- 1 - SO8P 988 DESCRI PTI ON ELECTRONI C APPARATUS AND
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 [i n§%891988
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
abnormal |y connected term nal s.

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



Background Art [0002] In recent years, HDMI
(H gh Definition Multinedia Interface) has been in
wi despread use as a conmmuni cation interface that
transmts a digital vioeo signal, that is, an
unconpr eSsed (baseband) video signal (hereinafter
referred .to as "inage data") and a di-gital audio
signal (hereinafter - 2 -- .SOBP1988 referred to as
"audi o data") associated with the video signal from
for exanple, a DVD (D gital2 Versatile Disc) recorder,
a set-top box, or another AV source (Audio Visualst8r1388
source) to a television receiver, a projector, or
.anot her_displ.ay at high.sp For. | enePat
'"e%gfﬁﬁgnfo 1a%es%dr°?*§egatgﬁe’ I—%%/Igo%pé;%fc?i&@g{ai gﬁ in S
Siq%@ krof 0083] cxampikn adgvhi pfhgithl eeeRbryearsisdn
addition to wdely used personal conputers, even
rdeieeal gofnsun®in produetsahavesbern oeguenthyic Visual
connected to the Internet. For terrestrial digital
sdireadcast & nge and ESrdirgickavebr oadessidatg:  Ethiephethds
defined as neans for providing EPG information: in
digegriervaht hefevinswh s6Ps aEREFparttGsés PPREIRupport
di gital broadcasting have a RJ:45 connector nounted
desieie6h. TPOODAL SPECLIgGAERBPNDT e®* 53 Vi deo recordi ng
means, video recording apparatuses that record video
[¢%¥%ei ved via Ethernet are provided. Still
furthelgore.o 1 n the neac Leatlr e, . ideq distel puadon

. _In r
via fhe -Tnternet, suc P-TVis planed to be
erovided.  Therefore, s | e jagaraf eabtisne ARpPAGALUS EBave
each having a plurality of Et her net connectors may be
| p&mBLGhaht Yy avahhabl & don tsuchnacenase, |mapterrestrial
Conneci on nmay occur depending on how the termnals
dafesoonpeatiedsting and BS digital broadcasting, Ethernet

is defined as means for providing EPG information. In

general, television sets and apparatuses That support

o

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, is plémed (o]
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



[ 0005] For exanple, Patent Docunent 2 describes | oop

3 nonitoring and detecting neans that counts received

MAC franmes having the sane FCS (Frane Check Sequence)

val ue and determines that a network is in a | oop node

i f the nunber of received MAC franes having the sane

FCS value within a predetermned tine period is a

predeterm ned threshold val ye or greater. Patent

Docunent 1: Publicati on No. W2002/ 078336 Patent
mdddcement 2and apatese ibgexapamed tRattentolpps | cafdedred MAC

Publ i cati on No. 2006-13737 D scl osure of Invention ,
tepGis| ERY P8 HBeSEPTEdThy éamﬁvgﬁﬁFanﬁééﬁ%Te valyg and

osJS3RTHasd shgve, g sennol ogy L Aol he e Ol

1
avin value recel ved dur

| ofa GRIdiaid e pﬂm@@l h&vus@drhknkenEatricen \ﬁa!']_u’éCSmthln a
fields of the MAC franmes needs to be witten to a

predatrehméngiinetime t rawiod heref or e priedegermenedy threshold
éa aC|t§ S reqU|red In addition, a process
VadefePri RERGEWhet her the same FCS value is used is

Pa&%ﬂ%‘bSQumgﬁEofd'ﬁ%ﬁﬁ&c&ﬁﬁ%ﬁ“NH' 2?%@9@7%%36
: 1T cate and e processing I nposed on a CPU
Pat%nﬁlgﬁmﬁumﬁﬁﬁt|3 i gapeased. Unexamined Patent Application
Publication No. 2006 13737
‘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



[.0007] Enbodi nents of the present invention
easily determne termnals that are in a | oop
connection state (abnormally connected term nals)
using a sinplified - 4 configuration. Means for
Sol ving the Probl ens [0008] . In a first aspect
of the invention, there is provided an el ectronic
apparatus characterized by gonprising: a plurality of
termnals to which transm ssion paths that transmt
caatiappacketns are connected; a switching hub to which
the plurality of ternminals are connected; a ‘
Mezommimirc &oilenngnichef Brobtemsnmi tting and recei ving the
dat a packets via the switching hub; a packet counting
[@QfHi&] for counting the nunber of broadcast packets
reaching the plurality of termnals within a | ,
pr edét & mhed t3TRE PerPod Nandr bt b detiects oh® upfevided
for determ. ning the ferm nal tqgt.forns a |l oo e
ATk o FECTTER -6t aQBPBKjaE%ﬁpa?'%‘ifca Tt ng’ueC?‘g}?rJe%\JcIﬁg' @
pfgréfy% 'Hf?ﬂééi '%%l%ergbn%hﬁ_ °“P£§Hs@'s§f§%.p§%%ﬁg that
counting unit W a thresho val ue; erein €
+ PRCKSL counli ng yakt count 8.t he pugber, of, broadeastyy o
packets transmtted fromthe swtching hub to the
wHGQITUNE eat | Qr_ﬂuk‘ahﬁtﬁﬁ thim thermiedes er gieed ddn®Rcted; a
period and counts the nunber of .broadcast packets
corgaehicag ibhe uplitr adrt yeofndrartraimal snal tigritieg the data
predeterm ned tine period, wherein the swtching hub,
paidkeda sl oo deiecswdncimboe, huhangeyafkemn acsadquent ivadit for
transm ssion of broadcast and non-broadcast packets
cougtangr etBeenti@bet r apSniveiaske st birggleast paekliny the

~.over non-broadcast packets. [OOOSqi 4a , ,
plurality of terminals within a predetermined time period;

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 second aspect of the invention, there is
provided a | oop detection nethod for use in an
el ectronic apparatus including a plurality of
termnals to which transm ssion paths that transmt
dat a packets are connected, a swtching hub to which
the plurality of termnals are connected, and a
comuni cation unit for tra itting and receiving the
data packets via the switching hub, characterized by
COMphi $i NG coRdPackettceunthng isteRt 9bn COUALLATiE herovided
nunber of broadcast packets reaching the plurality of
a t1eJdp nad s Wit et HyEdeierudaedn t inecpeet oehi @andpparatus
| oop detection step of determning the term nal that
infodrung ng laooplooanécyi af stateitylgonparymigcla toansmission
val ue for each of the plurality of term nals counted
paithst heéapackensvotintiehg seepelpt Ara chreshbed, val seitching
wherein, in the packet counting step, the nunber of '
hir gt dasichpddicet Bl ¥ Fahsi ttedt ¢ ¥BMAHe &Uf t ey ey and

to the communi cati.on gnit within the prgggternined

& { PHEVERT SR Gt 0T and ARENGHBEr br&&Geyst9 the
da%%gketasééra%%cmvgg “%%epl %E&ltlcéXngf ESf)m n@k%ﬁﬂ:{&i_ffzed by
I ,

t Bre eterm ned time perio count ed erern 1n

co%n ?i'sgﬂgzd%t é Sé&?ﬂt_{ §% Cla%ng:dﬁlﬁtﬁi%%anﬂfes number

om a Sequential transm ssion of broadcast and

o fNOR=-DI pafdGash, PREKST S d:@ra nRr ef ¢k ent Lah 1t £ ANYY S8kPRinals
of broadcast packets over non-broadcast packets. '

wilt@80Q9]a predéecOnihdg toman eivbed ;medid ok tlhereseattion
i nvention, the switching hub is di sposed between the

stepmmMuiil catdt@rmining the terminal that  forms 4b loop
unit and the plurality of term nals. The conmuni cati on

coppetttieanshitte hyvdatwepatketat eocthe Yahmsniesioach of the
paths via the switching hub.In addition, the

plegspmiial c&fi S8 TUANE e CEINESIa Idat d H AT refpHt gy step
.transm ssi on paths. For ex le, sonme of the

Wit PaiamtBEFSHO pat HE THE bEOBFA P ectifonal®t ARRkRts PRt ing

stggtsgrwsz\}/lfgo{n{tﬁﬁmg)eg:ggj@a%&ecgaeécegs@ npeagc]flcé&estl(a%sgni’tt%d from the
switching hub to the communication unit within the
predetermined time period is counted, and the number of.
broadcast packets reaching the plurality of terminals
within the predetermined time period is counted, wherein in
the loop detection step, the switching hub changes from a
sequential transmissién of broadcast and non-broadcast
packets to a preferential transmission of broadcast packets

over non-breoadcast packets.

[0009]
According te an embodiment of the present invention,

the switching hub is disposed between the communication



- S - SO8P1988 HPD |line) of an HDM cable. The packet
counting unit counts the nunber of broadcast packets
~.reaching the plurality of - teimnals within a
predeterm ned tine period. For exanple, this
measurenent is perfornmed when power is turned on, is
perfornmed at predetermned intervals, is perforned
when a user di sconnects an {ﬁ%& cabl e ana,
subsequent |y, connects the cable, or is
udes f gpaRd HeN FESPONSE, t 0ra tSekidanst.r uctinen. @l cation
For exanpl e, the packet counting unit perforns the
urgidunitiangroper at idat ammskdtortexanpl erandel saidyerpagfhs via
br oadcast . packets transnié%fd,fron1 he swi tching.hub .
e Fﬂét%%ﬁﬁ%npeﬁtionIBni? tHith a® ?e&éWEPﬁﬂﬁéglPPnEP“lt
: I exc s val ue . £Aas e :
r R ount o AR moade’ nat coamt T he Haber et 1"
exmpadgast spasket 8rr eagchd ng dhnsplivsabhnt y phther mmay s be
within a predeterfrmed tine period within a _
bisriggetdpnphed reinpeipeipod Hetdm tiremegh ¢y, predetermined
Accordi ngly, the grocessin (Joad can be reduced.
HG§11F- 9777 2 A&SH Y%dlﬁ%%V%f BY' counting the number
of broadcast packets reaching the plurality of
termnals to which transm ssion paths that transmts
dat a packets are connected within a predetermn 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 term nal can be easily detected with a
sinmplified structure. [0012].



According to an enbodi ment of the present invention,

for exanple, the electronic apparatus can further

include an information display unit for displaying a

nmessage i ndicating the occurrence of abnornal -

connection and the termnal that forns the | oop

connection state on the basis of the determ nation

result of the loop detection unit. In this case, a

user can identify the abnormally connected term na

or the termnal that forms Ja- oop connection state

and di sconnect the. abnormally connected term nal 308P1588

Accordingly, the |oop connection state can be easily
HP%V9i£§Pxﬁ{%91ﬁ#MI capihl §§Q§ %e&ezaggﬁﬂﬁgﬂggdﬂ%taﬁounts

- ““énbodi ment “of the present invention, for exanple, the

thbNhQRIBE 10N dbghlbakt Uphtisad fdudiher dhspbayrdiicy of .
nmessage pronpting a connection change. In this case,

ret-Rend d arietinog girepkay-mnh£d caimemenpbdt he&arserxatipl e,
di sconnect the abnornally connected term nal so that

tht hemt @opraeniecsi perévared cabebeoavi dedtufoad 4, 1s
Furthernore, according to an enbodi nent of the

pepfeserd 4NEERCEGRITESEekARPIEE1T hel e PEEEPERPE When &
apparatus can further i nclude a communi cation

USBE 0B kP FRPESTHEr 61 HRFE £BPLBI O8ki nyoSFIEohmini Tt 6 °

perfornmed .t hrough the termnpal_that forns the. loop
GO hREL (TN 1 re s AT S Aot 1o aiamerer o
in%EQHPLQ%QHE operation in which the user disconnects

hé cabl e fromthe incorrectly connected termnal can

[oRggel i mnated. [0015] Still furthernore,

according to an enbodi nent. of the present invention,

f or rexanphe ewhenet becpackebucoind ivng tupet feountshe he

nunber of the broadcast packets transmtted within -
cotine i py edet ermiome deitdnne fper fodpprife donmumioceat Pon

bl ocki ng control unit can cancel bl ocking of L
broedraal cerd it prieArsEstyedc £ 0EL BEe B TCAREE| PR to the

bl ocki ng, of conmuni cation greyLogsl% activated.in
COPRME L GAYO Wormett ol §t BrECHFFFRHERNt FromPERe®”

or evi ous,_.connect i an st ate. appears_due to _cable .
C34FEEBnhect ot Oo“rd gaciéan”riecf][?oﬁ“c a”nagsge.' géo T%%Ty, i f
cohﬁ%ﬂgf{{%ﬂ@'ﬁév s Whieh LORMYRLCaLL 98y | §5 dHav-aYs! Y

bl ocked does not currently forma | oop connection,
£:CRERYNEEALE O tdHOyghithe cherri pakneam Hevithin &
- automatically resuned on the basis of the detection
crzesukbnofied heideoope detdatitdnnuni bredetermined time period

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

=

Pt
Tt
Y

within a predetermined time period and comparing each o

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



[ 0016] Yet still furthernore, according to an
enbodi nent of the present invention, the electronic
apparatus can further include a user selection unit
for allowing a user to sel ect whether comrunication
through the termnal that forns a | oop transm ssion
path is blocked. If the user selects, through 8 the
user selection unit, blockipg of the communication,
t he conmuni cati on bl ocking control unit can bl ock the
tG@IMENI catdonfdhrough 1bbe temmicral ohhats sfcer, mechad 0o the
transmission path. In this case, blocking of
ahvommadilyat connenaedt hestmgradoesthfot agesirmelésdn pennected
automatically prevented. [0Q17 Yet still . o
YO Rer mor ! ag@orcﬁ%ﬁf 0 a eE%%B%?neﬁ?%%f tthe Simplified
s esent. invention, for exanple, when the packet
counting unit counts the nunber of broadcast packets -
[ooransmitted within the predeterm ned tinme period, the
conmuni cation unit can transmt the broadband packet |
to PrecrAangnitssi o paPReIRONhhiodh e PrefFen’ t yngention,

term nals arg connected via the switchin ub.. In .
iy SRR < FHCe oAk ERBHer TRRERoE T & Ty MG efcloe
anf M AMARG69BAUNIGELI QY upkt tt orbRe HRAPSAY$8HO0N: message’
pat hs, determ nati on whether the termnal forns a

inldoeptéognedtd oncstiatenoa tdfe basesnof thenaubben efd . the

reachin% br oadcast packets can be reliably made. L
tergdrg] that fegmssiihg ¥R neri el e ctrdihdt o~ Pasis

ofﬁgg_dh@%@&mgkakgsnfgsgﬁg£ LevepLion, tasté@%igﬁiggat. n

can transm conmuni cation unit via

theabl &ssat Leasiet hesbr oagemsi rpacket asNguddta connected
packets to be transmitted to the comunication unit.
termibhils ocasée tﬁ@mSeﬁéith@ttﬁoémsdétépﬁpnépﬁ@ﬁCthH state

whet her the nunber of the broadcast packet _
angy anSHSECEESFFom the smF%@ﬁFWﬁqﬁﬁb tgopﬂgcged terminal.

Ac%gmgbﬁgg' oghgni Eooﬁ Wicbh.h@ct:ﬁ]gnpr edeter nl:@z@d Ld MBoasily
peri od exceeds the threshold value, that is, the
aveedsitivity of |oop detection can be increased.
[0013] |

In addition, according to an embodiment of the present
inventicn, for example, the information display unit caﬁ
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



[ 0019] Yet still furthernore, according to an

enbodi nent of the present invention, the switching

hub can limt a transm ssion bandwi dth for the

comuni cation unit to a predeterm ned bandw dth.In

this way, even when a | oop connection state occurs,

supply of broadcast packets to the communication unit

can be limted. Accordingly,the processing |oad of

t he conmuni cation unit can be reduced. Advantages
cdi@@20kation péecordédgthoodh erfbodiameningf tHer forms the

present invention, the nunber of broadcast packet
ldacgachbngeat pbur adtitbe .of ténmidals tw@sshi chor example, =&

transm ssion paths that transnmt data packets are
troghhectrd wirdHati@npr édetd8rimednei s ger ﬁéécp§nects the

counted. Thereafter, each_ of the count nunbers

capdRpaté@mni thea LRFESRBFELYal TRV tH5ht %elfr%]ﬂﬁlnalcan be

that forms a | oop connection state is

eld8l8fRfed. Thus, a terminal that forms a | oop

Oég@ ection state can be easily determ ned. Brief
rlptlon of Drawi ngs [0021] [Fig. 1] Fig. 1

i s @&h@%&&ﬁ%ﬁ&@f aeranRLary, conf b%&@&h@ﬁtofof the
an AV system according to an enbodi ment

present invention, for example, when the packet counting
unit counts thé“numbér of the broadcaétrpackets4ﬁransmitted
within the predetermined time period, the communicétionJ
blocking control unit.can cancel blocking of communication
previously activated. By _canceiing blocking of
communication previcusly activated  in this way, a
connection state different from the previous connection
state appears due to cable disconnection or }1 connection
change. Accordingly, if  the ; terminal for which
communication is, previously blocked does not currently form
a loop connection, communication through the termiﬁal can
be automatically resumed on the -basis o¢f the detection-
result of the loop detection unit.

[0016]

Yet still furthermore, according to an embodiment of
the present invention, the‘eleétromic apparatus can further
include 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



- 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 manager
formng the sw tching hub. 1-- . 4]
Fig. 4 is a block diagram o exenpl aryconfi gurations
of an HDM transmtting unit of a source device and
than udBMT skeéeeittbng uunitt, ofloakshpkoflevheecommunicg®H @n, the
5] Fig. 5 illustrates exenplary configurations of an
copbMitpansm t tiekoanhan HONItrpdcei wert  can [Bilgek6] the
Fig. 6 is a diagramillustrating the structure of
COMYPSicRhASH sshbaudat athe terpryl 7(hF g fgrms a  loop
illustrates the pin assignnment (Hpe A) of an HDM '

tregppiiggf-on path.” In this case, ocking of communication
that fhe user does not desire can be automatically
prevented.

[0017]

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



[Fig. 8 Fig. 8is adiagramillustrating an

exenpl ary configuration of a communication unit that

performs LAN communi cation 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 diagramillustpating the operation

petformed by the switching hub (when a loop is
wiphesenthe predetdrmigedl HimaFigerikt iddasstdsates: athedashold

i onshin between an el apsed tine and the accunul at ed
valwebertloft bipadthst grackatigityS@EP1988> detecfEpy. can be
~12] Fig. 12 is a flowhart of an exanple of |oop
ingareeseron processing performed by a control wunit of

the tel evision receiver. [Fig. 13] Fig. 13 is a
“Hﬁgdran1lllustrat|ng an exanpl e of connection anong

i ncluded in. the

\Y
Tanvars SR A R PR P 3 logigrent of

th%vng%%%eﬂg aﬂ&‘?@n%@%ﬂ 0“5%%09%%%%%%' ”ﬁHrJdeQ lléptiglﬁlt a
tr%%ghqgg18ﬁaqﬂh§h9&ﬂhpoﬁoq6t@ﬁ&'Oébﬂﬂdﬂﬁgﬁiﬂai unit fo a

performed by a control unit of the television
pr%@%@b%ﬁﬁned 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] ,

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

configuration of an AV system according to an embodiment of



[Fig. 16] Fig. 16 is a flowhart of an exanple of a

conmuni cati on recovery process performed by the

control unit of the television receiver. Explanation

of Reference Nunerals [0022] 100 AV system 110

br oadband router, 130 tel. evis on receiver, 13la -

131e network termnal, 132a - 132f port, 133

switching hub, 134a, 134b hi gh-speed data line

interface, 135 comuni Cati 5 unit ( Et hernet

interface), 136 control unit, 137 user - onn

operation-unit, 138 display panel, 150 set-top b6wﬁp*98“

160 personal conputer, 170 anplifier, 180 ED -
theeoorsert, 2FEknci2f3 HM cable, 221 - 224 Ethernet

cabl e, 231 reception-side FIFO nenory, 232 packet

i npltiaunkiit 12332 SeP19g8 | raEmsiisds iPon 22 sPEeH £

nenory for broadcast packet,. 234 i[@ﬂS@tSSiggqsige. _
CORE EFHIRTTY Fof Mo-broddcast patkets® 2395 Spacket’ -+

out put unit, 236 bandwidth [imting unit Best Mde
“Sfor'Carrying Qut the invention [0023]

[Fig. 3] Fig. 2 is a block diagram of 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
configuration of a communication unit that performs LAN

communication between a source device and a sink device.

