
- 1 - SO8P 988 DESCRIPTION ELECTRONIC APPARATUS AND
METHOD FOR DETECTING LOOP IN ELECTRONIC APPARATUS
Technical Field [0001] The present invention relates
to an electronic apparatus and a method for detecting
a loop in an electronic apparatus. More particularly,
the present invention relates to an electronic
apparatus capable of easily detecting an abnormally
connected terminal with a simplified configuration by
counting the number of broadcast packets reaching a
plurality of terminals to which transmission lines
that transmit data packets are connected withri a
predetermined time period and comparing each count
number with a threshold value so as to determine the
terminals having loop connection, that is, the
abnormally connected 



terminals. Background Art [0002]       In recent
years, HDMT (High Definition Multimedia Interface)
has been in widespread use as a communication
interface that transmits a digital vioeo signal, that
is, an uncompreSsed (baseband) video signal
(hereinafter referred .to as "image data") and a
digital audio signal (hereinafter  - 2 -- .SOBP1988
referred to as "audio data") associated with the
video signal from, for example, a DVD (Digital
Versatile Disc) recorder, a set-top box, or another
AV source (Audio Visual source) to a television
receiver, a projector, or another display at high
speed. For example, Patent Document 1 describes the
HDMI specification in detail. [0003]      In
addition, in recent years, in addition to widely used
personal computers, even general consumer products
have been frequently connected to the Internet. For
terrestrial digital broadcasting and ES digital
broadcasting, Ethernet is defined as means for
providing EPG information: in general, television
sets and apparatuses that support digital
broadcasting have a RJ-45 connector mounted thereon. 



[0004]       Furthermore, as video recording means,
video recording apparatuses that record video
received via Ethernet are provided. Still
furthermore, in the near feature, video distribution
via the -Internet, such as IP-TV is planed to be
provided. Therefore, in the near feature, apparatuses
each having a plurality of Ethernet connectors may be
commercially available. in such a case, loop
Connecion may occur depending on how the terminals
are connected. [0005] For example, Patent Document 2
describes loop  3 monitoring and detecting means that
counts received MAC frames having the same FCS (Frame
Check Sequence) value and determines that a network
is in a loop mode if the number of received MAC
frames having the same FCS value within a
predetermined time period is a predetermined
threshold value or greater. Patent Document 1:
Publication No. W02002/078336 Patent Document 2:
Japanese Unexamined Patent Application Publication
No. 2006-13737 Disclosure of Invention 



Problems to be Solved by the Invention [0006]      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, therefore, large memory
capacity is required. In addition, a process
determining whether the same FCS value is used is
required. Accordingly, the configuration is
complicated, and the processing load imposed on a CPU
is significantly increased. [0007]      Embodiments
of the present invention easily determine terminals
that are in a loop connection state (abnormally
connected terminals) using a simplified -  4
configuration. Means for Solving the Problems [0008] 



In a first aspect of the invention, there is provided
an electronic apparatus characterized by comprising:
a plurality of terminals to which transmission paths
that transmit data packets are connected; a switching
hub to which the plurality of terminals are
connected; a communication unit for transmitting and
receiving the data packets via the switching hub; a
packet counting unit for counting the number of
broadcast packets reaching the 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 counted
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 the communication unit within the predetermined
time period and counts the number of broadcast
packets reaching the plurality of terminals within
the predetermined time period, wherein the switching
hub, in a loop detection mode, changes from a
sequential transmission of broadcast and
non-broadcast packets to a preferential transmission
of broadcast packets over non-broadcast packets.
[0008a]  4a       In a second aspect of the
invention, there is provided a loop detection method
for use in an electronic apparatus including a
plurality of terminals to which transmission paths
that transmit data packets are connected, a switching
hub to which the plurality of terminals are
connected, and a communication unit for transmitting
and receiving the data packets via the switching hub,
characterized by comprising: a packet counting step
of counting the number of broadcast packets reaching
the plurality of terminals within a predetermined
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 counting step with a
threshold value; wherein, in the packet counting
step, the number of broadcast packets transmitted
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
transmission of broadcast and non-broadcast packets
to a preferential transmission of broadcast packets
over non-broadcast packets. [0009]      According to
an embodiment of the present invention, the switching
hub is disposed between the communication
4b unit and the plurality of terminals.The
communication 



unit transmits a data packet to the transmission
paths via the switching hub.In addition, the
communication unit receives a data packet from the
transmission paths.For example, some of the
transmission paths may be bidirectional transmission
paths formed from predetermined lines (e.g., a
reserve line and an  - S - SO8P1988 HPD line) of an
HDMI cable. The packet counting unit counts the
number of broadcast packets reaching the plurality of
- teiminals within a predetermined time period. For
example, this measurement is performed when power is
turned on, is performed at predetermined intervals,
is performed when a user disconnects an HDMI cable
ana, subsequently, connects the HDMI cable, or is
performed in response to a user instruction. [0010]
For example, the packet counting unit performs the
counting operation when, for example, the number of
broadcast packets transmitted from the switching hub
to the communication Unit within a predetermined time
period exceeds a threshold value. In this case, the
packet counting unit needs not count the number of
broadcast packets reaching the plurality of terminals
within a predeterfrmned time period within a
predetermined time period from the eginning.
Accordingly, the processing load can be reduced. 



[0011]       As noted above, by counting the number
of broadcast packets reaching the plurality of
terminals to which transmission paths that transmits
data packets are connected within a predetermined
time period and comparing each of the count values
with a threshold value so as to detect the  6
terminal that forms a loop connection state, that is,
the abnormally connected terminal, the abnormally
connected terminal can be easily detected with a
simplified structure. [0012]       According to an
embodiment of the present invention, for example, the
electronic apparatus can further include an
information display unit for displaying a message
indicating the occurrence of abnormal connection and
the terminal that forms the loop connection state on
the basis of the determination result of the loop
detection unit. In this case, a user can identify the
abnormally connected terminal or the terminal that
forms a loop connection state and disconnect the
abnormally connected terminal. Accordingly, the loop
connection state can be easily avoided. [0013]
In addition, according to an embodiment of the
present invention, for example, the information
display unit can further display a message prompting
a connection change. In this case, the information
display unit can prompt the user to disconnect the
abnormally connected terminal so that the loop
connection state can be avoided. [0014] 



Furthermore, according to an embodiment of the
present invention, for example, the electronic
apparatus can further include a communication
blocking control unit for blocking  7  communication
performed through the terminal that forms the loop
connection state. In this case, for example, a
troublesome operation in which the user disconnects
the cable from the incorrectly connected terminal can
be eliminated. [0015]       Still furthermore,
according to an embodiment of the present invention,
for example, when the packet counting unit counts the
number of the broadcast packets transmitted within
the predetermined time period, the communication
blocking control unit can cancel blocking of
communication previously activated. By canceling
blocking of communication previously activated in
this way, a connection state different from the
previous connection state appears due to cable
disconnection or a connection change. Accordingly, if
the terminal for whieh communication is, previously
blocked does not currently form a loop connection,
communication through the terminal can be
automatically resumed on the basis of the detection
result of the loop detection unit. [0016]       Yet
still furthermore, according to an embodiment of the
present invention, the electronic apparatus can
further include a user selection unit for allowing a
user to select whether communication through the
terminal that forms a loop transmission path is
blocked. If the user selects, through  



8  the user selection unit, blocking of the
communication, the communication blocking control
unit can block the communication through the terminal
that forms a loop transmission path. In this case,
blocking of communication that the user does not
desire can be automatically prevented. [0017]
Yet still furthermore, according to an embodiment of
the present invention, for example, when the packet
counting unit counts the number of broadcast packets
transmitted within the predetermined time period, the
communication unit can transmit the broadband packet
to the 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 whether the terminal forms a
loop connection state on the basis of the number of
reaching broadcast packets can be 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 data
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 hub to the
communication unit  9 within the predetermined time
period exceeds the threshold value, that is, the
sensitivity of loop detection can be increased.
[0019]       Yet still furthermore, according to an
embodiment of the present invention, the switching
hub can limit a transmission bandwidth for the
communication unit to a predetermined bandwidth.In
this way, even when a loop 



connection state occurs, supply of broadcast packets
to the communication 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 teaching a plurality of terminals to
which transmission paths that transmit data packets
are connected within a predetermined time period is
counted. Thereafter, each of the count numbers is
compared with a threshold value so that a terminal
that forms a loop connection state is
determined.Thus, a terminal that forms a loop
connection state can be easily determined. Brief
Description of Drawings [0021]       [Fig. 1] Fig. 1
is a block diagram of an exemplary configuration of
an AV system according to an embodiment of  



- 10 - SO8P1986 the present invention.       [Fig. 2]
Fig. 2 is a block diagram of an exemplary
configuration of a switching hub included in a
television receiver. [Fig. 3] Fig.is a block diagram
of an exemplary configuration of a traffic manager
forming the switching hub.              1 -- . 4]
Fig. 4 is a block diagram of exemplaryconfigurations
of an HDMI transmitting unit of a source device and
an HDMT receiving unit of a sink device.       [Fig.
5] Fig. 5 illustrates exemplary configurations of an
HDMI transmitter and an HDMI receiver.       [Fig. 6]
Fig. 6 is a diagram illustrating the structure of
TMDS transmission data.       [Fig. 7] Fig. 7
illustrates the pin assignment (type A) of an HDMI
terminal. 



[Fig. 8] Fig. 8 is a diagram illustrating an
exemplary configuration of a communication unit that
performs LAN communication between a source device
and a sink device.       [Fig. 9] .Fig. 9 is aagram
illustrating the operation Performed by the switching
hub. (when a loop i8 not present).       [Fig. 10]
Fig. 10 is a diagram illustrating the operation
petformed by the switching hub (when a loop is
present).       [Fig. 111. Fic. 11 illustrates a rela
ionshin between an elapsed time and the accumulated
number of broadcast packets.  SO8P1988       [Fig.
12] Fig. 12 is a flowchart of an example of loop
detection processing performed by a control unit of
the television receiver.       [Fig. 13] Fig. 13 is a
diagram illustrating an example of connection among
various apparatuses. included in the AV system.
141 Fig. 14 is a diagram illustrating an example of
connection among various apparatuses included in the
AV system. 



