bias potential of at least one of the transmission channels. 10 [0270] Fig.
19 is a diagram showing a structural exan§ie of the system in a case
where the Ethernet (registered trademark) is used. [0271] As shown in
Fig. 18, a communication system 400 is constituted of a LAN function

expansion HDML, 15 (hereinafierablyevigied o FH) saurceaRR aldtinne s .
401, an EH sink apparatus 402, an EH cable 403 for connecting the EH

source appasdtus anthtbetkekisinkyapphratus;i ae Ethemnet {iegisteretbes not
trademark) transmitter 404, and an Ethernet gegistered trademark) 20

receiveP 80552} THREEA dcurke Yppard@s 201 iAtiubBS 'a AN Bighaf

transmit r%iécuit 41(]11%ée§:minating resistor 412, AC coupling capacitors
413 and (14, aeﬂﬁ\? S|gnaﬂ receiver circuit 415, a subtracting circuit 416,

5 25 pullgesresistor 424, aresistorA22 and acapaghor W 2aniomming 8 first
low-pass filter, a comparator 424, a 86
structural example of the communication system in which
a connection state of the interface ig notified based
on a DC bias potential of at least one of the
transmissiocn channels.

10 [0270] Fig. 19 is a diagram showing a structural
example of the system in a case where the Ethernet
{registered trademark) is used.
i0z271] As shown in Fig. 18, a communication system
400 is constituted of & LAN functicn expansion HDMI

15 {hereinafter, abbreviated to EH) source apparatus 401,
an EH sink apparatus 402, an EE cable 403 for
connecting the EH source apparatus and the EH sink
apparatus, an Ethernet (registered trademark)
transmitter 404, and an Ethernet {(registered trademark)

20 receiver 405.
[0272] The EH source apparatus 401 includes a LAN
signal transmitter circuit 411, a terminating resistor
412, AC coupling capacitors 413 and 414, a LAN signal
receiver circuit 415, a subtracting circuit 416, a

25 pull-up resistor 421, a resistor 422 and a capacitor

423 forming a low-pass filter, a comparator 424, a



pull-down resistor 431, a resistor 432 and a capacitor 433 forming a
low-pass filter, and a comparator 434. [0273] The EH sink apparatus 402
includes a LAN signal transmitter circuit 441, a terminating resistor 5 442,
AC coupling capacitors 443 and 444, a LAN signal receiver circuit 445, a
subtracting circuit 446, a pull-down resistor 451, a resistor 452 and a
capacitor 453 forming a low-pass filter, a comparator 454, a choke coill
461, and resistors 462 and 463 serially 10 ggnnected between a power
source potential and a reference potential. [0274] Provided in the EH
cable 403 are differential transmission channels constituted of a reserved

line 501 and an HPD Line 502, a source-side termipal 511 15 of the.
reserve%ula%ne %811\7% Egﬁ%c%e%fae%%?rhir%al%ﬁ "ot the H %Elx}l%e 5024 ditor

sink-sidgstermingl 524 af thew reseyvediineho]l, and asibkrgide deuninak 4 .
522 of the HPD line are formed. The reserved line 501 and the HPD line
502 arelé@niidcted aBhee diferetial twostapait 20 (0275 cthislease, thal
source-side terminal 511, of the reserved line 501 and the source-side

terminal 53336t tHePAPD Eirer 562 Fiitttibn*as'a sBcoRdTrHRhiBgionss totor
channel, M?r%eéohhﬁl%iHé‘%%&%@%@'é%%f thegreserved ingwQl gnai
and the sink-side terminal 522 of the 25 HPD Line function as a second
receptiarzchaneel. 0276} in thEscomnmiuticativasyste mi4QM haviyahea
87 pull?down resistor 451, & resistor 4532 and a capacitor
453 forming a low-pass filter, a comparator 454, a
choke ¢oil 461, and resistors 462 and 463 serially
10 connected between a power source potential and a
reference potential.
[0274] Provided in the EH cable 403 are differential
transmission channels constituted of a reserved line
501 and an HPD Line 502, and a source-side terminal 511
15 of the reserved line 501, a socurce-side terminal 512 of
the HPD Line 502, a sink-side terminal 521 of the
reserved line 501, and a sink=-side terminal 5322 of the
HPD line are formed. The reserved line 501 and the HPD
line 502 are connected as a differential twist pair.
20 [0275] In this case, the source~side terminal 511 of
the reserved line 501 and the source-side terminal 512
of the HPD line 502 function as a second transmission
channel. Moreover;, the sink-side terminal 521 of the
regerved line 501 and the sink-side terminal 522 of the

25 HPD Line function as a second recepiicn channel.

i0276] In the communication system 400 having the



structure as described above, the terminals 511 and 512 are connected
to the terminating resistor 412, the LAN signal transmitter circuit 411, and
the LAN signal receiver circuit 415 via the AC coupling capacitors 413 5
and 414 in the EH source apparatus 401. [0277] The subtracting circuit
416 receives a sum signal SG417 of a transmission signal voltage
generated by a current output from the LAN signal transmitter circuit 411
with the terminating resistor 412 and 10 trgwsmission channels 501 and
502 as a load, and a reception signal voltage as a signal transmitted from
the EH sink apparatus 402. [0278] In the subtracting circuit 416, a signal

SG413SQ1: %@99 rbé/. %%bt&%%%nﬂ%etaanasbr%@éion tslil%nq‘!e}:rsn fn(%é%; gﬁr % ghned 512

sum signal SG412 is a net signal transmitted from the sink. e

sink appaatys fedrasasimilae Cireyit Nelwerks apddys thosescircuitspthe.an
source apparatus 4011 and the sink apparatus 402 perform bidirectional

20 LANséampuriicaticmio280)] niaddiiicn 4d the BAN ddramiviiicatiomal

described above, the HPD line 502 notifies the source .apparatus 4Q1 that
the cabfé 493 Has ﬁégncgﬁﬁng&%d‘%atht Sink apPBrRUSHOFBYADECTS 442

spias level 25 [0281] The.resistors, 462 and,463.and the ghoke coil 461 of
the sink apparatus 402 bias the HPD line 502 to 88

[0277] The subtracting circuit 416 receives a sum
signal 5G417 of a transmission signal voltage generated
by a current cutput from the LAN signal transmitter
circuit 411 with the terminating resistor 412 and

i0 transmission channels 501 and 502 as a load, and a
reception signal voltage as a signal transmitted from
the EE sink apparetus 402.

10278] In the subtracting circuit 416, a signal
SG413 obtained by subtracting a transmission signal

i5 8G411 from the sum signal 8G412 is a net signal
transmitted from the sink.

[0278] The sink apparatus 402 has a gimilar circuit
network, and by those circuits, the source apparatus
4011 and the sink apparatus 402 perform bidirectional
20 LAN communicaticn.

(02801 In addition to the LAN communication
described above, the HPD line 502 nctifies the source
apparatus 401 that the cable 403 has keen connected to
the sink apparatus 402 by a DC bias level.

25 [0281] The resistors 462 and 463 and the choke coil

461 of the sink apparatus 402 bias the HPD line 502 to



about 4 V via the terminal 522 when the cable 403 is connected to the
sink apparatus 402. [0282] The source apparatus 401 extracts a DC bias
of the HPD line 502 by the low-pass filter constituted 5 of the resistor 432
and the capacitor 433, and the comparator 434 compares it with a
reference potential Vref2 (e.g., 1.4 V). [0283] If the cable 403 is not
connected to the source apparatus 402, a potential of the terminal 512
10 is lower than the reference potential Vref2 at the pull-down resistor 431
and is higher if connected. [0284] Therefore, if an output signal SG415 of
the comparator 434 is HIGH, it indicates that the cable 403 is connected

to the sink apparatus 402, 15 [QZS%], n.the.other.hand,,if the output, , 5 .
signal §G215 oft evé(%mparato?fl ﬁ% LOW, it Yncﬁgates?hgta?ﬁe cabfé e

403 is nRetrerinested 1o thessisk-appasatisA4QZs [9886] In the first
structural example, there is additionally provided a function of mutually 20

recognikiitf Flom a BEebiaspotentaEns thée wesetvéd dirfersot swhichCofoias

an EH-caompliant apparatus and a non- EH-compliant HDMI apparatus the
oo et ' 118 e ¥t SRS AT Sac (058 S PHE Erfced

ssource apparatus A01pulls up £+ onM) dr.thedgsenvedingsa01 by dheye
resistor 421, and the EH sink apparatus 402 pulls it down by the resistor

45]1. 8%*omparator 434 compares it with a reference potential

VrefZ (e.g., 1.4 V).
[0283] If the cable 403 is not connected to the
source apparatus 402, a potential cof the terminal 512

10 is lower than the reference potential Vref2 at the
pull-down resistor 431 and is higher if connected.
[0284] Therefore, if an output signal SG415 of the
comparator 434 is HIGH, it indicates that the cable 403
is connected to the sink apparatus 402.

15 [0z285] On the other hand, if the output signal 5G415
of the comparator 434 is LOW, it indicates that the
cable 403 is not connected to the sink apparatus 402.
[0286] In the first structural example, there is
additionally provided a function of mutually

20 recegnizing, from a DC bias potential of the reserved
line 501, which of an EH~-compliant apparatus and a non-
EH-compliant HDMI apparatus the apparatuses connected
at both ends of the cable 403 are.
[02871 The EH source apparatus 401 pulls up (+ 5 V)

25 the reserved line 501 by the resistor 421, and the EH

gsink apparatus 402 pulls 1t down by the resistor 451.



[0288] These resistors 421 and 451 do not exist in the non-EH-compliant
apparatus. [0289] The comparator 424 of the EH source apparatus 401
compares a DC potential of the reserved line 501 5 that has passed
through the low-pass filter constituted of the resistor 422 and capacitor
423 with a reference voltage Vrefl. [0290] If the sink apparatus 402
supports EH and has a pull down, the potential of the reserved line 501
10 becomes 2.5 V, and if not supporting E¢gband is opened, the potential
becomes 5 V. Therefore, if the reference potential Vrefl is setto 3.75V, it
is possible to make a distinction between a compliant sink apparatus and

a non-ctiﬂisggggnt sin%ggggra‘rus..% ég%qu]%'gthea%o&anﬁatﬁé :5%% {ft%]%% %cm;in

appara compares aDE }bo ential of the reserved a
passed:theough the lownpass fifer sepatitutedsof the resistor 452 and the

capacitor 453 with a reference voltage Vref3. 20 [0292] If the source
apparaiis2402 suppéits Eldepar hnsra pahi-up fulittior;fhe potartiaglppraratus
becomes 2.5V, and if not supporting EH, the potential becomes 0 V.

Thgrgfél%l, ifthaneterante Potdiftidtt _%@thoofzgl\ﬁ TS poL&BIe tPmakl?
sa distincfion hetwegn an.GH 29 complignL appralus and & o constituted

non-EH-compliant apparatus. [0293] As described above, according to
the first90the resistor 422 and capacitor 423 with a reference
voltage Vrefl.
[0290] If the sink apparatus 402 szupports EH and has
a pull down, the potentizl of the reserved liine 501
10 becomes 2.5 V, and if not supporting EH and is opened,
the potential becomes 5 V. Therefore, if the reference
petential Vrefl is set to 3.75 V, it is possible to
make a distinction between a compliant sink apparatus
and a non-compliant sink apparatus.
15 [0291] Tne comparatcr 454 of the sink apparatus 402
compares a DC potential of the reserved line 501 that
has passed through the low-pass filter constituted of
the resistor 452 and the capacitor 453 with a reference
voltage Vref3.,
20 [0292] If the source apparatus 402 supports EH and
has a pull-up functicn, the potential becomes 2.5 V,
and if not supporting EH, the potential becomes 0 V.
Therefore, if the reference potential is set te 1.25 V,
it is possible to make a distinction between an EH-
25 compliant apparatus and a non-EH-compliant apparatus.

[C293] As described above, according to the first



structural example, in the interface that performs video and audio data
transmission, replacement and authentication of connected apparatus
information, communication of apparatus control data, and LAN 5
communication by using one cable 403, the LAN communication is
performed by bidirectional communication via a pair of differential
transmission channels, and a connection state of the interface is notified
by a DC bias potential of at least one of thg J0 transmission channels.
Therefore, it becomes possible to perform spatial separation in which the
SCL line and the SDA line are not physically used in LAN
communication. [0294] As a result, due to the division, a LAN 15

commuictioh difcuitEBe forméd Wréspethice bfaR ERthiggriorms
speciicaign iefined. (o PG, Wi fhetepull Mafstadle and isliaple AN

communication can be realized at a low cost. [0295] [t should be note

that it issalsecpassizie: 20 te pravide dhe gillipresistar-42h shewatin drig.
18in the EH cable 403 instead of the EH source apparatus 401. In such
a case,defialS B e p A upHBSISISH42 T ifé Fedpatiively eathdddd to

he reserved line 501 and. a line ﬁl nal line) connected to a power source
g(power(i souur}ég%%%gﬁltiaﬁ’)yo&tsé efines r%o\% egé the %El Halble 403.
91 communication is performed by bidirectional

communication via a palr of differential transmission

channels, and a connection state of the interface is

notified by a DC bias potential of at least one of the

10 tLransmission channels. Therefore, it becomes possible

to perform spatial separation in which the SCL line and

the SDA line are not physically used in LAN
communicaticn.
106294} As a result, due to the division, a LAN

15

electrical specification defined for DDC, with the

communication circuit can be formed irrespective of an

result that stable and reliable LAN communication can

be realized at a low cost.