(0

1

W

(&3

[Fig. 9] Fig. is & 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
presgnt}.

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

elapsed time and the accumulated number of broadcast packetis.



An enbodi nent of the present invention is described

below with reference to the acconpanyi 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 180 is connected to the

tel evision receiver 130 viaiah anplifier 170. In

addition, the television receiver 130, the set-tepsri988

box 150, and the Blu-ray Disc recorder 180 are

connhect ed-t o-a, broadhand +outer -( BB:r out 0,¢

[Oggg%‘ 2} T é'%%n??ghﬁggﬁ%ﬁgog ?ﬁegﬁﬁggég%%hsloéoo§
detScf N9 cdessrhhede PEXEnedThe, by Qadband tOUt efr kR

includes a plurality of ports. In"the present
tebabodidgrentzcetiherbr oadband router -110 includes an

Et hernet port illa on the WAN (Wde Area Network)

si defignd 1Bouridet het nist poritegredlbliostideimn arhexpanNie

(Local Area Network) side. Note that - 13 - = -
of  gUBPIYUES ™ BRBE nEBET L PES 2 TRAf &S1eTed 1PFaddefark-the AV

%0026] The tel evision receiver 130 serving as a
SYsrfR: devi ce includes five network terminals 131a to

131e,. a switching, hub_133..includi.ng six_ports 13 ) .
132%l-g‘hi‘éll1- ébéédigajt% Tithe S tert: gé‘%%i@ﬂ%‘j aan% "%%Zrﬁtg .

ofacgﬁﬂgyﬁkﬁgghgﬂguQEEious apparatuses incliuded in the AV

systemn.

Loy ]

ig. 15

et
rf

[§
I~k

[ Fig. 15 1s a flowchar:t of another example ©
ioop detection proce;sing performed by a control unit of the
Ctelevision receiver.

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

of the felevision receiver.

Explanaticon of Refersence Numerals

100 AV system, 110 brecadband router, 130 television
receilver, 132la ~ 13lie network terminal, 13¥Zes - 13Z%f port,
133 switching hub, 134a, 134b high-speed data line interfacs,
135 communication unit (Ethernet interface), 136 control

unit, 137 user operation-unit, 138 dispia anel, 150 set-

W
't

top box, 160 perscnal computer, 170 amplifier, 180 BD
recorder, 211 - 213 HDMI cable, 221 - 224 Zthernet cable

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



including _a MAC | aver processing unit and a PHY

| ayer processing unit, a control unit 136, a user
operation unit 137, and a display panel 138. [0027]
The control unit 1.36 controls a variety of units of
the television receiver 130. The user operation unit
137 fornms a user interface. The user operation unit
137 4 connected to the control unit 136. The contro
unit 136 includes Keys; buttons, and dials disposed
on a casino (not shown) of 1the tel evision receiver
130 or a renote control. The display Panel 138 fofdse:sgs
a user interface (111). For exanple, the display

| 138 di,spl Ui t b
ol shtay srgial g %&?‘g@é&sﬁi%?ﬂef‘*’%%ﬁ Tl w367 bor

ul th 8 =} C 25
_z:(%)é%@ss %ﬁrygﬁta%l R sp ﬁ’%?k 138 118*10@5%9&%% Ofo ‘?:'ile LCD,

urd an organic

pa%%gln?écﬁﬁ§Q%hjprZQRP@QHQBE@§HH¢£&§€H@@1ﬁ?n€|)

Each of the network termnals 131a,
sekldodantb A 3%e-+is nd orednkr amyanc Ebher net port. The
network termnals 131a, - 14 - S08.91988 131d, and

{0D3%¢ are connected to the ports 132b, 132e and 132f

of the swi tching hub 133, respectlvely [ 00291
En embodiment of the present invention is described

below with reference to the accom@anyinc draw;ngs. 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)

1

ne 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



In addition, each of the network term nals 131b and

131c is fornmed froman HDM term nal. An HDM

receiving unit and a high-speed data line- interface

are connected. to this HDM term nal. The network

termnals 131b and 131c are connected to the ports

132c and 132d of the switching hut 133 via the

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

respectively. In Fig. 1, an HDM receiving unit is

not shown. [0030] Thel HDM receiving unit

recei ves, using HDM - based communi cati on, basebaf@8P1288
- video and audio data unidirectionally transmtted
rfRoma 'sow cerdevieardhalrdse eainacted to the HDM _

receiving unit via an HDM . cabl e. "The hi gh-speedline
[otheéerface is a bidirectional interface forned from

predeterm ned |ines of an HDY1l7 cable (a reserved

| i Mcand laniEDD: | ¥ eeeiTen RS lpresEans eborli fient )deVilsies
. _highspeed data line interface for= a_communication
InGpiEes hatve NSerPEFneShididett 1 OrfaltCcomitini 8aft ohcith

an_external . .device (a so e devi . The HDM . . _
Bt EF VG HIE S48 PREChi Jhobedt et PR FRCes (e
1:fLe; described i ? depail, b N il QO3L) Ther 4=
*“géﬁf6h$ﬁ§hﬁ%bﬁfg§ngﬁgly%%%’a é%@%%ﬁ%%ﬁﬁ%%d Eéésié
int1d@ing SBEEI88 .2 -data-packet LNpUlalo 28R 0hythe

ports and out pufs the data packet froma port
pro@EEespeNding t:0coherdestihnation addrRsSopkrgridn unit

illustrates an exenplary configuration of the
138w behi gl e} 33anp0032§ . '

(00271
The control unii 136 controls a varisty of units of the

television receiver 130. The user operation unit 137 forms

a2 user interface. The user operation unit 137 is connected

831

to the control unit 136. 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 displays a UI screen on the basis of a
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,



The switching tub 133 includes six ports 132a to 132f

(Por :0 to Port 5), PRY |ayer processing units 20la

to 201f, traffic Tanagers 202a to 202f, a sw tching

unit 203, and a control register 204. Each of the PRY

| ayer processing units includes an A/fl converter, a

descr anbl er-ecna data handl er, a scranbler, and an

M.T3 converter. [0033] The - A/ C converter

Al D-converts a Signal input to a reception-side

term nal Rx. The descranbl er-equal i zer perforns a

wavef orm equal i zi ng process and a descranbling S0821288

process on a signal output fromthe A/ C converter.
13188 datadandler SURRLLES 8oStgpaloptd P M amEheang

escranbl erequal izer to the traffic manager and = .
1394PRET €8 asisianalof ecei ved, f respthei deaf fic manager

to the scranbler. "The scranbler performs a scranbling .
[opeecess on the signal received fromthe traffic-

manager. The M.T3 converter perfoffis a M.. T3

modUh atdaint: ipmoc esshonf at 8¢ gnat wouk purrnifnadm ERé- and

scranbl er and outputs the nodul ated signal to a |
Litlcansnt e5heh-Side anefiviiraleroesa] - -AnétMI3g8rEn8sne
" The traffic managers 202a to 202f are connected to
arpife 286 B chi Ay THTRS 5632 EaBR of "Phe®ttatty CHEITEGE s =°
202 02f . tenporarily stores, 1! ecepti.on-sihde .
CHRP PO HENGE T backet dat ST hent FEBE Y omiEngne Too€ are

PHY.Layer ,processing upidt Lot as60r besponding ;
ot o T o G T o caeh of “tnet ratl L hanaserss
132023 ;1 91,2021 ot esporarddos steres npacketedat !z and 134b,

transmtted fromthe switching unit 203 in a 7
rddiangAlvesiyon-= dadkl EQ srnboyl fheecafiernieads abt

the traffic managers 202a to 202f transmts the
.sipacket data to the PHI' | ayer processing unit of the

correspondi ng one of the ports. [0035] The
[&Giching unit 203 sequentially reads the packet data

itens stored in the reception-side FLFO nmemory . of the

{ral o HlRaBT S D08k g F26F S LXRY y 26874 Rt T Fased

desti.nati.on address_ of the packet data_item and
CUEpUtS the p ‘E‘ﬁ%?a%cat"a*%c e%ﬁ%eﬁ%ccei%t ?lgf' fic manager
wPfatNe AoLL 1€ 9r Lespandi na: to-4he, desti-Rabben-address;s

Inthis case, "if the data packet read fromthe FIFO
ey e POfc ot heet nafif | €crmnager ofiwona 0kt heMpoEisid S The

a broadcast packet, the broadcast packet is sent from
nidte-sswWddchizng Ubht 203=ttedde d raffic managers oftatiace

of the other ports. [0036] _ )

- 1
i

formed from predetsrmined lines of an HDMI cable (a reserved

line and an HPD line in thne present embodiment). This high-

b

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

The switching hub 133 analyzes a destination address of



Fig. 3 illustrates a particular configuration of a
traffic .manager 202 (one of the traffic managers 202a
to - 17 - SO8P1988 202f). [0037] i The traffic
manager 202 includes a reception-side FIFO nenory

231, a ,packet input unit 232, a transm ssion-side
--FT70 annry. 233 for a-broadcast packet, a

transm ssion-side FIFO nenory 234 for a non-broadcast
packet, a packet output Unit 235, and a bandwi dth
limting unit 236. [0038} 15 -~ The reception-side

FI FO nenory 231 tenporarily stores a data packet spgr1988

transmtted froma PH ' |ayer processing unit 201
ne of tbe_PRY | ayer [ n It 0 Q f).
> S BRCREC TRRGE G 1 On aarir Bhes RS rart S dats

da@% kel a@é@“ Lted. 4 r@&ﬂ#%&\a itehizng « HE' be 203481k

br oadcast “packet” or “a non- br oadcast packet . :
addhereaf e, 4 he packettdsnput ek 1232 ¥ehtf@fudktion of

broadcast packet to the FIFO nmenory! 233 and wites a
thaofrhroddgastivpacket to the FI FO nenory 234. [0039]

The packet output unit 235 sequentially reads the
[0e3dtla packet fromthe FIFO nenory 233 and the PIFC

nmenory 234. Thereafter t he packet output unit 235

t r ASTPFS TERERY dado Ut S YatE pEERe £ 10 PPRES PHYET dyrer! 32¢

roceSS|n uni_t 201 h? t he bandwi dt h I|n1tbpg un&tzoﬁg
Foup. U T * aﬁdwrdth ¥FnPumiTs 286 Mmfs “the © =
:xtEETE”Qéﬁéﬁﬁ}:bé%%a te 202f, a swi;ching unit 203, and a

control register 204. Each of the PHY ldyer processing
unite inciudes an A/D gonverter, a descrambler-egqualizer, a

data handler, a scrambler, and an MLT3 converter.

The &/D converter A/D-cohverts & eignal input Lo a
reception-side terminal Rx. The descrambier—equalizer
performs a waveform egualizing process and a descrambling
process on @ signal output from the A/D converter. The data
handler supplies a signal output from the descrambler-
equalizer to the trafiic manager and supplies & signal
regeived from the traffic manager iLo the sczembler. 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]



[ 0040] The operation perforned by the traffic nmanager
202 is - 18 - SOBP1988 controlled by the contro
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 FIFO nenory 233 and 6u@5ufs t he broadcast _
packet. That is, aS long as a broadcast packet i$08F1988
present in the FIFO nenory 233, the packet output
unithe23rar€adsmbhegbr atiasttpaciet aireoppthecfdQo the
menory 233 and outputs the broadcast packet. Onl '
swihenimg brroadcdst. paskletod Shrottwridsenmanadehe aii%oto
menory 233, the packet output unit 235 réads_ the.
20Rdnt YrecRTEStY FadiéEr - (aluhi TaSTY padkett G “a multreast
Egcgeé%hfron1thQLELFocqenng%$2§§ and outputs the . ..
PERGRT Y oaddast S packét SPR tRTsTway 2By preferentrarty-
outputting a. lr cast: ~fromyth cket out put. s
fom PR TR, PO Lt Sorron 5r a0 bop @
speonnecti ony st ale { Qop det 8660 nEak be 5 r;x,ctro@ageg cket
L0042) - I'n addition, when the control unit 136
dzRer £orABN] 00 detectdren sprocessNgndesyy izhed bel ow,
the bandwidth limtin unit 236 limts the
trah.ans Bk Ssi-onl damiidintertcoya Phredst®ran . nedch ©f the

transm ssi on bandw dth. For exanple, when a -
traffic managers 202as to 2Z02f transmits the packet data To

the PHY layer processing unit of the corresponding one of

ul

che ports.

+

r

[C035]
The switching unit 203 seguentially reads the packet
data items stored in the reception-side FIFC memory ci the

raffic managers 20Za to 202f, analyzes the destination

rt

B

ddress of the packet data item, and outputs the packet data
item to the traffic manager of the port cOr-espomding_to the
destination address. In this case, 1f the data packet read
from the FIFO memory cof the traffic manager of cne of the

ports is & broadcast packet, the broadcast packet is sent

Lo
1

from the switching unit 203 to the traffic managers of all

Fig. 3 illustrates a particular configuraticn of a
traffic manager 202 {one of the traffic managers 20Z2a to



- 19 - 808P1988 normal transm ssion bandw dth is 100
Mops, the transm ssion bandwidth is |imted 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.
Accordi ngly, -unsuccessful |oco detection processing
caused by the overload of {he_control unit (the CPU)
136 can be prevented. 10043] Li ke the 208D108R
- above-described traffic nmanager 202a corresponding to '
the port 132a. (Port 0), when each of the traffic
Onﬁhagers 202b to 202f corresponding to the ports 132b
bo 132f (Ports 1 to 5), respectively, D forns _Loop
de ection processing descri bed bel ow, the packet - -
outsPUl (uRi-t-; 233 1ﬁ§¥:pﬁﬁﬁﬁngﬁﬁb%E%Yare@dénﬁfg% side FIFO
br oadcast - packet ored in the FIFO nenory 233 and
meRYEPULS) t e pheeadcaspupagket .23 thitsanayi suhen-aide
| oop 'connection state occurs and if the packet
- FIPOtpathotiniA3323brprebecentaat |yacuwtiputss taabenadeast-side
packet, the broadcast packet preferentially flows in
“Tfﬁem¢mmﬁy Rdcdedi aghyn-bheadenst thaakaf off packset output
| oop. detection and the sensitivity of detection of
UTRBL WP K AT A RARSVERRD s ¥ he ot Tonnect i on
Foﬁggte can be increased. [0044]. Rrring back to Fig.
: t he comuni cation unit 135 of 30831988 the

el fd slontesel ver. 130k T siganedad Lo bhe pert 432, .

e swtching hub 13 orfruni cati on unit 135
aat*ﬁa8§gké5 angd, £,86eives gy dat aypacket- i ddie ing unit 201
switching hub 133. The communi cation unit 135 forms

- {0aB Etherdetai nterfrag@ocessing units 201la to 201f). The
packst input unit 232 determines whether a data packet
transmitted from the switching unit 203 1s a2 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

data packet to the PHEY layer processing unit 201 via the

The operation performed by the traffic manager 202 is



" “packet. In this way, by preferential

[0045] Note that, for the television receiver 130

shown in Fig. only a portion associated witn

Et hernet comruni cation-is schematically shown. This

representation is also applied to the set-top box

150, ‘the personal conputer 160, the anplifier 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 &h[ee ports 152a to 152c,

a hi gh-speed data Iinewinté face 154, and a S0RD19ER

comuni cation unit 155 including a MAC | ayer T

processing unit and a-PHY | ayer processing unit. _
coh0047]ed by thEheonétwdr knier hdhal sabFadiss f-orhBd? f rom

an Ethernet port. The network term nal 15la is con
thet s b8t HePSHET1EDB - of PFHE SWSR SRi RGEhED=9%%. The

network terminal 191b is fogn$€9jroq1aq HDM, o ive
<RPRRARFAT . HONM ranshi FEFRESant 1< and a HEGh-speed” data

| ine,interface ar. nected. to.t A term nal .
poTﬁelgﬁ%tg%%V'?@rwﬁngﬁgig%% s %%nﬂg%ie_’to the port

152¢ of the switching hub 153 via the high-Speed data
[0GY
"~ - 721 - sS08P1988

That is, when the control unit 136 pexzforms loop
detection processing described below, the packet output unit
235 prefeientiaily reads the broadcast packet storad in the
FIFO memory 233 and outputs the broadcast packet. That 1is,
as ibng as a.broadcast paéket iz present in the ?IFO mencry
233, the packét cutput unit 233 resads the broadcast éacket
from the FIFO memory 233 and outputs the broadcast packet.
Only when a broadcast packet is not present in the FIFO
memory'233; the paéket cutput unit 235 reads the non-
proadcast packet (a2 unicast packst or a multicast packet;

from the FIFQO memory 234 and cutputs the non-broadcast

t

h

{

iy

hroadcast packet from the packet output unit 233, the

sensitivity of detection of a locp connection state (loop

[0042]
In addition, when the control unit 136 performs loop
detection processing described below, the bandwidth limiting

unit 236 limits the transmission bandwidth to a

predetermined transmission bandwidth. For example, when a



line interface 154. .[0048] The HDM
transmtting unit unidirectionally transmts, using
HDM - based conmuni cati on, baseband vi deo and audio
data to a sink device connected thereto via An HDM
cabl e. The high-speed data |line interface is a
bidirectional interface formed from predeterm ned
lines of an HDM cable (a reserved Iine and an HID
line in the present enbodinent). This high-speed
data.line interface forns -agcomuni cation unit that
allows bidirectional conmunication with,n externalgas:cess
device (a sink device) . The HDM transmtting unit
and the high-speed data line interface are described
nofiP e dBLAr obet B0 {B04]° U0 "Srie CORmIATCRLIO o
unit. 155 i s.copnected. t .part. 152a - thee ooy
ol g RABC oS, e o aat] of cunirP1gE s ton
pridansmd s andeceides rd data -pagket t¥hashhesion
~ switching hub -153. The comuni cation Unit 155 forns
bagdw Eherret tohettacerriOR0sion bankthe cper senat the
conputer 160 serving as a source device includes two
baést wbrik itierinmnagl sni6lazandoiib bmlzeswiit tlricagcheab R&3kets
having three ports 162a to 162c, -a hi gh-speed data
T gl oadePacee 162 anECH tohTHING Tatd orFaEnFe 168ited.
including a-MAC | ayer processing unit and a PH |ayer
Ropp it dsEing YHRMECSEBAB1] 100P 22 L RpRIPIgEFessing FRgsec
.network telLillanal 16la is.formed from.an Ethernet, _
DypB??.Ovﬁﬁfoﬁgtﬁdr%ﬂrerﬁFhé?ll%Qf“ig“%%ﬁﬁe téthéa?h%”
-Drgggﬁté§2b of the switching hub 163. The network
““termnal 161b is foied froman HDM term nal. An HDM
(obEgnsm tting unit and '

Like the above-described trafific manager 20Za
corresponding to the port 132a (Port 0}, when =ach of the

traffic m

s3]
3
g

gers 202b to 202f corresponding to the ports

h

2f {(Ports 1 to L), respectively

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

132b to 1
‘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

i

h

erent

(=]

packet output unit 235 pre ally outputs a broadcast

H

packet, the broadcast packet preferentially f£liows in the

L

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



a hiah-speed data |line interface are connected to the

HDM7 teLm nal. The network term nal 161b is connected

to the port 162c of the switching hub 163 via the

hi gh-speed data line interface 164. [0052] The

HDM transmitting unit unidirect'onally transmts,

usi ng HDM - based conmmuni 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 foiped from predetermn ned

lines of an HDM cable (a réserved.line and an HRR5 o1 058

line in the present embodi nent). Thi s hi gh- speed ata

line interface forms a comuni cation unit that
*nper-ém‘mssqufbllrﬁééﬂ-véﬁa@%ohﬁlﬁﬁ%”a?%ﬁ? Wit ﬁ“anbi%’it e*r??aef of

devi ce (a sink devi ce% . transmtglng ,IS its
thgngvi Heh gi-$peed - da ké\eI“rOﬁ‘%“Iﬁpﬁ't“é—"r“l‘lﬁ(:*e“ﬁr‘é de:)scw ed -

i.n_nore detai el ow.  [0053]. n ti
ANHNFECI65 T & CJ8rTr‘;i‘eé)taeé’retL“o‘gif?le r|%f6rEt""\Dltéglem%orm?w£ 188t e
- n ;163.4:Th nkL€ HderFB2 e .
“Oﬁ%ﬁg%f%gﬁ% receljvegrgggg%akpgiiﬁ}i/%a the switching
rolulg)163. The communication unit 165 forns an Ethernet

|nterface - 23 - S0821988 [0054J The

anpbid i eiad 7TGFserntiangAsvastepeateridevi ¢80 i scdwdes: Fig.

three network termnals 11la to 171c, a switching hub
1,163 1hawi ngrfiour gportcs at7Zavidh 13?2@@1‘13@% Puspesd “dafals

Line interface 174, and a conmmunication unit 175
sdheokadrpgla MG ayeﬂlﬁré%%%%b%ﬁqp arid 24 SPRYPPLYRT T

rocessing unit. . _— =
hgi set- vowgbox 150, the personal computer 160, the

mplifier 170, and the Blu-ray Disc reccrder 1BC shown in

o

rry

E_.A
.

ig.
[0048)

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

MAC

2

interface 154, and & communication unit 155 including

1§]

layer processing unit and a PHY layer pro cessing unit.