[Fig. 15] Eig. 15 is a flowchart of another example
of loop detection nrocess ng performed by a control
unit of the television receiver.       [Fig. 16] Fig.
16 is a flowchart of an example of a communication
recovery process performed by the control unit of the
television receiver. Explanation of Reference
Numerals [0022]       100 AV system, 110 broadband
router, 130 tel. evis on receiver, 131a - 131e
network terminal, 132a - 132f port, 133 switching
hub, 134a, 134b high-speed data line interface, 135
communiCation unit (Ethernet interface), 136 control
unit, 137 user operation-unit, 138 display panel, 150
set-top box, 160 personal computer, 170 amplifier,
180 ED - recorder, 211 - 213 HMI cable, 221 - 224
Ethernet cable, 231 reception-side FIFO memory, 232
packet input unlit, 233  SO8P1988 transmission-.side
FIFO memory for broadcast packet, 234
transmission-side FIFO memory for non-broadcast
packet, 235 packet output unit, 236 bandwidth
limiting unit 



Best Mode for Carrying Out the invention [0023]
An embodiment of the present invention is described
below with reference to the accompanying drawings.
Fig. illustrates an exemplary configuration of an AV
system 100 according to an embodiment. [0024]
The AV system 100 as a configuration in which a
,At-top box (SIB) 150 and a personal computer (PC)
160 are connected to a television receiver 130, and a
BD (Blu-ray Disc) recorder 180 is connected to the
television receiver 130 via an amplifier 170. In
addition, the television receiver 130, the set-top
box 150, and the Blu-ray Disc recorder 180 are
connected to a broadband router (BB router) 110.
[0025]       The conriauration of the AV system 100
is funno_ described next. The broadband router 110
includes a plurality of ports. In the present
embodiment, the broadband router -110 includes an
Ethernet port illa on the WAN (Wide Area Network)
side and four Ethernet ports 111b to llie on the LAN
(Local Area Network) side. Note that  - 13 -
.808P1988 



"Ethernet" is a registered trade mark- [0026]
The television receiver 130 serving as a sink device
includes five network terminals 131a to 131e, a
switching hub 133 including six ports 132a to 132f,-
high-speed data line interfaces 134a and 134b, a
communication unit including _a MAC laver processing
unit and a PHY layer 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 forms a user interface. The
user operation unit 137 4 connected to the control
unit 136. The control unit 136 includes Keys,
buttons, and dials disposed on a casino (not shown)
of the television receiver 130 or a remote control.
The display Panel 138 forms a user interface (III).
For example, 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 Crystal Display),
an organic EL (Electra Luminescence), or a PDP
(Plasma Display Panel).. [0028]       Each of the
network terminals 131a, 131d, and 131e is -formed
from an Ethernet port. The network terminals 131a,  



- 14 - S08.91988 131d, and 131e are connected to the
ports 132b, 132e and 132f of the switching hub 133,
respectively. [00291       In addition, each of the
network terminals 131b and 131c is formed from an
HDMI terminal. An HDMI receiving unit and a
high-speed data line- interface are connected. to
this HDMI terminal. The network terminals 131b and
131c are connected to the ports 132c and 132d of the
switching hut 133 via the high-speed data line
interfaces 134a and 134b, respectively. In Fig. 1, an
HDMI receiving unit is not shown. [0030]      The
HDMI receiving unit receives, using HDMI-based
communication, baseband video and audio data
unidirectionally transmitted from a source device
that is connected to the HDMI receiving unit via an
HDMI. cable. The high-speedline interface is a
bidirectional interface formed from predetermined
lines of an HDY17 cable (a reserved line and an EDD
line in the present embodiment). This highspeed data
line interface for= a communication unit that .
performe bidirectional communication with an external
device (a source device): The HDMI receiving unit and
the-highspeed data line interface are described in
more detail below. [0031] The switching hub 133
analyzes a destination address of 



- 15 - SO8P1988 a data packet input to each of the
ports and outputs the data packet from a port
corresponding to the destination address. Fig. 2
illustrates an exemplary configuration of the
switching hub 133. [0032]      The switching tub 133
includes six ports 132a to 132f (Por :0 to Port 5),
PRY layer processing units 201a to 201f, traffic
Tanagers 202a to 202f, a switching unit 203, and a
control register 204. Each of the PRY layer
processing units includes an A/fl converter, a
descrambler-ecna data handler, a scrambler, and an
MLT3 converter. [0033]       The -A/C converter
A/D-converts a Signal input to a reception-side
terminal Rx. The descrambler-equalizer performs a
waveform equalizing process and a descrambling
process on a signal output from the A/C converter.
The data handler supplies a signal output from the
descramblerequalizer to the traffic manager and
supplies a signal received from the traffic manager
to the scrambler. The scrambler performs a scrambling
process on the signal received from the traffic
manager. The MLT3 converter perfoffis a Mi..T3
modulation process on a signal output- from the
scrambler and outputs the modulated signal to a
transmission-side terminal [0034]  



- 16 - 308F1988       The traffic managers 202a to
202f are connected to the switching unit 203. Each of
the traffic managers 202a to 202f temporarily stores,
in a reception-side FIFO meMory, packet data
transmitted from the PHY.layer processing unit of a
corresponding one of the ports. in addition, each of
the traffic managers 202a to 202f temporarily stores
packet data transmitted from the switching unit 203
in a transmission-side FIFO memory. Thereafter, each
of the traffic managers 202a to 202f transmits the
packet data to the PHI' layer processing unit of the
corresponding one of the ports. [0035]       The
switching unit 203 sequentially reads the packet data
items stored in the reception-side FIFO memory of the
traffic managers 202a to 202f, analyzes the
destination address of the packet data item, and
outputs the packet data item to the traffic manager
of the port correspondina to the destination address.
In this case, if the data packet read from the FIFO
memory of the traffic manager of one of the ports is
a broadcast packet, the broadcast packet is sent from
the switching unit 203 to the traffic managers of all
of the other ports. [0036]       Fig. 3 illustrates a
particular configuration of a traffic manager 202
(one of the traffic managers 202a to  - 17 - SO8P1988



202f). [0037]       The traffic manager 202 includes
a reception-side FIFO memory 231, a ,packet input
unit 232, a transmission-side --FT70 Memory. 233 for
a-broadcast packet, a transmission-side FIFO memory
234 for a non-broadcast packet, a packet output Unit
235, and a bandwidth limiting unit 236. [0038]
The reception-side FIFO memory 231 temporarily stores
a data packet transmitted from a PHI' layer
processing unit 201 (one of the PRY layer processing
units 201a to 201f). The packet input unit 232
determines whether a data packet transmitted from the
switching unit 203 is a broadcast packet or a
non-broadcast packet. Thereafter, the packet input
unit 232 writes a broadcast packet to the FIFO
memory! 233 and writes a non-broadcast packet to the
FIFO memory 234. [0039]       The packet output unit
235 sequentially reads the data packet from the FIFO
memory 233 and the PIFC memory 234. Thereafter, the
packet output unit 235 transmits the readout data
packet to the PHY layer processing unit 201 via the
bandwidth limiting unit 236. The bandwidth limiting
unit 236 limits the transmission band. [0040] The
operation performed by the traffic manager 202 is  



- 18 - SO8P1988 controlled by the control unit 13
(see Figs. 1 and 2) via the control register 204.
According to the present embodithenH-, the traffic
manager 202a corresponding to the port 132a (Port 0)
is controlled as follows. [0041)       That is, when
the control unit 136 performs loop detection
processing described below, the packet output uni 235
preferentially reads the broadcast packet stored in
the FIFO memory 233 and outputs the broadcast_
packet. That is, aS long as a broadcast packet is
present in the FIFO memory 233, the packet output
unit 235 reads the broadcast packet from the FIFO
memory 233 and outputs the broadcast packet. Only
when a broadcast packet is not present in the FIFO
memory 233, the packet output unit 235 reads the
non-broadcast packet (a unicast packet or a multicast
packet) from the FIFO memory 234 and outputs the
non-broadcast -packet. In this way, by preferentially
outputting a broadcast packet from the packet output
unit 235, the sensitivity of detection of a loop
connection state ( oop detection) can be increased.
L0042)       In addition, when the control unit 136
performs loop detection processing -described below,
the bandwidth limitin unit 236 limits the
transmission bandwidth to a _predetermined
transmission bandwidth. For example, when a -  - 19 -



808P1988 normal transmission bandwidth is 100 Mbps,
the transmission bandwidth is limited to 1 Mbps
during the loop detection Processing. In this way, by
limiting a transmission bandwidth to a constant
transmission bandwidth using the bandwidth limiting
unit 236, the number of broadcast packets transmitted
to the communication unit 135 can be limited.
Accordingly, unsuccessful loco detection processing
caused by the overload of the control unit (the CPU)
136 can be prevented. 10043]       Like the
above-described traffic manager 202a corresponding to
the port 132a. (Port 0), when each of the traffic
managers 202b to 202f corresponding to the ports 132b
to 132f (Ports 1 to 5), respectively, D forms _Loop
'detection processing described below, the packet
output unit 235 may preferentially reads the
broadcast-packet stored in the FIFO memory 233 and
outputs the broadcast packet. in this way, when a
loop 'connection state occurs and if the packet
output unit 235 preferentially outputs a broadcast
packet, the broadcast packet preferentially flows in
the loop. Accordingly, the sensitivity of
loop.detection and the sensitivity of detection of
network terminals that cause the loop connection
state can be increased. [0044]. Rrring back to Fig.
1, the communication unit 135 of  30831988 the
television.receiver 130 is connected to the port 132a
of the switching hub 133. The communication unit 135
transmits and receives a data packet via the
switching hub 133. The communication unit 135 forms
an Ethernet interface. [0045] 



