12 United States Patent

Kabuto

US009270922B2

(10) Patent No.: US 9,270,922 B2
45) Date of Patent: *Feb. 23, 2016

(54) TRANSMISSION SYSTEM AND RELAY
DEVICLE

(71) Applicant: Hitachi Maxell, Ltd., Osaka (JP)
(72) Inventor: Nobuaki Kabuto, Kunitachi (IP)

(73) Assignee: HITACHI MAXELL, LTD., Osaka (IP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent 1s subject to a terminal dis-
claimer.

(21) Appl. No.: 14/264,295
(22) Filed: Apr. 29, 2014

(65) Prior Publication Data
US 2014/0232939 Al Aug. 21,2014

Related U.S. Application Data

(63) Continuation of application No. 13/316,757, filed on
Dec. 12, 2011, now Pat. No. 8,732,785.

(30) Foreign Application Priority Data
Mar. 9, 2011 (IP) oo, 2011-050971
(51) Int.CL
HO4N 5/38 (2006.01)
HO4N 5/63 (2006.01)
(Continued)

(52) U.S.CL
CPC oo HO4N 5/63 (2013.01); GO9G 5/006
(2013.01); HO4N 5/38 (2013.01); HO4N
21/43635 (2013.01); GO9G 2330/02 (2013.01):

(Continued)

(58) Field of Classification Search
USPC .. 348/723;725/141, 153

See application file for complete search history.

11

(56) References Cited
U.S. PATENT DOCUMENTS

7,609,255 B2* 10/2009 Fredericketal. ............. 345/211
2006/0261820 Al™* 11/2006 Bard ............ccoovveeiiinnn, 324/508
(Continued)

FOREIGN PATENT DOCUMENTS

CN 101520480 A 9/2009
CN 101755249 A 6/2010
(Continued)
OTHER PUBLICATIONS

Japanese Office Action for application No. 2011-050971; Issue date:
Apr. 22,2014,

(Continued)

Primary Examiner — Nnenna Ekpo
(74) Attorney, Agent, or Firm — Baker Botts L.L.P.

(57) ABSTRACT

Provided is a system for supplying a power from a sink device
to a source device. Not only the source device but also a cable
or a repeater device to be connected thereto has compatibility
in power supply. A physical address obtained from 1informa-
tion of an EDID memory forms a base of CEC message
exchange, but a physical address of the cable or repeater
device 1s overlapped with the source device or unknown. The
cable or a repeater device uses changes the type of a message
while using the same physical address as the source device or
use such a message having the physical address information
of the source device 1s described 1n a parameter of the mes-
sage using the unknown physical address. The message hav-
ing a supply or reception current for each device described
therein 1s exchanged with the sink device or the source device
to adjust current reception.

4 Claims, 16 Drawing Sheets

21

—_ i 32 5
211
e 4 Z
111 112 § 3121 321 1327 322 1332 242
Z Z KB z 4 Z - DISPLAY
REPRODUCE TRANSHIT YIDED Ly E/O . : RECENE VIDED
' 3 =
A et 113 :213: — I 333 T
o ) { i 1
E L g ~f  READ EDID k T : }f323 -Ij i{ EDID MEMORY |:... “““““““ -,= ‘g
P 18
? 5;113 £ 114 ?4: . [ ACOUIRE EBID f}:‘3/734 213"' 214 Ei : fzw
el ' A NN
[ ] E z 115 ! | [ comeaTy r
] e DETECT VOLTAGE , ; |
, 5325 |
P J‘ 315, T 1336
- [PORIP |o g 3 l
P CIRCIHT ; 326 |
j WER SUPPLY LRCL
; s116 | 316) | hinsooeaon | 338
| DDC+BY g1 % L
P 17 31?: :33?
vomsmmoen | DETETHPD o v -
l b e e e e e o - ]




