-1 S08P1988 DESCRIPTION ELECTRONIC APPARATUS AND
METHOD FOR DETECTING LOOP IN ELECTRONIC APPARATUS
Technical Field [0001] The present invention relates to an electronic
apparatus and a method for detecting a loon in an electronic apparatus.
More particularly, the present invention relates to an electronic apparatus
capable of easily detecting an ahnormally connected terminal with a
simplified configuration by counting the number of broadcast packetsg =1 988
reaching a plurality of terminals to which transmission lines that transmit

~ data packets are connected withip @7 predatermined time period and
comparing each count number with a threshold value so as to determine
the rermroalsC having deap sonnectionT e issthe abneamaliyccaueetad:
terminals. Background Art [0002] In recent years, HDMI (High Definition
Multimedia Interface) HasthdeirrinlwideSpreatiiiEe as a communication
interface that transmits a digital video signal, that is, an uncompressed
(baseband) video signal (hereinafter referred to as "image data") and a

1 Higital audio_signal (hereinafter 2
(00013

The present invention relates Lo an eliectronic
apparatus and a method for detecting a loop in an slectronic
apparatus. More particularly, the present invention ralates

to an electronic apparatus capable of easilv detecting an
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configuration by counting the number of broadcast packets
reaching a plurality of terminals ftc which transmission
lines that transmit data packets arse connected within a
pradeterminaed time periocd and comparing each count number
with & threshold value so as to determins the terminals
naving loop connection, that is, the abnormally connected
terminals.

Background Art

r0062]

In recent vyears, HDMI {(High Definition Multimedia
Interface) has been 1n widespread use as a communication
interface that transmits & digital video signal, that is, an
uncompressad (baseband) video signal {(hereinafter referred

to as "image data") and & digital audio signal (hereinafter



S08P1988 referred to as "audio data") associated with the video signal

from, for example, a DVD (Digital Versatile Disc) recorder, a set-top box,

or another AV source (Audio Visual source) to a television receiver, a
projector, or another display at high speed. For example, Patent

Document 1 describes the HDMI specification in detail. [0003] In

addition, in recent years, in additian to widely used personal computers,
even general consumer products have been frequently connected to,the: 555
Interne-. For ter_restria’ digital broadcasting and BS digital broadcasting,

re fgﬁ'}%@.erc Js defined,gs meansfor prouiding £ a%_ir%\f% ag%% i(}i%%%era"
tele

vision sets and apparatuses that support digital broadcasting have a

s 1 gRI45 eennecter-meuatad thereom[0004] Furthermeresas video i sc)

recording means, video recording apparatuses that record video received
recyiacEtherpetssge ~provided: Stift furherhiore, ih'the mear featbre] videdi sual

distribution via the Internet, such as IP-TV, is planed to be provided.
SOUTRBrefofe, in tHe fearTeaturé Sapparatuses SdchIRAiAG a plaratity o e s
.1 sthernet connectors may be-commercially available. In.such a case, loop
Cilsg;aﬁ/ a.C lg i S'Deegl. rGr exaﬁbﬁ Falallt ocumenty L

onriection may occur déepending on how the terminals are connécted.

desl0008L Fanexample, Ratent Dosument, 2 desgrbes toop 3
[0C03]

In addition, in recent years, in addition to widely
used personal computers, even general consumer products have
been freguently connected to the Internset. For fterrestrial
digital broadcasting and BS digital broadcasting, Ethernet
is defined as means for providing EPG informafion. In
general, tslevision sets and apparatuses that support
digital broadcasting have a2 RJI-45 connector mounted thereon.

(00041

Furthermore, as video recording means, video recording
apparatuses that record video received via Ethernet are
provided. Still furthermore, in the near feature, video
distribution via the Internet, such as IP-TV, is planed tc
be provided. Therefore, in the near feature, apparaluses
each having a plurality of Ethernet connectors may be
commercially available. In such a case, loop connection may
occur aepending on how the terminals are connected.

[0005]

For example, Patent Document 2 describes loop



S08P1988 monitoring and detecting means than counts received MAC
frames having the same FCS (Frame Check Sequence) value and
determines that a network is in a loon mode if the number of received

MAC frames having the same FCS value within a predetermined time

period is a predetermined threshold value or greater. Patent Document 1.:
Publication No. W02002/078336 E’aéen_t Document 2: Japanese

Unexamined Patent Application Publication No. 2006-13737 Discl%%ggﬂg%
Invention Problems to be Solved by the invention 00061 As descri

above, in technology in which, the number of MAC frames havmg the

mon g%%&&s%ug? Seivad dufiG 55 certdin time*period RoGedC MA
£ radformation in EGS fields ot-dhe MAG frames needs to he wiitten 1o . 1,4

search engine unit and, therefore, large memory capacity is required. In.
det agditions apracess detewmining whethes the samed-CS:value ds Hsedis of
required. Accordingly, the configuration is complicated, and the
recpigcessig-loadamposed onre CPLEIss sighificantly increasad: 000 is an
oblect the present invention to easily determine terminals that are in a

P~ & ftopcdmection-StiteP fabridtmafly SoRfECEd Terinals) uShgsimplifigd e

or érﬂater

Patent Document 1: Publication No. WO2002/078336

Patent Document 2Z: Japanese Unexamined Patent Application
Publicaticon No. 2006-13737

Disclosure ¢f Inventiocn

Problems to be Solived by the Inventior

.

[0006]

As described above, in technology in which the number
of MAC frames having the same FCS value received during a
certalin Time period is used, information in FCS Ifields of
the MAC frames needs to be written tTo & search engine unit
and, therefiore, large memory Capacity i1g reguired. In
addition, a process determining whether the same FC3 value
is used is reguilrec. Accordingly, the confiiguration is

complicated, and the processing load imposed on a CPU is

significantly increassd

It 1s an oblect of the present invention Lo sasily
gdetermine Terminals tThat are in 2 loop connecticon state

{abnormally connected terminals) using a simpiified

[E IR A



S08P1988 configuration. Means for Solving the Problems [0008] The
concept of the present invention is characterized by an electronic
apparatus including a plurality of terminals to which transmission paths
that transmit data packets are connected, a switching hub to which the
plurality of terminals are connected, a communication unit for transmitting
and receiving the data packets via the switching hub, a packet counting
unit for counting the number of breadcast packets reaching the plurality of
terminals within a predetermined time period, and a loop detection utitsfer agg
detecting the terminal that forms a loop connection state by comparing a

coeunt.value for each of the plurality of terminals counted by the packet
counting unit with a threshold value. [0009] According to the present

Me invenfion, thel switching dub ristdispesed between the communication unit
and the plurality of terminals. The communication unit transmits a data

L0p&aBKet to the transmission paths via the switching hub. In addition, the
con%[ﬂgnication unit receives a data lé)acket from  the transmission paths.

_or&xample” SBme of thEtrRASHsSion Paths ey be bid= fectfona?: =&
bytrgas@%sgfeﬁms formed.fram predetermined.lines (€.9., a feserve line

and an -
terminals to which transmission paths that transmit data
packets are connected, a switching hub te which the
plurality of ferminals are connected, a communication unit
for transmitting and receiving the data packets via the
switching hub, a packet counting unit for counting the

number of broadcast packets reaching the plurality of

',LF

terminals within & predetermined time period, and a loop
detecticn unit for detecting the terminal that forms a loop
ceonnection state by comparing a count value for each of the
pluraiity of terminals counted by the packet counting unit

5

with & threshold value.

According to the present invention, the switching hub
1s disposed between the communication unit and the plurality
of terminals. The communication unit transmits a data
packet to the transmission paths viz the switching hub. In

additicn, the communication unit receives a d
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the transmission paths. For examplie, some of the

transmission paths may be bidirectional transmission paths

3

formed from predetermined lines |

O

.Gg., & reserve line and an



S08P1988 HOD line) of an HDMI cable. The packet counting unit counts
the number of broadcast packets reaching the plurality of terminals within
a predetermined time period. For example, this measurement is
performed when power is turned on, is performed at predetermined
intervals, is performed when a user disconnects an HDMI cable and,
subsequently, connects the HDMI cable, or is performed in response to a
user instruction. [0010] For example, the packet counting unit perfofms- ¢
the counting operation when, for example, the number of broadcast
»r packets transmit from the switching hub to the communication unit
D DaCulertahed (s peiod acBBdeS thieahBRRue. g o=
the GRSRpthe Racket Lounding unitnesds nat sountthedpimber of broadcast
packets reaching the plurality of terminals within a predetermined time
terperiadwithinaipredetermifec:timerperiodifrenciheibeyinningr exanple,

. Accordingly, the processing load can be reduced. [00''1] As noted above,
thl%Wﬁiﬂﬁ@‘?ﬁé‘%ufﬁbé’%‘F%Pé’é%&%sf”ﬁ)%“cké’@f@écﬁiﬁgttﬁéIﬁ)ﬁfraﬁ’&rofl5
pe-18/70inAIS o which Yansmissign paths that ransmits data packets,are
P connec-ed- within a bré&le“tér“m: Aed t4 -me pério& a%d”corﬁparlng each of
usethe count valbes with ativeshaldvalug.so agto detectthe | connect

the HDMI cable, or is performed in response to a user
instruction.

[001C]

i

'0r exampie, the packet counting unit performs the

h

rx
3

counting operation when, for example, the number cof
broadcast packets transmitted from the switching hub tc the
communication unit within a predetermined time period
exceeds & threshold value. In this case, the packst
counting unit nseds not count the number of broadcast
packets reaching the plurality of terminals within a

predetermined time period within z predetermined time period

from the beginning. Accordingly, the processing load can be

As noted above, by counting the number of broasdcast
packets reaching the plurality of terminals tTo which
transmission paths that transmits data packets are connected
within a predetermined time pericd and comparing each of the

count values with a threshold valus so as to detect the



6 S08P?988 terminal that forms a loop connection state, that is, the
abnormally connected terminal, the abnormally connected terminal can
be easily detected with a simpl=ified structure. 0012] According to the
present. invention, for example, the electronic apparatus can -further
include an information display unit for displaying a message indicating the
occurrence of abnormal connection and the term'ina’l -hat forms the loop
connection state on the basis of the “etermination result of the loop
detection unit. In this case, a user can identify the abnormally connegfed™ 98¢
terminal- or the terminal that forms a loot: connection state an G.
tergisteandctahe abrioemally cobnettad: teririnal-. Aocoedinglyz the foophe
__connection state can be easily avoided. [0013] In addition, according to
AL SENEMVBRGST For e, the TifoRMAGOT Gisplay TRPEST fifther
<o x{liPRlaY 3. message prompting.a cognection,change. In this, case. the, ...
information display unit can prompt the user to discornect ‘the a%)normallly
[ 0gcennected terminal so that the loop connection state can be avoided.
[00141 Furthermore, according to the present invention, for example, the
elektroniciapparatust¢an furthetincluderarcommeunication:dagkirg canmteol

unit for blocking o \ { ,
glectronic apparatus can IZurther include an information

display unit for displaying a2 message indicating the
cccurrence cof abnormal connection and the terminal that
forms the loop connectlon state on the basis of the
determination result of the lcoop detection unit. In this
case, a user can identify the abnormally connscted terminal
or the terminal that forms & loop connection state and

disconnect the abnorm

(r

lly cecnnected terminal. Accordingly,
the loop connection state can be sasily avolided.

[0

O

13]

In addition, according to the present invention, for

example, the informaticn display unit can further display a
message prompting a connection change. In tThis case, the
information display unit can prompt the user to disconnect
the abnormally connected terminal so that the loop

connection state can be avoided.

Furthermore, according te the present invention, oz
erample, the electronic apparatus can further include a

communication blocking control unit for biocking



-7 SO8PI1988 communication performed through the terminal that forms

the loop connection state. In this case, for example, a troublesome
operation, in which the user disconnects the cable from the incorrectly
connected terminal can be eliminated. [0015: Still furthermore,

accordingo the present invention, for example, when the packet counting

unit counts the number of the broadcast packets transmitted within the
predetermined time period, the communication blocking control unit %agnm 588
cancel blocking of communication previously activated. By cancelin% T
blocking of communication_ previously activated in this way, a connection

“OTiate titferaht f5m the BaviolE CoRectioh SIARTapears thie tooCA e "2
LocSlisconnection gr aconnection change. Accordingly. I the terminal for

which communication is previously blocked does not currentFy’form a loop
troeofinection, commumicationn thrpugh the-terminal can be-autematically

resumed on the basis of the detection result of the loop detection unit.
Calybe16¥ et sl furlliferiiore Laccording ¢o thelpresent rinvention, the
~_electronic apparatus can further include a user selection unit for allowing
l%?@rtt%dselect whether communication through the terminal that forms a
;”OO'?@F? transmission path is blocked. If the user selects, through

el

Still furthermore, according to the prasent invention,

for example, when the packet counting unit counts the number
of tne proadcast packets transmitted within the
predetermined time period, the communication blocking
control unit can cancel blocking of communication previously

A

activated. By canceling blocking of communication

o

P

F
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viously activated in this way, a connection s

3

dif
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erent from th

1
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ars due to
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previous connection state app
cable disconnection or.a connection change. Accordingly, if
the terminal for which communication is previously blocked
does not currently form a loop connection, communication
through the terminal can be automatically resumed on the
bagls of the detection result of the loop detection unit.
[001¢]

Yet still furthermore, according to the present
invention, the electronic apparatus can further include a
user selection unit for allowling a user to select whether

communication threough the terminal that forms a loop

transmission path is blocked. If the user sslects, through



8 SO08P'_988 the user selection unit, blocking of the communication, the
communication blocking control unit can block the communication
through the terminal- that forms a loop transmission path. In this case,
blocking of communication that the user does not desire can be
automatically prevented. [00171 Yet still furthermore, according to the
present invention, for example, when the packet counting unit counts the
number of broadcast packets transmitted within the predeterminedStB'Qgﬂi
period, the communication unit can transmit the broadband packetto thé
. _transmission paths to which the plurality of terminals are connected via__
=he (i Sitthirig hat i this tasB; Since A%roddcdst padkBrR frandiitted™ "
conflom I Gammunication unit{p g ranamission, paiis, detegmination
whether the terminal forms a loop connection state on the basis of the
comAumbes of seaching hrpadeast pasketscande rel-ablymagdel [0018: Yet
still furthermore, according to the present invention, the switching hub can
tratransmit; torther comminication unit via alcabler ateast thechrvadeastt 1 on
. packet among data packets to be transmitted to the communication unit. 1
ma% fhi€ ca$E thé SERsifivity SFidetérminafior \whéther Tié htfbet oPtie” S ted-
[Ooli)ggadcagt pgckets. transmitted from the switching hub to the
communication unit

888

Yet stiil furthermore, according to the present
invention, for example, when the packet counting unit counts
the number of broadcast packets transmitted within the
predetermined Time period, the communication unit can
transmit the broadband packet to the transmissicn paths to
which the plurality of terminals are connected via the
ewitching hub. In this case, since z broadcast packet 1is
tranasmitted from the communication unit to the transmission
paths, determination whether tThe terminal forms a loop
connection state on the basis of the number of reaching
broadcast packets can be reliably made.

[ocole;

Yet still furthermore, according to the present
invention, the switching hub can transmit, to the
communication unit via a cable, at least the broadcast
packet among data packets to be transmitted to the
communication unit. In tThis case, The sensizivity oI
determinaticn whether the number of the brcadcast packet

cransmitted from the switching hub to the communication unit



9 S08P1988 within the predetermined time period exceeds the threshold
value, that is, the sensitivity of loop detection can be increased. [0019]
Yet still furthermore, according to the present invention, the switching hub
can limit a transmission bandwidth for the communication unit to a
predetermined bandwidth. In this way, even when a loop connection state
occurs, supply of broadcast packetsito_the communication unit can be
limited. Accordingly, the processing load of the communication uni¢gan- gge
be reduced. Advantages [0020] According to the present invention, the

witi{‘i‘é“t%ﬁ{eofnblf%%%%aé%%'é%t reaghin &E’HE@"@QB@%@”{&}% towhich 14
transmission paths that transmit data packets are connected within a

valieedetepnined time pedad is coeynea. Jheteafterqeachof the sgunte
numbers is compared with a threshold value so that a terminal that forms
incadeenconnection state is determined. Thus, a terminal that forms a loop
connection state can be easily determined. Brief Description of Drawings
[80}6621] [Fig. 1] Fig. 1 is a block diagram of an exemplary configuration of
aniéy SQ’“LSE_%FE]L agngcr_drllnegr}r%%g ,er%t?cocgjé@gga?gf ~o the present
invention, the switching hub can limit a transmission
bandwidth for the communicztion unit tc a predetermined

bandwidth. In this way, even when a loop connsctlion state

cccurs, supply of broadcast packets to the communication

t

unit can be limited. Accordingly, the processing load of

3

the communicaticn unit can be reduced.
Edvantages
[0020]
Aecording to the present invention, the number of

broadcast packet reaching a plurality of tTerminals To which

Transmission paths that transmit cata packets are connected
within a predetermined time period is counted. Thereafter,
each of the count numbers is compared with a threshold value
so that a terminal that forms a loop connection state 1is
determined. 7Thus, a terminal that forms a loop connection

state can be easily determined.

Brief Description of Drawings

[Fig. 1] Fig. 1 1

)]

a block diagram of an exemplary

configuration of an AV system according to an embodiment of



- 10 S08P1988 the present invention. [Fig. 2] Fig. 2 is a block diagram of
an exemplary configuration of a switching hub included in a television
receiver. [Fig. 3] Fig. 3 is a block diagram of an exemplary configuration
of a traffic manager forming the switching hub. [Fig. 4] Fig. 4 is a block
diagram of exemplary configurations of an HDMItransmitting unit of a
source device and an HDMI receiving unit of a sink device. [Fig. 5] Fig. 5
illustrates exemplary configurations of an HDMI transmitter and andHRM 4. o
receiver. [Fig. 6] Fig. 6 is a diagram illustrating the structure of TMDS
transmission data.Lig. 7] Fig. 7 illustrates the pin assignment (type A) of
ah HOMI terthinal’ [Fig 8] Fla. 8 is a diagram illustrating an exemplary
copfiguration of a.commupication it thatperforms:L AN comymunication
between a source device and a sink device. [Fig. 9] Fig. 9 is a diagram
conilustrating the egeratiern iperfarmed:ythenswitelhing hub {whenaloepds:
not present). [Fig. 10] Fig. 10 is a diagram illustrating the operation
recpeM&dmed by the switching hub (when a loop is present). [Fig. 11] Fig. 11
ﬂ'gﬁ%ﬁﬁggﬁg‘; pg Detee 88, Saps I An e ARty

configuration of a trafiic manager forming the switching hub.

the

(Fig. 4] Fig. 4 1s a block diagram of exemplary
configurations ¢of an HDMI transmitting unit ¢f a source
device and an HDMI receiving unit of & sink device.

[Fig. 5] Fig. 5 zllustrates sxemplary conflgurations of
an HDMI transmitter and an HDMI receiver.

[Fig. ©] Fig. © 1s a cdlagram i1llustrating The structure
of TMDS transmission data.

4

illustrates the pin assignment (type &)

iosd

%]

18]

ird 71 7

i8]

¥

an HDMI terminal.

O
1

[Fig. 8] Fig. 8 is a diagram illustrating an exemplary
configuraticon of & communication unit that performs LAN
communication betwesen a source device and a sink device.

-

is & diagram 1llustrating the operation

ped

O

[Fig. 9] Fig.
performed by tThe switching hub (when a 1loop 18 not present).
[Fig. 10} Fig. 10 is a diagram illustrating the
operation performed by the switching hub (when & loop is
resent) .

™2 3
W

[Fig. 11} ¥ig. 11 1llustrates a relationship between an

elapsed time and the accumulated numper of broadcast packets.



11 S08P1988 [Fig. 12] Fig. 12 is a flowchart of an example of loop
detection processing performed by a control unit of the television
receiver. [Fig. 13] Fig. 13 is a diagram illustrating an example of
connection among various apparatuses included in the AV system. [Fig.
14] Fig. 14 is a diagram illustrating an example of connection among
various apparatuses included in the AV system. [Fig. 15] Fig. 15is a
flowchart of another example of fodptdetection processing performed by a
control unit the television receiver. [Fig. 16] Fig. 16 is a flowchart of@p*128¢
example of a communication recovery process performed by the control
unitt ofthe. television rééeiver. £xplanationof Reference Numeérmls 10022k
100 AV system, 110 broadband router, 130 television receiver, 131a -
detq3h e HetWeACRT AR, P82 OIS it 1B33witchirg HaB,-134a, 432b
high-speed data line,interface, 135 communication unit (Ethernet
Tntéﬁace), 136 control unit, 137 user operation unit, 138 display panel,
150rs6t- topshox;; 160 personal.computer, 1 70amplifier: 180 ED, recorder..
211 - 213 HDMI cable, 221 - 224 Ethernet cable, 231 reception-side FIFO
of memery; 282 packetinpatunit, 233 paratuses included in the AV

tel

system.
[Fig. 14] Fig. 14 is a diagram 1llustrating an example
of connection among various apparatuses included in the AV

system.

(x5}

ig. 15} Fig. 15 1s & flowchart of another example of
loop detection processing performed by a control unit of the

rtelevislion receiver.