Note that, for the television receiver 130 shown in
Fig.     only a portion associated witn Ethernet
communication is schematically shown. This
representation is also applied to the set-top box
150, the personal computer 160, the amplifier 170,
and the Blu-ray Disc recorder 180 shown in Fig. 1.
[0046]       The set-top box 150 serving as a source
device includes two network terminals 131a and 151b,
a switching hub 133 having three ports 152a to 152c,
a high-speed data line interface 154, and a
communication unit 155 including a MAC layer
processing unit and a-PHY layer processing unit.
[0047]       The network terminal 151a is formed from
an Ethernet port. The network terminal 151a is con
cted to the port 152b of the switching hub 153. The
network terminal 151b is formed from an HDMI
terminal.HDMI transmitting unit and a high-speed data
line interface are connected to the HDMI terminal.
The -network terMinal-151b is connected to the port
152c of the switching hub 153 via the high-Speed data
- 21 - SO8P1988 



line interface 154. .[0048]       The HDMI
transmitting unit unidirectionally transmits, using
HDMI-based communication, baseband video and audio
data to a sink device connected thereto via An HDMI
cable. The high-speed data line interface is a
bidirectional interface formed from predetermined
lines of an HDMI cable (a reserved line and an HTD
line in the present embodiment). This high-speed
data.line interface forms a communication unit that
allows bidirectional communication with,n external
device (a sink device) . The HDMI transmitting unit
and the high-speed data line interface are described
in more detail below. [0049]       The communication
unit 155 is connected to the part 152a of the
switching hub 153. The communication unit 155
transmits and receives a data packet via the
switching hub -153. The communication Unit 155 forms
an Ethernet interface. [0050]       The personal
computer 160 serving as a source device includes two
network terminals 161a and 161b, a switching hub 163
having three ports 162a to 162c, a high-speed data
line interface 164, and a communication unit 165
including a MAC layer processing unit and a PHI layer
processing unit. [0051]  - 22 - 308 P1988 



The network teLiLLanal 161a is formed from an
Ethernet port. The network terminal 161a is connected
to the port 162b of the switching hub 163. The
network terminal 161b is foied from an HDMI terminal.
An HDMI transmitting unit and a hiah-speed data line
interface are connected to the HDM7 teLminal. The
network terminal 161b is connected to the port 162c
of the switching hub 163 via the high-speed data line
interface 164. [0052]       The HDMI transmitting
unit unidirect'onally transmits, using HDMI-based
communication, baseband video and audio data to a
sink device connected thereto via an HDMI cable. The
high-speed data line interface is a bidirectional
interface foined from predetermined lines of an HDMI
cable (a reserved line and an HPD line in the present
embodiment). This high-speed data line interface
forms a communication unit that performs
bidirectional communication with an external device
(a sink device). The.HDMI transmitting unit and the
high-speed data line interface are described in more
detail below. [0053]       The communication unit 165
is connected to the port 162a of the switching hub
163. The communication unit 165 transmits and
receives a data packetvia the switching hub 163. The
communication unit 165 forms an Ethernet interface.
- 23 - S0821988 



[0054J       The amplifier 170 serving as a repeater
device includes three network terminals 111a to 171c,
a switching hub 173 having four ports 172a to 172d, a
high-speed data Line interface 174, and a
communication unit 175 including a MAC layer
processing unit and a PRY layer processing unit.
[0055]       Each of the network terminals 171a and
171b is formed from an Ethernet port. The netwbrk
terminals 171a and 171t are connected to the ports
172b and 172c of the switching hub 173, respectively.
The network terminal 171c is formed from an HDMI
te0An HDMI transmitting unit and a high-speed data
line interface are connected to the HDIAT terminal.
The network terminal 171c is connected to the port
172d of the switching hub 173 via the high-speed data
line interface 174. [0056]       The HDMI
transmitting unit uhidirectionally transmits, using
HDMI-based communication, baseband video and audio
data to a sink device connected thereto via an EDMI
cable. The high-speed data line interface is a
bidirectional interface including predetermined lines
of an HDMI cable ( reserved line and an HPD line in
the present embodiment). This high-speed data line
interface forms a ommunication unit that allows
bidirectional communication with an  - 24 - 



S061)1968 external device (a sink device). The HDMI
transmitting unit and the high-speed data line
interface are described in more detail below. [0057]
The communication unit 175 is connected to the port
172a of the switching huh, 173. The communication
unit 175 transmits and receives a data packet via the
switching hub 173. Th communication unit 175 fo4Lls
an Ethernet interface. L0058]      The ED recorder
180 serving. as a source device includes two network
terminals 181a and 161b, a switching hub 183 having
three ports 182a to 182c, a high-speed data line
interface 184, and a communication unit 185 including
a MAC layer processing unit and a PRY layer
processing unit. [0059]      The network terminal.
181a is formed from an Ethernet port. The network
terminal 181a is connected to the port 1,82b of the
switching hub 183. The network terminal 181b is
formed from an HDMI terminal. An TONI transmitting
unit and a high-speed data line interface are
connected to an HDMI terminal. The network terminal
161b is connected to the port 182c of the switching
hub 183 via the high-speed data line interface 184.
[0060] The HDMI transmitting unit
unidirectionatransmits,  



SO8P1988 using HDMI-based-coMmuniCation, baseband
video and audio data to a sink device connected
thereto via an HDMI cable.  The high-speed data line
interface is a bidirectional interface including
predetermined lines of an BDMI cable (a reserved line
and an HPD line in the present embodiment). -This
hign-speed data rine intertace forms a.ication unit
that allows bidirectional communication with an
external device (a sink device). The HDMI
transmitting unit and the high-speed data line
interface are described in more detail below. [0061]
The communication unit 185 is connected to the port
182a of the switching hub 183. The communication unit
185 transmits and receives a data packet via the
switching hub 183. The communication unit 185 forms
an Ethernet interface. [0062] As describe, above, in
the AV system 100 shown in Fg.4 



1, the set-top :pox (STB) 150 and the personal
computer (PC) 160 are connected to the television
receiver 130. In addition, toe BD (31u-ray Disc)
recorder 180 is connected to the television receiver
130 via the amplifier 170. [0063]       That is, the
-network terminal 131b of the television receiver 130
is connected to the network terminal 151h of the
set-top box 150 via an HDMI cable 211. In addition,
the  - 26 - B08121988 network terminal 131c of the
television receiver 130 is connected to the network
terminal 161b of the personal computer 160 via an
HDMI cable 212. Furthermore, the network terminal
131e of the television receiver 130 is connected to
the network terminal 171a of the amplifier 170 via an
Ethernet cable 221. The network terminal 171c of the
amplifier 170 is connected to the network terminal
181b of the BD recorder 180 via an HDMI cable 213,
[0064]      jr addition, as mentioned earlier, -in
the AV system 100 snown n Fig. 1, the television
receiver 130, the set-too box 150, and the BD
recorder 180 are connected to the broadband router
(BB router) 110. 



[0065]       That is, the network terminal 131a of
the television receiver 130 is connected to the port
ille of the broadband router 110 via an Ethernet
cable 222. In addition, the network terminal 151a of
the set-top box 150 is connected to the port 111c of
the broadband router 110 via an Ethernet cable 223.
Furthermore, the network terminal 261a of the BD
recorder 180 is connected to the port lllb of the
broadband router 110 via an Ethernet cable 224.
-[00661       In the AV system 100 shown in Fig. 1,
the television receiver 130 serving as a sink device
can communicate wit  - 27 - S0821988 the set-top box
150 serving as a source device via the HDMI cable
211. In addition, the television receiver 130 servina
as a sink device can communicate with the personal
computer 160 serving as a source device via the HDMI
cable 212. Furthermore, the television receiver 130
serving as a sink device can communicate with the ED
recorde., 180 serving as a source device via the
Ethernet cable 221, the amplifier 170, and the HDMI
cable 213. [0067       In addition, since the
television receiver 130 is connected to the broadband
router 110 via the Ethernet cable 



222, the television receiver 130 can be connected to
the Internet. Accordingly, for example, a user can
browse a desired Web page. Furthermore, since the
set-ton box 150 is connected to the broadband router
110 via the Ethernet cable  223, the set-ton box 150
can be connected to the Internet. Accordingly, for
example, the set-ton box 150 can play desired
streaming content or download the Con.- t. still
furthermore, since the ED recorder 180 is connected
to the broadband router 110 via the Ethernet cable
224, the ED recorder 180 can he connected to the
Internet. Accordingly, for example, the-BD recorder
180 can play desired 'streaming content or download
the content. [00681  - 28 - SO8P1988 transmitting
unit (the HDMI source) of the source device .(the
set-top box 15e, the personal computer 160, or the BD
recorder 180) and the MDMI receiving unit (the HDMI
sink) of the sink device (the television receiver
130). [0069]       During an effective image period
(hereinafter also referred to as an "active video
period"), which is a period from a vertical
synchronization signal to the next vertical
synchronization signal excluding a horizontal flyback
period and a vertical flyback period, the HDMI
transmitting unit unidirectionally transmits a
differential sign-corresponding to pixel data of an
uncompressed image for one screen to me HDMI
receiving unit using a plutalitv of channels. In
addition, daring a horizontal flyback period and a
vertical flyback loeriod, the HDMI transmitting unit
Unidirectionally transmits at least audio data and
control data associated with the image to the HDMI
receiving unit using a plurality of channels. [0070] 



That is, the HDMI transmitting unit includes a
transmitter 81.. For example, the transmitter 81
converts pixel data of an uncompressed image into a
corresponding differential signal and
anidirectionallv and serially transmits, using three
TMDS channels #0, #1, and #2, the differential signal
to the HDMI receiving unit connected  - 29 - SO8P1988
thereto via an dDMI cable. [0071]       In addition,
the transmitter 81 converts audio data associated
with the uncompressed image, necessary control data,
and auxiliary data into corresponding differential
signals and unidirectionally and serially transmits,
using three TMDS channels #0, #1, and #2, the
differential signals to the HDMI receiving -nit
connected thereto via the HDMI cable. [0072]
Furthermore, the transmitter 81 transmits, using a
TMDS clock channel, a pixel clock in synchronization
with the pixel data transmitted using the three TMDS
channels #0, #1, and #2 to the HDMI receiving unit
connected thereto via the ,HDMI cable. Here, through
one TMDS channel #i (i - 0, 1, 2), 10-bit pixel data
is transmitted during one pixel clock. 