US 9,270,922 B2

Page 2
51 Int. C1. 2010/0135429 Al* 6/2010 Nakajima ..................... 375/295
( ) 2011/0072103 A 3/2011 Got
HO4N 21/4363 (2011.01) L L [1 Goto
G09G 5/00 (2006.01) 2011/0191480 Al1* 8/2011 Kobayashi .................... 709/227
(52) US. CL FOREIGN PATENT DOCUMENTS
CPC ... G09G2370/04 (2013.01); GOIG 2370/06
(2013.01); GO9G 2370/12 (2013.01); GO9G ~ IP 2009-4510 1/2009
2370/18 (20]3_0]) JP 2009-44706 2/2009
(56) References Cited OTHER PUBLICATIONS

U.S. PATENT DOCUMENTS

2007/0028281 Al
2007/0252746 Al
2008/0315291 Al
2009/0244391 Al

2009/0264069 Al

2/2007
11/2007
12/2008
10/2009
10/2009

Frederick et al.
Hoftert et al.
Kito et al.

Kitamietal. ................. 348/705
Yamasuge

Chinese Office Action for application No. 2011104129395; Issue

date: May 5, 2014.

Office Action, dated Nov. 11, 2015, which 1ssued during the prosecu-
tion of Chinese Patent Application No. 201110412939.5, which cor-
responds to the present application.

* cited by examiner



U.S. Patent Feb. 23, 2016 Sheet 1 of 16 US 9,270,922 B2

B B GRS WR ERE E B R e P S B E T TSR B IO AT R b i A s r R Py AE A R e B @ -‘Fg

GBS PR T ENDAR R A A LR P Ry DA AR R e R QAR P10

&
L -
-
*
&

&
n
3
=
¥
a2
&
F ]
-
,"l.
a

.
-
B
L
E

1

& o hns s NeRabad s 2asy Ga R e baaiin

PR A T T i:l-a.ﬁ-rl-dlﬂlﬂ:-t-li- PeEd GRS AR f':i: -- Hﬂ'ﬂl-ﬂﬂwﬂﬂhﬂ-ﬂ-ﬂﬂhﬁl

+

2 g BB ¥ et YD

AN Y e B 0P G L D B DE M AEG IR e eI R B H a0 F AR 1 A R

- 3
-
-
¥

Eo 20 87 H 0 IC ¢+ 46 Qe

T
3
L
&
3
L: ]
[ ]
&
s
-]
L ;)
=
=
a
L]
™
=
E
w
b
]
Er]
2
F:
Y
P4
{
G

FUEXYTHIEIQENFI LYY A A A B TU G TRV IG FES

g
Ll
Lo
e
Lt}
ke
=
L
e

:
a2

EEITELY

TP TP PG o A BB F B3PS ORE DA ey 0 E 1 5T

Aoy PR 3Ty S A ot ¥ PRI S TS

FAEA JEET e T ARTE g ET :.:

TR BRSPS D A CTE D R e

aBcRY,  DHLy WL J0RRL ATn GRNR ToED R O Sl HEtm JEeer

= |

DEIECT HPD

p LOMMUNILATION

¥
'
"
i
.
.I
1 Y
-
i
o
)
o
!
e
:
&
e
oy
"
L5
i . P
A o R T e T R
&
i
r.
1
5}
A
]
iy,
3 T L
0 e A%
Kh Y,
S o
2
N R S
-;-'
o]
o
3
s
iy
Y
T
2 iy
=
1
a
E
(]
5
1
a
]
'I.'.:l'-
A
i
-'.
A,
=
.
T
o]
:
ki
.
e
x}
by
A
H
#l
L R TR A
x>
ul
i '_:::
T
r ! H
]

. ..I N
o
i
5
il
-
9
L)
£
2
b

5

p W g e Wl W il

@ FA0H 0 N0 54

- -'1"' ‘-ppnul.ﬁaxthﬁy‘.tkummbmur - .::' I.
e iy

ERD A B 500 o O S I

_f-:.&h dhwd ad % Pd3cT SRBEE DD 'WE X 7T E T b T

Fh ARy ARy R R Py SR S -_,:E::