[T 6] Fig. 1¢ is a flowchart of an example of a

bey |

ke
I_\

communication reccvery process performed by the control unit
of the television receiver.

Explanation of Reference Numerals
O

100 AV system, 110 broadband router, 130 television
receiver, 13la - 13le network terminal, 13Za - 132f port,
133 switching hub, 134a, 134b high-speed data line interface,
135 communication unit (Ethernet interface), 136 control
unit, 137 user operation unit, 138 displey panel 150 ser-
Top box, 160 persconal computer, 170 amplifier, 180 BD
recorder, 211 - 213 HDMI cable, 221 - 224 Etherneit cable,

231 reception-side FIFO memory, 232 packet input unit, 233



2 S08P1988 transmission-side FIFO memory for broadcast packet, 234
transmission-side FIFO memory for non-broadcast packet, 235 packet
output unit, 236 bandwidth limiting unit Best Mode for Carrying Out the
invention [0023] An embodiment of the present invention is described
below with reference to the accompanying drawings. Fig. 1 illustrates an
exemplary configuration of an AV system 100 according to an
embodiment. [0024] The AV systern 200 has a configuration in which a
set- top box (STE) 150 and a personal computer (PC) 160 are coniédted 988
to a television receiver 130, and a BD (Blu-ray Disc) recorder 180 is

+ r a6@ANested: 0 thestelevision reqeiver £30 via-an amplifiep 120k addition,
the television receiver 130, the set-top box 150, and the Btu-ray Disc

tr arepoider:180-are’eoringctedrtora broadivandaouter BEaeaterpdivk 00257 3 5
The configuration of the AV system 100 is further described next. The

P2 fbadBand toutet 110 inclide$ & phirality of Borts1IA the present

iment, the broadband router 110 includes an Ethernet port lily on
Best?ﬁ\%\%&ﬁ?%d?ﬁégﬂe%cg}k) side and four Ethernet ports illb to llle on
rootheLAN (Local Area Network) side. Note that

An emboediment of the present invention is described

below with reference to the accompanying drawings. Filg. 1

ot

illustrates an exemplary configuration of an AV system 100
according to an embodiment.
[0024]

The AV system 100 has a configuration in which a set~
top kox {3TB) 150 and & perscnal computer (PCY 160 are
connected to a television receiver 130, and a BD (Blu-rav
Disc) recorder 180 is connected to the televisgion receiver
130 via an amplifier 170. In additiocn, the television
receiver 130, the set-~top box 150, and the Blu-ray Disc

-

recorder 180 are connected tfto a broadband router (BB router)

The coniiguration oI the AV system 100 isg further

described next. The brcadband router 110 includess a

plurality of ports in the present embodiment, the
broadband router 110 includes an Ethernet port 1lla on the

WAN (Wide Area Network) side and four Ethernet ports 11lb to

-

1le on the LAN (Local Ares Network) side. Note that



- 13 S08P1988 "Ethernet"is a registered trade mark. [00261 The
television receiver 130 serving as a sink device includes five network
terminals 131a to 131e, a switching hub 133 including six ports 132a to
132f, high-speed data line interfaces 134a and 134b, a communication
unit 135 including a MAC layer processing unit and a PHY layer
processing unit, a control unit 136, a user operation, unit 137, and a
display panel 138. [00271, The coritrol unit 136 controls a variety of units
of the television receiver 130. The user operation unit 137 forms aiert 288
interface. The user operation unit 137 is connected to the control unit
"ETHSBNThe cohtrdl tiffif 1369AEHdES REYS, MRittons, and dials disposed on a
[0658 ing (not shown) of the television receiver 13C or a remote control. The
display panel 138 forms a user interface (Ul). For example, the display
panel 138 displays,a Ulscreen on the basis of a;display signgl generated
by the control unit 136. For example, the display panel 138 is composed
incoband CD (dquiet: Grystat Bisplayg : an dfganic EL Electree switching
Luminescence), or a PDP (Plasma Display Panel). 0028) Each of the
hub néfivorkterminaledl 31a F3: andi3ie is Sormed frofd dr EtRefét pas

The netwark terminals 131a, . .. .. o s
e 1lnterrfaces 1lJda and 134b, a communication unit 135

]

RV 1

inciuding

£

MAC layer processing unit and a PHY laver
processing unit, a control unit 136, a user operation unit

137, and a display panel 138.

a user interface. The user operation unit 137 is connected
te the control unzt 13¢. The control unit 136 includes keys,
buttons, and dials dispesed on a casing (not shown; oI the
television receiver 130 or a remote control. The display
panel 136 forms a user interface (UI). For example, the
display panel 138 displilays a Ul screen on the basis of =

displayv signal generated by the control unit 136.

T'I'_}

or

example, the display panel 138 1s composed of an LCD (Liguid

Crystal Display), an crganic EL (Electrce Luminescence), or a
PDP (Plasma Dispiay Panel)
ooze]

FEach of the network terminals 131a, 131d, and .3le 1is

formed from an Ethernet port. Thne network terminals 131z,



14 S08P1988 131d, and '-31e are connected to the ports 132b, 132e, and
132f of the switching hub 133, respectively. 0029) In addition, each of the
network terminals 13110 and 131c is formed ffrom an HDMI terminal. An
HDMI receiving unit and a high-speed data line interface are connected to
this HDMI terminal. The network terminals 131b and '31c are connected
to the ports 132c and 132d of the switching hub 133 via the high-speed
data line interfaces 134a and 134b,lrespectively. In Fig. |, an HDMI
receiving unit is not shown. [0030_ The HDMI receiving unit receives? #1988
using HDMI-based communication, baseband video and audio data
12 1dnideectidridlly tearssmitted<rone @ sSourcerdevice thirat 135 tonnééied tative
HDMI receiving unit via an HDMI cable. The high-speed data line
L32htérfadd '’ SFhidirectionalifterface - fofiéd From predetermined lines of an
[Onlalle cable (a reserved line and an HPD line in the present
”érﬁ{)odiment). This high- speed data line interface forms a communication
unif that perforns bidirectignal.cammunication with.anexternal devices (a
source device) . The HDMI receiving unit and the high- speed data line
13 linterfacécaresdestribeddn micre detailbelow! [0084; Fhi Bwitchagvhiuls
133 analyzes a destination address of
unit and a high-speed data line interface are connected to

this HDMI terminzl. The network terminals 131lb and 13ic are
connected to the ports 13Zc and 132d of the switching hub
133 wvia the high-speed data line interfaces 134a and 134D,
respectively. In Fig. 1, an HDMI receiving unit 1s not
shown.

[0030]

The HDMI receiving unit receives, using HDMI-based
communication, baseband video and audic data
unidirectionally transmitted from a scurce device that 1s
connected to the HDMI receiving unit via an HDMI cable. Thes

ey : [ I R 1 2 m ey v
grrace 18 & DhiJglreClilional Lnterracse

(ma

high-speed data line in
formed from predetermined lines of an HEDMI cable (a reserved
line and an HPD line in the present embodiment). This high-
speed data line interface forms 2 communication unit that

performs bidirectional communication with an external devics

{a source device). The HDMI receiving unit and the high-

Hh

speed data line interface are described in more detall below.
[0C313

The switching hub 133 analyzes a destination address of



1 S08P1988 a data packet input to each of the ports and outputs the data
packet from a port corresponding the destination address. Fig. 2
illustrates an exemplary configuration of the switching hub 133. [00321
The switching hub 133 includes six ports 132a to 132f (Port O to Port 5),
PHY layer processing units 201a to 201f, traffic managers 202a to 202f, a
switching unit 203, and a control register 204. Each of the PHY layer
processing units includes an A/D cbiverter, a descrambler-equalizer, a
data handler, a scrambler, and an MLT3 converter. [00331 The A/B08P1988
converter A/D-converts a signal input to a reception-side terminal Rx. The
a ddlescramblet-egualizer-pedarsns a waveforpredualizing progess andia
descrambling process on a signal output from the A/D converter. The
dat glata Handlérrsupplies amsigral vuswdrom thie descrambiens eguatizento
_the traffic manager and supplies a signal received from the traffic ~
addpditagertothe %c?ar'rﬁ BIRF FPHE ScfamBRP BB 8rs GEcrambiifg process
+neOQthe g&qaé rﬁggiviegsfr_om the traffic manager. The MLT3 converter
performs a MLT3 modulation process on a signal output from the
rposerambler and outputs the modulated signal to a transmission-side

terminal Tx. [00341
The switching hub 133 includes six ports 13Za to 132fF

(Port O to Port 5}, PHY laver processing units 201la to 2Z01f,
traific managers 202a to 202f, a switching unit 203, and a
control regilister 204. Each of the PHY laver processing

units includes an A/D converter, a descrambler-egualizer, a

data handler, a scrambler, and an MLT3 converter.

The E/D converter A/D-converts a signal input o a
reception-side terminal Rx. The descrambler-egualizer
performs a wavefcorm eguallizing process and a descrambling

process on & signal output from the A/D converter. The data

2
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jow
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signal output from the descrambler-
egualizer to the trafiilc manager and supplies & signal
recelved from the trafiic manager to the scrambler. Ths
scrampbler periorms a scrambling process on the signal
recelved from tThe traffic manager. The MLT3Z converter
performs a MLT2 modulation process on a signa. outpuit Ifrom
the scrambler and outputs the modulated sgignal to a
Transmission-side terminal Tx.

[0034]



- 16 S08P1988 The traffic managers 202a to 202f are connected to the
switching unit 203. Each of the traffic managers 202a to 202f temporarily
stores, in a reception-side FIFO memory, packet data transmitted from
the PHY layer processing unit of a corresponding one of the ports. In
addition, each of the traffic managers 202a to 202f tempora_ri.ly stores
packet data transmitted from the switching unit 203 in a
transmission-side FIFO memory._Thereafter, each of the traffic managers
202a to 202f transmits the packet data to the PHY layer processing.4ait 1 o ¢
of the corresponding one of the ports. [0033, The switching unit 203
seguentially reads the r%aclghet %@ta items ;Bo%gd in the recegtign-gid‘*e .
FIFO mefory of the™ traffic managers-202a to202f- analyzes the -© +7¢
swidestination, address of the packet data item, and-oytputs thepacket data
item to the traffic manager of the port corresponding to the destination
2 (zaddressclrethis case; ifithe data packetdead iftormdhe £1IFOrmemary of/
the traffic manager of one of the ports is a broadcast packet, the '
rachadeastpacket Brsersffoartie SWAtchig urie 203 t& te-gaffieng unit
- managers of all_of the other ports. [0036] Fig. 3 illustrates alparticular -
o Eonffauraion bfia  affic maradeét 202 ha of the traffic mbnageré 56248 =
thellrzs2ic managers 202a to 202f temporarily stores packet
data transmitited from the switching unit 203 in a
transmission—-side FIFD memory. Thereafter, each of the
traffic managers 2(Z2a tco Z0Zf transmits the packst data to
the PHY lavyer processing unit of the corrssponding one of

the port

in

[0035]

The switching unit Z03 sequentially reads the packest
data Items storec in the recepticn—-side FIFO memory of the
traffic managers 202a to 202f, analyzes the destination
address of the packet data item, and outputs the packet data
item to the traffic manager of the port corresponding to the

destination adcress. In this cass,

h

the data packet read

from the FIFO memcry of the traffic manager of one cf ithe

ports is a broadcast packet, the broadcast packet is sent

from the switchin

o]

unit 203 to the traffic managers of all
of the other ports.
[16036]

Fig. 3 illustrates a particular configuraticn of a

trafiic manager 202 {(one o the traZfic nmanagers 20

[

a To



- 17 S08P1988 202f). [0037] The traffic manager 202 includes a
reception-side FIFO memory 231, a packet input unit 232, a
transmission-side FIFO memory 233 -for a broadcast packet, a
transmission-s--de FIFO memory 234 for a non-broadcas' packet, a
packer output unit 235, and a bandwidth limiting unit 236. 0036] The
reception-side FIFO memory 231 temporarily stores a data packet
transmitted from a PHY layer processing unit 201 (one of the PHY layer
processing units 201a to 201f) The packet input unit 232 determings; 51388
whether a data packet transmitted from the switchng unit 203 is a

202 Proadcast packet or a non-broadcast packet. Thereafter, the packet input
unit 232 writes a broadcast packet to the FIFO memory 233 and writes a

[00Bdh-broadcast packet to the FIFO memory 234. [0039] The packet output
unit 235 sequentially reads the data packet from the FIFO memory 233
an%e‘fmﬁ%fﬁ@nwymx TFhereafter: HiFacket BUstt Lt Z35ie FLFO

memtrgns%t;; the re%q:oumt%data Ta%:ke; 50+th§3F3\HI Iay%rvg(v(l)scgsging u_nitszodl via
te” bandwidthHintiting unit:236. The bandwidtr limiting Unit 236 linits the

r1rifansmission band. 0040} The-operation pedermed by the fraffic: o1 4o
manager 202 is

FITC memory 234 for a non-broadcast packst, a packet output
unit 235, and a bandwidith limiting unit 23o.

L0C3¢e]

The reception-side FIFDO memory Z31 temporarily store

oy

=
f3

data packet transmitted from a PHY laver processin

[N

01

unit

8]

{one of the PHY laver processing units 201la to 2011 Th

at L)

0]

packet input unit 232 determines whether a data packet
transmitted from the switching unit 203 is a2 broadcast

packetl or a non-broadcast packet. Theresafter, the packet

input unit 232 writes a broadcast packet to th

it

FIT0 memorvy

23

(%]

and writes a non-broadcast packetr te the FIFO memory Z34.

[0C39]

The packet oubtput unit

ot

b2
(€3]
tn

sequentially r

3

ads the data

packet from the

rTj

IFC memory 2323 and the FIFC memory 234.
Thereaiter, The packet ocutput uniit 233 Transmits the readout
data packet to the PEY layer processing unit 201 via the
bandwidth limiting unit 236. The bandwidth limiting unit
236 limits the transmission band.

[0040]

The operation performed by the traffic manager 202 is

e



- 18 S08P1988 controlled by the control unit 136 (see Figs. 1 and 2) via
the cont-ro'l register 204. According to the present embodiment, the traffic
manager 202a corresponding to tune port 132a (Port 0) is controlled as
follows. [0041) That is, when the control unit 136 performs loop detection
processing described below, the packet output unit 235 preferentially
reads the broadcast packet stored in the FIFO memory 233 and outputs
the broadcast packet. That is, as lgng as a broadcast packet is present in
the FIFO memory 233, the packet output unit 235 reads the broadeastz1 ogs
packet from the FIFO memory 233 and outputs the broadcast packet.
_...Only when a broadcast packet is not present.in the. FIEO memary 233, .
”On't‘hreo)%::ekgetgc}/utéoﬁieunﬁto 555 ng:td%%é n%%% broadcast Jpggc'kerlP(élgla%llwric%)stsV +e
< hePagketora multi-cast-packet) from theskHO merary 234.and putputs the
non-broadcast packet. In t'r:iis way, by preferentially outputting a
embbroadeast patketfrond fhie packet output (itit 235; the rsensitivity of the
detection of a loop connection state (loop detection) can be increased.
PoroU2A2 In aditioR, whén B ESRteIS It 36 perfaitits loop detection
[Ooggqcessing described below, the bandwidth limiting unit 236 limits the
-~ “transmission bandwidth to a predetermined transmission bandwidth. For

example, Wwhef8ern the control unit 136 performs 100D
detection processing described below, the packet output unit

23

(It

preferentially reads the broadcast packet stored in the
FIFO memory 233 and outputs the broadcast packet. That is,
as long as & broadcast packet ils present in the FIFO memory
233, the packet output unit 235 reads the broadcast packet
from the FIFO memory 233 and outputs the broadcast packert.
Only when & broadcast packet is not present in the FIFO
memory 233, the packet output unit 235 reads the non-
broadcast packet (& unicast packet or & multicast packet:
from the FIFQO memorv 234 and outputs tThe non-broadcast

=

packet. In this way, by preferentially outputting a

[0

broadcast packet from the packet ocutput unit 235, the
sensitivity of detection of a loop connection state {(locp
detection) can be increased.
[004Z]

In additicn, when tThe control unit 136 performs loop
detection processing described below, the bandwidth limiting

unit 236 limits the transmission bandwidth To 2

predetermined transmission bandwidth. For example, when a



- 19 S08P1988 normal transmission bandwidth is 100 Mbps, the

transmission bandwidth is limited to Mbps during the loop detection

processing. In this way, by limiting a transmission bandwidth to a

constant transmission bandwidth using the bandwidth limiting unit 236,

the number of broadcast packets transmitted to the communication unit

135 can be limited. Accordingly, unsuccessful loop detection processing

caused by the overload of the central unit (the CPU) 136 can be

prevented. [00431 like the above-described traffic manager 202a s¢gp1988

corresponding to the port 132a (Port 0), when each of the traffic
norfRanagers 292b=10-202f coraspending to the pettss 132hdo 132f (Rorts 1.y

to 5), respectively, performs loop detection processing described below,
bandwe packetoutputimitt 235 maylpreferbntiatly;reads thedyoadeast packet

stored in the FIFO memory 233 and outputs the broadcast packet. in this
PTOGERS WHen a'lfop Cofné@ivn state octurd BAd 7 thé 3packet dufiut unit
pendipdreferentally outputs a broadcast. packet, the broadeast packet

“Preferentially flows in the 1oop. ACCOrdIngTY. the Sensnlv“itrf/ ofloop

bandgiestion:and the sensitivity,of deteetion,glnetwork-terminals. that cayse o«

the loop connection state can be increased. [0044] Referring back to Fig.
tradsthecemmunicatonaumitd35. oktion unit 135 can be limited.

Accordingly, unsuccessiul loop detection processing caused
Dy the overload of the control unit {(the CPU) 136 can he
prevented.

[004

(F8)

1
Like the above-described trafific manager 202a
corresponding Lo the port 13Za (Port 0, when sach of the

traffic managers 202b to 202f corresponding to the ports

132b to 132f (Ports 1 to 5), respectively, performs lcop
detection processing described below, the packet output unit

235 may preferentially reads the broadcast packer stored in

the FIFC memory 233 and outputs the broadcast packet.

this way, when z loop connection state occurs and if the
packet output unit 235 preferentially ocutputs & broadcast
racket, the broadcast packet preferentially flows in the

loop. Accordingly, the sensitivity of loop detection and
the sensitivity of detection of network terminals that causs
the loop connection state can be increassd.

[0044]

Referring back to Fig. 1, the communicatlion unit 135 of



- 20 S0881988 the television receiver 130 is connected to the port 132a

of the switching hub 133. The communication unit 135 transmits and
receives a data packet via the switching hub 133. The communication

unit 135 forms an Ethernet interface. 0045] Note that, for the television
receiver 130 shown in Fig. only a portion associated with Ethernet
communication is schematically shown. This representation is also applied

to the set-top box 150, the persana} gomputer 160, the amplifier 170, and
the Btu-ray Disc recorder 180 shown in Fig. I. [0046] The set-top boxeto0: 55
serving as a source device includes two network terminals 15ia and _5ib,

a switching hub 153 _having three ports 152a to_152¢ igh-speed 4

lirté Llﬁfelréc%nléffj and a *Cor"h%nétajn%gat%%nurlnthiQSeSOSinE?uz?Eigg ali/lggé g@% ot

£ hePIQEESSINgUNitand aPHY layer proerssing #pito {0044 Thesretwork smits
terminal 151a is formed from an Ethernet port. The network terminal 151a

andisrconnected to thewportal52btofthe switehing Tubh 158 Thenetadrk The
terminal 151b is formed from an HDMI terminal. An HDMI transmitting

compwitaRa ta Pigiiapéed datat2 ESinterface &8 tdhnetledtothé HDMI

[OOte minal. The network terminal 151h is connected to the port 152c of t'he

il(ching hub 153 via the high-speed data

Note that, for the television receiver 130 shown in Fig.

the

i, only a portion associated with Ethernet communication is
schematically shown. This representation is alsc applied to
the set-top box 150, the perscnal computer 160, the
amplifier 170, and the Blu-ray Disc recorder 180 shown in
Fig. 1.
[0046]

The set-top box 150 serving as a source device includes
two network terminals 151a and 151k, a switching hub 153

having three ports 152a to 152c¢, a high-speed data line

o
L

interface 134, and & communication unit 1 including a MAC
laver processing unit and a PHY layer processing unit.
(00477

The network terminal 15la is formed from an Ethernet
port. The network terminal 15la is connected to the port
152b of the switching hub 153. The network terminal 151b is
formed from an HDMI terminal. An HDMI transmitting unit and
a high-speed data line interface are connected tc the HDMI
terminal. The network terminal 151k is connected to the

the switching hub 153 via the high-speed date

i

port 15Z2c ©



-21 SOSP1988 line interface 154. [0048] The HDMI transmitting unit

unidirectionally transmits, using HDMI-based communication, baseband

video and audio data to a sink device connected thereto via an HDMI

cable. The high-speed data line interface is a bidirectional interface

formed from predetermined lines of an HDMI cable (a reserved line and

an HPD line in the present embodiment). This high-speed data line

interface forms a communication_uni that allows bidirectional

communication with an external device (a sink device). The HDMI 55501 585

transmitting unit and the high-speed data line interface are described in
linénqrgtgg@élcpeelq ;4[_004_9] _The communication unit 15_55 IS conn_ected to

the port 152a of the switchinc hub 153. The communication unit 155
[0C4ransmits and receives a data packet via the switching hub 153. The

communication unit 155 forms an Ethernet interface. 0050]]] The personal

coRiputePl60 serviing at alsource device lincldes iwoanetwork tensinals .
. 16la and 161b, a switching hub 1663 having three ports 162a to 162c, a
281 Ry Speedaat” ineitertace 162 and"a ©8 nitafiGn uRit 468190
aa= {0 2: MAGLRYSLPORS I el ARH SRy RrogEREing Ut
The high-speed data line interface 1s a bidirectional
interface formed from predetermined lines of an HDMI cable
{a reserved line and an HPD line in the present embodiment).
This high-speed data line interface forms a communication
unit that aliows bidirectional communication with an
external device {(a sink device). The HDMI transmititing unit

and the high-speed data line interface are described in more

The communication unit 155 is connected to the port
152a ©f the switching hub 153, The communication unit 1535
transmits and recelves a data packet via the switching hub

153, The communication unit 135 forms an Ethernet interface.