[00

1=

77

The network terminal 15la is formed from an Etherﬁez
port. The network terminal 15la is connected to The port
152b of the switching hub 153. The network terminal 151b is
formed. from an EDMI terminal: An HDMT transmitting unit and
2z nigh-speed data line interface are connected to the HEDMI
rerminal. The network terminal 151k is connected to the

port 152¢ of the switching hub 153 via the high-speed datea



[ 0055] Each of the network termnals 171a and
171b is formed froman Ethernet port. The netwbrk
termnals 171a and 171t are connected to the ports
172b and 172c of the switching hub 173, respectively.
The network termnal 171c is forned from an HDM
te0OAn HDM transmtting unit and a hi gh-speed data
line interface are connected to the HDI AT term nal .
The network terminal 171c is connected to the port
172d of the switching hub 473 _via the high-speed data
line interface 174. [0056] The HDM S(8P1988
transmtting unit uhidirectionally transmts, using
. HDM - based comuni cati on, baseband video and audio
Lingatd %35 £3°&i nR* devi ce connected thereto via an EDM
0 |l e. The high-speed data line interface is a
) irectional interface including predeterm ned |ines
of -an HOM ¢ (- L gperyved line and. ap, HPD, 140§ dnfl ¢
thgﬁﬁngg%t°§%%%%ﬁﬁﬁ%t }Mgﬁiéﬁhﬁﬁh-speg% da aﬂﬁﬁﬁgﬁ o
usiAW erhace aRMBoAnOATHAL Cat | Ofk s8idnd Rabieal haWsaud:io
bidirectional comrunication with an - 24 - S061) 1968
daextes nalsidevieeita sbnkedeyd cg)ereihe viBMan HDMI cable.
transmtting unit and the high-speed data |line
Theé nterf-age=ar dadescinbedntar hpre detaitlidiekoRnioNgd57]

interface formed Zrom predeternined lines of an HDMI cable

i

{2 reserved line and an HPD lins in the present embodiment
This high~speed data line intérface forms z communication
unit that alliows bidirectiOﬁal‘Communication with an
external device {a sink'deviCe}. The HDMI tradsmitt;ng 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

rransmits and receives a date packet via the switching hubk

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

The personal computer 160 serving as a source device

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

)

i

hub 1€3 having three poris 162a to 162¢, a high-speed data

line interface 164, and a communication unit 165 inciuding a

MAC laver progessing unit and & PHY layer processing unit.



The communi cation unit 175 is connected to the port
172a of the switching huh, 173. The communi cation
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 device includes two network
term nals 18la and 161b, a switching hub 183 having
three ports 182a to 182c, a high-speed data |ine
interface 184, and a comruni.cation unit 185 incl udi ng
a MAC | ayer processing ufi £<and a PRY | ayer 51088
processing unit. [0059] The network terninal>“8%*
181la is forned froman Ethernet port. The network
t ertienalet¥®ta tsrobomnkctEd: tis tiverpor £ren82b Bfheinet
switching hub 183. The network term nal 181b is ‘
pofbr methef memrank HORF e hi Hala 8 CPORECERPANSH #4% Pt
unit and a hi gh-speed dat Ihpe interface are . 1b i
1628nAtcE e T6 An-ABMP Per A7 nal ZhorHE WeChor R T e h nai 1> =S
.. 161h s connected to the,por of. 5 SWM L.ng
Loﬁﬁ‘sgl*a%@‘\}iaé“tf téée:hitgﬁfﬁéﬁééd at z]ﬁf”fne“ia%‘ grraé{égll‘ - and

a Eggg?%%gh§ Jﬁgg 1EE%U§%E%E§QQeUQ£& connacted to the HDMI

unr ctionatransmts, CB8P1988 usi ng
+ oWz basedrcoMryni-Cat b on; ndasedand videp anddaudi the
data to a sink device connected thereto via an HDM
pozabliezc Jhetid gheispeedicdatia licheviat end acegli-sraed data
bidirectional interface including predeterm ned |ines
liofe antBbEiceabie (a reserved line and an HPD line in
the present enbodi ment). -This hign-speed data rine
lU0#Zart ace forms a.ication _

The HDMI “ransmitting unit unidirecﬁionally transmits,
using HDMImbased communication, baseband video and auvdio
data to a sink device connected thereto via an HDMI cable.
The high—-spesd data iline interface is a bidirectional
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 {(z 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

Jt-

1622 of ths switching hub 163. The communication unit 163
transmits and recsives 2 datz packet via the switching hub

-

1632. The communlcation unit 165 forms an Bthernst Interiace.



unit that allows bidirectional conmunication wth an

external device (a sink device). The HDM

transmtting unit and the hi gh-speed data line

interface are described in nore detail below [0061]

The communi cation unit 185 is connected to the port

182a of the switching hub 183. The comunication unit

185 transnmits and receives a data packet via the

swi tching hub 183. The communication unit 185 forns

an Et hernet interface. [QO@2]_A5 descri be, above, in

the AV system 100 shown in ﬁg 4 1, the-set-top : RE%p1 950

(STB) 150 and the personal conputer (PC) 160 are

connected to the television receiver 130. In
[0%¥thi tion, toe BD (31lu-ray Disc) recorder 180 is

co nected. t theé%glevision receiver 130 via th

e
mpltf PEF 1 3TTVING Engr SPESCERE CREtSorkicuaes
L d 1 1| evigi eceiver 13 b 17
né%%ﬁ%??%ﬁ%?o%tﬁ‘ %ngor fgfﬁ?ﬁ% %;Grﬁtﬁe get to p

haPOXg 12Qvia an HbM: cable 211, Hibﬁﬂyﬁéédoﬁatéh§lne
inverface 174, and & communication unit 175 including & MAC
laver processing unit and a PEY laver processing unit.
[0055]

Each 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. 2n HDMI transmitting unit and &

high-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
- data To 2 sink device connected thereto via an HDMI cable.
The high-speed date line interface is & bidiréctionai

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



- 26 - B08121988 network term nal 131c of the
television receiver 130 is connected to the network
termnal 161b of the personal conputer 160 via an
HDM cable 212. Furthernore, the network term na
131e of the television receiver 130 is connected to
the network termnal 17l1a of the anplifier 170 via an
Et hernet cable 221. The network term nal 171c of the
anplifier 170 is connected to the network term na
181b of the BD recorder 18§dvia an HDM cabl e 213,
[ 0064] jr addition, "as méntioned earlier, -in
the AV system 100 snown n Fig. 1, the tel evision S08F1588
receiver 130, the set-too box 150, and the BD
extecoklededBO: afe sConneetéda=t 0 tTiee BilbHdbardsmbutEng unit

(BB router) 110. [0065] . That is, the network
anfethienal913Messt 4@ tehevisienfreeel VerdeE3Fipgd in more
connected to the port ille of the broadband router

detg6lvPaian- Et hernet cable 222. In addition, the
“gggmork termnal 15l1a of the set-top box 150 is
nnected to the port 111c of the broadband router

110Ti\{é ac&ﬁ}nx_ﬁlh:glt:qgti ﬁﬁ?l" e"i"zgsis F&J&ﬁ@&f{&{ %g EH@ nart

network termn 6la of the BD recorder O1s

170enaectgd &@: the porfud hbb . of rthe-hrpadhandcrouber 175
110 via an Ethernet cable 224. -[00661 In the

t AV 58y steAnhd 08 sdioms ian daicg. phokbhevtiel €vd sdvdnching hub - -
recei ver 130 serving as a sink device can conmuni cate

1A8.t The2fommunication unit 175 forms an Ethernet interface.
[0058)

The BD'recorderl18O serving.as a source device includes
two network terminals-18la 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

i

Formed from an HDMI terminal. An HDMI transmitiing unit and

t

high-

01
o]
n

nead data lins interface are connected toe an HDMI

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,



S0821988 the set-top box 150 serving as a source
device via the HDM cable 211. In addition, the
tel evision receiver 130 servina as a sink devi ce can
communi cate with the personal conputer 160 serving as
a source device via the HDM cable 212. Furthernore,
the television receiver 130 serving as a sink device
can comunicate with the ED recorde., 180 serving as
a source device via the Ethernet cable 221, the
anplifier 170, and the HDM. cable 213. [0067 In
addition, since the t el evi €Pon receiver 130 is
connected to the broadband router 110 via the  S08P1388
Et hernet cable 222, the television receiver 130 can
usbegcomnecied d aothenlinbel oef . bifogdondi ngkyp ko6 avdio
exanpl e, a user can browse a desired Wb page. _
daFar thex momg; deivice thensetedophdoxta50.a4 encBptigct@die.
oy L0 the broadband router 110 via the Ethernet cable
ThooBi g Pt SE6R BoR=150188R2BR COrmectédecolPh.

t t._ Accordi f le, the t
in186TEn HIy 06 Fed grrgém‘?%@”?ﬁ%serﬁ 67 Hova ar = (2

%go 'S connecS4t| IDI H"t%rhté ggm‘){:e éltp% eglhef%goge&glt(ﬂ)er

r oadband ro

“TrEsheraetscabl 6,224, stherBBU 50 der 480 -CaRhE: cxryon

connected to the Internet. Accordingly, for exanple,
unt hec B recosder 1180 eanocnkay cdeshs etht ik eamhngn
content or downl oad the content. [00681 - 28 -
exSEBPA98&: tiransm tstinmg deniite( t hetdDMoMIouree3moft e unic
source device .(the set-top box 15e, the personal :
angonpait R¥aEmeest dche BDneecBFdef2d80)rantschebkdMn more
receiving unit (the HDM sink) of the sink device
detehe $et%ti sion receiver 130).

{00613

The communication unit 185 is

0
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]
D
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182a of the switching hub 182. The communication unit

(1
|_l
oo
(4}

183. The communication unit 185> forms an Ethernet interface.

As described above, in the AV system 100 shown in Fig.
Z; the set-top box (STB] 150 and the personzal computer (PC)

160 are connected to the television receiver 130.

S . S R -

the set-top box 150 via an HDMI cable 211. In addition, ths



[ 0069] During an effective inmage period
(hereinafter also referred to as an "active video
period”), which is a period froma verti cal
synchroni zation signal to the next vertical
synchroni zation signal excluding a horizontal flyback
period and a vertical flyback period, the HDM
transmtting unit unidirectionally transmts a
~differential sign-corresponding to pixel data of an
unconpressed i mage for one screen to nme HDM
receiving unit using a pTu%%I'ltv of channel s. -
addi tion, daring a horizontal flyback period andsgg*l%8
vertical flyback |oeriod, the HDM transmtting unit
netind:h rrectrional Lyl trahsnigd s adteviedsh asdedvdat B3@nd
control data associated wth the imge to the HDM
copreeiad g GhEt nesVagk acpiTurmall ty 16f 0&haRRePST STTOY 0]
That is, the HDM transmttin unlt i.ncludes a.
CORPERIM 40ei 18150 QYL oSl & gZt heFEFaEMeiti%r 8F

converts pi xel ngata of an uncorrpressed |rmge g% . A

ne WP TS oRArAg dFfFefentt al'es‘iiegnﬁ End=c=r
nidirectional « SEL Y tr <t S, .U Li"hi e
CO%VJTXJ% {annep‘% Q%tggg & £ &/ t%@gg:yffepentéflnglg si glﬁal?O

w1k 0z he M=+ r@ﬁ@i“'Q’“Un“ﬂmﬁQﬁn%%E@d:ermzﬁﬂrIﬁﬁ&Pb&S%nm
thereto via an dDM cable. [0071] In addition,

anbheri4£:ansMi tiketo8lec08Y et d Scimudicarwiata tassoakat el of
wi th the unconpressed i mage, necessary control data,
thandb ateddddanry 1dét aiento COMT esporeidig -di fferenti al
signals and unidirectionally and serially transmts,
[0dsitng three TMDS channel s #0, #1, and #2, the

differential signals to the HDM, recei Vi gg] -nit 100
con*fecatdé’dvtﬁér et® VPAl P HHAT “c"é’olfel‘ [6 Systam

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 router) li
[0065]

That is, the network terminal 131la of the televisiqn
recaiver 130 is connécved Lo the port lile of‘the broadpband

router 110 via an Ethernet cable 222, In addition, the

network terminal 15ia of the sei-to

%{j

box 150 is connected to
the pert 1llc of the broadband router 110 via an Ethernet
cable 223, Turthermore, the network terminal 16lz of the BD
recorder 180 is connected to the port 1llb oI the broadband
rout er”li via an Ethernet caple 224.

[ogeeY

In the AV system 10C shown in Flg. 1, the television

receiver 130 serving as a2 sink device can communicate with



Furthernore, the transmtter 81 transmts, using a
TMDS cl ock channel, a pixel clock in synchronization
with the pixel data transmtted using the three TMDS
channel s #0, #1, and #2 to the HDM receiving unit
connected thereto via the ,HDM cable. Here, through
one TMDS channel #i (i - 0, 1, 2), 10-bit pixel data
is transmtted during one pixel clock. [0073] The
HDM receiving unit receives the differentia) signal
corresponding to pixel data unidirectionally
transmtted fromthe HDM €ransmitting unit using a
plurality of channels during an active video perS§§F%988
In addition, the HDM receiving unit receives :
thdi §deren il sEgnaksvend responding:d @strhees auth o idatiEpMI
and contrcl data nnidirectionallv transmtted from
cathe HOM fraadaitidmg e ttausimgivherpterady tiplofserving
. channel's during a horizontal flyback - 30 - SO8P1988
asperigek iy i&ev erti arNERyPREk Pt dde personal computer

160 serving as a source device via the HDMI cable 212Z.
Furthermore, the telsvision receiver 130 serving as a sink
device can communicate with the BD recorder 180 serving as &
‘source device via the Ethernet cabls 221, the amplifier 170,
and the BEDMI cable Z13.

[0067]

“In addition, since the television receiver 130 is
connected to the broadband router 110 vie the Ethernet céble
222, the television receiver 130 can be connected to the
Internet. Accordinély, for exampls, 2 user can browse a

desired Web page. Furthermore, since the set-top box 150 is

cecnnected To the broadband router 110 wi
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223, the set-top box 150 can be connected tTo the Interneti.

Zccordingly, for example, the set-top bo:
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desired streaming content or download the content. Still
furthermore, since the BD recorder 180 is connescted 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



[00741 That is, the MOM receiving unit includes
a receiver 82. For exanple, the receiver 82 receives,
usi ng the TVMDS channels #0, 41, and *2, the
differential signal corresponding to pixel data and
the differential signals "corresponding to the audio
data and control data unidirectionally transmtted
fromthe HDM transmitting unit connected thereto via
an HDM cable in synchronization with the pixel clock
transmtted fromthe HDM transm tting unit using the
TMDS cl ock channel. [00751Z28 - Exanples of
transmni ssi on channels of the HDM system fornmed f$EHRL98E
the HDM transmitting unit and the HDM receiving

t rifAkhi b AChydesthe thiar eevTVBSuebannet sci0 domr42 theatce
unidirectionally and serially transmt pixel data and
taedietdata Hasomitthe tHBVbetsansin tompgeamilté &, 0 cirhehe BD.
HDM receiving unit in synchronization with the pixe

rechockr the) BVDS tdlcodMEhanpel vergvimg: asthe HDMI sink) of
transm ssion channel that transnmts the |er cl ock,

thy poek(BRepiay that £eefanfeP 83°CaRd a1 tansmi ssion
%h%nnel called a CEC.l1ine 64. [0076] The DDC 83

Forned fromtwo signal lines .(not shown) ,

I n HOM, _c d sed by.an
& ?Sgnsn1% Qyﬁnlgﬁmﬁen fhe£¥ﬁiﬁg%74%$§nltt?ngg
réﬁ@r&eﬁe@gsaéian"é%%iw€5gg%%%8§erlod"), which is a period

from a vertical synchronization signal to the next vertical
SYno ;rowlzatlon signal excluding 2 horizontal flyback peziod
and a vertical flyback period, the HDMI transmitting unit
unidirectionally Transmits a diffezential signal

corresponding to pixel data of an unccempressed image for ons

]

creen to-the HDMI receiving unit using & pluralizy of

chaﬁnels. in addition, during a2 horizontal fiyback period
and a vertical flyback périod,'the HDMI transmitting unit
unidirectionally transmits at least audio dataz and control

data zssociated with the image to the BDMI receiving unit

using a plurality ¢f channels.