02957 It should be ncoted that it is also possible

20 to provide the pull-up resister 421 shown in Fig. 18 in

the EH cable 403 instead of the EH source apparatus 401.

In such a case, terminals of the pull-up resistor 421

are respectively connected to the reserved line 501 and

a line (signal line) connected to a power source (power

25 source potential) out of the lines provided in the EH

cable 403.



15

[0296] Furthermore, it is also possible to provide the pull-down resistor
451 and the resistor 463 shown in Fig. 18 in the EH cable 403 instead of
the EH sink apparatus 402. In such a case, terminals of the pull 5 down
resistor 451 are respectively connected to the reserved line 501 and a
line connected to the ground (reference potential) (ground line) out of the
lines provided in the EH cable 403. Also, terminals of the resistor 463 are
respectively connected to the HPD Line 10,502 and the line connected to
the ground (reference potential) (ground line) out of the lines provided in
the EH cable 403. [0297] Fig. 20 is a circuit diagram showing a second
structural example of the communicatjon system in which 15 a connection

state of thé ihterface I TotREAHFa OE bids foeAtBPSFAPLEstonE BV +4e
the transmisgion chanpels, [0238] Fupdamentally similar19.the fikgls oy oun

structural example, a communication system 600 is characterized by 20
having arsteuciurelim whichh & am interface 4bat perfarmsivideotand addioink
data transmission, replacement and authentication of connected
apparafRHaAfGTREoH 2comtAukieaho’ of apparatesebhfdFdath, Bhe puli-
AN cog1mun|catlon t%rusél g one cable, the LAN communlcg%log 35 |fs:he

%FB re%%st re respec Jve%y conn%c
performe Yy unidirectional communicaton via W pairs o erentia

transmisgion, channels,Anh @ 9nd a line connected to the ground
(reference potential) (ground line) ocut of the lines
provided in the EH cable 403. Also, terminals cof the
resister 463 are regpectively connected to the HPD Line
10 502 and the line connected to the ground ({(reference
potential) {ground line) out of the lines provided in
the EH cable 403.
[0Z297] Fig. 20 is a circuit diagram showing a second
structural example of the communication system in which
a connection state of the interface is ncotified by a DC
bias petential of at least one of the transmission
channels.
102987 Fundamentalily similar to the first structural
example, a communication system 600 is characterized by
20 having a structure in which, in an interface that
performs video and audic data transmission, replacement
and authentication of connected apparatus information,
communication of apparatus control data, and LAN
communication by using one cable, the LAN communication
25 is performed by unidirectional communication via two

pairs of differential transmission channels, and a



connection state of the interface is notified by a DC bias potential of at
least one of the transmission channels, and that at least two transmission
channels are used time-divisionally with the LAN communication, 5 for
communication for replacement and authentication of connected
apparatus information. [0299] As shown in Fig. 20, the communication
system 600 is constituted of a LAN function expansion HDMI

(hereinafter, abbreviated to EH) source apggratus 601, 10 an EH sink
apparatus 602, and an EH cable 603 for connecting the EH source
apparatus and the EH sink apparatus. [0300] The EH source apparatus
601 includes a LAN signal transmitter circuit 611, terminating resistors 15

612 and B3> A BBuBIMY Bapacitdrs 614 617 % LAN" Sighat febdier® P
circuit §18, anjnvertet 620, 8 resistar 8al. & S'C:?'Eortf??ez and.a.ganagiial
623 forming a low-pass filter, a comparator 624, a pull- down resistor 631,

a resisten b3R<Ng, aLapaciar 633 20fepningwd lavv-pass fitef.cd channels
comparator 634, a NOR gate 640, analog switches 641 to 644, an

inverte2835 U aAdI04L8RItEAES 646 mH 134 7 IDIHC then eV ersBBIdif tion,

652, Il- ist 653 and 654. [0301] The EH sink fus 602
e AR A A Aok S St BB e A R a1 of

and 663, AGLoURling Sapacitors 664 L0697 3 LAN 93
[0299] As shown in Fig. 20, the communication system
600 is constituted of a LAN function expansion HDMI

(hereinafter, abbreviated to EH) scurce apparatus 601,

10 an ZH sink apparatus 602, and an EH cable 603 for

connecting the EH source apparatus and the EH sink
apparatus.,

(03001 The EE source apparatus 601 includes a LAN
gignal transmitter circuit 611, terminating resistors
15 612 arnd 613, AC coupling capacitors 614 to €17, a LAN
signal receiver circult 618, an inverter 620, a
resistor 621, a resistor 622 and a capacitor 623
forming a low-pass filter, a comparator 624, a pull-
down resistor 631, a resistor 632 and a capacitor 633
20 forming a low-pass filter, a comparator 634, a NOR gate
640, analog switches 641 to 644, an inverter 635,
analog switches 646 and 747, DDC transceivers 651 and
652, and pull-up resistors 653 and 654.

10301 The EH sink apparatus 602 includes a LAN

25 signal transmitter circuit 661, terminating resistors

662 and 663, AC coupling capacitors 664 to 667, a LAN



signal receiver circuit 668, a pull-down resistor 671, a resistor 672 and a
capacitor 673 forming a low-pass filter, a comparator 674, a choke coill
681, resistors 682 and 683 serially connected between a power source 5
potential and a reference potential, analog switches 691 to 694, an
inverter 695, analog switches 696 and 697, DDC transceivers 701 and
702, and a pull-up resistor 703. [0302] Provided in the EH cable 603 are
differential 10 transmission channels consgituted of a reserved line 801
and an SCL line 803 and differential transmission channels constituted of
an SDA line 804 and an HPD line 802, and source-side terminals 811 to
814 thereof and sink-side terminals 821 to 824 are formed. 15 [0303] The
reserved 80 GRA SEL I 803 tind Ctie SDRYihE §64AnEHPDie ©71

802 are.connecied asg dliffergptial quistnaits, Thefempioals 811 10 814z«
connected thereto function as a second transmission channel. 20 [030

In the conirpumication@yistarat6d sthuctured-ams idesetibed atiovertieistors
terminals 811 and 813 are connected to the transmitter circuit 611 for
transmiftfhg 2 EAN Fan3fiidsion BiGiraSCE P Rie’ 2Rk anBfier source

5terminatig rg%ilsgqf 61n%via thngeC 25 cou I@gnctafg\fitog%g%g and (%5 hes
and thepanaﬁog sWitchies 641%nd 647 infthe SOurce appara is'e6T oF
691 to 694, an inverter 695, analog switches 696 and
€97, DDC transceilvers 701 and 702, and a pulli-up
resistor 703.
[0302] Provided in the EH cable 603 are differential
10 transmission channels constituted of a reserved line
801 and an SCL line 803 and differential transmission
channels constituted of an SDA line 804 and an HPD line
802, and source-side terminals 811 to 814 thereof and
sinkmside terminals 821 to B24 are formed.
15 [O03C3] The reserved line 801 and S8CL line 803 and
the SDA line 804 and HPD line 802 are connected as
differential twist palirs. The terminals 811 to 814
connected thereto function as a second transmission
channel.
20 [0304] In the communication system 600 structured as
described above, the terminals 811 and 813 are
connected to the transmitter circuit 611 for
transmitting a LAN transmission signal 38G611 to the
sink and the terminating resistor 612 via the AC
25 coupling capacitors 614 and 615 and the analog switches

641 and 642, in the source apparatus 601.



[0305] The terminals 814 and 812 are connected to the receiver circuit
618 for receiving a LAN signal from the sink apparatus 602 and the
terminating resistor 613 via the AC coupling capacitors 616 and 617 5
and the analog switches 643 and 644. [0306] In the sink apparatus 602,
the terminals 821 to 824 are connected to the transmitter and receiver
circuits 668 and 661 and the terminating resistors 662 and 663 via the AC
coupling capacitors 664, 665, 666, 10 and,§67 and the analog switches
691 to 694. [0307] The analog switches 641 to 644 and 691 to 694 are
turned on when LAN communication is performed and opened when DDC
communication is performed. [0308] The source apparatus 601 connects

the 15 fétrifindls 813 &fid BIF RS DBE ransteivers $51 &P E57°&fd ©°
the pull-yg resistors 653404, 694 via gther, analgg syiches %%%agqg%%l
[0309] The sink apparatus 602 connects the terminals 823 and 824 to the
DDC transeeivers £Qh RndpfQd-and $he 020 gulliupHesistamiQd viashe
analog switches 696 and 697. [0310] The analog switches 646, 647, 696,
and 697earestified bh whan DBCAormriuncationds pesfbbared dhie and 617
5°penedaerQP%LAN ommuni %L}Qensls e,gtlr:g'forrrpg((j]'6 33[0311] A recognition
mechanism of an -co‘?hﬁhan apparatus based on a potential of the
reservethlits 01 951, the sink apparatus 602, the terminals 821
to 824 are connected to the transmitter and receiver
circuits 668 and 661 and the terminating resistors 662

and 663 via the AC coupling capacitors 664, 665, 666,

10 and 667 and the analog switches 691 to 694.

[0307] The analog switches 641 to 644 and 691 to 694
are turned on when LAN communication is performed and
opened when DDC communication is performed.

[0308] The source apparatus 601 connects the

15 terminals 813 and 814 t¢ the DDC transceivers 651 and

652 and the pull-up resistors 653 and 654 via other
analcog switches 646 and 647.
[03G9] The sink apparatus 6062 connects the terminals

823 and 824 to the DDC transceivers 701 and 702 and the

20 pull=-up resistor 703 via the analog switches 6%6 and
697.
[0310] The analog switches 646, 647, 696, and 697

are turned on when DDC communication is performed and
opened when DLAN communication is performed.
25 {03111 A recognition mechanism of an EH-compliant

apparatus based on & potential of the reserved line 801



is basically the same as that of the first structural example except that the
resistor 62 of the source apparatus 601 is driven by the inverter 620.
[0312] When an input to the inverter 620 is HIGH, 5 the resistor 621
becomes a pull-down resistor, thus providing a 0 V state which is the
same as a case where a non-EH-compliant apparatus is connected as
seen from the sink apparatus 602. [0313] Consequently, a signal SG623
indicating an EH 10 compliance identificatign result of the sink apparatus
602 becomes LOW, the analog switches 691 to 694 controlled by the
signal SG623 are opened, and the analog switches 696 and 697
controlled by a signal obtained by inverting the signal SG623 by the

inverter 15°685 Gre tufn&8% T 1051 8PAE Rrbs Bt tﬁé‘%wﬁ%&ﬁﬁar‘%ﬁﬁé’ gopral
enters g, Stala where qtSg}al{{net@g)Siaer‘édl@gO%D%ﬂlngﬁoh%géeﬁ%urce

disconnected from the LAN transceiver and connected to t
transceiygra 20 {031%5]0Qn ibe dtherhangd, ivrke sowrcetappagatus 601, an
input to the inverter 620 is also input to the NOR gate 640, and an output
SG614 tRéredf is seffparOw. j0F16] e Ratod BWstEREs 694 GoiG4 44 GH
controll by the o nal SG614 of the ate 640 are opened,
25 and% [ anaFog g CP h%sq6 8and 647 contr ](1) y arglf’éﬁ%ffo t’alne(;-,1

by invefling,the;signal $G614the,88ch is the same as a case where

a non-EH-compliant apparatus is connected as seen from
the sink apparatus 602.

[03131 Consequently, a signal S$SG623 indicating an EH
10 compliance identification result of the sink apparatus
602 becomes LOW, the analog switches 691 to 694
controlled by the signal SG623 are opened, and the
analog switches 696 and 697 controlied by a signal

obtained by inverting the signal 3G623 by the inverter

15 095 are turned on.

[0314] As & result, the sink apparatus 602 enters a
state where the 5CL line 803 and the SDA line 804 are
disconnected from the LAN transceiver and connected to
the DDC transceiver.

20 i0315) On the other hand, in the source appraratus
601, an input to the inverter 620 1is also input to the
NOR gate 640, and an output S8G614 thereof is set to LOW.
[0316] The analog switches 641 to 6444 controlled by
the cutput signal 5G614 of the NOR gate 640 are opened;
25 and the analog switches 646 and 647 contreclled by a

gignal obtained by inverting the signal SG614 by the



inverter 645 are turned on. [0317] As a result, the source apparatus 601
also enters a state where the SCL line 803 and the SDA line 804 are
disconnected from the LAN transceiver and 5 connected to the DDC
transceiver. [0318] Conversely, when an input to the inverter 620 is LOW,
both the source apparatus 601 and the sink apparatus 602 enter a state
where the SCL line 803 and the SDA line 804 are disconnected from the
DDC 10 transceiver and connected to the [‘?@N transceiver. [0319] The
circuits 631 to 634 and 681 to 683 for confirming the connection based on
a DC bias potential of the HPD line 802 have the same functions as those

of the first structural example. 15 [0320] In other words, in addition to the
LAN comvidtieatist dedéhnéd absve the HPD Line 802 notifies the

source sppayalus 60 hat s cable 93 has e somnediedodte S

apparatus by a C ‘bias Tevel, e resistors 682 and 683

and thesghekescail £81-ef thessivkappasatus 602bias tha HPRHRedO? Wine
about 4 V via the terminal 822 when the cable 603 is connected to the

sink appéfatas 6021 fo322]crHedolircera e afelN 601 ertractsve DG bibs

525 of the HPD line 802 by the_low-pass filter.constituted of the resistor
632 anf T8 Cap&CId 633 Cat the 7S cedver .