SN o aac a g s S A LR PR P L 3D BB L 30 N

riymatigasadu "y U ey e s e RO &

i A e " AN NG AR AN AR A A m A g R YT ER FE G B ML AL AR I DR A R RN AOF R ARAF AR TS
"':'I




US 9,270,922 B2

Sheet 2 0of 16

Feb. 23, 2016

U.S. Patent




US 9,270,922 B2

Sheet 3 0of 16

Feb. 23, 2016

U.S. Patent

e T T e e

e e P R T T Epepar et

L




U.S. Patent Feb. 23, 2016 Sheet 4 of 16 US 9,270,922 B2

21

TG0 o e

ms% G SR SOPRL G ﬁ; -g

PR —— Y Ty t Thee I ESWOE O pludes? AT 08 Oy ok L E AN b b ] ot

o

ST,&RT EJ:;E D @Dmﬁa 4,

hag... crpr LNk k] h"'w

........
e mm o e e oM WM s wew Ges ARR GEE G W TR Mo g AR D 0 e i
-~ M

710 ~2_ <COC_Power Raw%t:@maeﬁ“j "; m

Pﬁwﬁ S{g&gsblﬁ “Nﬂ Eﬁﬁﬁ;&r“ ’ﬂﬁ* _. .h

I

<CDC_Power_Request_C> 719
[‘Connect"No Power” Ful Power! N

............................................ e @@wgr ?%equ%i G? s
[‘Connect”"No Power""No Power’] =

nrrrl ey e En e

. ;srwwu G T

> —-«ZM”ngT 3upﬁwggﬂ;ggm 3

. -
o £ i =il R LT &
E ;ﬁfﬁr.bli-ﬂ"h'lﬂ-"’ﬁi_‘,!hrl‘ul-p-rrq-ﬂﬂﬂ‘lﬂ“ltniﬂ!'?ﬂfﬂ.i‘.f 314,ﬁﬂg“
; " 3

<G Power Statis> ™17, “Power_S", "No Power'|

G "2 <onG_power_Notes 1, No Power, No Power] 1

_-c{g
=t
‘m
{ e
: 'r'r"tE
m

Ll o T

?ﬂﬂﬁ.}? EWREM .

f‘a
ﬁ
e
ﬁ :
mﬁ ’
% :
-E
Zﬁﬁ
vt
A
A
ﬂ 5
%
ﬁ
{2
el
%
|

Loy e L

<CDC._Power_Stafus>[1", "No Pawer’, "No Power’] |

P e Py Py 2P e, (L

nme e WEE 5T OEDR TMR iPod  mu
R A S T VA S

N
i
i
:
i
i
}
:



U.S. Patent Feb. 23, 2016 Sheet 5 of 16 US 9,270,922 B2

fmed

L o R A T T L B o e Tt P ot e 11 0 o i ety o e wep e TP ST RPN T L B e T R ——

%
2 g y
FEGoDeh P8 05 E00 e 50 B3 bard B A ARG ebd 20

£

i

BB O B Ok s e ind B
%R gd S ewams g R b te vl s

AG RO YL G DGR R T

FOORRE 2N AT LREPUPES S EFRda G e AR St rd u PRI G 22 i RidERd 4

RBIPREdEERERE LR S 2 BB 5 B0 FLOGPH LG D PR YR

B B

Bl ol 0 B0 - B el b S 20l XA ADAY bR B ERA DR ] SDET ods S F BEER ke

g e

HA9PLP RIS SABT VS YDV 0B @Y S0 0 B 2N B2 0]

3 DY DK P

Rb s 0o en b

¥ 3 PR PO

O SRR R R R R B e oo o0 o GRS U b el B ol GO I U e AT O OEN BN OER  BER WSS *ﬁ%




U.S. Patent Feb. 23, 2016 Sheet 6 of 16 US 9,270,922 B2

o ﬁﬂm%wﬁ Rm% —
| [No Connect No Power', Ful Power]