$00707]
Thnat is, the HDMI transmititing unit inciudes a
“ransmitter 81l. For example, the transmititer 81 converts

pixel data of an uncompressed image into a corresponding
differential signal and urqurec_lonally and serially
transmits, using threse TMDS channels #0, #1, and #Z, the

differential signal to thes HDMI receiving unit connectad



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
Which is information regarding the perfornmance
(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 EEDID regarding the HDM® receiving unit via the
DDC 83: Thereafter, for exanple, the HDM 508P1988
transmtting urn recogni zes the format(the profile)
thefrean hagen stppordLLd Qy an el ectroni ¢ appar at us
including the HDM receiving unit (e.g., RGB, YebO
(47474, or YCbCr [00781 The CEO line 84 is
formed froma signal line (not shown) contained in an
HDM ™ &t ‘62 15Fhe TOBOTERAENBYT$E Usedbforrtsi dirceet fonal
connunlcatlon of control data between the HDM
AFPHAEATE L THG™ Uit HHPERESEBM Feesi vﬂ""‘"‘ftﬁﬁ*t\’ Poo79}
addi.tion ﬁthe H cable contains.a lin }
A natr el Tt S b | oHED T PO R U DA En AR

s iSQURCeL AV ce;s can-deLegt E?ﬂ ngewgmg( ne, 8¢ mt:E tumg

sink device IS connecte ereto hernor €,

+niiM resbl ensond Bl ngy | igne %Ed $@'C@hésdiﬁﬁﬁkiﬂ”7a: signals
suppl yi ng power from a source - 32 - S08191988

codevieceDMD atcsinkdevirge. <Shinkk: Eurth@f@niaraih&eH@Mk
cable contains a reserve |ine 88.
cable,.
00727
Furthermore, the transmitter 81 transmits, using a TMDS

clock channel, & pixel clock in synchronization with the

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

and #2 to the HDMI receiving unit connected thereto via the
-HDMI cable. Here, 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 pix el data unidirectiocmnally
transmitted from the HDMI transmitiing unit using a

plurality of channels during an active vidso period. In

addition, the HDMI receivin
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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



[ 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 corresponding to the three TMDS
channel s #0, #.1liand #2, respectively. In addition,
each of the encoder/serializers 81A, 81E, and 810
encodes supplied i nage data, additional data, and
control data, converts fromparallel data to seria
data, and transmts the datgoin t he form of
-differential signals. Here, 'if the imge data L8P O8R
contains three conponents R (red), G (green), andsg B
(blue), the- E conpgnent is supplied to the
PEREOUR IS et IHl T ZérrlgfilyPack PeFtehponent is suon | ec'
f§375he encoder/serializer 813. The R conponent is
‘supptied to the encoder/serializ 81C. [00.82]

Note_ t.hat. e l.es,-0f .t he il ;datasioclude o500 50
Endnaf ;%? eSOl Jaga_%' hh%EY_HJ%_éaéD ‘J"u‘“dhee‘ er 82.

audi o dat@d a control “pacKet. "For exanple, t

ANtk ahppackets i se SURRIH €d tacthecencoderd sefd ahipzer
81A, and the audio data i's supplied to the

eneoder/ seripl) zers BIE«ardd8t€erh0088]signal In

addi tion, exanples of the control data include a
aresbpbniéenti tal pSyschizonrl zati ohesdghabr¢VSYNC)siomals
one-b.,- - 3 3 - SOBP1988 horizontal synchronization
FiFRSPoPHSYNCHS Bl BrE-DidEtéornEoCobrFESICRT tT1, 1;
CTL2, and CTL3. The vertical_ synchronization signal L
Hhid RE “REFF 2 Ot aF 2RYMCHEShiTZ4TT SR Ssiighal “apesii=ting unit
suppl i.ed to the encoder lalizr 81A._ mh contro

p /. sel] . | . L
& 2 % thene rig aéﬁEi.-c 12 iy eyhchronization with
- GIEEREO ERAT L are’ SUBI 160 Fo Tt RET l
'%%g;%{elzs%ﬁ'oé"_! Egénéi%?rte The. GOt Okrbht $. CTLE: .and , unis
are supplied to t he enco erfserl aitl zer _é b
&Qﬂﬁﬂkhe TMDS clock channel.
05751
Examples of itransmission channels of the HDMI system

formed from the HDMI fransmitting unit and the HDMI
receiving unit include the threse TMDS channels #0 o #2Z that
unidirectionally and serially transmit pixel data and audio
data from the HEDMI fransmitting unit to 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 Data Chann=sl} B3, and a

Transmission channel called a CEC. line 8

FEns

The DDC 83 is

th

ormed from twoe signal lines (nct shown)
contained in an HDMI cable. The DDC 83 is used by an HDMI

“transmitting unit when the HDMI transmitting unit reads &-

L



The ehcoder/serializer 81?, transmts the supplied B
conponent of the image data, vertical synchronization
signal, horizontal synchronization signal, and the
additional data in a tine-multiplex manner. That is,
t he encoder/serialize: 81A converts the supplied B
conponent of the inmage data into parallel data of
ei ght bits, which is a fixed nunber of bits. In
addi tion, the encoder/serializer 81A encodes the
paral l el data in order to convert the parallel data
into serial data. Thereaft&t, “the encoder/serializer
81A transnits the serial data using the TMDS chaRREF*288
40. [00851 Furthernore, the encoder/serializer
spBlA ERrcodes theeR<adi biparad | Blerddtfa chot medpdrom fiden an
vertical synchronization signal and the horizontal
HDNY nodwedviizgt iopt stgnatc el orieTettco véenvbet HPhe cable!
aral lel - data into serial data. -Thereafter, the
[O@ntoder/serializer 81A transmits the serial data
using the TMDS channel 40. .Sti]l furthernore the -
encodér FEer Fal 28O0 3 SB0g3 988 * 8T A Ton rE§“i#@M¢
suppl i ed_auxi.li.ar ata Lnto 4-<bif. I o aE
re%%%#%ﬁﬁt%ﬁ*ﬁ ﬁﬁéﬁgéggdéglggi?a g%e{d%ggk%éggo%gﬁgf%% S”
cnParald el dataclBpebden: Lo converd -1he parableh: datan.
- into serial data and transmts the serial data uSing
pelthe-dVRS chanrel  #8::b0086babi ity ThE <he HDMI receiving
encoder/serializer 813 transmts the supplied CS
untonpanentDuf thensmage Wata;id heacent Lobmbat SEICTLO
~ and CTL1., and the auxiliary data in a tine
regultipd exiing avapgeedThatrese the-andoler £sbikal FherE
813 converts the supplied G conponent of the inage
EDGHt Be I G- rardle EPYdaisCet Verghtnbr 62 whitch Fs®a-
_fixed nunmber O bits. IE aﬁﬁptipg t he encoder/ser813
ThERERUES: t e par QT Fer daf'd {1h or depl it te-ne unst

recognizes the fermat {the profile! of an image supported by

an electreonic apparatus including the HDMI receiving unit
{e.g., RGB, YChCr 4:4:4, or YChCr 4:2:2).
(00787}

The CEC line 84 is formed from = signal line (not

1

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.
[007¢7

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

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



convert the parallel data into serial data.
Thereafter, the encoder/serializer 813 transmts the
serial data using the TMDS channel #1. [0087]
Furthernore, the encoder/serializer 81B encodes the
2- bit parallel data ,forned fromthe supplied
control bits CTLO and CTLI in order to convert the
parall el data into serial data. Thereafter, the
encoder/serializer 81B transmts the serial data

using the TMDS channel #1. Still furthernore the
encoder/serializer 813 ceneérts the supplied
auxiliary data into. 4-bit parailel .data. S08P1988

Thereafter, the encoder/serializer 813 encodes the
asRaral { el dsatr& ifaarder ¢.0:1:SQBRLIRE. £oAVELLtB8T cable

paral lel data into serial data and transmts the
coserint datasdisieng shke sEMDS channel #1. [ 0088]
The encoder/serializer 810 transmts the supplied R
[o¢genponent of the inage data, the Control bits CTL2
and CTL3, and the auxiliary data in a tinme-nultiplex
manner .. STHat us§rathe enemrieryserdralizgnt8rosconvent sHDMI
t he supplled R conponent of the inpge data into
ﬁé‘ﬁfﬁFFe? it 276F HEISgREMBi F8CeWRFERST SSRPMI Xéd ThGmbér
g bits. In addition, the encoder/serializer 810
Acodes t he paral l el data in order to convert the

pargl] el data.into, 58%?@9@ &y Jhergallier %h“‘«‘mmevs

encoder7serializer 810 Transm £5 the sertal
81%5'@gstn§uJMQ§ZQnﬁﬂﬁﬁkm9%¢n509§9{he :hreéﬂﬁhﬂﬁkggﬁ els
t he encoder/serializer 810 éncodes the 2-bit paralle
#daga fenaesh f riomgdre iseppl.i edh com10loi 8 cE€Tds 2t and
CTL8:i n° order to convert the araliel data into seria
erdatiar / Theteafters aie @licodenfseliatizete B hpplied image
transmits the serial data using the , TMDS channel #2.
daSei | paflir idrerhotasa t hedencoderlsértal i gevgIlF from
converts the supplied auxiliary data into 4-bjt
rafglaflefletat e Srhereaft®ér, £Re enéﬁ%@%?%efﬂ%ﬂq%&%'l@l@““

,encode the paral.lel. data in order, tq.convert the
£S5AT P 6F T HRTH 11Tt SEPIAR da¥al and 1 rats nfrtagetﬁ‘é“a

conlali Ak Qﬁwté‘e “éérﬁ&ﬁi}%sTWr%ﬁa””%' (£0029], B (blue),

the B component is supplied to the encoder/ser~a+lzer B81n.

The G component is sup i to the encoder/serializer 81B.

bt'ﬁ
|_:
i1
0,

w

e}

The R component isrsﬁp lied to the encoder/serializer 8iC.
[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 vmfwlc 1 synchronization signal (VSYNC), a& one-bit



- 36 - S0821988 The receiver 82 includes three
recovery/ decoders 82A, 823, and 820 corresponding to
the three TMDS channel s 40, #1, and 42, respectively.
In addition, each of the recovery/decoders 82R, 823,
and 820 recei ves supplied i nage data, auxiliary data,
and control data in the formof differential signa S
usi ng the TMDS channel s #0, 41, and #2. In addition,
each of the recovery/decodets 82R, 823, and 820
converts the inmage data, auxiliary data, and contro
data froma serial format @ a parallel format,
decodes the parallel data, and outputs the parallgf]zpisss

dat a. [0091] That is, the recovery/decoder 82A
L Leceive 2o gonponent of th gﬂgg dat the, ..
ho&erglca 1 P Pgﬁ %Pgnsé?%%al ﬁ HOFFZOHFaI -

sypghroni aﬁh%n nal ~rand x| a ta in the
“Forth of %lfferengghf S|g%alén§rgﬁtﬁntt2% gg{h@ the

syhb&Soghaaneln 40 orntheseafl tBE, nb Pz 4000V ey decndesion
82A. converts the S conponent of the imge data, the
sigenti ea¢ symdhreniczathenestgaat/séhe: hofdrzenhal . The
synchroni zation signal, and the auxiliary data froma
cogéirbd PorsdtTtlo aaacp&Fal| ekef ovnpt iedevodds t he
. parallel data, and outputs the paraIIeI data. [0092]
_“ffFﬁé‘eFé%%?/ﬁy-/Z@ec@é@r 89 i s B s0 CéerpenertTlot are
gag gg a, the control bits CTLO and CTL1, and
Supﬁe SUXTT i Ty AL R SERect 0F BT of Tdi f ferent i al
FO%%Q?alS - 37 - SO8P1988

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

in a time-multiplex manner. Thait is, the encoéder/serializer

uppiied B component of the imags data into

[43]

81lA converts the
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]

Furthermcre, the encoder/serializer Bli sncodes ther2—
bit parallel data formed from the vertical synchronization
signal and the horizontal éynchronizaiion signal in ordser £o
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



transmtted using the TMDS channel 41. Thereafter,
the recovery/decoder 82B conVerts the G conponent of
the image 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. [0093] The
recovery/ decoder 820 receives the R conponent of the
i mage data, the control bits CTL2 and 0713, and the
auxi liary data 'in the formof differential signals
transmitted using the TMBS3Zéhannel 42. Thereafter,
the recovery/decoder 820 converts the R conponentSOBff1988
the i mage data, the control bits CTL2 and CTL3, and
J\h@o%%g any. datarframa.serial dordnat, 40 apparghielie:
format, decodes the Parallel data, and outputs the
da@é[mﬂdﬂreﬁakér;[@Q@4éncodex/éﬁildiJﬂe&USﬁﬂééﬁSo@éE the
exanpl e of a transm ssion span (period) in which
pavatielsddtransmossicon tdatanivéenstiae epd ralisi Kesd using
three HDM TMDS channel s 40, #7, and #2 Note that Fig
se@ipl | UstF atred taerraASHi §8FoRcEpah @Ftd drSisgs the TMDS
transn1SS|on data itenms when a progressive inage
ChRBYEAGFE size of 720 pixels (horizontal) by 480
FO@ gels (vertical) is transmtted using the TMDS
[08RShnel s #0, #1, and 42. [0095] A video field

D ol dJanslesen dat é&léﬁélﬁmit d uabpg;Lhes

thr%@ Oéﬁﬁﬁg annel % and'#2$has tEree -
co%%one§gsg§9§ﬁ% image data, the contrel bits CTLO and CTLI
and the auxiliary datea in a time multipl exing manner. That

is, the encoder/serializer 81E converts the supplied G

component ¢f tTh

®

ima g

1]

data into parallel data ©

o
h
{2
o
|-
[w)
[

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 $1B transmits the serial data 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
sefial data using the TMDS channel #%1. Still furthermore,
the encoder/serializer 81B converts the supplied auxiliary

data. Thereafter, the

st

=

data into 4-bit paral

=
=

encoder/serializer B1B encodes the parallel data in order to



types of period: Video Data period, Data |sland
period, and Control period. [0096] Here, the
video field period is a period starting froma rising
edge (an active edge) of a vertical synchronization
signal to a rising edge (an active edge) of the next
vertical synchronization signal. The video field
period is separated into a horizontal blanking period
(horizontal blanking), a vertical blanking period
.(vertical blanking), and an active video period
(Active Video). The active 3h deo period is a period
obt ai ned by excluding the horizontal blanking per$@P1988
and the vertical blanking period fromthe - video
cobiveld pes i@tz 1009¢:ta intoThervide@ data Perd08niss the
assigned :to the active video period. in the video
segdta peti odsiractihee hiDgekhdatalfdr. a size of 720
pi xel s by 480 |ines that forms unconpressed
[C98€iscreen image data is transmitted. [0098)
The_data is|land period and the control period are
assr@%e@%%%“ﬁéaﬁéﬁriéﬁFaﬁ 1| ok HY-Fertibed suraiipe R

vertical nk|n eriod. |n the data island period -

““AR§the %bnt “ol &ft*t'he“ﬁux?i‘ra?&/ Yath G and CTL3,
oxi apsniited o [0099), That, Ly, the, data i sland period .

'S aSS|gned*?c} @ﬁ £ . I

the encoae:/seﬂqaiwzer 81C converts the supplied R compcnent
of the image data into parallel data of eight bits, which is

a fixed number of bits. In addition, the encoder/serializer

w
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o

M
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O
Q

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.



SOBP1988 t he horizontal blanking period and the
vertical blanking Period. In the data island period,
data of the auxiliary data that i S not related to
control (e.g., a packet of audio data) is
transmtted. [0100] The control period, is
assigned to the other part of the horizontal bl anking
period art tine vertical blanking period. In the
control period, data of the auxiliary data that is
related to control (e.g., a vertical synchronization
signal, a horizontal synchgéni-zation signal, or a
control packet) is transmtted. [0101] S0G8P1988
According to the current HDM specification, the

freguency.-0fctheo pixelu 0 dd-ansmbed ybdoddes DS
cl ock channel is 165 MHz, for exanple. In this case,

g2Bheatd ansf efcratpoadengt he datachskantiperdiochries s #0, #1,
about 500 Mops. [0102] Fig. 7 illustrates an
angxéhpl e gfecttheepyn agsisgiwieniorof sasnhHDM teer mi nal .
This pin assignment is a type-A pin assignnent.
refQIeRY/decoderpngZhi nd4Bt hatd f Bt Ta%ﬁﬂfw%ér e“'ﬁPPéF-“ﬁ Haage
through whi ch TVMDS Data #i + and TMDS Da
dagg. b%hﬂﬁgyaga 2di PPer entTaP- sY%ﬁéF”bfr?héoTWDg*'

dﬁ?&%‘e' A AR hhangmh L ted. ansoMNeGted 4o, 41, and #2.

In addition, each of the recovery/decodsrs 82, 823, and 82C
converts the image data, auxiliary deta, and control data
from a serizl format to a parallel format, decodes the

parallel data, and outputs the parallel data.

That is, the recovarvy/decoder B82A receives the B
component of the image data, the vertical synchronization
signal, the horizontal synchronization signa., and the
auziliary data in the forim of differential signals
transmitted using the TMDS channsl #0. Thereafter, the
recovery/decoder 824 converts the B component oI the image
data, the vertical synchronization signai, the hcorizontal
synchronization signal, and the auxiliary data Irom a serial
format to a Da*aLlﬂi format, decodes the paraliel data, and
outputs the parallel data.

[0032]

The recovery/decédex 82E receives the & component of

the image data, the control bits CTLO and CTLi, and the

auxiliary data in thé form of differential signals



90 - SMBP1988 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
line 84 throughich 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. Furthernore, a |ine through
whi ch an SPA . (Serial Data) signal, sucn as the
E-EDID, is transmtted is Connected to a pin having a
pi n nunber of 16. A |line-tRFfough which an SOL (Seri al
Cl ock) signal serving as a clock signal used for S0C8P1538
synchroni zation of transm ssion and reception of the
£ S SHENRl L diSiot taRSHbE egnisneonmect @det@a B it N the
having a pin nunber of 15. The above- descri bed DDC 83
ret:6své oy btk ddeomstiie cbhnert iir tig G whirghorishe SDAtk: ghadge
is transmtted- and the line through which the SCL
dasggnafhe i sonttradngditet 88L0[ 81053721, and Rhgddibridhary hata
_line 86 used by the source device for, as described
EraBovese Hetectity TORBECa™Si AKPYEYH R |%a~€0ﬁﬁe@f"ed deco
thereto is connected to a pin havin pi_n_nunber of
£h3qbe Far L Herdrre, e OPPRAC 87" HS et T Power “suppl v,
ro@§3descr|bed above, is connected to a pln havi ng a
pin’ nunber of 18. [0106) Fig. 8. illustrates an

exeppl ary. qnfi/gurakiongof theivedlre R component of
the imzcge data, the control bits CTLZ and CTL3, and the
auxiliary-data in the form of differential signals
transmitted wsing the TMDS channel #Z. Thersafter, the
recovery/decoder 82C converts the R component of the image
data, the control bits CTLZ and CTL3, and the auxilizry dats

from a serial format to a paralilel format, decoedes th

(2}

parallel data, and outputs the parallel data
100943

Fig. ¢ illustrates an example ©f a Transmission span
(period) in which various transmission data items are

rransmitied using tThree HDMI TMDS channels #0, #1, and #2.

Note that Fig. & illustrates a transmissicn span oI various
trensmission data items when a proq Ve 1maom having a

—

size of 720 pixels fhorizontal} by 480 pixels (vertical) i

u

transmitted using thz TMDS channelis %0, #1, and #2.
100857
A video field in which transmission data is transmitied

zsing the three HDMI TMDZ channels #0, $1, and #2 has thres



30821988 hi gh-speed data |line interface of a source
devi ce and a sink device. The high-speed data |ine
interface fornms a conmuni cation unit that perforns
LAN (Local Area Network) communication. The

conmuni cation unit perforns conmunication by using a
bi di recti onal communi cation path fornmed froma pair

of differential -lines anong a plurality of lines

that forman HM cable, that is, a reserve |ine

(Ether- line) corresponding to the Reserve pi n (No.