(03181 Cenversely, when an input to the inverter 620
is LOW, both the source apparatus 601 and the sink
apparatus 602 enter a state where the SCL line 803 and
the SDA line B04 are disconnected from the DDC

10 transceiver and connected to the LAN transceiver.
[0319] The circuits 631 to 634 and 681 to 683 for
confirming the connection based on a DC bias pctential
0f the HPD line 802 have the same functions as those of
the first structural example.

15 [03201 In other words, in additiocn to the LAN
communication described above, the HPD Line 802
notifies the source apparatus 601 that the cable 803
has been connected to the sink apparatus €02 by a DC
bias level.

20 [0321: The resistors 682 and 683 and the choke coil
681 of the sink apparatus 602 bias the HPD line 802 to
about 4 V via the terminal 822 when the cable 603 is
connected to the sink apparatus 602.

[0322] The source apparatus 601 extracts a DC bias
25 of the HPD line 802 by the low-pass filter constituted

of the resistor 632 and the capacitor 633, and the



5

10

comparator 634 compares it with the reference potential Vref2 (e.g., 1.4

V). [0323] If the cable 603 is not connected to the source apparatus 602,

a potential of the terminal 812 5 is lower than the reference potential

Vref2 at the pull-down resistor 631 and is higher if connected. [0324]
Therefore, if an output signal SG613 of the comparator 634 is HIGH, it
indicates that the cable 803 is connected to the sink apparatus 602. 10
[0325] On the other hand, if the output siggal SG613 of the comparator

634 is LOW, it indicates that the cable 603 is not connected to the sink
apparatus 602. [0326] As described above, according to the second
structural ngaajg;@efin&t? interface that perfoggs Q}'ﬁ_’ videq and audio data cial
transmission, rep?acementca?rﬁr1 Huthentication of connected gﬁﬁaera%?s entLe
informagiqns xcqranaunication of apparatus control data, and LAN
communication by using one cable, the LAN communication is performed

by uniditggtiohal commuriieatimbvia this 20spairstokdifferaritiedl to the
transmission channels, and a_connection state of the interface is notified

by a DECBRESpGIRRTAPGH: 1848 offe BP iR raRSmRGigT ShERRBIS Zhd® 2

further,,at leggt.wo frapsmission channels §r06c %%‘?‘1&@%79%@0%%”3’%&“

LAN 25 communication, for communicationfor replacement and

authengication ofaoneecied @ppsratusiafarmatioghd® if connected.
[0324] Therefore, if an ocutput signal 5G613 of the
comparater 634 is HIGH, it indicates that the cable 803
is connected to the sink apparatus 602.
[0325] On the other hand, if the output signal S8G613
of the comparator 634 is LOW, it indicates that the
cable 603 is not connected to the sink apparatus 602.

[0326] As described above, according to the second

structural example, in the interface that performs

15 video and audlo data transmission, replacement and

auvthentication of connected apparatus information,
communication of apparatus contrel data, and LAN
communication by using one cable, the LAN communication

is performed by unidirectional communication via two

20 pairs of differential transmission channels, and a

connection state of the interface is notified by a DC
bias potential of at least one of the transmission
channels, and further, at least twe transmission

channels are used time-divisionally with LAN

25 communication, for communication for replacement and

authentication of connected apparatus information.



Therefore, it is possible to perform a time division to obtain a time slot in
which the SCL line and the SDA line are connected to a LAN
communication circuit by a switch and a time slot in which they are
connected to a 5 DDC circuit and form a LAN communication circuit
irrespective of the electrical specification defined for DDC by this division,
with the result that stable and reliable LAN communication can be
realized at a low cost. 10 [0327] It should dg noted that it is also possible
to provide the resistor 621 shown in Fig. 20 in the EH cable 603 instead
of the EH source apparatus 601. In such a case, terminals of the resistor

621 ar eesilpéa&t)i}r/ely connected gostlr}aelreestervedeli:nreo§9nl aangi%l e15 line

) =S 18 DO Jdivigion to
(S|gnal ne conneéte?ﬂ oapgwer source poﬁler source potentla out o

the linegprovided inithe EH gablg 603: {0328] Eusthermore, ikisalsae soa
possible to provide the pull-down resistor 671 and the resistor 683 shown

20 in Figi2e inthe &htablke603 insteadbf therBEHrsicle apparatis GORE Iy a
such a case, terminals of the pull- down resistor 671 are respectively

connectétH & thé 18sénvbdhe 8er andl &'fine Coriétled S 1IEBASIHELS t° @
{referenge-patentiah (ground:ling) autghthe Upes gprpyideddn the FH
cable 603. Also, terminals of the resistor 683 are respectively connected
to the HRRdd4pe OPive of the electrical specification defined
for DDC by this division, with the result that stable
and reliable LAN communication can be realized at a low
cost,
10 [G327] It should be noted that it is also possible
to provide the resistor 621 shown in Fig. 20 in the EH
cable 603 instead of the EE source apparatus 601. In
such a case, terminals of the resistor 621 are
respectively connected tc the reserved line 801 and a
15 line (signal line) connected to a power scurce (power
source potential) out of the lines provided in the EH
cable 603.
[0328] Furthermore, it is also possible to provide
the pull-down resistor 671 and the resistor 683 shown
20 in Fig. 20 in the EH cable 603 instead of the EH sink
apparatus 602. In such a case, terminals of the pull-
down resistor 671 are respectively connected to the
reserved line 801 and a line connected to the ground
(reference potential) (ground line) out of the lines
25 provided in the EH cable 603. Also, terminals of the

resistor 683 are respectively connected to the HPD Line



802 and the line connected to the ground (reference potential) (ground
line) out of the lines provided in the EH cable 603. [0329] As described
heretofore, in the embodiment 5 associated with Figs. 2 to 17, out of 19
HDMI pins, SDA and SCL are used as a first differential pair, and CEC
and Reserved are used as a second pair to thus realize full duplex
communication in which unidirectional communication is performed by
each pair. 10 [0330] However, for SDA and $CL, H is pull-up of 1.5 KQ
and L is pull-down of low impedance. Also for CEC, H is pull-up of 27 KO
and L is pull-down of low impedance. [0331] Retaining these functions in

order to,fave, compatitilty with the existing HOMI maylead o aeards,
|

that it becomes difficult to share a function of the or performing
high-spgedaatacommypisationiwhich isequiredite haveands@fa ded in
transmission channel matched and terminated. [0332] In this regard, in

the firsttdteudtiirat 20lexdrfiple, full duplex communication is realized by

one- pair_hidirectional communication using Reserved and HPD as

differentiaf pair whild*SvSiafgthaisd 6F SBAL BEL, aftd CiEc g ment
10333] Since HED.s 3,039, S@al based o113 DG, 25 leyel Jigelian 91 s soa

LAN signal by AC coupling and” transmission of plug information based on
a DC lexeH160L are used as a first differential pair, and CEC
and Reserved are used as a second pair to thus realize
full duplex communication in which unidirectional
communication is performed by each pair.
10 [0330] However, for SDA and SCL, H is pull-up of 1.5
KQ and L is pull-down of low impedance. Also for CEC, H
is pull-up of 27 KQ and L is pull-down of iow impedance.
[0331] Retaining these functions in order to have
compatibility with the existing HEDMI may lead to a fear
15 that it becomes difficult tc share a function of the
LAN for performing high-speed data communication which
is required to have ends of a transmission channel
matched and terminated.
{0332] In this regard, in the first structural
20 example, full duplex communication is realized by one-
pair bidirectional communication using Reserved and HPD
as a differential pair while avoiding the use cof SDA,
SCL, and CEC lines.
[0333] Since HPD is a flag signal based on a DC
25 level, injection of a LAN signal by AC coupling and

transmission of plug information based on a DC level



are compatible. Newly added to Reserved is a function of mutually
recognizing a terminal having a LAN function by a DC level using a
method similar to HPD. [0334] In the second structural example, HPD
and SDA, 5 and SCL and Reserved make two pairs of differential pairs to
realize two-pair full duplex communication in which unidirectional
communication is performed by each pair. [0335] Timings of burst-type
DDC communication using 10 SDA and SGLgin the HDMI are controlled
with the transmitter being a master at all times. [0336] In this example,
analog switches are operated so that, when a transmitter performs DDC
communicationm Sa'??i %réd Sq%l_‘l\;ries aéedggnr%eactﬁg to th

DC :
funct
transcelav%er, T58dnd when DD ecor%rrzflunlcatlon IS no?%%r%%njé%, the ﬁﬁ(acs Hen

are conpected-taathe L AlLtransceivey. I03371-hhase switchperation
signals are also transmitted to a receiver at a DC level of the Reserved
line, anflunsimitar W switch lseperforasddion then20iredeiven sitier [0338]FD .

By adopting the structure described above, as a first effect, SCLHSDA, 4 soa
and CEE)ddihunication'fs RStCeRted by NokesiATEN S, D and SDA,

commupicationrang, staple DDCaR CEG gammunigation gap £0nsiantly,
be secured. 25 [0339] This is achieved by physically separating the LAN

from thesei liges in thexfirst struetwakbexaniple 10duplex communication in

which unidirectional communication is performed by each

pair.
[0335] Timings of burst-type DDC communication using
10 SDA and SCL in the HDMI are controlled with the

transmitter being a master at all times.
[0336] In this example, analog switches are operated
so that, when a transmitter performs DDC communication,
SDA and S8CL lines are ccnnected to the DDC transceiver,

15 and when DDC communication is not performed, the lines
are connected to the LAN transceiver.
[0337) These switch operaticn signals are also
transmitted toc a receiver at a DC level of the Reserved
line, and a similar SW switch is performed on the

20 receiver side.
[0338] By adopting the structure described above, as
a first effect, SCL, SDA, and CEC communicaticn is not
influenced by noises in LAN communication and stable
DDC and CEC communication can constantly be secured.

25 I0339] This 1s achieved by physically separating the

LAN from those lines in the first structural example



and cutting off a LAN signal from the lines by the switches during DDC
communication in the second structural example. [0340] As a second
effect, it becomes possible to 5 perform stable communication having a
large margin because LAN communication is performed by lines having
ideal terminations. [0341] This is because, in the first structural example,
since a LAN signal is superimposed on lines 10 like Reserved and HPD
that transmit a signal only by a DC level, tegminating impedance can be
maintained at an ideal value in a sufficiently broad frequency band
necessary for LAN communication, and in the second structural example,
terminating circuits for the.LA unpermitted for DDC communjcati

ave Contaacby 118, Sutcfies oy A LAR Rorkm meatch, T
Figs. 214 1 21 Esatg dipgramscshawind nbidirectional.commugicadion
waveforms in the communication system of the structural examples. 20
[0343] EBigr2dAustrows gesighal-waveform transmitted from an EH sink
apparatusggpg. 21B shows a signal waveform received by the EH sink

apparathi$ 21C Ahéws SSGRaRhAFSbrm Paddfi i sugh $ocante, =°
Fig. 210 shows asignalrecsived, by apEH %yéﬁ%%pgaﬁ%tya&ngpgiﬁig-

21E shows a signal waveform transmitted from the EH source apparatus.
102 because LAN communication is performed by lines having

185}

ideal terminations.
{03417 This is because, in the first structural

example, since a LAN signal is superimposed on lines

10 like Reserved and HPD that transmit a signal only by a

DC level, terminating impedance can be maintained at an
ideal value in a sufficiently broad freguency band
necessary for LAN communication, and in the second

structural example, terminating circuits for the LAN

15 unpermitted for DDC communication are connected by the

switches only during LAN communication.
[034Z2] Figs. 21A to 21E are diagrams showing
bidirectional communication waveforms in the

communication system of the structural examples.

20 [0343] Fig. 21A shows a signal waveform transmitted

from an EE sink apparatus, Fig. 21B shows a signal
waveform received by the EH sink apparatus, Fig. 21C
shows a signal waveform passing through a cable, Fig.

21D shows a signal received by an EH source apparatus,

25 and Fig. 21E shows a signal waveform transmitted from

the EE source apparatus.