[0073] The HDMI receiving unit receives the
differentia) signal corresponding to pixel data
unidirectionally transmitted from the HDMI
transmitting unit using a plurality of channels
during an active video period. In addition, the HDMI
receiving unit receives differential signals
corresponding to the audio data and contrcl data
nnidirectionallv transmitted from the HDMI
transmitting unit using the plurality of channels
during a horizontal flyback  - 30 - SO8P1988 period
and a vertical flyhadk period. [00741 



That is, the MOM' receiving unit includes a receiver
82. For example, the receiver 82 receives, using the
TMDS 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 transmitted from the HDMI
transmitting unit connected thereto via an HDMI cable
in synchronization with the pixel clock transmitted
from the HDMI transmitting unit using the TMDS clock
channel. [00751      Examples of transmission
channels of the HDMI system formed from the HDMI
transmitting unit and the HDMI receiving unit include
the three TMDS channels #0 to 42 that
unidirectionally and serially transmit pixel data and
audio data from the HDMI transmitting 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 Channel) 83, and a transmission
channel called a CEC.line 64. [0076]       The DDC 83
is formed from two signal lines .(not shown)
contained in an HDMI cable. The DDC 83 is used by an
HDMI 'transmitting unit when the HDMI transmitting
unit reads E-  - 31 - 50821988 



EDID (Enhanced Extended Display Identification Data)
from an HDMI receiving unit connected thereto via the
HDNIT cable: [0077]       That is, in addition to the
HDMI receiver 82, the HDMI receiving unit includes an
EDID ROM (Read Only Memory) 85 that stores the E-EDID
Which is information regarding the performance
(configuration/capability) of the HDMI receiving
unit. The HDMI transmitting unit reads from an HDMIT
receiving unit connected thereto via an HDMI cable,
the EEDID regarding the HDMI receiving unit via the
DDC 83: Thereafter, for example, the HDMI
transmitting urn recognizes the format(the profile)
of an image supported by an electronic apparatus
including the HDMI receiving unit (e.g., RGB, YebOr
4:4:4, or YCbCr [00781       The CEO line 84 is
formed from a signal line (not shown) contained in an
HDMI cable. The CEO Line 84 is used for bidirectional
communication of control data between the HDMI
transmitting unit and the HDMI receiving unit. [0079]
In addition, the HDMI cable contains a line 86
connected to a pin called HPD (Hot Plug Detect). A
source device can detect, using the line 86, that -a
sink device is connected thereto. Furthermore, the
HDMI cable contains line 87, which is used for
supplying power from a source  - 32 - S08191988 



device to at sinkdevice. Still furthermore, the HDMI
cable contains a reserve line 88. [0080]       Flo. 5
illustrates exemplary configurations of the HDMI
transmitter 81 and the HDMI receiver 82 shown in Fig.
4. [0081]       The transmitter 81 includes three
encoder/serializers 81A, 81E, and 81C corresponding
to the three TMDS channels #0, #.11iand #2,
respectively. In addition, each of the
encoder/serializers 81A, 81E, and 810 encodes
supplied image data, additional data, and control
data, converts from parallel data to serial data, and
transmits the data in the form of differential
signals. Here, if the image data contains three
components R (red), G (green), and B (blue), the E
component is supplied to the encoder/serializer 81;.
G component is suon_lec' to the encoder/serializer
813. The R component is supplied to the
encoder/serializ 81C. [00.82]       Note that
examples of the auxiliary data include audio data and
a control packet. For example, the control packet is
supplied to the encoder/serializer 81A, and the audio
data is supplied to the encoder/serializers 81E and
81C.. [0083]     . In addition, examples of the
control data include a' one-bit vertical
synchronization signal (VSYNC), a one-b.,-  - 3 3 -
SO8P1988 



horizontal synchronization signal (HSYNC), and
one-bit control bits CTLO, tT1,1; CTL2, and CTL3. The
vertical synchronization signal and the horizontal
synchronization signal are supplied to the
encoder/serializr 81A. mh control bits CTLO and CTL1
are supplied to -the encoder/serializer 815.. The
control bits CTL2 and CTL3 are supplied to the
encoder/serializer 810. [0084]       The
ehcoder/serializer 81?, transmits the supplied B
component of the image data, vertical synchronization
signal, horizontal synchronization signal, and the
additional data in a time-multiplex manner. That is,
the encoder/serialize: 81A converts the supplied B
component of the image data into parallel data of
eight bits, which is a fixed number of bits. In
addition, the encoder/serializer 81A encodes the
parallel data in order to convert the parallel data
into serial data. Thereafter, the encoder/serializer
81A transmits the serial data using the TMDS channel
40. [00851       Furthermore, the encoder/serializer
81A encodes the 2- bit parallel data formed from the
vertical synchronization signal and the horizontal
synchronization signal in order to convert the
parallel- data into serial data. -Thereafter, the
encoder/serializer 81A transmits the serial data
using the TMDS channel 40. Still furthermore the
encoder/serializer  - 34 - 80831988 81A converts the
supplied auxiliary data into 4-bit parallel data.
Thereafter, the encoder/serializer 81A encodes the
parallel data in order to convert the parallel data
into serial data and transmits the serial data using
the TMDS channel #0. 



[0086]       The encoder/serializer 813 transmits the
supplied CS component of the image data, the control
bits CTLO and CTL1., and the auxiliary data in a time
multiplexing manner. That is, the-encoder/serializer
813 converts the supplied G component of the image
data into parallel data of eight bits, which is a
fixed number Of bits. In addition, the encoder/ser813
encodes the parallel data in order to convert the
parallel data into serial data. Thereafter, the
encoder/serializer 813 transmits the serial data
using the TMDS channel #1. [0087]       Furthermore,
the encoder/serializer 81B encodes the 2- bit
parallel data ,formed from the supplied control bits
CTLO and CTLI in order to convert the parallel data
into serial data. Thereafter, the encoder/serializer
81B transmits the serial data using the TMDS channel
#1. Still furthermore the encoder/serializer 813
converts the supplied auxiliary data into. 4-bit
parailel .data. Thereafter, the encoder/serializer
813 encodes the parallel data in order to  SO8P1988
convert the parallel data into serial data and
transmits the serial data using the TMDS channel #1.
[0088] 



The encoder/serializer 810 transmits the supplied R
component of the image data, the Control bits CTL2
and CTL3, and the auxiliary data in a time-multiplex
manner. That is, the encoder/serializer 810 converts
the supplied R component of the image data into
parallel data of eight bits, which is a fixed number
of bits. In addition, the encoder/serializer 810
encodes the parallel data in order to convert the
parallel data into serial data. Thereafter, the
encoder/serializer 810 transmits the serial data
using the TMDS channel 02. [0089)       Furthermore,
the encoder/serializer 810 encodes the 2-bit parallel
data formed from the supplied control bits CT1,2 and
CTL8 in order to convert the araliel data into serial
data. Thereafter, the encoder/serializer 810
transmits the serial data using the ,TMDS channel #2.
Still furthermore, the encoder/serializer 810
converts the supplied auxiliary data into 4-bit
parallel data. Thereafter, the encoder/serializer 810
encodes the parallel data in order to convert the
parallel data into serial data and transmits the
serial data using the TMDS channel [0090]  - 36 -
S0821988       The receiver 82 includes three
recovery/decoders 82A, 823, and 820 corresponding to
the three TMDS channels 40, #1, and 42, respectively.
In addition, each of the recovery/decoders 82R, 823,
and 820 receives supplied image data, auxiliary data,
and control data in the form of differential signa S
using the TMDS channels #0, 41, and #2. In addition,
each of the recovery/decodets 82R, 823, and 820
converts the image data, auxiliary data, and control
data from a serial format to a parallel format,
decodes the parallel data, and outputs the parallel
data. [0091]      That is, the recovery/decoder 82A
receives the - component of the image data, the
vertical synchronization signal, the horizontal
synchronization signal, and the auxiliary data in the
forth of differential signals transmitted using the
TICS channel 40. Thereafter, the recovery/decoder
82A. converts the S component of the image data, the
vertical synchronization signal, the horizontal.
synchronization signal, and the auxiliary data from a
seria format to a parallel format, decodes the
parallel data, and outputs the parallel data. 



[0092]       The recovery/decoder 823 receives th 0
component of the image data, the control bits CTLO
and CTL1, and the auxiliary data in the form of
differential signals  - 37 - SO8P1988 transmitted
using the TMDS channel 41. Thereafter, the
recovery/decoder 82B conVerts the G component of the
image data, the control bits CTLO and CTL1, and the
auxiliary data from a serial data format to a
parallel data format, decodes the parallel data, and
outputs the parallel data. [0093]       The
recovery/decoder 820 receives the R component of the
image data, the control bits CTL2 and 0713, and the
auxiliary data in the form of differential signals
transmitted using the TMDS channel 42. Thereafter,
the recovery/decoder 820 converts the R component of
the image data, the control bits CTL2 and CTL3, and
the auxiliary data from a serial format to a parallel
format, decodes the Parallel data, and outputs the
parallel data. [0094i 



Fig 6 illustrates an example of a transmission span
(period) in which various transmission data items are
transmitted using three HDMI TMDS channels 40, #7,
and #2 Note that Fig 6 illustrates a transmission
span of various transmission data items when a
progressive image having a size of 720 pixels
(horizontal) by 480 pixels (vertical) is transmitted
using the TMDS channels #0, #1, and 42. [0095]
A video field in w1ich transmission data is
transmitted uaing the three BDMI TMDS channels #0,
#1, and #2 has three  - 38 - SO8P1988 types of
period: Video Data period, Data Island period, and
Control period. [0096]       Here, the video field
period is a period starting from a rising edge (an
active edge) of a vertical synchronization signal to
a rising edge (an active edge) of the next vertical
synchronization signal. The video field period is
separated into a horizontal blanking period
(horizontal blanking), a vertical blanking period
.(vertical blanking), and an active video period
(Active Video). The active video period is a period
obtained by excluding the horizontal blanking period
and the vertical blanking period from the - video
field period. [0097] 



The video data period is assigned :to the active
video period. in the video data period, active pixel
data for a size of 720 pixels by 480 lines that forms
uncompressed one-screen image data is transmitted.
[0098)       The data island period and the control
period are assigned to the horizontal blanking period
and the vertical blanking period. In the data island
period and the control period, the auxiliary data is
transmitted. [0099] That is, the data island period
is assigned to pat., of  - 39 - SO8P1988 the
horizontal blanking period and the vertical blanking
Period. In the data island period, data of the
auxiliary data that iS not related to control (e.g.,
a packet of audio data) is transmitted. [0100] 