14 pin) and an HPD |ine (EERer+ |ine) corresponding

to the HPD pin (No. 19 pin) in the present S08P1988
enbodi ment. [0107] The source device includes a

cybN S grali da.ansaisbt bagacheeubd, 4ldsa asliend pating, anc
resistor 412, AC coupling capacitors 413 and 414, a
Cohtd Simgmnalodr.ecei viing circuit 415, a subtraction
circuit 416, a pull-up resistor 421, a resistor 422
[OaPel a capacitor 423 that forma |lowass fit a
conparator 424, a pull-down resjistor 431, a resistor
43‘}1@&&1 a“eaBéE?Porl@f%% ??ra%o‘? msrnaaﬂ’zéwﬁﬁs%tﬂ”ﬁie? Lrom
a c%gparato 434, t he hi rpeed dat a .
i F‘n?*er?? ate (e ﬁ]%ﬁ‘%pé&%ffda?a "f‘.‘ﬁ%“ YR SYhF rﬁ%d‘a““‘c‘ -

s;{;ﬁ"mi@ea LAN ;$1-0nal, tﬁgsgmt{,gge&é;\c%i Ablne

erm nating resi st the AC coupling capaC|torS~

vefddc ANt Al -6 LAN-SLgRAL 1T el hGIE! ECBLY ddBs0d is
and the subtraction circuit ,416. [0108] A series

sephfgtbd ofcd rae;mﬂJzo@@aaesaah@LnéZ;ie ridhie ACrizoh2ai
SOBP1988 coupling capacitor 413, the term nating

bileebistor AX2riihelACiaceupbi pgreapacveorickld plandiag) ,
pul | -down resistor 431 is connected between a power

~anguppl ¥CtivRe (B0 P@riand (AS§ivanditene. AlEopARETE OnLdeo
point El of the AC coupllng capaci t or

period i3 a pericd obtained by excluding the horizontal

blanking period and the vertical blanking pericd fzrom the

size of 720 pixels bv 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 ©



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 termnating 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 8% supplied to the input
side of the LAN signal transmtting circuit 411. SO8P1988
[0109] . I'n addition, an output signal SG412
th@uﬁéﬁﬂzdﬂuaﬁlbmsnkéhbspsﬂﬁﬁdEﬁﬁﬁhﬁkﬁ%ﬁ%FEGth #9418
supplied to the- positive side term nal of the
pesubir athi OB Ciacali 14kt paliile, t AeckransmesdRitiiary
signal (transm ssion data) SG411 is supplied to the
dahegdtitve ssindé tefmindl cof catierlubler.act i enveckeui ¢f aundic
416. In the subtraction circuit 416, the transm ssion
dagpgnl 'SE#FRit§esubtracted fromthe out put signa
Oi 12 output fromthe LAN signal receiving circuit
'so that a received signal (received data) S413
can,be obt ai ned. [0110 43 - SO8P1988 ln. - ...
addﬁ$1gﬁn“aoco%%ec %}n%rﬁﬁ%ﬂg A of’ tHe % T DUt of ths
hot ESLALOM 11824800 Le AC £oupld NG:.0ARAG! LOLnHLG! Serioc.
" connected to t grouna ine via a series aircurt of
Int BBe resistar 422 candakbe €apad tafx i423.-y Baaddihion s
an out put signal” of the | owpass filter obtalned at
rethee ammeetitan1pdient;. of at her fesi Stomd2nand+ibg signal,
capacitor 423 is supplied to one of input term nals
a obriherconpanatgrnd24ribn shenconpar at eord24) pheket) is
out put signal output fromthe |owpass 1rilf-nr is
trgpiparetiwith a reference voltage Vrefl (+3.75 V)
sg ﬂ|led to the other input.term nal. An out put
9 SG414 output fromthe conparator 424 i s
suggnggﬁﬁ%l%ge_BgnEﬁgLe%un4DgiI% of the source

device h addition, & connecfloh p0|nt
fr%ué’lfl(:\; hﬁ A(‘:leco‘ueéc"nQT%@Qaﬂ*&%m%cﬁn@d { Q@!l 3 @QB@ clock

resistor 431 i S connected to
channel is 165 MHz, for example. In this cass, the transier

rate over the data isiand period is azbout 500 Mbps.

an HDMI terminal. This pin assignment is a type-2 pin
assignment.
[010z]

- Two lines that form a differential line through which

signal oi the TMDS channel #i are transmitied are connacted

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



the ground line via a series circuit of a resistor
439 and a capacitor 433. In addition, an out put
signal of the |owpass 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 | owpass filter is conpared
with a reference voltage Vref2 (1.4 V) supplied to
the other in termnal. An output signal SG415 out put
fromthe conparator 434 iFs48upplied to the contro
unit (the CPU) of the source device. - 44 - SC8P{§88°&8
[ 02] The sink device includes a LAN signa
pid FARSEAL i039 161 BGURRaA%L, ada terE R ivhg cheshstomb#4ta
AC coupling capacitors 443 and 444, a LAN signal
#1F eCel ad Nigmeidr qpt hs445y1iag spibt ractbicon oifr Cui 6, 4461 A -
pul | -down resistor 451, a resistor 452 and a
(0t@pacitor 453 that forma | owass filter, a
conparator 454, a choke coil 461, a resistor 4@%4 and
a résiesitei1283. ther BEC t hnhi th-Speedidytachi hekC signal
interface Qj%ﬁfspquidagg line 1/F). is formed from .
SefFeny A GYHECH FEnéni Bt FAGPET T cutt A4 LfoRPREEeY O @ Pan
..termpating resistaor442, 1he AG upl iL.n i G 1 tors
naXﬁgga%cFJZFA%',uq e E’AN“’”S’i'gﬁ%rgTﬁggﬁ%%ﬁgac?Féaﬁ%%ﬁg,& L
isagdrgggfégp j§£t'9G*Ehéfﬁ%feA4§&jhgl%%kough whfen an SDA
series circuit of the resistor 462 and thé resistor
(5463a1 spLonnected betaeen skhepewerssupplik kida@shsbidd is
V) and the ground line. In addition, a series circuit
coahetbed choke ol [hAG6hdt hepAG pompdi ngt Capacht bin#44,
the termnating resistor 442, the -AC coupling
theapgbi viorcld48; Hid tIeeipdl Cidown sesist dedBns §8 &
connect ed between the ground |ine and the caonnection
clgsineionat Heseesi St oYY I4BY CRAdG T hat r esi SiBisrdes ton and
[01;4% - .. Aconnectiqgn point Pa of the AC coupling
TeCRRAEPE of T 44%F and” thé Fer nrnat FHTT estStor AA2 s =° @

osonnected. i a positi ve

15. The above-described DDC BZ
ig formed from the line through which the SDA signal is
transmitted and the line through which the SCL signal is
transmitted.
(0105}

"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

Q.
(0

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

b

of 18.
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onfiguration of the



SOBP1988 positive output side of the LAN signa

receiving circuit 445. kn.addition, a connection

poi nt 94 of the AC coupling capacitor 444 and the

term nating resistor 442 is connected o0 a negative

out put side of the LAN signal transmtting circuit

441 and a negative output side of the LAN signa

receiving circuit 445.ransmn ssion signa

(transm ssion data) S(417 is supplied to the input

side of the LAN signal transmtting circuit 441

JO115] In addition,~ an out put signal SX418

output fromthe LAN signal receiving circuit 445 4®:p1988

supplied to the positive side term nal of the

. SUb 1 on ci-rcui t._446.- while th nsy1.Ssion :
hlé#g%%?&%é%%flf§%§uggfégda¥% ?ﬁegn%a%%%zég§§ g end & sink
ael@ERl Najn O Lhessubtr agtd on: £l ropid, #448. ¢ho Lt he

subtraction Circuit 446; the transm ssion signa
codfdh T cksi subtmiacted of bemrbhgsoubpUiLSigNal-=8CGAL8work)

output fromthe LAN signal receiving circuit 445 so
cotrhahiaatewel vEdescgmalniesel vedidat ger£S6G439 can be

obt ai ned, [0116] In addition, a connection
COpBAL cEBL@f heaispulcl adewdirestsobp ! 45ameyd dalé OACpath
_ coupling capacitor 443 is cbnngcted to the ground _
LorpRe YFE & Serites cidleditE ebfl 1ehe L LRST ST UB2 Padd 2t heY
Lcapacitor 453. In a%%%,ignhjan out put s%gqalﬁgf t he
“% owpEEs-FTT tet "obtained afthe cohnhetti on Point Sof ~7

<Etgﬂ%rf~eg%§é_ Predtie JUAEARACLEOL SR LE 4R €L 019N8: 0,

14 o

and an HPD line (Ether+ line)} corresponding to the HPD pin’
{No. 19 pin} in the present embodimsant.

g

G7]

[

The source device includes a LAN signal transmitting
circuit 4311, a terminating resistor 412, AC 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, pull-down resistor 431, a resistor 432

[3}]

and a capacitor 433 that form & lowpass filter, and a
comparater £34. Here, the high-speed data line interface

{the high-speed data line I/F) 1is formed from the LAN signal

¢

transmitting circuit 411, the terminating resistor 412, the
AC coupling capacitors 413 and 414, the LAN signal receiving

circult 415, and the subitraction clrcouit 416.

A series circuit of the pull-up resistor 421,

ot
oy
)]
I
)



SOBP1988 input termnals or the conparator 454. in
t he conparator 454, the output signal output fromthe
| owpass filter is - conpared with a reference voltage
Vref3 (+1.25 V) supplied to the other input termnal.
An out put signal S&16 output fromthe conparator 454
is supplied to the control unit (the CPU of the sink
device. [0117] "2-, reserve |line 501 and
an HPD | ine 502 contained in an HDM cable form a
differential twi sted pair. /A source-side end 511 of
the reserve line 501 i s cohnected to the No. 14 Noqog
of the HDMI term nal of the source device, whi | e S§°F1988
si nk-side end. 521 of the reserve line 501 is
cogphnectegaraotbhesdNo, 14e pigwofnatheicHDREiceem fBl . gfhe AT
the sink device. .1n addition, a source-side end 512
cogplithe HPBCiicAE 502, i snEohridttled 18 FREIRBOT 19° pi ¥ of
the HDM term nal of the source device, [

H € t €, ] while a . .
CORPIRET . dE TERET522PBF S E W8P 1§ 1k 502 +i°s * éofifect e 15
;fhe No. 19 pin of the ADM_term nal _of sink ...
l*%éViéb?°F6?iBTon pOlnqnfiﬁE‘SS%}%E gﬁf%ggéfﬁe citor
113bQye-descri hed.copnect i one poi My Ol ofonhBecpul L5 up
resistor 421 ana'thg AC coupllnéi. caégbltor 41% 'S
posonnectad e thesNes 14epimnoifi dder HMnstekRt gl cifdlic
addi tion, the above-described connection point 02 of
41t henpu lpddown vieesiusbor 43de anfl tihe XS cdupkiingeceiving
capacitor 414 is connected to the No. 19 pin of the
.ciHPM t t &Y nah. aWiiteonn & heorgiawk igevipeent hgz of the AC
above-descri bed - 47 - SO8P1988

coupling capacitor 414 and the terminating resistor 412 is

connected te a negative output side of the LAN signal

LAN signal receiving circuit 415. A transmission signal
(transmission data) 8G411 is supplied io The input side of
the LAN signal transmitting circuit 41%.

[0109] |

In additiom, an output signal SG41Z ocutput from the LAN

=

signal receiving circuit 415 is supplied to the positive
side terminal of the subtraction circuit 416, while the

transmission signal {tfransmissicn data) SG411 is supplied to

nal of the subtraction circuitr 416.

-

the negative side term
;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.

[03110]



connection point 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-descri bed connection point 4 of the choke coi
461 and the AC coupling capacitor 444 is connected to -
the No. 19 pin of the HDM termnal. [0119] The
operation of LAN comruni cation performed by the
h-speed data line interface having the
above-descri bed configuration is described next.
[01201 In the soureceidevice, the transm ssion
signal (transm ssion data) SG411 is supplied to Eher19ss
i nput side of the LAN signal transmitting circuit
41%,, and;asdhf ferential: 13002l agRosktiye Qutpul,
signal and a negative output signal) corresponding to
red e d1 aP9Ma88 ONeSLONBbUSAL] dfaci@uirput 3f romddecrag
LAN signal transmtting circuit 411. in addition, the
to difd errentnicall iskgnak autputed romdhe lbANtBEgnatistox 422
transmtting circuit 411 is supplied to the
ang offfe CEE@TIpoEnt g3 P1 HnddPd tand: /i ¢nt pPahswl t4amhatio cfthéhe
sink device via a pair of lines (the reserve |ine 501
LOWrRF S e fiPD PPRE-502) 2bf “theCHINICIc4s) @01pp1o)the
Lezin addition,. in the sink de%%ge?”the transmssion .
TeRt YAl G ASni-E8i bAPAat YT 50417 SYHpdEt 0%t et ©F

oy, ek N goal oL T ok 5o

424, the cutput signal output from th

£

lowpass filter is
compared with & reference voltage Vrefl (+3.75 V) supplied
to the other input,terminal.- Bn cutput signal 5G414 cutput
irom the comparator 424 is supplied o the control unit {the

CPU) of the =ource device.

[6111]

h

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

434 ig supplied to the control unit (the CPU) of the source

device,



transmtting circuit 441 outputs a differentia
signal (a positive output signal and a negative
out put signal) . corresponding to the transm ssion
signal 50417. In addition, the differential signa
output fromthe LAN signal transmtting circuit 441
is supplied to the connection points P3 and P4 and is
transmtted to the source device via the pair of
lines (the reserve Iine 501 and the HPD Iine 502) of
the HDM cable: [01221 In addition, in the
source device, since the-input side of the LAN signha
receiving circuit 415 is connected to the connectiben.o8g
points 21 and P2, a sum signal of a transm ssion
(09 i‘nal corresponding to a differential signal (an
efectrical current signal) output fromthe LAN signa
transmiting ci Loyt Ald and 1an eGephh 0f: Sh gadc ing
corresponding to a differential signal transmtted
cifeom the sink-devheeihd thei aboverdgsor bedpwamner
can be obtained as the output signal 50412 out put
cabromaéhe 44N asidgnak, receivi aggwa ¥ ciadeidibs Chrther 445,
subtraction circuit 416, the transm ssion signa
a2 SO4itaisisubtirgctied4f Ponkthel budpiit FiSgFaPT56412
output fromthe LAN signal rgcaivng circuit 415. _
repgeoP i het VNG Re C6ERBLECSI GRal “BBY 1 Pufoul"PRom the =T+
subtraction Circui 416ﬁg9gr§§pongqﬁgg,ghe 452 and a
2 FPERSARSST off i &n&r°(Fr &nsni SEFon® dats)” 8&af?% &
receive rom.the sink. il 0; 149 ;,,S0BR1988
refﬁsgadi??%h,%%ﬁ fhéhgiﬁgﬁﬁé%$§§%C%%ﬁc%*ﬁge_?npr%%$de
(hQEthLEseéé\NaéﬂagﬁaJner 8G@ Vi B0 rEkkENT A5 HeS 1aaNBE6HEY
to the connection points P3 and P4, a sumsignal of a
+rbh@8RS A S8h 0R: &1 ginals 400r kespeBdinngat on@ difsepential the
signal (an electric current signal) output fromthe
ACLANugi.gnal cavamnisitdst 4G enrcdidt, 441de adl & igeedptrieoniving
_signal corresponding to a differential signa
citcansnittedafd orha Febsearseodedieein e
above-descri bed manner can be obtained as the output
[0dilgnal 5&418 out put fronlAN signal receiving circuit
445, In the subtraction. circuit,. 446 h ransnissLon.
5| GhaF S Bt 7 1S BabEr acbed- FFoNT ¢he! Sutptt “Srgnspos o

si'ghal ~

SG418 ut fromthe LAN signal Jregelving CisCy &) ang
%4‘45L.]é %%%kgar%%ﬁ\g/)‘: V%h”g c%ﬁ”p%t&gi"gﬁgﬁgwlg%output ffr'omn

€ SUbLr ackkon Gl Ledkt: 446 gokEesponds-Latt Be the choke
transm ssion signal (transm ssion data) S&11

cdieceisred theonrt beusource gevdieer 444, the terminating

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 442 is connected to a positive

cutput side of the LAN signal iransmitting circuit 441 and a



[0124] In this way, bidirectional LAN
communi cati on can be perforned between the hi gh-speed
data line interface of the source device and the
hi gh-speed data line interface of the sink device.
[0125] Note that, in Fig. 6, in addition to
perform ng the above-descri bed LAN conmmuni cation, the
HPD |ine 502 sends, to the source device, information
i ndicating that an HDM - 50 - SO08P1988 cable is
connected to the sink device using a DC bias |evel.
That is, when an HDM cabl@>is connected to the sink
device, the resistors 462 and 463 and the choke &8iBP13988
461 in the sink device biases the HPD |ine 502 using
pothe No.cukQRi Rige thatnkheakPP:ibihae bO2 has@hauicudt 445.
V. The source device extracts the DC bias of the HPD
Inladvel Gk, usl egnhhett omwpasisnd i Ferof oriredCf conpt hes
resistor 432 and the capacitor 433 and conpares the
capGias Midt krtdheheeterepes: Vil tzrpl apcef 24felg. sonngreted
usi ng the conparator 434.- [0126] Wen t he
o HOMEEHBIYE P8 CRBE Eofifiett edT 0" tthe® STk dé‘af“ﬁlélltﬂ—ng

voltage of t No. 19 bin of the HDM_ term
5ot ce "ﬁeﬁr\fjg SS8heY St RArP the T “fererfgl E?t %na

reL %« _%%%Ehﬁqﬂullpg%ﬁ}gne i StQr cégitahs\& EMtes1on

A~ COnt rast. when t he cableis ¢C nnecte to fhe

da%clﬂnkS(gp\H C% stutﬂ;% \igl"’t agetig)‘t L@@u*l\bs d1ﬂ9 Cp:l nn@f J’—xhes Tid &
HDM ternminal of the source device is higher than t%e
- rkefierence; walit-age Vnef 2. Accordingly, when the HDM
cable is not connected to the sink device, the output
[oskgnal SGA15. of the conparator 434 is at a high
l evel . Qtherw se, the output signal SG415 of the
conparatiri434 ps avtaul ow deadel SC4fecefere, Trpre the LAN
control unit (the CPU) of the source device can
sigeter AR THE fer” ¥ “HBRP ¢BbPBPP s Eonectéd PRG T hE®

.Si.nk device on the basi s of the‘og t. SA al 15, .
5186 bt T om The ommaransr on 2 Ptule AL EE Bne

Transmission signal SG417 1s supplied to the negative sids
terminal of the subtraction circuit 44€. In the subtraction

circult 446, the transmission signal S5G417 is subtracted

from the output signal SG418 ocutput from the LAN signal
data! 8G419% can bs obtained.