[0344] Fig. 22 is a block diagram showing a structure of a frame rate
conversion system according to an embodiment of the present invention.
[0345] The frame rate conversion system includes a 5 reproducing
apparatus 151 as a transmission apparatus and a display apparatus 161
as a reception apparatus connected to the reproducing apparatus 151 via
a cable 4. The reproducing apparatus 151 and the display apparatus 161
are separated. Examples of the 10 reprodyging apparatus 151 include a
disk player, a digital tuner, a camera-integrated VTR, a decode
apparatus for decoding compression-coded data, and various STBs (Set

TohBotesy annes s dply sepas Sy a7 and

display device. 15 | ] The reproducing ap
decodesunih %2 and.a tanspaissiopnieriaceJos: For example. £0c0dadng

video data encoded by a compression coding method that uses a motion
vector, suchrassMPEG n@gvioving Ribkure Eegpents Group) tiscsupplied to the
20 decode unit 152. The compression coding method is not limited to
MPEG hRd%hy metloF nidi?BE usba<mg 2ssE Mhofigh Vatioris tisegs a

TR L e e G R
152, a guansized siensiorpseekicient] @ mationveelesdn 83 apparatus
connected to the reproducing apparatus 151 via & cable
4. The reproducing apparatus 151 and the display
apparatus 161 are separated. Examples of the
10 reproducing apparatus 151 include a disk player, a
digital tuner, a camera-integrated VTR, a decocde
apparatus fcr decoding compression-coded data, and
various STBs (Set Top Boxes). Examples of the display
apparatus 161 include a TV and a display device.
15 [0346] The reproducing apparatus 151 includes a
decode unit 152 and a transmission interface 153. For
example, encoded video data encoded by a compression
coding method that uses a motion vector, such as MPEG
(Moving Picture Experts Group), is supplied to the
20 decode unit 152. The compression coding method is not
limited to MPEG and any method may be used as long as a
motion vector is used as will be described later. The
decode unit 152 is, for example, an MPEG-standard
decoder.
25 {0347] As is well known, in the decode unit 152, a

guantized transform coefficient, a motion vector, an



identifier indicating a form of a predictive compensation of each decoded
picture, an identifier indicating a display order of the decoded pictures,
and the like are decoded by a variable length decode 5 circuit (not
shown) . Moreover, in the decode unit 152, decoded information is
supplied to an inverse quantization circuit or a compensation circuit (not
shown) . The identifier indicating a form of a predictive compensation
indicates which of an in 10 picture predictipn £l picture), a
forward-direction prediction (P picture), and a bidirectional prediction (B
picture) is being used. Of the quantized transform coefficient, the motion

vector, Ing denyifier. ndieating a form of g, predictive compensayion. and
an 15 identifier |n%|cat|ng a |sp?§y order, the motiof vector, the identifier

indicating a-forp.afia oredictivercaispensatiop: and the idantifigentifier
indicating a display order are supplied as reference control information to
the transmiissiohiinterfacei2038.220 {03487 The trdrsndissiofdtarfaceulsd, and

receives video, data decgged by the decode unit 152 and transmits the

video d&fiard te 76fRr&FEE LERrSinforkidtion 10 the SREpRay I 5tus

5161 viathe gable 4, The rgnsmissien inerface 153 isconstiuted ofany 152,

one of the HDMI 25 source 71 (see Fig. 3), the EH source 401 (see Fig.

18), and ¢he &t sautertt {see Fig. d0)deseribat 184 inverse
guantization circult or a compensation circuit (not
shown). The identifier indicating a form of a
predictive compensation indicates which of an in-

10 picture predicticn (I picture}, a forward-direction
prediction (P picture), and a bidirectional prediction
(B picture) is being used. Of the quantized transform
coefficient, the motion vector, the identifier
indicating a form of a predictive compensation, and an

15 identifier indiceting a display order, the motion
vector, the identifier indicating a form of a
predictive compensation, and the identifier indicating
a display order are supplied as reference control
information to the transmission interface 203.

20 103487} The transmission interface 153 receives wvideo
data decoded by the deccde unit 152 and transmits the
video data and the reference control information to the
display apparatus 161 via the cable 4. The transmission
interface 153 is constituted of any one of the HDEMI

25 source 71 (see Fig. 3), the EH source 401 (see Fig.

18), and the EH source 601 (see Fig. 20) described



above, for example. [0349] For the cable 4, any one of the HDMI cable 35
(see Fig. 3), the EH cable 403 (see Fig. 18), and the EH cable 603 (see
Fig. 20) described above is used, for 5 example. [0350] The reproducing
apparatus 151 includes circuits requisite therefor, such as a CPU 41, a
RAM 42, and a ROM 43. Blocks of the reproducing apparatus 151
function under control of the CPU 41. 10 [0351] The display apparatus
161 includes a reception interface 163 and a frame rate conversion unit
162. The frame rate conversion unit 162 includes a video buffer 164, a
motion vector buffer 165, an interpolation vector generation unit 166, an
15 integ%%l_@téon Fgme gne&ati_on unit 167, and a selector 168. [0352] The

reception intefface 163 1s connected to the cable 4 and receives the video

data transmidted fromthe: rRpregycingiappaiatusntbbviathe cahle 4-dihee 35
20 reception interface 163 is constituted of any one of the HDMI sink 72,

the EH sirk 4D2gand the B+ shik 682 ide<tiibed bovEifor exmplend the

[0353] The transmi§§ion interface 15% transmits the decoded video data c
(also aliflic" @RS atififarlPa5ta 2% ett) uSRF STMBS anaiifel 53 MdSiet foF
5channeé:,{Qrgptlﬂg_other hand, the transmission interface 153 transmits 105

[03501 The reproducing apparatus 151 includes
circuits requisite therefor, such as a CPU 41, a RAM

42, and a ROM 43. Blocks of the reproducing apparatus
151 function under control of the CPU 41.

10 [0351] The display apparatus 161 includes a
reception interface 163 and a frame rate conversion
unit 162, The frame rate conversion unit 162 includes a
video buffer 164, a motion vector buffer 165, an

interpolation vecter generation unit 166, an

15 interpolation frame generation unit 167, and a selector
168.
[0352] The reception interface 163 is connected to

the cabie 4 and receives the video data transmitted
from the reproducing apparatus 151 via the cable 4. The
20 reception interface 163 is constituted of any cone of
the HDMI sink 72, the EE sink 402, and the EH sink 602
described above, for example.

{0353] The transmission interface 153 transmits the
decoded video data {also auvdio date, auxiliary data,

25 etc.) using a TMDS channel as the first channel. On the

other hand, the transmission interface 153 transmits



reference control information using a high-speed data line as the second
channel. [0354] In other words, when the cable 4 is the HDMI cable 35,
the high-speed data line is at least one of a 5 CEC line and an HPD line.
When the cable 4 is the EH cable 403, the high-speed data line is at least
one of the reserved line 501 and the HPD Line 502. Alternatively, when
the cable 4 is the EH cable 603, the high-speed data line is at least one of
a 10 combination of the reserved line 801;and an SCL line and a
combination of an SDA line and an HPD line. [0355] The reception
interface 163 supplies the video data from which the reference control

nformalion s seperated.and the, enifer dicaling 2 O 6818 e
pI’EdICtIVE compensation of each picture and an |%1e tlﬁer ofga di ?ay

order thatarescortaiweddniha rafergnce.control information to the video
buffer 164 as a real-frame picture. In addition, the reception interface 163
suppliestBadnhotion Vactorie ther@0defereneea comioldpformatiohstotthe HDMI
motion vector buffer 165, Moreover, the reception interface 163 uses the

refererc@shtrol infbhfiafiof AnFERPUIESE RontSiC sithaf for Sttholiy °f @
sthe respggtive Hoits ofthe, display apparajis.d61. 2o (0396l The display gy

apparatus 161 includes circuits requisite therefor, such as a CPU 51, a
RAM 52za0d 4136 the high-speed data line is at least one of

the resexved line 501 and the HPD Line 502.
Alternatively, when the cable 4 is the EH cable 603,
the high-speed data line is at least one of a

10 combination of the reserved line 801 and an SCL line
and a combination of an 8SDA line and an HPD line.

{03551 The reception interface 163 supplies the
video data from which the reference contreol information
is separated and the identifier indicating a form of a
15 predictive compensation of each picture and an
identifier of a display order that are contained in the
reference control information to the video buffer 164
as a real-frame picture. In addition, the reception
interface 163 supplies the motion vector in the

20 reference control information to the motion vector
buffer 165. Moreover, the recepticn interface 163 uses
the reference contrel information and ocutputs a control
signal for controlling the respective units of the
display apparatus 161.

25 [0356] The display apparatus 161 includes circuits

reguisite therefor, such as a CPU 51, a RAM b2, and a



ROM 53. The blocks of the display apparatus 161 function under control
of the CPU 51. [0357] Of the reference control information, the reception
interface 163 may output, for example, the 5 identifier indicating a form of
a predictive compensation and the identifier indicating a display order to
supply them to the CPU 51. In this case, the CPU 51 generates the
control signal. [0358] The interpolation vector generation unit 166 10
generates an interpolation vector by using, ®@gt of motion vectors stored in
the motion vector buffer 165, a motion vector used in a prediction of
pictures of real frames before and after an interpolation frame. For

exampl length f a motion vector is a length,15 corresponding
time intlgcr)\llaal getwe%%ler(ra%g ?r%qr(r?es? PFEr %F,‘IS,}T% %%gﬁ?frgﬁ%a%% dis p@f an

interpolatigp: frame.isaeneraiad -89 asdodr-intgiposed between real
frames. Therefore, the interpolation vector generation unit 166 generates

an interpotation vectdof byhfor 2ofexampte, conterihgia fiotiohtviestor inte
a length proportional to a time interval between a real frame and an

interpolBEiGRHEMAE. fB58T THESntt oA n MY YentPRiSiTaRR 187 the
Jeads ouf pictyres of real frames hefore and agggrath?r%girggﬁ%ation

frame from the video buffer 164 based on the identifiers described above.
Then, thed®msation and the identifier indicating a display

order to supply them to the CPU 51. 1In this case, the
CPU 51 generates the control signal.
[0358] The interpoclation wvector generation unit 166

ie generates an interpolation vector by using, ocut of
motion vectors stored in the motion vector buffer 165,
a motion vector used in a prediction of pictures of
real frames before and after an interpolatiocn frame.
For example, a length of a motion vector is a length

15 corresponding to a time interval between real frames.
Further, in high frame rate display, an interpolation
frame is generated so as to be interposed between real
frames. Therefore, the interpolation vector generation
unit 166 generates an interpolation vector by, for

20 example, converting a motion vector intc a length
propeortional to a time interval between a real frame
and an interpolation frame.
{0359} The interpolation frame generation unit 167
reads out pictures of real frames before and after the

25 interpolation frame from the video buffer 164 based on

the identifiers described above. Then, the



interpolation frame generation unit 167 uses the interpolation vector
generated by the interpolation vector generation unit 166 to generate an
interpolation frame interposed between those pictures based ona 5
prediction. [0360] The selector 168 selectively outputs, at a display timing
matched with a converted frame rate, a frame of the picture (real frame)
in the video buffer 164 and the interpolation frame generated by the 10
interpolation frame generation unit 167. Thg+igh- frame-rated video data

thus output from the selector 168 is supplied to a display drive circuit (not
shown) of the display apparatus 161 to be displayed on a screen of the

display.apparatus 161 15[0361] Qut of the pictures, in.the video buffer
o SRt SR RIS ol (e

unnecessesy Bhaengkatingean kteolation kameyis-deleted-By-being- i on

and has become

overwritten by a picture newly supplied from the reception interface 163.
Also, oueot 20 themsatidri vacterstin thetmbtiow veetor beiffer 165tarpolation

shewly

motion yvector that has become unnecessary in generating an
interpolRighevedSFIFESIEt By BEMY SUSRFitenS by 2emotBRSRES 2
%Miggtf&m the reception interface 163. 25 [0362] Next, an

operation of the frame conversion system structured as described above
will be geserhed. 108e selector 168 selectively outputs, at a

10

15

20

25

display timing matched with a converted frame rate, a
frame of the picture {(real frame) in the video buffer
164 and the interpolation frame generated by the
interpolation frame generation unit 167. The high-
frame-rated video data thus output from the selector
168 is supplied to a display drive circuit (not shown)
of the display apparatus 161 to be displaved on a
screen of the display apparatus 161.

[0361] Cut of the pictures in the video buffer 164,
a picture that 1s selected by the selector 168 and has
become unnecessary in generating an interpolation frame
is deleted by being overwritten by a picture newly
supplied from the reception interface 163. Also, out of
the motion vectors in the motion vector buffer 165, a
motion vector that has become unnecessary in generating
an interpolation vector is deleted by being overwritten
by a motion vector newly supplied from the reception
interface 163.

[0362] Next, an operation of the frame conversion

system structured as described above will be described.



Fig. 23 is a flowchart showing processing of the reproducing apparatus
151, and Fig. 24 is a flowchart showing processing of the display
apparatus 161. [0363] As shown in Fig. 23, in the reproducing 5
apparatus 151, the decode unit 152 decodes a certain amount of
encoded video data (Step Sl). The decoded video data and reference
control information obtained at a time of decode (motion vector and
identifiers described above) are supplied 1@ the transmission 10 interface
153 to be transmitted therefrom to the display apparatus 161 (Step S2).
After that, the process returns to Step Sl and the process is repeated for

the next cer rtaip,amount p_fLenc deo data. oIr[% 3643] As showp i@hFeiag.