The perscnal computer 160 serving as a source device
includes two network terminals 1¢la and 16lb, a2 switching

hub 163 having three ports lé2a to 162c, a high-speed data

l_l
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communication unit 165 including =z

MAC laver processing unit and a PHY layer processing unit.



- 22 S08PI988 The network terminal 161a is formed from an Ethernet
port. The network terminal 161a is connected to the port 162b of the
switching hub 163. The network terminal 16lb is formed from an HDMI
terminal. An HDMI transmitting unit and a high-speed data line interface
are connected to the HDMI terminal. The network terminal 161b is
connected to the port 162c of the switching hub 163 via the high-speed
data line interface 164. 0052; The MI transmitting unit unidirectionally
transmits, using HDMI-based comrtinication, baseband video and-audiq ¢4 ¢
data to a sink device connected thereto via an HDMI cable. The o
high-speed data line interface is a bidirectional interface formed from
pr%&@te%ﬁ?é‘ﬂr-lﬁiﬁ@sr%ﬁf?ﬁ DMI'éabte (3 38L61ved e arid an HED ifie
poriN the-present gmbodiment  Ihis high-speed dafaline jgterface forms 2.
communication unit that performs bidirectional communication with an
1 62EXternaldevice @-sink devige). Tle HDML:transmitting waitrandthe1 61 is
high-speed data line interface are described in more detail below. [0053;
forffihe commuaication Unit 465is gbonneétedtbie poan$624 bt tiie unit and
switching hub 163. The communication unit 165 transmits and receives a_
2 hdataiEeREFViathé swittfingHubt 188 5TRe Bommutication tifit 165 fors:

t@r%qggqgnm%ﬂgeggg%brk terminal 161n 1s connected to The

ot

port 162c of the switching hub 163 via the high-speed datz
line interface 164.
[00352]

The HDMI transmitting unit unidirectionally transmits,
using HDMI-based communication, baseband video and zudio

data to a sink device connected Ther

D

o via an HDMI cable.

The high-speed data line interface & bpidirectional

Hh
‘_.1
|9

[y

interface formed from predetermined lines of an HDMI cable

(& reserved line and an HPD line in the present embodiment).

This high-speed data line interface forms & communication

unit that performs bidirectional communication with an
ex ernal device {a sink devicel). The HDMI transmitting unilt

and the high-speed data line interface are described in more
detall kelow.
[0053]

The communication unit 165 is connected to the port

162a of the switching hub 163. The communication unit 165
transmits and receives & data packet via the switching hub

163, The communication unit 165 forms an Ethernst interface.



- 23 S08P'_988 00 541 The amplifier 170 serving as a repeater device
includes three network terminals 171a to 171c, a switching hub 173
having four ports 172a to 172d, a high-speed data line interface 174, and
a communication unit 175 including a MAC layer processing unit and a
PHY layer processing unit. [0055] Each of the network terminals 171a
and 171b is formed. from an Ethernet port. The network terminals 171a
and. 171b are connected to the ports 172b and 172c of the switching hub
173, respectively. The network terminal 1710 is formed from an HRMd 1 955
terminal. An. HDMI transmitting unit and a high-speed data line interface
oo &ke connected to the HDMI terminal. The network terminal 171c is
~ connected to the port 172d of roe switohinc hub 173 via the hiah-speed
data dinennterfacer1 747 (0026} The HRMk transmiting upkvice includes
unidirecuionally transmits, using HDMI-based communication, baseband
ChryRpiettatPalidibegatie & sink device cohhected therétoviaan Ml 7 2
. cable. The high-speed data Iine_}nLgrface is a bidirectional interface
SV UdiING prédetEmineddine? of an DM aBle [APFEserdéd find ahd an
incEPR e irythe present emgadiment). , This, high-speed dafa ling jntetfage, -
forms a communication unit that allows bidirectional communication- wit
iava8l processing unit and & PHY layer processing unit

[0055]
Each of the network terminals 171z and 171b is formed

from an Ethernet port. The network terminals 17la and 171b

are connected to the ports 172b and 172c of the

6]
=
-
r
(2
o
l Wda
)
]

hubk 173, respectively. The network terminzal 171c 1s formed

from an HDMI terminal. An HDMI transmitting unit and a

h

nign-speed data line inter

ace are connected to the HDMI

terminal. The network terminal 171lc is connectad to the

port 172d of the switching hub 173 wvia the high-speed data
line interface 174
(0056

The HDMI transmitting uniit unidirectionally transmits,

O

I.._}

using HDMI-based communication, bhaseband video and aud
- data To a sink device connected thereto via an HDMI cable.

interiace 18 a bldirectional
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interface including predetermined lines of an HOMI cable (&

H
o
|51

erved line and ar HPD line in the present embodiment).
This high-speed data line interface forms a communication

unit that allows bidirectional communication with an



- 24 S08P1988 external device (a sink device). The HDMI transmitting

unit and the high-speed data line interface are described in more detail
below. [0057] The communication unit 175 is connected to the port 172a

of the switching hub 173. The communication uni: 175 transmits and
receives a data packet via the switching hub 173. The communication

unit 175 forms an Ethernet interface. [0058] The BD recorder 180 serving

as a source device includes two netyork terminals 18la and 181b, a
switching hub 183 having three ports 182a to 182c, a high-speed d%agp 588
line interface 184, and a communication unit 185 including a MAC Tayer

. proce§5| nltandaTHY Iaver I‘OCE‘SSI unit, [0059] The network
RNl A1 ot RomOa Eff et Hort THE methBn orimndl A 815

andiS:onngeted todhe port, 182b of the switching bub 183, The network -,
terminal 181bis formed from an HDMI terminal. An HDMI transmitting

detunit ape 1ahigh-speed data line interface are connected to an HDMI
terminal. The network terminal 181b is connected to the port 182c of the

[ ©0swiitching hub 183 via the high-speed data line interface 184. [0060] The

HDM- transmitting unltunldlrectlonally _Yansmits, i
The communication unit 1/5 Ts connected to the port

172a of the switching hub 173. The communication unit 17

(2]

transmits and receives a data packet via the switching hub
173. The communication unit 175 forms an Ethernet interface.
(00581

The BD recorder 180 serving as a source device includes
two network terminals 181z and 181k, a switching hub 183
having three ports 18Za to 18Zc, a high-spsed data line
interface 184, and a communication unit 185 including & MAC
layer processing unit and a PHY laver processing unit.
[0059]

The network terminal 18la is formed Ifrom an Ethernet
port. The network terminal 18la is connectecd to the por:
182b of the switching hub 183. The network terminal 181b is

formed from an HDMI terminzl. An HDMI transmitting unit and

high-speed data line interface are connected to an HDMI

o

terminal. The network terminal 181b is connected to the
port 1l8zZc of the switching hub 183 viaz the high-speed data
line interfacs 184.

(00607

The HDMI transmitting unit unidirectionally tTransmits,



- 25 S08D1988 using HDMI-based communication, baseband video and
audio data to a sink device connected thereto via an HDMI cable. The
high-speed data line interface is a bidirectional interface including
predetermined lines of an HDMI cable (a reserved line and an HPD line in
the present embodiment). This high-speed data line interface forms a
communication unit that allows bidirectional communication with an
external device (a sink device) . The HDMI transm=itting unit and the
high-speed data line interface are e3cribed in more detail below. [&g) 1. 988
The communication unit 185 is connected to the port 182a of the o
switching hub 183. The communication unit 185 transmits and receives a

1=~ eta phcket vig theSitiHing Atb 183 FHEEGmmunicition it £85'fctms
.-~ an.Ethernet inte .~J00 describe ove, in the AV system,100
ce Lghdféwn%nrggT&@gth%g§gﬁigpﬁ%ﬁé%%é% gﬁ%%ﬁe géraso%%' gg?n)‘(ﬁu'f’eafb(P%)
The 160 ge sonpectedita the televisionreseiver 13Q. Ipaddition; the ED
(Blu-ray Disc) recorder 180 is connected to the television receiver 130 via
intehefamplifiercl70l {0063 Thattis rthiemetwbik teymirfal A48 1hIvftheable (&
television receiver 130 is connected to the network terminal 151b of the
FESEEHIp boX' I56 Via AN HDWI calé 21%. in'Sddifi6is the erbodiment) .

Thig high-speed data 1ine interface

Hh

unit that allows bidirecticnal communication with an

external device (a sink device). The HDMI transmitting unit
and the nigh-speed dataz line interface are described in mors
detall below.

[0061]

18

M~y

& of the switching hub 183. The communication unit 183
transmits and receives a data packet via the switching hub

18

8]

The communication unit 185 forms an Ethernst interfac

M

As described above, in the AV system 100 shown in Fig.

-top box (STB) 150 and the personal computer (PC)

addition, the BD {Blu-ray Disc) recorder 180 1s connected 1o

receiver 130 via the amplifier 17C.

That is, the network terminal 131b of the television
receiver 130 is connected to the network terminal 151b of

the sst-top box 150 via an HDMI cable 231. In addition, the



- 26 S08P1988 network terminal 131c of the television receiver 130 is
connected to the network terminal 16lb of the personal computer 160 via

an HDMI cable 212. Furthermore, the network terminal I3le of the

television receiver 130 is connected to the network terminal 17la of the
amplifier 170 via an Ethernet cable 221. The network terminal 171c of the
amplifier 170 is connected to the network terminal 181b of the ED

recorder 180 via an HDMI cable _21§6[0_0641 In addition, as mentioned
earlier, in the AV system 100 shown in Fig. 1, the television -receiverl30q ¢ o
the set-top box 150, and the ED recorder 180 are connected to the

. brganQand router (ﬁ?lrouter) tllg [0016517 That is, the network 5mina|
NEEYITE of the télevision™ fecgiver 1307is connacted to the ﬁgﬁ"_f e of the
conBEadhand, royfer 110 via-an Etherngt eable 222, in additign, the, petwork

terminal 151a of the set-top box 150 is connected to the port llic of the
comptaadbanelrouier LD viawan EthernetZcable 223 Fusthesmeore,the

network terminal 181a of the BD recorder 180 is connected to the port lllb
netgpihe broddband rotter K10 Viasan-Btherictcable 224 00661 3ih the AV

system 100 shown in Fig. i, the television receiver.130 serving as a sink
COﬂHéﬁb@%dﬁ%dﬁﬁ%uﬂ%%ﬁ% htvrm$na¢ 1$¢a of é%v ampliZler 170

via an Ethernst cable 221. The network terminal 171lc of tThs
amplifier 17C is connected to the network terminal 181b of
the BD recorder 180 via an HDMI cable Z13.
[00&4]

In additicon, as mentionsd earlier, in the AV system 100
shown in Fig. 1, the televisicn receiver 130, the set-top
box 150G, and the BD recorder 180 are connected ©o tThse

broadband router (BER router) 110.

[0065]

That is, the network terminal 131la of the television

il

receiver 130 is connected to the port 1lle of the bproadband
router 110 via an Ethernet cable 222, In addition, the
network terminal 151la of the set~top box 130 Iis connected o
the port 1llc of the broadband router 110 via an Ethernet
cable 223, Furthermores, tThe network terminal 181la of the BD
recorder 180 13 connacted to the pert 1llbk of the broadband
router 110 via an Bthernet cable 224.
(00667

In the AV system 100 shown in Fig. 1, the television

r

receiver 130 serving as z sink device can communicate with



- 27 30831988 the set-top box 150 serving as a source device via the
HDMI cable 211. In addition, the television receiver 130 serving as a sink
dev'-ce can communicate with the personal computer 160 serving as a
source device via the HDMI cable 212. Furthermore, the television
receiver 130 serving as a sink device can communicate with the BD
recorder 180 serving as a source device via the Ethernet cable 221, the
amplifier 170, and the HDM__ cable 213. [0067] addwt-or, Snce the
tele-vision -receiver 130 connectedd tfie broadband router 110 via the i
Ethernet cable 222, the television receiver 130 can be connected tothe - 2%
Internet. Accordingly, for example, a user can browse a desired Web
“he page Farhérfrore;? Sintd ifie 38t-foh 1506 P50 i coffectedtethéne HDMI
broadband router,110 via the Ethernet cable, 223, the set-top box 50 can
cabpg (%gggécteE& o %e*lh%é)r%ét.t Ecordingly: %r%‘Xa%ﬁﬁl‘éT%ﬁ”erse“t-g'z‘ép_so‘o‘xm“g
as 450.can play desired:streaming coptent or dowpload thecontenteSiibucer
furthermore, since the BD recorder 180 is connected to the broadband
160rautern11@ viesthe Ethernet cible 224 ,the BDyaesorder d801carche .
connected to the Internet. Accordingly, for example, the BD recorder 180
FureaR PriF desifeisticaiings eofteht 6£dGWwhload the TohteH. F60687F Fid

device can communicate with the BD recorder 180 serving as a
source device via the Ethernet cables 221, the amplifier 170,
and tThe HDMI cable 213,

[00e71]

Iin addition, since the television recsiver 130
connected to the broadband router 110 via the Ethernet cable
Internet. Accordingly, for exampls, & USS8r Can DICWSe a
desired Web page. Furthermore, since The set-top box 150 is
cennected To the broadband router 110 via the Ethernst cable

223, the set-top box 150 can be connected 7o the Internst,
Acceordingly, for example, the set-top box 150 can nlay

desired streaming content or download t©
furthermore, since the BD recordsr 180

-

broadband router 110 via the Ethernet cabl
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recorder 180 can be connected to the Internet. Acccrdingly,
for example, the BD recorder 180 can play desired streaming
content or downlcad the content.

0068]

Fig. 4 Zllustrates exemplar
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The HDMI



the illustrates exemplary configurations of e HDMI - 28 S0881988

transmitting unit (the HDMI source) of the source device (the set-top box

150, the personal computer.160, or the BD recorder 180) and the HDMI

receiving unit (the HDMI sink) of the sink device (the television receiver

130). [0069] During an effective image period (hereinafter also referred

to as an "active video period"), which is a period from a vertical

synchronization signal to the next vertical synchronization signal

excluding a horizontal flyback peﬁog fnid a vertical flyback period, the =~

HDMI transmlttino ur_r unidirectionally transmits a differential signaﬁ> P1988

corresponding to pixel data of an uncompressed image for one screen to
Cragm@HbMItecefing uribGsing alplGFfit 6t cRAnféIs. Fraddifort IGHRY a

-, .horizontal flyback period and a vertical flyback period, the HDMI
{ T = AN E] 1 nuLern. { T e
‘thterar?serﬁit%lr?g uﬁl“rtn‘unlalréct%)rhallyl}) TaRSMits acf?ewg’s%l attio data and ct:—‘ohn“trol:f’D

recdalgassogiated withihe image to the.HDMI, reeiving unit fising a<ryy o
plurality of channels. 0070) That is, the HDMI transmitting unit includes a

thetrarsmities 81cdorexample sthe dtansmitier=8k eenverts pixe- data of an
uncompressed image into a corresponding differential signal and

[ 0 O@rfidirectionally and serially transmits, using three TMDS channels #0, #1,

and #2, the . , C ‘ : .
uring an effective image period (hereinafter also

referrad to

)]

s an "active video period™), which is a pesriod

from a vertical synchronization signal to the next vertica

synchronization signal excluding a hozrizontal flvyba

0
=~
s;
®
I
pos
O
Q

and a vertical flyback period, the HDMI transmitting un

unidirectionally transmits a differential signal

Q

orresponding to pilxel data of an uncomprassed image for one

e/
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o
]
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HDMI receiving unit using & plurality of

channels. In addition, during a horizontal flyback period
and a vertical flvback period, the HDMI transmitiing unit
unidirectionally Transmits at lesast audio data and control

data associlated with the 1mage To tThe HDMI receiving un

using a plurality of channels.

That is, the HDMI transmitting unit includes a
transmitter 81. For example, the transmitter 81 convarts

pixel data of an uncompressed image into

£
{1

corresponding
differential signal and unidirecticnally and serially
Transmits, using tThres TMDE channels #0, #1, and #2

differential signal to thse HDMI receivin
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differential signal to the HDMI receiving unit connected - 29 808P1988
thereto via an HDMI cable. [0071] In addition, the transmitter 81 converts
audio data associated with the uncompressed image, necessary control
data, and auxiliary data into corresponding differential signals and
unidirectionally and serially transmits, using three TMDS channels #0, #l,
and. #2, the differential signals to the HDMI receiving unit connected
thereto via the HDMI cable. [0072] Furthermore, the transmitter 81
,.-ransmits, using a TMDS clock c‘ha%%elj a pixel clock in synchronization
with the pixel data transmitted using the three TMDS channels #0, BOBPL988
and #2 to the HDMI receiving unit connected thereto via the HDMI cable.

CRSELE thrbtighToneP Y MDS BA&nnel #i = 0, 1, 2), 10-bit pixel data is

oot smitted during one pixel clock. 0073] The HDMI receiv'._nc unit

" receives the differential signal corresponding to pixel data unidirectionally
transmitted frgmythe-HRMI fransmitting unit-using a plutality,gf channels
during an active video period. In addition, the HDMI receiving unit

as sreceivesdifférentiah signats-correspondingntocthe audie: datarand-eontre) 1
data unidirectionally transmitted from the HDMI transmitting unit

ata, and auxiliary data into corresponding differential
signals and unidirectionally and serially transmits, using
three TMDS channels #0, #1, and #2, the differential signals

to the HDMI receiving unit connected thereto via the HDMI

Furthermore, the transmitter 81 transmits, using a TMDS
clock channel, a pixel clock in synchronization with the
pixel data transmitted using the three TMDS channels #0, £1,
and %2 to the HDMI receiving unit connected thereto via the

HDMI cable. Here, thrcocugh one TMDS channel #i (i

= 0, 1, 2,
10~bit pixel data is transmitted during one pixel clock.
[0073]

The HDMI receiving unit receives the differential

signal corresponding to pixel data unidirectionally

transwitted from the HDMI transmitting unit using a
plurality of channels during an active vidso period. In
addition, the HDMI receiving unit receives differential

signals corresponding to the audic data and control data
unidirectionally transmitted from the HDMI transmitting unit

using the plurality of channels during a horizontal flvback



using the plurality of channels during a horlzontal flyback 30 SO8P1988

period and a vertical flyback period. [0074] That is, the HDMI receiving

unit includes a receiver 82. For example, the receiver 82 receives, using

the TMDS channels #0, #1, and #2, the differential signal corresponding

to pixel data and the differential signals corresponding to the audio data

and control data unidirectionally transmitted from the HDMI transmitting

unit connected thereto via an HDMI cable in synchronization with the

pixel clock transmitted from the HBM} trarsmitting unit using the TMDS

clock channel. [0075] Examples of transmission channels of the HDMiispz 8588

system formed from the HDMI transmitting unit and the HDMI receiving
pebfibinclude thethree IMDS chaprels#0#2 that unidirectionally and

serially transmit pixe data and audio data from the HDM__ transmitting unit

[ Ofo’the HDMreceiving unit in synchronization with the pixel clock, the
TMDS clock channel servmg as a transmission channel that transmits the
pixel iock a DDES (Dispray Tata Charel)'8s: ahd@ tapsmissigirelver 82,
nnel called a.CEC line 84 0076] The DDC 83 |s forme fro

' Og;;aﬁaallrrei (hot” ghowr?) containe g in an EDMI cable. The Q rgls used
crihaB HDMbE | 41, and #2, the differential signa;

corregponding to pixel data and the differential signals

corresponding to the audio data and control data

unidirectionally transmitted from the HDMI transmitiing unit

connected thereto via an HDMI cable in synchronizatilon with

e

the pixel clock transmitted from the HDMI transmitting unit

using the TMDS clock channel.
(00751

Examples of transmission channsels of the HDMI =
formed Zrom the HDMI transmitting unit and tThe HDMI
receiving unit include the three TMDS channels #0 to 4
ially transmit pixel data and audio
data from the HDMI fransmitting unit tco the HDMI
unit 1n synchronization with the pixel clock, the TMDS

channel serving as a transmission channel that tr

3
B

ixel clock, a DDC (Display Data Channel) 83, and a
Transmission channel called a CEC line 84.
po76d

