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METHOD FOR DETECTI NG LOOP | N ELECTRONI C APPARATUS
Technical Field [0001] The present invention rel ates
to an electronic apparatus and a nethod for detecting
a loop in an electronic apparatus. Mre particularly,
the present invention relates to an electronic

appar atus capabl e of easily detecting an abnormally
connected termnal with a sinplified configuration by
“counting the number of broadcast packets reaching a_.
plurality of termnals to which transm ssion |in§g891988
that transmt data packets are connected withri a
predeterm ned tinme perprstzasdiosnparing each count
nunber with a threshold value so as to determ ne the
t erboTRbS ThanP PORADED A0 NEFHOBNFOR haETEST INGh&-00F N
abnornmal | y connect ed

ELECTRONIC APPARATUS

Technical Field
[00015

The present invention relates Lo an eiectronic
apparatus and a method for detecting a loop in an electronic
apparatus. More particularly, the present inwvention relates
to an electronic apparatus capable ¢of easily detecting an

witch a simplified

-+

d

abnormally connected terminaz
configuration by counting the number of broadcast packets

reaching a plurality of terminals o winich transmission

W

lines that transmit data packets are connacted within a
predetermined time period aﬁd comparing each count number
with 2 threshold wvalue so as Lo deﬁermine the terminals
having lcop connection, that is, the abnormally connected
terminals.

Background Art

[ooc2]

In recent years, HDMI (High Definition Multimedia
Interface) has been in widespread use as a communication
interface that transmits & digital video signal, that is, an
uncompressed (baseband) video signal (hereinafter referred

.to as "image data”) and a digital audic signail (herelna;tez



term nal s. Background Art [0002] In recent
years, HDMI (High Definition Miultinmedia Interface)
has been in wi despread use as a comruni cation
interface that transmits a digital vioeo signal, that
i's, an unconpreSsed (baseband) video signa
(hereinafter referred .to as "imge data") and a
digital audio signal (hereinafter - 2 -- .SO0BP1988
referred to as "audio data") associated with the
video signal from for exampl-e, a DVD (D gital
Versatile Disc) recorder, a set-top box, or anotlsggr1288
AV source (Audio Visual source) to a tel evision
~Jeseiver, a projagt oL . ,0F ere i splay cak high,
;jggééag ora%xéﬁ%‘%,%5§?eht§%%%%ﬁ%ﬁ%i%Hdgsgﬁibegg?he
sid spegi fpatd.onia detgyb. (D901 versakhie Disc)
addition, in recent years, in addition to wi dely used
rdReyraanal o compulal ioxgven geoerat Tonsumer grodict$isual
have been frequently connected to the Internet. For
sdereestsi al cdigiislorbreadcasti ngy pret ES di-gbrapnother
broadcasting, Ethernet is defined as neans for
dipdevd i hgh EPG $rdt-maFPonexamp fendiddientt BPevidion
sets and apparatuses that support digital
d%ﬁﬁﬁ%@@ﬁs??%gﬁ$ﬁﬁM§E?QQﬁ;E§L&SEné%t8?1 nt ed t her eon.

[00032

In addition, in recent years, in addition to widely
vsed personal computers, even general consumer products have
bean frequently connected to the Internet. For terrescziai
digital broadcastimg and BS digital brcecadcasting, Ethernst
is defined as means for providing EPG information. In
general, television sets and apparatuses That support
digital broadcasting have 2 RJ-45 connector mounted thereon.
(00041

Furthermore, as video recording mearns, 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, 1is plémed T
be provided. Therefore, in the near feature, apparatuses

—

each having a plurality of Ethernet connectors may be
commercially available. In such a case, 1o0p connection may
occur depending on how the terminals are connected.

[0005]

For example, Patent Document 2 describes loop



[ 0004] Furt hernore, as video recordi ng neans,
vi deo recordi ng apparatuses that record video
received via Ethernet are provided. Stil
furthernore, in the near feature, video distribution
via the -Internet, such as IP-TV is planed to be
provi ded. Therefore, in the near feature, apparatuses
each having a plurality of Bthernet connectors may be
commercially available. in such a case, |oop
mno@dnredngn ey detcerctdepgenddays orchiacw ¢hrenter megalised MAC
are connected. [0005] For exanple, Patent Docunent 2
trgeser PHEL"Bobdpe §aﬁﬁnFF§rﬂﬁﬁaﬁﬁdCB%FECFPﬁ@e%%%hsV%¥Eﬁ and
.S _regeiye hayi ng -t E
I ek o Tater VTl A a oy BT Aegs, AR, o, ot ke
ofl Sddbiddoopandenids they nugbereokaheceickedaMME within a
frames having the same FCS value within-a
rrpdedetrmintdedtinee periol ilss a Ppr ededetmirneged threshold
t.hreshol d val ue or greater. Patent Docunent 1:
vapifl PEaPTBATRb: W2002/ 078336 Patent Docunent 2:

Pa%@B@”%%gquﬁéam ; 1Piaéaerf‘itorfm&l.i GRlio9n /Bybkigati on
- No. 2 -13737 Disclosure of Invention o
Patent - Document 2: Japanese Unexamined Patent Application
Publication No. 2006m13737 |
‘Disclosure of Invention
Problems to be Solved by the Invention
[0008&]

As described above, in technology in which the number
of MAC frames having the same FCS value received during a
certain time period is used, information in FCS fields of
the MAC frames needs to be written to a search engine unit
and, therefofe, large memory capagity' is required; - In
addition, a proccess determining whether the same FCS wvalue
is used 1s required. Accordingly, the configuration is
complicated, and the processing load imposed on a CPU is
significantly increased.
[0007]

Embodiments of the present invention easily aetermine

terminals that are in a loop c<onnection state (abnormally

connected terminals) using a simplified



Problens to be Sol ved by the Invention [0006] As
descri bed above, in technology in which the nunber of
MAC franes having the sanme FCS val ue received during
a certain tine period is used, information in FCS
fields of the MAC franmes needs to be witten to a
search engine unit and, therefore, |arge nenory
capacity is required. In addition, a process
determ ni ng whet her the sanme FCS value is used is
carefjifjured.iofAccordi ngly, the configuration is :
conplicated, and the processing |oad inposed on a CPU
Masssifgmi fSiodantby thacPealskens [ 0007] Enbodi nent's
of the present invention easily determne term nals
[@HH] are in a | oop connection state (abnormally
connected termnals) using a sinplified - 4

conflifgur at ot MERffSS foF Sot vimg-t hedPr ot DoRBYvided

an electronic apparatus characterized by comprising:_ a
plurality of - terminals to which transmission paths that
transmit déta packets are connected; a switching hub to
which _the plurality of terminals are connected; a
communication unit for transmittiﬁg and receiving the data
packets via the switching hubk; a packet counting unit for
counting the number of broadcast packets reaching the
pluraiity of terminals Qithin a predétermined time pericd;
and a loop detection unit for determining the terminal that
forms a loop connection state by comparing a count value
for each of the plurality of terminals éounted  by the
packet counting unit with a threshold value; wherein the
paCket counting unit counts the number of broadcast packets
transmitted from the switching hub to ﬁhe communication
unit within the predetermined fime period and counts the
number of broadcast packets reaching the plurality of
terminals within the predetermined time pericd, wherein the
switching hub, in a loop detection mode, changes from a
sequential transmission of Dbroadcast and non-broadcast
packets to a preferential transmission of broadcast packets
over non-broadcast packets.

[0C08a]



In a first aspect of the invention, there is provided
an el ectronic apparatus characterized by conpri sing:
a plurality of terminals to which transm ssion paths
that transmt data packets are connected; a switching
hub to which the plurality of termnals are
connected; a communication unit for transmtting and
receiving the data packets yja the switching hub; a
packet counting unit for counting the nunber of
br oadcast;packetspeeachizngnthe npbHeabh| yrErs €1 81 pabsided
wWthin a predeternmned tine period; and a | oop
a deigctdaiediiich forcidet efdd nisy theateemeoatotibat apparatus
forms a | oop connection state by conparing a count
incdhidénfjora eathroeflithe g utatmiyaod ter mimialls toansedssion
by the packet counting unit with a threshold val ue;
pasfier gibatt heapavkét dedantiagetini ereoantsethed nuaberibghing
broadcast packets transmtted fromthe sw tching hub '
hupp tchetdeimidic b o binit of t Fe el Hradet ermiferd, and

time period and counts the nunmber of br.oadcast
= pSEREES FRHCH] NG thie PP ATy IO (e Hat s \ERFAnS The

th d th h .
soffe WRSGHETTLOSE Lo Bk aheroln e oulichisey sy

.co‘?hg)ggﬂg gdcastﬁ@%tssé%@af_n%rg?gﬁaﬁk %ntln the number

packets to a erenti al transm ssi on
ofofp R Qadcast spagkets Qv h:ReN- @;ﬁ@%@@%bl@%@iﬁ terminals
[0008a] 4a In a second aspect of the '
wiltRY@Nntd opredides enite@Pr ovhdep e ilcapp ded eat ilvped&odction
for use in an el ectronic apparatus including a
stpbur alfi t yleofe rivéniingal S htco W rohi tarlangiiiadsi diomqet hsa loop
that transmt data packets are connected, a switchin
conpbctoomhethte heypbarahiiyyod cewnf nakbuqrieor each of the
connected, and a comruni cation unit for transmtting
planalittePdi rgrEneadst EPaREREL S Vi'td T RAF cq;wgt% step

characteri zed conpris a packet count
1§ CoutTFRGOPR RO ofPEFBADEaSt pick oFS bke iRy "I

h i
el B AL DAL s R, RS

sw&k?sh&ﬁgm Rak, that feflgs %olm&%legeesml QR 53t atﬁ&ﬁn the

conparirng a count value for each of the plurality of
prb8ERL At segounted Wﬁ@ﬂ@@ Rackebusosd} i RGASt e Wnlihbdr of .
t hreshol d val ue; erein, in the packet counting
brsk@past hepaurbes otcbepadgasthpacketsaltapsnbtt ederminals
fromthe switching hub to the communi cation unit
winhfhi hhthprpdedeteinedetdine mpepeod ods i scenurd edyhanedin in
the nunber of broadcast packets reaching the
thpl doaki tdetofctionm fets wHehi AWL hehpredetbr whaedesi rgon a
period is counted, wherein in the | oop detection
segpeptizhe SHRBER PG Pub eﬁanaégaﬁ%fﬁa %%aueﬁ?valProadcast
transm ssion of broadcast and non: broadcast
Papgels pFef &r BRET &F SPFaASni-SE ol 5F 1 BY 0 cgg?ag %%t%aCkEts
ovg¥e£OnQQ grgadcast g@qyets [ 0009] According to
of the present i nvention, the swtching
[ QE |s dlsposed bet ween t he conmuni cati on
unit and the plurality of termnals. The

COMUPbEMAPN s an embodiment of the present invention,

the switching hub is disposed between the communication



unit transmts a data packet to the transm ssion
paths via the switching hub.In addition, the
~.communi cation unit receives a data packet fromthe
transm ssi on paths. For exanple, sonme of the
transm ssion paths nmay be bidirectional transm ssion
paths fornmed from predetermned lines (e.g., a
reserve line and an - S - ,S08P1988 HPD |ine) of an
HDM cabl e. The packet counting unit counts the
uluTbghg ofe ar ogdeast i Packet stdeachiing t hernpl usahmtyi©ftion
- teimnals within a predetermned tine period. For
urgxanptagsrtiftiss avebsa areritetl stperior eh whieys isowara s via
turned on, is perforned q%% redeterm ned interval.s, .
thes petForhed WHEn a dder?d g%%ﬂhecFEéaﬁxﬁﬁHPlEQEPSD' untt

i-ead'éaLVG%Uba?eSg@Qt &ck%@n% ‘Eklﬂ? %szﬁ?@éﬁ)no atBs
performed in response to a user instruction. 10010]
exdz@iblexanpkenet heopackie countdnignivaiibnper patns theay  be
counting operation when, for exanple, the nunber of
bisrigadédsnapadkensripgaash tedd st righmase SUn chi age mepnined
l,to tge‘connunication Uni t W%%hin a predetermned tine
PRI 0§ -dxceBd5S 2Ty esHET FAIMe. In this case, the
packet counting unit needs not count the nunber of
br oadcast packets reaching the plurality of termnals
within a predeterfrmmed tine period within a
predetermned tine period fromthe eginning..
Accordingly, the processing |oad can be reduced.

For



[ 0011] As noted above, by counting the nunber
of broadcast packets reaching the plurality of
term nals to which transmi ssion paths that transmts
dat a packets are connected within a predetern ned
time period and conparing each of the count val ues
with a threshold value so as to detect the 6
termnal that forns a | oop connection state, that is,
the abnormally connected term nal, the abnormally
connected termnal can be e€asily detected with a
sinplified structure. [0012] According to angr1sgs
enbodi ment of the present invention, for exanple, the
HPB'@£$é‘”8é3a%pﬁﬁ&ﬁtH§b§QU iy d %EK%EC£E§E%585 unit counts
- |nforn£t|on di splay unit for displaying a nessage
theNFhGad 4 NG 1he-0caUrr £R6R-OF ahnarmml teenpeetinn and .
the terminal that forns the | oop connection state on
ret-henbasis ofint he pdetiersimat On: fres yetriofl. t e egpmple,
detection unit. In this case, a user can identify the
thabrnosamldgnenonnec ped Zveread nakbeoroatr tler pithadd tdmat 1s
forms a | oop connection state and di sconnect the
peabporedldly eeAaEcEadnEer R hal Vs Koc ordiPRGE G TRt h et bo s
- _connection state can be easily avoided. [0013] .
USER AdRFIUIE T Saélo i g SR8 an®Enbotl &8 ~{ hetonnects
present invention, for_exanple, { I.nf.o i on. ..
th8i§§£HY‘ Y 85n*€u?€ﬁ5?“%gpf%y‘gsﬁEEEaégaérgﬁ%iing
in%tggpggggjpn change. In this case, the information
i'splay unit can pronpt the user to di sconnect the
(o@Rpor mal Iy connected ternminal so that the |oop
connection state can be avoi ded. [0014]
For example, the packet counting unit performs the

counting operation when, for example, the number of
broadcast packets transmitted from the swii;hing huk to the
communication Unit ﬁithin & predetermined time period
exceeds a threshold value. In this case, the packet

counting unit needs not count the number of broadcast

§2

ket

y
4]
Q
n

reaching the plurality of ferminals within &

period within a predetermined time

+r

m

je)
U]
o]
-
Q
(o

I

[
(]

rmined ©

. .
8T

0]

el

cad can be

{--t

from the beginning. Accordingly, the processing
reduced.
roc1l

Ls noted above, by counting the number of broadcast
packets reaching The plurality of terminals to which
transmission paths that transmits data packets are connected
within a predetermined time period and comparing each of the

count values with a threshold wvalus s¢ as To detect the



Furt hernore, according to an enbodi nent of the

present invention, for exanple, the electronic

apparatus can further include a conmunication

bl ocki ng control unit for blocking 7 conmunication

performed through the termnal that fornms the | oop

connection state. In this case, for exanple, a

troubl esome operation in which the user disconnects

the cable fromthe incorrectly connected term nal can
tdagielimaaiedioff915] 1cop cobhield:ibur tdierrpr eshat is, the

according to an enbodi nent of the present invention,
alfngrrmaxapl @onmh@heﬂhet@mml ,coufrhei ngoamirnaddiint soppected

nunber of the proadcast g # gnsn1 ed within lified
e "Fredet®t ni AEd t53HE Peri BU-SThe™ ¢ |Cé?|oﬁlmp e
s eeki-ng control unit can cancel blocklng of

comuni cation previously activated. By canceling
[oi1agki ng of - communi cati on previously activated in

this way, a connection state different fromthe
pr edic6GEdéBandct | Ih §fﬂ5t3@lla9b*éaro§ mt@r%%%% lnventlonr

di sconnecti o nnectlon chan Acco
Otrhe ziaé'z}%eﬁal &f’%r e\l\ﬁic %Mﬁp rat%s .can % tnnqeé/ 11’1clude

cation is, preV| ou

| arbl ackeddeesnnotyjcpnrent Litor ma |@Q@p@§99ﬁ§t|gn,message
comruni cation through the term nal can be

indiramithigcatiley pesunednon tdie bagdsnof ChendetEQM|@md the
result of the |loop detection unit. [0016]

teéff“illﬂlalf (i Efre rife e, t&@c&r‘tﬁﬁw&?@%%o’%ﬁ%tc%ft}%ebasm
Present, te%leﬁgt%n &quﬂeskreﬁgcleepa{j@wé A0 uait. 1n

further € a usér selection uni or alTow ng a

thusercd £ sehectsyhether cosmmnigatthen idaugl theconnected
termnal that forns a loop transmssion path is
telymdokédorl thehéegganagekbets forhisoaghoop connection state

and disconnect the abnormally connected Lerminal.
Accordingly, the loop <connection state can be easily
avoided.'

[0013]

In addition, according to an embodiment of the present
inventicn, for example, the information display unit can
further display a message prompting .a cohnection change.
In this case, thé information displéy unit can prompt the
user to disconnect the abnormally connected terminal so
that the loop connection state can be avoided.

[0014]

Furthermoré, according to an embodiment cof the present

inventicn, for example, the ‘electronic apparatus can

further include a communication blocking contrel unit for

- blecking



8 the user selection unit, blocking of the

conmuni cati on, the conmuni cation bl ocking contro

unit can bl ock the comunication through the term na

that fornms a | oop transm ssion path. In this case,

bl ocki ng of conmuni cation that the user does not

desire can be automatically prevented. [0017]

Yet still furthernore, accofding to an enbodi ment of

the present invention, for exanple, when the packet
coauRticagigni beedunhsd t heraugtberhof tdurmpaddasthytacietnss the

transmtted within the predeterm ned tine period, the
lepgrmunincatiom unittatean transniltis heaseoadband pagkete, =

to the transm ssion paths to which the plurality of
Lrogbderahns arrersdrimect éd Wi thet86i teHithg SRGEOREACts  the

this case, since a broadcast packet is -transmtted
caplgm E£REMcokffini éAFPERSERTY t o°THE tansrislipn - can  be

pat hs geternination whether the termnal forns a
eliigdpat6fnection state on the basis of the number of
[Orggihing br oadcast packets can be reliably made.

P 8] ~ Yet still furthernore, according to an

enbadi fente 0 LG PEESENL -RYBRL ItQN, af henBWHEGBARTor the

hub can transmt, to the conmunication unit via a
oreabhe, @fvdreash,t heobr eadeast, paske! em®N@adak® counting

packets to be transmitted to the communication unit.
unlift thi:steases hhebsensit ivet probddeserpacationtransmitted

whet her the nunber of the broadcast packets .
witthansnité e rfadernerime newi t thiveg db ado t hbe communication

comuni cation unit 9 within the predeternmined tine
blpekiipd expéeds Uhadtt feesfarFalaliecking 9%, cemaunication

sensitivity of |oop detection can be jncreased. .
PrEgO2FlY  ackayakedi | furt Rer mofRC/CCYE di iyt gAY ©of

enbodi nent of the present invention, the s%%tchiqga a
CORTBnEER T P t B T aiSimYssi 8h b‘éﬁ%ﬁﬁﬁ dt i’ or "thE I
coﬁﬁ%EHﬁéﬁaiééé é““&iﬁf%r%nQre9§$£rqhﬂﬁdpggggﬁhgthcéﬁhection
I'S "Way, even when a [oop _
state appears due to cable disconnection or a connection
change. Accordingly, if the terminal for which
communication is, previously blocked does not currently form
a loop connection, c¢ommunication through the terminal can
be automatically resumed on the -basis of the detection
result of the loop detection unit.
[0016]

Yet still furthermore, according to an embodiment of
the present inventicon, the eleétroaic apparatus can further
inciude a user selectlion unit for allowing a user to select
whether communication through the fterminal that forms a

loop transmission path is blocked. If the user selects,

thrcugh



connection state occurs, supply of broadcast packets

to the communication unit can be |limted. Accordingly,

the processing | oad of the comunication unit can be

reduced. Advant ages [0020] According to an

enbodi nent of the present invention, the nunber of

br oadcast packet teaching a plurality of termnals to

whi ch transm ssion paths that transmt data packets

are connected within a predetermned -tine period is
theountteed selkerteaht aniteathookihhecfouht nombenscasion, the

conpared with a threshold value so that a term na
compatifetirena |loopcicomnectdootrotlat eutst can block  the

determ ned. Thus, a termnal that fornms a | oop
copgHnecRiofAnst Ahecedh béheasiPymdeter niped. Briet a loop

Descri ption of Draw n '

' gs [0021] LFi g. 1% Fig.. 1
L@ sRiBFOER BREGr am'8f "8 Sex8RHr aPyCEORTY gbif atPBR B cation

th%@ A¥h%ysaﬁgkacgﬁ§géngn£€ agegﬂpgdlggpt gé automatically

prevented.
00171

Yet stillrfurthermore, aécording’ixa an embodiment of
the presént invention, for example, rwhen"the packet
counting unit ¢ounts the number of brdadcast packets
transmitted within the predetermined time period, the
communication unit can transmit the broadband packet to the.
transmission paths to which -the plurality of terminals are
. connected via the switching hub. In this case, since a
broadcast packet is transmitted from the communication unit
to the +transmission paths, determination whethef " the
termiﬁal_forms a loop cénnection state on the basis of the
number of reaching breadcast packets canrbe reliably made.
[0018]

Yet still furthermore, according- to an embodiment of
the present invention, the switching hub can transmit, to
the communication unit via a cable, at least the broadcast
packet among déta packets to be transmitted to the
communication unit. In this case, the;_sensitivity of
determination whether the number of the broadcast packets
transmitted from the switching hubk to the communication

unit



- 10 - SOB8P1986 the present invention. [Fig. 2]
Fig. 2 is a block diagramof an exenplary -
configuration of a switching hub included in a
television receiver. [Fig. 3] Fig.is a block diagram
of an exenplary configuration of a traffic nmanager
formng the sw tching hub. 1-- . 4]
Fig. 4 is a block diagram ofy exenpl aryconfi gurations
of an HDM transmitting unit of a source device and
wiah iHDMher geeiddtrgmimiet] ofime Siakiabewi:gmseds the [ Bhgeshold
5] Fig. S5 illustrates exenplary configurations of an
vaHDM, trlatsni st ethandscars IHDMitivecei vepop detecfEpy. g ke
Fig. 6 is adiagramillustrating the structure of
inpvessefdansm ssi on dat a. [Fig. 7] Fig. 7
illustrates the pin assignnment (type A of an HDM
[P nal . , . -

Yet still furthermore, according to an embodiment of
the present invention, the switching hub can 1limit a
tranémission bandwidth for the communication 'ﬁni£ fo a
predetermined bandwidth. ' In this way, even when a loop
connection state occurs, supply:df'broadcast rackets to the
communicaticn unit can be | limited. Accordingly, the
processing load of the communication unit can be reduced.
Advantages
[0020]

According to an embodiment of the present invention,
" the number of broadcast packet reaching a piurélity of
-terminals_ to which transmission paths that transmit data
packets are connécted within a predetermined time peériod is
counted. Thereafter, each of the count numbers is compaféd
with a threshold value so thét a terminal that forms a loop
- connection state is determined. Thus, a terminal that
forms a locop connection state can be easily determined.
Brief Description‘ofrbrawings
7[0021] 7

| [Fig. 1] Fig. 1 1is a block diagram ocf an exemplaﬁy

configuration of an AV system according to an embodiment of



[Fig. 8 Fig. 8is adiagramillustrating an

exenpl ary configuration of a conmunication unit that

performs LAN comuni cati on between a source device

and a sink devi ce. [Fig. 9] .Fig. 9 is aagram

illustrating the operation Performed by the sw tching

hub. (when a loop I8 not present). [Fig. 10]

Fig. 10'is a diagramillustrating the operation

petformed by the sw tching Eub (when a loop is

present). - [Fig. 11T.1Eic. 11 illustrates a rela .

i onshin between an el apsed tine and the accumul ateg 1788

nunber of broadcast packets. S08P1988 [Fig.
thé2pr&sqpt Ihviesrtdaobl.owchart of an exanpl e of | oop

detection processing performed by a control unit of

t hel Bigl-eviisFéf - r ecef verbiock digdueg CI3pRFpyEemMBays a

dLagranleIuggratjn% an_exanpl e o{‘ onqutigg1anpn9 _
copar POt dpatatusds - “rnef uded TACTAE AV syst-&m 750

141 Fig. 14 is a diagramillustrating an exanpl e of
“€&onhecti on anong vari ous apparatuses included in the

AV ﬁ%ﬁfe@ﬁ Fig. 2 is a block diagram cf an exegplary

configuration of a treffic manager forming the switcning hub.