24, in the display apparatus % fgl tﬁe?‘é{ég ‘interiace 163 receives

the trapsmpitted:videg dataand-reference eanyof igformatiop (Sten S@dhart
[0365] An identifier indicating a form of a predictive compensation of each
picture ahawimgondentfiet indicating zedidplay bederiptherefereAéd -

control |nf L?mon are added to the vldeog1 ata, and the data is recorded

in the wboe ffer 167 (SIEp'E23)". Witen Bfe i art URANEERSSHY pidtre
gn the videa, buffer 1644in Stgp 922, Jie unnecessasy RICIUE.is 2a5 deleted ,

by overwrite. Moreover, the motion vector in the reference control
informatinnus teedrdeddndhe 109deo data (Step 51). The decoded
video data and reference control information obtained
at a time of decode (motion wvector and identifiers
described above) are supplied to the transmission
10 interface 153 to be transmitted therefrom to the
display apparatus 161 (Step 82). After that, the
process returns to Step 51 and the process is repeated
for the next certain amount of enceded video data,
[0364] As shown in Fig. 24, in the display apparatus
15 161, the recepticn interface 163 receives the
transmitted video data and reference control
information (Step S21).
(03651 An identifier indicating a form of a
predictive compensation of each picture and an
20 identifier indicating a display order in the reference
contreol information are added to the video data, and
the data is recorded in the wvideo buffer 164 (Step
522). When there is an unnecessary picture in the video
buffer 164 in Step 822, the unnecessary picture is
25 deleted by overwrite. Moreover, the motion vector in

the reference contrcl information is recorded in the



5

10

15

motion vector buffer 165 (Step S23) When there is an unnecessary
motion vector in the motion vector buffer 165 in Step S22, the
unnecessary picture is deleted by overwrite. 5 [0366] Subsequently, the
CPU 51 judges whether a necessary amount of pictures for generating an
interpolation frame have been recorded in the video buffer 164 (Step
S24) . When judged NO, the process returns to Step S21, and the
processes of Steps S21 to 10 S24 are repgated. [0367] Step S24 is
carried out for the following purpose. Since, when generating an
interpolation frame, pictures of real frames before and after that frame are
used, a picture of a real frame displayed after the 15 interpolation frame
als0 baRSES e B Sy PO oo S5 SRonA A Figh B8 i A Eage " o

yvhere %é@@é@@@?o%@rﬁﬁ %@@E@PWH”iE%@7x§§E§&te§@&or buffer
interpolation frame represented by Cl between an | picture and a Bl

picture lasSreat franegs 638ihg amotiomm2@ vestar; the i pictuee,ithedleted by
picture, and a complementary vector that is half the motion vector 73
becom&YRIcEEs5Rr. The motion vector 73 is a motion vector between |

and Bl. (0362} Mor?g‘é%r%ea %ee'%f@e TLeXists.pefpre H‘cﬁg!a 2.5w?1i81é+€8£5 a

read out from'the video buffer 164 since é%elng input {o the alsp ay

apparafiésdetakryrtheanarie, dAlpictures for generating an
interpoclation frame have been recorded in the wvideo
buffer 164 (Step 524). When judged NO, the process
returns to Step 521, and the processes of Steps 821 to
824 are repeated.
(03673 Step 524 is carried out for the following
purpose. Since, when generating an interpolation frame,
pictures of real frames before and after that frame are
used, a picture of a real frame displayed after the
interpolation frame also becomes necessary. For
example, as shown in ¥Fig. 25, in a case where the
interpolation frame generation unit 167 generates an

interpolation frame represented by Cl between an I

picture and a Bl picture as real frames using a motion

20 vector, the I picture, the Bl picture, and a

complementary vector that is half the motion vector 73
become necessary. The motion vector 73 1s a motion
vector between I and Bl.

[0368] Moreover, a delay time Tl exists before the I

25 picture is read out from the video buffer 164 since

being input to the display apparatus 161. Furthermore,



a time T2 for generating the interpolation frame Cl becomes necessary.
Therefore, a time that the interpolation frame CI can be displayed on the
display apparatus 161 becomes a time between a time the Bl 5 picture as
a real frame is input and a time a B2 picture is input. [0369] The same
holds true for a case where an interpolation frame represented by C2 is
generated between the BI picture and the B2 picture as real 10 frames or
a case where an interpolation frame repraseated by C3 is generated
between the B2 picture and a P picture as real frames. [0370] It should be
noted that in the example of Fig. 25, the timing at which the BI picture is
recorded 154n the vidgo buffer-164 j3,the.same as.the fiming,at whigh the
| picture is displayed. Similarly, the timing at which the B2 picture is
recordeckisdhe same-asdhe ytiming atwhichethe Blypiektire issrecerided. As
a matter of course, those timings do not need to be the same. 20 [0371]
In the ekBhHfI® ot £id- 25, ihaMsterdolSfion Hfarfd Hasikeh §enératediisplay
using negyesLieglframes, efore and afler (hat, However, teg)frames that
are ad rﬁgnal?y apart in terms of time mayebe used msteagi. For example,
sas shown bt frigs 25 far 2e generating the interpelatian frame fd. an s2
interpolation vector that is 1/4 the motion vector 76 between | and 111
picture is input.

[10369] The same holds true for a case where an
interpolation frame represented by C2Z is generated

between the Bl picture and the B2 picture as real

10

15

20

25

frames or a case where an interpclation frame
represented by C3 is generated between the B2 picture
and a P picture as real frames.

10370] It should bhe ncoted that in the example of

Fig. 25, the timing at which the Bl picture is recorded
in the video buffer 164 is the same as the timing at
which the I picture is displayed. Similarly, the timing
at which the B2 picture is recorded is the same as the
timing at which the Bl picture is recorded. As a matter
of course, those timings do not need to be the same.
[0371] In the example of Fig. 25, the interpolation
frame has been generated using nearest real frames
before and after that. However, real frames that are
additionally apart in terms of time may be used
instead. For example, as shown in Fig. 25, for
generating the interpclation frame Cl, an interpolation

vector that is 1/4 the motion vector 76 between 1 and



B2 and the B2 picture may be used. Alternatively, an interpolation vector
that is 1/6 the motion vector 78 between | and P and the P picture may be
used. In those cases, a timing at which the interpolation frame is 5
displayed is additionally delayed. [0372] In this regard, in Step S24 of Fig.
24, a judgment is made on whether a necessary amount of pictures for
generating an interpolation frame have been recorded. When the amount
of pictures is 10 insufficient, the processes of Steps S21 to S24 are
repeated. [0373] When judged YES in Step S24, the interpolation vector
generation unit 166 generates an interpolation vector by using, out of
motion yec r | motign,vec ffer. 1
vector ll}lgec%%{oﬁf ﬁéﬁggﬁ g}g%urlgé%fkﬁgal rgai%jés %]Jé%(%?lagn{glg‘%y t'hean
interpolatien frasna {Step $286).0 103t Sukseguentiydhadntespoladietor 78
frame generation unit 167 reads out pictures of real frames 20 before and
after thegitepsslafion iinke fief the vRiapl Bitac] 64 Haked wrethe In those
identifiers, and uses the interEol%Eion%v%cﬁor %enerate b)é the :
interpolGfi5H “vedtor yEnBfatbn URit 186 16 Gensrats A mtarpolatioh™e
frame i@gg&qsqeydege%e%&%iggq?@@ﬁg 9f a 25 prediction (Step
S26). [0375] At a display timing matched with the 112

(03721 In this regard, in Step 524 of Fig. 24, a

judgment is made on whetheyr a necessary amount of
pictures for generating an interpclation frame have

been recorded. When the amount of pictures is

10 insufficient, the processes of Steps $21 tc S24 are
repeated.
[0373] When judged YES in Step $24, the

interpolation wvector generation unit 166 generates an

interpolation vector by using, out of motion vectors

i5 recorded in the motion vector buffer 165, a motion

vector used for a prediction of pictures of real frames

before and after the interpolaticn frame (Step S23).

[0374] Subsequently, the interpolation frame

generation unit 167 reads out pictures of real frames

20 before and after the interpeclaticn frame from the video
buffer 164 based on the identifiers, and uses the
interpolation vector generated by the interpolation
vector generation unit 166 to generate an interpolation
frame interposed between those pictures based on a

25 prediction (Step 526).

[0375] At a display timing matched with the



converted frame rate, the selector 168 selects and outputs a frame of
each of the picture in the video buffer 164 and the interpolation frame
generated by the interpolation frame generation unit 167 (Step S27) 5
After that, the process returns to Step S21. [0376] As described above, in
this embodiment, the reference control information is transmitted via a
line connecting the first transmission channel and the second reception
channel. Accordingly, a transmission 10 date&zamount of the reference
control information (per unit time) can be made larger than in a case
where the reference control information is superimposed on a blanking

area. [Q3pAlzurther sing casg whererthedransmission ¢ 45 lnterface 1534

and the reception interface 163 are an HDMI, various types of control
informatiorphidne aofivemtondllyebeen diansmitted tirangh anCE&:ling.deo
However, in the frame rate conversion system according to this

embodfiért Faribds Wﬁjestéﬁcéﬁﬁﬁrﬁ?ﬂ“ﬁ&ﬁ%ioﬁr%etréﬁéﬁﬁl%‘?)eg_n@y the
receivegn\ggt?ﬁlaiggﬁ §B§e‘%zd§rﬂ% lige.conn Ifg?zg Ehnei%clcglp i Qggfrg??gﬂﬁ

channel and the second reception channel as described above.
sthis embpeiment vpnurken the: ERRIOguEngr 85 Bpparatyssthbl, equipped

with the decode unit 152 and the display apparatus 161 equipped with the
frame rbts1%3 As described above, in this embodiment, the
reference control information is transmitted via a line
connecting the first transmission channel and the
second reception channel. Accordingly, a transmission
10 data amount cof the reference control information (per
unit time) can be made larger than in a case where the
reference control information is superimposed on a
blanking area.
[0377] Further, in a case where the transmission
15 interface 153 and the reception interface 163 are an
HDMI, various types of control information have
conventionally been transmitted through a CEC line.
However, in the frame rate conversion system according
to this embodiment, varicus types of control
20 information are transmitted and received via a high-
speed data line connecting the second transmission

channel and the second reception channel as described

above.
[0378] In this embodiment, even when the reproducing
25 apparatus 151 equipped with the decode unit 152 and the

display apparatus 161 equipped with the frame rate



conversion unit 167 are separated, a frame rate conversion can be
carried out without any problem. In other words, the display apparatus
161 can generate a natural interpolation frame using a motion vector and
5 perform a frame rate conversion, without requiring a detection unit
having high processing performance for detecting a motion vector within
a limited time before a next frame is displayed after the frame rate
conversion or power consumption for the getgction 10 processing. [0379]
Since the interpolation frame is not generated on the reproducing
apparatus 151 side in this embodiment, it becomes unnecessary to use a

high- transmission- ata-amaouny cable that su Rarts a high 15 frame rate
. t
video as the ca %éj 4 that connects the Sree%%: uc‘lend af)lpar}f';i‘ilﬂﬂsf3 151 and the

display appasratitsod 64a[0380] Sineea the displayanparatus 16bdessaet n
perform the decode in this embodiment, it is possible 20 to input output

video datdéronythedieprodeciagappr anrreonigatiblé Withoeariaes eadihg a
methods that use a motion vector (reproducing apparatus having a

structuféinWhith 3’ 48&&¢e Bhit Bonpatisie With® dditf nidtnda e and
sises a magtion yedlor other han2o MEEE, isrovidedinstead.ol{hes g 5

decode unit 152, and video data and reference control information are
114 detection unit having high processing performance for
detecting a motion vector within a limited time before
a next frame is displayed after the frame rate
conversion or power consumption for the detection
10 processing.
{03791 Since the interpcolation frame is not
generated on the reproducing apparatus 151 side in this
embodiment, it becomes unnecessary to use a high-
transmissicon-data-amount cable that supports a high
15 frame rate video as the cable 4 that connects the
reproducing apparatus 151 and the display apparatus
161.
[0380] Since the display apparatus 161 does not
perform the decode in this embodiment, it ig possible
20 to input output videc data from the reprcducing
apparatus compatible with various coding methods that
use a motion vector (reproducing apparatus having a
structure in which a decode unit compatible with a
coding method that uses a motion vector, other than
25 MPEG, is provided instead of the decode unit 152, and

video data and reference control information are



supplied to the transmission interface 153 from that decode unit) to the
display apparatus and realize a high frame rate thereof. [0381] In this
embodiment, the reproducing apparatus 5 151 includes the second
transmission channel for transmitting reference control information in
addition to the first transmission channel for transmitting video data.
Accordingly, the reproducing apparatus 151 becomes capable of
transmitting a large amount of 10 referenge @ontrol information.
Conventionally, in a case where reference control information is
superimposed on a blanking area of video data, the reference control

informalign,13s SopIetiRes been  suRaiimRosed g0 e blanking piga after

being 15 compressed, in view of an allowable data amount in the

blankingeaiede Hawever s ie: GlECuWts:aNd PoWsh LONSURN fokalize a
compressing the reference control information as described above

becomtiginetessaryr 08821 PIREPE-is a block diagram showing a 20
frame rate conversion system according to another

structure of ,
embodi[nqgﬁiéf the pras&ht-mveRESH P Hescriftfons BaoR- aeReripRaRratyus
son blocks; fungtions. and.thedikethat are the same as thosg.af the frame

rate conversion system according to the embodiment 25 shown in Fig. 22
and the: like @il be simplifiec oe ramittesh and differentpeintswill maidkyibe on
described. 115
to the first transmission channel for transmitting
video data. Accordingly, the reproducing apparatus 151
becomes capable 0f transmitting a large amount of
10 reference control information. Conventionally, in a
case where reference control information is
superimposed on a blanking area of video data, the
reference control information has sometimes been
superimposed on the blanking area after being
15 compressed, in view of an allowable data amount in the
blanking area. However, the circuits and power
consumption for compressing the reference control
information as described above become unnecessary.
{0382] Fig. 26 is a block diagram showing a
20 structure of a frame rate conversion system according
to another embodiment of the present invention. In
descriptions below, descriptions on blocks, functions,
and the like that are the same as those of the frame
rate conversion system according to the embediment
25 shown in Fig. 22 and the like will be simplified or

omitted, and different points will mainly be described.