The DDC 82 is formed from two signal lines (not shown)

contained in an HDMI cable. The DDC &3 is

“transmitting unit when the HDMI transmitting unit



transmitting unit when the HDMI transmitting unit reads ~ - 31 308P1988
EDID (Enhanced Extended Display Identification Data) from an HDMI
receiving unit connected thereto via the HDMI cable. [0077; That is, in
addition to the HDMI receiver 82, the HDMI receiving unit includes an
EDID ROM (Read Only Memory) 85 that stores the E-EDID which is
information regarding the performance (configuration/capability) of the
HDMI receiving unit. The HDMI ransmi tting unit reads, from an HDMI
receiving unit connected thereto viaan HDMI cable, the - EDID reg&d{i}r}%%
the HDMI receiving unit via the DDC 83. Thereafter, for example, t o
___ HDMI transmitting unit recognizes the format (the profile) of an image
EDIRyupported by ak elsctroiic appatatis intlEbingthe HD M réédiding ufmm 2
{e.g., ROB, YChCr.4:4:4, or YChCr 4:2:2). [0078). The DEC line 84 is
HDMTor?née%w ﬁgrjhng s%érﬁéf life ?r?oet”ﬁo%vnﬁnceozr}fﬁﬁea i a%!&?%ebl%?bﬁh‘é'
[00€EO line 84 is used for bidirectional communication of control data
between the HDMI ‘transmitting unit and the HDMI receiving unit. [0079]
In Addlitions thee HDMikccable contains ez 86 cemrrected tg & birttalletbMI
HPD (Hot Plug Detect) . A source device can detect, using the line 86,
reCat-d'ink devicets Lestnectéd thetéto RRtintHermiste P ther HBNN Caible 5

thafORBINSA 1o FomDTD which is information regarding the
performance (confiiguration/capablility) of the HDMI receiving
unit. The HDMI transmitting unit reads, from an HDMI
receiving unit connected thereto via an HDMI cable, ths E-
E£DID regarding the HDMI receiving unit via the DDC 83.

prei =

Thereafter, for example, the HDMI transmitting unit

I
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}
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crmat {(the profile) c¢f an image supported by
an electronic apparatus inciuding the HDMT receiving unit
(e.g., RGR, YCbCr 4:4:4, or ¥YCThCr 4:2:2)

CC RS-

[0078;

The CEC line 84 is formed from & signal line {not
shown) contained in an HDMI cabls. The CEC line 84 is ussad
for pidirectional communication of control datz between ths

HDMI transmitting unit and the HDMI receiving unit

00797
In adcition, the HDMI cable contains a line 86
connected to a pin called HPD (Hot Piug Detect). A source

device can detect, using the line 86, th & sink device is

connected therseto. Turthermore, the HDMI cable contains

o

line 87, which is used for supplying powsr from a source



line 87, which is used for supplying power from a source -.32 S08P1988
device to a sink device. St_Il furthermore, the HDMI cable contains a
reserve line 88. [0080] Fig. 5 illustrates exemplary configurations of the
HDMI transmitter 81 and the HDMI receiver 82 shown in Fic. 4. [0081'
The transmitter 81 includes three encoder/serializers 81A, 813, and 81C
corresponding to the three TMDS channels #0, #1, and #2, respectively.
In addition, each of the encoder/serializers 81A, 813, and 81C encodes
supplied image data, additional datazand control data, converts from
parallel data to serial data, and transmits the data in the form of S08P1988
differential signals. Here, _ the image data contains three components R
dev(ired),® (green),antkB {bkie), 3he B.cdmpahentris sappliecstathel cable
encoder/serializes 81A. The G component is supplied to the
congradderfsefafizers1B. L The ¥ eomponent is supplied to the
mo%@qloder/serializer 81C. [0082] Note that examples of the auxiliary data
" ’include audio data and a control packet. For example, the control packet
is supplied to the encoderiser, ajizer81A, andihe.audio data is-suppliedry 1
to the encoder/serializers 81B and 81C. [0083] _addition, examples of the
tracomtiol data fricludelathe HDMI receiver 82 shown in Fig. 4.

(00817
The transmitter 81 includes three encoder/serialirzers

81la, 81B, and 8iC corresponding to the three TMDS chan

3
D
H

n

#C, #1, and #2, respectively. In addition, each of the
encoder/serializers 8iA, 81B, and 81C encodes suppiied image
data, additional datz, and contrel data, converts from
paraliel data to serial data, and transmits the data in the
form of differential signals. Here, 1f the image data
contains three components R (red), G (grsen), and B (plue),

if =

E compenent is supplied to th

it

the encoder/serializer BLA.
The © component is supplied to the encoder/serializer 81E.
The R component is supplied to the encoder/serializer 8

t0CEBZ]

Note that exampies cf the auxiliary data include audio

¥

data and a control packst. For example, the contrel

acket

¢

e

is supplied to the encoder/serializer 81A, and the audic
data i1s suppiiled to the encoder/serieslizers 81B and 81C.

-

In addition, examples of the ceontrol data include a

on2-bit vertical synchronization signal (VSYNC), a one-bit



one-bit vertical synchronization signal (VSYNC), a one-bit - 33 S08P1988
horizontal synchronization signal (HSYNC), and one-bit control bits CTLO,
CTL1, CTL2, and CTL3. The vertical synchronization signal and the
horizontal synchronization signal are supplied to the encoder/serializer
81A. The control bits CTLO and CTLI are supplied to the
encoder/serializes 81B. The control bits CTL2 and CTL3 are supplied to
the encoder/serializer 81C. [0084; The encoder/serializes 8TA transmits
the supplied B component of the-image-data, vertical synchronization
signal, horizontal synchronization signal, and the additional data in&®0821988
time-multiplex manner. That is, the encoder/serializes 81A converts the
orsupplied!B spmponent. ebthedmagedata inthsparallel data of eight bits,

which is a fixed number of bits. In addition, the encoder/serialize: 81A

condricodesthe paralfel &atalin dfdérto corveR TRE pardlie data irito serial

s n%%ta Thergafter the enc oder/serlallz% s 81A transmits the sgrlal data
YT GEinG thé TMIS chiafner#6 0085 PORhEOrR: the Brioder/seriahzas

s18%A encedes the 2-bit paraliel dataformed from theyvertical, , ¢y
“synchronization signal and the horizontal synchronization signal in order

contorconiert the parallehdatatinto serial datas Thereaftersthe
encoder/serializes 81A transmits the serial data using the

encoder/serializer 81B. The control bits CTL? and CTL2 are
supplied to the encoder/serializer B1C.

(00847

The encoder/serializer B1L transmits the o upp d B

(l)

compeonent of the image data, vertical synchronization signal,
horizontal synchronization signal, and the additional date

in & time-multiplex manner. That is, the encoder/serializer
81lA converts the supplied B component of the image data into

parailel data of eight bits, which is a Fixed number of bits

in addition, the encoder/serializer B81AE encode

n

the parallel

data in order to convert the parall

2! data into serial data.

Thereafter, the encoder/serialix

(D

r 8ih transmits the serial
data using the TMDS channel #0.
[0085]

Furthermore, the encoder/serizlizer Blh encodes the J-
bit parallel data formed from the vertical synchronization
signal and the horizental synchronization signal in order to

convert the parallel daf

ct
&)

intc serial data. Thereafter, the
encoder/serializer 812 transmits the serial datz using the

TMDS channel #0. 5till furthermore



TMDS channel #0. Still furthermore, the encoder/serializer - 34
SO8P1988 81A converts the supplied auxiliary data into 4-bit parallel
data. Thereafter, the encoder/seriaiizer 81A encodes the parallel data in
order to convert the parallel data into serial data and transmits the serial
data using the TMDS channel #0. [0086] The encoder/serializer 813
transmits the supplied G component,. of the image data, the control bits
CTLO and CTL1, and the auxiliary data in a time multiplexing manner.
That is, the encoder/serializes 81Btonverts the supplied G component
of the image data into parallel data of eight bits, which is a fixed nuaiser! #8¢
of bits. In addition, the encoder/serializes 81B encodes the parallel data

8 LRincorder 10- converttheparaliel datalinic serial data. TTharedfter, theearallel
encoder/seriaiizer 81B transmits the serial data using the TMDS channel

241, [0087] FurttiermoreStHid et Sarializer 813 ehtod8 he 22 bit >
o= rRarallel data formed from. the. supplied control bits CTLO. gnga%tmger /

order to convert the para1IeIL8ata into serial data. Thereafter, the enco

serseraiizer 81Biransraitssthe: seraldata using theMBS: channeb#3vStl
furthermore, the encoder/ser_alizer 813 converts the supplied auxiliary
chagdatalinteC4-bit parallel data. Thereafter, the

[00se)

The encoder/serializer 8.B transmits the supplied G

componsnt ©f The image data, the contrel bits CTLO and CTLL,
and the auxiliary datz in & fTime multiplexing manner. That

is, the encoder/se

0

5

izlizer B1B converts the supplisd G

£

component of the imag

M
oL

ata 1nto parallel data of eight bits,
which 18 a fixed number of bits. In addition, the
encoder/serializer 81B encodes the parallel data in order to

convert the parallel data into serial data. Thersafter, the

4

encoder/serializer 81B transmits the serial data using th
TMDS channel #1.
[0087]

Furthermore, the encoder/serializer 81B encodes the 2-
bit paraliel data formed Zrom the supplied control pits CTI
angd CTL1 in order to convert the parallel data into serial
data. Thersafter, the encoder/serializer B81lB +ftransmits the
serial data using the TMDS channel #1, $till furthermcre,
the encoder/serializer 81B converts the supplied auxiliary

data into 4-bit parailel data. Thersaftex

th

, the

encoder/serializer 81B encodes the parallel data in order to



encoder/serializer 813 encodes the parallel data in order to - 35

S08P1988 convert the parallel data into serial data and transmits the

serial data using the TMDS channel #1. [0088; The encoder/serializer

81C transmits the supplied R component of the image data, the control

bits -T-2 and CT-3, and the auxiliary data in a time-multiplex manner.

That is, the encoder/serializer 81C converts the supplied R component of

the image data into parallel data of eight bits, which _s a _i.xed number of

bits. In addition, the encoder/seridlizé~81C encodes the parallel data in

order to convert the parallel data into serial data. Thereafter, --he SC8P1988

encoder/serializer 81C transmits the serial data using the TMDS channel
CONFEIBO8YE PGriRerhforeCthesericoder/seridlizer 81 Crencodes:the 2ubits the
Serl@f’i@”%' data formed from the supplied control bits CTL2 and CTL3 in

L orcler Eonvert the Baraiiel data info S8tac L data: Thereafter, the

[ o cgncoder/serializer 81C transmits the serial data using the TMDS channel

#2. Still furthermore, the encoder/serializer 810 converts the supplied

augitiarye datainto' de-+=paradiel data. Thereafter, henencader/serializer

810 encodes the parallel data in order to convert the parallel data into
COTgEH Hate And Branswritsthe asarial tam using the TMDS chanfels#Ri CTL3,

4

and the auxiliary data in a time-multiplex manner. That is,
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the encoder/serializer B1C converts the supplied R com
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of the image data into parallel data of eight bits, which is
a fixed number of bits. In addition, the encoder/serializer

81C encodes the parallel data in order to convert the
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‘hersafter, the

encoder/seriaiizer 81C transmits the serial data
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TMDS channel $#2.

Furthermore, the encoder/serializer 81C encodes the 2-
bit parallel data formed from the supplied control bits CTLZ
and CTL3 in order to convert the parallel data into serial
data. Thereafter, the encoder/serializer £1C transmits “he
serial data using the TMDS channel #2. Still furthermore,

the encoder/serializer 81C converts the supplied auxiliary

dats int

8]
s

|

O
bt
r
l(-s
Qs
(]
t)
F 1
t,J
D

;41
.
3]

-+
o
+3
o}
D
=
(2]
8k}
i
ot
6]
4
t
-
D

ncoder/serializer 81C encodes the parallel data in order to
convert the parallel date into serial data and fransmits the
serial data using the TMDS channel #2.

[00S0]



[0090; - 36 SOB P1988 The receiver 82 includes three
recovery/decoders 82A, 82B, and 82C col-responding to the three TMDS
channels #0, #1, and #2, respectively. in addition, each of the
recovery/decoders 82A, 82B, and 82C receives supplied image data,
auxiliary data, and control data in the form of differential signals using the
TMDS channels #0, #l, and #2. in addition, each of the recovery/decoders
82A, 823, and 820 converts the image data, auxiliary data, and control
data from, a serial format to a paratlel forma'-, decodes the paralle%jzg 988
and outputs the parallel data. [009-_' That is, the recovery/decoder .
receives the B component of the image data, the vertical synchronization
sigrizft, thetorizontdl ‘synehronifation 'sigifal, i thier dusifiary data irf e
norm of d- fferentral signals_transmitted using the TMRS channel #0. :
O s T B HeCier B2A LomyS T B Conbome e 13
ancimage .dafacthe:vertical synchgenization-signal -thefsorizoatal
synchronization signal, and the auxiliary data from a serial format to a
recparatiel format sdecotles thé paralket datl and =outputssthepagraliel dataage
~[0092] The recovery/decoder 82B receives the G component of the
datimageidatal e cORtrd! bt CTES At E TER aRd the the form of

differential signals using the TMDS channels #0, #1, and #2.
In addition, esach of the recovery/decodsrs 82R, 82B, and B2C
converts the image data, auxiliary data, and control dataz
Trem & serial format to a parallel format, decodes the
parallel data, and outputs the parallel data.

[0097%]

hat 1s, the recoverv/decoder B2R recelv

03]
3]
i
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lvs]

component of the image data, the vertical svnchronization

[

signal, the horizontal synchronization signal, and the

H

auxiliary data in the for

=

of differential signals

t
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ted using the channe! #0. Thereafter, the
recovery/decoder 824 converts the B component of the image

data, the wvertical synchronization signal, the horizontal

synchronization signal, and the auxiliary data from a serial
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parailel format, decodes the parallel data, and

outputs the parallel data.

The recovery/decocer 82B receives the & component of
the image data, the control bits CTLO and CTLL, and the

auxiliary data in the form of diffsrential signals



auxiliary data in the form of differential signals - 37 S08PI988 transmitted
using the TMDS channel #1. Thereafter, the recovery/decoder 82B
converts the G component of the image data, the control bits CTLO and
CTLI, and the auxiliary data from a serial data format to a parallel data
format, decodes the parallel data, and outputs the parallel data. [00193(
The recovery/decoder 82C receives the R component of the image data,
the control bits CTL2 and CTL3, and the auxiliary data in the form of
differential signals transmitted using’the TMDS channel #2. Thereafter,
the recovery/decoder 82C converts the R component of the image:’(q %?988
the control bits CTL2 and CTL3, and the auxiliary data from a serial
Crafsiat 16a pataiel fofifatl decodesihes pafatlel dais il datputsihe
rechoralo)date. 0094, E0.8 llusates a0 example of g ansmission shen
period) in which various transmission data itéms-are transmltt’edeusmg
gatthree:HDMLTMDS chapnels#; #1,and#21 NotgdhatEig, 6. Liustratesa « -
transmission span of various transmission data items when a progressive
froimagehaviag aisize dfof2@:pixets @orizantal) oy 480 pixélsrtvettical)ds odss
transmitted using the TMDS channels #O, #1, and #2. [0095, A video field
LhejP@Rth FranSmissiortdata s tparismiftieg parallie. data.

(00933

The recovery/decoder 82C receives the R component of
the image data, the control bits CTL2 and CTL3, and the
auxiliary date in the form of differentiel signals
transmitted using the TMDS channel #2. Thersafter, the

recovery/decoder 82C converts the R component of the image

P

ig. & illustrates an example of a transmission span
(pericd) in which various transmission data items are
transmitted using three HDMI TMDS channsels #C, 41, and #2.
Note that ?ig. 6 Lllustrates a transmission span ¢f various
transmission data ltems when a progressive image having a

size of 720 pixels (horizontal, by 480 pixels (vertica

i__l

i

Vol
transmitted using ths TMDS channels #0, #1, and #2.
(00957

B videc field in which transmission data igs transmitted

using the three HDMI TMDS channels #0, #1, and #2 has three



using the three HDMI TMDS channels #0, #1, and #2 has three - 38
S08P1988 types of period: Video Data period, Data island period, and
Control period. ]0096] here, the video field period is a period starting from
a rising edge (an active edge) of a vertical synchronization signal to a
rising edge (an active edge) of the next vertical synchronization signal.
The video field period is separated into a horizontal blanking period
(horizontal blanking), a vertical blanking period (vertical blanking), and an
active video period (Active Video) . The active video period is a period _
obtained by excluding the horizontal blanking period and the vertical e F 1988
~ blanking period from the video field period. [0097] The video data period
CYPRFassighst tothe activBYidsd- periddlindthe viteo dataisetides héfive and
Congig(glid%te%f%da size of 720 pixels by 480 lines that forms uncompressed
one- scréen image data is transmitted. [00981 The data island period and
[ oo the control period are assigned to the horizontal blanking period and the
vertical blanking period. In the data island period and the control period,
théiauxilianhdataisitransmitied. P099bd is a period starting from

& rising edge (an active edge) of a vertical synchronization
signal to a rising edge (an active edge) of the next
vertical synchronization signal. The video field period is
separated into a horizontal blanking period (horizontal

blanking), a vertical blanking period (vertical blankin

and an active vidso period (Active Video). The active videc
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(0087

period. In the video data period, active pixel datsa

1y

size of 720 pixels by 480 lines that forms uncompressed one-

screen image data is Transmitted.

The data island period and the control periocd are
assigned to the horizontal blanking period and the vertical
blanking period. In the date isiand period and the control
period, the auxiliary data i1s transmitfed.

(00991

That i1s, the data island period is assigned to part o

boiy



That is, the data island period is assigned to part of - 39 S08P1988 the

horizontal blanking period and the vertical blanking period. In the data

island period, data of the auxiliary data that is not related to control (e.g.,

a packet of audio data) is transmitted. [0100] The control period is

assigned no the other part of the horizontal blanking period and the

vertical blanking period. In the control period, data of the auxiliary data

that is related to control (e.g., a vertical synchronization signal, a

horizontal synchronization signal, or a control packet) is transmitted.

[0101] According to the current HDMI specification, the frequency%%EiIJ‘i’éir988
_._pixel clock transmitted via the TMDS clock channel is 165 MHz, for
Lhe ek ampie I 3his ThIE Kthettrarster far 6V er te datrisiking eriotkisny

about 50C Mbps. [0102]. Fig. 7 -illustrates an example of the pin, .
peraggﬁgnn?gntl\%]fgaﬁ | %"tseir%”lrllr?al?‘?ﬁilsop%h asSighment €5 (B AGIRTY
datassigament. [0103} Jwgp lines that form g differential lipe through which, 4.

TMDS Data #i+ and TMDS Data #i- serving as a differential signal of the
datIMDS chaanel#iare dransmitted are connected

[0100]

The control period is assigned to the oth

D
F
T
o]
=
+
[
i
Iw)
sy
m

horizontal blanking period and the vertical blanking period.

In the control period, data of the auxiliary data that is

H

resated to control (e.g., a vertical synchronization signal,

a norizontal synchronization signal, or a control packet) is

3

transmitited.

O

[0101]

According to the current HDMI specification, the
Irequency of the pixel clock transmitted via the TMDS clock
channel i1s 165 MHz, for example. In this case, the transfer

e

rate over The Gata island period is about 500 Mbps.

(061023

Fig. 7 illustrates an example of the pin assignment of
an HDMI terminal. This pin assignment is & type-2 pin
assignment
[0103]

Two lines that form a differential line through which

TMDS Data #i+ and TMDS Data #i- serving as a differsntial

signal of the TMDS channel #i are transmitted are connected



to pins to which the TMDS Data #i+ is assigned (pins having - 40
S08P1988 pin numbers of 1, 4, and 7) and pins to which the TMDS Data
i- is assigned (pins having pin numbers of 3, 6, and 9). [01041 in addition,
the CEC line 84 through which a CEC signal serving as control data is
transmitted is connected to a pin having a pin number of 13. A pin having
a pin number of 14 is a reserved pin. Furthermore, a line through which
an SDA (Serial Data) signal, such as the E-EDID, is transmitted is
connected to a pin: having a pin number of 16. A line through which %n ;
SCL (Serial Clock) signal serving as a clock signal used for sUBF1988
. synchronization of transmission and reception of the SDA signal is
10 (raRBRited RicohnettedPida pin #aAGIng & finTfuiberof I5:rhg!PS bata
£ _above-described I?D%S&l is formed from the line thraugh which trrllg %DA
- si@%afilss transmittéd and the Illne“'tfﬁough W |c%rt?1e%c.f“éignél is s
g1 transmitted. '01051 In addition, the line 86 used by the source device for,
~as described above, detecting that a sink device is connected thereto is
conneeted:to aopin havingca pinLaumber afiif-Egrithermote, theline 87gnal
used for power supply, as described above, is connected to a pin having
Serﬁ%ﬂ?néﬁﬂﬁ?ﬁﬁ?ﬁ%[@ﬁﬂﬂ is transmitted is connected to a pin

having a pin numper cof 132. 2 pin having & pin number of 14
is a reserved pin. Furthermore, a line through which an SDA
{(Serial Data) signal, such as the E-EDID, 1s transmitted 1s
connected to a pin having a pin number of 106, A line
througn which an SCL (Serial Cliock} signal serving as a
clock signal used for synchronization of transmission and
reception of The SDA signal 1s transmitted is connscted o &
pin having & pin number of 15. The above-descriped DDC 83
is formed from the line through which the SDA signal is
ftransmitted and the line through which the SCL signal is

transmitted.