508 X w7 =[S SO B

ﬁ-**

:
t
i _  <CDC_Power_Status> 1, "No Power” Wii Power’}

r
T I A

g
uﬁ%f i
¥ <
TN T T R e T BT Y ATy Hmﬁ?ﬁgﬂ

Rﬁ ket bbb rh mr b T nadat AkaBR D b -

:
i
i ammﬁg Ffm mamﬁs ﬁm g
| s 814 818

3
3
;
i
4
g
2
4
2
i
¥

3 mgz‘m Sd?ﬁ,‘f GE aﬁ@mﬁ ,,,,,,,,,,, <CDC %‘Wﬁf ﬁ@mﬁ o> g
§

i Wﬁ@m nect’, Full Power" Full Power] = 819

- ‘ﬁs’ a oy a,z ! ”@% m @H EM |

Sl o
i Sl

SR U8 O S s %ggg wmma _Powsr_Notie> [F","Pawer_C", "No Power] |

;o "?'1?5*‘3""!‘!“!‘- tﬂ- Frandpipdagkpadchpeaaddt i rngn

0 =] ST EGFSBGimh -~ <CDC_Power.Notce_C> 821
g Lo Connect’ Nol Power”, No Powerr] - £

g 5 = o %STGP QUPH 50
; . 823 <CDC_Power_Status> ("1 ﬂﬁww U“ Wz:a ?ﬁwa’ E E

) ??*im@f :%E%;%m S ﬁ‘* “Mmf G"‘ ﬁg‘i{iﬂ Pwmﬁﬁ

aﬁw W BT PER SR 46 RD ORIR SR g

Q
3
:
>
§
E

Q@CE ﬁ.}w; Notice 0>
_ ['vo Connect’, Wol Pawer”, No Powerr™ ¢




US 9,270,922 B2

Sheet 7 0f 16

Feb. 23, 2016

U.S. Patent

pcE

Vi M

as J8

# %




US 9,270,922 B2

Sheet 8 0f 16

Feb. 23, 2016

U.S. Patent




Sheet 9 of 16

Feb. 23, 2016

TN A B

U.S. Patent

PO e

-y

e = e e

- am

M,.Emm mumﬂ w




U.S. Patent Feb. 23, 2016 Sheet 10 of 16 US 9,270,922 B2

o=

’ﬂﬂﬁ'
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
uuuuuu

ﬁauﬁﬂ RE PHYSICAL ADDRESS, {ggg_pm; Request C> < 736
705 i ['Connect” "None","150mA","SmA” " 125mA"]

& 139 START SUPPLY OF (50mA; -5~ 731

i

§
. SRTUSEOF 125mA © | <CDC_Power_Status> .5 738"
e [ M150mAT, "SmAT, 125mAT]
<CDC_Power Request>

A ., meﬁ" SU@F‘W Qi‘ EZEmA

wl
Ton s RS S e e T

O TRHE R WOR WK pene g RN G upld e

.. | STARTUSE OF 276m4 -~ 743

$ B
§ §
e k: :
{ i
: 3
{ J

<«CDC. Power _Requesty_ 744
['525mA", "500mA’] .

745 maf ESLEM SR FRREN A ~--*§ ﬁqmﬁ C> =46
-------------------------------------------------------------------

[l it T

T i
el e e s sy o b -.'-':EE.E:;:‘..;'-;::'.:_'- AT

v <CDC P@we; Stam@:b 747 "
LT EEQEW S00mA", "ImA ] _.