{fig. 47 Fig. 4 1is a bleck diagram of exsmplary
configurations of an HDMI transmitting unit of a source
device and an HDMI receiving unit of a sink device.

[Fig. 5] Fig. 5 illustrates exemplary conflgurations of
an HDMI transmitter and an HDMZ:receiver.

[Fig. 61 Fig. 6 1s a diagram 1llustrating the étructure

of TMDS transmission data.

~1

illustrates the pin assignment (type A)
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[Fig. 8) Fig. 8 is a diagrem illustrating an exemplary
Eonfiguraiion of a communication unit that performs LAN
communicatioﬁ between s source device and a sink device.

[Fig. 9] Fig. 9 is a diagram illustrating the operation
performed by the switching hub (whern a loop is not present;).

[Fig. 10} Fig. 10 1s a diagram illustrating the

operation performed by the switching hub (whesn a loop 1s

[Fig. 11] ¥ig. 11 illustrates a relationship betwesn an

zlapsed time and the accumulated numpber of brcadcast packets.



[Fig. 15] Eig. 15 is a flowhart of another exanple
of | oop detection nrocess ng perforned by a contro
unit of the television receiver. - [Fig. 16] Fig.
16 is a flowhart of an exanple of a comuni cation
recovery process perfornmed by the control unit of the
tel evision receiver. Explanation of Reference
Nuneral s [ 0022] 100 AV system 110 broadband
router, 130 tel. evis on receiver, 13la - 13le
network termnal, 132a --182f-port, 133 sw tching
hub, 134a, 134b hi gh-speed data line interface, %85r1088
comuni Cation unit (Ethernet interface), 136 contro
UNi o 132 USetq OPOT ald an-yhina1 88,4 30l AlarpACle 130,
set-tgp ox, 160 personal conputer, 170 anplifier,
ded80- £ prieeotdel, pldiormZl 3 HM abkelr d2l: -c224e
Et her net cabl e, 231 reception-side FIFO nenory, 232
tepacketor npetivalit, 233 SOBP1988 transmi ssion-. side
FI FO menory for broadcast packet, 234
t r aifSmi. s$BonFsd del F1IRO avshisgy afior LAoRt broadr agt example
packet, 235 packet output unit, 236 bandw dth ‘ -
of|pg@@¢qﬁ}q§namong various apparatuses. included in the AV

system.

[Fig. 4] Fig. 14 is a2 diagram illustrating an exampie

of connection among various apparatuses included in the AV
systemn.
[Fig. 15] Fig. 15 1s a flowchart of another example of

ioop detection proce;sing performed by a control unit of the
Ctelevision receiver.

ig. 16 1s a flowchart of an example of a
communication recovery process periormed by the control unit
of the television receiver.

Explanaticon of Refersence Numerals
4]

recelver, 13la - 13le network terminzl, 13Za - 132f port,
133 switching hub, 134a, 134b high-speed data line interfacs,

135 communication unit (Ethernet interface), 136 control
unit, 137 user opefation‘unit, 138 dispiay panel, 150 set-
top box, 160 persoﬁal computer, 170 ampiifier, 180 BD
recorder, 211 - 213 HDMI cable, 221 - 224 Ethernet cable,

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



Best Mbde for Carrying Qut the invention [0023]

An enbodi nent of the present invention is described
bel ow with reference to the acconmpanyi ng draw ngs.
Fig. illustrates an exenplary configuration of an AV
system 100 according to an enbodi nent. [0024]

The AV system 100 as a configuration in which a
,At-top box (SIB) 150 and a personal conputer (PC
160 are connected to a television receiver 130, and a
BD (Blu-ray Disc) recorder 1380 is connected to the
tel evision receiver 130 via an anplifier 170. In gpgpiogs
addi ti on, the tel evision receiver 130, the set top

box 150, and the Bl u-ra c_recor 180
EBRRESt e B BRRY T b oar ST S TR oY T, 234
- - t 235
el P A R, L A RO LTS 2

pacQ%Luggsp@EKyﬂﬁﬁﬂ'?Jé of:nRQEbSh | Ot henprasent
enbodi nent, the broadband router -110 includes an

selttherpet fwrdaﬂﬂﬁlalgomdzheh\é\mn(;&%dmw ea Net wor k)
side and four Ethernet ports 111b to Ilie on the LAN
(opeagal Area Network) side. Note that - 13 -

. 808P1988 . ‘ A _ )
En embodiment of the present invention is described

below with reference to the accompanying drawings. Fig. 1
ulluStvaues an esxsmplary configuration of an AV system ¢GP
according to an embodiment.

{0024]

The AV system 100 has a configuration in which z set-
top box {STBY 150 and a personal computer (PC; 160 are
¢onnected to a television receiver 130, and a BD (Blu-ray
Discl recorder 180 is connected to The television receiver
130 via an ampiifier 170. In addition, therielevision
raceiver 130, the set-top box 150, and the Blu-ray Disc

recorder 180 are connected o a breoadband router (BB router)

[00zs}
The configuration of the AV system 100 is further
described next. The broadband router 110 includss a

plurality of ports. In the present embodiment, the

™

broadband router 110 includes an Ethernmet port 1lla on the
WAN (Wide Arsa Network) side and four Ethernet ports 111lb to

1ile on the ILAN (Local Area Network) side. Note that



"Ethernet" is a registered trade mark- [0026]

The tel evision receiver 130 serving as a sink device

includes five network termnals 131a to 13le, a

swi tching hub 133 including six ports 132a to 132f, -

hi gh-speed data |line interfaces 134a and 134b, a

conmuni cation unit including _a MAC |l aver processing

unit and a PHY | ayer processing unit, a control unit

136, a user operation unit 137, and a display pane

138. [0027] The conttdl-unit 1.36 controls a

variety of units of the television receiver 130. SPR&1288
- user operation unit 137 fornms a user interface. The
"EHSSFnOperal boRednbte 43T dro@nnestied to the control

unit 136. The control unit 136 includes Keys,
[Obmér ons, and dials disposed on a casino (not shown)

of the television receiver 130 or a renote control

Th&hdi gpiiayiPapel v438 feor redla seserinbngerd agien i Idg9vice
._For exanple, the display panel 138 displays a U
inger@Rh orrt RETHASHs CHFmEnH Spt AP siCgral Sgehefht et P
the control .unit 136. For. exanple,. the display panel
PuhE37 o RonsiSEd S6F BT LCD (11 gUf o Grystar  DPEpray)s ==
rgani c EL.GELectra, Ly nes )ie208 8 PP 2=
15 SLAIRE B CRGEgL i b s smne R0t TRP o
inPehuork 1 rr nals-1318.0430dy and 13le. suvf onyed

froman Ethernef port. The network terminals 131a,
processing unit, a control unit 136, a user operation unit

(M3

137, and & display panel 138,
[0027]

The control unii 136 controls a varisty of units of the
television regeiver 130. The user operation unit 137 formns

a user interface, he user operation unit 137 is connected

831

to the control unit 126. The control unit 136 includes keys,
buttens, and dials dispesed on a casing (not shown) of the
television receiver 130 or a remote contrecl. The display
pansl 138 forms & user interface (UIl). For sexample, the

display panel 138 displavs UI screen on the basis of a

a3

display signal generated by the control unit 136. For
example, the display panel 138 is composed of an LCD (Liguid

L {(Electro Luminesscsnce}, ©r a

[

Crystal Display), an organic
PDP (Plasme Display Panelj.
10028)

BEach of the network terminals 13la, 131d¢, and 13ie is

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



- 14 - S08.91988 131d, and 131e are connected to the
ports 132b, 132e and 132f of the switching hub 133,
respectively. [00291 In addition, each of the
network termnals 131b and 131c is forned from an
HDM termnal. An HDM receiving unit and a
hi gh- speed data line- interface are connected. to
this HDM term nal. The network term nals 131b and
131c are connected to the ports 132c and 132d of the
sw tching hut 133 via the hisgh-speed data |ine
interfaces 134a and 134b, respectively. In Fig. 15081288
HDM receiving unit is not shown. [0030] The
13LQN|aﬁgceé%%rg%ebasknggcgﬁveé tHé'QQr¢£]w3?Qase@Ae, and

cofmuni cat1on eband vi deo and” audi o dat a

130Ri dier 66t i paldw A ansnibbed Lrgara: seufce device
that is connected to the HDM receiving unit via an_

[obBM;. cable. The high-speedline interface is a
bidirectional interface forned from predeterm ned
| i nes afdian.ddDYEZctabf etifa neservedidimaadndidhb EDBY
line in the present enbodinent). This hlghspeed dat a
13licnési hpertdcedwrd Jr¥SniaATEaELon AhifPMEhagcelving
perforne bidirectional conmunication with an external

undévﬁ&@ tal %%r%%eed”’e\ﬂac?é‘) = *Ffie “PDV *FETeT Vi n’gjmd)mcttegn

t.h h dat terf d
Criigy EoHo BP P DB b, T '63% Tohe CoFr G hon 158 e axe

c&ﬂ§%|¥éﬁs 8 dﬁgtﬁu_v 4%d%E%SSBQE of the switching hub
132 via the high-speed data line intérfaces 134a and 134b,
respectively. In Fig. 1, an HDMI receiving unit is not
.showrn.
00301

: The HDMI réceiving unit receives, using HDMI—based
communication, baseband vided and audic data
unidirsctionally transmitted from a source device that is
connected to the HDMI ﬁeceiving unit via an HDMI cable. The
nigh-speed data line interface is a bidirectional interface

formed from predetermined lines of an HDMI cable (a reserved

line and an HPD lines in the present embodiment

w3
i
',_!
63
e
' -
{&]
jmg
i

speed data line interface forms & communicatlion unit that
performs bidirectional :ommunication with an external device
{a source device}: The HDMI receiving unit and the nigh-
spaed data line interface are described in more detail below.
50031} |

The switching hub 133 analyzes a destination address of



- 15 - SOBP1988 a data packet input to each of the
ports and outputs the data packet froma port
corresponding to the destination address. Fig. .2
illustrates an exenplary configuration of the
swi tching hub 133. [0032] The switching tub 133
i ncludes six ports 132a to 132f (Por :0 to Port 5),
PRY | ayer processing units 20la to 201f, traffic
Tanagers 202a to 202f, a switching unit 203, and a
control- regi ster 204. Eachiof-the PRY | ayer
processing units includes an A/fl converter, a s08Pr1988
descranbl er-ecna data handl er, a scranbler, and an
VLT3 converter.. [0033] . - The -A/ C_con er. ii-
a @gﬁggﬁt§n%d8i§%;f Tquﬁﬁ TS %C?gﬁeﬁf?o%?éé%kf tne
d,a{aefa%c%lt B The, desceanhl i equay i-zer el of (W, @ on
wavef orm equal | zi ng process and a descranbli ng :
ad@FOLLSSFOR. @ Si Onad« :oitRuUtrf E@BMbherN Eoshierdaon of
The data handl er supplies a signal output fromthe
thedescraminer egbaliBzer to the traffic manager and
supplies a signal received fromthe traffic manager
[C8®2t he scranbl er. The scranbler perfornms a scranbling
process on the signal_received fromthe traffic ____
- mafdge Vi TRBIM T30 ohdre it ért Yeest GRF) 80t 134 to 1321

hnpg%%%%ion prQcess_on. a si naLﬁqytput: f.ro he . e
(P5ET antibr Sind Sout pULSLERe” MO E e s AP €514 O 201E
trtggfgr%§§%ﬁg}ésb%%at%Enbéé%, hgqgﬁﬂtching unit 203, and a

control register 204. Each of the PHY ldyer processing

o

~units includes an A/D converter, a descrambleréequalizer,‘a
data handleﬁ, a scrambler, and an-MLTB converter..
[0033]

The &/D converter A/D-cohverts & éignal input Lo a
reception-side terminal Rx. The descrambier—equalizer
performs a waveform egualizing process and a descrambling

n a signal output from the A/D converter. The data

'O

TOCESS

4]
@]

1

handler supplies a signal output from the descrambler-

t

equaliizer to the trafiic manager and supplies & siygnal
regeived from the traffic manager iLo the sczémbler. The
scrambler performs a scrambling process on the signal
received from the traffic manager. The MLT3 cenverier
performs & MLT3 modulation process on a signai output from
the scrambler and outputs the modulated signal tc a
Transmission—side terminal Tx.

[0034]



- 16 - 308F1988 The traffic managers 202a to -
202f are connected to the switching unit 203. Each of
the traffic managers 202a to 202f tenporarily stores,
in a reception-side FI FO neMory, packet data
transmtted fromthe PHY.layer processing unit of a
correspondi ng one of the ports. .in addition, each of
the traffic managers 202a to 202f tenporarily stores
packet data transmitted fromthe switching unit 203
in a transm ssion-side FIFO nenory. Thereafter, each
~of the traffic nmanagers 2025 to 202f transnits the
packet data to the PH' |ayer processing unit of SPREL98E
correspondi ng one of the ports. [0035] The
swittehimg finict m203gsegueitta ald Y o2dadset henpacteat dattae
itens stored in the reception-side FIFO nenory of the
swirahfng wenagérss 202ahtel 208 trafdligzegnppers 2022 o
destination address of the packet data jtem_ and.
206Gt prROT A Packét Sdat ali  ehF T THE 1741 i'c “ nafiggery -
o% £h$ port correspondina to the destination address.,
PAPRCE MR- dsE ST THE daPd patket” redd Tromthe FIFO ™~
- ry. . of the traffic. ~0fL one afj.t he por | S5
SR Ak el Fre eogdbhst packer  eRent Tt om
spbhe-sweiching Lnid 203 tg thestfahfdcammnagers-ef pakket
of the other ports. [0036] ig. 3 illustrates a
dspar tisykas - €onf4.gur ati-orwet caihgatfic MEmager 202
(one of the traffic managers 202a to - 17 - SO8P1988

transmission-side FIFO memory. Thersafter, each of the
traffic managers 202as to 2Z02f transmits the packet data To

the PHY layer processing unit of the corresponding one of

r

rt
]

he ports.
[003%]

The switching unit 203 seguentially reads the packet

data items stored in the reception-side FIFC memory ci the

rt

raffic managers 20Za to 202f, analyzes the destination

B

ddress of the packet data item, and outputs the packet data

~

item to the traffic manager of the port corresponding to the
destination address. In this case, if the data packest read

from the FIFO memory cof the traffic manager of cne of the

ports is & broadcast packet, the broadcast packet is sent
i+ 2032 to the traffic managers of all

Fig. 3 illustrates a particular configuraticn of a

=

traffic manager 202 {(one of the trafiic managers 20Za to



202f). [0037] The traffic manager 202 incl udes
a reception-side FIFO nenory 231, a , packet input
unit 232, a transm ssion-side --FT70 Menory. 233 for
a- broadcast packet, a transm ssion-side FIFO nenory
234 for a non-broadcast packet, a packet output Unit
235, and a bandwidth limting unit 236. [0038]
The reception-side FIFO nmenory 231 tenporarily stores
a data packet transmtted froma PH ' |ayer
processing unit 201 -(one_of»the PRY |ayer processing
units 20la to 201f). The packet input unit 232 spgpro8R
- determ nes whether a data packet transmtted fromthe '
9Og,witching unit 203 is a broadcast packet or a
204bh- br oadcast packet. Thereafter, the packet input
fOH?%I 232 wites a broadcast packet to the FIFO
fenory! 233 and wites a non-broadcast packet to the
FI RQmemREY; 234, 1 [ 00302 5nei1 lBe RACkelp, OULPUL: Aty ro
235 sequentially reads the data packet fromthe FIFO
meRBAPIrY: 1233 aadikhei RHIC wenpryz 234 thereabtetn-§hes
packet output unit 235 transmts the readout data
- FIpaaketoto Adse tBHYzl ayescdocessivgs Umi ttr20inveaipvheside
bandwidth limting unit 236. The bandwidth limting
FIERi me®367 143 91t henet apsm $&3-9h ¢ [ G0REFXFheoutput
Qperation erformed b ghe,traffic‘naﬂgger 202 is

unit 235, anc a bandwidt% Limiting unit 23
roc3e] '

- The réception—side FIFO memoﬁy 231 temporarily stores a
datarpacket tfansmiﬁted from a PHY layer processing unit 2Q1
{one of the PHY layer ?roceséingrunits 20]la to 201f). The
packst input unit 232 determines whether a data packet
transmitied from the switching unit 203 1s a broadcast
packst or & non-broadcast packet. Thereaiter, the packei
input unit 232 writes a broadcast packet to the FIFO memory
233 and writes a non-broadcast packet to the FIFO memory 234.
[0G39]

The packet output unit 235 seqguentially reads the data

Fh

packet from the FIFO memory 223 and the FIFO memory Z34.
Therealter, the packet output unit Z3% transmits the readout
data packet to the PEY laver processing unit 201 via the
bandwidth limiting unit 236. The bandwidth limiting unit
236 limits the transmisslon band.

[0040)

The operation performed by the traffic manager 202 is



- 18 - SMBP1988 controlled by the control unit 13
(see Figs. 1 and 2) via the control register 204.
According to the present enbodithenH, the traffic
manager 202a corresponding to the port 132a (Port 0)
is controlled as follows. [0041) That is, when
the control unit 136 perforns | oop detection
processi ng descri bed bel ow, the packet output uni 235
preferentially reads the broadcast packet stored in
the FI FO menory 233 and guggugs the broadcast _
packet. That is, aS |ong as a broadcast packet i%os
present in the FIFO nenory 233, the packet output
unit 235 reads the broadcast packet fromthe FIFO
comenpiye@3% dng conpubd theét bk ohdosst packet. 30RI Y via
when a broadcast packet is not present in the FIFO
thipfdhyr PRI eH e Spackét RPUHINH +°285%r BRT®The
non: broadcast packet (a_unicast,packet or _a.multjcast
nBRORBEY 1 rotn (e TELECTEHBFS SH amf S Ehs. A
non: hr oadcast - pack ~Ln-thjs A referentially
POSat puf i ﬂ%o'“aL kg}r’og‘%cgigsgp;légéké{j ?%%%%acket out put
ro%@ﬁﬁ 235, the sensitivity of detection of a |oop
" connection state ( oop detection) can be increased.
LOO#AR): is, whkh addi Ebadrowhem 4 es < erttoknunitod36
perfornms | oop detection processing -described bel ow,
det-hetbandwt atdedimd tdasariibed2361bivi tise thee ket output unit
transm ssi on bandwi dth to a _predeterm ned o ]
235 ams fiessih ove blandwiadish thRoprerdfph e, PIRIEGT Frores 19 toe

P1568

FIFO memory 233 and outputs the broadcast packet. ?hat 1s,
as long as a broadcast packe: is present in the FIFO memory
233, the packet output unit 235 resads the broadcast packet

from the FIFO memory 233 and outputs the broadcast packet.

re|

Only when a broadcast packet is not present in the FIFO

memory 233, the packet output unit 235 reads the non-
proadcast packet (a2 unicast packst or a multicast packet;

rom the FIFO memory 234 and cutputs the non-broadcast

t

I
{

" packet. In this way, by preferentially outputting z

iy

hroadcast packet from the packet output unit 233, the

sensitivity of detection of a locp connection state (loop

[0042]

“ In additicn, when the control anit 136 performs loop
detection processing described below, the bandwidth limiting
unit 23% limité +he transmission bandwidth to a

predetermined transmission bandwidth. For example, when a



808P1988 normal transm ssion bandw dth is 100 Mops,
the transm ssion bandwidth is limted to 1 Mps
during the | oop detection Processing. In this way, by
limting a transm ssion bandwi dth to a constant
transm ssi on bandwi dth using the bandw dth [imting
unit 236, the nunber of broadcast packets transmtted
to the comuni cation unit 135 can be limted.
Accordingly, unsuccessful |oco detection processing
caused by the overload of the control unit (the CPU)
136 can be prevented. 10043] Li ke the SURD1088
above-described traffic manager 202a corresponding to
the port 132a. (Port gii,mhenéﬁggﬁgpf t@ﬁatgaffiﬁﬁ o
O inagérd SP02b 0 2021 LTt espoddi AT thE pbriE 1
19,:132f ;(PotL$. 1,10.5) .y ctively, [ QB+ o LC
bamﬁ%%gf ﬁ%ngﬁﬁééégsrﬁg’dé%%%ﬁ%g%' d%&ﬁ QF%% ggc etrpCEh
prOMW UL, UNi o 2305 Y, prefienantkably or eadsskngs:on
" broadcast - packet stored’in the FI'FO menory 233 and
La Q8 pUs dehe broadeast t packet ssidh thirsiniay, whengache
| oop 'connection state occurs and if the packet
baots jpitth Uikt 285 preéfelkédt i@hd youtgutcs riprdadeaspackets
: packet, the broadcast packet preferentially flows in
trahenigepl tAcEbEdiFAgYNlERel @ensitT ity @ be limitec.
| oop. detecti-on and the sensitivity of detection of .
ACHef Wotd e PRSHAFS SPREAL  tAWR ST HE T tdp ESHEctPgncansec

..State can be increased. [0044]. Rrring.back_to Fig,
oy S R oAt an R o196 b1 | SUBSTOHE rHecoh Pe
-D,g§£$%gﬁion.reCeiver 130 is connected to the port 132a
“7of the switching hub 133. The communi cation unit 135
[obEgnsmM ts and receives a dat a packet via the '
sw tching hub 133. The communi cation unit 135 forns

“an Ethernet abbtrerfiacer ifH045}asfic manager 202a
corresponding to the port 132a (Port 0), when each of the

traffic m

s3]
3
g

gers 202b to 202f corresponding to the ports

132b to 132f (Ports 1 to L), resgpectively

L
-
'O
m
H
t
o]
aa]
=
w
t
Q
Q
T

¥

‘detection processing described below, the packet output unit
725 may preferentially xeads the broadcast packet stored in
the FIFC memory 233 and outputs the broadcast packet. In
this way, when a loop connection state occurs and if the

packet output unit 2325 preferentially outputs a broadcast

packet, the broadcast packet preferentially f£liows in the
leop. Accordingly, the sensitivity ol ioop'detection and
the sensitivity of destection of network terminals that cause
the loop connsction state can be increased.