10105)

of 1%. Furthermore, tThe line 87 us=d for power supply, as

b

described above, is connected to a2 pin having a pin number
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Fig. 8 illustrates an exemplary configuration of the 4 S08P1988

high-speed data -line interface of a source device and a sink device. The

high-speed data line interface forms a communication unit that performs

LAN (Local Area Network) communication. The communication unit

performs communication by using a bidirectional communication path

formed from a pair of differential lines among a plurality oflines that form

an HDMI cable, that is, a reserve line (Ether- line) corresponding to the

Reserve pin (No. 14 pin) and an HPD line (Ether+ line) corresponding to

the HPD pin (No. 19 pin) in the present embodiment. (0'107) The stik¢d 268

device includes a LAN signal transmitting circu-'t 411, a terminatinc
higleskstercdl 215A6 coupk-ngn tapdcitors 41 3andAl4; - bAN:isignalnd a sink
_receiving circuit 41 a subtraction circuit 416, a pull-up resistor 421, a
deVreSTstor %Q? dhd A capAGifor #3that-fofmid lowpassdilter taTomparator
- ‘ ull-down resistor 431 avrgsistoqréL .and a capacitor 433 that
o L s, a5 Bamparir 457" Hers cths MoRopuatric
condine-interface, (the-high-speed-data ing,\/F) is formed:from the LAN signal

transmitting circuit 411, the terminating resistor 412, the AC coupling
congapaciters. 413 andwild, the: LANCKSIgral receivingc ettt 415, -anththes t 1

_subtraction circuit 416. [0108)
formed from a palr of dirferential lines among & plurality

0f lines that form an HDMI cable, that is, a reserve line

(Ether~ line] corresponding to the Reserve pin (No. 14 pin)

The source device includes a LAN signal transmitting

circuit 411, & terminating resistor 412, AC coupling

=Y

capacitors 413 and 414, a LAN signal receiving circuit 415,
& subtraction circuit 416, a pull-up resistor 421, &

resistor 427 and a capacitor 423 that form a lowpass fi
a comparator 424, a pull-down resistor 431, a resistor 432

and & capacitor 433 that form a lowpass filter, and a

comparator 434. Here, the high-speed data line interfacs

ot

{the high-speed data line I/F) is formed from the LAN signal

transmit
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circult 415, and the subtraction circuit 4146,
(0108

A series circuit of the pull-up resistor 421, the AC



A series circuit of the pull-up resistor 421, the AC - 42 308P1988
coupling capacitor 413, the terminating resistor 412, the AC coupling
capacitor 414, and a pull-down resistor 431 is connected between a
power supply line (-5.0 V) and a ground line. A connection point P1 of the
AC coupling capacitor 413 and the terminating resistor 412 is connected

to a positive output side of the LAN signal transmitting circuit 411 and a
SEY:

positive output side of the LAN si_gng&re_ceiving circuit 415. In addition, a
connection point P2 of the AC coupling capacitor 414 and the termi

resistor 412 is connected to a negative output side of the LAN signa
trapsmitting circuit 411 and a negative output side of the LAN signal _ ar
OV ddiFing Hitetit 415. A'transiiSsion Sfgriat “transmitssiit data) SGaiT R A°
couupRlied.ta the;input side of he LAN signaltansmitting. eireuit;4L1. [9109]
in addition, an output signal SG412 output from the LAN signal receiving
congitetit41b4s supplied todhe posiiiye 1side terminakafy the subtradiionr cund
circuit 416, while the transmission signal (transmission data) SG411 is
Linguppled toithe hegative site tBiminal 6fthe’subtaiction tircuitdd6 .l ivthe
_ . Subtraction g"ircwuitq,4lmq, the _ransmissignds_!gnal SG411 is subtracted from
413 43 Butput sighaPSEA12 6 LE 2D Frond ‘the LANFSiYRGFEcRivifg Eircuit
S0 that g recelved signal(teceiyed daa) SGA13,can.be obtained. ., -
1 receiving

pos%%?

4131 and a positive cutput side of the LAN signal

circuit 415. In addition, & connection point PZ of the AC
the terminating resistor 412 is

coupling capacitor
side o©f the LAN signal

connected to & negative output
Transmitting circuilt 411 and a negative output side cof the
rocutt 415, A transmission signal
e o

LAN signal receiving ci
SG411 is supplied to the input sid

(transmission data)
the LAN signal transmitting circuit 41%1.
[0109]
In addition, an cutput signai S5G41Z2 output from the
circult 413 is supplied to the positive
i the

416, while

(3

signal receivin
the subtraction circuit

-t

SE41T

i e S

erminal o

F

ide t©
(transmission data

03]

transmission signal
The negative side Terminal of the subitraction
In the subtraction circuit £16, the transmission
411 is subtracted from the output 1 output

)]
9]

3
the LAN signal receiving circuit 415 s
(received data) S5G413 can be obtained.

signal

[0110]



[0110] - 43 SOS P1988 In addition, a connection point QI of the pull-up
resistor 421 and the AC coupling capacitor 413 is connected to the
ground line via a series circuit of the resistor 422 and the capacitor 423.
In addition, an output signal of the lowpass filter obtained at the
connection point of the resistor 422 and the capacitor 423 is supplied to
one of input terminals of the comparator 424. In the comparator 424, the
output signal output from the lowpass filter is compared with a reference
voltage Vrefl (+3.75 V; supplied 1o the other input terminal. An output
signal SG414 output from the comparator 424 is supplied to the contrdF 1968
unit (the CPU) of the source device. ;01'._1] In addition, a connection
polrit @2®t.ttherAC goapling: capasitaratdcandd thefpulkdowm rgsistor
43-'._is connected to the ground line via a series circuit of a resistor 432
TESARAE capAcitor 433 Tn Addition an OtitgtA Biial o tHe Towipass Ofiffstc ted
=0 Phiainad g} the cqnnection point of he resistor 432, and fhe capacitor 433,
is supplied to one of input terminals of the comparator 434.in the
and CoORparator 434 cthecoutput signal outpu.from the lowpassdilteris ¢z tne
compared with a reference voltage Vref2 ITj supplied to the other input
Lowreratingll ApsoutplittsignalbG4' 5 otitput from: ithe .comparator £434 is

supplied to the control unit (the CPU) of the source
resistor 422 and the capacitor 423 is supplied to one of

input terminals of the comparator 424. In the comparator

424, the output signal output from the lowpass filter is

compared with a reference voltage Vrefl (+3.75 V) supplied

to the other input terminal. An cutput signal 5G414 output

from the comparator 424 i1s supplisd to the contrcl unit (the

1]

CPU) of the source device,

t

(02117

In acdition, & connection point QZ of the AC coupling
capacitor 414 and the pull-down resistor 431 is connected to
the ground line via a series circuit of a resistor 432 and a
capacitor 4332, In addition, an output signal of the lowpass
filter obtained at the connection point of the resistor 432
and the capacitor 433 is supplied to one of input terminals

of the comparator 434. In the comparator 434, the output

signal cutput from the lowpass filter is compared with a

reference voitage Vref2 (+

[t

1 Vi supplied te the other input
terminal. An output signal SG415 output from the comparator
434 is supplied to the control unit (the CPU) of the source

device.



device. 44 S08P1988 0112] The sink device includes a LAN signal
transmitting circuit 441, a terminating resistor 442, AC coupling
capacitors 443 and 444, a LAN signal receiving circuit 445, a subtraction
circuit 446, a pull-down resistor 451, a resistor 452 and a capacitor 453
that form a lowpass filter, a comparator 454, a choke coil 461, a resistor
462, and a resistor 463. Here, the high-speed data line interface
(high-speed data line 1/F) is formed from the LAN signal transmitting
circuit 441, the terminating resistor 442,the AC coupling capacitors 443
and 444, the LAN signal receiving circuit 445, and the subtraction Gif¢gi1 958
446. [0113; A series circuit of the resistor 462 and the resistor 463 is
{01ednnected between the power supply line (+5.0 V) and the ground line. in
addition, a series circuit of the choke coil 461, the AC coupling capacitor
A4BheStefrhirdtiig CFesiSter 842 %he A BodpIfda achorB43 4R the

-1 Rull- do‘%{vﬁn resistor 451 is gonnected between the g gﬁnd line.and the
ciE connec i0fi point Of tha TesiStoF 462 ahd the résistor’ 463 GH 4 RY

cap@lnnestion point23.0fithe AG coupling gapacitor. 443;.and the terminatings |

resistor 442 is connected to a positive
a subtraction circuit 446, a pull-down resistor 451,

o

resistor 452 and & capacitor 452 that form a lowpass filter,
2 comparator 454, a choke coil 461, a resistor 4462, and a
resistor 463. Here, the high-speed data line interface
(high-speed data line I/F) is formed from the LAN signal

t 447

-

transmitting cir

f ¥

u

]

the terminating resistor 442, the
AC coupiing capacitors 443 and 444, the LAN signal receiving
circuit 445, and the subtraction clrcouls 446.
(01133

A series circuit of the resistor 462 and the resistor
463 is connected between the power supply line (+5.0 Vi and
the ground line. In addition, a series circuit of the choke

coil 4¢1, the AC coupling capacitor

AN
i
1=

1, the terminating

B
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he AC coupling capacitor 443, and the pull-

(o3
O
b
a1
Lo
{b
in
}...A
191]
ot
O
3
(8]
|-z

iz connected between the ground line and

the connection point of the resistor 462 and the resistor

A connection point P3 of the AC coupling capacitor 443
and the terminating resistor 442 is connected to a positive

cutput side of the LAN signal fransmitting circuit 441 and a



output side of the LAN signal transmitting circuit 441. and a 4 SO08P1988
positive output side of the LAN signal receiving circuit 445. In addition, a
connection point P4 of the AC coupling capacitor 444 and the terminating
resistor 442 is connected to a negative output side of the LAN signal
transmitting circuit 441 and a negative output side of the LAN signal rece
lving circuit 445. A. transmission signal (transmission data} SG417 is
supplied to the input side of the LAN signal transmitting circuit 441. In
addition, an output signal SG418“ou£‘tﬁut_from the LAN signal receivin
circuit 445 is supplied to the positive side terminal of the subtractioR V8 F1 988
circuit 446, while the transmission signal SG417 is supplied to the

PO SREaatR/eCSidR Yermirdf oPthe subtreietions EFEWt 446 AR tHa Biibractivrl t 445.

., GlICUIL 446, thg tgaggmisésfign ;siggaj 3@4%2 is §uptrgc§d from the output

~* §ignal SG418 output from the LAN Signal® réceiving dircuit 44850 that a

capreceived signalreceived data;: 56419 can bejohtained, (0116110, o 1 o g
addition, a connection point Q3 of the pull-down resistor 451 and the AC

to eouplingtcapacitar£43 iscarnected He the.graunghline via:aseries-cirepit
of the resistor 452 and the capacitor 453. In addition, an output signal of

C1 e Towfdssfilter dbtdifiad al theoednrmection Poirt of the redistcr4B=and

the capacitor 453 is lied to one of =~
rece;v1é@ circult 2%%9 %.transmxsszon signal {transmission

Lo

data) S8G417 1z supplied to the input side of the LAN signal

transmitting circuit 44

[

0

1

(011

©w

i
4

-

In addition, an ocutput signal 86416 output from The LAN
signal racelving circuit 445 is supplied to the positive
side terminal of ﬁhe subtraction circuit 446, while the
Transmission signal SG417 1s supplied to the negative sids
terminal of the subtraction circuilt 446. In the subtracticn

circult 446¢, the transmission signal 8G417 is subtracte

firom the output signal 35G418 output from the LAN signa

receiving circuit 445 so that a receivad signal (received
data} 3G41% can be obtained,
[0ile]

In addition, a connection polnt Q3 of the pull-down

resistor 451 and the AC coupling capacitcor 443 is connected
to the ground line via a serles circuit of the resistor 457
and the capacitor 453. In addition, an output signal of the
lowpass filter obtained at the connection point of the

resistor 45Z and the capacitor 453 is supplied to cne of



- 46 S08P1988 input terminals of the comparator 454. In the comparator
454, the output signal output from the lowpass filter is compared with a
reference voltage Vref3 (+1.25 V) supplied to the other input terminal. An
outout signal SG416 outpu from the comparator 454 is supplied to the
control unit (the CPU) of the sink device. [0117] A reserve line 501 and
an HPD line 502 contained in an HDMI cable form a differential twisted
pair. A source-side end 511 of the reserve line 501 is connected to the
No. 14 pin of the HDMI 'terminal-of4ke source device, while a sink- side
end 521 of the reserve line 501 is connected to the No. 14 pin of thieb8P1988
HDMI terminal of the sink device. in addition, a source-side end 512 of

inpthe HPDulime: 562 is‘cinmectedita thiecNo. 19 pin of thecHBMiderminat of

_the source device, w_:.le a Sink'S_:.de end 522 of the HP L, line 502 is

134 conméctal “iotthe NE19p 24 bPiHe HDHW tERRinAPEPhaSIAK défite s

-~ 0118l In the source device, the above-described connection . paint Q! of

e aerﬁu I-Vl‘jﬁhtr%sigto”r %ﬁra%%ét%evﬁg “cao%i%lir?g“ ecéf)aéi)%r; 3 li%’ cosnz‘lrr?—:%élcf3 °

o tortheNea 14 pinefithe HIMY terming -addition,theabovedeseribed .
connection point Q2 of the pull-down resistor 431 and the AC coupling

f rogapdcitor dida sacaornedted tosthedde. 1 i®pinwf tha#dHDMhtrel unit (th

[

CPU) of the sink device.
[4117]

L reserve line 501 and an HPD line 502 contained in an
HDMI cable form a differential twisted pair. A source-side
end 511 of The reserve line 501 iz connectited to ths No. 14
pin of the HDMI terminal of the socurce device, while a sink-
gside end 521 of the reserve line 501 is connecied to the No.
14 pin of the EDMI terminel of the sink device. 1In addition,
a source-side end 512 of the HPD line 502 i1is connected ©o
the No. 19 pin of the HDMI terminel of the source device,

while & sink~side end 522 of the HPD line 302 is connected

2]

te the No. 19 pin of the HDMI terminal of the sink device.

In the source device, the above-described connection
point {01 of the pull-up resistor 421 and the AC coupling
capaciter 413 is connected to the No. 14 pin of the HDMI
terminal. In addition, the above-described connection point’
QZ of the pull-down resistor 431 and the AC coupling
capacitor 414 is connected tc the No. 1% pin of the HDMI

Terminal, While, in the sink device, the above-described



terminal. While, in the sink device, the above-described - 47 S08P1988
connection point Q3 of the pull-down resistor 451 and the AC coupling
capacitor 443 is connected to the No. 14 pin of the HDM_ terminal. In
addition, the above-described connection point Q4 of the choke coil 461

and the AC coupling capacitor 444 is connected to the No. 1.9 pin of the
HDMI terminal. [0119) The operation of LAN communication performed

by the high-speed data line interface_having the above-described
configuration is described next. [Glf(;; In the source device, the .
transmission signal (transmission data) SGL1 is supplied to the inp%? Site 70®
of the LAN signal transmitting circuit 411, and a differential _signal (a

COnnBEitive bURRtSigrat ahd d-RegativeatpE: sighdl Tottespondiieftothe AC

~. dransmission signal SG411.is output from the LAV\Ltgi al transmittin e
“O“%f?gl%%ﬁ%mga éfifio%t e“d?ff%r%%t"‘i%&ﬁ&r%aro%tﬁu e 'théQLA’:f\Tré‘ig?T)]JgI “he
HDMtrapsmviting circuit.41148 supplied tg,thegonnection joiptsPi-and,22-andy,
is transmitted to the sink device via a pair of lines (the reserve line 501
polandide #HPDlire 502)keof the HDMI cable. [0:21Rdn additioh;in thersink tor
device, the transmission signal (transmission data) SG417 is input to the
444"&ﬁngﬁﬁpected to the No. 19 pin of the HDMI terminal.

[o11e;
The operation of LAN communication performed by the

nigh-speed data line interface having the above-described

O}

onfiguration is described next.
(01203

In the source device, the transmission signal
(Cransmission data) S5G411 1s supplied to the input side of
the LAN signal transmitting circuit 411, and a differentia
signal {a positive output signal and & negative output
signal) corresponding to the transmission signal 5G411 is
output from the LAN signal transmitting circuiz 412. In
addition, the differential signal output from the LAN signal
transmitting circuit 411 is supplied to the connection
points P1 and PZ and is transmitted tTo the sink device via a

pair of lines (the reserve line 501 and the HPD line 502

Fh

o
the HDMI cable,
0121]

In addition, in the sink device, the transmission
signal (transmission data) S$G417 is input to the input sids

of the LAN signal transmitting circuit 441. The LAN signal



of the LAN signal. transmitting circuit 441. The LAN signal - 48 S08P1988
transmitting circuit 441 outputs a differential signal (a positive output
signal and a negative output signal) corresponding to the transmission
signal SG417. in addition, the differential signal output from the LAN
signal transmitting circuit 441 is supplied to the connection points P3 and
P4 and is transmitted to the source device v the pair of. lines (the reserve
~ine 501 and the HPD line 502) of the HDM1 cable. '0122' in addition, in
the source device, since the input sitfe of the LAN signal receiving circuit
415 is connected to the connection points P'_and P2, a sum. sign§|0(§3l‘?a1988
transmission signal corresponding to a differential signal (an electrical
traggrent-dighial ‘ol rom the LARESIgnal transheittiigt eikéuitd T and &
reception s‘i%nal corres Qnding to a different_al signal cransmited from

POS Ui SRk Yevite inth8 above deScribetmaniner Carm B obtiRéd as the
corOUtRutsignal SC-412 output from the LAN signal receiving circyjt 4154

'Eion,
the subtraction circuit 416, the transmission signal SG411 is subtracted

theframrthereuput SignabSe4 12 outpy’_fremithe nkANzsignal #eceiving circuit
415. Accordingly, the output signal SG413 output from the subtraction ci r
Lrapgit 416 cotrespoads to theltramsraissiohisighal (trahsmissivredatapn
. SG417 received from the sink device, B 4 ‘
points P33 and P4 and 1s Transmitted to the scurce device via
the pair of lines (the reserve line 501 and the HPD line

502 of the HDMI cable.

In additilon, in the source device, since the input side
of the LAN signal receiving circuit 415 is connected to the
connection points P1 and PZ, a sum signal of a transmission
signal corresponding to a differential signal (an electrical

current signal} ocutput Irom the LAN signal transmitiing

circuit 411 and a reception signal corresponding to a

o

differential signal Transmizted from the sink device in the
above-described manner can be obitained as the output signal

SG412 output from the LAN signal receliving circuit 415. In

ot

the subtraction circuit 416, the transmission signal SG411
is subtracted from the output signal 3G412 output from the

LAN signal receiving ci

b
=
}
o
I
1
iy
—
(82
T
9]

cordingly, the output
signal SG413 output from the subtraction circuit 416
corresponds tc the transmission signal (transmission data)
SG417 recelved from the sink device.

[0123]



[0123] 49 SO08P1988 In addition, in the sink device, since the input side
of the LAN signal receiving circuit 445 is connected to the connection
points P3 and P4, a sum signal of a transmission signal corresponding a
differential signal (an electrical current signal) output from the LAN signal
transmitting circuit 441 and a reception signal corresponding to a
differential signal transmitted from the source device in the
above-described manner can be obtained as the output signal SG418
output from the LAN signal receiving gircuit 445. In the subtraction circuit
446, the transmission signal SG417 is subtracted from the output sigd 2968
SG418 output from the LAN signal receiving circuit 445. Accordingly, the
outputssignal iSG419 output frommihed sutitraction: cirouit446 correspontse
_ to the transmission signal (transmission data] SG411 received from the
oL &8Grce”leVic8 oL 249 fi thid Wayl Bidireticrial LAN Esmprimicsiorccdih e
be performed between the éﬂg@-speed data 1ne interface of the source,
device and the high-speéd dafa liné interface'dFthe Sink deVica”Ridte =07
s1gthat, indig 8 in-addition o performing the- above-deseribed LAN) ¢ ot s ca)
communication, the HPD line 502 sends, to the source device,
curindormatiomimdicatingthat aickHBNIne LAN signal transmitting

con

circuit 441 and a reception signal corresponding to a
differential signal transmitted from the source device in
the above-described manner can be obtained as the output

nal 5G418 output from the LAN signal receiving circuit

n
R
£o]

445, In the subtracrion circult 446, the transmission

signal 5G417 1s subtractad from the output signal 3G418

output from the LAN signal receiving circuixz

445,

Accordingly, the output signal SG419 output from the

subtraction circuit 446 corresponds to the transmission

Fomet

signal (transmission data) 8SG411 rec

M

ived from th

]

SOoUrc

o

device.
[0124]

In this way, bidirectional LAN communication can be
perfcrmed between the high-speed data line interface of the
source device and the high-speed date line interface of the
sink device
(01257

Note that, in Fig. 8, in addition to performing the
above-described LAN communication, the HPD line 502 sands

to the source device, information indicating that an HDM



- 50 S08P1988 cable is connected to the sink device using a DC bias

level. That is, when an HDMI cable is connected to the sink device, the

resistors 462 and 463 and the choke coil 461 in the sink device biases

the HPD line 502 using the No. 19 pin so that the HPD line 502 has about

4 V. The source device extracts the DC bias of the HPD line 502 -using

the lowpass filer formed from the resistor 432 and the capacitor 433 and

compares the DC bias with the reference voltage Vref2 (e.g., i.4 V) using

the comparator 434. [0126] When th€ HDMI cable is not connected to the

sink device, the voltage of the No. 19 pin of the HDMI terminal of thg082198¢

source device is lower than the reference voltage Vref2, since the
cabpell-dewnaesistareA31tis prasent: ikcandrast.e when:the HDMI cable isevel .