The control period, is assigned to the other part of
the horizontal blanking 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
synchronization signal, or a control packet) is
transmitted. [0101]       According to the current
HDMI specification, the frequency of the pixel clock
transmitted via the TMDS clock channel is 165 MHz,
for example. In this case, the transfer rate over the
data island period is about 500 Mbps. [0102]
Fig. 7 illustrates an example of the pin assignment
of an HDMI terminal. This pin assignment is a type-A
pin assignment. [0103]       Two lines that form a
differential line through. which TMDS Data #i+ and
TMDS Data #1-,serving as a differential signal of the
TMDS channel #i are transmitted are connected  90 -
SO8P1988 



pin numbers of 1, 4, and 7) and pins to which the
TMDS Data #i- is assigned (pins having pin numbers of
3, 6, and 9). [0104i In addition, the CEC line 84
throughich a CEC signal serving as-control-data is
transmitted is connected to a pin having a pin number
of 13. A pin having a pin number of 14 is a reserved
pin. Furthermore, a line through which an SPA
.(Serial Data) signal, sucn as the E-EDID, is
transmitted is Connected to a pin having a pin number
of 16. A line through which an SOL (Serial Clock)
signal serving as a clock signal used for
synchronization of transmission and reception of the
SDA signal is transmitted is connected to a pin
having a pin number of 15. The above-described DDC 83
is formed from the line through which the SDA signal
is transmitted- and the line through which the SCL
signal is _transmitted. [01051       In addition, the
line 86 used by the source device for, as described
above, detecting that a sink device is connected
thereto is connected to a pin having a pin number of
19. Furthermore, the line 87 used for power supply,
as described above, is connected to a pin having a
pin number of 18. [0106) Fig. 8 illustrates an
exemplary configuration of the  - 41 - 30821988 



high-speed data line interface of a source device and
a sink device. The high-speed data line interface
forms a communication unit that performs LAN (Local
Area Network) communication. The communication unit
performs communication by using a bidirectional
communication path formed from a pair of differential
-lines among a plurality of lines that form an HMI
cable, that is, a reserve line (Ether- line)
corresponding to the Reserve pin (No. 14 pin) and an
HPD line (Ether+ line) corresponding to the HPD pin
(No. 19 pin) in the present embodiment. [0107]
The source device includes a LAN signal transmitting
circuit 411, a terminating resistor 412, AC coupling
capacitors 413 and 414, a LAN signal receiving
circuit 415, a subtraction circuit 416, a pull-up
resistor 421, a resistor 422 and a capacitor 423 that
form a lowpass fit  a comparator 424, a pull-down
resistor 431, a resistor 437 and a capacitor 433 that
form a lowpass filter, and a comparator 434. Here,
the high-speed data line interface (the high-speed
data line I/F) is formed from the LAN signal
transmitting circuit 411, the terminating resistor
412, the AC coupling capacitors 413 and 414, the LAN
signal receiving circuit 413, and the subtraction
circuit ,416. [0108] A series circuit of the pull-up
resistor 421, the AC  - 42 - SO8P1988 coupling
capacitor 413, the terminating resistor 412, the AC_
coupling capacitor 414, and a pull-down resistor 431
is connected between a power supply line (+5.0 V) and
a ground line. A connection point El of the AC
coupling capacitor 



413 and the terminating resistor 412 is connected to
a positive output side of the LAN signal transmittrng
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 terminating resistor 412 is connected to a
negative output side of the LAN signal transmitting
circuit 417 and a negative output side of the LAN
signal receiving circuit 415. .A transmission signal
(transmission data) SG411 is supplied to the input
side of the LAN signal transmitting circuit 411.
[0109]    . In addition, an output signal SG412
output from the LAN signal receiving circuit 415 is
supplied to the- positive side terminal of the
subtraction circuit 416, while the transmission
signal (transmission data) SG411 is supplied to the
negative side terminal of the subtraction circuit
416. In the subtraction circuit 416, the transmission
signal SG412 is subtracted from the output signal
3G412 output from the LAN signal receiving circuit
415 so that a received signal (received data) SG413
can be obtained. [0110]  43 - SO8P1988       In
addition, a connection point Qi of the pull-up
resistor  421 and the AC coupling capacitor 413 is
connected to the ground line via a series circuit of
the resistor 422 and the capacitor 423. In addition,
an output signal of the lowpass filter obtained at
the connection point of the resistor 422 and the
capacitor 423 is supplied to one of input terminals
of the comparator 424. In the comparator 424, the
output signal output from the lowpass 1rilf-nr is
compared with a reference voltage Vrefl (+3.75 V)
supplied to the other input.terminal. An output
signal SG414 output from the comparator 424 is
supplied to the control unit (the CPU) of the source
device. NI111 



in addition, a connection point Q2 of the AC coupling
capacitor 414 and thel-down resistor 431 is connected
to the ground line via a series circuit of a resistor
439 and a capacitor 433. In addition, an output
signal of the lowpass filter obtained at the co
nection point of the resistor 432 and the capacito..
433 is supplied to one of input terminals of the
comparator 434. In the comparator 434, the output
signal output from the lowpass filter is compared
with a reference voltage Vref2 (1.4 V) supplied to
the other in terminal. An output signal SG415 output
from the comparator 434 is supplied to the control
unit (the CPU) of the source device.  - 44 - SO8P1988
[02]       The sink device includes a LAN signal
transmitting circuit 441, a terminating resistor 442,
AC coupling capacitors 443 and 444, a LAN signal
receiving circuit 445, a subtraction circuit 446, a
pull-down resistor 451, a resistor 452 and a
capacitor 453 that form a lowpass filter, a
comparator 454, a choke coil 461, a resistor 462, and
a resistor 463. Here, the high-speed data line
interface (high-speed data line 1/F) is formed from
the LAN signal transmitting circuit 441, the
terminating resistor442, the AC coupling capacitors
443 and 444, the LAN signal receiving circuit 445,
and the subtraction circuit 446. [0113]       A
series circuit of the resistor 462 and the resistor
463 is connected between thepower supply line (=5.0
V) and the ground line. In addition, a series circuit
of the choke coil 461 the AC coupling capacitor 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. 



[0114]       A connection point Pa of the AC coupling
capacitor 443 and the terminating resistor 442 is
connected Li a positive  SO8P1988 positive output
side of the LAN signal receiving circuit 445. In
addition, a connection point 94 of the AC coupling
capacitor 444 and the terminating resistor 442 is
connected  o a negative output side of the LAN signal
transmitting circuit 441 and a negative output side
of the LAN signal receiving circuit 445.ransmission
signal (transmission data) SG417 is supplied to the
input side of the LAN signal transmitting circuit 441
J0115]       In addition, an output signal SG418
output from the LAN signal receiving circuit 445 is
supplied to the positive side terminal of the
subtraction circuit 446, while the transmission
signal SG417 is supplied to the negative side .
terminal of the subtraction circuit 446. In the
subtraction circuit 446; the transmission signal
SG417 is subtracted from the output signal SG418
output from the LAN signal receiving circuit 445 so
that a received signal received data) -SG419 can be
obtained, [0116] 



In addition, a connection point Q3 of the pull-down
resistor 451 and the AC coupling capacitor 443 is
connected to the ground line via a series circuit of
the resistor 452 and the capacitor 453. In addition,
an output signal of the lowpess filter obtained at
the connection point of the resistor 452 andcapacitor
453 is supplied to one of  - 46 - SOBP1988 input
terminals or the comparator 454. in the comparator
454, the output signal output from the lowpass filter
is - compared with a reference voltage Vref3 (+1.25
V) supplied to the other input terminal. An output
signal SG416 output from the comparator 454 is
supplied to the control unit (the CPU) of the sink
device. [0117]             2-, reserve line 501 and
an HPD line 502 contained in an HDMI cable form a
differential twisted pair. A. source-side end 511 of
the reserve line 501 is connected to the No. 14   n
of the HDMT terminal of the source device, while a
sink-side end. 521 of the reserve line 501 is
connected to the No. 14 pin of the HDMI terminal of
the sink device. .1n addition, a source-side end 512
of the HPD line 502 is connected to the No. 19 pin of
the HDMI terminal of the source device, while a
sink-side end 522 of the HPD line 502 is connected to
the No. 19 pin of the ADMI terminal of the sink
device. [0118]       In the source device, the
above-described connection point 01 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 point 02 of the pull-down resistor 431 and
the AC coupling capacitor 414 is connected to the No.
19 pin of the HDMI terminal. While in the sink device
the above-described  - 47 - SO8P1988 connection point
Q3 of the pull-down resistor 451 and the AC coupling
capacitor 443 is connected to the Ed. 14 pin of the
HDMI terminal. In addition, the above-described
connection point Q4 of the choke coil 461 and the AC
coupling capacitor 444 is connected to the No. 19 pin
of the HDMI terminal. [0119]     The operation of LAN
communication performed by the h-speed data line
interface having the above-described configuration is
described next. [01201       In the source device,
the transmission signal (transmission data) SG411 is
supplied to the input side of the LAN signal
transmitting circuit 411, and a differential signal
(a positive output signal and a negative output
signal) corresponding to the transmission signal
SG411 is . output from the LAN signal transmitting
circuit 411. in addition, the differential signal
output from the LAN signal transmitting circuit 411
is supplied to the connection points P1 and P2 and is
transmitted to the sink device via a pair of lines
(the reserve line 501 and the HPD line 502) of the
HLMI cable. 



[0121)      -In addition, in the sink device, the
transmission signal (transmission data) 50417 is
input to the input side of the LAN signal
transmitting circuit 441. The LAN signal  - 48 -
SOSP1988 transmitting circuit 441 outputs a
differential signal (a positive output signal and a
negative output signal) corresponding to the
transmission signal 50417. In addition, the
differential signal output from the LAN signal
transmitting circuit 441 is supplied to the
connection points P3 and P4 and is transmitted to the
source device via the pair of lines (the reserve line
501 and the HPD line 502) of the HDMI cable: [01221
In addition, in the source device, since the input
side of the LAN signal receiving circuit 415 is
connected to the connection points 21 and P2, a sum
signal of a transmission -signal corresponding to a
differential signal (an electrical current signal)
output from the LAN signal transmitting circuit 411
and a reception signal corresponding to a
differential signal transmitted from the sink device
in the above-described wanner can be obtained as the
output signal 50412 output from the LAN signal
receiving circuit 415. In the subtraction circuit
416, the transmission signal 30411 is subtracted from
the output signal 50412 output from the LAN signal
receiving circuit 415. Accordingly, the output signal
50413 putout from the subtraction circuit 416
corresponds to the transmission sianal (transmission
data) SG417 received from the sink device. [012 



- 49 - SO8P1988      In addition, in the sink device,
since the input side of the LAN signal receiving
circuit 445 is connected to the connection points P3
and P4, a sum signal of a transmission signal
corresponding to a differential signal (an electric
current signal) output from the LAN signal
transmitting circuit 441 and a reception _signal
corresponding to a differential signal transmitted
from the source device in the above-described manner
can be obtained as the output signal 5G418 output
fromLAN signal receiving circuit 445. In the
subtraction circuit 446, the transmission signal
SG417 is subtracted from the output signal SG418
output from the LAN signal receiving circuit 445.
Accordingly, the output signal SG419 output from the
subtraction circuit 446 corresponds to the
transmission signal (transmission data) SG411
received from the source device. [0124]      In this
way, bidirectional LAN communication can be performed
between the high-speed data line interface of the
source device and the high-speed data line interface
of the sink device. [0125]      Note that, in Fig. 6,
in addition to performing the above-described LAN
communication, the HPD line 502 sends, to the source
device, information indicating that an HDMI 