[GO447 -

-

Referring back to Fig. 1, the communication unit 135 of
g G



Note that, for the television receiver 130 shown in

Fig. only a portion associated w tn Ethernet

comuni cation is schematically shown. This

representation is also applied to the set-top box

150, the personal conputer 160, the anmplifier. 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 termnals 131a and 151b,

a switching hub 133 having,fhree ports 152a to 152c,

a high-speed data line interface 154, and a S08P1GRE

comuni cation unit 155 including a MAC | ayer

processing. unit and a-PHY |ayer processing unit.
thpoDaVdvision rPReinerwbek %%r?ﬁlﬁ"aﬁ‘cblasjiéro §“ﬁoPﬁJéd ff%ﬁnOf

an Ethernet port. The network term.,na

thet gy teb e “%’rtwaZb Leii %Oﬁ%ﬂ@\hﬁﬁuoﬁghﬁub i%% gmits

net wor K tern1 151 LS for d ;
20t ef fif il S HOM a“ﬁa E Fting uﬂ? %%%HkﬁﬁfgﬁM%pégg dat s

Gﬁl Loterfags anec C%eﬁgtgg £0nd hg-HOM < Lretmznal .

“hefwork terMnal-151b is connected to the port

{0%@ i of the switching hub 153 via the high-Speed data
- SC8P1988

Note that, for the television receiver 130 shown in Fig
1, only a portion associated with Ethernet communicaiion is
schematically shown. This representation is_alsc applied to
the set-top box 130, the personal computer 160f ihe_

amplifier 17G, and the Blu-ray Bisc recorder 18O shown in

The set-top box 150 serving as a source device includes

twe network terminals 15la and 151b, a switching hub 153

having three ports 152z to 152c, 2 high-speed data iine

interface 154, and a communication unit 155 including & MAC

1§]

layer processing unit and a PHY layer processing unit.

[00

1=

11

is formed from an Ethernet

(_J'F
[
ks

The network terminal 1!

Q

port. The network terminal 151la is connected to the port
15%b of the switching hub 153, The network terminal 151b is

formed. from an HDMI terminal. 2An HDMI transmitting unit and

!,,..l

& hich-speed data iine interface are connected to the HDMI

']_u -

terminal. The network terminal 151k 1s connected to the

2

[ &3]
0

port 1 of the switching hub 153 via the high-spead data



line interface 154. .[0048] The HDM
transmtting unit unidirectionally transmts, using
HDM - based comuni cati on, baseband vi deo and audi o
data to a sink device connected thereto via An HDM
cabl e. The high-speed data |line interface is a
bidirectional interface forned from predeterm ned
lines of an HDM cable (a reserved Iine and an HID
line in the present enbodi nent). This high-speed
data.line interface forns &, communication unit that
al  ows bidirectional conmmunication wth, n externakhgp;ggs
device (a sink device) . The HDM transmtting unit
~and the high-speed data |ine interface are descri bed
1in% {5 f@efat P* bel ow. [ 0049] The conmmuni cati on
[OQ%HJ 155 is connected to the part 152a of the
‘tching hub 153. The conmunication unit 155
trapsn;bg. an el.v dat cket Va1 «rapemit
sm??%ﬂ?%%‘haﬁkiﬁéﬁf“ﬁﬁ%qégﬁhgﬁﬁggfrénmﬁﬁi% 55 forms '
us Bty Bherngthntekhagecat D050l vasebandlRedper sepakud:io
conmput er 160 serving as a source device includes two
dafetork diernnmbpal se 16danantked 6dbs racswiitbcAhngDRDbcA63: .
having three ports 162a to 162c, a hi gh-speed data
Th¢ | megti-rrerfiadet464;inandrhecdamrini &t itoiunict 19851
including a MAC I ayer processing unit and a PH layer
irpeobessiingmed Eropopsefleterppned 3pgigprgggan HDMI cable

resent embodiment

o+

\
s}

[
§s)

{a reserved line and an 5?5 line in
This high~speed data line intérface forms z communication
unit that alliows bidirectiOﬁal‘Communication with an
external device {a sink device). The HDMI transmitting unit

and the high-spesd data line interface are described in more
[004¢]
The communication unit 155 is connectad to the port

152a of the switching hub 153, The communication unit 155

transmits and receives a data packet via the switching hubk

-1532. The communication unit 155 forms an Ethernet interface.
(00507

The personal computer 160 serving as a source device

L]

includes two network terminals 1éla and 161k, & switching

line interface 164, and a communication unit 165 inciuding a



The network teLilLLanal 16l1a is forned from an
Et hernet port. The network term nal 16la is connected
to the port 162b of the swi tching hub 163. The
network termnal 161b is foied froman HDM term nal.
An HDM transnitting unit and a hi ah-speed data line
interface are connected to the HDM7 teLm nal. The
network termnal 161b is connected to the port 162c
of the switching hub 163 via the high-speed data |ine
interface 164. [0052] The HDM transmtting
unit unidirect'onally t r anéni f's, using HDM - base%OB 1088
conmuni cati on, baseband vi deo and audio data to & f%*
si nk device connected thereto via an HDM cable. The
hi gihes peedodat askivhes 1 nt@rd ace doymmcbifdPrest i Bernet
interface foined from predeterm ned Iines of an HDM
pothbl &hea nesger i elle Fivhies AnkP e HPDIFRETPA the i <&t

enbodi nent) . This high-sp edqgata line interface . ..
1606r e &' OHMIRICES 6 uﬁ. t Helt® JerGrfs “S =0t is
bi di.r ect i onal myuni catLon L€ nal Vi ce
m@egl ket Cré}%% TRE™HDM “t r'ans Prb}ﬁll“ﬁ)ékgﬁl f“éﬁ% uﬁl“ and
£ 24 line.intectace are.degscridhed J anaoagy:
deral %9% (19 G 0”0l % bkt 1;Tgeaconcrzrunl cati onounl t 165

*e&§‘ﬁ9nne@ﬁ§9nkgwbh@ @Qf&*éﬁga‘@ﬂnJﬁﬁc%hhbehbﬁg“hLﬁke
63. The conmunication unit 165 transmts and

orxe,caloszes@a gad aswpackety aubhe 6swirt ehiing Hiuh-E68edTHeta
communi cation unit 165 forrrs an Ethernet interface.

1ine23nte 50824 988: .
[0052] |

The HDMI transmitting unit unidirectionally transmits,
using HDMImbased communication, baseband video and auvdio
data to a sink device connected thereto via an HDMI cable.
The high—-speed data line interface is a2 bl rectional
interface formed from preadstermined iines of an HDMI cable
(a2 reserved line and an HPD line in the present embodiment).
This high-speed data line interface forms a communication
unit that performs bidirectional communication with an
external device {a sink device). The HDMI transmitting unit
and the higﬁ*speed data line interface are described in more
detail below.
[0053]

The comfrunication unit 165 1s connected to the port
162z of the switching hub 163. The communicatlion unit 165

transmits and recesives z data packet via the swztching hub

1632. The communlcation unit 165 forms an Bthernst Interiace.



[ 0054 The anplifier 170 serving as a repeater
device includes three network termnals 11la to 171c,
a switching hub 173 having four ports 172a to 172d, a
hi gh- speed data Line interface 174, and a
comuni cation unit 175 including a MAC | ayer
processing unit and a PRY | ayer .processing unit.
[ 0055] Each of the network terminals 171a and
171b is fornmed froman Ethernet port. The netwbrk
termnals 171a and 171t gr% connected to the ports
172b and 172c of the switching hub 173, respect|%%5¥ 988
The network termnal 171c is formed froman HDM
teOAn HDM transmtting unit and a hi gh-speed data
rG@?ﬁE interface are connected to the HDI AT ternlna

netmotk ter 171c is connected to.the ef
1y RS L e i i 35 *@Pﬁ@bﬁfgﬂegﬂpcee&nd
*néégqﬁhQ&S&fa%§m£Zé1 [00551ro TaTTThe mDNLh ng hub ¢7?

Fansnitting Unit wOhiditectionally transmts; Uusing

#E%& ﬁﬁ§eQx99@”§ﬁh%aEbOﬁ?&ﬁa%§Q§ W R0 %Bd augj o
data to a sink device connected thereto via an EDM

intabtese The high- speetngal e tide interfacankciuding & MAC
bi directional interface including predeterm ned |ines

lapér amdBMsicable it reses vy | 1mesang @rsRDgl iingz i n
the present enbodiment). This high-speed data |ine

[Ofpterface forns a onmmuni cation unit that allows

bi di rectional communication with an - 24 - _
Lach of the network terminals 171z and 171k is formed

from an Ethernet port. The network termingls 17ls and 171k
are connected to the ports 172k and 172c¢ of the switching
nub 173, respectively. The network terminal 171c‘is formed
from an HDMI terminal. An HDMI transmitting unit and a
nigh-speed data line interface are connected to the HDMI

terminal. The network terminal 171c is connected to the

The HDMI transmitting unit unidirectionally transmits,
using HDMI-based communication, baseband video and audio
- date to a sink device connected thereto via an HDMI cable.

The hich-speed data lins interface 13 & bidirectional
g J

interface including predetermined lines of an HDMI cable

—

reserved lins and an HPD line in the preseni embodiment).
This high-speed data line interface forms a <communicztion

unit that allows bidirectional communication with an



S061) 1968 external device (a sink device). The HDM
transmtting unit and the hi gh-speed data |ine
interface are described in nore detail below [0057]
The communi cation unit 175 is connected to the port
172a of the sw tching huh, 173. The conmuni cati on
unit 175 transmts and receives a data packet via the
switching hub 173. Th comunication unit 175 fo4lLls
an Ethernet interface. LO058] The ED recorder
180 serving. as a-source d%vice i'ncl udes two network
termnals 18la and 161b, "a é%rtching hub 183 having .
three ports 182a to 182c, a hi gh-speed data |ine S08F1588
interface 184, and a conmunication unit 185 including
exga=NAEL|l ayercprecessikngeunit ) andiee PRYMI ayensmitting unit
processing unit. [0059] ~ The network term nal .
anggthei siflor sk d Korhean IBENPABELPOE t S YT HESFEIWEFK 10 more
termpal 181a is connected to the port 1,82b of the
degditchfAG¥hub 183. The network terminal 181b is
“f rored froman HDM termnal. An TONI transmtting
dri’'t and a hi gh-speed data line interface are
conagct ed, 1.9, .an HOM term nal: . The netwer k termi pal.
To1h s RS o PhG bort ‘L850 B The Swi {entog
170ub - 183n¥i &, 1he highnspaeed datee | idenimntenfiace 484 175
[0060] The HDM transmitting unit
trdRisdhiEeChhONdF@NEIE =5,data packet via the switching hub -

173. The communication unit 175 forms an Ethernet interface.
[0058)

The BD'recorderl18O serving.as a source device includes
two network terminals 181la and 181k, a switching hub 183
having three ports 18Za to 182c, a high-speed data line
interfacse 184, and a communication unit 185 including & MAC
iayer processing unit and & PHY layer processing unit.
[0059] |

The network terminal 181z is formed from an Ethernet
port. The network terminal 18la is connected to the port

182b of the switching hub 183. The network terminal 181b is

Fh

Formed from an HDMI terminal. An HDMI transmitiing unit and

high—-spesd data line interface are connected to an HDMI

01
o]

ﬂterminai-' The network terminal 181b is connected to the
por£ i82c of ghe switching hub 183 via the high-speed daté
line interface i84.

[(G0601 |

The HDMI transmitting unit unidirectionally transmits,



SO8P1988 usi ng HDM - based- coMruni Cati on, baseband
video and audio data to a sink device connected
thereto via an HDM cable. The hi gh-speed data |ine
interface is a bidirectional interface including
predeterm ned |ines of an BDM cable (a reserved |ine
and an HPD line in the present enbodinent). -This

hi gn-speed data rine intertace forns a.ication unit
that allows bidirectional comrunication with an
external device (a sink device). The HDM
transnitting unit and the RPgh-speed data |ine

interface are described in nore detail bel ow. [0G&§BF1288

The conmuni cation unit 185 is connected to the port
usi182aH I tthe sswWebahiong chubod 83ba ddiercomivebc ahd o din t
185 transmts and receives a data packet via the .
daswi tehd rejrhulde’8®e Thaneonmdnilat4ion Wik &n18BME orasie.
an Ethernet interface. [0062] As describe, above, in

ThenB BV FiRse e 160 [SRBWANF AT RS 15 & bidirectional

interface including predetermined lires of an HDMI cable {

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

This Righ-spgsd data Ling INTeriace Torms

anit that ailows bidiregtional communication with an

-
<L

“Commanication

externzl device {a sink device}. The HOMI transmitting unit

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

detail below.
0061}

The communication unit 185 is connectsd to the por:

182a of the switching hub 183 he communication unit 18%
tranamits and receives a datz packet via the switching hub
183 The communication unif 185 forms an Ethernet interface.
{0062] |

160 ares connected to the television receiver 130. In
addition, the BD {Blu—ray Disc) recorder 180 is connected

the ftelevision recelver 120 via the ampl:ifier 170.

That is, the network terminal 13ib of the television

receiver 130 is connected to the network terminal 151k of

the sest-top box 150 via an HDMI cable 211. In addition, t©

2, the set-top box (8TB) 130 and the personal computer (PC)

he



1, the set-top :pox (STB) 150 and the persona
conputer (PC) 160 are connected to the television
receiver 130. In addition, toe BD (3lu-ray Disc)
recorder 180 is connected to the tel evision receiver
130 via the anplifier 170. [0063] That is, the
-network term nal 131b of the television receiver 130
is connected to the network term nal 151h of the
~set-top box 150 via an HDM cable 211. In addition,
the - 26 - B08121988 network term nal 131c of the
tel evi sion recei ver 130 Ts°%connected to the network
term nal 161b of the personal conputer 160 via afnUoELI8e
HDM cabl e 212. Furthernore, the network term na
nei3dek aferttheal el 8vi soDntireecrilesrisl8® Fscedbnmect # itso
the network termnal 17la of the anplifier 170 via an
comdraratett oc bk en@Ro r Thee fetvior K otér At naRe 17985912 he
anplifier 170 is connected to _the_network term.na
conBtRof- ChE*BDPF eCBi et 180 Arica ah*HEM - E4ifi e 213,

%0064] gddltgo _as ngptloned earl ier, 36.
ne ﬁ%??“fsﬁgfén11 0°shown ' n Fg. L thé &I &Vt sion

con?ggdv [_138 BQEW%?E £QPWQ9§LLQQQ %ﬁdrgﬁeaﬁghlfi r 170
recor are connected to the broadband foute

vi BB royter)2+11Qrv1 221, The network terminal 171c of the

am@iifie: 170 is connected to the network terminal 181k of

the BD recorder 18(¢ via an HDMI cable 213.

[00€4]

'in addition, as mentionesd earlier, in the AV systsm 100
shown in Fig. 1, the television receiver 130, the set-top
box 150, and the BD recorder 180 are connected to the
broééband router (BB rcouter) 110
[0065]

That is, the network terminal 13la of the televisiqn
receliver 130 is connécted_to —he port lile o:‘“ne broadpband
router 110 via an Ethernet cable 222. In addition, the

network terminal 151a of the set box

H

-to

%{j

the pert 1llc of the broadband router 110 via an Ethernet
cable 223. Furthermor the network terminal 18lz of the BD

recorder 180 is connected o the port 111b of the broadband

router 110 via an Ethernet cable 2Z24.
100861
In the AV system 10C shown in Flg. 1, the television

receiver 130 serving as a2 sink device can communicate with



[ 0065] That is, the network term nal 13la of

the television receiver 130 is connected to the port

ille of the broadband router 110 via an Ethernet

cable 222. In addition, the network term nal 15l1a of

the set-top box 150 is connected to the port 111c of

t he broadband router 110 via an Ethernet cable 223.

Furthernore, the network term nal 26la of the BD

recorder- 180 is connected to the port IIlb of the

br oadband router 110 via an Ethernet cable 224.

-[ 00661 In the AV system 100 shown in Fig. 1,

the tel evision receiver 130 serving as a sink de¥i&&8:1988

can communi cate wit - 27 - S0821988 the set-top box
tnd 58=15e1aH N@Pxassa seutrLegdeyi cesMimd hevHOM veabtiee HDMI

211. In addition, the television receiver 130 servina
cal@se a2 51 nkIdewicet can commis icate inint hbetdevperisénalkrving
. computer 160 serving as a source device via the HDM
as cabd e BEViFGr CREr AORBY N+ PR E e 81 SINenPREERTYLr CJOITET
_.serving as a sink device can_conmmunigcate with %hg ED
SOV cRRF WY #F8G SEFVFRgUEETES sBtF ce eV ce“Patt het

Ethernet cable 221, .the anplifier 170, and the HDM.
B s L e

aebeLeVLiSl onreceiver 130 spcognecied 40 the breadband .
router 110 via the Ethernet cable

‘source device via the Ethernet cabls 221, the amplifier 170,

and the HDMI cable 213.

[06067]

“In addition, since the television receiver 130 is
connected o the broadband router 110 via the Ethernet céble
222, the television receiver 130 can be connected to the
Internet. Accordinély, for exampls, 2 user can browse a
desired Wéb.page. Furthermore, since the sst-top box 150 is
connected to the broadband router 110 via the Ethernet cable
223, the set-top box 150 can be connected tTo the Interneti.
Accordingly, for example, the set-top box 150 can play
desired streaming content or downlcad the content, StiLl
furthermore, since the BD recordsr 180 is connscted to the
broadband router 110 via the Ethernset cable Z24, the BD
recorder 180 can be connected to the Internet. Accordingly,
for example, the -BD recorder 180 can play deéired'stzeaming
content or download the coﬁtent.

00681

fand
e

ig. 4 illustrates exXemplary coniigurations of the HDMI



222, the television receiver 130 can be connected to
the Internet. Accordingly, for exanple, a user can
browse a desired Wb page. Furthernore, since the
set-ton box 150 is connected to the broadband router
110 via the Ethernet cable 223, the set-ton box 150
can be connected to the Internet. Accordingly, for
exanpl e, the set-ton box 150 can play desired
stream ng content or download the Con.- t. stil
furthernore, since the ED recorder 180 is connected
to the broadband router 118%via the Ethernet cable
224, the ED recorder 180 can he connected to the S08P198E
Internet. Accordingly, for exanple, the-BD recorder
+ r48@meapi R} ahidesiched Hogtr eantpg) conte Lhir-dewskoads
the content. [00681 - 28 - SOBP1988 transmtting
(thei betthep HDM isayr cek obrtheasourceudeviled,. Ctrhehe BD.
set-top box 15e, the personal conputer 160, or the BD
_ mncecd&deﬁ%@s)ﬂ%mat HEMVDNECESE eI Y Wg-wumtthe( tHHIHPVR k) of
~.sink) of the sink device (the tel evision receiver
the3gynk[ goBYle (the 'BdEVRGiaR épFee¥iverithmge period
‘&h reinafter also referred to as an "active video
€rifod"), which is a period froma vertica

Synﬁhro yﬁi i.on signal l{nggru = DEXS ﬁmgs_%%'m:

sync ronf zation si gnal ing a hori zont al nyBack
riiad @Bda@z¥?r¢ééxﬁ J kykackper0d)  the; dDMs 2 period
transmitfing unit unidirectionally transmts a
£dif hepentiall sdgcanrespand Rechalptxetndatacofveanical
unconpressed i mage for one screen to nme HDM
syretgioningt Ui tsimag exqlutialg tvhotietanmel Slydark pericd
addi tion, daring a horizontal flyback period and a
angert iveak 1t*ﬁ%/b?alc9@¢®<em€0‘dodtfhenﬁDﬂPW-r’aﬁ%ﬁiﬁmﬁ‘ﬁg?%m*f T
Unidirectionally transmts at |east audio data and
urdghtEs Laae ol assEEtEred Wi th TRESTThge tothe HDM
cc[r%:%%lp\gng_mgn{é 513?)[: n‘g a tpl ur’al I ty efomglgggne?é Slmigo\,o LO r one

screen to-the HDMI receiving unit using a piurality of
channels. In addition, during a2 horizontal fiyback period
and a vertical flyback period, the HDMI transmitting unit

unidirectionally transmits at least audio dataz and control

data azssociated with the im

W
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O
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o
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.
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using a plurality ¢f channels.

1007

Lo
'

That is, the HDMI transmitti nc unlit incliudes a

“ransmitter 81l. For example, the transmititer 81 converts

ok

data of an uncompressed image into a corresponding

i

ba’

=

*U

Qu
I-h
{

ifferentizl signal and unidirectionally and serizlly

transmits, using threse TMDS channels #0, #1, and #Z, the

differential signal to thes HDMI receiving unit connectad



That is, the HDM transmtting unit includes a
transmtter 81.. For exanple, the transmtter 81
converts pixel data of an unconpressed inage into a
corresponding differential signal and
anidirectionallv and serially transmts, using three
TMDS channel s #0, #1, and #2, the differential signa
to the HDM receiving unit connected - 29 - SO8P1988
thereto via an dDM cable. [0071] I n addition,
the transmtter 81 converts audi o data associ ated
with the unconpressed i nagé.® necessary control data,
and auxiliary data into corresponding differenti af0821988
signals and unidirectionally and serially transmts,
thesieng theeen TMRS channel s #0, #1, and #2, the-
differential signals to the HDM receiving -nit
[0dGAnect ed thereto via the HDM cable. [0072]
Furthernore, the transmtter 81 transnits, using a
TI\/DS"‘CQ‘%%WM@IG taappxRet tet otk ¢W‘§3}rﬁ6h|ﬁ@ﬁk@a@ab@
wth the er data transmtted using the three TMDS
aﬁéﬁ&ﬁﬁé?s hghe EFPres SFﬁel@Eﬂffr%fhﬁﬁﬁ%ﬂj &ﬁ?vro+
%nn$ .ed thereto ia the , HDM Fbre gq
ShanmelY A5 06, f Efm%l‘iﬁt “da
sﬂ@%algagﬁa1ﬁ££%k;v fghény% Ehéegeghggfﬁ transmi usin
three TMDE channeis #0, $1, and #2Z, the differential signals
to the HDMI receiving unit connected thereto via the HDMI
cakle.
[0072]
Furthermore, the transmitter 81 transmits, using a2 TMDS

lock channel, 2 pixel clock in synchronization with the

Lo

pixel data transmitted using the three TMDS channels #0, #1,

unit connected thereto via the

and #2 to the HDMI receiving
-HDMI cable. Here, through one TMDS channel #i (i = G, 1, 27,

10~bit pixel data is transmitted during one pixel clock.
[0G731

The HDMI receiving unit receives the differential
signal corresponding to pixel data unidirectionally
transmitted from the HDMI transmitiing unit using a

plurality of channels during an active vidso period. In

addition, the HDMI receiving unit rs=

{1
1
}.!
<
¢
19
o
p
b

T
0
4
0
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l
‘_J
i3

signals corresponding tc the audic data and contrcl data
unidirectionally transmitted from the HDMI transmitting unit

using the plurality of channels during a horizontal flyback



[0073] The HDM receiving unit receives the

differentia) signal corresponding-to pixel data T
unidirectionally transmtted fromthe HDM

transmtting unit using a plurality of channels

during an active video period. In addition, the HDM
receiving unit receives differential signals
corresponding to the audio data and contrcl data
nnidirectionallv transmtted fromthe HDM

transmtting unit using the plurality'of channel s

during a horizontal flybacks, 8 - SCBP1988 period

~and a vertical flyhadk perio [00741 SHEPLO8R

veriod and a vertical flybacdk pericd.
(0074

That is, the HDMI receiving unit includes a receiver 82
For example, the receéiver 82 receives, using the TMDS |
channels #0, #1, and #2, the differential signal
corresponding to pixel data and the differential signais
corresponding to the audio data and control data

unidirectionally transmitted from the HDMI fransmitiing u

of

connected thereto via an HDMI cable in synchronization wit

the pixel clock Transmitted from the HDMI transmititing u

using the TMDS ciock channel.