~connected to the sink device, the voltage of the No. 19 pin of the HDMI

Thaferminal BR e s6urtBMdeviee ishigherobares tHefeférencas/oftags \def2i ce.
Accordlng when the DMﬁ cable is not connected to the sink device,
Sthe Gutput §|gnale%5491 of the cotibardfor 24345 &% nighfevel” the' sink

devOthenyise, the oytput signal SO4150f, the comparator 434is ata low ..
level. Therefore,-he control unit (the CPU) of the source device can

thedeterminenwhethier-an HRMheable is.connected to-the sipk device:on-the: s
basis of the output signal 55415 output from the comparator 434.
the DC blas of the HPD line 502 using the lowpass filer

th

formed from the resistor 432 and the capacitor 433 and
compares the DC bias with the reference voltage VreiZ (e.g.,
1.4 V) using the comparator 434.

(0126}

When the HDMI cable 1s not connscted to the sink device,

the veltage of the No. 19 pin of the HDMI terminal of the

source device is lower than the refer

0

nce voltage VrefZ,
since the pull~down resistor 431 is present. In contrast,

when the HDMI cable i3z connected toe the zink device, the

=

voltage of the No. 1% pin of the HDMI terminal ¢f the source
device 1s higher than thne reference voltage Vrefl,
Accordingly, when the HDMI cable is not connected to the
sink device, tThe output signal SG41% of the comparator 434
is at a high level. Otherwilse, the output signal SG415 of
the comparatcr 434 1s at & low level. Therefore
control unit (the CPU] of the source device can determine
whether an HDMI cable i1s connected to the sink device on the
basis of the output signal SG415 output from the comparator

434.



S08P1988 1012'7; In addition, in Fig. 8, a function is provided in which
each of devices connected to ends of the HDMI cable recognizes whether
the other device is a LAN communication compliant device (hereinafter
referred to as an "e-HDMI compliant device") or a non-LAN
communication compliant device (hereinafter referred to as a
"non-e-HDMI compliant device" using the DV bias potential of the reserve
line 501. [01281 As described above, the source device pulls up the
reserve amine 501 (to +5 V1 usirg thé resistor 421 and, the sink device
pulls down the reserve line 501 using the resistor 451. The resistor§ 4211288
and 451 are not provided in a non-e-HDMI compliant device. _0129;" As
[ 0ldescribed above, the source device compares the DC potential of the
reserve line 501 passing through the lowpass filter formed from the
resiStof 492 antfthe -Bapaditor 223withthe Téfdtenée DERAGE Wrefi tsing 1 <h
~the_eomparator. 4 Vhen the sink device is an e-HDMI compliant
=% Hevice %]é)dgﬁ tﬁge?ef%grsé ‘t#é’ %?rﬁ]( device meludes the Eﬂrﬁb@ oﬁ%%gistor 451,
recibgrvoliagenf he resarve lineD0l ig2-504 Haweverwhen the sink - ; o,
device is a non-e-HDMI compliant device and, therefore, the sink device
comgadsnot frciudesthéhpuls idowrt resistert45t; 4he voltage of thee—52M

compliiant device"™) or a non-LAN communication compliant

h

device (hereinafter referred to as a "non-e-HDMI compliant

device") using the DC bias potential of the reserve line 501.
(0128
Az described above, the source device pulls up the

rese

H

ve line 501 (to 45 V) using the resistor 421 and, the

As described above, the source device compares the DO

bt

potential of the reserve line 301 passing through the
lowpass filter formed from the resistor 422 and the
capacitor 423 with the reference voltage Vrefl using the
comparator 424. When the sink device is an e-HDMI compliant
device and, therefore, the sink device includes the pull-
cgown resistor 451, the voltage of the reserve line 501 is
2.5 V. However, when the sink device is a non-e~HDMI
compliant device and, therefcre, the sink device doss not

g

include the pull-down resistor 4351, the voltage of the



S08P1988 reserve line 501 is 5 V due to the presence of the pull-up
resistor 421. [0130] Accordingly, when, for example, the reference
voltage Vrefl is set to 3.75 V, the output signal SG414 output from the
comparator 424 is at a low level if the sink device is an e-HDMI compliant
device. However, the output signal SG414 output from. the comparator
424 is at a high level the sink device is not an e-HDMI compliant device.
Therefore, the control unit (the CPU) of the source device can determine
whether the sink device is an e-HDMIf compliant device on the basis of
the output signal SG414 output from the comparator 424. [0131] S08P1263
Similarly, as described above, the sink device compares the DC potential
resgfitfe restfveline 561 pa¥singthrotighitie Fo®PaES filterformedHiom the
resistor ﬂg; and the capacitor 453 with the reference voltage Vref3 using

reslstox

PR

e comparator 454. When the source device is an e-HDMI complliant

[ p16device and, therefore, the source device includes the pull-up resistor 421,
the voltage of the reserve line 501 is 2.5 V. However, when the source
dexiceds dimeri-¢; HRDMhcompliantdevicesgnd; threretare rthe-soureg tage
device does not include the pull-up resistor 421, the voltage of the

Vreteketve ffd 502 is 0V dde t6 Hife preserée of tiespulEdéwA SOBRLTBSE rom

the comparator 424 is at a low level 1f the sink device is
an e-HDMI compliant device. Howsever, the output signal
5G414 output from the comparator 424 is at a high level if
the sink device i1s not an e-HDMI compliant device.
Thersfcre, the control uniz (the CPUY of *he source device

can determine whether the sink device is an e-~HDMI compliant

device on the basis of the output signal SG414 output from

3

the comparator 424.

£

[0131]
Similarly, as described above, the sink device compares
the DU potential of the reserve line 301 pessing through

iowpass filter formed Zrom the resistor 432 and the

comparator 454, When the source device
the pull-up resistor 421, the voltags of the ressrve line
501 1s 2.5 V. However, whnen the source device 1s a non-e-
HDMI compliant device and, therefore, the scurce device does
not include the pull-up resistor 421, the voltage of the

reserve line 501 is O V due to the presence of the pull-down



resistor 451. 0132] Accordingly, when, for example, the -rreference
voltage Vref3is set to 1.25 V, the output signal SG416 output from the
comparator 454 is at a high level if the source device is an e HDML
compliant device. However, the output signal SG416 output from the
comparator 454 is at a low level if the source device is not an e-HDMI
 compliant device. Therefore, the control unit (the CPU) of the sink device
can determine whether the source device is an e-HDMI compliant device
on the basis of the output signal SG343_L6"output from the comparator 454.
[0'_33] According to the exemplary configuration illustrated in Pig.8)5F - 988
the interface in which video and audio data transmission, exchange and
res aftHentication of connected device information, communication of device
(0] ntrol data, and -,AN communication are performed using a single
" "HDM_ :able, the LAN communication is performed using bidirectional
commupigation via q,par of 4. fferential, transmission fines, \naddifian, .
the connection state of the interface can be sent using the DC bias
Vrepotentiakefat: least obeof the difierentiad transmissigt AMineSutput from
Accordingly, spatial separation can be available without physically using
ChetHeEBERT ing and He SDAne forioAN 1 542 508P1988 source device
1s an e-HDMI compliant device. However, the output signal
5G416¢ output from the comparatoer 454 is at a low level

.
[y ——

the source device is not an e-HDMI compliant device.
Therefore, the contrcl unit {(the CPU) of the sink device can
determine whether the source device 1s an e-~HDMI compliant

the

h
0]

device on the basis o

U
bt

utput signal SG41¢ output from

,_
[$23
iR

the comparator

Ty
LO.‘.

[9%]

3]

According to the exemplary configuration illustrated i

¥
[

ixx]

I

1g. 8, in the interfsce in which videc and audio data

transmission, exchange and authentication of connected
device information, communicatior of device control data
anc LAN communication are performed using a single
cable, the LAN communication is performed using
bidirectional communication via a pair of differential
Transmission lines. In addition, the connection state of
the interface can be sent using the DC bias potential of at
igast one of the differential transmission lines.

Accerdingly, spatial separation can be available without

prnysically using the SCL line and the SDA line for LAN



communication. As a result, a circuit for LAN communication can be
formed regardless of the electrical specification defined for the DDC, and
therefore, stable and reliable LAN communication is realized at low cost.
[0134] Note that the pull-up resistor 421 illustrated in Fig. 8 may be
provided in an HDMI cable, not the source device. In such a case, one of
the terminals of the pull-up resistor 421 is connected to the reserve line
501 provided in the HDMI cable, and the other terminal is connected to a
line (a signal line) connected to thebrfovVer supply (the power supply
potential) provided in the HDMI cable. [0135] Furthermore, the puII-ScSDcW\?rgr%8
resistor 451 and the resistor 463 illustrated in Fig. 8 may be provided in

CorgRn HEVIE@dble, A6t thersigiidévice. Inistuchia cdse; ondlthectenminals of on
the pull-down resistor 451 is copnected to the reserve line 501, and the

AN Giifert8rminal s ConmectEd o lindagteimd hré)coimected-fPgrothd

ge s {hedeierence yaliage) inthe HRWI gable. Inaddition.one otne. 1o 1z
terminals of the resistor 463 is connected fo the HOD line’ 502, and the

com@ther derminal isconpected:40 a:line (a.greued . line) connected to ground
(the reference voltage) in the HDMI cable. [0'136] SO8P1988 Processing

[ 01fotdetecting an abnormal connection state,

Note that the pull-up resistor 421 illustrated in Fig.
8 may be provided in an HDMI cable, not the source device.
In such & case, one of the terminals of the pull-up resistor

421 is connected to the reserve line 501

o]
H
o]
1
i.._l “
£
D
0O
;_l B
3
ot
o
o

HDMI calble, and tThe other terminal is connected to a line {a

i

signal line) connected to the power supply {(the power supply
potential} providsed in the HDMI cable.
[0125]

Furthermore, the puli-down resistor 4

[h

1 and the

resistor 463 1lliustrated in Fig. 8 may be provided in an

Tl
EDMI cable, not the sink device. In such a cass, one of the
terminals of the pull~-down resistor 4531 is connected to the

(]
1)

serve line 501, and the other termina

-

tine {a ground line} connected to ground (the reference
veltage) in the HDMI cable. In addition, one of the
terminals ¢f the resistor 463 is connected to the EPD line
50Z, and the other terminal 1s connected to a line {(a ground
line} connected to ground {(the reference voltage) in the
HDMI cakle.

[013¢]



that

that is, a loop connection state of the television receiver 130 (loop
detection processing) is described next. 01371 According to the present
embodiment, when performing processing fir detecting a loop connection
state, that is, loop detection processing, the control unit- 136 counts the
number of broadcast packets reaching the network terminals 131a to
131e, that is, the number of broadcast packets input to the ports 132h

I32f of the switching hub 133 within a preaeterrr_ined rime Deriod.
Thereafter, the control unit 136 conipares each of the count values with a
threshold value so as to determine network terminals that form looFC8F1988
connection. Thus, the control unit 136 forms a packet counting unit and a
looprdérepRinationUnitt Foeexamplez the bortrolainit-d¢86 performsthe t e,
loop detection processing when power is turned on. L01381 For example,

as SHowf i B9, & WHER & tRicaSt packet ford multicas! paskét Famsg 5T

1 3¢destination address, associa eéigv%/g%r? %esvic >.connected to the port 132¢

(Port 2) is input fo the port 1 of the switc mg%%%':l's& the

[ 01packet is output to the port 1132c (Port 2). In addition, as shown in Fig. 9,

when a broadcast packet is input to the port 132b (Port 1) of the switching
hub 1337 therpacket isie56 :S68R 1988 outputdoall ofthe otherfartsing

processing for detecting a loop connection state, that is,

loop detection processing, the control unit 136 counts ths

number of broadcast packsets reaching the network terminals

13ia tTo 13le, that i1s, the number of broadcast packets input

[e]

compares each of the count values with a threshold value so

a3

Thus, the control uni

to determine network terminals that form loop connection.
it 136 ferms a packet counting unit and

a loop determination unit. For example, the control unit

136 pez

Fh

orms the loop detection processing when power is

Turned on.

[0

or

assocliated with 2 device connected to the port

138]

For example, as shown in Fig. 9, when & unicast packet®

a muiticast packet having a destination address

3

is input to the port 132b (Port 1) of the switching hub 133,
the packet 1s output to the port 132c (Port 2. In addi+: T,
&3 shown in Fig. 9, when a broadcast packet isg input to the

port 13Zbh (Por

TN

L) 0f the switching nhub 133, the packet is

et



[0139] Here, suppose that the network terminals 131a and 131b
corresponding to the ports 132b and 132c, respectively, form a loop
connection state. Then, as shown in Fig. 10, a packet, such as a
broadcast packet, continuously travels in a loop. Therefore, the number of
data packets that reach. the port 132b significantly increases. [0140]
Note that, for a unicast packet and a multicast packet, even when a loop
is not formed, the number of the packets may increase depending on a
communication situation. In contrast,tor a broadcast packet, the number
of packets that reach each of the ports is significantly small in a nofR&IF156¢
connection mode. [0141; Accordingly, as described above, by counting
outthetnumbetr lof bfoadcastpaekets inpu to the ports 132b to 132f of the
__switching hub 133 within a predetermined time period and, subsequently,
103 @@mparlng each of the count values with a threshold value, network
terminals formlng Ioop@ onn@cctlon can be determined. [014 el
ilustrates 8 Téla onshlp B&tween an é%%%d “time arh"d‘t e acta P

corBber of broadcast packets. As, <57, SOBP1988 indicated by @éfrg? Aoy

shown in Fig. 11, if a loop (a loop
a loop connection state. Then, as shown in Fig. 10, a

packet, such as a broadcast packet, continuocusly travels in
a loop. Therefore, The number of data packets that reach
the port 132k significantly increases.
(01403

Note that, for a unicast packet and a multicast packet,
even when a loop 1s not formed, the number of ths packet
may increase depending on a communication situation. In
contrast, for a broadcast packet, the number of packets that

reach each oI the ports is significantly smalil in a2 normal

Accordingly, as described above, by couniing the number
of broadcast packets input to the ports 132b to 132f of the
switching hub 133 within a predetermined Time period and,
subseguently, comparing each of the count values with a
threshold value, network terminals forming loop connscition
can be detsrmined.

(0142]

Fig. 11 illustrates & relationship between an elapsed

time and the accumulated number of broadcast packsts. As



connection state) is not formed, the increase rate of the accumulated
number of broadcast packets with respect to an elapsed time is low.
However, as indicated by a line b shown in Fig. 11, if a loop is formed, the
increase rate of the accumulated number of broadcast packets with
respect to an elapsed time is significantly high. [0143) Note that, as
described above, a broadcast packet input to one of the ports is output to
all of the other torts. Accordingly, if, as described above, a loop is formed,
the number of broadcast packets stpplied from the port 132a (Port 0) to
the communication unit 135 significantly increases. [0144) if the n&ABER 288
of broadcast packets exceeds a predetermined value, the CPU utilization
indgfaiescontiol aniti186 reachest1000 drly foridackef prockessing (kefmebp
____processing), and therefore, the control unit 136 cannot perform loop
SO Sfectoh pridissing: AETding T ihe ‘HoshEefbotimentag? the
desgribed a lhen:the, rol unit 136 performs loop detection. .
o ogesag, e ansmisaon DARGWIALS oA e bert 1353 (Port0) o 18
= lagwitehinghebik33 tathe sommunication unitk3%isdimited 10 a;cartgin
bandwidth (e.g., 1 Mbps). in Fig. 11, an area - 58 S08P1988 indicated by
shonatching'with doéfted lihes represents aivaread, the increase rate of

the accumulated number of broadcast packets with respect to

.

an elapsed time is significantly high.
[(0143]

Note that, ag described above, a broadcast packet input
to one of the ports is output toc all of the other poris.

Accordingly, 1f, as described above, a loop is formed, the
number of broadcast packets supplied Zrom the port 132a
{Port 0} to the communication unit 135 significantly

increases.

101

N

ol ey

It the number oI broadcast packets exceeds a

e

redeterminad valusg, the CPU uztilization of the control unit

136 reaches 100% onlv for packe?

0]
ol

processing {kernsl

¥

processing;, and therefore, the control unit 136 cannot

periorm loop detection processing. Accordingly, in the

o]

resent embodiment, as described above, when tThe control

nit+ 1

o
W

6 periorms loop detection processing, the
transmission bandwidth from the port 132Za {(Port 0} of the

switching hub 132 to the communication unit 135 is limited



in which the CPU cannot continue processing. [01451 A line ¢ shown in
Fig. 11 indicates a relationship between the accumulated number of
broadcast packets and a time when a loop is formed and the transmission
bandwidth from the port 132a (Port 0) of the switching hub 133 to the
communication unit 135 is limited (shaped) to a predetermined
bandwidth. In this case, the number of broadcast packets supplied from .
the port 132a (Port 0) of the switching hub 133 to the communication unit
135 is within the range than is pf"oc%gsible by the CPU of the control unit
136. [01461 As described above, by counting the number of broad 4t 1 98¢
~_packets input to the ports 132b to 132f of the switching hub 133 within a
1ndpfetdetérminedl dinté! pBiod ahll cofipating edehcof el EaUtt valles Wit a
- %(-:;,dﬂeger,rglineq%/@lue, network terminals that form a loop connection state
7 danbe défermined: For example, A threSHold Vaitie " PH is determined as
ro1follows. Thatis, as shown in Fig. 11, the threshold value TH is set to an
approximately middle value between the value of the line a and the value
of thelline:c at ah predeterniined tinie (tdEerexamplerwhen tbisshtos3

seconds, TH is about 200 to 300. - 59 S08P1988 [0147'1
between the accumulated number of broadcast packets and a

time when a locp is formed and the tTransmission bandwidth

from the

"G

ort 13Za (Port 0) of the switching hub 133 o the

P

communication unit 135 is limited (shaped) to a
predetermined bandwidth. In this case, the number of
broadcast packets supplied from the port 132a (Port () of

13

o

8]
ot
98]
78]
t
O
ot
Yy
D
9!
é
sl
i
}_ﬂ
@]
88
F
s
O
3
ot
o3
rf

the switching nul

je
wn

H

within the range that i1s processible by the CPU of th

(B

control unit 136.
[(G146]
As described above, bv counting the number oi broadcast

packets input to the ports 132b to 132f of the switch

[

ng hub
133 within & predetermined time period and comparing each of
the count values with a predetermined value, network
terminals that form a loop connection state can be
determined. For example, a threshold valus TH is determined
as follows. That is, as shown in Fig. i1, the threshold
value TH is set te an approximately middle value betwesen the
value of the line z and the value of the line ¢ at a
predetermined time (tl}. For example, when tl 1s 2 to 3

seconds, TH i1s abcut 200 to 30C.