- 50 - SO8P1988 cable is connected to the sink device
using a DC bias level. That is, when an HDMI cable is
connected to the sink device, the resistors 462 and
463 and the choke coil 461 in the sink device biases
the HPD line 502 using the No. 19 pin so that the HPD
line 502 has about 4 V. The source device extracts
the DC bias of the HPD line 502 using the lowpass
filer formed from the resistor 432 and the capacitor
433 and compares the DC bias with the reference
voltage Vref2 (e.g., 1.4 V) using the comparator
434.- [0126]     When the HDMI cable is not connected
to the sink de-the voltage of the No. 19 bin of the
HDMI terminal of the source device is lower than the
reference voltage Vref2, since the pull-down resistor
431 is present. In contrast, when the HDMI cable is
connected to the sink device, the voltage of the No.
19 pin of the HDMI terminal of the source device is
higher than the reference voltage Vref2. 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
SG415 of the comparator 434 is at a low level.
Therefore, the control unit (the CPU) of the source
device can determine whether an HDMI cable is
connected to the sink device on the basis of the ou t
signal SG415 output from the comparator  - 51
SO8P1988 



[0127]       In addition, in Fig. 8, a function is
provided in which each of devices connected to ends
of the HDMI cable recognizes whether the other device
is a LAN communication compliant device (hereinafter
referred to as an "e-HDMI compliant device") or a
non-LAN communication compliant device (hereinafter
referred to as a "non-e-HDMI compliant device") using
the. DC bias potential of the reserve line 501.
[0128]       As described above, the -source device
pulls no the reserve line 501 (to +3 V) using the
resistor 421 and sink device pulls down the reserve
line 501 using the resistor 451. The resistors 421
and 451 are not-provided in a non-e-HDMI compliant
device. [0129]       As described above, the source
device compares the DC potential of the reserve line
501 passing through the lowpass filter formed from
the resistor 422 and the capacitor 423 with the
reference voltage Vrefl using the comparator 424.
When the sink device is an e-HDMI compliant device
and, therefore, the sink device includes the
pull-down resistor 451, the voltage of the reserve
line 501 is 2.5 V. However, when the sink device is a
non-e-HDMI Compliant device and, therefore, the sink
device does not include the pull-down resistor 451,
the voltage of the  52-- S0831988 -reserve line 501
is 5 V due to the presence of the pull-up resistor
421. 



[0130]      Accordingly, when, for example, the
reference voltage Vrefl is set to 3.75 V, the output
signal SG414 output from the comparator 424 is at a
low level if the sink device is an e-HDMI compliant
device. However, the output signal 5G414 output from
the comparator 424 is at a high level if the sink
device is not an e-HDMI compliant device. Therefore,
the control unit (the CPU) of the source device can
determine whether the sink device is an e-HDMI
compliant device on the basis of the output signal
SG414 output from the comparator 424. [0131]
Similarly, as described above, the sink device
compares the DC potential of the reserve line 501
passing through the lowpass filter formed from the
resistor 452 and the capacitor 453 with the reference
voltage Vref3 using the comparator 454. When the
source device is an e-HDMI compliant device and,
therefore, the source device includes the pull-up
resistor 421, the voltage of the reserve line 501 is
2.5 V. However, when the source device is a non-eHDMI
compliant device and, therefore, the source device
does not include the pull-up resistor 421, the
voltage of the reserve line 501 is 0 V due to the
presence of the pull-down  SO8P1988 resistor 451. .
[0132]       Accordingly, when, for example, the
reference voltage Vref3 is set to 1.25 V, the output
signal SG416 output from the comparator 454 is at a
high level if the source device is an e-HDMI
compliant device. However, the output signal 50416
output from the comparator 454 is at a low level if
the source device is not an e-HDMI compliant device_.
Therefore, the control unit (the CPU) of the sink
device can determine whether the source device is an
e-HDMI compliant device on the basis of the output
signal SG416 output from the coMparator 454. 



[0133]       According to the exemplary configuration
illustrated in Pin 8, in the interface in which video
and audio data transmission, exchange and
authentication of connected device information,
communication of device con,,b-, data, and LAN
communication are performed using a single HDMI
cable, the LAN communication is performed using
bidirectional communication via a pair of
differential transmission lines. In addition, the
connection state of the interface can be sent using
the DC bias potential of at         one of the
differential transmission-lines. Accordingly, spatial
separatiot can be available without physically using
the SCL line and the SPA line for LAN  - 54 - SOB
P1988 communication. As a result, a circuit for LAN
communication can be formed regardless of the
electrical specification defined for the DDC, and
therefore, stable and reliable LAN communication is
realized at low cost. [0134]       Note that the
pull-up resistor 421 illustrated in Fig. 8 may be
brovi'ed in an HDMI cable, not the source device. In
such a case, one of the terminals of the cull-up
resistor 421 is connected to the reserve line 501
provided in the HDMI cable, and the other terminal is
connected to a line (a sidnal line) connected to the
power supply (the power supply potent al) provided in
the HDMI can e. 



[0135]      Furthermore, the pull -down resistor 451
and the resistor 463- illustrated in Fig. 8 may be
provided in an HDMI 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 terminal is connected to a line (a
ground line) connected to ground (the reference
voltage) in the HDMI. cable. In addition, one of the
terminals of the resistor 463 is connected to the HPD
line 502, and the other terminal is connected to a
lineground line) connected to ground (the reference
voltage) in the HDMI cable. [0136]  908P1988
Processing for detecting an abnormal connection
state, that is, a loop connection state of the
television receiver 130 (loop detection processing)
is described next. [0137]       Aceording to the
present embodiment, when performing processing for
detecting a loop connection state, that is, loop
detection processing, the control unit 136 counts the
number of broadcast packets reaching the network
terminals 131a to 131e, that is, the number of
broadcast packets input to the ports 132b to 132f of
the switching hub 133 within a predetermined time
period. Thereafter, the control unit 136 compares
each of the count values with a threshold value so as
to determine network terminals that form loop
connection. Thus, the control unit 136 forms a packet
counting unit and a 100D determination unit. For
example, the control 136 performs the loop detection
processing when power is turned on. 



[0138]       For example, as shown in Fig. 9, when a
unicast packet or a multicast 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 switching 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, suppose that
the network terminals 131a and 131b corresponding to
the ports 132b and 132c, respectively, form a loop
connection state. Then, as. shown in Fig. 10, a
packet, such as a broadcast packet, continuously
travels in a loop Therefore, the nuMber of data
packets that reach the port 132b significantly
increases. [0140] 



Note that, for a unicast packet and a multicast
packet, even when a loop is not fotuLed, the number
of the packets may Increase depending on a
communication situation.- In contrast, for a
broadcast packet, the number of packets that reach
each of the ports is significantly small in a normal
connection mode. [0141]       Accordingly, as
described above, 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 connection . can be determined. [0142]
. 11 illustrates a relationship between an elapsed
time and the accumulated number of broadcast packets.
As  SOB 91988 indicated by a line a shown in Fig. 11,
if a loop (a loop connection state) is not formed,
the increase rate of the accumulated number of
broadcast packets with respect to an elapsed time is
low. However, as indicated by a line b shown in Fig.
11, if a loop is formed, the increase rate of the
accumulated number of broadcast packets with respect
to an elapsed tiw is significantly high. [0143]
Note that, as described above, a broadcast packet
input to one of the ports is output to all of the
other ports. Accordingly, if, as described above, a
loop is formed, t number of broadcast packets
supplied from the port 132a (Port 0) to the
communication unit 135 significantly increases. 



[0144]       If the number of broadcast packets
exceeds a predetermined value, the CPU utilization of
the control unit 136 reaches 100% only for packet
processing (kernel Processing), and therefore, the
control unit 136 cannot . perform loop detection
processing. Accordingly, in present embodiment, as
described above, when the control unit 136 performs
loop detection processing, the transmission bandwidth
from the port 132a (Port 0) of the switching hub 133
to the communication unit 135 is limited to a certain
bandwidth (e.g., 1 Mops). in Fig. Li, an area  - 58 -
SOB P1988 indicated by hatching with dotted lines
represents an area in which the CPU cannot continue
processing. [0145]       A line c shown in Fig. 11
indicates a relationship between the accumulated
number of broadcast packets and a time when a loop is
formed and the transmission bandwidth from the port
132a (Port 0) of the switching hub 133 to the
communication unit- 135 is limited (shaped) to a 



predetermined bandwidth. In t s case, the number of
broadcast packets supplied from the port 132a (Port
0) 0 the switching hub 133 to the communication unit
135 is within the range that is processible by the
CPU of- the control unit 136. [0146]       As
described above, 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 comparing each of the count values with a
predetermined value, network terminals that fo_m a
loop connection state can be determined. For example,
a threshold value TH is determined as follows. That
is, as shown in Fig. 11, the threshold value TH is
set to an approximately middle value between the
value of the line a and the value of the line c at a
predetermined time (t1). For example, when tl is 2 to
3 seconds, TH is about 200 to 300.  - 59 - 808P1988
[0147]      Note that, according to the present
embodiment, when the control unit 136 performs loop
detection processing, the communication unit 135 is
controlled so as to transmit, via the switching hub
133, a broadcast packet to transmission paths (an
Ethernet cable and an HDMI cable) connected to the
network terminals 131a to 1321 at a constant
frequency. (01483       Basically, almost all of data
packets flowing in a network are unicast packets.
Broadcast Packets rarely flow in the network.
Accordingly, as described above, when the control
unit 136 performs loop detection processing,
broadcast packets travels in the network by
transmitting broadcast packets to the transmission
lines at a constant frequency. Therefore, loop
detection can be reliably performed. [0149] 