Ezamples cof fTransmission channels of the HDMI system
formed Zrom the HDMI transmitting unit and the HDMI
receiving unit include the threese TMDS channels-#O co #2
unidirectionally and serially transmit plxel data and audio
-data from the HDMI transmittiﬁg unit te the HDMI receiving
unit in synchronization with the pixel clock, the TMDS clock
channel serving as a transmission channel that transmits the
pixel clock, a DDC (Display Date Chann=si) 83, and a

Transmission channel called a CEC. line 8

FEns

The DDC 82 is formed from two signal

-

ines {noct shown!

contained in an HDMI cable. The DDC 83 is used by an HDMI

-

“transmitting unit when the HDMI transmitting unit reads &-



That is, the MOM receiving unit includes a receiver
82. For exanple, the receiver 82 receives, using the
TMDS channel s #0, 41, and *2, the differential signha
corresponding to pixel data and the differentia
signals "corresponding to the audio data and contro
data unidirectionally transmitted fromthe HDM
transmtting unit connected thereto via an HDM cabl e
in synchronization with the pixel clock transmtted
fromthe HDM transmtting unit using the TMDS cl ock
channel . [00751 ExanpPesof transni ssion
channel's of the HDM system forned fromthe HDM S08F1988
transmitting unit and the HDM receiving unit include
zpiheHrinzee-IVDS: ehannebss#le ¢ adkhtifatation Data) from an
unidirectionally and serially transmt pixel data and
HDUdissedatiact noatt henkbMed raemtta iig thet 1P tddle.
HDM receiving unit in synchronization with the pixe
[0@Tbck, the TMDS cl ock channel serving as a

t h | that t ts th gl )
B
1'(3:% ‘? Q‘al‘l e% q QEQ an ff} Rﬁgl\pozlgata Oﬁl%nigﬁopqc 583

SFmed oM TWo S| I nes
cngontialned (i an =M wsaé%& STDI%CDD%—&%N segéeg hy an
H transn1tt|ng unit when the HDM transmtting
pedibindRads EnrigudktionP824988 ity) of the HDMI receiving

f"i

runit. The HDMI tr ansmitting unit reads, from an HDMI
receivihg unit connected theréto via an HDMI cable, the E-
MDID reqa*d ng the HDMI receiving unit via the SDC 83.
Thersafter, for examplie, the HDMI transmitting unit
recognizes the fermat {the profile! of an image supported by
an electronic apparatus inciuding the HDMI receiving unit

{e.g., RGB, YChCr 4:4:4, or YChCr 4:2:2).

{0078}

1)

The CEC line 84 is formed from = signal line (not
Shown) contained in an HDMI cable. The CEC line 84 is used
for bidixectipnal communication of contrel data between the
HDMI transmitting unit and ithe HDMI receiving unit.

00797

In addition, the HDMI cable contains a line 86
connected toc a pin called éPD {Hot Piug Detect). A source
device can detect, using the line 86, that s sink devices is
connected thereto. Furthermore, the HDMI cable contains a

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



EDI D (Enhanced Extended Display ldentification Data)
froman HDM receiving unit connected thereto via the
HDNI T cabl e: [0077] That is, in addition to the
HDM receiver 82, the HDM receiving unit includes an
EDID ROM (Read Only Menory) 85 that stores the E-EDI D
Wiich is information regarding the performance
(configuration/capability) of the HDM receiving
unit. The HDM transmitting unit reads froman HDM T
receiving unit connected thereto via an HDM cabl e,
the EEDI D regarding the HD¥E receiving unit via the
DDC 83: Thereafter, for exanple, .the HDM S08P1988
transmtting urn recogni zes the format(the profile)
a9t c@n. 4 nRge SupRQLted by-an %ecgrfeqwo@eape%aﬁm cable
i ncl udi ng the HODM receiving unit (e.g., RGB, bOr
cohtdids DrréhQe [10028%s. The CEO Iine 84 ls
formed froma signal Iine (not shown) contained in an
(CHBM cable. The CEO Line 84 is used for bidirectional
communi cation of control data between the HDM
t r ansd tX ilddughiretaAderhor HDM sadEiakirag ianist of [ 00 9F0MI
In addition, the HDM cable contains a line 86
trasAneEtRE 0 ADiTs Al edTHPD TRt 5Pl W‘@ewcfﬁ}ﬁ A%
O@gﬁ(ce devi ce can detect, using the line 86, that -a
kK device is connected thereto. Furthernore, the

HD, £al e 600t NS | LN 87, Lol i5.dise éign«mzm

suppffyl Ng power “from a source
812, B81B, and 81iC corresponding to the three TMDS channels

#G, #_, anc #2 regpectively. In addition, each of the
encoder/sexla¢1zérs 812, 81B, and £1C encodes supplied image
data, addiftional data, and control data, converts from
paraliliel data tc serial data, and “raﬂsmizs the data in the
form of differential signais. Here, 1f the image data
contains three ccmponnnbs R (red}), G (green), and B (blus),
the B component is supplied to the enéoder/seriaiizer B1lA.
The G component is supplied to the encoder/serializer 81B.

The R component ls supplied

t

c the encoder/serializer 81iC.
[CO82]

Note thet examples cof the auxiliary data include audio
data and a control packet. For esxample, the control packe:
is supplied to the encoder/serializer B1h, and the sudio
data is éuppiied to the encoder/serializers 81B and 81C.°
[0083]

7 En addition, exzamples eof the contrcl data include a-

one-bit vertical synchronization signal (VSYNC}, a one-bit



device to at sinkdevice. Still furthernore, the HDM
cabl e contains a reserve |ine 88. [0080] Flo. 5
illustrates exenplary configurations of the HDM
transmtter 81 and the HDM receiver 82 shown in Fig.
4. [0081] The transmtter 81 includes three
encoder/serializers 81A 81E, and 81C correspondi ng
to the three TMDS channel s #0, #.11iand #2,
respectively. In addition, each of the
encoder/serializers 81A, 81E, and 810 encodes
suppl i ed i mage data, additizgnal data, and contro
data, converts fromparallel data to serial data,gmidsgs
transmts the data in the formof differentia
] Ao the im e dat .ains three
h°§*9""*gn%’r1t5§’rh g F2EECT gF BERY it (bFUE) °PTRe E
comgeonﬁnés'% %uma:lﬂd terthe, @C@ﬁ%/SE;L%éZﬂ
G conponent i s suon [ec”"tb the encoder/serializer
syﬁéﬁroﬂhﬁé*ﬂd¥3ﬁﬁ%&ﬁntgba SHEPhb LDz 4:0-41N& ynchrornization
encoder/serializ 81C. [00.82] Not € t hat
sigxanpkes sﬂpdﬂredaum|FharyndaﬁaL!gmiiﬁkzﬁﬂﬂmBQAdahaﬁand
a control packet. For exanple, the control packet is
copppl it ¢°Tilfe 2ewc 6Tl / seei alippeie@IA thrd the audio
data is supplied to the encoder/serializers 81E and

engpger/ f@z}sfaa‘ze“ 81D.n BeRli 49w ClexxarRsl 65L8f aR@ECTLS ar

contrg dat a |nclude a' one-bit vertica
SURYRERT ont 24t @ﬁ“cﬁoﬁﬁa{lsefv%wﬁ:?r & %ne- b. - 33 -
ro%%%ElggS

The encodexr/serializer 81A transmits the supplied B
component of the image data, wvertical synchronization signal,
horizontal synchronization signal, and the additional data

ey mannzy. That is, the encoder/serializer

uppiied B component of the imags data into

[¢i)
[43]

812 converts th
parailel data of eight bits, which is & fized number of bits.
In addition, the encoder/serializer 81E encodes “he paralilel
data in order to convert the parallel date into serial data.
Thereafter, the encoder/serizlizer H1A tTransmits the seriasl
data using the TMDS channel #0.

[0085]

Furthermere, the encoder/serializer Blia encodes ther2—
bit parallel data formed from the vertical synchronization
signal and the horizontal éynchronizaiion signal in ordsr to
convart the parallel data into serial datae. Thersafier, thex
encoﬁe:/seriaiizer 81A transmits the serial data using the

TMDS channel 40, Still furthermcre, the encoder/serializer



hori zontal synchronization signal (HSYNC), and
one-bit control bits CTLO tT1,1; CTL2, and CTL3. The
vertical synchronization signal and the horizontal
synchroni zation signal are supplied to the
encoder/serializr 81A. mh control bits CTLO and CTL1
are supplied to -the encoder/serializer 815.. The
contfol bits CTL2 and CTL3 are supplied to the
encoder/serializer 810. [0084] The
ehcoder/serializer 81?, transnmts the supplied B
conponent of the inmage dat&s vertical synchronization
signal, horizontal synchronization signal, and tH$83p1588
additional data in a tinme-multiplex manner. That is,
gihne,encoder/seriabhzes 814 converds.d hesuppbiedsBraiiel
conponent of the inage data into parallel data of
da€k ghtribides £owhi Chnd Sedcddecetsaninderzef sbit sncbddes the
addi tion, the encoder/serializer 81A encodes the
papatatl efatdatia iorderdér tonecenverihe tiwerpldredl dekadabao
into serial data. Thereafter, the encoder/serializer
se8lAlt damsmtd e sséisakngatar ust ngt theSEVBS téRahtied
~40. [00851 - Furthernore, the encoder/serializer
chglpeéntodes the 2- bit parallel data formed fromthe
rOégrti.cal synchroni zation signal and the horizontal
- Aehr oni zat i on signal in order to convert the
paral lel - a..nto,seLiaf data, . s Thereafter the
ené@%%rI%%%%%?F?E%“éi%ﬁfrgﬁ%nT%%F?ﬁ%S“Sg??a%dggfé”d
cotpbRgnt Nes TNDRS schapnels+40. -§ki bbnturt hermorerichang crii,
encoder/serializer - 34 - 80831988 81A converts the
arSURRET edxauxiti alatdaira s At eednbiltipasaldelndaa. That
- -Thereafter, the encoder/serializer 81A encodes the
isparakl ehcdata/dar orider=:t ¢ 1€onvererthetparaidelicdata
into serial data and transnits the serial data using
carpenENDScEhahpeln#de data into parallel data of eight bits,

@

which is a fixed number of bits., In addition, the
encoder/serializer 812 éncodes the parallel data in order to
convert the parallel data into serial data. Thereafter, the
encoder/serializer 81B transmits the serlzal date using ths
TMDS channel #1.

[0087]

Furthermore, the encoder/serializer 81B encodes the Z2-
bit paraliel data formed from the supplied control bits CTLO-
and CTL1 in order to convert the paralilel data inte serial
data. Thereafter, the sncoder/seriallzer B1EB :ransmit; thé
serial data using the TMDS channel #1. Still furthermore,
the encoder/serializer 81B converts the supplied auxiliary

data. Thereafter, the

st

=

data into 4-Dit paraz

=
=

encoder/serializer B1B encodes the parallel data in order to



[ 0086] The encoder/serializer 813 transmts the
supplied CS conponent of the inmge data, the contro
bits CTLO and CTL1., and the auxiliary data in a tine
mul ti pl exi ng manner. That is, the-encoder/serializer
813 converts the supplied G conponent of the inmage
data into parallel data of eight bits, which is a
fixed nunber O bits. In addition, the encoder/ser813
encodes the parallel data in order to convert the
paral |l el -data into serial data. Thereafter, the
encoder/serializer 813 tramsnits the serial data
usi ng the TVMDS channel #1. [0087] Furt her nos@&p1988
t he encoder/serializer 81B encodes the 2- bit
copaeal| ehe dad a3, feor ned =f ramst ber supphided LNtk <Bkts tre
CTLO and CTLI in order to convert the parallel data
seimt@ deti absidat ahelTlersattannet h#l encoder/seriali zer
81B transnmits the serial data using the TMDS channel
[O#881Still furthernmore the encoder/serializer 813
converts the supplied auxiliary data into. 4-bit
par S FRCHRC SSTREr AR eF L C t HtleHEddethse BUBPE 2E R

813 encodes_the parallel data in order. to SO8P1988 -
CEBRUSPT The HardiAds Hidta theot “Sertar it G o0 o7

an[tdr ag%r!i{lgii{]&’}?%{ét%l iqlataa §1| n%uq ‘_ADL eracnhnaeqnel #é': is,
the encoder/serxializer B1C converts the supplied R cormnénerﬂw
of the image data into parallel data of eight bits, which is

a fixed number of bits. In addition, the encoder/serializer
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des the parallel data in order te¢ convert the
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serial data. Thereafter, ths
encoder/serializer BLC transmiis the serial data using the
TMDS channsl #2.

IG085]

Furthermore, the encoder/ssriglizer B1{C encodes the 2-

bit parallel data formed from the supplied control bits TTLZ
and CTL3 in order to convert the parallel data into serial

data. Thersafter, the encodsr/serializer B1C transmits +he
serial data using the TMDS channel #2. 5Still furthermore,

the encoder/serializer 81C converts the supplied auxiliary

serlal data using the TMDS channel #2.



The encoder/serializer 810 transmts the supplied R
conponent of the inmage data, the Control bits CTL2
and CTL3, and the auxiliary data in a tinme-nultiplex
manner. That is, the encoder/serializer 810 converts
t he supplied R conponent of the image data into
parall el data of eight bits, which is a fixed nunber
of bits. In addition, the encoder/serializer 810
encodes the parallel data in order to convert the
paral l el data into serial data. Thereafter, the
encoder/serializer 810 traAsnits the serial data
using the TMDS channel 02. [0089) Furt her nilg F1988
t he encoder/serializer 810 encodes the 2-bit parall el
datma,d eeaedEr o the: SuRp ired oMok cblt 8ebdde?s audh,
CTL8 in order to convert the araliel data into serial
g2dat anc Ty eafdtremspohBéngncodentsenicaéi 2ebs 8diannels #0, #1,
transmts the serial data using the ,TMDS channel #2.
andt #f] faantamermeis, tlve asiwicder/ serical pZetn810
converts the supplied auxiliarg data into 4-bit ‘
reparary elecdacas TREr eBEB er2n¢ e entesferesefiaPlL 287 8109
._encodes, the parallel data in order to convert the
dapar af fet-datia SPnfo 8BFi GP"data @nd® t¥ansihi t8 het
.serijal, data .usi.n

dlgb@ﬁi@%ﬁ”‘Slgnaf%e5gﬁng'“lecgg8$eéhiﬂQ§%J#G- %@,'and £2.

recéi ver ncludes t hrée

znrﬁ88¥9{&¥ﬁﬁﬁﬁﬁﬁ%§ 824, +823v=apA38204 00 18SPORAENY LA goc
the three TMDS channel s 40, #1, and 42, respectively.
cohBeaddi tionmLach0L, t Baxr ecaver yidecader £82R01823+=
~and 820 receives supplied i mage data, auxiliary data,
frandaceat10l Matmt not hephorim el doffer entdaldssi gha S
usi ng the TMDS channel s #0, 41, and #2. In addition,
pragadheof ditre racoveryitdecodet 5282Re82&tand 820
converts the inmage data, auxiliary data, and contro
[08%ta froma serial format to a parallel format,
decodes Ihe+parglIelsgatg,ﬁang,ogggulngh% paral Le
dat B2 0012 eCFRATY{ ST RRT r 2CoVer I aecoddf §2A
~Jeceives the - conponent of the ioage.d A8 zazion
“Sér FéélOéj%%ﬁf%%ﬂ%b?ﬁé%’sFg%aﬁf“fﬁéaﬁo$$€%ﬁﬁ%h*“atlor
=:S¥AGhr opl zat i on,signal,, andtihecauxi Ligry: datipy ighd he
forth of differential "signals transmtted using the
auliGSaehannel AO.cnEhereaf ter ditfle reacoyer yi glecoder
82A. converts the S conmponent of the inage data, the
tneefsiii cabd synohy ortiez &Moen chiagmall, $0he Trordezdntal, . the
synchroni zation signal, and the auxiliary data froma
regeregyl oenudet Bib paralErels fdemdt cogpebees thehe image

paral | el data, and outputs the parallel data. . L
data, the vertical synchronization slgnal, the horizontal

't
[$1]

synchronization signal, and the auxiliary data Irom a

e =]
-G

W
(B

format to a pérallel format, deéodes the paralliel dats, and
outputs the parallel data.
[C052]

The recovery/decédex 82E receives the & component of
the image data, the control bits CTLO and CTL-J_, and ths

auxiliary data in thé form of differential signals



[ 0092] The recovery/ decoder 823 receives th O
conponent of the image data, the control bits CTLO
and CTL1, and the auxiliary data in the form of
differential signals 37 - SOBP1988 transmtted
using the TMDS channel 41. Thereafter, the

recovery/ decoder 82B conVerts the G conponent of the

i mmge data, the control bits CTLO and CTL1, and the
auxiliary data froma serial data format to a
paral l el data format, decodes the parallel data, and
outputs the parallel data. 3[f0093] The

recovery/ decoder 820 receives the R conponent of S03&1988
i mage data, the control bits CTL2 and 0713, and the
cradxhltady data ikRet hADEoE M Rf=diff er enti-ahssdgnalise
transmtted using the TVMDS channel 42. Thereafter
reth@efﬁﬁﬂyﬁﬂyﬁdeaadebnSQBEeonN@rGscdﬁnbﬂ%n¢0ﬁponeet_m¢ge
the i mage data, the control bits CTL2 and CTL3, and
dathe awxidarampldatast C8hT aaser¢all f orwatteo2gxparaly efata

format, decodes the Parallel data, and outputs the 1
Bar%|§%glqkuq9ta[§@ggpe o a parallel data for mav, decodes
the parallel data, and outputs the parallel data' ' '
104933
The recovery/decoder 820 receives the R component oi
the imzcge data, the control bits CTLZ and CTL3, and the
auxiliary-data in the form of differential signals

transmitted using the TMDS channel #2.

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

and CTL3, the auxilizry data

arnd

illustr an egampl Transmission span

in which wvariouns transmissicn data items are

-

(peri

rransmitied TMDS channels #£0, #3, and #2.

™2 -
n

= variou

=
=

h

transmission span ©

rransmission date items whsn a progressive image having a

size of

transmitted using the

720 pizxels bv 480 pixels

u

fhorizontal) (vertical) 1

XN
TV

TMDS channels $#1, and #2.

(00257

A video field in which transmission data

using the three HDMI TMDZ channels #0, #1,



Fig 6 illustrates an exanple of a transm ssion span
(period) in which various transm ssion data itens are
transmtted using three HDM TMDS channel s 40, #7,
and #2 Note that Fig 6 illustrates a transm ssion
span of various transnmission data itens when a
progressi ve i mage having a size of 720 pixels
(horizontal) by 480 pixels (vertical) is transnmtted
usi ng the TMDS channel s #0, #1, and 42. [0095]
A video field in wlich transm ssion data is
transmitted uaing the threé®BBM TMDS channel s #O0,
#1, and #2 has three - 38 - SO8P1988 types of S08P1988
period: Video Data period, Data Island period, and
£ yh@Ntd Olpepardadvi@A96kta periber epattdhasukdaoptiebd, and
period is a period starting froma rising edge (an -
Comictovepeedge). of a-vertical synchronization signal to
a rising edge (an active edge) .of the next wvertica
[089khroni zation signal. The video field period is
separated into _a horizontal bl anking peri od
(hé#?fbnﬂ&F BEERRI AgT Y aPTettd cat QﬂgﬁﬁRPﬁgsb%F?Hé’L~or
(vertical blanklng%‘ and an_active video p
a

d
* (Aethve NSt VEcF Vs vPded et todi 5"’&%{9?1 o Eton
d
SR e e el W e

the ver ng périod fromthe -

vebigbsh perl 00 ori0097%bn signal. The video field perlod is

separated into a horizontal blanking period (horizontal

blanking), a2 vertical blanking period (vertical blanking},

-and an active video periocd {Active Video). The actiwve video

griod is a peried obtained by excluding the horizontal

T

blanking period and the vertical blanking pericd fzrom the

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

scréen image data is transmitted.

The data island period and the control period are
assigned to the horizeontal blanking pesriod and the verticel
blanking period. 1In the data island pericd and the control
period, the auxiliary data ls transmitted.

{00991

£h

That 1s, the data 1lsland period is assigned to part ©



The video data period is assigned :to the active
video period. in the video data period, active pixe
data for a size of 720 pixels by 480 lines that forns
unconpressed one-screen imge data is transmtted.
[ 0098) The data island period and the contro
period are assigned to the horizontal blanking period
and the vertical blanking period. In the data island
period and the control period, the auxiliary data is
transmtted. [0099] That i-s, the data island period
is assigned to pat., of --339-- SOBP1988 the
hori zont al- bl anking period and the vertical bl ankioggi98s
Period. In the data island period, data of the

thauxd iy sdabazhpat i S pota related 4o, e9pLEOkL évgkﬂ‘lg
a packet of audio data) is transmtted. [0100]

period. In the data island pericd, data of the auxiliary

A

data that is not related to control (e.g., a packet of audio
data) is transmitted.
[0100]

Thé control periocd is assigned to the other partzof the
~horizontal blanking period apnd the vertical blanking period.
I the .contrel period, data of the auxiliary data that is
reiated to contrel (e.g., a vertical synchronization signal,

a horizontal synchronization signal, or a contrcl packet) is

}

-
g

LTe

fl).

transmi

]

bt

0

et

[0

According to the current HDMI‘specificatioﬁ, the
ffequency 0of the pixel clock transmitted via the‘TMDS clock
channel is 165 MHz, for example. Iin this case, the transie
rate over The data 1siand period is about 500 Mbps.