[0383] This frame rate conversion system includes a reproducing

apparatus 201 and a display apparatus 231. [0384] A transmission

interface 203 of the reproducing apparatus 201 includes a switch 204

(204a, 5 204b), a superimposition unit 205, a control unit 206, a first
transmission channel 207, and a second transmission channel 208.

[0385] The superimposition unit 205 is a circuit that superimposes the
reference control information 10 describediabove on a blanking area of
decoded video data supplied from a decode unit 202. The video data on
which the reference control information has been superimposed by the
superi itiqn unit.205 is transmitted to_the display apparatus 231 via

the frst 1 WahomisS oh hab e 207 B thE LALRy [0SO T Lic s =
superimpgsitiemn dnit 0ooaad theyswitohes n’4a afics 204k dedial neaektops |
be provided inside the transmission interface 203 and may instead be
providedOéatside thé tranarnrission imterfacé 203 av¢he 20 refradueing
apparatus 201, for, exa%s)le. 0387] In_a case where the transmission

interfacEBb398 ShEDRAP fHefirsE traRsmiS&ior gl 075 h 4MDE 042+
éransmi§§i&>@>qha§r@iﬁ@ﬁﬂg&@f@@éﬁrm@s%_@@,Caamﬁl@éﬂsmt 206,
channel corresponding to a high-speed 25 data line. A structure of the
- high-speed:daia line«ds sad desertbethahawe. XA®7, and a second
transmission channel 208.
[0385] The superimpesition unit 205 is a circuit
that superimposes the reference control information
10 described above on a blanking area cof decoded video
data supplied from a decode unit 202. The video data on
which the reference control information has been
superimposed by the superimposition unit 205 is
transmitted to the display apparatus 231 via the first
i5 transmission channel 207 and the cable 4,
(0386} The superimposition unit 205 and the switches
204a and 204b do not need to be provided inside the
transmission interface 203 and may instead be provided
outside the transmission interface 203 in the
20 reproducing apparatus 201, for example.
[0387] In a case where the transmission interface
203 is an HDMI, the first transmission channel 207 is a
TMDS transmission channel and the second transmission
channel 208 1s a channel corresponding to a high-speed
25 data line. A structure of the high-speed data line is

as described above.



[0388] The control unit 206 uses the switch 204 to make a switch
between, at predetermined timings, superimposition processing by the
superimposition unit 205 and processing of transmitting, without carrying
5 out the superimposition processing by the superimposition unit 205,
input video data from the first transmission channel 207 as it is. [0389]
When connecting the switch 204a to the superimposition unit 205, the
control unit 206 also 10 connects the switch 204b to the superimposition
unit 205. Conversely, when not connecting the switch 204a to the
superimposition unit 205, the control unit 206 transmits video data from
the first transmission channel 207 and also transmits reference control 15

informafidRFfam the SEEoRdtarsmidkibn dEhnet 288 hthstittGiinedihg e
the switgh,204b &%%ﬁ%@&@@@éi“%u%@éQété%&%Heﬁ'im%{ig?S

may be switched with the switch 204b (204a) interlocking with the’ switch

204a (204b) r26:{039G]ikereinafters a istatepwhete-the switchesc204d andinit
204b are connected to the superimposition unit 205 will be referred to as
state A &l WRENRIt St BY BF cobnpesiencd o301 AeesfticRrrying

interface 233 of the display 25 apparatus 231 includes a separation unit
55, & 0L reRBpHOR R REIET A 5 Seesa B pon Brannel 117

superimposition unit 205, input video data from the
first transmigssion channel 207 as it is.

{03891 When connecting the switch 204a to the
superimposition unit 205, the control unit 206 also

10 connects the switch 204b to the superimposition unit
205, Conversely, when not connecting the switch 204a to
the superimposition unit 205, the control unit 206
transmits video data from the first transmission

channel 207 and also transmits reference control

15 information from the second transmission channel 208

without connecting the switch 204b to the
superimposition unit 205. Alternatively, the lines may
be switched with the switch 204b (204a) interlocking
with the switch 204z (204b).

20 {03003 Hereinafter, a state where the switches 204z
and 204b are connected to the superimposition unit 205
will be referred to as state A and when not, state B,
for convenience.

f03%91] 2 reception interface 233 of the display

25 apparatus 231 includes a separation unit 235, a first

reception channel 237, and a second reception channel



238. [0392] The separation unit 235 is a circuit that separates reference
control information from a blanking area of video data received by the first
reception 5 channel 237. In a case where reference control information is
not superimposed on a blanking area of video data, the input video data
is supplied to the frame rate conversion unit 162 as it is. Moreover, in the
case where reference control information is not 10 superimposed on a
blanking area of video data, the reception interface 233 receives the
reference control information via the second reception channel 238.
[0393] The separation unit 235 does not need to be provided inside the
receptig interface 233 and may 15 instead be provided outside the
reception interface 233 in the display apparatus 231, for example. [0394]

In a cage where the racepligikinierfage 433 tis ansHDMI; the fiest 1eception
channel 237 is a TMDS reception channel and the second reception

channe$288r204s arsijhspeed datatinel (0395} tmatcase Where theolanking
transmission interface 203 and the reception interface 163 are an HDMI,

referen?& ¥ontrol TiBfRafigh dnifREedSth BY diferhipdded G SHdes™
sdata as follows; 25493961 Fig, 2/7,is.a Q@E%mﬂwggﬁé‘s Xgppieof a

data island area (example where active video is 720 x 1
information is not superimposed on a blanking area of

video data, the input video data is supplied to the
frame rate conversion unit 162 as it is. Moreover, in
the case where reference control information is not

10 superimposed on a blanking area of video data, the
reception interface 233 receives the reference control
information via the second reception channel 238.
[0393] The szeparation unit 235 deoes ncot need to be
provided inside the reception interface 233 and may

15 instead be provided ocutside the reception interface 233
in the display apparatus 231, for example.

{03947 In a case where the reception interface 233
is an HDMI, the first reception channel 237 is a TMDS
reception channel and the second reception channel 238
20 is a high-speed data line.

[0385] In a case where the transmission interface
203 and the reception interface 163 are an HBDMI,
reference control information only needs to be
superimposed on video data as follows.

25 i0396] Fig, 27 is a diagram showing an example ¢f a

data island area {(exampie where active video is 720 x



480 pixels) as in-video-frame audio/AUX transmission period in the
HDMI. At predetermined pixel positions in a horizontal blanking area
corresponding to 138 pixels in each active line and a vertical blanking
area 5 corresponding to 45 lines, data island areas are located
dispersively. [0397] When the reproducing apparatus 151 and the display
apparatus 161 shown in Fig 22 transmit and receive video data according
to an HDMI standard (as 10 HDMI sourcejargd HDMI sink, respectively),
the superimposition unit 205 and the separation unit 235 may be
structured as parts of the HDMI transmitter 81 and the HDMI receiver 82

(see Fig..3), respectively. It. is only necessary for the rimposition unit
205 1o TS CLBITs pobesaietir b SoNl Bt Ty B 51 RO Lo

data onga dataisiand areaipfirig. 24 apd b sepatafion Ynk£LB5d0sitions in

separate the reference control information from the data island area.
[0398] Mekty ahzagperatiok bithe tigus stractured: 28-framerrate cohvérsjorkel s
system shown in Fig. 26 will be described. Fi%. 28 is a flowchart showing

processifig B e Feproducing apparaths Yot FERP SIS ioRenart e

showing processing:of the, display, apparatys.231. 103991, The degode uinit

152 decodes a certain amount 25 of encoded video data (Step S31). The
CPU 41 jpdgesawhethensa gata. amount of reference control information,

119 [0397] When the reproducing apparatus 151 and the
display apparatus 161 shown in Fig 22 transmit and
receive video data according to an HDMI standard (as

10 HDMI source and HDMI sink, respecltively), the

superimposition unit 205 and the separaticon unit 235

may be structured as parts of the HDMI transmitter 81

and the HDMI receiver 82 (see Fig. 3), respectively. It

is only necessary for the superimposition unit 2065 to
i5 superimpose reference control information as a type of

AUX data on a data island area of Fig. 27 and the

separation unit 235 t¢ separate the reference control

information from the data island area.

[0398] Next, an operation of the thus-structured

20 frame rate conversion system shown in Fig. 26 will be

described. Fig. 28 is a flowchart showing processing of

the reproducing apparatus 201. Fig. 29 is a flowchart

showing processing of the display apparatus 231.

[0399] The deccde unit 152 decodes a certain amount

25 of encoded video data (Step $31). The CPU 41 Fjudges

whether a data amount of reference control information,



for example, exceeds an allowable data amount of reference control

information that can be superimposed on a blanking area (Step S32)
(judgment means) . For example, the CPU 41 judges whether reference

control 5 information of video data corresponding to 1 frame, for example,
can be accommodated at predetermined pixel positions set in horizontal
and vertical blanking areas of video data corresponding to 1 frame (or
each of a plurality of frames). 10 [0400] When the data amount of
reference control information does not exceed the allowable data amount
of reference control information that can be superimposed on a blanking
area, the control unit 206 sets the switc{w 204 to.the state A. Accordingly,

the 15 controrunit 266 s%}ﬁ%‘?i?‘n(%osae% e iertEtG Brtor TiBatién on
the blapkipg argaand-iransmitsthe ydee data frgm the first rapsmission sed
channel 207 (Step 533). [0401] When the data amount of reference
controlo20 infoirmationexeeeds (3¢ aflowable dajadimeunt afe seferenc&oxr
control information that can be superimposed on a blanking area, the

control SIS sets theC Blitth 202F@he Sistb S tACSH Bk S strierot

5yideo q%tfoi%rg@%%ittgg fro theéig%t transmission ¢ anneJC(Z)Slzog as it

1LOeC,

i correspondln ame, for
is, and reference control information o%talne at 8 time o? the decode is
transmittegdfa@,12bn be accommodated at predetermined pixel

10

15

29

25

positions set in horizontal and vertical blanking areas
of video data corresponding to 1 frame (or each of a
plurality of frames).

[0400] When the data amount of reference control
information does not exceed the allowable data amount
of reference control information that can be
superimposed on a blanking area, the control unit 206
sets the switch 204 to the state A. Accordingly, the
control unit 206 superimposes the reference control
information on the blanking area and transmits the
video data from the first transmission channel 207
(Step 833).

[0401] When the data amount of reference control
information exceeds the allowable data amount of
reference control information that can be superimposed
on a blanking area, the contrgl unit 206 sets the
switch 204 to the state B. Accordingly, decocded video
data is transmitted from the first transmissicn channel
207 as it is, and reference control informatiocn

cbtained at a time of the decode is transmitted from



the second transmission channel 208 (Step S34) [0402] Here, a case
where the reproducing apparatus 201 and the display apparatus 231 are
connected via a network is also possible. In a case where the second 5
transmission channel 208 and the second reception channel 238 are, for
example, the Ethernet (registered trademark), the network is LAN. Thus,
when a network is connected between the second transmission channel
208 and the second reception channel 238; g congestion may 10 be
caused in the network. In this regard, in Step S5, the control unit 206
judges whether a congestion is caused in the network (Step S35)
(judgment means). When a c.ongestion is not caused, the process of Step

)
S34is cofiiRGET Wheha TBhgEseh ekiked, tHchtrat r5etams to
the progesmoh Step 532[04031 ushauld pe nofied 1ALI6NI9Reb e ra us

whether a congestion is caused in the network only needs to be ma

based @b a packetlossdCotiritay rategyaa delay tine, and thelikected via a
Alternatively, the judgment 20 on whether a congestion is caused may be
executéfby Gther Welidato i Fiethbls. Mdtedvera fite tHafismiddién second

Sapparatéjgam%%be custo izable]lsu% hgt %_u%%r can seI%ct or set.a

definition of a céﬁaégt?onc. 0404] A% shown in 5. féi,cv(\?ﬁen Feef%?gr%eon

control 2R kfermation isreypardppeseehpnyjdesdataieseived ydhestered
first reception channel 237 in the display 121
trademark), the network is LAN. Thus, when a network is
connected between the second transmission channel 208
and the second reception channel 238, a congestion may
10 be caused in the network. In this regard, in Step S5,
the control unit 206 judges whether a congestion is
caused in the network (Step S35) {(judgment means}. When
a congestion is not caused, the process of Step S34 is
continued. When a congestion is caused, the CPU 41
15 returns to the process of Step §32.
[04031 It should be noted that the Jjudgment on
whether a congestion is caused in the network only
needs to be made based on a packet loss count or rate,
a delay time, and the like. Alternatively, the judgment
20 on whether z congestion is caused may be executed by
other well-known methods., Moreover, the transmission
apparatus may be customizable such that a user can
select or get a definition of a congestion.
[0404] As shown in Fig. 29, when reference control
25 information is superimposed on video data received by

the first reception channel 237 in the display



apparatus 231, the separation unit 235 extracts the reference control
information from the video data (Step S51a) Processes of Steps S52 to
S57 are the same as those of Steps S22 to S27 shown in Fig. 24. When
the 5 reference control information is not superimposed on the video data
received by the first reception channel 237, the reference control
information is received via the second reception channel 238 (Step

S51b). [0405] Thus, since a path of refergnege control 10 information is
switched as appropriate, the reproducing apparatus 201 can efficiently
transmit reference control information. [0406] An embodiment of the
present invention is r&)i Iin%'ted to the attgove embodiryggts, nd vatrioutsh
other 13F&RABBHIert rhay e 5@5’&5@. f(?ib?‘]l%té frame Tate ESrversion
system,is Aot liited 40 the strugture-shows indrign 3. Fer eXampleis ihFigstep
3, an apparatus (including PC (Personal Computer) etc.) having at least a
functios ®f 20.coverting=eframe Kiepnay b2 useddhsteadeofithe dsplayas
apparatus 161. In this case, the display apparatus only needs to be

connect8@ 16 tv fr%ﬁ?é’?atézéoﬁ\‘iééﬁ% SppaFatdd [408] Tife EMBRlette

s(registered rademar hias heen, 25 eremplifisd a3 ahigh:speed datading,

as the secon(? C annerlj.tﬁowever, protocos Suchn as ( syn hronous

122  the video data received by the first reception channel
237, the reference control infeormation is received via
the second reception channel 238 (Step S51b).