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} arn cutput signal ¢I the
iowpass filter obtained at the connection point ofﬂthe

resistor 452 and the capacitor 453 i1s suppilied to one of



- 51 SO8P1988 [0127] In addition, in Fig. 8, a
function is provided in which each of devices
connected to ends of the HDM cabl e recogni zes
whet her the other device is a LAN conmuni cation
conpliant device (hereinafter referred to as an
"e-HDM conpliant device") or a non-LAN communi cation
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 -sodr¢é device pulls no the
reserve line 501 (to +3 V) using the resistor 42B08mrdo58
sink device pulls down the reserve line 501 using the
*1'15195'1::‘&»‘9[{ 4%% Ih%péesbﬁly&oﬂkﬂnd 421 ffuecombara ov
not-provided in a non-e-H conpl i ant device.” [0129]
1585 deschihed abeve. bﬁep@o 660 GeV Ceugerparestéhe OC
potentlal of the reserve |ine 501 passi ng through the
cohpypas svifdd tereffererde f vomadre Fesistion . 422vVangutieied
capacitor 423 with the reference voltage Vrefl using
tot hee corpar dnput424rmtheh. t Be siutlbudeviceal sSEHL -t
conpliant device and, therefore, the sink device
f’“PﬁcF%r%lé"si’Ht‘ﬁl‘?éamSPl”l 4@6whsr BEPRY 610 4 TEhEORGFPAgenbE (the
the reserve line 501 is 2.5 V. However, when the sink
CE Hév?teiﬁéséﬁﬁbﬁeng@NI Conpl i ant devi ce and,
rng§ efore t he sink device does not include the
down resistor 451, the voltage of the 52--

erve lins 501 and an HPD line 502 contained in an
HDMT cable form a differential twisted pair. B source-side
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-

14 pin of the KDMI terminal of the sink device. 1In additiéa,
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 & sink-~side end 522 of the HPD iine 302 is connectead

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

point Q1 of the pull-up resistor 421 and the AC coupling
capacitor 413 is connected to the No. 14 pin of the HDMI

terminal. In addition, the above-described connection

I’
Nl

O

to
i

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

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



S0831988 -reserve line 501 is 5 V due to the presence
of the pull-up resistor 421. [0130] Accordi ngly,
when, for exanple, the reference voltage Vrefl is set
to 3.75 V, the output signal S&14 output fromthe
conparator 424 is at a low level if the sink device
is an e-HDM conpliant device. However, the output
signal 5G414 output fromthe conparator 424 is at a
high level if the sink device is not an e- HDM
conpl i ant device. Therefore, the control unit (the
CPU) of the source device %3n det erm ne whet her the
sink device is an e-HDM conpliant device on theS08P1388
basi s of the output signal SG414 output fromthe
colgoiqrarat @b i42403[ 013dhe pul 1-&hwm larslipgroasd Gesaord bed: AC
above, the sink device conpares the DC potential of
coue resereeiktbne4501i passimertdit cuglitehdcl owpags: of the
filter formed fromthe resistor 452 and the capacitor
HDMB3 sfmifethe FofdEEHce ol Ty PV er 3= asT Pt héme&lon
conpar ator 45 ource deV| e is an e-H

PO dht “&@v?é@‘ﬁnao*?hegef%?% Ci5é sdﬁ?@élﬂ%vT%Pac“'Ol
agh G4 Udes Lhe Pyl Lgezﬁgs'\ﬁég%m% Hf1e pah! a0e, of ;L he

resere en the source
rofeyice is a non-eHDM conpliant devi ce and,

therefore, the source device does not |nclude t he
puldi=Uppkesk 8681 o #21aN t hgumal tage Of sthecraserme dhae

501 is O V due to the presence of the pull-down
ni SOBRIO88 aesi Stiore 4bterfaf®lB2Ying the above-described
configuration is described next.
101201

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 diffefential
signal {a& positive output signal and a negatlive output

signal} corresponding to the transmission signal 8G411 is

[t

132, In

cutpit from the LAN signal transmittling circuit
addizion, the diififerential signal output from ths 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.
[012:) -

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



Accordingly, when, for exanple, the reference voltage
Vref3 is set to 1.25 V, the output signal S416
output fromthe conparator 454 is at a high level if
the source device is an e-HDM conpliant devi ce.
However, the output signal 50416 output fromthe
conparator 454 is at a low level if the source device
is not an e-HDM conpliant device_. Therefore, the
control unit (the CPU) of the sink device can
determ ne whet her the source device is an e-HDM
conpliant device on the basks-of the output signa
SA416 output fromthe coMparator 454. [0133] S08P1988
According to the exenplary configuratioon illustrated
crbAsfi Nt Gy 1A ENST RESTEACE: 4 D NG vedeo. angleHQ* Ora

dat a transn1SS|on exchange and authentlcatlon of
po@@ﬂﬂ@@tcﬁﬁe‘ﬂl@Veﬁgneﬂfﬁﬁﬂﬂé|r€>€£13a-01ﬁﬁémdﬁh|t@@ﬁ:| engpk1devi ce

con,, b-, data, and LAN conmmuni cation are perforned
cousefgoalisiongle tHEM: reablié s st.he kEAMebnd@itat ilon ddgiition,

perfornmed using bidirectional communication via a
thpafiifpfradicfiper entnal cvapshi Seirotid AéY, skanaddi ti on,

t he connection state of the interface can be sent -
“raBPAYLTHE BETBRAS ﬁéﬁehﬁi%WPQﬁ‘%ﬂ to the CogRECEECRhe
differ entkgl transm ssion-|jines, Accordin S atial .
0ogBbar at 1OF CAn=BE a0al FABTE WEhodt oy SPesTEy SEetrg vie

cothe, SO e and the SPAine. fors Al x 54 5508,

8" communi cation. a Ci rCU|t
chfngynﬁggqhﬂﬁrcgg be forned regardless of the
ectrical specification defined for the DDC, and

‘ottherefore, stable and reliable LAN communication is

realized at |ow cost. [0134] Note that the

pulinLﬁmdaeSDstotp4ﬂﬂe|$¢£mdeeﬁamida] Bigce8thayibeut sice

brovi'ed in an HDM cable, not the source device. In
ofstbh BAEasansenaceRivhact e nwal st o itshecguledctgy to the

reS|stor 421 is connected to the reserve |ine 501

OpPBYHEH RN fH5e PHDRFCcabl 2 &FE THE Ot IR 3t erfnAal SFson

connected to a.line (a |gnal | i ne) connected to the.

'“88 r “SUppIR T CERE power sub%Fynpjo?en?*%“)* FOViISdEG-F n=3t
Cu&?gnkméﬂgﬁ%%q %utput 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

SG412 output from The LAN signal receiving circuit 415, In
the subtraciion circult 416, the transmission signal 3G411
is subtracted from the output signal 56412 cutput from the

LAN signal receiving circuii 415, Accordingly, the output

signal Z2G413 outpui Ircm the subitraction circuit 41
corresponds te the transmiszsion signal (transmission data)

{

SG417 received from the sink device.



[ 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 terminals 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

l'ine 502, and the other teggipal is connected to a

| i neground |ine) connected to ground (the referenggriogs

voltage) in the HDM cable. [0136] 908P1988

Processi.ng for detecting an abnormal, conpection

st dt'e 29FRaE O s, A Hoop  tonmicticon StAre bfthetT >t
ot} EhE el Mlaheioryet: 130, (Loop, et st Lan DLRGESBANG) tne

DYeddr iBEdnext. “ Ac€o o0 the
coREESEN, ehodiment - when, perfof nd g, pr ogessikhentQlssion
etecting a | oop connection state,” that is, |oop
s198L £CLd0N PIOEESS Y, at HereORbHOl 2 UNiilgnk36 (@oUBl Scthirat
nunber of broadcast packets reaching the network
cutesnt nalgali3lavkeut3tepnt hat 18y 4hmaiunbemnsefitting
br oadcast packets input to the ports 132b to 132f of
cithelsw 4chinng ahyleced init At anal predetararidied tiene
period. Thereafter, the control unit 136 conpares |
digfenenilahe iehdnt WWaARGE “WEEhTBOT h e Ho1 W GPalcGE-§8 48
,.to determne netwrk termnals that formloop .
thEoRRRER THT CTHRGS. "PRE SCoftr oP S Uit 124156 16T e *a CpakRet
.counting, unit and_a 100D determ nation, unit.. A,
S*g%g’p%%%%}hoem@élﬁt rol- 13 "p‘e“trﬂ‘ orgl “Cf'ﬁe”?‘%c}“p‘;ﬁl %&fi’%ﬁ“
44RBT OCESSIAG sWhen pover, LS byl nedidn.c0138hsmission

signal 8G417 1s subtracted from the output signal SG418
output from the LAN signal receiving cilrcuit 445,
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 communiéation can be

performed between the high-speed data line intverface 0f the

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

Note that, in Fig. 8, in addition to pericrming the

above-described LAN communication, tThe HPD line 50Z sends,

0 the source device, informetion indicating that an HDMI



For exanple, as shown in Fig. 9, when a unicast

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 sw 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 switching hub 133, the packet is

-5 - SOB P1988 output to all of the other ports.

[ 0139] Here, supposecsphat the network termnals

131a and . 131b corresponding to the ports 132b andypgpioss

132c, respectively, forma | oop connection state.

Then, as. shown in Fi 10, a_packet, such as.a . _.
caBE%aﬂ%a%?n%?”' t”céﬁglﬁugﬁsP Iravelds @ &4 86p° Vel
Thl Qegsfo o [ ApudDEL 0L dat eomsk@icg fhaho 836 B09: ce,

signi i cantl y i ncréases. [01 f
thEhaé$1£0<5z@ ml cast 4packal and ansul tA&@staepaquet;m sink
even when a loop is not fotuLed, the nunber of the
depaeckebs: 8By dmcrease idependi ngien eheamuniccatinoBo that

situation.- In contrast, for a broadcast packet, the
thrubiber 1 dfie patk etes ghatitr éagh edch mfurttkedpoits &stracts
significantly small in a normal connection node.

theQP41pias of the HED iine 502 using the lowpass filex
formed from the resistor 432 and the capaciter 433 and
compares the DC blas with the reference voltage VrefZ (e.g.,
1.4 V) using the comparator 434.
(01261

When the EDMI cable is not connected to the sink devics,
the véliage of the No. 18 pin of the HDMI terminal of the
‘source device is lower than the refersnce voltage Vref2,
gince the pullmdowﬁ resistor 431 is pressnt. 1In contrast,
when The HDMI cakle is connected to the sing device} the.
voltage of the No. 1% pin of the HDMI terminzl of the source
device 1s higher than the reference wvoltage Vre
Accordingly, when the HDMI cable is not connected to the
sink‘device, the output signal SG415 of the comparator 434

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

[

]

the comparztor 434 is at & low level. Th

[0

re

it

ore, tThe
control unit {the CPU} of the source device can determines
whather an EDMI cable is connectéd to the sink devigces on the
basis of the output signal SG415 cutput from the comparator

4354,



Accordingly, as described above, by counting the
nunber of broadcast packets input to the ports 132b
to 132f of the switching hub 133 within a
predetermned tinme period and, subsequently,
conparing each of the count values with a threshold
value,. network termnals form ng | oop connection
can be determ ned. [0142] . 11 illustrates a
rel ati onshi p between an el apsed tine and the
accumul at ed nunber of broadcast packets. As SOB
91988 indicated by a |line &;showm in Fig. 11, if a
| oop (a | oop connection state) is not formed, theyggoiogs
increase rate of the accumul ated nunber of broadcast
[Ogg kets with respect to an elapsed tinme is |ow
sver, as indicated by a line b showmn in Fig. 11,

i f &'000 3 S fn%ﬂegf_ the increase rate of {7h§ed in which

accunul at ed nunber of broadcas ‘packéts"wW th respect
cak@ an sé@%@sd dJrWel-g <8 R Ehegnéknm gzl 0143k
Note that, as descri bed above, a broadcast packet
recBpHl z£0 We-iaf- tthe penks bsveoukpus 4 @l kcahuhheztion
ot her ports. Accordingly, if, as described above, a
colmpdpans feovired, (Hermunbéreof rbfoadedsto packet §e-HDMI
supplled fron1the port 132a (Port 0) to the
CORBRIBNECAEY B¥E Unidr B3ROSIGAN Cemmunyci Heregeapiiant
[ 0144] | f the nunber of broadcast packets
aeé‘%@éecﬂ%“é"p?%fo‘étrerfrﬁ*ﬁeéf cfafGedst Re " €PUUHINF za0Mon R L
he gontrol unit 6 reaches .100% only. for packet
deﬁsr&:essi‘ﬁgn%ké‘?% [g"sﬁjoac FTg) 5 Sand th%?ef%$ IV petne S0
ogertrol unit 136 cannot . performloop detectlon
proCeSS|ng Accordingly, in present .enmbodi nent, as
desgei hed--ahove - when the coNLEO! qamide ;@61@%{30;@@
| oop detection processing, the
regaerve line 501 (tc +5 V) using the resistor 421 and, the

gink device pulls dowp the reserve line 501 using Lhe
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
potential of the reserve line 501 passing through the
lowpass f£ilter formed from thne resistor 422 and the

capacitor 423 with the referenc

1]

voltage Vreil using the
comparatoer 424. When the sink device is an e-HDMI compliant

daevice and, therefore, the sink device includes the pull-

(!
I
4]
w
(o
51
<
)
[
bt
o}
&)
o
L)
' 1
}l
w

down resistor 451, the voltags of th
2.5 V. However, when the sink device is & non-e-HDMI
compliant device and, therefore, the sink device does not

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



transm ssi on bandwi dth fromthe port 132a (Port 0) of
the switching hub 133 to the comunication unit 135
islimted to a certain bandwidth (e.g., 1 Mps). in
Fig. Li, an area - 58 - SOB P1988 ‘i ndi cated by
hatching with dotted lines represents an area in
whi ch the CPU cannot conti nue processing. [0145]
Aline ¢ showmnin Fig. 11 indicates a relationship
bet ween the accunul at ed nunber of broadcast packets
and a tinme when a loop is fornmed and the transm ssion
bandwi dth fromthe port 132& (Port 0) of the
switching hub 133 to the communi cation unit- 135 308P1988
limted (shaped) to a predeterm ned bandwidth. Int s
- re€8se. 1N nunber of ybrgadecastypackels,quppl ied Hromp
the port 132a (Port 0) 0 the switching hub 133 to the

re€OBMIication unit 135 is within the range that is

processi ble by the CPU of - the control unit 136.
[0[B246] As described above, by counting the

nunber of broadcast packets input to the ports 132b

t 0 HBXrdgnct e SWEE chiPrg-SHAIHO U833 W% Hieaegence voltage

predet er m ned tlne period and conparing each of the
Vrgdhint S vattud® wirt’R J pFBaefBrithed! ¥t ueC4iét \%FPL“ from

termnals th%% fa_ma | oop connection state,c

¢

°“8eF%’i“?r?naed’-’f éXafpl &, Ta"t hréshotd Val ue TH °§*W 18
arJBLEBIL Nedhuas Sl Lt o Thalod sy 20 SMOUL0CFLg,n 20

*“t he 0l'd Val Ge TH7s set to ‘an approxi mat e

slh ddbﬁuy@el U%otr)netf\ﬂ%e?:ohagrgabue!%@fﬂ thesd Imhamaridwtehe- £
value of the line c at a predetermned time (t1). For

thexampkedgevhen itd ncs 2nt e~ Smseceaﬂplﬂzhtlcsex&bmut 200

to 300.
" Therefore, the control unit (the CPU) of the szource aevlce_
can deterﬁine whether the sink device i1s an e-HDMI compliant
device on the basis of the oﬁtput signal 5G414 output from
the comparator 424.
[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 source 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



- 59 - 808P1988 [0147] Note that, according to
the present enbodi nent, when the control unit 136
perfornms | oop detection processing, the
conmuni cation unit 135 is controlled so as to
transmt, via the switching hub 133, a broadcast
packet to transm ssion paths (an Ethernet cable and
an HDM cabl e) connected to the network termnals
131a to 1321 at a constant frequency. (01483
Basical ly, alnost all of data packets flowng in a
network are uni cast packet33 Broadcast Packets rarely
flowin the network. Accordingly, as described aloge:oss
when the control unit 136 perforns |oop detection
roREOCESSiNg, broadcast packets travels in the network
by transmtting broadcast packets to the transm ssion
[(ohBpps at a constant frequency. Therefore, |oop
detection can be reliably perforned. [0149] An
exanpleeradhdleopwdet ecieoreqangdessichg peféosnmed ol tbhe
control unit 136 is described next with reference to
VrpiEg. 142501801 -EiSr §t, thherpowersigaiuBaéd conytrhie from
control unit 136, in step STI, starts, |oop detection
thEr BEBRITHG ™ I%§4tHﬁsaeasehl%ﬁe*%%@ﬁrfﬂ ﬂ%@lFOEBG°s%? ice

the no _,Qf at 1|;ea§t Al he’"t-rg-I manager 2
5085 BRI TS S he B0 T4 30 UL O N E PR BTt signal

5G416 output from the comparator 454 is at a low level if
the source device is not an e-HDMI compliant device.
Therefore, ;he control unit {the CPU) of the sink device can
determine whether the source device is an e~HDMI com@liant

device on the basis of th

[{)]
Q
o
rf
o]
el
')

signal 8G41¢ output from
the comparator 454.

01331

Acceording tc the exemplary ﬁo::ngvaLl n iilustrated in

Fig. 8, in the interface in which video and audio data
transmission, exchange and authentication of connected
device information, communication of device control data,
and LAN communication are performed ﬁsiﬁg a sinale HDMI
cable, The LAN communicatlon is pericrmed using
pidirectional communication via a pair of differsntiail

transmission lines. In addition, the connection state of

-]
@]
I..
[s1]
(w3

the interface can be sent using the DC bias potential

isast one 0of the ’;,Meren""a‘ transmissicon. lines.

Accordingliy, spatial separationh can pe avalilable without

H

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



- 60 -SOBP198' 8 node in which the traffic manager
202a preferentially outputs a broadcast packet and in
whi ch the transm ssion bandwidth is [imted to a

- predeterm ned bandw dth_ Note that the control unit
136 may al so set the nodes of the arei c managers
202b to 202f corresponding to the other ports 132b to
132f (Port 1 to Port 5) to the node that is the sane
as the node of the traffic nanager 202a. In addition,
the control unit 136 inputs broadcast packets from
the comunication unit 135540-the port 132a of the
switching hub 133 at a constant)fregrency so thatCEh&288
br oadcast packets flow in the network. [0151]

comdRseguent!y. i n step  $T2y the cont£ol wi teokdfnication
countsthe nunber of broadcast packets supplied from

cad N8 RNt 13285£PATl £ 0) o Of e 1S iGN g spab: 483t ion
t he communi cafion unit 135 within a oredeterm ned
de ti @ R @de bpct hiusd caseretdre contaidle aniit r8biable LAN
perforns the counting operation using the contro
commegiisteeri o204 sofethezei dchiag dus--133. [ 0152]
Subsequently, in step ST3, the control unit 136 -
[0Heter m nes whether the nunber of packets counted in
step ST21is'greatertthannthe;;hr% hol.d value TN. ..
(r éléE £82Ei g 12Y+1 TP t4fe miBer “of “padRetstT% Hot %"
reater than the threshgld. value TH Jthe Ssi ‘
8 ?~ FHEY FFoceds ?gﬁ§t%%bE#Z3n£%ef%'Fﬁggg%ng%ggce
Ingggé%%§Qx&&ﬂpB Les st bgel 0P del eLtdON e 81 1=1u8Besistor

421 3s connected to the reserve line 501 provided in the
HDPMI cable, and the other terminal is connected to a iine {a
signal line) connected to the power supply (the power supply

potential}l provided in the HDMI cable.

Furthermore, the pull-down resistor 451 and the

resiator 463 iliustrated in

[ty
[
3
n
"
Q
2
W
(9]
93]
6]
o
Q
s}
[ Lh]
0
th
1
o
®

HDMI cable, not the sink devic

terminals of the pull~down resistor 451 is connected to the

[l

ine 501, and the other termina

=

[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]



processing. In this case, the node in which a
broadcast packet is preferentially output, the node
in which the transm ssion bandwidth is limted to a
predet erm ned bandwi dth, and the node in which a
broadcast packet is input fromthe comunication unit
135 to the port 132a of the switching hub 133 at a
constant frequency activated in step - ST1 as

descri bed above are deactivated, [0153]

However, if the nunber of packets is greater than the
t hreshol d value TH, the comtrel unit 136 determ nes:
that an abnormal connection state, that is, a | oomgp1e8s
connection state is detected. The control unit 136

theﬁ‘ré& £ t%ﬁ;prSCeéé‘cQ%eIﬁ‘?o ¢ d-fdent] ying cBﬁEEQ’B&on]_ state,

term na formt Op connection state

tra8, 1Bf & hedpundien, o ipackeks-i s¢ %@@t@l:m%riohh§eceiver
thresﬁold value TH, the control unit 136 perforns

130r aCessi fgrddristepr9tetsk0db4]ls descrigestemp:=ST5, the
control unit 136 reaches each of the network.