Note that, according the present embodiment, when the control unit 136
performs loop detection processing, the communication unit 135 is
controlled so as to transmit, via the switching hub 133, a broadcast
packet to transmission paths (an Ethernet cable and an HDMI cable;
connected to the network terminals 131a to 232E at a constant
frequency. ?0148] Basically, almost all of data packets rowing in a
network are unicast packets. Broadcast packets rarely flow in the
network. Accordingly, as described aBove, when the control unit 136
performs loop detection processing, broadcast packets travels in th&8F1988
network by transmitting broadcast packets to the transmission lines at a
[01édnstant _frequency. Therefore, loop detection can be reliably
performed. [0149) An example of loop detection processing performed by

thé Eoftror it 136 " déscribet next withefTeNcE T RIg T E2 (0 186F ™
cneFISh When power is lymed.an, the contial unit 136 j sten STL. stafts
the \ i it . PErLJdrt ‘ - > CEETIN, &

loop detection processing. Ir?%%gcase, %e contr%Fﬁnf?%% sets tghe rgnodlén
corflatileastthe traffie manager 202a cerresponding:to thepert :32a:(Port;; »

0)toa-60 SO8P1988 mode in which the traffic manager 202a
theprefefeptially hub 133, 2 broadcast packet to transmission
paths (an Ethernet cable and an HDMI cable) connected to the
network terminals 13la to 132f at a constant frequency.

r0148]

Basically, almost all of data packets flowing in a
network are unicast packets. Broadcast packets rarely flow
in the network. Accordingly, as described above, when the
control unit 136 performs loop detection processing,
breoadcast packets travels in the network by transmitting

broadcast packets to the transmission lines at a constant

frequency. Therefore, loop detection can be r

4

liably
periormed,

[0149]

F—

An example of loop detection processing performed by

the control unit 136 is described next with reference tc Fig.
12.
0150]
First, when power is turned on, the control unit 136,
in step STL, starts loop detection processing. In this case,

~he control unit 136 sets the mode of at ieast the traffi

manager 2Z0Za corresponding to the port 132z {(Port O



outputs a broadcast packet and in which. the transmission bandwidth is
limited to a predetermined bandwidth. Note that the control unit 136 may
also set the modes of the traffic managers 202b to 202f corresponding to
the other ports 132b to 132f (Port 1 to Port 5) to the mode that is the
same as the mode of the traffic manager 202a. In addition, the control
unit 136 inputs broadcast packets from the communication unit 135 to the
port 132a of the switching hub 133 at a constant frequency so that the
broadcast packets flow in the netwBrk. [0151'. Subsequently, in ste 6P1588
ST2, the control unit 136 counts the number of broadcast packets SUBE
supplied from the port 132a (Port 0) of the switching hub 133 to the
modgopmiRieation-tifit T35 witRina predieteratinéd B F&TSH: iR HHig case,
Outthug Scogtr,ol unit %gfsi perfo&r,}rgs;hg countin [:ierlgtigplmuslng?glsemgogtrol
egister 204 o??he sv“vitgﬁing%”’ub f§3.3[81 % §Ub§e(j’ué"ﬁt y, in sfsep"Sr I3,
banmgq;@mynﬂﬁ&@g@t%rmaeg%@m %HEHQH‘Q%%@QQE%FS cqunted in
step ST2 is greater than the threshold value TIE (refer to Fig. "1) Ir the
thanumber ob packets isinot greatersthaa the threshald evaluedH,dhethe
~ processing immediately proceeds to step S'_"4, where the control unit
trails eofriplétes ilfe Idoprdétection, 61 308P1988 Jpiatessing i thidEdse,
por‘%:hse ngg Ir*}thJL % bl{%%%(%aslt te Port 5) to the mods that 1is
“he same as the mode of the traffic manager 20Za. In
addition, the control unit 136 inputs broadcast packetsz from
the communication unit 135 te the port 13Za of the switching
hub 133 at a constant freguency so0 that the broadcast
packets flow in the network.
(01511

Subsequently, in step STZ, the control unit 13¢ counts

the number of broadcast packets suppliied from the port 132z

(Port 0) of the switching hub 132 to the communication uni

ot

135 within & predetermined time period. In this cass, the
contrel unit 136 performs the counting operation using the
control register 204 of the switching hub 132.

(0152

T2, the control unit 136

€3}

Subseguently, in step
determines whether the number o packets counted in step 372
18 greater than the threshold value TH {(refer to Fig. 11).
If the number of packets is noit greater than the threshold
value TH, the processing immediately proceeds to step ST4

where the control unit 136 completes the loop detection



packet is preferentially output, the mode in which the transmission
bandwidth is limited to a predetermined bandwidth, and the mode in
which a broadcast packet is input from the communication unit 135 to the
port 132a of the switching but 133 at a constant frequency activated in
step ST1 as described above are deactivated. [0153] However, if the
number of packets is greater than the threshold value TH, the control unit
136 determines that an abnormal connection state, that is, a loop
connection state is detected. Thé c8Atral unit 136 then starts processing
for identifying network terminals that form the loop connection state>That 288
is, if the number of packets is greater than the threshold value TH, the
PIOEEFOlthit 136 pericinmisisrocessing P step STI G4 E 1D stepiS TS5,
rar_gpee._cqntrol unit 136 rggchfis_each of the p,etwork terminals (each of the
PE S Stwork términals T31a%0 1378) Hhat s te E6titfol thitt36°Counts the
= r aRumber of, broadeast packets-nput fo each of @e&%e%fe@%i%gghing
hub 133 (the ports 132b to 132f). In tnis case, thé control unit 1
barnperforms thercourtiingrepsration usingrthe contrphregister2040f the: 1 npus
switching hub 133. ]0155) - 62 S08P1988 Subsequently, in step ST6, the
Trogorifst upitBe ication unit 135 to the port 132a of the

switching hub 133 at a constant freguency activated in step
ST1 as described above are deactivated.

o1

[

3]
However, 1f the number of packets is greater than the

threshold value TH, the control unit 136 determines that an
abnormal connection state, that is, a loop connecticn state
is detected. The control unit 136 then starts procaessing
for identifying network terminals that form the loop

connection state. That is, 1if the number of packets is

greater than the threshold value TH, the control unit 136

[0154)

In step STS, the control unit 136 reaches =ach of the
network tTerminals (each of the network ferminals 131z to
131e}. That is, the contrel unit 136 counts the number of
broadcast packets input to each of the ports of the

2

o8
o3
o
O

s

switching nub 132 (the ports 1 3223, In this case,
the contrel unit 136 performs the counting cperation using

the control register 204 of the switching hub 123,



determines whether a network terminal having the number of packets
counted in step ST5 that is greater than the threshold value TH (refer to
Fig. 11) is present. If any abnormally connected terminal is not present,
the processing immediately proceeds to step ST4, where the control unit
136 completes the loop detection processing. However, if an abnormally
connected. terminal is present, the control unit 136 performs processing
in step ST7. 0156] In step ST7, the % ontrol unit 136 displays, on the
display panel 138, a message |nd|c ng the occurrence of abnorm géjgmgaa
connection and the abnormally connected terminals and a message
promptlng a user to change the connection. Thus, the control unit 136

andthecdiEsRy paneF 138 f&h an mforﬁ%tlbﬁféhspﬁay thit Aftetthe

dmtgp%qesgéngd;% _ster ST7 is performed, the. coqtr unit 136, in step ST4, -
~ “completes t e100p detection | processmg %T Wheh Ioop detection °*

pacREAcessinghas Hlustrateddn Figs 12ﬂ%perf9rr@ed§e@ if & 10op eonnection
state is detected, that s, if a loop is formed, a message indicating that

thridormmatiorsane tigi nétwork termin&lsdhat form:the toaps £the. abAdrmally

connected terminals) are displayed on the dlsplay panel 138. Accordingly,
2D Gercair BRg gethe “631-S0BP 1988 26N AEGON aNd SaSily TGRS 1 1Y

th rmal onnection state. . . .
imme lavfi oCe %.'%o s2tep 5T4, where the control unit 136

oce

compietes the loop detection processing. However, 1f an
abnermally connected terminzal is present, the control unit
136 performs processing in step ST7.
01567

In step 877, the control unit 136 displays, on the
display panel 138, a message indicating the occurrence of

abnormal connection and the abneormally connected tTerminals

and a message prompting a user to change the connection.

Thus, the control unit 13€ and the display panel 138 form an
information display unit. After the processing in step ST7
18 performed, the control unit 136, 1in step S5T4, complates

the locp detection processing.

When loop detection processing as illustrated in Fig.

th

12 is performed and i a loop conneciion state ls detected,

}f

that 1s, 1f a loop is formed, @ message indicating that
information and the network terminals that form the loop
(the abnormally connected terminals) are displaved on the

display panel 138, Accordingly, the user can change the



[0158] For example, for the connection state of the AV system 100 shown
in Fig. 1, the network terminals 13ia, '_31b, and 13"_e may be displayed
on the control unit .36 as network terminals that form a loop connection
state, that is, abnormally connected terminals. In this case, the loop
connection state can be removed by, for example, disconnecting the
cables connected to the abnormally connected terminals. [0159] In
addition, for example, for the connection state shown in Fig. 13, the
network terminals 131a and 131b m6ay be displayed on the control unit
136 as network terminals that form a loop connection state, that is,S08F1988
abnormally connected terminals. In this case, -::he loop connection state

conggh beCferibred By oY exafiple disconretting the cailas connectedatos .

01 gj&;[abnormally connected terminals. Furthermore, for the connection

e shown in Fig. 14, -t can be considered that the network terminas

that form,a loop.conpgetian state,  that is, abnormally 8in:1¢1(;tegx\1};ergyga|§n
are not present. [0160] An example of loop detection processing

100 petformed bythe controtiinit 136 iscdescribesl next withTeference 0 Figad

15. 64 S08P1988 01611
131e may be displayved on the control unit 136 as network

terminals that form & loop connection state, that is,

abnormally connected termina

<
e

-t

i n this case, the loop
connection state can be removed by, for example,
disconnecting the cables connectad to the abnormally

connected terminals.

- -
oy
~

In addition, for example, for the connection state
shown in Fig. 13, the network terminals 13la and 131b may be

displayed on the controcl unit 136 as network terminals that
form a loop connection state, that is, abnormally connected
terminals. In this case, the loop connection state can be
removed by, for example, disconnecting the cables connected
to the abnormally connected terminals. Furthermorse, for the
connection state shown in Fig. 14, it can be considered that
the network terminals that form a loop connection state,
that 1s, abnormally connected terminals are not present.

[0160]

An example of loop detection processing
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the control unit 136 is described next with r
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First, when power is turned on, the control unit 136, in step ST11, starts
loop detection processing. In this case, the control unit 136 sets the mode
of at least the traffic manager 202a corresponding to the port 132a (Port
0) to a mode in which the traffic manager 202a preferentially outputs a
broadcast packet and in which the transmission bandwidth is limited to a
predetermined bandwidth. Note that the control unit 136 may also se the
modes of. the traffic managers 202b to 202f corresponding to the other
ports 132b to 132f (Port | to Port 5) % thie mode that is the same as the
mode of the traffic manager 202a. in addition, the control unit 136 iﬁBﬁtpsl%B
broadcast packets from the communication unit 135 to the port 132a of
[ 93 thelswitching hub 133 at a constant frequency so that the broadcast
packets flow the network.. ;01%21 Subsequegtly, ~t s;ttalp S-12, -he._ 26
contr™ Unit' 1536 cBUAE™ the’ nUMber of 5idadcast packets suppiiad from *
in Weportdsza Rort 0) of theswitehing hub, 133 1o, the, communication, yait
135 within a predetermined fime period. In this case, the ‘control unit 136
casperfarms themcouritingnoperatien gsing the «control register 204 0f the he
switching hub 133 . L01631 Subsequently, in step ST13, the control unit
trafidgcenagpgp1ogfia corresponding to the port 13Za (Port 0)

to a mode in which the traffic manager 20Za preferentially
outputs a broadcast packet and in which the Transmission
bandwidth i1s limited to a predetermined bandwidth. Wote
that the control unit 136 mayv alsc set the modes of tThe
raffic managers 202b to 2021 corresponding tc the other
ports 132k to 132f (Port 1 to Port 5) to the mods tThat is
the same as the mode of the traffic manager Z202Za. 1In
addition, the control unit 139 inputs broadcast packets Irom
the communication unit 135 te the port 132a of the switching
hub 133 at a constant frequency sc tThat the broadcast

packets flow in tThe network.

Subseguently, in step 35T1lZ, the control unit 136 counts

the number oI brcoadcast packets su

Q

from The port 132z

plie

e

byl

ort 0) ¢f the switching hubk 133 To

by
M

{ communication unit

o8}

5 within a predetermined time period. 1In this case, the

2

contrel unit 136 performs the counting operation using the

R4

control register 204 of the switching hub 133.
{01e3]

Subseguently, in step ST1Z, the control unit 136



determines whether the number of packets counted in step ST12 is
greater than the threshold value TH (refer to Fig. 11). If the number of
packets is not greater than the threshold value TH, the processing
immediately proceeds to step ST14, where the control unit 1.36
completes the loop detection processing. In this case, the mode in which
a broadcast packet is preferentially output, the mode in which the
transmission bandwidth is limited to a predetermined bandwidth, and the
mode in which a broadcast packeét, %:’lnﬁut from the communication unit
135 to the port 132a of the switching hub 133 at a constant frequer?tg/gm988
~activated in step STil as described above are deactivated. [0164]]
et HEvevR, iVIHE-RGMbEer6f Patkets istgrebtet WidrFthHeo wresHolonvaitie TN,
571 gweﬂ contgoelé){]é- 1§?determinei§ tpgtﬁn J1zil‘hbnorm‘aﬁlacgr;ne{c;[io_p state, that
“*fs, aloop connsctiot staté' Ts detectad, The control anit 138thén starts-¢ -
11) processing. faudent: yingnetwork, terminals ~n.a;.roan the loap, .
connection state. That is, if the number of packets is greater than the
thrweshaldwalue TAHtheceentrolunit 486n pefarmsiPEOcESsiNgHB Steis to
ST15. [0165] In step ST15, the control unit 136 reaches each of the
sT2Refivork tefminals (€agh oPEie Actvwork termifals IB1 a0 = 3leheTHatds)
_the control unit 136 counts the number - 66 S08P1988 o
detection processing. 1In this case, the mode in which a
broadcast packet is preferentially output, the mede in which

the transmisslon bandwidth is limited to a predetermine
J

bandwidth, and the mode in which a broadcast packet is input

from the communication unit 135 to the port 13Za of the

2

switching hub 133 at a constant freguency activated in step
ST11l as described above are deactivated
[C1l64]

However, i1f the number of packets is greater than
threshold value TH, the control unit 136 determinss that an
abnormal connection state, that is, a loop conneciion state
is detected. The control unit 136 then starts processing
tifving network terminals that form the loop
connection state. That is, 1f the number of packets is
greater than the threshold vaiue TH, the control unit 136
performs processing in step ST1S.

(01&65]

In step ST15, the control unit 136 reaches each of the

tr

network terminals {(each cf the network terminals 13la to

131le). That is, the contrel unit 13

h

counte the number o

[

-



broadcast packets input to each of the ports of the switching hub 133 (the
ports 132b to 132f) In this case, the control unit 136 performs the
counting operation using the control register 204 of the switching hub
133. 0166] Subsequently, in step ST16, the control unit 136 determines
whether a network terminal having the number of packets counted in step
ST13 that is greater than the threshold value TM (refer to Fig. 11) is
present. -f any abnormally connected terminal is not present, the
processing immediately proceeds t@%tép ST14, where the control unit
136 completes the loop detection processing. However, if an abnof?r’ﬂglﬁ/l%8
~ connected terminal is present, the control unit 136 performs processing in
DI OGEPST FRIBTT InTSED STA7S fie cshirot BRitA36 displays,éh the

s 1{i5pIay panel 138.a uessage | ndicatipe the qogyuence - abnormal
connhecton andehe abnormally connécted terminals’ and a messSage

hePrOmpRting a.user to selegtblocking of -communpication with, the-abnormally.
connected terminals. Thus, the control unit 136 and the display panel

the-138formian dnformation display uhit Thereafternm step STIB8, the
control unit 136 determines whether the user select blocking of

L 01&fmmunication. Here, if a plurality of abnormally connected terminals are
present, all of the abnormally SO8P1988 _connected terminals are .
dISSpsila%Se%ln@]t“hteJ.alspré% pSau_née? 1 ’:8E.LC ;e L,OET_EOEL UnLT [%D

determines whether & network terminal having the number of

packets counted in step ST15 that is greater than the
threshold value TH (refer to Fig. 11) is present. If any

abnormelly connected terminal 1z not present, the processing
immediately proceeds to step ST14, where the conitrol unit
136 completes the loop detection processing. However, 1f an
abnormally connected terminal 1is present, tThe control unit
136 performs processing 1in step ST17.

(0167}

In step ST17, the contrcl unit 136 displays, on the
display panel 138, a message indicating the occurrence of
abnormal connection and the abnormally connected terminals
and a message prompting a user to select blocking of
communication with the abrnormally connected terminals. Thus,
the contrel unit 136 and the display panel 138 form an
information display unit. Therealter, in 2tep IT18, the
control unit 13¢ determines whether the user select blocking
of communication. Here, 1f a plurality cf abnormaily

connected terminals are present, all cof the abnormally



Accordingly, the user can select blocking of communication for each of
the abnormally connected terminals. [0168] If the user does not select
blocking of communica-::ion, the processing immediately proceeds to
step STI4, where the control unit 136 completes the loop detection
processing. However, if the user selects blocking of communication, the
control unit 136 performs processing in step STI9. In step ST19, the
control unit 136 blocks communication of the abnormally connected
terminal for which blocking of communication has been selected. Thus,
the control unite 136 forms a communication blocking control unit. S08P1588
Thereafter, the processing proceeds to step ST14, where the control unit
congHE-Eompretes e ldop tetéetin sroésssity. J0£69): YWHery Idopnel 138.
detection processing as illustrated in Fig, 3 is performed and if a Joop .
Acc%r%él&?o%’sté ee_s Stecteq. tﬁg(tjllgﬁ}ta?olop"ig’ Ormed, & ?nmé%%%g%am“
forindicatinghat, information and the, network termingls that.form the loop
(the abnormally connected terminals) are displayed on the display panel
[01&88. Accordingly, the user can change the connection and easily remove
the abnormal connection state. In addition, in this case, a message
prompliRg the Gisertoe seleet bideking of ebRfpidaisation efte abrormally

eneSgRECEd ; 08 S0RRIINY JEMPRSIS SRR bie

control unit 136 completes the loop detection processing.

However, 1f the user selects blocking of communicatlon, the

~

control unit 136 periorms processing in step ST19. In step

ST1S, the control unit 13¢ blocks communication of the

h

&

F

abnormally connected terminal for which blocking of
communication has been selected. Thus, the control unis
forms a communication blocking control unit. Thereafter,
the processing proceeds to step $T14, where the control unit
136 completes the loop detection processing.
(8169]

When loop detection processing as illustrated in Fig.
15 135 performed and 1f a loop connection state is detected
that 218, 1if & loop is formed, & messags indicating that
information and the network terminals that form the loop

(the abnormally connected terminals) are displayed on the

t

display panel 138. Accordingly, the user can change the

connection and easily remove tThe abnormal connection statse.
In addition, in this case, a message prompting the use

(3

t

H
O

seiect blocking of communication of the abnormally connected



communication of the abnormally connected terminals for which the user

has selected blocking of communication is automatically blocked.

Accordingly, a troublesome operation in which the user disconnects the

cable from the incorrectly connected terminal can be eliminated.

Furthermore, blocking of communication that the user does not desire

can be prevented. [0170] Note that if the cable is disconnected from or

connection is changed for the ne}w%rk terminal for the network terminals

for which communication has been biocked through the loop detecgiggD

L A ; . D1 988

processing illustrated in Fig. 15, the loop connection state may disappéar-
___Insuchacase, it is desirable that the blocking of communication set
tLerfhisiigh the Boprieteéionproeessing fkistitddan Fig 115 be 34

autqma;icallry capcgllled. £%17'1 Fig._ 16 is a flowchart of a commun'g:ation
COMmMUnicaclon Ol TS néﬂgme% .ME CO}'IIDECT. Lelnlhal s O
recovery “procéss performed by the ctontrol unit 136 for a predetermined
whiAetwerk teminal for which blacking of - communication-is setFofon is

example, after communication is blocked, the control unit 136 performs
autthis conmirication recovelyprocess (d)at predeterrmineddime intenvalsi on
. (e.g., every one hour), (b) when the user selects and activates a-69
10 SpBRP1 98BS réttverypricess Hont a mién provitedtfor the' Spparafds ot - 1y

connected terminal can be eliminated. Furthermore, blocking
of communicatiorn thait the user doss not desire can be
prevented.
[0170]

Note that if the cable is disconnectes from or
connection is changed for the network terminal
network terminals for which communication has besn blocked

through tThe loop detection

o

rocessing Lllustrated in Fig. 15,

ct
;..,.J.

the loop connection state may disappear. In such a cass, 1t
is desirabls that the blocking of communication sst through

the loop detection processing illustrated in Fig. be

]
£

automatically canceled.