{0405] Thus, since & path of reference control

10 information is switched as appropriate, the reproducing

apparatus 201 can efficiently transmit reference
control information.
(0406} An embodiment of the present invention is not

limited to the above embodiments, and wvarious other

15 embodiments may be adopted.

[0407] The frame rate conversion system is not
limited to the structure shown in Fig. 3. For example,
in Fig. 3, an apparatus (including PC (Personal

Computer} etc.)} having at least a function of

20 converting a frame rate may be used instead of the

display apparatus 161. In this case, the display
apparatus only needs to be connected to the frame rate
conversion apparatus.

[0408] The Ethernet (registered trademark) has been

25 exemplified as a high-speed data line as the second

channel. However, protocols such as ATM (Asynchronous
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Transfer Mode) and DTM (Dynamic Synchronous Transfer Mode), a
wireless protocol such as Wi-Fi, or USB (Universal Serial Bus) may be
used. Alternatively, the transmission interface 203 and the reception
interface 5 163 may be wireless interfaces. The HDMI may be wireless.
[0409] The flowchart shown in Fig. 28 may be processing that ends in
Step S34 without the judgment processing of Step S35. Also, a default of
the 10 transmission processing of the repygducing apparatus 201 may be
transmission processing of reference control information that uses the
second transmission channel 208 (without superimpaosition processing),

and Step S23_may be executed as necessary (e.g., based on judgment
15 proce<ahig o é@&g%éz?%ﬁaﬁﬂ FiITAIRA R o dHEE BXERBIE of tha s e

embodipggnl described in Eigs, 281929 will bg descied belqyy. {0411]

In the above embodiment, the superimposition unit 205 of the
reproducingrappeaatusedil has20) superimposettreferenae-eonttakye 1y, the
information on a blanking area of video data in an uncompressed

manneF.E HbWeET 8 SUpEThpesitioRLMPEhS Ry @iRpiekehinterface

referenfg:%c%trol informatign and.s lankin algga,

ay. be W e 1 eer. ggsée it Qﬁ)th ma
and the separaﬁion unit 235 ot the 2 dzlspaﬂay apparatus may expand

the referepsegantrol information separated from the blanking area of the
123

[C409] The flowchart shown in Fig. 28 may be
precessing that ends in Step 834 without the judgment
processing of Step 835. Also, a default of the
transmission processing of the reproducing apparatus
201 may be transmission processing of reference controcil
information that uses the second transmission channel
208 (without superimposition processing), and Step 823
may be executed as necessary {e.g., based on judgment
processing of Step $32).

{0410] Finally, a modified example of the embodiment
described in Figs. 26 to 29 will be described below.
[C411] In the above embodiment, the superimposition
unit 205 of the reproducing apparatus 201 has
superimposed reference control information on a
blanking area of video data in an uncompressed manner.
However, the superimposition unit 205 may compress the
reference contreol information and superimpose it on the
blanking area, and the separation unit 235 of the
display apparatus 231 may expand the reference control

information separated from the blanking area of the



video data. Accordingly, a limited band frequency of a blanking area of a
transmission signal can be used efficiently. [0412] In the above
embodiment, all the motion 5 vectors have been superimposed on
blanking areas of video data. Instead, for example, only effective motion
vectors like motion vectors with a small macro block differential may be
superimposed on the blanking areas of video data. Accordingly, when
dealing with MPEG-4 or 10 the like that perfogsms compression highly
efficiently using motion vectors from a plurality of videos, a limited band
frequency of a blanking area of a transmission signal can be used
efficiently. ]0413] Instead of the reproducing apparatus, 201
transmi}]t}lin%e\c?idé%ltc?a'ta agr%: %re% ke'to’ fhead%éﬁﬂag)iﬁ: g;‘)&:)}r%ﬂ?sjfﬁ?i\f%} cy of a

possiblg famthengPhl-ak of the, display@epparatus 23410 conversaly used
transmit a control signal to the reproducing apparatus 201. Accordingly,

the repotificingapparatus 201 may receive the control 20 signal and
instruct to start reproduction, confirm whether reference control

informafiBii cah be tFandhitted° M ELMIEtRSE Toceptidn tHiseBpision
§°SSib"?re%rtié??Eruﬁ%@éraﬁégﬂsgﬁﬁéiaﬂﬁg@%%?oﬁorbféﬁ@ﬂl% singe an. ¢

apparatus conforming to an HDMI 25 standard is capable of transmitting a
control signed fosbidirectionadsantrobef @ Ghfppeotoeslas 224ective motion
vectors like motion vectors with a small macro block
differential may be superimposed on the blanking areas
of video data. Accordingly, when dealing with MPEG-4 or
16 the like that performs compression highly efficiently
using motion vectors from a plurality of videos, a
limited band freguency of a blanking area of a
transmission signal can be used efficiently.
{0413] Instead of the reproducing apparatus 201
15 transmitting videc data and the like to the disgplay
apparatus 231, it is possible for the CPU 51 of the
display apparatus 231 to conversely transmit a control
signal to the reproducing apparatus 201. Accordingly,
the reprcoducing apparatus 201 may receive the contrel
20 signal and instruct tc¢ start reprcduction, confirm
whether reference control information can be
transmitted, instruct whether reception thereof is
possible, or instruct a transmission data amount. For
example, since an apparatus conforming to an HDMI
25 standard is capable of transmitting a control signal

for bidirectional control of a CEC protocol as



described above, a control signal may be transmitted to the reproducing
apparatus 201 by the CEC protocol. Accordingly, it becomes possible to
transmit reference control information or dynamically control a 5
transmission data amount only between apparatuses to which this
embodiment is applied. [0414] Even when the display apparatus 231

receives video data while displaying a video other than that received

video data, the separation unit 235 may 1p.separate reference control
information from that input video data. The display apparatus 231 only

needs to record the video data to which an identifier indicating a form of

a predigtive co nsation and an identifier .indicating a display order are
added ﬁrle%%rﬁggco?l Bufrer T6& AR T8cord & ho ioIP\%\yec Gr #/tﬁrésﬁ%gct)ﬁ d to
vector @Hfée&é9§d&9‘é@.rﬁt|51%¥p\é(93’ﬂ@é‘eﬁUﬁn%Qig'@ﬁém&f@%@me%ﬁ
input video data and displaying it thereafter, the display apparatus 231

can reddilyodisplayl the videbesince: thareds hb heeddtotwait foria 20«ddstaynce
time represented by Tl in Fig. 25. [0415] The identifier indicating a display
order S8 RBtneEd 5B CoiftamedIHtAB tTaidit e EatFSI  information
when rder o ding, compression-coded. video data and a display
order o e RS ool Ay S e
picturesgleended by e displayapparaips 23Ltare known

unambiguously. 125
[0414] Even when the display apparatus 231 receivesg

193]

video data while displaying a video other than that

received video data, the separation unit 235 may

10 separate reference control information from that input

video data. The display apparatus 231 only needs to
record the video data to which an identifier indicating
a form of a predictive compensation and an identifier

indicating a display order are added in the wvideo

15 buffer 164 and reccrd a metion vector in the motion

vector buffer 165. Accordingly, when executing high-
frame-rating of the input videc data and displaying it
thereafter, the display apparatus 231 can readily

display the videco since there 1s no need to wait for a

20 delay time represented by Ti in Fig. 25.

[0415] The identifier indicating a display order
does not need to be contained in the reference control
information when an order of decoding compression-coded
video data and a display order of decoded pictures are
25 the same or when a display order of pictures decoded by

the display apparatus 231 are known unambiguously.



Further, the identifier indicating a form of a predictive compensation does
not need to be contained in the reference control information when the
form of a predictive compensation of each picture (e.g., which of 5 |
picture, P picture, and B picture that is) is apparent from motion vectors
themselves. [0416] It should be noted that the "frame" of video described
heretofore conceptually includes a "field". For example, an allowable data
amount in the judgment 10 processing of $teg 32 shown in Fig. 28 may be
set as an allowable data amount for one frame or each of a plurality of
frames. Brief Description of Drawings [0417] [Fig. 1] A diagram showing a

structursuof %e15 g%%%rai gchELérie transqllns lon se/stem. [Fi iagram

.21A
showing Ythitare ofa picture %rléenrsmlssmﬁ%yéfé?n %cggfcﬁ‘né’ F?) an
embodiment fo whieh Jthgtuesent inyentien isapplied. iFig,31A diagiam »eq

showing a structural example of an 20 HDMI(R) source and an HDMI(R)
sink. [Fign 41 Rediagfameshowingra-Type-fncannestorpinwassigniment ofm of a
an HDMI(R). [Fig. 5] A diagram showing a Type-C connector pin _
assignméftofthe HDMMRERSAEIG 6] X dRfFmRHoWsg ale- 9.+ which of

é;?r?&elsz Gficsiiugturgl example of g HPMIER) sourcgand the HDMIR)
apparent from motion vectors themselves.
[0416] It should be noted that the "frame" of video
described heretofore conceptually includes a "field™.
For exanmple, an allowable data amount in the judgment
10 processing of Step 32 shown in Fig. 28 may be set as an
allowable data amount for one frame or each of a
plurality of frames.
Brief Description of Drawings
[0417] [Fig. 1] A diagram showing a structure of a
15 general picture transmission systemn.
[(Fig. 2] A diagram showing a structure of a picture
transmission system according to an embodiment to which
the present invention is applied.
[Fig. 3] A diagram showing a structural example of an
20 HDMI {(R) source and an HDMI (R) sink.
[Fig. 4] A diagram showing a Type-A connector pin
assignment of an EDMI(R).
[Fig. 5] A diagram showing a Type-(C connector pin
assignment of the HDMI(R).
25 [Fig. 6] A diagram showing a more-specific structural

example of the HDMI(R) source and the HDMI(R) sink.



[Fig. 7] A diagram showing another more-specific structural example of
the HDMI(R) source and the HDMI(R) sink. [Fig. 8] A diagram showing an
E-EDID data structure. 5 [Fig. 9] A diagram showing a Vender Specific
data structure. [Fig. 10] A flowchart for explaining communication
processing by the HDMI(R) source. [Fig. 11] A flowchart for explaining
communication 10 processing by the HDMI(R) sink. [Fig. 12] A flowchart
for explaining communication processing pythe HDMI(R) source. [Fig.
13] A flowchart for explaining communication processing by the HDMI(R)
sink. 15 [Fig. 14] A diagram showing another more-specific structural
example _of the HDMI(R) source and the HDMI(R sink.éFi : 15%Al _
flowchatt 17 explainfig 6&%%@5’[?0%%%@&%#& bythé %—Ifﬁl ®)FLC
source. 20 [Fig.,16hAdloyehart for explaining commupication, pEOGassing
by the HDMI(R) sink. [Fig. 17] A block diagram showing a structural
examplepefig Epmyduier according to an embodiment to which the present
invention is applied. 25 [Fig. 18] A circuit diagram showing a first structural
examplé of@-cohhmihiCatic afstehPiiwbichra Eofhactictp to7 structure.
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[Fig. 9] A diagram showing a Vender Specific data
structure.

[Fig. 10] A flowchart for explaining communication
processing by the HDMI{(R) source.

[Fig. 11] A flowchart for explaining communication
processing by the HDMI(R) sink.

[Fig. 12] A flowchart for explaining communication
processing by the HDMI({R) scurce.

[Fig. 13} A flowchart for explaining communication
processing by the HDMI (R} sink.

[Fig. 14] A diagram showing another more-specific
structural example of the HDMI (R) source and the

HDMT (R) sink.

[Fig. 15] 2 flowchart for explaining communication
processing by the HDMI(R) source.

[Fig. 161 A flowchart for explaining communication
precessing by the HDMI (R) sink.

[Fig. 17] A block diagram showing a structural example
of a computer according to an embodiment to which the
present invention is applied.