[Otléf’ii nal s (each of the network terminals 13la to
131e). That is, the control unit 136 counts the
nunbero TSy 6adEast Ppaeket sSSP vea’@ﬁnoﬁeﬁh@ﬂm
or the switching hub 133 éthe ports 132b to 132f),

pﬂﬂme§séﬁge-uﬁrﬂ§%9nﬂHQﬂ Uk PP1§%“B Forhe e COUﬁtIﬁ@

o eratlon u5|n he contr %Lster 204 . the

i fehrng- AU 5[*0“?55]“ o &f 6 W8nts the

number of broadcast packeis reaching the network terminals
i3la to 131le, that is, the number of D*oadcash packsts input
the switcnlng hub 133 within a
predetermined time pericd. Thersaiter, the control unit 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
a lodp determination unit. For example, the control unit

136 perfcrms the icop detzcilon processing when powar is

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 theé switching hub 133,
the packet is output to the.ﬁort 132c {Port 2}). In 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



Subsequently, in step ST6, the control unit 136
determ nes whether a network term nal having the
nunber of packets counted in step ST5 that is greater
than the threshold. value TN (refer to Fig. 11) is
present. If any abnormally connected term nal is not
present, the processing imediately proceeds to step
5T4, where the control unit 136 conpletes the | oop
detection proceseing. However, if an abnormally
connected termnal is present, the control unit 136
perfornms processing in steggSI7. 561 In step
ST7, the control unit 136 displays, on the displ apgprioss
panel 138, a nessage indicatinc the occurrence of
abnor mal connection_and the abnormally connected
out i talid-lafd &FeSs4fe Pronpting a user to change
rogsggconnection. Thus, the control unit 136 and the
t“drspl ay panel 138 fosin an information display unit.
After th ssi0g i ‘ T7 dysipertor ped, adde sip
coﬁ%%b’ §H§FS%§6§FQ?n££%2%§§?£%{égﬁ%?gﬁes tgg | oop
coleLection process R3--E01571 Mhemimop dekeetionly, form
- processing as illustrated in 12is perforned and if a
= heep sennectiien sst-ate | Bhelet ect echostrhdt ¥8g.i10a 4 oop
is formed, a nessage indicating that information and
pathet netwwr kadt er Mimalcsasharatsem t hent o tiye treveLs in
abnormal | y connected term nals) are displayed on the
a dipspl ayhsasePre3g thaceBrar hghy, 94 e isertéah B hante "
the - 63 - SOBP1988 connection and easily renobve the
tn@bﬁ@FﬁaF3%%n%%%%%%ﬁ?%ﬂéiﬁe?nféfggfs' For exanpl e,
rt%rwthe connection state of the AV system 100 shown
rioﬁnOFig. 1, the network termnals 131a, 131b, and 131le
may, be, di.spl ayed qn the conLrol.unity 136,A8 nekWopkeket,
ternm nal S tHat forma | oop connection state, that is,

| oop connection state can be renoved by, for exanple,
may incrsase depending on a communication situvation.. 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 the count values with a
threshold value, network terminals forming loop connaction
can be determined.

[0342]
Fig. 11 illustrates a relationship between an elapsed

time and the accumulated number of broadcast packets. BAs



di sconnecting the cables connected to the abnormally
connected termnals. [0159] In addition, for
exanpl e, for the connection state shown in- Fig. 13,
the network termnals 131a and 131b may be di spl ayed
on-the control unit 136 as network term nals that
forma | oop connection state, that is, abnormal.iy
connected termnals. In this case, the |oop
connection state can-be renoved by, for exanple,

di sconnecting the cabl es connected to the abnormally -
connected termnals. Furthernmore, for the connection
state shown in Fig. 14, it can be consi dered thatsehlzesse
network termnals that forma | oop connection state,

inéi@%tgfﬂx$%qggﬁglEysﬁgﬁﬁefﬁﬁ%} 9Hq1né%saaﬁgoBoEa loop

pr esen 6 exa of 'l o6p detecti on
coRhOCESS NG REK f QEMBY: DY rmd i GRANLRQI MBEL r136 48 the
descri bed next with reference to Fig. - 64 -
acSEBP1O8EH [(Rk6LE of bprokitesst wherepPoOwerEn sebtefedz®MNEn
the control unit 136, in step 5T11, starts | oop
eldptection protessi nipwdredt. hiss dasiecathe cond rolnauni t
136 sets the node of at least the traffic manager .
she@Ralecor¥espondi-Agat 6oPhei pof ermda (RoLAICRasp Bate of
~_node in which the traffjc manager 202a preferentially
ChuR PHERT R BroAUERSE PacketadmP T PafHisdHs e respectTo
transm ssion bandwidth.is |imted to a predetern ned
ADHEANTRE T h- " Not' € FHECCOATTON " Uni 19136 may al so set the
[Ogggfs of the traffic managers 202b to 202f
corresponding to the other ports 132b to 132f (Port 1
10 Rord 9)s+t 0.thgeRRde thalLd & t he r3apR a8t heciDde nput
of the traffic manager 202a. In addition, the contro
toUBht 436:hdpi:s bricadeasticpackels &f oifd ke her ports.
conmuni cation unit 135 to the port- 132a of the ,
Acswi-tichihg, huh 133 catscaitedstantef requency sseotrhat, t hies
broadcast 'packets flow in the network.
nunber of broadcast packets supplied Irom the port 132a

{(Port 0) to the communication unit 135 significantly
increases.
[G1447

If the number of broadcast packeis exceeds a
predetermined value, the CPU utilization of the control unit
136 rezches 100% only for packet processing (kernel
processing}, and therefore, the controel unit 136 cannot
periorm loop detection processing. According;y, in the

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

jo

rit 136 performs loop detection processing, the

Tra

3

smizgeion bandwidth from the port 132z {Port 0; of the

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



[0162] Subsequently, in step ST12, the contro
unit 136 counts the nunber of broadcast packets
supplied fromthe port 132a (Port 0) of the switching
hub 133 to the comunication unit 2 Rwithin a
predetermned tinme period. In this case, the contro
unit 136 perforns the counting operation using the
control register 204 of the switching nuo 133. -
[0163] Subsequently, in step 5TI3, the control unit
136 - 65 - SOB8P1988 determ nes whether the nunber of
packets counted in step ST:2 +s greater than the
threshold value TH (refer to Fig. 11). If the nuii€r1983
of packets is not greater than the threshold
indalye. IH the Bragessingabaredi aiely proceedsst onsiep
ST14, where the control unit 136 conpletes the | oop
indghest i @ PIECeSShBE. «bitihhs €ase;s4ihg .node i n which
a broadcast packet is preferentially output, the node
{oLaswhi ch the transm ssion bandw dth is limted to a
predeterm ned bandw dth, and the node in which a
br dadcast cpabker i8 Thputl¥ riom it ccommiinl At + oms Ul t
.. 135 to the port 132a of the switching huh 133 at _a
beEBRSE ARt f3 EHUBHEY SAcPHFRREEACT nPEPRP B Pagsets and &
$,desc%Lbeg above are dgactiéated.%L0164. i on HHOWEVEr,
SRR YRED funbd® of padkefseFS greéatrer" than the~arev =t
ecbflf ERDOb G yal ue TRo Lhe, copt Lol Unil 36 (dg! bl gSope
at “am abnormal ‘connection state, that is, a [oop-
cofRARSELE 08, St ale 118 det e¢hedeqTheneonty alo unit 136
then starts processing for identifying network
pre@eftpal Sod hadndwaramrt. hert oop: commest itor staber dhat
is; if the nunber of packets is greater than the
brohreshol gdaviad e siidtiledcdntmokhanptri 36 perfforms 0 of
processing in step ST15. [0165]

the switching hub 133 to the communication unit 135 is
within the range that 1s processible by the CPU c©f the
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
predetermined time (tl). For example, when tl is 2 to 3

saeconds, TH is apout 200 to 300C.



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 whether a netwotk term nal having the

nunber of packets counted in step 5T15 that is 3S08pP13988

greater than the threshold value TM (refer to Fig.
[G%;)1is present. If any abnormally connected teimna

IS not present, the processing i medi atel Y proceeds

t 0 y8f-eP 8114, sMbere: Ahea Lonld Qrint 136080 €t S an

the | oop detection processing. However, if an
thabpefn®ll yurgenneet edrfernd nabel sapresantn phecesntr®l the

unit 136 perforns processing in step ST17. 101671 '
cotmust egor ST Tnitthé 3éohsr obnundlidl6sdispltay srapanihe via

di splay panel 138, a nessage indicatine the _
thee@@#t@Mhézéﬁﬁaaﬁénnﬁlbé@%%@%%id@a%mﬁ:ﬁﬁetgﬁﬁéWﬁﬁF+9n

connected term nal s_and message pronpting a user _to_,
P2§aF olt" YU GFD8, BRI PaLTOR: vi 1 4 h& RBAGERAl 1y the

onnected termnals. Thus,-the control unit ~and

negﬁafﬁié?ﬁ@ﬁ?ﬁﬁfhéﬁlfssOf6?%#a%“i%f“??éﬁﬁﬁﬁnwarﬁggﬁyg'
gogggﬁ. Thereafter, in step ST18, the control unit 136
‘“determ nes whet her the user sel ect bl ocking of

comui Gationz1keke, aif & phavalidycafs abrarpal ly =

connected termnals are present, all of th
n=@hBOKMatE Yurnicast packets. Broadcast packets rarely flow

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

control unit 1

[¥8]
o

performs loop detection processing,
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

I3

+he contrel unit 136 is described next with refersnce o

First, when power is turned on, the contrcel unit 136,
in step 871, starts loop detactiion procéessing. In this case,
*he control unit 136 sets the mode of at least the traffic

manager 20Za corresponding to the port 13Za (Port () to 2



- 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] If the
user does not sel ect blocking of conmunication, the
processing i nmmedi ately proceeds to step 3T14, where
the control unit 136 conpletes the | oop detection

_ processing. - However, if the user selects bl ocking
of conmuni cation the control unit 136 perforns
processing in step ST19.-I#0step ST19, the contro
unit 136 bl ocks conmunication of the abnormally 508P1988
connected term nal for which bl ocking of

moc% mpﬂf@g@t}' e has been selecd.ed g thusesLhe, contiol

forms a communi cation bl ocki ng contr ol unlt

ouw.T;E\@fse%f 8 dlRe+ PPRERSSI A PIOGeeds: kaestepnETlskion
where the control unit 136 conpletes the | oop
bafl@lesiH o priecessi ng. 2 [ 169} - dthemddoopndet ect i offote
processing as illustrated in 15 is performed and if a
thhoophecammectilomndtat 86im= et ket egkht gt mpgesi ¢ attifoop .
is formed, a nessage |nd|cat|ng that information and
trafd nersrde te2fiZhals that FoFHe %T?Fé"qlél&p Pt b other

abnornally connected termnal s) ar |spla ed on_the
POrgf spiay Panel<f138° Acéorﬁrﬁ gty, gﬁiﬁ? uder ™ §3h c%ange

cogheconnection and sesily, reroie Lhe abnorl

A a dlflon i n I's case,

2afESsage promt.id Tt%ﬁwuseﬁct9n§@¢§¢6r5&d5§@””93@£e* from

conmiini cation of the abnornmally connected
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
‘Port 0) of the switching hub 133 to the communication unit
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 pacxv-u counted in step STZ
is greater than the threshold value TH (re;er;to Fig. 11).
he number of packets is not greater than the threshoid
value TH, the processing immediately proceeds to step 3T4,

where ths control unit 136 completes the loop detection



- 68 - 3081)1988 termnals is displayed on the

di spl ay panel 138, and communi cati on of the
abnormal |y connected termnals for which the user has
sel ected bl ocki ng of communication is automatically
bl ocked. Accordingly, a troubl esone operation in

whi ch the user disconnects the cable fromthe
incorrectly connected term nal can be elim nated.
Furt her More, bl ocking of communication that the user
does not desire can be prevented. [0170] Note that

i fcable is disconnected £rem er connection is changed
for the network termnal for the network term nalsogr1988
for which communi cati on has been bl ocked through the

ofEQQQsdx‘? €Cti,0n, PLocessi ng, d 'nlc}&se”"i‘t%ﬁilcq B ro&écaé*he

'oop co necti 6n St at e may dlsappear I'n"such a case
pakket Si desidaled ot:hat t Bachbhocking-piacomminiicat ian
set through the | oop det ecti on processing illustrated
trifskl gsidb hecautcamtiscalihyteancel #bhrddkAmined
Fig. 16 is a flowhart of a conmunication recovery
baprigcesis, pard aheedicoly tthewbontrol bupidcas86 fagrked is input
predet erm ned network termnal for which bl ocking of
fregniiini eATBH- 955 1§68t UOEGr 1éRahpl B apEy 1322 of tThe
onnunlcatlon‘ls blocked the_control unit, 136
SUEFF DI thi s o GminicOREIBR T, IF e%%rif/ Hriocdessd ay atep

redetern1 ed, tine intervals .. every one hour)
5T rb botre 4 g, ’
fs o the Cﬂ§%fn§eﬁégt§“%ﬁd ¢tiVates a - 69 -
(0153}

However, if the number of packets is greater than the
“hreshold value TH, the control unit 13% determines that an

abnormal connection state, that is, a loop connscticn state

connection state. That is, 1f the number of packets is
e control unit 136

performs processing in step STH.

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 input to each of the ports of the.
switﬁhing huls 133 {the ports l32b-to 13223 . In this case,

‘the contrcl unit 136 performs the counting opseration using

(.«)

the control rsgister 204 of the switching hub 13

[0155]



SOBP1988 recovery process froma nmenu provided for

the apparatus, or .(c) when the HDM cable is

di sconnect ed and, subseguently, connected. [0172]

Note that the control unit 136 of the tel evision

recei ver 130 can detect whether the HDM cable is

di sconnected and, subsequently,. connected using a

change in the voltage | evel of the HPD signal. For

exanpl e, en the voltage | evel of the HPD signal is

changed from |l ow (L) to-high (H, it can be

.determ ned that an HDM -c@ble is connected. In

contrast, when the voltage |evel of the HPD - si §AdF1288

is changed fromhigh (H ‘to low (L), it can

bedetee=gi,8e61 § hain ag- DM Gabhe ksndirscomnect et

[0173] In step ST21, the control unit 136
destatimed htecamruni catvonk reconersy precegsthe mbtibes: of

case, the control unit 136 sets the nodes of the
ratkafd iwumrdgens s202bStb 202 ‘corargspendingtt 8°¢ he

_ports 132b to 132f (Ports 1 to 5) to nodes in which a

thpe paeichste ipacket ‘retpretererii aldly }GuFpGEs"Fn ++ 20Y
_.addition, the control unit 136 inputs a%brgﬁgca§tﬁ et e
2oPATREt—F FOMPERE SConfrifii Bt i oh Ui 7356 the Port®=>-"9
; a.of, the switching_ b Lcanstant. 1 gnie
_m%gglabvlv %%EU%%k% %% Shgg §3§ %&Kﬁx,kgi S@%Z?Oth%n 136

F éauencyv. ubSequent 'y, 'in step SI
cofBNLf ol 4nj t 136 (cancel sy bhpcking of cospLRLLationy
for a network termmnal n
abnormally connected terminal is present, the control unit
136 performs processing in step ST7.
(01567
In step STY, the control unit 136 dispiays, on the

display panel 138, = message indicating the occurrence o

I+

abnormal connection and the abnormally connécted terminals
and é message prompting a user to change the connection.
Thus, the contrcel unit 136 and the display panél 138 Zoxrm an
information display unit. After the processing in step 3T7
ig performed, the control unit 136, in step 5T4, completes
the loop detection processing.

[C137]

that ig, if a loop is formed, & message indicating that

information and the network terminals that Zorm the loop

{the abnormally connected terminals) are displayed on ;he

display panel 138. Accordingly, the usesr can change the



- 70 - SOBP1988 for which comunicati on has been
bl ocked. Thereafter, in step ST23, the control unit
136 reaches the network termnal n. That is, the
control unit 136 counts the nunber of broadcast
packets inbut to the port of the switching hub 133
connected to the networK termnal n. In this case,
the control unit 136 performs the counting operation
using tte control register 204 of the switching hub
133. [0175] Subsequently, in step 5T24, the
control unit 136 determ nes3whet her the nunber of
packets counted in step ST23 is greater than theSs(8r1988%
threshol d value TM (refer to Fig. If the

coRMibers0farpacket s i $.A0%e OF €At 8L 4.han tc%%ntaeﬁggﬂowate
value TM the con?rol unit 136, in step S

~foUegermnes that the network te-mnal nis n ot a
termnal that forns a | oop connection state.
Acdardengiyiet hEoconte oforured: 136 siraicat af nshe AV system
communi cati on of the network termnal n, that-is the

L0gowtwdl inifiiol36 - marnAt APRYCE AN Eid on 1of 2l éékPngand
of commani cation of the network ternminal. Thereafter,

l3tﬁe’“‘p‘f &te?msﬁdaﬁrécééd??oc%“e%l S“‘F?G {%1?6] network’

o Honever, .th mber .of packets is %ﬂ te L an, t he

| WT%ES”hSoI“&“‘C’VaIIL?e Tﬁl 1PRE CBhYFol Uhi . Fitstep

a3§527alﬂﬁt mes.d hal, fheypetvor lc Ler @ae@' Bl s 361!

a termnal orms a [ oop connection sfate

~oﬁﬁ@@fﬁwgmtet Q%ncwt k@hotBhtpd 365t Qé%,
conmuni cati on of the network =~ 71 - 519é8

disconnecting the cables connected to the aunorma;ly

connected terminals,

f015¢]

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 a loop connection state, tThat 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

An example of loor detection procassing
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the controil unit 13¢ 1s described next with re
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termnal n again. Thereafter, the processing proceeds

to step ST26.-- [0177] In step ST26, the

control unit 136 determ nes whether another network

term nal for which comunication has been bl ocked is

present. If another network term nal for which

conmuni cati on has been bl ocked is present, the

processing returns to step 3722, where the contro

unit 136 starts processing for the next network

termnal. However, if another network termnal is not

present, the processing retdéirns to step 5T27, where

the control unit 136 conpletes . the communicati GIBE1988

recovery -process. As described above, the node in
roypich' a broadcast packet is preferentially output
" fromeach of the ports 132b to 132f of the switching

hubri133 ,andet heowode: 4 nusiech oa, broadcast rphckett 186,

i nput fromthe conmmunication uni25 to the port 132a
inobtehessMi t chiamgshubop 188t att Bolc anstcane LhEequeEn LS

activated in step ST21 as descri bed above are
cageactivat@d.rLOER8F 136 seypeiid RRComruRiccatPdh =°e
__recovery process illustrated in Fig. 16 is-perforped. .
Crahdl i mARHEY WK 2t EPRT REAPCROr it T h "o mTami catfon Ts"
. blocked when .power is_turped e t facma Loop,
Locﬁnﬂgg?iﬂﬁV@Fﬁ?e‘ﬂﬁe‘f%‘Féfe?gggggé%Zf%cgﬁ%EEfrangoF*y
oS ROPECLion, change, the et Motk el M nale ¢aRrka: ssion

aotomaficalTy rettrned to a communication enabl e
ba%QQthh'igzlﬂnf%a%P%%Sg predetermined bandwidth. Note

that the control unit 136 may alsc set the modes of the

h

rraffic managers 202b to 202f corresponding to the othner

{

—

ports 132b to 132f (Port 1 to Port 5) to the mode that is
the same as the mode of the traffic manager 202a. In
addition, the control unit 136 inputs broadcast packets from
the communication unit 135 To the port 132a of the switching
hub 133 at a constant freguency s6 that the broadcast
‘pﬁckeis flow in the network.