Fig. 16 is a flowchart of a communication recovery
process performed by the control unit 136 for a
predetermined network terminal ZIZor which blocking of

communication 1s set. For example, aiter communication is

{1
g
4y

blocked, contrecl unit 136 performs this communication

recovery process {a) at predetermined time intervals (e.g.,

every one hour), (b} when the user selects and activates a



(c) when the HDMI cable is disconnected and, subsequently, connected.
10172; Note that the control unit 136 of the television receiver 130 can
detect whether the HDMI cable is disconnected and, subsequently,
connected using a change in the voltage level of the HPD signal. For
example, when the voltage level of the HPD signal is changed from low
(1) to high (H) , can be determined than an HDM cable is connected. In
contrast, when the voltage level of the HPD signal is changed from high
(H) to low (L) , it can be determified that an HDMI cable is disconnected.
[0173; In step ST21, the control unit 136 starts the communication® Y8188
recovery process. In th;_s case, the control. unit 136 sets the modes of
reCEeR EffiR IRaREGers ZORbA0oT 0P EoiFespdREingtd the porsrEs2btes, or
" 1w32£Ingﬁs 1 modes in which a broadcast packet is preferentially

to
e olitput. Tn %‘xdéﬁfﬁ fha controt ufit 138 RETs FohoAdcaSt Rk FromY «
conthe-emmunication unit 135 to the port 132a of the switching hub 133 at a
constant frequency. [0174) Subsequently, in step 5122, the control unit
101136 cancels blocking of communication for a network terminal n 70
S08P1988 for which communication has been blocked. Thereafter, in

Note that the control unit 136 of the television
receiver 130 can detect whether the HDMI cable is
disconnectad and, subseguentl

the voltage level of the HPD signal. For example, when the

voltage level of the HPD signal is changed from low (1) to

high (H), it can be determined that an HDMI cable is
connected. In contrast, when the voliage level of the HPD
signa. is changed Zrom high (H) te low (L), it can be
determined that an HDMI cable is disconnectad.
[0273}

Inm step STZ1, the control unit 136 starts the
communiication recovery process. In this case, the control
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Tfilc managers 202b to 202%
corresponding to the ports 132k to 132f (Ports 1 to 5}
modes in which a broadcast packet is preferentially output.
In addition, the control unit 136 inputs a broadcast packet
from the communication unit 135 to the port 132a of the
switching hub 133 at a constant freguency.
(01741

Subsequently, in step ST22, the control unit 136

cancels blocking of communication for a network terminal r



step ST23, the control unit 136 reaches the network terminal n. That is,

the control unit 136 counts the number of broadcast packets input to the
port of the switching hub 133 connected to the network terminal n. in this
case, the control unit 136 pe-forms the counting operation: using the

control register 204 of the switching hub 1_33. 0175] Subsequently, in

step ST24, the control unit 136 determines whether the number of

packets counted in step ST23 is greater than the threshold value TH

{refer to Fig. 10) If the number of packets is not greater than the 08E1988
threshold value TH, the control unit 136, in step ST2S, determines%hat“ -
the network terminal n is not a terminal that forms a loop connection

20T spite CReCorimgl; e “CBhtfot anit 136 MamEHiRs commERTatoR b the"
scefetyork tarminaln, ihats, fhe conyel unit 138 maipiaing. cancelyionf, .,

locking of communication of the network términal. Thereatfter, t
n. Preeessing proceeds-te step 8426. 01Z6EHawever ihe number of £
packets is greater than thhe threshold value TH, the control unit 136, in
brostbpa8T272 determinessthat the network termidalthis stillia terairal htbat 133
forms a loop connection state. Accordingly, the control unit 136 blocks
CONBEMnThiCatiorn6f the HEtWErK- PFS08P1988 tefminal A agafit: =he
conIQgfqggﬁghE§%0%g¥%¥%8gx¥§gsg%untimg operation using the

rol register 204 of the switching hub 133.

or

con
(01757

Subseguently, in step STZ4, the control unit 136
determines whether the number of packets counted in step
ST23 is greater than the thresheld value TH {refer to Fig.
107, If the number of packets is not greater than the
tnresheld vaiue TH, the contrel unit 136, in sten STZL,
determines that the network terminal n 1s not & terminal
that forms a loop connection state. Accordingly, the
control unit 136 maintains communication of the network
Terminal n, that is, tThe control unit 136 maintains

cancellation of bklocking of communication of the network

i017¢6]

However, the number of packets iz greater than the
threshoid vailue TH, the control unit 136, in step 8727
determines that the network terminal n is still a2 terminal

that forms a2 loop connecticn state. Accordingly, the

controel unit 136 blocks communication of fthe network



step ST26. [0177] In step ST26, the control unit 1.36 determines whether
another network terminal for which communication has been blocked is
present. if another network terminal for which communication has been
blocked is present, the processing returns to step 3122, where the control
unit 136 starts processing for the next network terminal. However, if
another network terminal is not present, the processing returns to step
ST27, where the control unit 136 completes the communication recovery
process. As described above, the Mad& in which a broadcast packet is
preferentially output from each of the corps 132b to 132:. o_ the svﬁ?(fcfﬁrjrg%g
hub 133 and the mode in which a broadcast packet is inpu-_ from the
tergomPnunicatichlinit 5% (S tHet56it 1824 of #iecswitdtiifig htbc288at Ao
ot ecogsgtget frequency activated in step ST21 as described above are
““Hedctivated. [0178] When the communication recovery process illustrated
101 Fig. 16 is performed and if a network terminal for which
communication is blocked when power is turned on does not form a loop
coinecticpstate due to tatereable diseannection o conneetion ehange: -
the network terminal can be automatically returned to a communication
anoéﬁgmeqﬁ§@@;k7gqywﬁq@%gfqgjgyich communication has been

blocked is present. If another network terminal for which

communication has been blocked 1s present, the processing

ks
®
ct
-

irns te step STZ22, where the control unit 136 starts
processing for the next nstwork terminal. However, 1%
another network terminal 1s not present, the processing
returns to step STZ7, where the control unit 13¢ completes

The communication recovery process. Az described above, the

from each of the ports 132b to 132f of the switching hu

ey

and the mede in which a broadcast packet is input from the
communication unit 135 to the port 132a of the switching hub

133 at a constant Ireguency actiivated in step ST21 as

described above are deactivated.

When the communication recovery process illust

A

ated in

h

Fig. 16 is performed and 1f a network terminal for which

¥

communication is blocked when powsr is turned on doess not
form a lcoop connection state due to later cable
disconnecticn or connection changes, *ths network terminal can

be automatically returned to a communication enable mods.



Note that, in the communication recovery process illustrated in Fig. 16,
blocking of communication is canceled for each of the network terminals
one by one, and is determined whether a terminal that forms a loop
connection state is present. However, blocking of communication for all of
the network terminals for which communication has been blocked may be
canceled, and whether each of the terminals is a terminal that forms a
loop connection state may be determlned in a manner similar to the Ioop
detection processing illustrated above 15. [0180":. As described above
the television receiver 130 of the AV system 100 shown in Fig. 1, thd® LP_T 988
number of broadcast packets reaching the network terminals 13la to I3le

(0Iwithin a predetermined time period is counted, and each of the count
values is compared with threshold value. In this Wayﬁ terminal that forms

IS

a 98P TohREction Etatd: thaf & 4" abhofRalfy conhected terminal is
:119glected, Accordingly, ap abnarmally conpecte ferminal gap, be easily

etected with a sir plified configuration. [0181] In addition, in the
cantelevsionseceiver13@ of the AV« system:-106-shown inkig. Aywhea a and

loop connection state occurs, that is, when a loop is formed, a message
it indickting =73 SO8P 1088 that irformiaticr afid: athetwoiiEtetmirraithat

form the loop , 4 _ o ;
connection state 1s present. However, DLOCKLRQ (O

communication for all of the network terminals for which
communication has been blocked may be canceled, and whether

gach of the terminals is a terminal that forms a loop

connection state may be determined in a manner similar to
the loop detectioen processing illustrated above in Fig. 15
161807

As described above, in the television recelver 130 of

the AV gystem 100 shown in Fig. 1, the number of broadcast

packets reaching the network terminals 13la to 13le within a

|

predeterminecd tTime period is counted, and sach of the count
values i1s compared with tThreshold value. In this way, &
Terminal that forms a lcop connection state, that i1s, an
abnormally connected terminal is detected. Accoerdingly, an

abnormally connected terminal can be easlly detected with a

simplified configuration.

In addition, in the television receiver 130 of ths AV
system 10C shown in Fig. 1, when a loop connection state

occurs, that is, when a loop is formed, 2z message indicating



connection state are displayed on the display panel 138. Accordingly, a
user can change the connection and easily remove the abnormal
connection state. [0182" Furthermore, in the television receiver 130 of the
AV system 100 shown in Fig. 1, when a loop connection state occurs,
that is, when a loop is formed, a message prompting a user to select
blocking of communication of the abnormally connected terminal is
displayed on the display panel 138, and communication through the
abnormally connected terminal for which the user selects blocking of
communication is automatically blocked. Accordingly, a troublesomé’ B&er” ©°
operation, such as disconnecting a cable from the abnormally connected
“hatermiiRAITEaR beleliMifated) it dadiion & Blocking G commuiication thaor
conthﬁeﬂgserﬁdoe§ not desire can peé}?:r%)/ented. G, 83i Still furtherlrn%\r/%in
the tetévision TeCeiver130 5F the AV System 100 Ko i Big° 1, when
accthesconiral unit 136, performs:loop, detegtion. processing, t@%&ﬂ%@%ﬁ%put
unit 235 corresponding to the port 132a (Port 0) of the switching hub 133
rementers asmate in-which-a hreadcast packetds. preferentially output.
Accordingly, the sensitivity of detection of a loop connection state (loop
{C1Heétection) can be - 74 S08P1988 increased.

Furthermore, 1In the television receiver 130 of the AV
system 100 shown in Fig. 1, when a loop connection state
occurs, that is, when a loop is formed, a message prompting
a user to select blocking of communication of the abnormally
connected terminal 1s displaved on the display panel 138,
and communication through the abnormelly connected terminal
for which the user selects plocking of communication is

automatically blocked. Accordingly, a troublesome user
operaticn, such as disconnecting a cable from the abnormally
connected terminal, can be eliminated. In additicn,
blocking of communrication that the user does not desire can
be prevented.

r0183]

ot

©ill furthermore, in the television receliver 130 of
the AV system 100 shown in Fig. 1, when the control unit 136
performs loop detection processing, the packet output unit
235 corresponding to the port 13Za {(Port 0) of the switching
hub 133 enters a mode in which & broadcast packet is
.

preferentially output. Accordingly, the sensitivity of

detection c¢f & loop connection state (loop detection) can be



X0184]] Yet still furthermore, in the television receiver 130 of the AV
system 100 shown in Fig. 1, when the control unit 136 performs loop
detection processing, the bandwidth limiting unit 236 corresponding to the
port 132a (Port 0) of the switching hub 133 enters a mode in which a
transmission bandwidth is limited to a predetermined bandwidth.
Accordingly, the number of broadcast packets transmitted to the
communication unit. 135 is limited. Consequently, the loop detection
processing is not affected by the ovéflodd of the control unit (the CPU
136. [0185] Yet still furthermore, in the television receiver 130 of the’ A2 88
system 100 shown in Fig. 1, when the control unit 136 performs loop
1ncgeteetion processing, the packet output unit 235 of each of the ports of
.. the switching hub _33 enters a mode in which a broadcast packer is
i~O:Lﬁrﬁefferentially output. Accordingly, -t a loop connection state occurs, a
broadoast pasketefarenialy Jous Inflie loop. Jherelre.dhe seDaliyy
of loon detection and the sensitivity of detecfion of a network terminal that
of formsntheslpepspnnectien siate canbedncreased-:0186] Whilethe unic
foregoing embodiment has been described with 75 50831988 reference
2 3 otactheloopidletactiongrbesssing: performed by the the bandwidth

limiting unit 236 corresponding to tThe port 13Za (Port 0 of
the switching hub 133 enters 2 mode 1in which a transmission
bandwidth i1s limited tc a2 predetermined bandwidth.

Accordingly, the number of broadcast packets transmitted to

The communication unit 135 1s limited. Conseguently, the

rocessing 1s not aifected by the overload of

icop detecticon p
the contreol unit {(ths CPU) 136.
[0185]

TR

Yet still furthermore, in the television receiver 130

of the AV gsvstem 100 szhown in Fig. 1, when The confrol unit

enters a mode 1n which a brcadcast packe:
output. Accordingly, if a locp connsctlon state occurs
breadcast packst prefsrentially flows in the loop.
Therefore, the sensitivityv of loop detection and the
sensitivity of detection of & network terminal that forms
the loop connection state can be increased.

1018¢]

While the foregeoing embodiment has been described with



control unit 136 of the television receiver 130 when power is turned on
(refer to Figs. 12 and 15), the loop detection processing may be
performed at another time point. For example, the loop detection
processing may be performed in response to a user instruction of loop
detection processing. Alternatively, for example, when an HDMI cable is
disconnected and, subsequently, connected, the loop detection
processing may be performed. Still alternatively, the loop detection
processing may be performed atgvéfy moment. In this case, the control
unit 136 oerforms the loop detection processing at a constant frequehcy ! 258
~ even after power is Burned on. [0187] in addi 'pion, while the foregoing
relgiiotkment Ras beerrdeseribet With Peferenceitodoop détettion by the
processing performed by the television receiver 130 serving as a sinK

o8 §&dice heloop %e?&ti%%%r&@éfsﬁﬁ& My BEpEfdRted BY theetitey =

15 20XA0, the perzenal qampulgl 109,00 e BE) recorder 180 senvingas g,
source device. Alternatively, the ‘ampier 170 Serving as a repeater device

profeysperforn lpope detection-pracessing-a similar-mannes: Note that, in
such a case, a display signal may be sent to the television receiver 130
exanpifat & hfessage inthicating] for example s abpormal conneetidnisied in
displayed on the display panel 138 of - 76 _S08P1988 the television
respefferia@ wser inhstruction of loop detectlion processing.

Elternatively, for example, when an HDMI cabls is
disconnected and, subseguently, connected, the loop
detection processing may be performed. Still alternativel
the loop detection processing may be performed at every
moment. In this case, the control unit 136 performs the

loop detection processing at a constant freguency even after

power 1s turned on.

In addition, while the forsgoing embodiment has been

described with reference to loop detection processing

performed by the television receiver 130 serving as a sink

device, the loop detection processing may be performed by

recerder 180 serving as a source device. BAlternatively, the

detection processing in & similar manner. Note zThat, in
such a case, a display signal may be sent toc the television
receiver 130 sc that a message indicating, for sexample,

ebnormal connection 1s displayed on the display panel 138 of



[0188-1 Furthermore, while the foregoing embodiment has been
described with reference to the case in which the apparatuses are
connected to one another using an Ethernet cable and an HDMI cable,
the transmission paths that connect the apparatuses with one another is
not limited to wired paths. The transmission paths may be wireless
transmission paths. industrial Applicability [0189; According to the
present invention, a terminal that forms a loop connection state can be
easily detected with a simplified coifiguration. The present invention is
applicable to an AV system in which a plurality of AV apparatuses afEF198¢
connected with one another using a network. SO8P1988 CLAIMS . An
theelectreniccapparatusschazacterized by comprising: a plurality of terminals
to which transmission paths that transmit data packets are connected; a
wl‘é\ﬁ/ﬁtching hub to which the plurality of terminals are connected; a
communigation Lnit for transmitting and receiving the, data pagkets via the
switching b a paéT(eT countrllng GRt for couhtlng?he Rumber o
de sBrOadcastpackets reaching . the-cluralit ¥ of termingls within 1.
predetermined time period; and _
apparatuses are connected to one another using an Ethernet

cable and an HDMI cable, the transmission paths tThat conned
the apparatuses with one another 1s not limited to wired
paths. The transmission paths may be wireless transmission
paths.
Industrial Applicakility
(01893

hocording to the present invention, a tTerminal that
forms z loop connection state can be easily detected with a
simplified configuration. The present invention 1s
applicable to an AV system in which a plurality of AV

apparatuses are connected with one another using & network.

=



a loop detection unit for determining the terminal tha-_ forms a loop
connection state by comparing a count value for each of the plurality of
terminals counted by the packet counting unit with a threshold value. 2.
The electronic apparatus according to Claim i, characterized in that, when
the number of broadcast packets transmitted from the switching hub to
the communication unit within the predetermined time period exceeds the
threshold value, the packet countingynit counts the number of broadcast
packets reaching the plurality of terminals within the predetermined time
period. - 78 so 8Pi988 3. The electronic apparatus according to Clan§ 21288
characterized by further comprising: an information display unit for
displaying a message indicating theé*é&currence of abnormal connection
and the terminal that forms the loop connection state on the basis of the
determination result of. the loop detection unit. 4. The electronic apparatus
: acogrding Jo Claim 3. ghacaclerized.in dhatthe nformation display, unih ;.
further displays a message prompting a connection charge. 5. The
electrobicrapparatustaceording4o £laim l;neharaetesized by furtherachs
comprising: a communication blocking control unit for blocking
thagomirinieationdgarforareekthrsugh thetermipat thét forms the loop

connection %tate. o e )
a switching hub to which the plural

ty of terminals ars

f.L

connected;

a communication unit for transmitting and receiving the
data packets via the switching hub;

a packet counting unit for counting the number of
broadcast packets reaching the plurality of
a predetermined tims periocd; and

a loop detection unit for determining the terminal thaz

rorms

j

loop connection state by comparing & count value for

each of the plurality of terminals counted by the packet

counting unit with & thresheld valiue.

2. The electronic apparatus according to Claim 1,
characterized in that, when the number of broadcast packets
transmitted from the switching hub to the communication unit
within the predetermined time period exceeds the threshold
value, the packet counting unit counts the number of

broadcast packets reaching the plurality of ferminals within

E 3 o e : I
Lhe pregetermined TimS

]

eriod.



6. The electronic apparatus according to Claim 5, characterized in that,
when the packet counting unit counts the number of the broadcast
packets transmitted within the predetermined time period, the
communication blocking control unit cancels blocking of communication
previously activated. 7. The electronic apparatus according to Claim 5, -
79 S08pl_988 characterized by further comprising: a user selection unit
for allowing a user select whether communication through the terminal
that forms the loop transmission patt¥isblocked; wherein the
communication blockino control: unit blocks the communication.thré@at¥ L1288
the terminal- that forms the loon connection state when the user selects
3 bloGKirg of the: communication. 81 T hecelectronic appafatasacdording to
_ Claim 1, characterized in that, when the Racket counting unit counts the
chap@mbBF of Broducastpackets fraRsmitedr\within the predetermined time
oerlod, the communication un_t transmits the broadband &acke&1 to the
transmission paths to which the pltirality ot terminals are connected via -
1 nctheswitghing, bub Q.. The. glestroric.apparatus accarding t0,Claim2. v e
characterized in that the switching hub preferentially transmits, to the
t e roommunicadionfunityat teast theobroadeastc packetamang datapackets:tos

be transmuted to the
of the determination result of

the loop detection unit.
4. The electronic apparatus according to Claim 3,
characterized in that the information display unit further

cdisplays a message prompting a connection change.

o ja

5. The electronic apparatus according to Claim I,
characterized by further comprising:
a communication blocking contrel unit for blocking
communicaticn perfcermed through the terminal that forms the

loop connectlion state.

6. The electronic apparatus acceording to Claim 5,
characterized in that, when the packet counting uniit counts
the number of the brcadcast packets Transmitied within tThe
predeterminec time period, the communication blocking
control unit cancels plocking of communication previously

activated,

~t

The electronic apparatus according To Claim 5,



communication unit. i0. The electronic apparatus according to Claim 1,
characterized in that the switching hub limits a transmission bandwidth for
the communication unit to a - 80 SO8P1988 predetermined bandwidth.
11. The electronic apparatus according to Claim 1, characterized in that
at least some of the transmission paths connected to the plurality of
terminals are bidirectional transmission paths formed from predetermined
lines of an HDMI cable. 12. The electronic apparatus according to Claim
11, characterized in that the predet@?mi‘ﬁed lines are a reserve line and
HPD line. 13. A loop detection method for use in an electronic app§r%¥u%1988
including a plurality terminals to which transmission paths that transmit
chaga packets! ake/ conigcied, & switehing hab to which the plurality of
terminals are_connected, and a communication unit for transmitting and
reCeiVing thé Tats patkets Via-theSwitchir Hals, chafaéterized By~
wneCTPTISING:2-PACkeL coUNting step of gaunting.he nuraber.of: Broadcagt
packets reaching the plurality of terminals within a predetermined time
1 ooperied;rang a ioopdetection step: of-determining the terminal that forms a
loop connection state by comparing a count value for
wherein the communication blocking control unit blocks

The communicaticon through the Termi

o
=]
a1l
ot

That forms the loop
connection state when the user selects blocking of the

communication.

characterized in that, when the packst counting unit counts
the numbser o brcadcast packets transmittsd within the

predetermined tims period, the communication unit “ransmits
the broadband packet to the Transmission paths to which the

ol i

plurality of terminals are connecited via the switching hub.

Y. The electronic apparatus according
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e}
{
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characterized in that the switching hub preferentially

g R~ R L

Lransmits, o the communication unit, at least the broadcasz
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lectronic apparatus according to Claim 1,

characterized in that the switching hub limits =z

transmission bandwidith for the communication unit to a



each of the plurality of terminals counted in the packet - 81 S0881988
counting step with a threshold value.

- B0 -
S08pP1988

predetermined bandwidth.

11. The electronic apparatus according to Claim 1,
characterized in that at least some of the transmission
paths connected to the piurality of terminals ars

bidirectional transmission paths formsed from predetermined

lines of an HDMI cable.

M

12. The electronlic apparatus according to Claim

characterized in that the predetermined lines are & reserve

13, A loop detection methoo for use in an electronic

a switching hub to which the plurality of ferminals are

connected, and a communicatlon unit for transmitting and

-~
ity

receiving the data packets via the switching hulb,
characterized by comprising:

a packet counting step of counting the number of
broadcast packets reaching the plurality of terminals within

a predetermined tTime period; and

a loop detection step of determining the terminal that
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Lon state by comparing a count vaiue for

each of the plurality of terminals counted in the packet
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counting step with & threshold value.