An example of loop detection processing performed by
the control unit 136 is described next with reference
to Fig. 12. 0150] First, when power is turned on, the
control unit 136, in step STI, starts, loop detection
processing. In this case, the control unit 136 sets
the mode of at least the t-raff;, manager 202a
corresponding to the port132a (Port 0) to a  - 60
-SOBP198'8 mode in which the traffic manager 202a
preferentially outputs a broadcast packet and in
which the transmission bandwidth is limited to a
predetermined bandwidth_ Note that the control unit
136 may also set the modes of the   areic managers
202b to 202f corresponding to the other ports 132b to
132f (Port 1 to Port 5) to the mode that is the same
as the mode of the traffic manager 202a. In addition,
the control unit 136 inputs broadcast packets from
the communication unit 135 to the port 132a of the
switching hub 133 at a constant)fregrency so that the
broadcast packets flow in the network. [0151] 



Subsequently, in step ST2y the control unit 136
countsthe number of broadcast packets supplied from
the port 132a (Port 0) of the switching nub 133 to
the communication unit 135 within a oredetermined
time period. In this case, the control unit 36
performs the counting operation using the control
register 204 of the switching hub 133. [0152]
Subsequently, in step ST3, the control unit 136 -
determines whether the number of packets counted in
step ST2 is greater than the threshold value TN
(refer to Fig. 11). If the number of packets is not
greater than the threshold value TH, the processing
immediately proceeds to step ST4, where the control
unit 136 completes the loop detection  - 61 - SOB
P1988 processing. In this case, the mode in which a
broadcast packet is preferentially output, the mode
in which the transmission bandwidth is limited to a
predetermined bandwidth, and the mode in which a
broadcast packet is input from the communication unit
135 to the port 132a of the switching hub 133 at a
constant frequency activated in step - ST1 as
described above are deactivated, [0153]
However, if the number of packets is greater than the
threshold value TH, the control unit 136 determines
that an abnormal connection state, that is, a loop
connection state is detected. The control unit 136
then starts processing 



for identifying network terminals that form the loop
connection state. That is, if the number of packets
is greater Than the threshold value TH, the control
unit 136 performs processing in step ST5* [0154]
In step ST5, the control unit 136 reaches each of the
network terminals (each of the network terminals 131a
to 131e). That is, the control unit 136 counts the
number of broadcast packets input to each of the Dons
or the switching hub 133 (the ports 132b to 132f). In
this case, the control Unit 136 performs the counting
operation using the control register 204 of the
switching hub 133. [0155]  - 62 - SO8P1988
Subsequently, in step ST6, the control unit 136
determines whether a network terminal having the
number of packets counted in step ST5 that is greater
than the threshold. value TN (refer to Fig. 11) is
present. If any abnormally connected terminal is not
present, the processing immediately proceeds to step
5T4, where the control unit 136 completes the loop
detection proceseing. However, if an abnormally
connected terminal is present, the control unit 136
performs processing in step ST7. 561       In step
ST7, the control unit 136 displays, on the display
panel 138, a message indicatinc the occurrence of
abnormal connection and the abnormally connected
terminals and a message prompting a user to change
the connection. Thus, the control unit 136 and the
display panel 138 fosin an information display unit.
After the processing in step, 3T7 is performed, the
control unit 136., in step 314, completes the loop
detection processing. 



[0157] When loop detection processing as illustrated
in 12is performed and if a loop connection state is
detected, that 18, if a loop is formed, a message
indicating that information and the network terminals
that form the loop (the abnormally connected
terminals) are displayed on the display panel 138.
Accordingly, the user can change the  - 63 - SO8P1988
connection and easily remove the abnormal connection
state. [0158]      For example, for the connection
state of the AV system 100 shown in Fig. 1, the
network terminals 131a, 131b, and 131e may be
displayed on the control unit 136 as network
terminals that form a loop connection state, that is,
abnormally connected terminals. In this case, the
loop connection state can be removed by, for example,
disconnecting the cables connected to the abnormally
connected terminals. [0159] 



In addition, for example, for the connection state
shown in- Fig. 13, the network terminals 131a and
131b may be displayed on the control unit 136 as
network terminals that form a loop connection state,
that is, abnormal.iy connected terminals. In this
case, the loop connection state can be removed by,
for example, disconnecting the cables connected to
the abnormally connected terminals. Furthermore, for
the connection state shown in Fig. 14, it can be
considered that the network terminals that form a
loop connection state, that is, abnormally connected
terminals are not present. [0160]      An example of
loop detection processing performed by - the control
unit 136 is described next with reference to Fig.  -
64 - SO8P1988 [0161]       Firs_, when power is
turned on, the control unit 136, in step 5T11, starts
loop detection processing. In this case, the control
unit 136 sets the mode of at least the traffic
manager 202a corresponding to the port 132a (Port 0)
to a mode in which the traffic manager 202a
preferentially outputs a broadcast packet and in
which the transmission bandwidth is limited to a
predetermined bandwidth. Note thatcontrol unit 136
may also set the modes of the traffic managers 202b
to 202f corresponding to the other ports 132b to 132f
(Port 1 to Port 5) to the mode that is the same as
the mode of the traffic manager 202a. In addition,
the control unit 136 inputs broadcast packets from
the communication unit 135 to the port 132a of the
switching hub 133 at a constant frequency se that the
broadcast 'packets flow in the network. [0162] 



Subsequently, in step ST12, the control unit 136
counts the number of broadcast packets supplied from
the port 132a (Port 0) of the switching hub 133 to
the communication unit 2 R within a predetermined
time period. In this case, the control unit 136
performs the counting operation using the control
register 204 of the switching nuo 133.- [0163]
Subsequently, in step 5TI3, the control unit 136  -
65 - SO8P1988 determines whether the number of
packets counted in step ST12 is greater than the
threshold value TH (refer to Fig. 11). If the number
of packets is not greater than the threshold
value.TH, the processing immediately proceeds to step
ST14, where the control unit 136 completes the loop
detection processing. In this case, the mode in which
a broadcast packet is preferentially output, the mode
in which the transmission bandwidth is limited to a
predetermined bandwidth, and the mode in which a
broadcast packet is input from the communiation unit
135 to the port I32a of the switching huh 133 at a
constant frequency activated in step 5T11 as
described above are deactivated. [0164]      However,
if the number of packets is greater than the
threshold value TB, the control unit -136 determines
that an abnormal connection state, that is, a loop-
connection state is detected. The control unit 136
then starts processing for identifying network
terminals that form the loop connection state. That
is; if the number of packets is greater than the
threshold value TH the control unit 136 performs
processing in step ST15. [0165] 



In step ST15, the control unit 136 reaches each of
the network terminals (each of the network teruinals
131a to l3le)That is, the control unit 136 counts the
number of  - 66 - SO8P1988 broadcast packets input to
each of the ports of the -Switching hub 133 (the
ports 132b to 132f). In this case, the control unit
136 performs the counting operation using the control
register 204 of the switching hub 133. [0166]
Subsequently, in step ST16, the control unit 136
determines whether a network terminal having the
number of packets counted in step 5T15 that is
greater than the threshold value TM (refer to Fig.
11) is present. If any abnormally connected teiminal
is not present, the processing immediatelY proceeds
to step ST14, where the control unit 136 completes
the loop detection processing. However, if an
abnormally connected terminal is present the control
unit 136 performs processing in step ST17. 101671
In step ST17, the control unit 136 displays, on the
display panel 138, a message indicatine the
occurrence of abnormal connection and the abnormally
connected terminals and a message prompting a user to
select blocking of co, unipation with the abnormally
connected terminals. Thus, the control unit 136 and
the display panel 138 form an info-mation display
unit. Thereafter, in step ST18, the control unit 136
determines whether the user select blocking of
communication. Here, if a plurality of abnormally
connected terminals are present, all of the
abnormally 



- 67 - SO8P19B8 connected terminals are displayed on
the display panel 138. Accordingly, the user can
select blocking of communication for each of the
abnormally connected terminals. [0168]       If the
user does not select blocking of communication, the
processing immediately proceeds to step 3T14, where
the control unit 136 completes the loop detection
processing. - However, if the user selects blocking
of communication the control unit 136 performs
processing in step ST19. In step ST19, the control
unit 136 blocks communication of the abnormally
connected terminal for which blocking of
communication has been selected. Thus, the control
unit 136 forms a communication blocking control unit.
Thereafter, the processing proceeds to step 5TI4,
where the control unit 136 completes the loop
detection processing. [0169] When loop detection
processing as illustrated in 15 is performed and if a
loop connection state is detected, that is, if a loop
is formed, a message indicating that information and
the network terminals that form the loop (the
abnormally connected terminals) are displayed on the 



-display panel 138. Accordingly, the user can change
the connection and easily remove the abnormal
connection state. In addition, in this case, a
message prompting the user to select blocking of
communication of the abnormally connected  - 68 -
3081)1988 terminals is displayed on the display panel
138, and communication of the abnormally connected
terminals for which the user has selected blocking of
communication is automatically blocked. Accordingly,
a troublesome operation in which the user disconnects
the cable from the incorrectly connected terminal can
be eliminated. FurtherMore, blocking of communication
that the user does not desire can be prevented.
[0170] Note that ifcable is disconnected from or
connection is changed for the network terminal for
the network terminals for which communication has
been blocked through the loop detection processing
illustrated in Fig. 15, the loop connection State may
disappear. In such a case, it is desirable that the
blocking-of communication set through the loop
detection processing illustrated in Fig. 15 be
automatically canceled. [0171]       Fig. 16 is a
flowchart of a communication recovery process
performed by the control unit 136 for a 



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 (a) at
predetermined time intervals (e.g., every one hour),
(b) when the user selects and activates a  - 69 -
SOBP1988 recovery process from a menu provided for
the apparatus, or .(c) when the HDMI cable is
disconnected and, subseguently, connected. [0172]
Note that the control unit 136 of the television
receiver 130 can detect whether the HDMI cable is
disconnected and, subsequently, connected using a
change in the voltage level of the HPD signal. For
example,en the voltage level of the HPD signal is
changed from low (L) to high (H), it can be
.determined that an HDMI cable is connected. In
contrast, when the voltage level of the HPD - signal
is changed from high (H) to low (L), it can
bedete-mined that an HDMI cable is disconnected.
[0173] 



in step ST21, the control unit 136 starts the
communication recovery process. In this case, the
control unit 136 sets the modes of the traffic
managers 202b to 202f corresponding to the ports 132b
to 132f (Ports 1 to 5) to modes in which a broadcast
packet is preferentially output. in addition, the
control unit 136 inputs a broadcast packet from the
communication unit 135 to the port 132a of the
switching hub 133 at a constant freauencv. [01741
Subsequently, in step ST22, the control unit 136
cancels blocking of communication for a network
terminal n  - 70 - SOBP1988 for which communication
has been blocked. Thereafter, in step ST23, the
control unit 136 reaches the network terminal n. That
is, the control unit 136 counts the number of
broadcast packets inbut to the port of the switching
hub 133 connected to the networK terminal 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 determines whether the
number of packets counted in step ST23 is greater
than the threshold value TM (refer to Fig. 