[0162]

[

Subseqguently, in siep STLlZ, the contro
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

le]

control register 204 of the switching hub 133.
{0163]

Subseguently, in step ST13, the control unit 136



[01791 Note that, in the commtnication recovery

process illustrated in Fig. 16, blocking of

conmuni cation is cancel ed for each of. the network

termnals one by one, and it is determ ned whether a

termnal that forns a | oop connection state is

present. However, bl ocking of comrunication for al

of the network term nals for which conmunication has

been -Locked may be cancel ed, and whet her each of the

termnals is a termnal that fornms a | oop connection

state may be determ ned inga Aanner simlar to the

| oop detection processing illustrated above in Fisggr19sg

15. [0180] As described abovet he tel evision receiver
...130 .of t AV, sys shown, 10 Fig..oln-Lhe; pumber
=t %ﬁ%ﬁdgggfxééc é?g%%@%%hinb t%é}éziﬁWz%FkE?e%ﬁinars
sri8la tRh3le Wikhi Pra predeterdainedd inpe (perkeded Srig.

counted, and each of the count values is conpared
11 t h st Breshehsk v ad tevadiredshiis way, gasbeeni tisdn tiat

fornms a | oop connection state, that is, an abnoimlly
thoerinect ed uer Mipakhespdetesten Aucoliditaglyy pranesds o

abnormal |y connected termnal can be easily detected
stop t3 e sivmsief thd eoptrguration: 3§ oxgEletes theplioop
~_addition, in the television receiver 13Q of the AV
des§Steth FOOSREWA% n £ -7 Sen aFoBf“Connettton #

state occurs, that is, when a,]loop is faqrned S e e
orfadidie Hddat Png ~o1 275 1 SOBBIOBE THat i ni SFat ol
nand,. etaork termnak that formehe, | oop.connegthon
e PR TN P a7 Spl 5y parel g rene
baAGS PN NAl +2UsReCan GhangeatPe,c@mMaction=ands input

easily renoveée:-the abnormal connection state. [pis2]
from the communicaticn unit 135 to the port 132a of the

switching hubk 123 at a constant frequency activated in step
' 8T11 as describad above are deactivated.

[C

=

64

waever, if the numbser 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

d. The control unit 136 then starts processing

[t

eoT

is de

o

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

In step S5TIL

&3]
m

, the control unit 136 resaches =zach of th
network terminzls (each of the network terminals 13la fo

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



Furthernore, in the television receiver 130 of the AV
system 100 shown inl, when a | oop connection state
occurs, that is, when a 100p is formed, a nmessage
pronmpting a user to select blocking of comunication
~of the abnormally connected term nal is displayed on
the display panel 138, and conmuni cati on through the
abnormal |y connected term nal for which the user
sel ects bl ocking of conmunication is automatically
bl ocked. Accordingly, a troublesone user operation,
such as di sconnecting a eabke-fromthe abnormally
connected tem nal, can be elimnated. In additioB0821268
bl ocki ng of conmuni cation that the user does not
_ LLe. pr.event s o+ L fdrthernore,
brgﬁatﬁg te é%ﬁ?.aﬁﬁgecggdig§%éﬁ OHK?E%JAV system 100
swaReWnnk N 9331, (cwhepothe comt ol wiish . 136n perforame,
| oop detection processing, the packet output unit 235
theokbaspendimg tadt berporhs 132e {Rorting) cpbrbhéon using
switching hub 133 enters a node in which a broadcast
theacketrés prEfseeentidl by oue pei tAcider divhgly -t he
senalttV|ty of detection of a |oop connection state
LUli%dn detection) can be - 74 - SOB P1988 i ncreased.
[0184 et still further in_the teleyision
rec%?v%ﬁq?ﬁﬁﬁiéf theSHA¥F s it%h1 “§hdmﬁh A EFgr é

en. the G9 trol unit : 3 detec er of
‘“%TG é§§|ng q?hé Gahdwi Gt ?%ﬁ%ﬁ{gB_ﬁ p? e Ehgﬂ”‘

Dac“'qge &SRO ﬁ&% L0 Lhe rert 1§ga (Eocﬁ?tea@e*‘)f =he the

SW t chlng 133 enters a node in which
HAARSHLSeL O bandwedih ks Fhglted) tos epw@ﬁt.ernf nggh,
bandw dt h. Accordi ngly, the nunber of broadcast
afpacket syt cansimtdedraithe commumnmi gcaddort unitte P35ckessing
limted. Consequently, the |oop detection processing
inmgedieteaf f ecteebdy tttheteveFlédd @ﬁ@rﬁe»mﬁnﬁqnﬂrQ¢nUFl*
(the CPU) 136. _ .
136 completes the loop detection processing. However, 1f an
abnormally connected terminal is present, the control unit
136 performs processing in step 3T17.
(0167}
In step ST17, the control unit 136 displays, ort the

display panel 138, a message indicating the occurrence of

abnormal connection and the abnormally connected terminals

Q1
v’w
Ef
Q2
O
Iy

and & message prompting & user to select blockl
communication with the abnormally connected terminals. Thus,

the contrel unit 136 and the display panel 138 form an

information display unit. Thereafter, in step STIE, the
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



[0185] Yet still furthernore, in= television receiver
130 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
‘broadcast 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-oféia-network term nal that
forns the | oop connection state can be increased.s08P1588
[0186] While the foregoing enbodi mrent has been
coflgsgeribed Mt are75’SD§Q§Q818§8“55#63%?Q%§ bant h3138
| oop detection processing performed by the control
ActBt8id30y oftHdherskel evhskenerecsi ver: 30 Wrenpanetat Son
turned on (refer to Figs. 12 and 15), the | oop
fodetach i oh-Processiong LAgy chenpet&dr neduiata lanot her tinme
oint. For exanple, the |oop detection processing may
"ObéBperformed i'n response to a user instruction of
| oop_det ection proceSS|ng Alternatlvely, for

exanpl €1° WiER SASEDWFT cabl &t %ﬁ%%%ﬁhéttéam%ﬁﬂl”a-lonf
subsequent | vy, con the | op&detect| 4 T
B rﬁvfeww—rhéhe
coh0D: el eCtiON RLAGESSENG By bs esrim 5 aboaueiyg.
136° per

Th this case, the control unit orns

ho&@%ekooﬁ detectdon pracessbngcat n ? gonsiantnif-zequancyne
even after power is turned on. [0187] ,In add|t|onfe

cobhihect onegoi Nys @ﬁl@dﬂxf@npm@sma@ in s,ep ST19. 1In step

5T19, the control unit 136 blo

g

ks communication of the

abnormally connected terminal for which blocking o

Fh

communication has besen selscted. Thus, the control unit 136

forms a communication blocking control unit. Thereafter,

et

the processing proceads to step ST

4, where the control unit
136 completes the loop detection processing.

]

(o]
=
o
(Vo]

When locp detection processing as iilustrated in Fig.

1

W31

is performed and if a loop comnsction state i
That ig, 1f a loop is formed, = messags indicating that
information and the network terminals that Zorm the loop
(the abnormally connected terminels) are displayed on the

-display panel 138. Accordingivy, ths user can changs the
connection and esasily remove tThe zbnormal ccnnection ztate.
In addition, 1r this case, a message prompting the user to

select blocking of communication of the abnormally connscted



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

conputer 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 may be sent to the

tel evision receiver 130 so that a nessage indicating,

for exanple, abnormal conne&tion is displayed on the

di spl ay panel 138 of - 76 - S0821988 the tel evi SPER1%88

recei ver 130. [01881 Furthernore, while the
cefRIr00ei ng giboLh BNt chashdherndescpehed wWBsh and

reference to the case in which the apparatuses are
co@iectednt of ones anot dema llisi nprarkcEekdetpettingabl orand

an HDM cable, the transm ssion baths that connect
whnidie dpparcaruses wtldcore A i FETTRRATERECT 0-°

W red paths. The transm ssion_paths may be wrel ess .
au@@@ﬁﬁ%ﬁaééyoﬁiﬁﬁgﬁg: Accordingly, a ifrolblesome operation

in which 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 rerminals for which communication has besn blocked

T,
F

cr
l.J

through the loop detecticn processing illustrated in Filg. ,

the loop connection state may disappear. In such a case, it

o

is desirablie that the blocking-of communication set through
the loop detection processiﬁg f1lustrated in Fig. 15 bs
automatically cancelied.
(01711

Fig. 16 is a fiowchart of a communication recovery

process performed by the control unit 136 for &

predetermined network terminal for which blocking of

communication is set. For example, after communication is
blocked, the control unit 136 performs this communication

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

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



I ndustrial Applicability [0189] According to
the present invention, a termnal that forns a | oop
connection state can be easily detected with a
sinplified 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
dat a packets are connected®? - a swtching hub to

which the plurality of termnals are connected; £08r1988
a conmuni cation unit for transmtting and receiving

retbeedatapacketsowl a hbes swdelidg Fbihe appadetus, or
packet counting unit for counting the nunber of

{chrasdcasit: pasketabieathi Alsddreiguuwalintly etbtenuamialys
within a predeterm ned tinme period; and

connected.

i0172]

Note that the control unit 136 of the television
receiver 130 can detect whether the HDMI cable is
disconnected and, subssguently, connectad using & changes in
the voltage level of the HPD signal. For example, when the
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 thé HED

signal is changed from high {(H) to low (L}, i1t can be-

determined that an HDMI cable is disconnected.

In step ST21l, the control unit 136 starts the
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 additicn, 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.

[d174§
Subseguently, in step 5T2Z, the control unit 136

cancels blocking of communication for a network terminal n



a | oop detection unit for determning the term na
that forns a | oop connection state by conparing a
count value for each of the plurality of terminals
counted by the packet counting unit with a threshold
val ue; wherei n the packet counting unit counts
t he nunber of broadcast packets transmtted fromthe
swi tching hub to the comunication unit within the
predeterm ned tinme period and counts the nunber of
br oadcast packets reaching the plurality of termnals
within the predeterm ned-t7%e- period, wherein
the switching hub, in a |oop detection node, cha®§€si98e
froma sequential transm ssion of broadcast and
Loﬁqw@1bﬂq0%g%§P19§€5§$ Shi O Bedi efieyanrld.al THd eSSl QR
of broadcast packets over non-broadcast packets. -
st 5722, The ebgerodnie:-appsd afaussiaccahdi ngtvord adminal
1, characterized by further conprising: an
n. i mhermati onhdi sphayoluninitd B édicophaygi hiye anwEssadge
i ndi cating the occurrence of abnormal connection and __
brodecdEr HaRAEtEhADPREr AR Ehe Podp Conmectiiéh~etateon 137
the basis of the determ nation result of the Iojpm
CoMREEER] 01 UMt PE T8O FheEfettT dhi c “Bppar &t uscr —°F

acco dln Caim?2 _characteri that the,.. +
“o?hf%iﬁﬁf1oﬁ'§|§§raﬁ ufi t fur?ﬁg 3 (&$hys % ne§§hae Bhe
CO@{ggpt*ﬁgsg_Qogggcpuopngha@gecnwgc e -el-ectronic

appar atus according to daim1, characterized by

Oﬁwgther conpri si ng a conmuni cati on bl ocki ng
control unit for blocking communication perforned

.t houghntehe 1ver rhnatep hat 2 £ orare tdwendroapueconneséi on

state. 5. The electronic apparatus accordi ngClai m 4,
determines whether the number ©of packets counted in step

S§T23 is dgreater than the thresheld value TH (refer to Fig.

C.J

f the number of packets 1s not greater than the

3
threshold wvalue TH, the control unit 136, in step 5725
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.

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

contrcl unit 136 blocks communication of the network



Characterized in that, when the packet counting unit

counts the nunber of the broadcast packets

transmtted-within the . predeterm ned tine period,

t he conmuni cati on bl ocki ng control unit cancels

bl ocki ng of comruni cation-previously activated. - 79

- characterized by further conprising: a user

selection unit for allowing a user to sel ect whether

comuni cation through the termnal that forns the

.loop transm ssion path is bl ocked, wherein the

connunlcatlon bl ocki ng centiot unit bl ocks the

comuni cation through the termnal that forms the08r198s

| oop connection state when the user sel ects bl ocking
te@ﬁiﬁ@?;?%%ﬁﬁ%‘Ca*hé%bafgérTh@mﬁb@%EQQQ*&ga&&ﬁkékﬂﬁ

accordi ng im 1, characterized in that, when the
stpacketscounting unit counts the nunber of broadcast

packets transmtted within the predetermined tinme
[Opériod, the comunication unit transmts the

br oadband packet to the transm ssion paths to which

t hel’plairsdl FEYSof ther aphals! ai'e Tcofe8ebdrid ey grether

sw t chi ng hub 8. The el ectronic "apparatus accordi ng
anPENEY g Tk REFECEER 288 YR Phat e 1SRt ehi NGS hede™
bLogg%Uﬁ%%é%%%%%gh?f#?ganoB&ﬂgwéq;h &pgergfnal for which

communicatlion has been blocked is present, the processing

returns to step 8T22, where the control unit 136 starts

i

processing for the next network terminal. However, if
another network terminal is not present, the processing
returns to step $5T27, where the coritrol unit 136 completes
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 broadcast packet is inpﬁt from the

communication unit 135 fo the port 132a of the switching hub

W2

132 at a2 constant freguency activated in step ST21 as
described above are deactivated.

(0178]
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Fig. 16 is performed and if
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 automaticallyv returned ©to a& communication enable mods.



- 80 - predeterm ned bandwi dth. 9. The electronic
apparatus accordingC aim 1, characterized in that at
| east some of the transm ssion paths :connected to
the plurality of termnals are bidirectiona
transm ssion paths forned from predeterm ned |ines of
an HDM cable. 10. The el ectronic apparatus
according to -Caim9, characterized in. that the
predeterm ned lines are a reserve |line and HPD |i ne.
11. A loop detection nethod for use in an electronic
apparatus including a plurabity of termnals to which
~transm ssion paths that transmt data packets are08r1988
connected, a switching hub to which the plurality of
r0l® mnals are connected, and a communication unit for
: frahsnitting and receiving the data packets via the
swiyshi RG RUb,  chag actehized DL OPLSENTprocess A
packet counting step of counting the nunber of
11bneageast packet s:ceapbbbygihfieopl ewalitiyzafiohetm nal s
wWthin a predetermned tinme period; and a | oop
cadeteed i O steep of dekermintng theniwrid wale bhapne, and

it is determined whether a terminal that forms a loop
connection state is present. However, blocking of
communicétion for all of the netwofk.ierminals 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



- 81 - counting step with a threshold val ue;
wherein, in the packet counting step, the nunber of
broadcast packets transmitted fromthe sw tching hub
to the comuni cation unit within the predetern ned
time period is counted, and the nunmber of broadcast
packets reaching the plurality of termnals within
the predetermned tinme period is counted,
wherein in the | oop detection step, the switching hub
~ changes from a sequential transm ssion of broadcast
and non-broadcast packets o a preferentia
transm ssion of broadcast packets over non-broadfast193s
packets. - 82 - SO8P1988 ABSTRACT [ Abstract]
+hhO0] el dnakQ P Q¥icde AB: @b BCIIORIG-aPRARAL BSrRapabl 8 op
of easily detecting a termnal that fornms a | oop
coSBReCH Qi sSteate eWit Bp 8a sédpi fired ddepfibgupaté o35 .

Accordingly, a user can change the connection and easily
remove the aebnormal connection stat
(0182}

rurthermore, in the television receiver 130 of the AV
system 100 shown in Fig. 1, when a loop connecticn state |
occurs, that is, when a loop is formed, & messags prompiing
& user to select blocking of communication of the abnormally

conneCEed terminal ig displaved on the displiay panel 138,

and communication through the abnormelly conneacted terminal
for which the user selects blocking of communication is
automatically blocked. 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 13Za (Port () 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



[ Sol ving Means] -A control unit counts the nunber of
br oadcast packet supplied froma switching hub to a
comuni cation unit within a predeternmined tinme period
and determ nes whet her the nunber of packets exceeds
a thresh value (ST2, ST3). If the nunber of packets
exceeds the threshold value, the control unit
determ nes that an abnormal connection state occurs,
that is, a loop is detected and starts a process in
whi ch. the control-unit identifies a network term na
that forns the | oop connect4on state (ST3, ST5). The
control unit counts the nunber of broadcast packé&f§r: 988
that reach each of the network termnals, that is,

: , st packets input to each port of the smntchlng

ln#?%% %%ﬁereafter the control unit determ nes whet her

iptde network termnal that has received the nunber of
packet s exceedlng the threshold value is present,
t hatti s+ wWhethethamatnorimaldng cehrectedn t erer s 1§50
present _ (STS, 5T6). If an abnornally connect ed

of tiegrd dihaly sitsTupA88eANOWE hien cove + ol - (HASE: GP§pP893*%r unit
message i ndi cati ng abnornmal connection, % s

13 abroriraisy leeRneetedtter TR SHME a s agygvrdch

pronpting connecti on _change ( T7 - 83.-,,.50 8 -
15 ok B 1B g Ur PP REgEORame F Uie port 1320 o

the switching hub 133 enters a mode in which a transmission
bandwidth is limited to a predetermined bandwidih.

Zccordingly, the number of broadcast packets transmitted to

the communication unit 135 is limited. Conseguently, the

ilcop detection processing is not affected by the overload of
the control unit (the 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

broadcast packei preferentially fliows in the locp.
Therefore, the sensitivity of loocp detection and the
sensitivity of detection of a network terminal that forms
the locp connectlion state can bé incresased.

[Cl2e]

While the foregoing embodiment has been described with



I
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821

I

c0B8P1888

reference to the ioop detection processing performed by the
control unit 136 of the television receiver 130 when power
is turned on {refer to Figs. 12 and 15, the loop detection
proééssing may he performed at another Cime 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 peﬁformed at every
moment. In this case, the control unit 138 performs-the
Laop detection processing at a constant freguency sven after
power is turned on.
[0187]

In addition, whila the foresgoing embodiment has besn

i

i..l—
(8]

described with reference To loop datection process

\

performed by the television receiver 130 serving as a sink

o8

device, the loop detection processing may be performed by
the ssi-top box 150, the personal computer 160, or the BD

recorder 180 serving as a source device. ARlternatively, the

detection processing in a similsr manner. Note that, in
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



S08P21985
the television receiver 130.
(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 that 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, & términai that
forms a lcop connection state can be easily detected with a

simplified configuration. The present invention is
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CLATMS

1. An electronic apparatus characterized by Comprising:

a plurality of terminals to which traDSmission paths
that transmit data packets are connected; | |

a switching hub to which the plurality of terminals are
connected;

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

a packet counting unit for counting the number of
broadcast packets reaching the plurality of. terminals within
‘a predetermined time pefiod;.and

a loop detection unit for determining the terminal that
forms a loop connection state 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.
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2. The electronic apparatus according to Claim 1,
characterized by further compriéing:

an information display unit for displaying' a message
indicating the occurrence of 'abnorﬁal 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,
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charaéterized by further comprising:

a user selection unit for éllowing a user to select
whether communication through the terminal that forms the
~loop transmission pathris blocked;

wherein the communication blocking control unit blocks
the communication through the terminal that forms the loop

connection state when the user selects blocking of the

communication.

7. The electronic apparatus according ‘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



predetermined bandwidth.

9. The electronic apparatus according to Claim 1,
characterized in that at least some of the transmission pafhs
“connected to the plurality of terminals are bidirectional

transmission paths formed from predetermined lines of an HDMI

cable.

19. The electronic apparatus according to <Claim 9, -
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
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counting step with a threshold value;
wherein, in the packet counting step, the number of
broadcast packets transmitted from the éwitching hub to the
communicaticn unit within,ﬁthér.predetermined. time period 1is
counted, and the number Qf broadcast packets reaching the
plurality of terminals within the predetermined time périod
is counted, |
wherein in the_]ka> detectibn steﬁ, the switching hub
changes from a seguential transmission of broadcast and non-

broadcast packets to a preferential transmission of broadcast

packets over non—broadcaét packets.