1 SM’ JS{a Fpéﬁﬁmﬁ ?«- {48 E@CSC R%@ﬁ%ﬁ C:ﬁ < 749

i , WC@M%@F “Hme” “25mA", "ImA’, "ImAT

<CDC_Power_Notice>
[ Z28mAT “5mﬁa‘“ “SmA’] = ?5G

- STOPUSE 57 1

- £ T W I AT Y LYY

e X0 T e I AL
3H

» *A’C-Qﬁm%wmﬁemﬁeéﬁ

2750

EE,E%REHT ggjppﬁ’ EEJmﬂM'}Eﬁmﬁ aaaaaaaaaaaaaaaaaaaaa

ﬁCDC Power_Status> ¢ ?54
P17, "25mA", "25mA”, "OmA’




U.S. Patent Feb. 23, 2016 Sheet 11 of 16 US 9,270,922 B2

{
]
%‘

ACQURE PHYSICAL ADDRESS,

Ty a—
gt S0 S 25 5

B8, 84T =My SAPF!YBMM
P@w%r S’E;a&ug:w 1° éﬁmﬁa‘ “ﬁmﬁs" “‘%Eﬁmﬁ@ :

SMR’I USE OF 1 Qﬁmﬁ% ﬁ"

i eERRRRN D 1ok LEn A=au n

B

H

:

: 845
g

: 5"
3

%

¥

i

i

]

:"':::" o mags o wRM iy
T WAT S

- ; )
ALEUR P%*‘?’SIL% ADDEESS " o 55 |

:
<COC_Power_Regquest> 525mAT ﬁﬁ@@mﬂ G
M150mA”, SmA 125mAT T

E STAR - ﬁQ{}CP@mr }%%f;gua@;% % [“M@ Cmnect“‘ 158
e Independent 150mATS00mA, 125mA) £ s

= <CDC_Power Stakus> 1", “150mA’ "500mA, 125mA] |

- STARTUSEDFS00TALS %20 g1 <~=<ODC_Power Nofice> [-1/-25mA" ‘500mA" 5’

Al rm e oo ..m, .,,.., .,l::: T e e oW omn mﬂiﬁ: o sl . I - I {ﬁ
_: Sﬁgﬂ aﬁmﬁhmﬁ‘ﬁmﬁ Ao CEC ?@WF Q%E @ { ND @ﬁﬁ@ﬂfﬁ 863

ER-DR T L LR Y Ll R

o A ALY AR PRI NTE DR P RTEE T NG L N D

PERmd
ER Y LN Y o rd A FE ™ -k A

ZOMA Independent’,25mA","500mA”","5SmA]

i
]
{

Il.ﬂ

5865 86472 SUpRLY ﬂrmﬂé\! CURRENT 25rr
ﬁﬁﬁ@ %Wﬁf 8&%@5?{ i “Eﬁmﬁﬂ “SO0MA” ﬁﬁmﬁﬂ

BEm wd  w emm e Bed el e ae per Fo0 W TS Sop e thh meh oml e DR un OO0 taEiinmcmmcoy

i <CDC_Power Request_C> iﬂﬁcmﬁﬁi N
”Em%@;a&m:‘é@m 2504, @ﬁ __ i

* *smmééﬁﬂm s~ 589_gg6

552 [SOP SUPPLY 0 525

mwh ey gean owrfy O dmaln igie REE RS Al
XL dewE ged TR SR G gt e oo e O



U.S. Patent Feb. 23, 2016 Sheet 12 of 16 US 9,270,922 B2

-:E-Ii-uhl
o]
o
—

CTHPD

et

i

|
e Ao R et -

RO AP ARSI

Z,i
:
i

&
A
a

S0 DA B IOrR e G B e BT

E-’;%a Ml B AP ARTE D e A g RO

T b WG DD 3 kD g el A IR DR G SR B X DU A T A T WP TPNE R L S S R - F R T '

i PSR P S ST TS F Y Y E LY PR L LR

B ag o oA A F3% L Fog® B BT iR S T 0N E

%E%ﬁg’&iﬂﬂ#?ﬁ#u B L) PRty sl BB
F,

ol RS A D e Kk S Tyl Pip el P B A S AR =5;f!--_;;;:j_-'-f:_'_' LY S L B R T R LR R e Bl d A N AN S ARt A R A NE g Gl Bl T S gbh il
. o o ) :