Fig. 7 illustrates an example of the pin assignment. of
an HDMI terminal. This pin assignment is & type-& pin
assignment
{0102]

- Two lines that form a differential linse through'which
TMDS Data #i+ and TMDS Data #i-~ serving as a diffeﬁeﬁtia}
signal of the TMDS channel #i are transmitted aré connacted

to pins to which the TMDS Data #i+ is assigned (pins having



The control period, is assigned to the other part of
the horizontal blanking period art tine vertica
bl anki ng period. In the control period, data of the
auxiliary data that is related to control (e.g., a
vertical synchronization signal, a horizontal
synchroni zation signal, or a control packet) is
transmtted. [0101] According to the current
HDM specification, the frequency of the pixel clock
transmtted via the TMDS cl ock channel is 165 Mz,
for exanple. In this case, 4fhe transfer rate over the
data island period is about 500 Mops. [0102] 50871988
Fig. 7 illustrates an exanple of the pin assignnment
pi9fnan Mo st &r mMynakng Thi saph noassigni@nthi sha type-Ata
pi n assignnent. [0103] Two lines that forma
#1.di £4 exsentdrald l(bnest heoigh. pwhichaBVES cBata £ +ammd®) .
TMDS Data #1-,serving as a differential signal of the
[0TMDS channel #i are transmtted are connected 90 -
SO8P1988

in addition, the CEC line 84 through which z CEC signal
servinq a5 control data is transmitted is connected to a pin
having a pin number of 13. 2 pin having a pin number of 14
is a reserved pin. Furthermore, & line through which an SDA
{(Serial Data) signal, such as the E-EDID, is transmitted is
connected te a pin having a pin number of 16. R line
thﬁough which an SCL (Serial Clock) éignal_serving as a
clock signal used for synchronization of transmission and
reception of the SDA signal is transmitted is connected to a
pir having a pin number of 15. The above-described DDC 83
ig formed from the line through which the SDA signal is

transmitted and the line through which the SCL signal is

ri

transmitied.
(010651

"In addition, ths line 86 used by the source device ior,

as described abowve, detecting that a sink device is

connected thereto is conneciad to a pin having a pin number

of 19. Furthermore, the line 87 used for power supply, as

described above, is connected to a pin having a pin number

of 18
[01G6]
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pin nunbers of 1, 4, and 7) and pins to which the

TMDS Data #i- is assigned.(pins having pin nunbers of

3, 6, and 9). [0104i In addition, the CEC |ine 84

t hroughi ch a CEC signal serving as-control-data is

transmtted is connected to a pin having a pin nunber

of 13. A pin having a pin nunber of 14 is a reserved

pin. Furthernmore, a |ine through which an SPA

.(Serial Data) signal, sucn as the E-EDID, is

transnitted i s Connected to a pi n having a pin nunber

of 16. A line through whichkhzan SOL (Serial C ock)

signal serving as a clock signal used for S08P1988

synchroni zation of transm ssion and reception of the

.SPA.sLgpal_.Jj.s -tran e scon t [
hlﬁ%&?ﬁéggg%?ﬁ‘ﬁﬁ téﬁg%%k g he gb%%%Qdé§§F?§§daBBC§ Fnk
aelrscborngd fram theking:4 hfmh W Gh he SPA si gnal

is transmttéd- and the line through which the SCL
coSingAakat Son turans Akt ede rFOIRB1LAN (Loddl addist Keryothe

line 86 used by the source device for, as descri bed
coahouecadetrect Tng thatual sinkodewi e pexfoonnect ed

thereto is connected to a pin having a pin nunber of
copgunga t helr i e1s iive al bpgi87cusedat orcrponmecasappl path

as described above, is connected to a pin having a.
LoBMRSnGRBEr2 d1aleg O GLGERTERG 128 LEPR3tIBANE R iurality

exenglaly confggura%b%q of the F 41, - 30821988

CIL iin Ciadts T Oor

-

hat is, reserve line
(Ether- line) corresponding to the Reserve pin (No. 14 pin)

and an HPD iine (Ether+ line) corresponding to the HPD

“tﬁ

{No. 19 pin} in the present embodimsant.

The source device includes a LAN signal transmitting
circuit 4311, a terminating resistor 412, AL coupling
capacitors 413 and 414, a LAN signal receiving circuit 415
& subtraction circult 416, é pull-up resistor 421, &
resistor 427 and a capacitor 423 that form a lowpass filter
a comparator 424, z pull-down resistor 431, a resistor 432

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

comparater £34. Here, the high-speed data line interface

transmitting circuit 411, the terminat;nc resistor 412, the
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hi gh-speed data |line interface of a source device and
a sink device. The high-speed data |line interface
forms a communi cation unit that performs LAN (Loca
Area Network) communi cation. The conmuni cation unit
perfornms conmuni cation by using a bidirectiona
comrmuni cation path forned froma pair of differentia
-lines anmong a plurality of lines that forman HM
cable, that is, a reserve line (Ether- |ine)
corresponding to the Reservg pi'n (No. 14 pin) and an
HPD | ine (Ether+ |ine) cort sponding to the HPD pi%D .
(No. 19 pin) in the present enbodi ment. [0107] S08P1988
The source device includes a LAN signal transmtting
cogp¥iow tcadbtitart 61/l naté ngereisicstion 4821sACr cdupl il AC .
capacitors 413 and 414, a LAN signal receiving .
coeR+ie tcpESitarsabér adtt on Rﬁ#%ﬂﬁgwﬂ4f6§l§tﬁﬁlgiﬂpls
resistor 421, a resistor 422 and a capacitor 423 that .
CORBF M E | BWIEEE FiPowﬁrc%W§%+%tbf“ﬁ2%}“§ pul FEGowndtound
.resistor 431..a resistar, 437 .and,a | tor_ 433 .that
L min POURASEY Fe el ind a apar SEREThYe A T
he. high: speed. data | ine; interiace { the-dighaspse
41%a§§§f%ﬁ% FTF*nrgﬁggrheg %?%nwtﬁgef%ﬁggﬁgnng esed
poblansm 3 ldNg cikeUbt 444, Lihesi@ian natRgikreshgt Ol reuis
~ 412, the AC coupling capacitors 413 and 414, the LAN
41351 gial 2 necaitdivag cokbetl £144 30f artee tirel subtwacteoaliving
circuit ,416. [0108] A series circuit of the pull-up
.ciresistor> 42In ¢HeiAln, AZcISCBRIY8RccOUpPENgt the AC
capacitor 413, the termnating resistor 412, the AC
cogpbbhe neprEHpacitt dr442aC RRE AP 1addith edissPer 44311
i s connected between a power supply line (+5.0 V) and
CORPRTFOENA-T i &SR [EIFnEEE BN f)b‘?%toEl St the SABRES

tr%gg££{9£5é2g¥¥é£f%'éll and a negative output side of the

=

LAN signal receiving circuit 415. A transmission signal

(transmission data) 8G411 is supplied to the input side of

’,J-

the LAN signal transmitting circuit 41:%.
[0108]
_ - 1

In additiom, an output signal

=

5G412 outpﬁt from the LAN
signal recsiving circuit 415 is supplied to the positive
side terminal of the subtraction circuit 416, while the
transmission signal {vransmission data; S5G411 is supplied tco
the negative side terminazal of the subtraction circuit 416.
;In ihersubt:action circuit 416, the transmission signal
$C411 is subtracted from the output signai 8G41Z2 ocutput from
the LAN signal receiving circuit 415 so that a recaived

signal (receivad data) SG413 can be obtained.

(0110]



413 and the termnating resistor 412 is connected to
a positive output side of the LAN signhal transmttrng
circuit 411 and a positive output side of the LAN
signal receiving .circuit 415. In addition, a
connection point 92 of the AC coupling capacitor 414
and the term nating resistor 412 is connected to a
negati ve out put side of the LAN signal transmtting
circuit 417 and a negative output side of the LAN
signal receiving circuit 415. . A transm ssion signa
(transm ssion data) S(411 £3 supplied to the input
side of the LAN signal transmtting circuit 411. s0gp1988
[0109] . I'n addition, an output signal S&412
outrpu, bk oMy hes LAN s gnal, reeelkVigdd.¢i 6uid, AlR s
supplied to the- positive side term nal of the
reSUbBtdactiionnea €gdi Lc4dOup Wi d e- 4 itt-anNg MR Ssk Ofornectad
signal (transm ssion data) SG411 .is supplied to the
to nEgatgrwersi denterik nal sefi4¢dhecsubtiractii ohecresUitor 422
416. In the subtraction circuit 416, the transm ssion
angi gralcaS@FL2oirs 48abt ridcteatilifiom, t be output siguwal of the
3412 output fromthe LAN signal receiving circuit
Lovpss s g itlige gbFeéBPY el stighafoteteivedCdht ay Sta 3
..can be qgtaineg. [0110]., 43 j%?QBP1988?.D Ln
TeHUHUT T O 4"ConRBctPRAC PO ht i ot THEHGF FHpone ©F
inéﬁs'éé&i A2l o@”%éhgoﬁfﬁ%& g, .CaEQPJaBQrcé&o?’adascgfr

‘ctonnected to the groun Iné via a series circuit

s2ihe-fesh ston 42¢.,and,Lhg capagch tof. 423m-L0 addiLion,
an out put "signal of the | owass filter obtained at
cob@r £ONNEGCT Iz:0RcgekBhcef vhheasesiséor 4227and;tBepplied
capacitor 423 is supplied to one of input term nals
toofh¢ helconmparator es424nalkn tdre coonpar atona24G4 thesutpus
out put signal output fromthe | owpass 1rilf-nr is
freonpar edbviatatarr £ ér eaceunpliagetvrigfd cEa3:rP5 Wit (the
_.Supplied to the other input.termnal. An output
CEY) gval S ISGAPAT66t fEVEFFom t he conparator 424 is
;g?“PP'ied to the control unit (the CPU) of the source
"“device. N 111

In additiocon, a connecition point C2 of the AC coupling
capaciter 414 and the pull-down resistor 431 is connecied o
the ground line via a series circuit of a resistor 432 and &
capacitor 433. In addition, an output signal of the lowpass
filter obtainsd at the connection point ¢f the resistor 432
and the capacitor 433 is supplied to one of 1nput terminals
of the comparator 434. In the Comparatbr 434, the output
signal output from the lowpass filter is compared with a
reference volitage Vref2 (+1.4 V) supplied o the other input
terminai; Ary ocutput signal SG415 ocutput from the comparater
£34 is Supplied.to the control unit (the CPU) of thse sourcé.

device,



in addition, a connection point @ of the AC coupling
capacitor 414 and thel -down resistor 431 is connected
to the ground line via a series circuit of a resistor
439 and a capacitor 433. In addition, an output
signal of the lowpass filter obtained at the co
nection point of the resistor 432 and the capacito..
433 is supplied to one of input termnals of the
conparator 434. In the conparator 434, the output
signal output fromthe |owass filter is conpared
wth a reference voltage-Vegf2 (1.4 V) supplied to
the other in termnal. An output signal SG415 outpgb1988
fromthe conparator 434 is supplied to the contro
[G“%%I (the CPU) of the source device. - 44 - SO8P1988
1 ﬂ The sink device includes a LAN signa
transmbtiing i Lou e Atk s & b@NM-NaLLNG: F 854Sl rAA2,
AC coupling capacitors 443 and 444, a LAN signal
ci 868 VANY G RGuit n445ngarsubit@ctiqam oicr evipi 446, a
pul | -down resistor 451, a resistor 452 and a
capaphcbtord 453nthat 4f oe LAy | owpass fddetieripgacircuit 44
conparator 454, a choke coil 461, a resistor 462, and
a2 aubeskstorn 483 culiér 646t he hirgh-dpeed <FattaCKi Ael, 2
interface (high-speed data line 1/F) is forned from_
reg hetPAN 3 gl & FRRSAFERF g &i Piedif tT 9 @ tREPASS fiiter,
termnating resistord42, the, AC coupling capacitors
2 GABPARY-AUL 24 héE E%ﬂ]igi ghiar Féttei%i£@g~¢cﬁ“r°cU|B*t%544%?ﬁ @
rvgggFégeégyptﬁgggloﬂ‘&'ﬁf&ﬂl é%%% %é%%l3hnﬁeintef%ace
4

(@3]

¥

rcuit “of the resistor 462 and 't resi stor
(x 'ﬁugée&ﬁn@% ed petyeen thepoyes suppland iR8 63809
and the ground line. In addition, a series circuit
rr@hshherchoke: €aiil: 461t he-AC-enupht NGy capacitber 1444, the
the termnating resistor 442, the AC coupling
accapapit oy d435ciand o Be3paknb- dévwn tesiBAOrs4Hkli geceiving
connect ed between the ground line and the connection
cipobnt éf5t hend adisstsobt462tand Fheckdsistr 463.

(01133

E series circuit of “he resistor 462 and the resistor
463 is connected betwsen the power supply line {+5.0 V} and
the ground line. In add:ition, a series circuit of the choke
coil 461, the AC coupling capacitor 444, the tTerminating
resistor 442, the AC coupling capacitor 443, and the pull-

down resistor 451 is connected between the ground line and

the connection point of the resistor 462 and the resistor

463
o114
A connection peint P3 of the AC coupling capacitor 443
“and the terminating resistor 44Z is connected to a positive

cutput side of the LAN signal iransmitting circuit 441 and a



[0114] A connection point Pa of the AC coupling
capacitor 443 and the termnating resistor 442 is
connected Li a positive . SCBP1988 positive output -
side of the LAN signal receiving circuit 445, In
addi tion, a connection point 94 of the AC coupling
capacitor 444 and the termnating resistor 442 is
connected o0 a negative output side of the LAN signa
transmtting circuit 441 and a negative output side
of the LAN signal receiving circuit 445.ransm ssion
signal (transm ssion data)4$&17 is supplied to the
i nput side of the LAN signal transmitting circui 0421586
J0115] In addition, an output signal SG418
po Ut P U@t RedkANsskgbal.aneeeb M NOr&td Ctlirly 445 chSt 445.
supplied to the positive side term nal of the
Insaddir@ictd,on conhowitid46;cwh | B! tde dhreaASnissipbmnag
signal SG417 is supplied to the negative side .
capaeifigral¢4éf apbetbabteamiton.®d reRd 5446 44Fnighecnnected
subtraction circuit 446; the transnission signal .
L0 SA1T A S S UBUEREE e 8- BF ot t RS O%%Lﬁlgé}a&nﬁlragéi%“—ﬁg
.output fromthe LAN signal receiving circuit, 445 so.
< PRAEE & Tocai BanErghal o SEEredt U1 9 "SeHS" canik:

reggﬁéQEEH%iJé%££6h45. A transmission signal {tftransmission

data) SG417 is supplied to the input side of the LAN signal

transmitting circult 44%.

In addition, an output signal SG418 output from The LAN

|

signal raceiving circuit 445 is supplied to the positive
side terminal of the subtraction circuit 4£¢, whlle the
rransmission signal SG417 is supplied to the negative side

terminal of the subitraction circuit 446. In the subtraction

raceivaed signal [recsived
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In addition, a connection point 03 of the pull-down

résistor 431 and the AC coupling capacitor 4432 is connected
to the ground line via a series circuit of the resistor 452

and the capacitor 433. In addition, an output signal of the
iowpass filter obtained at the connection point of the

resistor 452 and the capacitor 453 i1s suppilied to one of



In addition, a connection point @B of the pull-down

resistor 451 and the AC coupling capacitor 443 is

connected to the ground line via a series circuit of

the resistor 452 and the capacitor 453. In addition,

an out put signal of the |owpess filter obtained at

the connection point of the resistor 452 andcapacitor

453 is supplied to one of - 46 - SOBP1988 i nput

termnals or the conparator 454. in the conparator

454, the output signal output fromthe | owpass filter

is - conpared with a refereace voltage Vref3 (+1.25

V) supplied to the other input termnal. An outp@Hg8rl988g

signal SG416 output fromthe conparator 454 is

t he t Lol okt CPY). of.t K+

*ngggﬁ%% ‘fﬁ%f ie AR EGhpdifl -,4Fgéert% I%néﬂg%%hgho
258N HED du %%T5Q&q%@ﬂt ai:nsek i fran M) cabke Forma is

differential tw sted pair. A source-side end 511 of
cotrb@r4@sdrnve al ira€er@lcek svebimngetietk 330 (tie 2NoV) 1duppmed

of the HDMI term nal of the source device, while a
coskhk-silde émgputs2erofnthe Peserpuli AeoBRL $&416 output

connected to the No. 14 pin of the HDM term nal of )
fronetss Mewavicées APA addFiRiohled SoulGe foPdecendns12(toe

of the HPD line 502 is connected to the No. 19 pin of
C2UheCHDNE® tS8r¥i M5V 6F t he source device, while a
roﬁ; -side end 522 of the HPD |ine 502 is connected to
“'thé"No. 19 pin of the ADM term nal of the sink

devi e,  fQL18) oo 501 Lfuthe Hounce deyhceont Ao in an
above-descri bed connecti on poi nt 01 of the pull-up

HDMESESH S Al andi 4R rAQLEOUPLINGed pair. A scurce-side

l .

end 511 of the reserve line 501 iz connectad fto the HNo. 14
pin of the HDMI terminzl of the source device, while a sink-

side end. 521 of the reserve line 501 is connected tc the No.

4

t~h

i the BEDMI terminal of the sink device. In additiorn,

=
|-U
]

o}
2 source-side end 512 of the HPD line 502 is cdnmecéed o
the No. 19 pin of the HDMI terminal of the source device,
while a sink—-side end 522 of the HPD line 302 is connected
To the No. 19 bin of the HDMI terminal of the sink device.
(01187

In the scurce device, the above-described connection

point Q1 of the pull-up resistor 421 and the AC coupling

I

capacitor 413 is connected to the No. 14 pin o

the HDMI

terminal. In addition, the above-described connection point

o
[N

of the pull-down resistor 431 and the AT coupling
capacitor 414 is connected tc the No. 19 pin of the HDMI

terminal. While, irn the sink device, the agbove-~describead



capacitor 413 is connected to the No. 14 pin of the
HDM termnal- in addition, the above-described
connection point 02 of the pull-down resistor 431 and
the AC coupling capacitor 414 is connected to the No.
19 pin of the HDM termnal. Wile in the sink device
t he above-described - 47 - SO8P1988 connecti on poi nt
@B of the pull-down resistor 451 and the AC coupling
capacitor 443 is connected to the Ed. 14 pin of the
HDM termnal. In addition, the above-described
connection point 4 of t hedéhoke coil 461 and the AC
coupl i ng capacitor 444 is connected to the No. 1§Y9pFR288
of the HDM terminal. [0119] - The operation of LAN
colRaiRInc abiian per toroed byl tHevh speadtdat @51 iaved the AC
i nterface having the above-descri bed configuration is
cowgelsicrd lregapéxbr £O32D04 connecyad tive tdeulece dewige,of the
the transm ssion signal (transm ssion data) S&11 is
HDMy gpiiadreto the 4 FHptil Wi déisf sPRESCARPST yrffl connection
transmtting circuit 411 nd a differential signal .,
PoY3 eIt VETOGPBUE SPahatehmPS Hepali vE Bt Bt creetTor
i gnal ). _corresponding,to el n.ssi-enrsigpal
¢ B e Bt T POR b LA ST na® Fraper Ty
rpelgcuit 411, in addition, the differential signa
" output fromthe LAN signal transmtting circuit 411
i S Bppbied:t ont B TCONNESH OGN 2aiinirS pRrandeP@anthd s
transmtted to the sink device via a pair of |ines
hidthepgeserare liine 58ieandct heaHBLY litne £502k -dksthebed
HLM cabl e.

configuration is described next.
012¢]

In the scurce device, the transmission signal
(transmission data) S$5G411 is supplied to the input side of
the 1AN signal transmitting circult 41il, and a differential
signal {a& positive output signal and a negatlive output
siénal} corresponding to the transmission signal SG411 is
cutpizt from the LAN signal transmitting circuit £11. In
addizion, the differential signal output from the LAN signal
transmitting circuit 411 is supplied to the connection
points P1 and P2 and is transmitted tc the sink device via 2
pair of lines (the reserve line 501 and the HPD line 302) of
the HDMI cable.

[0121] -
_In addition, in the sink device, the transmission
signal (transmission data) SG417 is input to the inpul side

=

of the LAN signal transmitiing circuit 441. The LAN signal



[0121) -In addition, in the sink device, the
transm ssion signal (transm ssion data) 50417 is
input to the input side of the LAN signha

transmtting circuit 441. The LAN signal - 48 -
SOSP1988 transmitting circuit 441 outputs a
differential signal (a positive output signal and a
negati ve out put signal) corresponding to the

transm ssion signal 50417. In addition, the
differential signal output fromthe LAN signa
transmtting circuit 441-isssupplied to the
connection points P3 and P4 and is transmtted t®dslrasss
source device via the pair of lines (the reserve |line

| wépémm_ntch%ﬁl?&h e 502) 0 s theyHM.cable: ;| 01221,

I'n addition, in the source devi ce, since the input
pobi Bevofotherl ANyshgnahs r £GedyH digr Cichpt 418nks)
connected to the connection points 21 and P2, a sum
cosrgsgwnuﬂﬁgaturansnms&wem;nsugnablgmaleS®@hﬁJngui(mdmition,
differential signal (an electrical current signal)
theudplietarometihel BANL sPghalt tizams Ml iAY crecait 411

and a reception signal corresponding to a
CrARFRER G AR TSPgRal 4t r ARsTHRE b Qr%ﬂnt@ﬁeV§Pﬁ% cgévice

- N th abov descrlbeg wanner . n be obtalned as the i
méﬁl’ilﬂ S%”é’nal 80413 LT pUT T TOTH (e TANCGH giial Gevice via

<nbSGEI Vi 010 GHLEUI {815 L, L e, sl saction ol keYi S 1o

The transmi Ssion: i gnal ~ 30411 i s subt racted from
sobhes putputypaizonal, 1 20412 output fromthe LAN signa
receiV|ng circuit 415. Accordingly, the output signa
120413 putout fromthe subtraction circuit 416
corresponds to the transm ssion sianal (transm ssion
dat@) SE4t7orecenveds fsomddealsiink  devince. th812nput sice

of the LAN signal receiving circuit 415 is connected to tThs
cornection points P1 and B2, a sum signal of a transmission
‘signal corresponding to & differeniia; signal (an electrical
current signal) cutput from the LAN signal transmititing
circuit 411 and & reception signal corresponding to &
differential signal transmiifted Zrom the sink device in the
above-described manner cdn be obtainsd as the output signal
S5G412 output from the LAN signal receiving circuit 415, In
the subtraction cizcuit 41€, the transmission signal 5G411
is subtracted from the output signal 5G412 cutput from the
LEN signal receiving circuit 415. Accerdingly, the ouiput
signal $6G413 output from the subtraction circuit 416
borresponds te the transmission signal (transﬁission data)

SG417 received from the sink device.