If the number of packets is not greater than the
threshold value TM, the control unit 136, in step
ST25, determines that the network te-minal n is n-ot
a terminal that forms a loop connection state.
Accordingly, the control unit 136 maintains
communication of the network terminal n, that is the
control unit 136 maintains cancellation of blocking
of commanication of the network terminal. Thereafter,
the processing proceeds to 0,-eb ST26. [0176]
However, the number of packets is greater than the
threshold value TM, the control unit 136, in step
ST27, determines that the network terminal n is still
a terminal that forms a loop connection state.
Accordingly, the control unit 136 blocks
communication of the network  - 71 - SO8P1988
terminal n again. Thereafter, the processing proceeds
to step ST26.-- [0177]       In step ST26, the
control unit 136 determines whether another network
terminal for which communication has been blocked is
present. If another network terminal for which
communication has been blocked is present, the
processing returns to step 3722, where the control
unit 136 starts processing for the next network
terminal. However, if another network terminal is not
present, the processing returns to step 5T27, where
the control unit 136 completes . the communication
recovery -process. As described above, the mode in
which'a 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
input from the communication uni25 to the port 132a
of the switching hub. 133 at a constant frequency
activated in step ST21 as described above are
deactivated. 



[0178]       When the communication recovery process
illustrated in Fig. 16 is performed and if a.network
terminal for which communication is blocked when
power is turned on does not form a loop connection
state due to later cable disconnection or connection
change, the network terminal can be automatically
returned to a communication enable mode.  - 72 -
SO8P1988 [01791      Note that, in the commtnication
recovery process illustrated in Fig. 16, blocking of
communication is canceled for each of the network
terminals one by one, and it is determined whether a
terminal that forms a loop connection state is
present. However, blocking of communication for all
of the network terminals for which communication has
been -Locked may be canceled, and whether each of the
terminals is a terminal that forms a loop connection
state may be determined in a manner similar to the
loop detection processing illustrated above in Fig.
15. [0180] As described abovethe television receiver
130 of the AV system 100 shown in Fig. 1, the number
of broadcast packets reaching the 'network terminals
131a to 131e within a predetermined time period is
counted, and each of the count values is compared
with threshold value. In this way, a terminal that
forms a loop connection state, that is, an abnoimally
connected terminal is detected. Accordingly, an
abnormally connected terminal can be easily detected
with a simplified configuration: 



[0181]       In addition, in the television receiver
130 of the AV system 100 shown in Fig. 1, when a loop
connection state occurs, that is, when a loop is
formed, a message indicating  - 73 - SO8P1988 that
information and a network terminal that form the loop
connection state are displayed on the display panel
138. Accordingly, a user can change the connection
and easily remove the abnormal connection state.
[pis2]      Furthermore, in the television receiver
130 of the AV system 100 shown in1, when a loop
connection state occurs, that is, when a 100p is
formed, a message prompting a user to select blocking
of communication of the abnormally connected terminal
is displayed on the display panel 138, and
communication through the abnormally connected
terminal for which the user selects blocking of
communication is automatically blocked. Accordingly,
a troublesome user operation, such as disconnecting a
cable from the abnormally connected teminal, can be
eliminated. In addition, blocking of communication
that the user does not desire can be prevented. 83] 



Still furthermore, in the television receiver 130 of
the AV system 100 shown in Fig. 1, when the control
unit 136 performs loop detection processing, the
packet output unit 235 corresponding to the port 132e
(Port 0) of the switching hub 133 enters a mode in
which a broadcast packet is preferentially output.
Accordingly, the senaittvity of detection of a loop
connection state Limon detection) can be  - 74 - SOB
P1988 increased. [0184]      Yet still furthermore,
in the television receiver 130 of the AV system 100
shown in Fig. 1, when the control unit :36 performs
loop detection processing, the bandwidth liming unit
236 corresponding to the port 132a (Port 0) of the
switching hub 133 enters a mode in which a
transmission bandwidth is limited to a predetermined
bandwidth. Accordingly, the number of broadcast
packets transmitted to the communication unit 135 is
limited. Consequently, the loop detection processing
is not affected by the overload of the control unit
(the CPU) 136. [0185] Yet still furthermore, in=
television receiver 130 



of the AV system 100 shown in Fig. 1, when the
control unit 136 perfo.ns loon detection processing,
the packet output unit 235 of each of the ports of
the switching hub 133 enters a mode in which a
broadcast packet is preferentially output.
Accordingly, if a loop connection state occurs, a
broadcast packet preferentially flows in the loop.
Therefore, the sensitivity of loop detection and the
sensitivity of detection of a network terminal that
forms the loop connection state can be increased.
[0186] While the foregoing embodiment has been
described with .  - 75 - S08'91988 reference to the
loop detection processing performed by the control
unit 136 of the television receiver 130 whenpower is
turned on (refer to Figs. 12 and 15), the loop
detection-processing may be performed at another time
point. For example, the loop detection processing may
be performed in response to a user instruction of
loop detection processing. Alternatively, for
example, when an HDMI cable is disconnected and,
subsequently, connected, the loop detection
processing may be performed. Still alternatively, the
loop detection processing may be performed at every
moment. In this case, the control unit 136 performs
the loop detection processing at a constant frequency
even after power is turned on. [0187] ,In additionle
the foregoing embodiment has been  



performed by the television receiver 130 serving as a
sink device, the loop detectiOn processing may be
performed by the set-top box 15Q, the personal
computer 160, or the BD recorder 180 serving as a
source device. Alternatively, the amplifier 170
serving as a repeater device may perform loop
detection processing in a similar manner. Note that,
in such a case, a display signal may be sent to the
television receiver 130 so that a message indicating,
for example, abnormal connection is displayed on the
display panel 138 of  - 76 - S0821988 the television
receiver 130. [01881       Furthermore, while the
foregoing embodiment has been described with
reference to the case in which the apparatuses are
connected to one another using an Ethernet -cable and
an HDMI cable, the transmission baths that connect
the apparatuses with one another is not limited to
wired paths. The transmission paths may be wireless
transmission paths. 



Industrial Applicability [0189]       According to
the present invention, a terminal that forms a loop
connection state can be easily detected with a
simplified configuration. The present invention is
applicable to an AV system in which a plurality of AV
apparatuses are connected with oneanother usinc a
network.  - 77 - CLAIMS 1.An electronic apparatus
characterized by comprising:       a plurality of
terminals to which transmission paths that transmit
data packets are connected;       a switching hub to
which the plurality of terminals are connected;
a communication unit for transmitting and receiving
the data packets via the switching hub; 



a packet counting unit for counting the number of
broadcast packets reaching the 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 counted
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 the communication unit within the predetermined
time period and counts the number of broadcast
packets reaching the plurality of terminals within
the predetermined time period,       wherein
the_switching hub, in a loop detection mode, changes
from a sequential transmission of broadcast and
non-broadcast packets to a preferential transmission
of broadcast packets over non-broadcast packets.  -
78 - 2. The electronic apparatus according to Claim
1, characterized by further comprising:       an
information display unit for displaying a message
indicating the occurrence of abnormal connection and
the terminal that forms the loop connection state on
the basis of the determination result of the loop
detection unit.  3. The electronic apparatus
according to Claim 2, characterized in that the
information display unit further displays a message
prompting a connection change.  4. The electronic
apparatus according to Claim 1, characterized by
further comprising 



a communication blocking control unit for blocking
communication performed .through the terminal that
forms the loop connection state.  5. The electronic
apparatus accordingClaim 4, Characterized in that,
when the packet counting unit counts the number of
the broadcast packets transmitted-within the .
predetermined time period, the communication blocking
control unit cancels blocking of
communication-previously activated.  - 79 -
characterized by further comprising:       a user
selection unit for allowing a user to select whether
communication through the terminal that forms the
.loop transmission path is 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 accordingClaim 1,
characterized in that, when the packet counting unit
counts the number of broadcast packets transmitted
within the predetermined time period, the
communication unit transmits the broadband packet to
the transmission 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.  - 80 - predetermined bandwidth.  9. The
electronic apparatus accordingClaim 1, characterized
in that at least some of the transmission paths
:connected to the plurality of terminals are
bidirectional transmission paths formed from
predetermined lines of an HDMI cable.  10. The
electronic apparatus according to Claim 9,
characterized in. that the predetermined lines are a
reserve line and HPD line. 



11. A loop detection method for use in an electronic
apparatus including a plurality of terminals to which
transmission paths that transmit data packets are
connected, a switching hub to which the plurality of
terminals are connected, and a communication unit for
transmitting and receiving the data packets via the
switching hub, characterized by comprising:       a
packet counting step of counting the number of
broadcast packets reaching the plurality of terminals
within a predetermined time period; and a loop
detection step of determining the terminal that  - 81
- counting step with a threshold value;
wherein, in the packet counting step, the number of
broadcast packets transmitted 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 transmission of broadcast
and non-broadcast packets to a preferential
transmission of broadcast packets over non-broadcast
packets.  



- 82 - SO8P1988 ABSTRACT [Abstract]   [Object] To
provide an electronic apparatus capable of easily
detecting a terminal that forms a loop connection
state with a simplified configuration.   [Solving
Means] -A control unit counts the number of broadcast
packet supplied from a switching hub to a
communication unit within a predetermined time period
and determines whether the number of packets exceeds
a thresh value (ST2, ST3). If the number of packets
exceeds the threshold value, the control unit
determines that an abnormal connection state occurs,
that is, a loop is detected and starts a process in
which. the control-unit identifies a network terminal
that forms the loop connection state (ST3, ST5). The
control unit counts the number of broadcast packets
that reach each of the network terminals, that is,
broadcast packets input to each port of the switching
hub. Thereafter, the control unit determines whether
the network terminal that has received the number of
packets exceeding the threshold value is present,
that is, whether an abnormally connected terminal is
present_ (STS, 5T6). If an abnormally connected
teriainal is present, the control unit displays a
message indicating abnormal connection, the
abnormally connected terminal, and a message
prompting connection change (ST7).  - 83 -  508P1988 



[Selected Figure] Fig. 12 