W T BT AT,

T4 9 ¢ ae S

I3y

ot L3 R R e 1 £ U

S
gggm g 2
)

) ] Il L b =, L il L ':.::".-i I 2 > T PorE "

4 %

g : i

i :

] 3

‘“55* 5 ’

3 i1, = - = - - et —. 1] e = 3 - Ay

]
L

Byt iU PRI IS 2 F AL ER GO B FET PR FAASERd INFL R RPN ERA RN "':: FPRRERIT Da pa 2w %
:. :I.-

ST R WL A g kb el by B R A P e v D e I. Medd B el Sl e DM o v ah

&
fr
o
*.

D
el

B Tl B wd it B By

A fans BN TR O e b D D W RN

&Sl ad b hE e Foekt

=
»
¥
]
o
o
"
F
o]

ﬁﬁuanﬂquwaﬁt@wmwaatﬁiét?ﬁﬁﬁg

‘. S DI W R R IE O T P B S 61 G S A (3 G

wéliﬂﬂiﬂﬁ saar g

L L L TS ST Y P S TS RV P FY TR Y

PLITII R ERV NPT YR

P 1 1RBTO TR

A W AT LS IO N ESR d v P b Dy b v el By 2 md ATEARDLE TS od RO

! Fyp S WG e R Y Oy pfcimoF B WE B D Bl aow

:

AR PAPART G I PR KBS RAYU PR O f D) TGO A

L F TR ;-:'._"-:;--.

|:|::

(EDID MEMORY)

10114



US 9,270,922 B2

Sheet 13 0f 16

Feb. 23, 2016

U.S. Patent

I £0000%0) 224

% & 2 & 8 & B B 5% 2 o & &H & "8 0 0 ¢ 7% V&S O F § ¢ F % T R

juep| uo




HONE m_m ZL %g mm_ﬁ% uog E ﬁ 1UBLI, m m |

m mm w %mg mﬁ ngm.

I T T T o e T e i o P o e L L T

US 9,270,922 B2

“Tuaing e ~

................

Mmmm.__m____g_m_w.__._mmwm_ Eﬁw .ag. d g@ ﬁmm mﬁmm%u Q mm% m m mﬁ%m « |

ﬂ% mm 50 m£ Ug .: 3 DSIDBLLOD JOU §f € Sm T
I— Emﬁmég mﬁ__ amwﬁg wﬁummm 8___ mw mﬁ wgmﬁ chwmwm

TR ?me@m
00, SSEUSY | siqg  uonisod BuRosuuog | E%m@

= m%m%..

wmmm%m @

Sheet 14 of 16

“m@mmﬁmmm m Gk m 2 o wﬁ wm@

IS Y08y u ¥
w:mﬁﬁ mm “

Feb. 23, 2016

. I ﬁm { %u
Mmm BIPPY [BOISAU) |
e %ﬁmﬁ-,.. t._,mm%mﬁ

U.S. Patent



U.S. Patent Feb. 23, 2016 Sheet 15 of 16 US 9,270,922 B2

1AL

i
b

DETELTVE

 COMMUNICATION {* -

1
f
L
I
;:
+
1
]

| AL B Al Gk o o M

P B b B ) o o tvoR
1

Foadeab Al a1 e s R % B0 dod 2o 2o RbY

T
-
[
-
;
[ ]
G
B
-
b
w
A
I
L4
+*
¥
¥
-2
=&
=2
a
[
»
L -]
ta,
o
+F
L
)
24
-3
e

&5 B 5 B 02 BE Foh P o 2B S BE .-

RFE A5t P pe A PR SO A Rad RS "_

o il NI I'
RN v O GG Y kN GRS - AT d R AR e A r - R ]

FREUPR AP OUGNT PO N FARTOEEIDE B S T R

" RO P T N AN F el el Traan v e SR A o wE e TP ada Fur o ealh tx Bodhsk ok 8RN dud  Fi