- 49 - SO8P1988 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 sumsignal of a transm ssion signa
corresponding to a differential signal (an electric
current signal) output fromthe LAN signa
“transmtting circuit 441 and a reception _signha
corresponding to a differential signal transmtted
fromthe source device in the above-descri bed manner
can be obtained as the outpyt_signal 5G418 out put
fromLAN signal receiving circuit 445. In the S0BP1988
subtraction circuit 446, the transm ssion signa
SH17 is subtracted fromthe output signal SG418 .
oUtBUE IREBATE ho R ANPS | Tl SECET VI RGPEFT CUT { 0ids, Side
o APEOTALNGLY.., ) e oWt Ul SLONAL; SGAID ;QulpE, LLOR L8 ne

acti“on"Circui corresponds to t

cohﬁéyﬁﬂk§§kﬁgt§'%@agn&tE@DS§1§§$qgh%ﬁﬁakfsgn%%aﬂsmigsion
received fromthe source device. [0124] In this
sivay) bidideehional LAN gorPupkeatd DIsiema1bg zpeeiortethal

bet ween the high-speed data line interface of the
cusesfesidpniige cangduthé rhinghespeRd datrae | inerisnteciage

of the sink device. [0125] Note that, in Fig. 6,
cippuaddi4l omct @ pecketatngst tieahboverdrgerdivad tEAN

.comuni cation, the HPD |ine 502 sends, to the source
digégree;idnfodiati 6F NRatcaEPn§T Phatiar EMe device ir

the above-described manner can pe obiained as the output
signal S5G418 output from the LAN signal receiving circuit
443. In the subtraction circuit 446, the transmission
signal 8G417 1s subtracted from the output signal SG418

output from the LAN signal recelving circuit

e

45,
Accordingly, the output signal 5G418 output from the

subtragtion circuit 446 corresponds to the transmission

signal (iransmission cdata} Géil received from the sourcs
device.
012247

In this way, bidirectional LAN communication can be

performed between the high-speed data line interface of the

source device and the high-speed datea line interface of the

Note that, irn Fig. B, in addition to performing the
above-described LAN communication, tThe HPD line 50Z sends,

0 the source device, informetion indicating that an HDMI



- 50 - SOBP1988 cable is connected to the sink device
using a DC bias level. That is, when an HDM cable is
connected to the sink device, the resistors 462 and
463 and the choke coil 461 in the sink device biases
the HPD |ine 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 Iine 502 using the | owpass
filer formed fromthe resistor 432 and the capacitor
433 and conpares the DC bias with the reference
voltage Vref2 (e.g., 1.4_Vkpusing the conparator

434. - [0126] When the HDM cable is not connegigsh ang

to the sink de- the vol t age” of the No. 19 bin of the

H ter m nal the source device is |ower than the .
cap ?eT%ﬁ8§HV%TT§gé Vrafos “%Fn%%vr%é‘bufP dowrt Pé?lsf“ ®
431, LS | ) tra . .
T et BT ot RB Gl R B Co CRe VOl (08 T Lhe Ko oo

thé9v95nso<§z§ hesHRMy esmingl <9k Lﬂ@k@%ﬂe 4¢8Viieeths cink
hi gher than the reference voltage Vref2. Accordlngly

dewhen bhesdbMnecalroe 1iig=neb2cappegt €6 i t he sitnkso that
devi ce, the output signal SG415 of the conparator 434
thiesHaD aitk gitd énveel abOuherwise, Thshescoutputiesigragxtracts
S&A15 of the conmparator 434 is at a |ow | evel.
thEh8febore, Of Herec By ellngnipt 2( BR&NTPU)E OfOUERE Ss GUr-68
devi ce can determ ne whether an HDM cable is
fogBfifiect @l £ (176 1STK 6§@|€€Qon“?h%a¥%ﬁﬁs9%ﬁ ThéGu t

s nal SGA%; ut put . fromthe arato -

S5 ch é) with The Fel ng ce vol: ge %reL2 {e.g.,

P 8
1.4 V) using the comparator 434.
(01261

¥hen the HDMI cable is not connected to The sink device,

the veoltage of the We. 19 pin of the HDMI terminal of the
‘source device is lower than the refersnce voltage Vref2,
since the pull-down resistor 431 is pressnt. In contrast,
when tThe HDMI cable is connected toe the sink device, the

voltage of the No. 1% pin of the HDMI terminzl of the source

+

o

device 1s higher than the reference volitage Vreil.
Accordingly, when the HDMI cable is not connected to the
sink device, the output signal S5G415 of tThs comparator 434

is at a high level. Otherwise, the output signal 56415 of

[

(D

re:

b i}

the comparztor 434 is at & low level. Th ore, the

~

f the source device can determine

O

control unit {the CPU]j
whather an HDMI cables is connecised fo the sink devics on ihe
basis of the output signal SG415 cutput from the comparator

4354,



[0127] ©  In addition, in Fig. 8, a function is

provi ded in which each of devices connected to ends

of the HDM "cabl e recogni zes whet her the other device

is a LAN conmuni cati on conpliant device (hereinafter

referred to as an "e-HDM conpliant device") or a

non- LAN conmuni cati on conpliant device (hereinafter

referred to as-a "non-e-HDM conpliant device") using

the. DC bias potential of the reserve |line 501.

[0128] As descri bed above, the -source device

pulls no the reserve line 31 _(to +3 V) using the

resistor 421 and sink device pulls down the reserdgoiogs

line 501 using the resistor 451. The resistors 421
[Oa2q7451 are not-provided in a non-e-HDM conpli ant
-“dévice. [0129] As descri bed above, the source

devj ce canpares.the. ot |al.of the_r | N§, -

0L D e Ao T het ] CWpbb T GF PoeoEae rim it
cabheckeglsi oL 422 andkhe,capasi Lor-423ipmit hathe

reference voltage Vrefl using the conparator 424.
reWhgRitbe shakhdewhee oirseancdevHbM i e amlrvartmebeyi 68t ion

and, therefore, the sink device includes the
copplliadowdevesd sttaire4btfteherebbtage of dshernr EseHiEI

line 501 is 2.5 V. However, when the sink device is a
copgpianHDM VG| icant devi-ééNapdrmiherafiome corpé isihk
. device does not include the pull-down resistor 451,
deppeey oReRgENDI T dThe e 5212955833688 “FekEr vid T femE61ant
dekgfg"y gggnéot%QeD£”§§§gK§%égnéfg% %%lkhgpréggiggcgine 501,

10128)

As described above,  the -source device pulls up the

sink device pulls down the reserve line 501 using the
resistor 451. The resistors 421 and 451 are not provided in
2 non—=-HDMI compliant device.
[0129]

As described above, the sourcs ﬁevice compares the DC

. L 3

potential of

capacitor 423 with the reference voltage Vrzeil using the
comparatoer 424. When the sink device is an e-HDMI compliant
device and, therefore, the sinﬁKdev;ce inclﬁdes the pull-
down resistor 451, the volitage of the reserve line 301 is
2.5-V. However, when the sink device is 5 non-a~-HDMI
compiiant device and, therefoﬁe, fhe sink device doss not

include the pull-down resistor 431, the voltage of the



[ 0130] Accordi ngly, when, for exanple, the
reference voltage Vrefl is set to 3.75 V, the output
signal SG414 output fromthe conparator 424 is at a
low level if the sink device is an e-HDM conpli ant
devi ce. However, the output signal 5&414 output from
the conparator 424 is at -a high level if the sink
device is not an e-HDM conpliant device. Therefore,
the control unit (the CPU) of the source device can
det erm ne whether the sink device is an e-HDM
conpliant device on the basks-of the output signa
SG414 output fromthe conparator 424. [0131] S08Pp198¢8
Simlarly, as described above, the sink device-

- reCoRpar esd he1DEspeat ential - of - L he, reserve Jd REe58L1 | ~up
passing through the | owass filter formed fromthe
rek@stst 121452 and the capacitor 453 with the reference

vol tage Vref3 using the conparator 454. \Wen the
[0380fce device is an e-HDM conpliant device and,

therefore, the source device includes the pull-up

r esistordiazly. t weeyol fagevinrbo résem@éerphes 5041l 1ade
_ 2.5 V. However, when the source device is a non-eHDM
Vrgbhpt F atftt dévicd Sald, TPReFBFBRE, St Soilled @evPee from

.. does nogijnc%g%e:thgkpulL-quLesLs;ons421: %h%FuJﬁﬁ .

NG oFPRGRT DO, Hé *r éSefve®l A% 561°ts 0 Vdue o FRec® -9
presgnce.9f .qt:he pul.Lsdown o 88 .esistaor 451, .,

an[01§§¥f ”5Hp14£?6o%a$ﬁgry,§{ éhfégbrrgkgﬁf%gf ?Eénal

scheherLepse: voldaqe Viehdaa-set 10 1525 \4 ke autpyt ;¢
signal SG416 output fromthe conparator 454 71s at a
thbi ghnkeyel: dd itshecsounce-demiceonsl amne-dbBMce .
conpli ant device. However, the output signal 50416
- Theutpatef ram tdwetconpanator th54CPEF) av T athowdievwel defrice
the source device is not an e-HDM conpliant device_.
caThdpefonene teldwmit Ko gANE CeNecePWy »f HEMS Menpllant
~device can determ ne whether the source device is an
deLIABVPTCERDITHHS PeviteE GH-PHE BaSPs! ofCthe Bitpit “+om
_.Signal SG416‘£g}put fromthe colparator 454.

the Tonmparator
[0131]

Similariy, as described above, the sink device compares
the DC potential of the reserve line 301 passing through ths
lowpass filter formsd from the resistor 452 and thne
capacitor 453 with the reference voltage Vref3 using the
comparator 454, When the source device is an e~HDMI
compliant device ahd, therefore, the source device includes
the pull-up resistor 421, the woitage of the reserve lihe
R31 is 2.5 V. However, when the source device 1s a non-e-
BDMI compliant device and, therefore; ths sourcs device does

not include the pull-up resistor 421, the voltage of the

reserve line 301 is 0 V dus to the presence of the pull-down



[0133] According to the exenplary configuration

illustrated in Pin 8 1in the interface in which video

and audi o data transm ssion, exchange and

aut henti cation of connected device information,

conmuni cati on of device con,,b-, data, and LAN

comruni cation are perfornmed using a single HDM

cabl e, the LAN comuni cation is performed using

bi di recti onal conmunication via a pair of

differential transm ssion lines.. In addition, the

connection state of the knterface can be sent using

the DC bias potential of at one of the s08p198§

differential transmssion-lines. Accordingly, spatia
rmgegagat4§ﬂ can be avail abl e without physically using

the SCL liine and the SPA line for LAN - 54 - SOB
(0P3988 communi cation. As a result, a circuit for LAN

comuni cation can be formed regardl ess of the

el eoiddredhodpecwhecati@n defnipied ftoe theeDBCe andtage

therefore, stable and reliable LAN communication is
Vreéal izetkattd dwZeodt . thel1d4iput sigiNGt GERAt ovheut Ifrom

pul | -up resistor 421 illustrated in Fig. 8 may be
Lh6r69$m%mﬁﬁ9¥zﬁ$ﬁﬂyﬁ agabl eiSMote Y%e-sou@@esaévF%ed°T%re
one of the term_nals of { ul | -u
o B e SRl e AT S o e aceb Ve PITR BREoRal

rovide n.t he HDOM_ _cabl e n he, other ;termipal is
go%négfékﬁt(édx tﬂhec 18 Q %3? ??%ej g%nne%%ed fggfhé‘

thﬁoﬁﬁfvéﬂp@iywéé'ﬁé &QMBEnSQDPbylpﬁéﬁH“léﬁa gRE-ouiLded in
he HDM can e.

Therefore, the contrel unit {(tha CPU) of the sink device can
determine whether the source device 1s an e-HDMI compliant

ey

the output signal SG41€ output from

Q.
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the comparator 45%¢4.

(.JLJ

31

Acceording tc the exemplary ﬁo::ngvaLl n iilustrated in

Fig. 8, in the interface in which video and audio data

device information, communication of device control data,
and LAN communicaticn are performed using a single HDME
cable, The LAN communicatlon is pericrmed using
pidirectional communication via a pair of differsntiail
transmission lines. In addition, the connection state of

the interface can be sent using the DC bias potential of at

Accordingliy, spatial separationh can pe avalilable without

H

physically using the SCL line and the 5DA line for LAN



[ 0135] Furthernore, the pull -down resistor 451

and the resistor 463- illustrated in Fig. 8 may be
provided in an HDM cable, not the sink device, Ir
- such a case, one of the termnals or the pull--down

resistor 451 is connected to the reserve line 501,
and the other termnal is connected to a line (a .
ground line) connected to ground (the reference
voltage) in the HDM. cable. In addition, one of the
termnals of the resistor 463 is connected to the HPD
line 502, and the other tef#&rinal is connected to a
l'i neground |ine) connected to ground (the referes€@riags
vol tage) in the HDM cable. [0136] 908P1988
conphQGessiing for, detecting an_abnor mak,comecid@inication
§?ate, f-hat i'S, a’loop connection state of the
carlt BlELVSHRA LEGEENELsd 39: (41000 13RI IEON s PEOCLBSI TGN
I's descri bed next. [0137] Aceording to the
de Preserts rerbedbnent andhene pef dor magtiroeessrayidlore LAN
detecting a | oop connection state, that is, |oop
comtetrectdtdrnprecessinggdtie tonteoitunit 136 counts the
nunber of broadcast packets reaching the network
[0t®tmnals 131a to 131le, that is, the nunber of
broadcast packets input to the ports 132b to 132f af.
t hé'C8i CARENG RUBLAB IR 1Hi I B priédet ef i hed T4 mg* *+9
eriod. Thereafter, t contro 4 136 r88vice.
8 BREHP DI “Edunt’ eglggg* i %‘%f#ﬁ%éé%ﬁlggggpgeséglé%
9. determne network. {erm nal f.orm-h.00Pu: resistor
inc%%%%d?f%%&”TEﬁ§¥%théhgontfﬁrﬁﬁ%$?6%ég{fg&%& a packet
gpeounting Unid, and-3.100R-deter phoat ¢ DhAiliedFQR the
exanpl e, the control 136 perforns the | oop detection
HDRE 0E£S5B4 N ehap@weE i St netl oA, connected to a line (a

s

ignal line) connected to the power supply (the power supply
notential! provided in the HDMI cable.
[0135)

Furthermore, the pull-down resistor 451 and the

resiator 463 iliustrated in

[ty
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n
"
Q
2
W
(9]
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[ Lh]
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HDMI cable, not the sink devic
ferminals of the pull-down resistor 451 is connected to the

ine 501, and the other termina

=

[l

[SRS]

0

rve

ot

iine {(a ground line) connected to ground {(the raeference

+

voltage) in the HDMI cable.  In addition, one cif the

terminals ¢f the resistor 463 is connscted to the HPD line

502, and the other terminal ls connectecd to a line (a2 ground
line} connected to ground {the reference voltage] in the

HDMI cable.

[C136]



[0138] For exanple, as shown in Fig. 9, when a
uni cast packet or a nulticast packet having
a-destina-tion address associated with a device
connected to the port 132c (Port 2) is input tc
LA-1... port 132b (Portof the swi tching hub 133, the
packet is output to the port 132c (Port 2). In
addition, as shown in Fig. 9, when a broadcast packet
is input to the port 132b (Port 1) of the swtching
hub 133, the packet is -5 - SOB P1988 output to al

of the other ports. [0139] 55 - Her e, suppose that -
the network term nals 131a and 131b correspondi ngsds®eioss
the ports 132b and 132c, respectively, forma | oop
CONREGId AN st aLe. o %@s&l 2N Lnad0es B seare,

pac SucC as a roadc cont | nuous
tnkravel spi h@ 1:0eR cFheref @EgLet Be %ﬂ\/b@é 0fi dabdreceiver

packets that reach the port 132b significantly
130nareasesstdt40) processing! is described nex:.
[0137]

According to the present embodiment, when performing

processing for detectin

e}

a loop connection state, that is,
loop deteciion processing, the control unit 136 counts the
number of broadcast packeis reaching the network terminals
i3la to 131le, that is, the number of broadcasi packsts input

to the ports 132b to 132f of the switching hub 133 within a

O

predetermined time periocd. Thereaiter, the control ugnit 136
compares each of the count values with & threshold value so
23 to determine network terminals that form loop connection.
Thus, the control unilt 13¢ ferms a packet counting-unit and
2 lodp determination unit. For example, the control unit
136 perfcrms the icop detzcilon processing when powar is
turned on.
(01381

For example, as shown in Fig. 2, when z unlcast packet
or a muliticast packet having a destination address
associated with & device connected_to the port 13Zc (Port 2}
is input to the port 132k (Port 1) of the switching hub 133,
the packet iz output to the ﬁort 13Z2c {Por:t 2j. 1In addition,
as shown in Tig. 9, when a broadcast packet is input to the

port 132b (Port 1) of the switching hub 1332, the packet is



Note that, for a unicast packet and a mnulti cast
packet, even when a loop is not fotuLed, the nunber
of the packets may |ncrease dependi ng on a
conmuni cation situation.- In contrast, for a
br oadcast packet, the nunber of packets that reach
each of the ports is significantly small in a nornal
connecti on node. [0141] Accordingly, as
descri bed above, by counting the nunber of broadcast
packets input to the ports 132b to 132f of the
swi tching hub 133 w thin_aggredeterm ned tine period
and, subsequently, conparing each of the count valesssgs
with a threshol d val ue,. network term nals form ng
| oop connection . can be det ermi ned. [0142]
outpyy 4 |q4dt P4t E8%a°rBFatPon'shi p between an el apsed
Ioﬁégp and the accunul at ed nunber of broadcast packets.
SOB 91988 indicated by a line a showmn in Fig. 11,
1.8l °°eu§%o.L,8°9h80n@ﬁ&tﬂ&mg@t@mﬁa nat 1§05 gk 131k

t hé"imdr éa rat € of the accunul ated nunber of
COPEQQgggngpngey% WctRsr especind 01 30t elapsedctivabyj sform
ow.” However, as indicated by a line b shown in Fig.

a 1dopiformdagpr stfzarenmedrhdéhe dncrtease iratfegof 1 her
accunmul at ed nunber of broadcast packets with respect
nat@ean shapsed & iwdssicsisgnihicsant | gobt o 0r43Favels in

Note that, as described above, a broadcast packet
a ilnpht tIReowE OOt FESpOFIRST SO0 PR HoG &I 6Pt hetach
other ports. Accordingly, .if, as described above, a
uqeoéﬁ P sLEER et YiAtberw SPCBF688Rast packet s
S ﬁﬁuled fromthe port 132a (Port 0) to the
,LO nication unit 135 significantly increases.

rhat, for a unicast packet and a multicast packet,
even when & 1oop is not formed, the number of the packets
may incrsase depending on a communication situation. In

contrast, for a broadcast packet, the numper of packets that

raach each of the ports is significantly small in a normal

Accordingly, as described ebove, by counting the number
of broadcast packets input to the ports 132b to 132f of the
switching hub 133 within a predetermined time period and,
subsequently; comparing each of ths count values with a
threshold value, network terminals forming loop connaction
can be determined.

[0342]

“

Fig. 11 illustrates relationship between an elapsed

53]

time and the accumulated number of broadcast packets. BAs



[ 0144] I f the nunber of broadcast packets
exceeds a predeterm ned value, the CPU utilization of
the control unit 136 reaches 100% only for packet
processi ng (kernel Processing), and therefore, the
control unit 136 cannot . perform| oop detection
processi ng. Accordingly, in present enbodi nent, as
descri bed above, when the control unit 136 perforns
| oop detection processing, the transm ssion bandw dth
fromthe port 132a (Port 0) of the switching hub 133"
to the communication unit 835-is limted to a certain
bandwi dth (e.g., 1 Mops). in Fig. Li, an area - $58p1938
SOB P1988 indicated by hatching with dotted Iines

inlieRresent s an re ' i . GRU canno nt i

- pr%ces%l%ng r % LRoHh J%IPIHbg c léhgvvng Eolﬁg %nif%p

coh@gé'cﬁzess*aa el a&l 9pshkprhes weelk tlh&&%%uwg@ée@ls th

mber of broadcast packets and a tine when a Ioop |s

ac&@mmeaﬂdm&db@rt BpaNB AL S8+ OH: bandwidt hvikromethecporsd an
132a (Port 0) of the switching hub 133 to the

el eps@ani Oat iien lomi.t -Hd85vdrs ldamitnedcgshdped)atioire b

shown in Fig. 11, if a loop is formed, the increase rate of
The accumulated number of b:oadcast;packets with respect to
an elapsed time 1s significantly high.

[0143]

Note that, as described abové, a broadcast packet input
to one of the ports is output to all of the other poris.
Accordingly, if, asrdescribed above, a loop is formed, the
number of broadcast packets supplisd from the port 132a
{Port 0} to the communication unit 135 significantly

increas=s.

o,

If the number of broadcast packetis excseds &

predetermined value, the CPU utilization of the control unit
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processing}, and therefore, the controel unit 136 cannot

perform loop dstection processing. Accordingly, in the

pres=nt embodiment, as described above, when the control

urrit 136 performs loop detection processing, the

to a certain bandwidih {e.g., 1 Mbps). In Flg. 11, an area



predeterm ned bandwi dth. Int s case, the nunber of

br oadcast packets supplied fromthe port 132a (Port

0) 0 the switching hub 133 to the conmunication unit

135 is within the range that is processible by the

CPU of - the control unit 136. [0146] As

descri bed above, by counting the nunber of broadcast

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

switching- hub 133 within a predeterm ned tinme period

and conparing each of the count values with a

predeterm ned val ue, netwobk termnals that fo_ma

| oop connection state can be determ ned. For examMlBel138s

a threshold value TH is determ ned as follows. That
inkSea Sy ShOWR R 1 Kik0y s 11, abhet hr ssdholdvakuge IHih Sarea

set to an approximtely mddl e val ue between the
inVa@hugn ofnd hed icAgna-angnt heuvabuecofsithe line ¢ at a

predetermned time (t1l). For exanple, when tl is 2 to
{0343econds, TH is about 200 to 300. - 59 - 808P1988

[0147] Note that, according to the present

entfodiimentc, sihen thef'tont ¥ ol LnhiGatE36 2pért oF AR $lodp
.. detection processln%, the conmmuni cation unit 135 is

PeEBREF of P o EoUwE 365t FARSRTt °F vPROFHE SWPECHERG AlD @
_.133, a broadcast packet to transm ssion paths n, ..,
CLEE R IR cabito e CNCFDN o haT o) FLorBciad £arahasts
~network termpal s l3lasto 1321 .at, a oo 133 o =
Ir?%e%ﬁéﬁ%@f ?5%%8§p%‘% G’Bg§i6érl§?“aTﬁg§%@§%l of data -
coRAGKELS: {10 NG i1k =a 1REHVRE k8T @sHBb LRSI Packet s.

Broadcast Packets rarely flow in the network.
prhgeetdh ngly b asiwdeser.i bed aboyesashen rishausbat r of

unit 136 perforns | oop detection processing,
brbudadeaspapacketssirtridweel Sron the networkizby(Port U}

transmtting broadcast packets to the transm ssion
thie| pwstabiag corstian thr éggeneyruThepeior eniiogp> 8

detection can be reliably performed. [0149]
within the range that is processible by the CFU ci. tns

H

o
A

control unit 136.
[G1456]

As described above, by c¢ounting the number of broadcast
packets input te the ports 132b to 13ZEf of the switching hub
133 within a predetermined time periocd and comparing each of
the coun:t values with a predetermined value, network
terminals that form & loop connection stalte can be
determined. For example, a threshold valuse TH is determined
as follows. That 1s, as shown in Fig. 11, the threshoid
value TH is set to an approxXimately middle value beitwsen the
value of the ilinz & and the value of the line < at a
éredetermined Time (tl). for examples, when tl is 2 to 3

saeconds, TH is apout 200 to 300C.