[Fig. 18] A circuit diagram showing a first structural

example of a communication system in which a connection



5

10

state of an interface is notified based on a DC bias potential of at least
one of transmission channels. [Fig. 19] A diagram showing a structural
example of the system when using the Ethernet (registered trademark). 5
[Fig. 20] A circuit diagram showing a second structural example of the
communication system in which the connection state of the interface is
notified based on a DC bias potential of at least one of the transmission
channels. 10 [Fig. 21] A diagram showing;a bidirectional communication
waveform in the communication system of the structural example. [Fig.
22] A block diagram showing a structure of a frame rate conversion
system according to an emboﬁiment 15 of thg_pr sent inyention. [Fig. 23
A f|OWCSh%?€:§h(S}V%n%npRO%E%§i St a FePidu ?n%gaﬁﬁgr%?u§lfF?g. 1A s
flowchayt, shpwing pencessing.gta display, appalalls: 04619 @RlAhe1s
diagram exemplifying a picture necessary for generating an interpolation
frame. [Figg26[LAblackidagram showingsa stryctiune dbaaframergiée of the
conversion system according to another embodiment of the present
inventiérff.sf?{‘Fi@.h??] R%ﬁ&@raﬁ%h@%ﬁﬁ Exéﬁ?ﬁé%?%r&ﬁaqﬁéﬁﬁmar k).
penodq%%ggkgb?agmkggygféDgyaé%gm showing a second structural
exanmple of the communication system in which the
connection state of the interface is notified based on
a DC bias potential of at least one of the transmission
channels.
[Fig. 21] A& diagram showing a bidirecticnal
communication waveform in the communication system of
the structural example.
[Fig. 22] A block diagram showing a structure of a

frame rate conversion system according to an embodiment

i5 of the present invention.

[Fig. 23] A flowchart showing processing of a
reproducing apparatus.
[Fig. 241 A flowchart showing processing of a display

apparatus.

20 [Fig. 25] A diagram exemplifying a picture necessary

for generating an interpolation frame.
[Fig. 26! A block diagram showing a structure of a
frame rate conversion system according to another

embodiment of the present invention.

25 [Fig. 27] A diagram showing an example of a data island

period in a video frame in the HDMI.



[Fig. 28] A flowchart showing processing of the reproducing apparatus.
[Fig. 29] A flowchart showing processing of the display apparatus. 5
Description of Reference Numerals [0418] 151, 201 reproducing
apparatus 152, 202 decode unit 153, 203 transmission interface 161,
231 display apparatus 10 162 frame rate conversion unit 163, 233
reception interface 204 switch 205 superimposition unit 206 control unit
15 207 first transmission channel 208 seggnrg transmission channel 237
first reception channel 238 second reception channel 129 Claims [1] A
transmission apparatus transmitting video data to a reception apparatus,

comprisipg; a decode it e decode encoded video datg encoded 5 by a
compression coding me 0d that usesd motioR Vector: and a
transmissjon,iter{ace Kghading.asfirst transmission channel for
transmitting the video data

[Fig. 29] A flowchart showing processing of the display

apparatus.

5 Description of Reference Numerals
(04181 151, 201 reproducing apparatus
152, 202 decode unit
153, 203 transmissicn interface
161, 231 display apparatus

10 162 frame rate conversion unit
163, 233 reception interface
204 switch
205 superimposition unit
206 control unit

15 207 first transmission channel
208 second transmission channel
237 first reception channel

238 second reception channel



obtained by the decode to the reception apparatus and a 10 second
transmission channel for transmitting, to the reception apparatus, for the
reception apparatus to generate an interpolation frame between frames of
the video data and realize a high frame rate of the video data, reference
control information that includes 15 information on the motion vector and
is obtained at a time the decode unit decodes the encoded video data.

[2] The transmission apparatus according togclaim 1, further comprising: a
superimposition unit to superimpose the 20 reference control information
on a blanking area of the video data obtained by the decode; and a

control means for making a switch between. 1_%rocessing of superimposing
. . Claims
the reference control information on thé blanking area by the

superimp?sit@nt%%ﬁeiﬁﬁggi%%n%pd{ﬁ%ggoceﬁiﬁgﬁﬁagrsefe&@a@% data
control information from the second transmission 130 channel. [3] The

transmissien appardtusmaceprding to claimpp wheieia the control means
includes a judgment means for judging whether a data 5 amount of the

reference cortrAl9RTRatBAexcR et G aIBRapRedatt ERBuARbRIRN coded
521?;63[62% contral infrmation gt can g suReTimResed o0 the planking
vector; and
a transmission interface including a first
transmission channel for transmitting the video data
obtained by the decode to the reception apparatus and a
10 second transmission channel for transmitting, to the
reception apparatus, for the reception apparatus to
generate an interpclation frame between frames of the
video data and realize a high frame rate of the wvideo
data, reference control information that includes
15 information on the motion vector and is obtained at a
time the decode unit decodes the enccoded video data.
[27 The transmission apparatus according to claim 1,
further comprising:
a superimposition unit to superimpose the
20 reference control information on a blanking area of the
video data obtained by the decode; and
a contrcl means for making a switch between
processing of superimposing the reference control
information on the blanking area by the superimposition
25 unit and transmission processing of the reference

control information from the second transmissiocon



10

means for switching, when the data amount of 10 the reference control
information exceeds the allowable data amount, the superimposition
processing by the superimposition unit to the transmission processing of
the reference control information from the second transmission channel.
15 [4] The transmission apparatus according to claim 2, wherein the
control means includes a judgment means for judging whether a
congestion is caused in a network betweeysihe second transmission
channel and the reception apparatus, and 20 means for switching, when
the congestion is caused, the transmission processing of the reference
control igformaﬁion from the second transmission channel to the
superirﬁpggiﬁgn processing of the reference control information by the

superimpasitien «2% HaHsp] JeKangpission APRAAIISACROTdNG 0 im 2,

claim 1, 131 wherein the reference control information includes, in
addition to therhnmtiwirvacter, @on identifrerdhnat indicatedessform of a
predictive compensation and an identifier that indicates a display 5 order

of the decoded vided datEIBFThetRAMMiESION Appardids Hebidingtodata
Llaim 1, wherein the rangmission intedage js gn HOML (Eigh Pefipitions .,

. (o)
Multlmeéna Interface).
allowable data amount of the reference control

information that can be superimposed on the blanking

area, and

means for switching, when the data amount of

data amount, the superimposition processing by the

the reference control information exceeds the allowable

superimposition unit to the transmission processing of

the reference contyxol information from the second

transmission channel.

15 [4] The transmission apparatus according to claim 2,

wherein the control means includes

a Jjudgment means for judging whether a

congestion is caused in a network between the seccnd

transmission channel and the reception apparatus,

20 means for switching, when the congestion is

caused, the transmission processing of the reference

control information from the second transmission

channel tc the superimpositicon processing cf the

reference control information by the superimposition

25 unit.

[5] The transmission apparatus according to claim 1,



[7] The transmission apparatus according to claim 6, 10 wherein the
second transmission channel corresponds to at least one line out of a
reserved line, an HPD (Hot-Plug Detect) line, an SCL (Serial Clock) line,
and an SDA (Serial Data) line of the HDMI. [8] A transmission apparatus
transmitting video data 15 to a reception apparatus, comprising: a decode
unit to decode encoded video data encoded by a compression coding
method that uses a motion vector; a transmission interface including a
first 20 transmission channel for transmitting the video data obtained by
the decode to the reception apparatus and a second transmission
channel for transmitting, to the reception apparatus, for the reception

apparatus to §eREFAR drf ft&pofatioiffaffeieifbet FraHEE bt the 25
video datg apddealize, ahigh frame rate gfthg viden, data,referenge
control information that includes 132 information on the motion vector and
is obtainedrat &f time thexdedada vattdecodes the encaded yitescdata; a
superimposition unit to superimpose the reference control information on
a blankfiftFRASEB{tHE 537l Hatd obtdihés by the detbdeca jedgmeflt spiay
means f%r(jggggng \gﬂgtkg—:‘r a atC? am ggt doé[éhg reference control
e data amount of the reference control

) &!
mforma?lon exceeds an aeﬂ%wa%
[6] The transmission apparatus according to claim 1,
wherein the transmission interface is an HDMI
(High Definition Multimedia Interface).

{7] The transmission apparatus according to claim 6,

10 wherein the second transmission channel

corresponds to at least one line out of a reserved
line, an HPD (Hot-Plug Detect) line, an SCL (Serial
Clock) line, and an SDA (Serial Data) line of the HDMI.
[8] A transmission apparatus transmitting video data
15 to a reception apparatus, comprising:

a decode unit to decode encoded video data encoded
by a compressicon coding method that uses a motion
vector;

a transmission interface including a first
20 transmission channel for transmitting the video data
obtained by the decode to the reception apparatus and a
second transmission channel for transmitting, to the
reception apparatus, for the reception apparatus to
generate an interpolation frame between frames of the
25 video data and realize a high frame rate of the video

data, reference control information that includes



information that can be superimposed on the blanking 10 area; and a
control means for switching, when the data amount of the reference
control information exceeds the allowable data amount, superimposition
processing by the superimposition unit to transmission processing of 15
the reference control information from the second transmission channel.
[9] The transmission apparatus according to claim 8, further comprising a
network judgment means for judging whethgr,a 20 congestion is caused
in a network between the second transmission channel and the reception
apparatus, wherein the control means switches, when the congestion is
caused, the transmission processing. of the reference control informatjon

from the-8&E6AE D5%aiSmisdforeharifel 16 tHeSupdfimpdstigha ined at a
;Nocessyghéﬁgﬁgrggyg@ge&Qggqgg@g@@gk{h%ygg%gggd video data;

superimposition unit. [10] A reception apparatus receiving video data
transmitted from suitensmissiat apparatus: including e depode unitdo
decode encoded video data encoded by a 5 compression coding method
that use&Sd PTGHGIFVECREBRY atdeiishdission ineriadelinsltiéing afiest of the
o o LU 1 Vo dacbianed by e
a Jjudgment means for judging whether a data amount
of the reference control information exceeds an
allowable data amount of the reference control
information that can be superimposed on the blanking
10 area; and
a centrol means for switching, when the data
amount of the reference control information exceeds the
allowable data amount, superimposition processing by
the superimposition unit tc transmission processing of
i5 the reference control information from the second
transmission channel.
{9] The transmission apparatus according to claim 8,
further comprising
a network judgment means for judging whether a
20 congestion is caused in a network between the second
transmission channel and the reception apparatus,
wherein the controcl means switches, when the
congestion is caused, the transmission processing of
the reference control information from the second

25 transmission channel to the superimposition processing

of the reference control information by the



a reception interface including a first reception 10 channel for receiving
the video data and a second reception channel for receiving reference
control information that includes information on the motion vector and is
obtained at a time the decode unit decodes the encoded video data, the
reference control 15 information being transmitted from a second
transmission channel of the transmission interface; and a frame rate
conversion unit to generate an interpolationzframe between frames of the
received video data using the received reference control 20 information to
thus realize a high frame rate of the video data. [11] A frame rate

conversion system, com risinlg: a transmission apparatus including a
SﬁPe 1&805 10n L. .
decode unit'to decode encoded video data 25 encoded by a compression

coding meghod thalusas anmofipn vectar, apd 434 a4ransauissight
interface including a first transmission channel for transmitting the video
data obtairesiBy tieel découe mntdrasecond fransmissiors chanhetfording a

transmitting reference control information 5 that includes information on

the motitit98&orahtl i§CobEivtrafa e the deteRiedtitdeesqssthey 2
encoded yideodata;, apd & (ecepion apPpaAalys NEAING, o+ 5 on vector and
a transmission interface including a first transmission
channel for transmitting the wvideo data obtained by the
decode, the reception apparatus comprising:
a reception interface including a first reception
10 channel for receiving the video data and a second
reception channel for receiving reference control
information that includes information on the motiocn
vector and is obtained at a time the decode unit
decodes the encoded video data, the reference control
15 information being transmitted from a second
transmission channel of the transmission interface; and
a frame rate conversion unit to generate an
interpolation frame between frames of the received
video data using the received reference control
20 information to thus realize a high frame rate of the
video data.
[11] A frame rate conversion system, comprising:
a transmission apparatus including
a decode unit to decode encoded video data
25 encoded by a compression coding method that uses a

motion vector, and



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

transmission apparatus, the video data obtained by the decode from a
first transmission chAnhERBFIHESFaREMidsisHthtsifack? 25 Famdittifd, ¥ s ©

by the tangmission; appaaliseteference control Informatign thatjngludes,
information 135 on the motion vector andrls obtaine a(% atime tﬁe
decodednitdeeerastherencrdechvidepdata, SEam-al SEEQRImission

transmission channel of the transmission interface; 5 receiving, by a
receptich:apparatds hdiudingl reéaptios frtartase the vanshitad videos-1on
gata using a st eception ehannel of the reception Interace; recelving, ,
Y the reception %pB ZﬁU%, S} e me
obtained at a time the decode unit decodes the enccded
video data; and
a reception apparatus including
a reception interface including a first
10 reception channel for receiving the transmitted video
data and a second reception channel for receiving the
transmitted reference control infermation, and
a frame rate conversion unit to generate an

interpclation frame between frames of the received
15 video data using the received reference control
information to thus realize a high frame rate of the
video data.
[12] A frame rate conversion method, comprising:

decoding, by a transmission apparatus including a
20 transmission interface, encoded video data encoded by a
compression coding method that uses a motion vector;

transmitting, by the transmission apparatus, the
video data c¢btained by the decode from a first
transmission channel of the transmission interface;

25 transmitting, by the transmission apparatus,

reference control information that includes information



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

i35

on the motion vector and is obitained at a time the
deccde unit decodes the encoded video data, from a
secend transmission channel of the transmission
interface;

5 receiving, by a reception apparatus including a
reception interface, the transmitted video data using a
first reception channel of the reception interface;

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

video data.