An exanpl e of | oop detection processing perforned by

the control unit 136 is described next wth reference

to Fig. 12. 0150] First, when power is turned on, the

~control unit 136, in step STI, starts, |oop detection

processing. In this case, the control unit 136 sets

the node of at least the t-raff;, manager 202a

corresponding to the portl32a (Port 0) to a - 60

- SOBP198' 8 node in which the traffic manager 202a

preferentially outputs a broadcast packet and in

whi ch the transm ssion bangaidth is [imted to a

predet erm ned bandwi dth_ Note that the control umioBr1988

136 may al so set the nodes of the arei ¢ managers
[G%Q;p to 202f corresponding to the other ports 132b to

32f (Port 1 to Port 5) to the node that is the sane

as yhe made, of-thegiraldd eHmRageEr202a0cd haddi tirem,

the control unit 136 inputs broadcast packets from
ththeccommni-cat 108 vekfodadd 1ot heeportich3pacotsthey, the

switching hub 133 at a constant)fregrency so that the
cohmoadcastorpacket 36| ow tonthel hed wor kgs [@15thnsnit, via

the switching hub 133, & broadcast packeé Lo transmission
paths (an Etherret cable and an HDMI cable} connected to the
network terminals 131a To 132 at & constant frequency}
10148]

| Basically,_aluost all of data packets flowing in &
network are unicast packets. Broadcast packets rarely flow

in the network., Accordingly, as described above, when the

broadcast packets Ttravels in the network by transmitting
broadcast packets tc the transmission lines at a constant

frequency. Therefore, loop detection can be reliably

(0149}

An example of loop detection processing performed by

the control unit 136 is described next with refersnce to Fig.
12.
0150)
First, when power is turned on, the contrcel unit 136,
in step ST1, starts loop detection proééssing. In this case,

rhe control unit 136 sets the mode ©f at least the trafific

manager 20Za corresponding to



Subsequently, in step ST2y the control unit 136
count st he nunber of broadcast packets supplied from
the port 132a (Port 0) of the switching nub 133 to
t he communication unit 135 within a oredeterm ned
time period. In this case, the control unit 36
perforns the counting operation using the contro
regi ster 204 of the switching hub 133. [0152]

~ Subsequently, in step ST3, the control unit 136 -
det ermi nes whet her -t he nunber of packets counted in
step ST2 is greater than-t&@ ¢ hreshold value TN
(refer to Fig. 11). If the nunber of packets is AOGEP1988
greater than the threshold value TH, the processing

mo&g“§dl é%%y cproceeds; & q. 8 éﬁé:;&bZQM%%&eaggﬁtﬁﬁﬁéB0|

conpletes the | oop detection -

ouw?ﬂ@%s PRCESSIHRE. phBkdhi smLase wihe radetianshiohion
br oadcast packet 1s preferentially output, the node

bahdy WHCh & hardirans ot ssimredancw ididy benbivnited tiota
predet erm ned bandw dth, and the node in which a

thbt oddcastnipadkeniitsl Bﬁpuﬁﬁa*bmtﬁ% coeniiAPeat foncifmit -
135 to the port 132a of the switching hub 133 at a
trabfist AMnATEGUENSP att F VAT eEPT ISRV INISTE gk other
descri bed above are deactlv t ed,

EDFb%eV%%? 5% e ddfber L of® pa%%%t%{lgf GTEal8FE t AT tiie

reshol d val ue .[TH_.the_ copi kel 36 ~det er m nes
““Fh%@m%n aﬂﬁbrﬂgrkiéhnegflon S afgpégﬁég F%g ggp

dgonf§§t'iﬁkSﬁéﬁi%deugeteeggdLRJL s(%¥géd¥as@nb5cﬁ§%% from

theh starts processi ng
the communication uan 135 to the port 132a of the switching

hub 133 at a consténtufrequency so that the broadcast
packets flow 1n the network.
01513
Subsequently, in step 572, the‘control unit 136:count5
+he number of broadcas:i packets supplilied from the port 13Za

communication unit
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135 within a predetermined time period. 1In this cass, the
control unit 136 performs the counting operation using the

control register 204 o‘ *nm switching hub 133,

determines whether the number of'packeis counted in step STZ
is greater than the threshold value TH (refer %o Pig. L1).
1f the number of packets is not greater than the thresholid

value TH, the processing immediately proceeds to step 3T4,



for identifying network termnals that formthe | oop
connection state. That is, if the nunber of packets
is greater Than the threshold value TH, the contro
unit 136 performs processing in step ST5* [0154]
In step ST5, the control unit 136 reaches each of the
network termnals (each of the network term nals 131la
to 131e). That is, the control unit 136 counts the
nunber of broadcast packets input to each of the Dons
or the switching hub 133 (the ports 132b to 132f). In
this case, the control Umi 1136 perforns the counting
operation using the control register 204 of the s08P1988
switching hub 133. [0155] - 62 - S(08P1988
protbsequent by, o noSLep: ST they Cant Lol unit b}&gacasb

" determ her “a networ Kk tern1na| havi n
pa@%@beisCﬁ éﬁgﬂgﬂ 3 20QUNLaELL A, Step éﬂ@%tﬂﬁﬂwﬂfirgkﬁater
than the threshold. value TN (refer to Fig. 11) is
crphesentiod foaamy iahnorngally: coanest 2 teidtidralines not
present, the processing imediately proceeds to step
vaBgicherand Héscomtdeolinunhi cil36 corpletss pameeitodp input
detecti on procesei ng. However, if an abnormally
fregnhbet emmErfatalon §nﬁPe$éﬁtLotﬁ@eciﬁﬁ¥1ﬂ3aﬂﬂqF IBG
perforns ocessing in step SI7. 561 In ste
SW%??“l?%eﬁg%an%ﬂan FofééaarspFa%%enn% 1Fre RSPl &§ Step
anel 138 sage |nd|cathc he occurrence of
STRbn%r C%%%%g§%73%>gn& Fﬁ%cébno%narly connect ed
,Gtaﬁm1nals and a nessage pronpting a user to change
fhe’ connection. Thus, the control unit 136 and the
di splaypanel: 138 fu@ﬁbﬂ apr | pf ofdred 10N HesPlay tHBht ehe
After the processing.in.step, 3T7 i's performed, the
theeshtdl wnide 186, ,cHen c&&lepioBlén,.ﬁom”BE efi€sztdvends0a@pat an
det ection proceSS|ng
abhormal ceonnection sitate, that is, a loop connscition state

is detected., The controi unit 136 then starts processing
for identifying network terminals that form ths loop
connection state. That is, 1f the number of packets is
greater than the threshold value TH, the control unit 136
performs processing-in step 575

[0154]

In step STS, the control unit 136 reaches esach of the
network terminals (zach of the network terminals 131las to
131eY. That is, the control unit 136 counts the number of
broadcast packets *néu* *o each of the ports of the.
switﬁhing huls 133 {the ports 132b-to 13223 . In this case,
‘the contrcl unit 136 performs the counting opseration using

the control register 204 of the switching hub 133,

{D

[0155]



[0157] When | oop detection processing as illustrated
in 12is performed and if a | oop connection state is
detected, that 18, if a loop is fornmed, a nessage
indicating that information and the network termnals
that formthe | oop (the abnormally connected
termnals) are displayed on the display panel 138.
Accordi ngly, the user canh change the - 63 - S(08P1988
connection and easily renove the abnornal connection
state. [0158] For exanple, for the connection
state of the AV system 1608hown in Fig. 1, the
network termnals 131a, 131b, and 131e nmay be  S08P13%88
di spl ayed on the control "unit 136 as network
t ergvicRalsethad, fof macgd oo, conseebhonost@ie 1wt is,
abnormally connect ed termnals. In this case, the
detoaprecenmeethen st atewcan termiendvédviyg foe exenpt ef
di sconnecting the cabl es connected to the abnornally
racoripeciedtiedr ahnaksp PD159)at is greater than the

threshold value TH (refer to Fig..llj is present. If any
-abnormally cdnnected.teﬁmirai s not present, the processing
lmmediately proceeds to step‘STé, where the control unit 1356
compietes the loop detection processing. Howéver, if an
abnormally connected terminal is present, the control unit
136 performs processing in step ST7.

[0156]

In step ST, the control unit 136 displays, on the
display panel 138, =z message indicating the occurrence of
abnormal connection and the abnormally connécted terminals
and é message prompting a user to change the connection.

Thus, the contrel unit 136 and the display panel 138 form an

i1y

information display unit. After the processing in step 3T7
ig performed, the control unit 136, in step 5T4, completes
the loop detection processing.

[C137]

When lcoop detection processiﬁg as illustrated in Fig.

12 is performed and i1f a ioop connection state is detected,
that ig&, if a loop is forme&, & message indicating tha
information and the network terminals that form the loop

{the abnormally connected terminals) are displayed on ;he

display p?ﬁ@; 138. Accordingly, the ussr can change the



In addition, for exanple, for the connection state

shown in- Fig. 13, the network termnals 131la and

131b may be displayed on the control unit 136 as

network termnals that forma | oop connection state,

that is, abnormal.iy connected termnals. In this

case, the | oop connection state can be renoved by,

for exanple, disconnecting the cables connected to

the abnormally connected terminals. Furthernore, for

t he connection state shown in Fig. 14, it can be

consi dered that the netwerk3termnals that forma

| oop connection state, that is, abnormally connectt@éd1288

termnals are not present. [0160] An exanpl e of
cohQOR: 81 6l @A sPr9CesshRY Pk f.ammd .y coqhaetgeﬂt £0lte,

unit 136 is described next with reference to Fig. -

- robdsyr SOBP1988 [0161] Firs_, when power is
turned on, the control unit 136, in step 5T11, starts
IodpfdekempLen processiagndatitdh steasepft biee contsnaten
unit 136 sets the nbde of at least the traffic

‘OWHW@T i202a9c0rreSPENAFREOT D T Ports 132a, (Pete, (hnd

to a nmode in which the traffic nmanager 202a

i3p‘? e’?ﬁe‘f dift iCA1SRy-20TEtp GRs T8¢ b?B%*a%%Jst”Tbacké%t &ﬁdnﬁnwo“]”

transm ssi.on bandwidth is |i n1te

ch the t a d_ Lo,
cefLE M BT B O, T{B]il%"th%?co“rﬁ s AT 1336

| also set the mdes. o affii.c -oapager s
aDg@%ﬁﬁfﬁ é%?%é?%%ﬁdl%g§%o£t e ot er“ﬁbr?ggiséb t%g%ng

cohPOELidn 12 A t-22) HeO ~bhEvERTSy [ had: IS dhe cSame as
the node of the traffic nmanager 202a. In addi ti on,
dikBencornd:nel W lcab3esi ppHhscbiadeasis packets fmom

~ the communication unit 135 to the port 132a of the

cospetTdn nprmibial33 at a constant frequency se that the

rObrgadcast "packets flowin the network. [0162]

In addition, £for =sxample, Ior the connection state
shown in Fig. 13, tThe network terminals 131a and 131b may be
displayed on the gontrol unit 136 as network fermina.s thatn

form arloop 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 sbnormally connected terminals. Furthermors, for the
connection state shown in Fig. 14, it can be considersd that

the network terminais that form a loop connection state,

that is, abnormally ccnnectad terminals are not present.

+h
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Subsequently, in step ST12, the control unit 136
counts the nunber of broadcast packets supplied from
the port 132a (Port 0) of the switching hub 133 to
the conmunication unit 2 Rwithin a predeterm ned
time period. In this case, the control unit 136
perfornms the counting operation using the contro
regi ster 204 of the switching nuo 133.- [0163]
Subsequently, in step 5TI3, the control unit 136 -
65 - SOBP1988 determ nes whet her the nunber of
packets counted in step ST42 ts greater than the
threshold value TH (refer to Fig. 11). If the nufMIEFlo8s
of packets is not greater than the threshold
roygl ue. TH, the processing i nmedi ately proceeds to step
" ST14, where the control unit 136 conpletes the | oop
detmectdQnwpEACESEE NG s i ceasehet hennopde wni whi3eh
a broadcast packet is preferentially output, the node
ini prahi St hethranshbssi dncdandw didedessipg t e 191
predeterm ned bandw dth, and the node in which a
capepaticastopacketni-s LRAPUESEP oFR R ComrURTat P8R unit
135 to the port |32a of the switching huh 133 at g . ,
TradhsE At dTdqEdndy CAEF PIRPRT TR St e s PP as t et Ot Y
_ described abave are deactiy 0184] .- bowever,
% £ PRES ntfmdBr-<5¢ ‘“Bgckéf—ié"%%%gaé?%‘r- 2z PrRferett ety

oulILESNOl Lyl e TBo ciie contEol yunid 36 dekaraknss

t'hat  an abnormal connection state, that is, a | oop-

haSennecti pn stated sodet eetedcefRen €O Iralwiuniit. 186ce
then starts processing for identifying network

tHier eheaksnthat farmitiie skgopleonaect tron stdatse o fThak
is; if the nunber of packets is greater than the

t dalfrrashobdz yatue (T ttoe 266t cokranptnd38s ger fidrengtner
processing in step ST15. [0165

ports 132b to 132£ {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 freguency s6 that the broadcast
‘pﬁckeis flow in the network.

(01621

[

Subsequently, in step ST1Z, the control unit 136 ¢

e}
=
p
W

the number of broadcast packets supplied from the port 132a
{Port 0) of the switching hub 133 to the communication unit
135 within a predetermined time period. In this case, the

control unit 136 performs the counting operation using the

control register 204 of the switching hub 133.

[C1e63]

Subseguently, in step ST13, the control unit 136



In step ST15, the control unit 136 reaches each of
the network termnals (each of the network teruinals
131la to | 3le)That is, the control unit 136 counts the
nunber of - 66 - SOBP1988 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 contro
regi ster 204 of the switching hub 133. [0166]
Subsequently, in step ST16, the control unit 136

det erm nes whet her a netwogk term nal having the
nunber of packets counted in step 5T15 that is 308p1988
greater than the threshold value TM (refer to Fig.

Qel.é'gmll sp&%%%ﬂg ﬁ%@@ﬂ%ﬂg&é% na%%%gdt%né{@:l

not™ presen € processi i atel Y proceeds
Smiﬁ ég‘ﬂ%eéz@é Mbgrenthe,contsnd +nide 136 cempletesrig.
| oop detection processing. However, |f an
11)’:1bnqr:rrahbyn@xﬁzﬁme05£dgatce{erﬂmals ms»bpgesenéﬁtﬁeﬁmmﬁer ol
unit 136 perforns processing in step ST17. 101671
thiesistlep v8L1%, THhetbenbrotesming 138natiigpledyspronetde to
di spl ay panel 138, a nessage indicatine the
stercifrenc@cst abRoFAAFTeoNWeLt i bhb aﬁf@ﬁtﬂ%eegbﬁaﬁrrawy
- connected terninals and a nmessage pronptln a us
GeSaTert BIGERIAG GF ol T Pt WENTPHE SBnOvIe 1%

connected term.nals. .Thus, e control ul and . . .
Rt s parie a4 aRr RaTY PR e bR B mice

cndnit. Jhereafter, Jdn4step ST1g; LL@&foc{]tﬂ@de%I:hlﬂzéﬁ

et €Fm ries Whet her the user Sel éct b ocki ng of
baRQPTE CaliPRreHl e bl @nPhHr 3l btya@izabreimkl Ys input
connected term nals are present, all of the
sralnoReBtdunication unit 135 to the port 132a of the

-

switching hubk 123 at a constant frequency activated in step

M

' 8T11 as described above are deactivated.

[C

=

b4
However, if the number of packsts is greater than the
threshold value TE, the control unit 136 determines that an

abnormal connection state, that is, a loop.connecilon sitate

for identifying network terminals That form the loop
connection state. That is, 1f the number of packéts is
greater than the threshold velue TH, the control unit 1396
performs pfocessing in stepVSTli.
[6165]

In stem.STEB, “he control unit 136 reaches sach of The

network terminzls (each of the network terminals 13la fo

t=h

121e). That is, the control unit 136 counts the nunber of



- 67 - SOBP19B8 connected term nals are displayed on
the display panel 138. Accordingly, the user can

sel ect bl ocki ng of conmuni cation for each of the
abnormal |y connected termnals. [0168] [ f the
“user does not sel ect blocking of conmunication, the
processing i'nmedi ately proceeds to step 3T14, where
the control unit 136 conpletes the | oop detection
processi ng. - However, if the user selects bl ocking
of communication the control unit 136 perforns
processing in step ST19. -laAas6step ST19, the control
unit 136 bl ocks communi cati on of the abnormally S0821988
connected term nal for which bl ocking of

-br%gggg%%gﬁ%hgﬁsha§ Qee@osgggﬁtﬁd*1%9%%m+khgfcgﬁéro

orns a onnunlcatlon bl ocking control unit.

swihenead el ithe (precessi 00 prwceeds o step b case,
where the control unit 136 conpletes the | oop

thdeteastteon Ppriacessi ngrfHoA69%ndenrdioop dekeetion using
processing as illustrated in 15 is perforned and if a

thleogpntomhertdionest d0é p§ detested;nirlvathvios 138 a | oop
is formed, a nmessage indicating that information and
[%déinetwork terninals that form the | oop (the

abnor.mal | connect ed ter | s are di spl a t he
Suhseq&énbgv, Sn ST gﬂjﬁi )h h"op X*u 9@6

determines whethery a network fLerminal having the number of
packets counted in step ST15 that is greater than the
threshoidrvélue TE (refer to Fig. 11) is present. If any
abnormally connected terminal isrndi present, the processing
immediaﬁely proceeds to step STLl4, where the control unit
136 completes the loop detection processing. However, 1f an
abro*m&71y connected terminal is present, tThe control unit
136 performs processing in step SEA
(01671

In step ST17, the control unit 136 a*sp*ays, on the
display panel 13B, & message indicatiﬂg the oceurrence of

abnormal connection and the abnormally connected terminals

[®!

and & message prompiing & user to seleact blocking oI
communication with the abnormally connected terminals. Thus,
the contrel unit 136 and the display panel 138 form an
information display unit. Therea
control unit 136 determines whether the user select blocking
of communication. Here, 1f a plurality of abnormaily

connected terminals are present, all of the abnormally



-di spl ay panel 138. Accordingly, the user can change
the connection and easily renove the abnor mal
connection state. In addition, in this case, a
nmessage pronpting the user to sel ect bl ocking of
conmuni cation of the abnormally connected - 68 -
-3081) 1988 termnals is displayed on the display panel
138, and conmuni cati on of the abnornmally connected
~termnals for which the user has sel ected bl ocki ng of
conmuni cation is automatically bl ocked. Accordingly,
a troubl esone operation i-néwhich the user disconnects
the cable fromthe incorrectly connected tern nalst&am1sss
be elimnated. FurtherMre, blocking of conmunication
cohhatcLhe: user daes A0k d8ShhE:CaN be: PRt lans: 133.
[0170] Note that ifcable is disconnected from or
Aceonnecsion 4 ehargednf se1the pDebwRIk: tefr Mobalinf 08t ion
the network term nals for which comunication has
fobeenchl| otked: tdrmough (tthechboopctet ectitomaisocessi ng
illustrated in Fig. 15, the |oop connection State may
[OdP8appear. In such a case, it is desirable that the
bl ocki ng-of conmmuni cation_set through the loop & - -
detectioh YE6cESEPngCT | FustratetPFhias ¢ g5mBRtcaton,
automatically canceled, [0171 N Fig. .16 is a
o BRERar 61 AT APt B SFER0Rer 5 BT leds Vhire the
coRBLEOT ARG, by3d heypqntral «yuai b 1364800 2 o processing.

However, 1f the user selects blocking ¢f communicaticn, the
control unit 136 performs processing in step ST1%. In step
$T19, the control unit 136 blocks communication of the

abnormally connected terminal for which blocking of

0.

communication has heen selscte Thus, the controi unit 136
forms a communication blocking control unit. Thereafter,

the processing proceads to step ST

et

4, where the control unit

136 completes the loop detection processing.
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information and the network terminals that Zorm the loop
-display panel 138. Accordingly, the user can change the
connection and easily remove the abnormal connection state.
In addition, 1r this case, a message prompting the user to

select blocking of communication of the abnormally connscted



predeterm.ned network term nal for which blocking of
communi cation is set. For exanple, after
conmuni cation is blocked, the control unit 136
performs this conmunication . recovery process (a) at
predetermned tine intervals (e.g., every one hour),
(b) when the user selects and activates a - 69 -
SOBP1988 recovery process froma nmenu provided for
the apparatus, or .(c) when the HDM cable is
di sconnected and, subseguently, connected. [0172]
Note that the control unit®336 of the television
recei ver 130 can detect whether the HDM cable i §08P12€8
di sconnect ed and, subsequently, connected using a
reShange kB bhepvoliagen | eveldiof ke pHRBLSi gaal andor
exanpl e, en the voltage | evel of the HPD signal is
corhanged 1bnoat | ome (&)ndomdiilgh qddnecitedcanrbénals for
.determ ned that an HDM cable is connected. In
wht@mﬁﬂasbsemhéﬁstﬁ@lVQ¢®é§@iﬁéVéﬂJGF'Fﬁ@mHPEﬁatEQ@r%ﬂ
is changed fromhigh (H to |OM/(L) it. can

auhRRRsSET el PRARC an MW EEBP 8 | & df Stotmediedreraton
17

intwhicH the user disconnects the cable from the incorrectly
connectad terminal can be eliminated. Furthermore, biocking
of communication that ﬁhe user does not desire can be
prevented.
(01703

Note-théf if ﬁhe cable is disconnected Irom or
connection is changed for the network terminal for the
network terminals for whnich communication has been blocked

through the loop detecticn processing illustrated in Filg.

ot
wn

the loop connection state may disappear. In such a case, it
is desirablie that the blocking-of communication set through
the lcop detection proce ssing illustrated in Fig. 15 be
automatically cancelied.

Fig. 16 is a fiowchart of a communication recovery
Drocess performed bv the control unit 136 for &
predetermined network terminal for which blocking of
conmunication 1is set. For example, after communication is
blocked, the control unit 136 performs this éommungﬂ““lon
recovery process {aj) at predeﬁermined time intervals (e.g9.,

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



in step ST21, the control unit 136 starts the
comruni cation recovery process. In this case, the
control unit 136 sets the nodes of the traffic
managers 202b to 202f corresponding to the ports 132b
to 132f (Ports 1 to 5) to nodes in which a broadcast
packet is preferentially output. in addition, the
control unit 136 inputs a broadcast packet fromthe
conmuni cation unit 135 to the port 132a of the
swi tching hub 133 at a constant freauencv. [01741
Subsequently, in step ST22%%the control unit 136
cancel s bl ocki ng of comunication for a network SC821888
termnal n - 70 - SOBP1988 for which commrunication
rebhgsebeendbl-ackedonTheneat tefsvide step SHe3appdiatus, or
control unit 136 reaches the network term nal n. That
{cl syhdrheheortDal cabile 136dctotmirs:ddiel nuabesvbfequently,
broadcast packets inbut.to the port of the sw tching
cohud-d38 connected to the networK terminal n. In this
case, the control unit 136 perforns the counting
[Cepetation using tte control regi ster 204 of the

tch hub, 133, [0175 Sub tly, t
STaltY Plafs Pt Sdont fo7 Slns “de“t:’ér e atisadh,” P
-oQuIper of, packets %QUQESQ éﬁeﬂmﬁgz%ﬁk§e9£§ater
han tHe t hreshgl value (refer

disconnected and, subssguently, connectad using & changes in

2

ja )

the voltage level of the

n

PD signal. Tor example

=

T
%
)
M
o]
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oy
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voltage level of the HPD signal is changed from low (L} to
high (H), it can be determined that an HDMI cable is
connacted. In contrast, when the voltage level of théIHPD
signal is changed from high {(H) to low (L}, i1t can be-
determined that an HDMI cable is disconnéctgd.

In step 3T21l, the control unit 136 starts the

rt

communication recovery process. In this case, the control
unit 236 sets the modes of the trafific managers 202b to 202f
corresponding to the ports 132b to 132f (Ports 1 to 5) to
modes in which a brcadcast packet i1s preferentiallyv ocutput.
In addition, the control unit 136 inputs a broadcast packet

from the communication unit 135 to the port 13Za of the
switching huk 133 at a constant freguency.
[dl74§

Subseguently, in step 5T2Z, the control unit 136

cancels blocking of communication for a network terminal n



If the nunber of packets is not greater than the
threshold value TM the control unit 136, in step
ST25, determnes that the network te-mnal n is n-ot
atermnal that fornms a | oop connection state.
Accordingly, the control unit 136 nmaintains
communi cation of the network termnal n, that is the
control unit 136 naintains cancellation of blocking
of conmani cati on of the network term nal. Thereafter
the processing proceeds to 0,-eb ST26. [0176]
However, the number of packéts is greater than the
threshold value TM the control unit 136, in stef08FP1388
ST27, determnes that the network termnal nis stil
Fo JHerdH %@hﬂhp§5a£96ﬂsh£b|ﬁgﬁ} congeld. onrisd BdEiter . in
Accordingly, the control unit 136 bl ocks
st GONIMIE Caticonoptrbheunet WF K reachks tS€BREO88rk terminal
termnal n again. Thereafter, the processing proceeds
n. t Thet-eps ST26e -cof QA7 Junit 136 goshep STRerunts of
control unit 136 determ nes whet her another network _ _
breated Halpafde tahi-eRUE oRUARS at 90N Has- Bedl 1bFoeREd"TR 137
present. |f another network ternminal for which .
COBRPRLAT Cét i*G1 Hﬁs""Beén“BF%tIR"éd is pPeSent, Cthe oo

roc SSI Jeturns to_ st re the control -

co hT? Fgrtg prgcessrng or th %9néifaﬁéfvo & % ene
£ wen, olf -gnother petwark, teysm nal is not

COpr“esen'"t %ﬁ% processi ng retur%s to step 5T27, where

rpt R, control unit 136 conpletes . the communication

" recovery -process. As described above, the node in
whi G s cheoadoast npacket 5134 preferentdralll ynout pBé
fromeach of the ports 132b to 132f of the sw tching

dehebmi1833s artctbtthe mide nunbwhi ¢h B2 bkead castnysacket StsP
i nput .fromthe comunication uni25 to the port 132a
STER thedswATThiTigThie 133°arcadcbrsiant” f reéqiendy ©19-

activated in step ST21 as described above are
10geacti vateegumber of packels is not gresater Ll the

threshold wvalue TH, the control unit 136, in step 35725,
determines that the network terminal n is not a terminal
that forms a loop connection state. Accordingly, the
control unit 136 maintazins communication of the neitwork
terminal n, tThat is, the control unit 136 maintains
cancelliation of blocking of communication of the network
terminal. Thersafter, the processing procseds to step STZ6.
101746]

However, the number of packets 1s greater than the
threshold value TH, the controel unit 136, in step 8T27
determines that the network ferminal n is stil
+hat forms a loop ceonnection state. Accordingly, the

Faom

control unit 136 blocks communication of the network



[0178] When the communi cati on recovery process
illustrated in Fig. 16 is perfornmed and if a.network
term nal for which communication is bl ocked when
power is turned on does not forma | oop connection
state due to | ater cable disconnection or connection
change, the network term nal can be autonmatically

returned to a communi cation enable node. - 72 -
SO8P1988 [ 01791 Note that, in the comtnication
recovery process illustrated in Fig. 16, blocking of

conmuni cation is cancel ed 7éor-each of the network

term nals one by one, and it is determ ned whet heXsa1%88

terminal that forns a | oop connection state is
tePh€SENt, ddwevertnblockidg ofh.commupLeatd O-d el ko

of the network term nals for which comunication has
stbpesrz4éocked may be cancel ed, and whether each of the

termnals is a terminal that forns a | oop connection
[08tate may be determined in a manner similar to the

| oop detection processing illustrated above in Fig.

15. 1] Gr80] SASSdestd i peld-aboviEtifie 96| e9Fsipmeecaiaider
130 of the AV system 100 shown in Fig. 1, the nunber
aanh%r oRtiCHEt pﬁéﬁef}é r é4EhFRgcht heom%é%ﬁﬁérkof ePﬁr n%?%*“

o 131le MA hin,.a redeter ned t

}“O 11‘%? ed> Mg ¥4ch of 1 “%rﬂe val t?es F“é‘* %Trpa?”ed"“cn-
hr eshal Lue;.; terni
coﬁh&ﬂl&auQ§h9@g %@eyeb EEKEBI$SW$% &Qitenana LQQ@ ?%

oop connection state an abnor ral
r=60RAgCt &4y miTnal, h%nQ%teﬁéeﬂer$@§ﬂﬂﬁhﬂg|Eé 8Rarts
abnormal |y connected terminal can be easily detected
proitbsangi t ithicedegantiegubaki ofiminal. However, if

another network terminal is not pressnt, the processing

N
L

returns to step $5T27, where the coritrol unit 136 completes

1

the communication recovery process. As described azbove, the
mode in which & broadcast packet is preferentially output -
from each of the ports 132b to 132f of the switching hub 133

and the mode in which a broadcsast packet is input from the

communication unit 125 to the port 132a of the switching hub
132 at z constant fredguency activated in step ST21 as
desdribed above are deactivatsd.
10178]

When the communication recovery process ililusirated in

|h

Fig. 16 is performed and i1if z nstwork terminal for which
communication is blocked when power is turned on does not
form a loop connzction state due fto later cabls

disconnection or connsciion changs, the network terminal can

be auuomabica 1lv returned to z communicatlon enabls mode.



[0181] In addition, in the tel evision receiver
130 of the AV system 100 shown in Fig. 1, when a | oop
connection state occurs, that is, when a loop is
fornmed, a nessage indicating - 73 - SO8P1988 t hat
information and a network terminal that formthe | oop
connection state are displayed on the display pane
138. Accordingly, a user can change the connection
and easily renove the abnormal connection state.
[ pi s2] - Furthernore, in the television receiver
130 of the AV system 100-shewn inl, when a | oop
- connection state occurs, that is, when a 100p is S08r1988
formed, a nessage pronpting a user to select bl ocking
; §9connun|cat|on of the abnormally connected term na
i's dlsplayed on the display panel 138, and
conpaiy Gati-on:t hy ough,the ahnardmlletc.eennest 8es s
termnal for which the user selects bl ocking of
11CORTHM £Al1-0FiS agl opabteahl yobl askead:cAcdondingl y,
a troubl esone user operation, such as disconnecting a
canabl ed f famdse alinchrahkyweokneetwiiad eniatal pycanspeand
'elininated I'n addition, bl ocking of communication
Ltt hat deheriserc ¢6es PRt adesFpenganthiet praveEnfed©83]

conneciion 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 mav be determined in a manner similar to

the loop detection procassing illustrated above in Fig. 15
[01801
&s described above, in the telsevision receiver 130 oI

the AV system 100 shown in Fig. 1, the number oI broadcast

packets reaching the network terminals 13la to 13le w1bﬂin 2

predetermined time period is counted, and each of the count
values is compared with thresheld wvalue. 1In this way, &
rarminal that forms 2 loop connection state, that is, an

abnormally connected terminal is détecﬁed. Accordingly, an
abnormally connected terminal can bes easily detected with a
simplified coniiguration.
[01g1]

In zddition, in the television receiver 130 of the AV

system 100 shown in Tig. 1, when a loop connectlon state

(=

occurs, that is, when & loop is formed, & message indicating



Still furthernore, in the television receiver 130 of
the AV system 100 shown in Fig. 1, when the contro
unit 136 perforns | oop detection processing, the
packet output unit 235 corresponding to the port 132e
(Port 0) of the switching hub 133 enters a node in
whi ch a broadcast packet is preferentially output.
Accordingly, the senaittvity of detection of a | oop
connection state Linon detection) can be - 74 - SOB
© P1988 increased. [0184] - Yet still furthernore,
in the television receiver7330 of the AV system 100
shown in Fig. 1, when the control unit :36 perfoffErl9ss
| oop detection processing, the bandwi dth |imng unit
+h 2861 .o HeSpeRdiAg LonthesPordeA32a:( Past B)refridecop
switching hub 133 enters a node in which a
cohh&fSIHs et cbandwhidbpliged i oh tetk tid saipyedehner nided
bandwi dt h. Accordi ngly, the nunber of broadcast
LepackBtsitr ansysiett ednt ohdhes commmirgacttonnuant 485L56
limted. Consequently, the |oop detection processing
reRgVH ot 1A fFBEIEE b FORRECBYVRR | Det-f the control unit
rngéhg CPU) 136. [0185] Yet still furthernore, in=
[“¢8F evi si on receiver 130

Furthermore, in the television receiver 130 of the AV
system 100 shown in Fig. 1, when a loop connection siats |
occurs, that is, when a loop is formed, & message prompting
a -user to select plocking of communication of the abnormally

connected terminal is displayed on the display panel 138,

O
9]

a ocmmunication through the abnormelly connected terminal

for which the use:

&}
5]

elects bplocking of communication is
automatically blocksd. Accordingly, & Troublesome user
operation, such as disconnecting a cable from the abnormally
connected Terminal, can be eliminated. In addition,
plocking of communication that the ussr dees not desire can

be prevented.

01837
Still furthermores, in the television receiver 139 of
the AV system 100 shown in Fig. 1, when the control unit 136

performs locp detecilon processing, the packet output unit

235 corresponding to the port 13Z

sl

(Port G} of the switching
hub 133 enters a mode in which & broadcast packst is
preferentially output. Accordingly, the sensitiviity of

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



of the AV system 100 shown in Fig. 1, when the
control unit 136 perfo.ns |oon detection processing,
t he packet output unit 235 of each of the ports of
the switching hub 133 enters a node in which a
br oadcast packet is preferentially output.
Accordingly, if a |loop connection state occurs, a
broadcast packet preferentially flows in the | oop.
Therefore, the sensitivity of |oop detection and the
sensitivity of detection of a network term nal that
fornms the | oop connection B3¢ate can be increased.
[0186] While the foregoing enbodi nent has been S03PL288
described with . - 75 - S08 91988 reference to the
: , tection processing performed by the contro
1né§§%%e 36 of the television receiver 130 whenpower is
inptdned on (refer to Figs. 12 and 15), the |oop
det'ecti on-processi ng may be perforned at another tine
poivet. sEOL 1 exanphemdite lioopheetedtivonipr ocesSiTRy ARy
be perforned in response to a user instruction of .
of | vop Adetsest-eon LpPoeksel: Nk QQQerﬂaﬁﬁV@lyheféP“ rol unit
exanpl e, when an HDM cable is di sconnec an
'm3sm@mﬂlﬂ)¢090éﬁﬁéefﬂéﬁf @%Cer%?dﬁl%etté‘ct SH‘Q‘”’l th

processin perforned. Sti altgrn ivelLy,,the
llmﬁoﬁ“HéF’g ng P058§§P%%l%%y<%e b Orme t2at ééé?y@ of

moment .. In this.case, . the co I A3 n
“pfhngﬁgbsﬁ%té%i gn %Pv£+§ gontgaol s uniyts 136 ReLhoniBs: o

ocessing at a const ant frequency

D&?ﬁﬁf?ﬁgtfg.J¥%¥ard $ tHr?egdgﬂeri£qé51badd&ﬁﬂﬁﬁltl0n|e
e

or egoi ng enbodi ment _has been
Accordingly, the number of broadcast packets transmitted to

#he communication unit 135 is limited. Conseguently, the
ioop détection processing is not affectad by the overleoad of
~he control unit {ths CPU) 136
[0185]

Yot still furthermore, in the television receiver 130
of the AV syvstem 100 shown in Fig. 1, when the control unit

136 performs loop detection processing. the packet output

=

unit 2235 of each of the ports of the switching hub 133
enters a mode in which a broadcast packet is preferentialily
output. Accordingly, if a loop connaction state occurs, &
broadcast packei preferentially fliows in the iloop.
Therefore, the sensitivity of loocp detection and the
sensitivity of detection of a network terminal that forms
the loop connectlion state can bé incresased.

[0186]

While the foregoing embodiment has been described with



performed by the television receiver 130 serving as a
sink device, the | oop detecti On processi ng nay be
performed by the set-top box 15Q the persona
conmputer 160, or the BD recorder 180 serving as a
source device. Alternatively, the anplifier 170
serving as a repeater device may perform | oop
detection processing in a simlar manner. Note that,
in such a case, a display signal nay be sent to the
tel evision receiver 130 so that a nessage indicating,
for exanple, abnormal conanegtton is displayed on the
di spl ay panel 138 of - 76 - S0821988 the tel evi $i06r1 388
recei ver 130. [01881 Furthernore, while the
roEOFEQQI NG enhodi,pEnk.has: neen.deseldiRed W tbrnee by the
reference to the case in which the apparatuses are
cobORNEGad tigcone anet heleuss Ngh andeiherneto- ¢abh epang:
an HDM cable, the transm ssion baths that connect
ist herapparatius€srwkbhFope. andtdret 1S ,nahel inbpedeteaction
wi-red paths. The transm ssion paths nmay be wrel ess
PrOrapss siagn bppaphs formed at ancther time point. For

example, the loop dstectiocon processing may be periocrmed in
response to a user instruction of loop- detection processing.
Alternatively, for example, when an HDMI cable is
disconnected and, subseguently, connected, the loop
detection processing may‘be peifoxmedd Still alternatively,

the loop detection processing may be performed at every

=

moment. In this case, the control unit 136 performs the

locop detection processing at a constant freguency zven after

[0187]
In addition, whila the foresgoing embodiment has besn

described with reference to loop detection processin

(8]

performed by the television receiver 130 serving as a sink

device, the loop detection processing may be performed by

the ssi-top box 150, the personal computer 160, or the BD
i r x g

recorder 180 serving as a source device. ARlternatively, the

efection processing in & similar mannar. te that, in
detact jo g S manne Note at, 1
such a case, a displiay signal may be sent tTo the television
receiver 130 so that & msssage indicating, for example,

sbnormal connection is displayed onn the display panel 138 of



I ndustrial Applicability [0189] According to
the present invention, a termnal that forns a | oop
connection state can be easily detected with a
sinmplified configuration. The present invention is
applicable to an AV systemin which a plurality of AV
appar at uses are connected w th oneanot her usinc a

network. - 77 - CLAIMS 1. An el ectronic apparatus
characterized by conpri sing: a plurality of
termnals to which transm ssion paths that transmt
data packets are connectedys - a swtching hub to

which the plurality of term nals are connect ed; S0821988
a conmuni cation unit for transmtting and receiving

tnbhe. fafa ;packets yLa the switching hub;
(01887 — |
Furthermore, while the foregoing embodiment has been
described with reference to the case in which the
apparatuses are conrnected to one another using an Ethernet
~cable and an HDMI cable, tpe transmission paths tThat connect
the apparatuses with one another is not limited to wired
paths. The transmission paths may be wiresless transmission
paths.
Industrial Applicability
[01go:;
ccording to the present invention, & terminal tThat
forms a lcop connection state can be easily detected with a
simplified configuration. The present invention is
applicable to an AV system In which a plurality oi AV

apraratuses are connacted with one another using a Network.



a packet counting unit for counting the nunber of

br oadcast packets reaching the plurality of termnals

within a predeternined tinme period; and a |l oop

- detection unit for determining the termnal that

forms a | oop connection sta by conparing a count

val ue for each of the plurality of term nals counted

by the packet counting unit with a threshold val ue;
Clﬂﬂ%%%ein the packet counting unit counts the nunber of

- broadcast packets transmtted fromthe swtching hub

to the communication unit within the predeterm ned

tinme period and counts the nunber of broadcast . .
1. paékerd SCEaORitfy AWE THItHSalGRy 26T S dPRitn &Y s CRiTPRi- R 119

the predeterm ned tinme period, _Wherein | .

the smiugAlhgyhudt iteraireds dePecition nbdensEhsRges raths

froma sequential transm ssion of broadcast and
thaforancadtasta tpadketks tso ag sperecshedal transni ssion

of broadcast packets over non-broadcast packets. -

78a- uitHieral dutl ohd cwhpphr abgs Pdéderditg afo @@ Rals are

1, characterized by further conpri sing: ~an
conneboredat i on di splay unit for displaying a nessage

i ndi cating the occurrence of abnormal connection and

t ha temmiunsalcdthain fonie €he ltoepsvdnnéoyi emdstgeeioning the

the basis of the determ nation result of the |oop
datdebeeiieqn wniat the3.switehdnectwbni c appar at us

according to Claim?2, characterized in that the

i ntor patiken dicsphayngni tnfitr t ier disphaysga tkessagember of

pronpti ng a connection change. 4. The electronic _
brodPPakatl Y A6eY diagct ondl ahi biuchanast e zediyhals within

further "conprising

‘a predetermined time period; . and
a loop detection unit for determining the terminal that
forms a loop connection étate by compariﬁg a count value for
cach of the plurality of terminals counted by the packet
counting unit with a threshold value; |
- wherein fhe packet counting unit counts the number of
broadcast packets transmitted from the switching hub to the
communication unit within the predetermined time period and
count; the number of broadcast packets reaching the plurality
of terminals within thé predetermined time peribd,
wherein the . switching hub, in a loop detection mode,
changes from a sequential transmission of broadcast and non-

broadcast packéts to a preferential transmission of broadcast

packets over non-broadcast packets.



a conmuni cati on bl ocking control unit for bl ocking
comruni cation perforned .through the term nal that
forms the | oop connection state. 5. The electronic
apparatus accordi ngC aim4, Characterized in that,
when the packet counting uni% counts the nunber of
t he broadcast packets transmitfed-within the .
predeterm ned tine périod, the conmunication bl ocki ng
control unit cancels bl ocking of
conmuni cati on-previously activated. - 79 -
characterized by further conprising: - a user
selection unit for allowing a user to sel ect whether |
2. conmiifiiecat¢ et relgh eRpearaticnal24HHAIFYr nstehe Claimn 1,
.l oop transm ssion path is blocked; wherein the
chagwmngniicad oy Bhodhian comyisiingdi t bl ocks the
comuni cation through the termnal that forns the
| o confiechabnost ai esmhen thd tuséer selisgrtsiingtkpngnessage
~of the communi cati on. - ' :
indicating the occurrence of ‘abnormal connection and the

terminal that forms the loop connection state on the basis of

the determination result of the loop detection unit.

3. The electronic apparatus . according to Claim 2,
characterized in that the information display unit further

displays a message prompting a connection change.

4. The electronic apparatus according to Claim 1,
characterized by further comprising:
a communication blocking control unit for blocking

communication performed through the terminal that forms the

loop connection state.

5. " The electronic apparatus accerding to Claim 4,
characterized in that, when the packet counting unit counts
the number of the broadcast packets transmitied -within the
predetermined time period, the communication blocking coﬁtrol

unit cancels blocking of communication-previously activated.

6. The electronic apparatus according to Claim 4,



7. The el ectronic apparatus accordi ngC aim1,
characterized in that, when the packet counting unit
counts the nunmber of broadcast packets transmtted
within the predeterm ned tinme period, the
- conmmuni cation unit transnl&z the broadband packet to
the transm ssion paths to .?ch the.plurality of
termnals are connected via,the switching hub. - 8.
charpeteracefoRy c THpparat G8TRECSHEPRg to O ai m 1,
characterized in that the switching hub linmts a
T ansAFesi Ge oAt HEhf orOt hé B cat TNt Select
to a. - 80 - predetermned bandwidth. 9. The
whegheet rovieuabpr Beus el n§eeai T har 4¢edr | Zegms  the
in that at |east sonme of the transm ssion paths
loopctompeenedstiont hetpl dpabilegkefiiterninals are
bi directional transm ssion paths forned from '
pr etlerern rnée: | cnswuofcahipDVblesdiay. gontype unit blocks
el ectroni c apparatus according to Caim9,
thechasmaatrerdazeichbd nthirhaght Heier edenenad nédhalti nesrmg etie loop
reserve |line and HPD li ne.
connection state when the user selects blocking of the

communication.

7. The electronic apparatus agcording to Claim 1,
characterized in that, when the packet counting unit counts
the number of broadcast ?ackets traﬁsmitted within the
predetermined time period, the communication unit transmits
the broadband packet to the transmissicn paths to which the

plurality of terminals are connected via the switching hub.

8. The electronic apparatus according to Claim 1,
characterized in that the switching hub limits a transmission

bandwidth for the communication unit to a



11. A loop detection nethod for use in an electronic
apparatus including a plurality of termnals to which
transm ssion paths that transmt data packets are
connected, a switching hub to which the plurality of
termnals are connected, gng a_communi cation unit for
transmtting and receivVving tge dat a packets via the
swi_t chi.ng .hub, .characterized by conpri sing: a
preﬁ&éﬁéﬁlgggngﬁﬂaw %5 ‘of counting the nunber of
br oadcast packets reaching the plurality of termnals
wWthin a predetermned tinme period; and a | oop
detection step of deternining'the ternhnal t@ﬁ% Clg%m 1
9. - coliRfi n¢'SEFWMth a*PRPEERBFD VI TESte © ’
wherein, in the packet counting step, .the nunber of n
chappekeEAsEdpABKEPE Y rdnsiAtiec THoMA HESW LG Tl Paths
~ .to the communication unit within the predetern ned :
- conpiepgegeriad tihe c@&ﬁ?@é}téhdoﬁhé“ﬁﬁHﬁ@@SofaB?oQ%%ﬁerCtlonal
packets reaching the plurality of termnals within
traphaipsedst erhredorimes! garamdiadatsumiegd lines of an HDMI
wherein in the | oop detection step, the sw tching hub
cabtkanges from a sequential transm ssion of broadcast
and non-broadcast packets to a preferenti al '
transm ssi on of broadcast packets over non-broadcast
packets. : ' _
19. The electronic apparatus according to Claim 3, -

characterized in. that the predetermined lines are a reserve

line and HPD line.

11. A; loop deﬁection, method for use iﬁ an electronic
apparatus including a plurality of terminals to which
tfansmission paths that transmit data packets are connected,
a switching hub to which the plurality of terminals are
connected, and a commﬁnigation, unit for rtraﬁsmitting and
receiving the data‘ packets | via the switching hub,
characterized by Compfising:-

a packet counting step of counting the number of
“broadcast packets reaching the plurality of terminais within
a piedetermined time period; and

a loop detection step of determining the terminal that

forms a loop connection state by comparing a count value for

each of the plurality of terminals counted in the packet



- 82 - SOBP1988 ABSTRACT [ Abstract] [ Cbject] To
provi de an el ectroni c apparatus capable of easily
detecting a termnal that forns a | oop connection
state with a sinplified configuration. = [Solving
Means] -A control unit cogngﬁrghe nunber of broadcast -
packet supplied froma switching hub to a
conmmuni cation unit wthin . a predetermned tine period
COHd et ﬁ@ghmﬁbﬂﬁﬁﬁe%ﬁ%Qun “of packets exceeds
a thresh value (ST2, ST3). If the nunber of qﬁgketsmb £
ex¢BEIShe thAr eShdl PaAtSle, OHETEHAL r OFClini t-1e  numoer o
deternmi nes that an abnormal connection state occurs, .
- braatmasts packelop Fsaperetted didistidhe ss‘éilE?]aé%gs&!‘iU% to the
which. the control-unit rdentifies a network term nal,
conivatl cfadripg t el t ooid tdgmneEbPoPradtte e Red Sibfe Rfgiod 1s
control unit counts the nunber of broadcast packets _
courttatd,r eatfl édeh ofmbhe nef whrkadsemitnaPackehat Hegiching the
broadcast packets input to each port of the switching .
plimdlitfhereateen;nbhe corithiol Uhit rdedetrpirmésenhetes period
the network termi nal that has received the nunber of
is packetesi,exceedi ng the threshold value is present,
~that is, whether an abnornmally connected termnal is
pr esetzin( SIS, t5E6)lodf e tabndomal $teonhbet edvitching hub
teriainal is present, the control unit displays a
chafRRSAUe-drdi caébngnabanr mancairedbhomt theadcast and non-
abnormal |y connected termnal, and a nessage
brdARRE /G geIRectd on ghangeelSld) . tranddiss1iG08P19BBoadcast

packets over non—broadcaét packets.



[ Sel ected Fi gUre] Fig. 12
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{Abstract!

[Cbject] To provide an electronic apparatus capable cf

1y detecting a terminal that forms a loop connection

easi
state with a simplified configuration.

iSolving Means] - A control unit counis the number of
broadcast packet supplised from a switching hub to a
communication unit within a predetermined time periocd and

determines whether the number of packeis exceeds a threshold

l._J
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o

ue (87

[¢3)

= Z, 8T3y. IL the number of packets exceeds the

.

value, the contrcl unit determines that an

£

hol

Thre

U)

abnormal connection state occours, that is, a ioop is

identifies a network terminal That forms the loop connection

switching hub. Thereafter, ths control unit detsrminss
whether the network terminal that has received the number of
packets exceeding the threshold valué is present, that iz,
whether an abnormally connected terminal is present (575
STé). If an abnormally connectad terminal is present, the
control unit displays a message ilndicating abnormal
connection, the abnormally connected Terminal, and 2 message

prompiing connection change {(ST7).
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