DHGH PSP IRE B AT NG OEN DE S S BT FFIRE TRB PR P LI W Y6 PO RAV IR RA S T pa o M0 B Sy e S b ey

SRR L MUE B ELG yRE DB FS 2T e R R TR BRSNS DR N AT PR T AT B
-

yEpR RN

WA T T 0o ERARS fE D DT R WY R VNS

E
:

B AAE G D R ;r FFETHAFTIaYFTHES :.‘

AR B S N a0 8T mp

T AHE I B AR

T, 1 371 et PP RO

Moo 2 WL T T e g Ry

-:-.3;5:.5:;5':1"'-' RFAES SRES pf Bt DM E AL T RTE LAY S THef SRR TR BT i HE lﬁ"?g

DEl

——0 T

ity e o 2 A B s Wl Bl b o 8 Pl el e B adhp

JUB AT AP I I Ac g s vl FUR OB RS EHE TR

ITELE A LN T I

RECEWEY




US 9,270,922 B2

Sheet 16 0of 16

Feb. 23, 2016

U.S. Patent

Wm mm e wm

| o speai i ey| snjen oy siuawaiy) sejesday e pue 00, S YIS Y |

ghwmwmm

mmmmw
5 mgnmgm

% mI mm}mmmﬁﬂmm ..

srsEo 00 e Y|
mhm?mag% mﬁ %%ﬁ.. wmﬁ@,&. Ea e m %ﬁ |

- mmﬂm m E@&tm%_a& :.m

AT AL ey b e

"S1313UU03 84} USamaq PajIaLLOD Si BUH AN |
0103 |

B

S

E%m mmm ;@__
{uonsod mm@mc %uw |

|5 @ Wol "oes semod el S0 o) pamolle o m% 2 pUE 2005 y |

_ mgmw m EEW w _.F —1= mmmm mﬁmm w%

8 wﬁwm%m E m,. Qmm m m&% ,q

g e w

Wl =ty r P T RN L YT e YU TR LS oL A T T T T e WS e P i LTt

WE Se EQ j- MO0 _.




US 9,270,922 B2

1

TRANSMISSION SYSTEM AND RELAY
DEVICE

INCORPORAITION BY REFERENC.

L1l

The present application i1s a continuation application of Ser.
No. 13/316,757, filed Dec. 12, 2011 which claims priority
from Japanese application JP2011-050971 filed on Mar. 9,
2011, the content of which 1s hereby incorporated by refer-
ence 1to this application.

BACKGROUND OF THE INVENTION

A technical field relates to operations of power supply and

reception.
JP-A No. 2009-447706, the counterpart of US Publication

No. 2010/0135429, discloses “‘a transmission device which
includes a signal transmitter for transmitting a video signal
via a cable to a reception device 1n the form of a differential
signal through a plurality of channels, an information trans-
mitter for transmitting request information to request power
supply via the cable to the reception device, and a power
switch for supplying the power supplied via the cable from
the reception device to an internal circuit in response to trans-

mission of the request iformation from the information
transmitter” (refer to JP-A No. 2009-44706, Paragraph

[0017]).

JP-A No. 2009-44706 also discloses “a source device 110
which transmits request information of power supply to a sink
device 120 using a CEC line of a HDMI cable 130” (refer to
JP-A No. 2009-447706, Paragraph [0100]), and also discloses
“a sink device 120A which supplies power to a source device
110A via a reserve line of the HDMI cable 130” (JP-A No.
2009-44°706, Paragraph [0220]).

JP-A No. 2010-4510, the counterpart of US Publication
No. 2008/0315291, discloses “function information 1s trans-
mitted as OEC (Consumer Electronics Control) data or CDC
(Capability Discovery Channel) data from a source device to
a sink device or from the sink device to the source device
between the source and sink devices connected through an
HDMI® (High-Definition Multimedia Interface) via a CEC
line as a control line” (refer to JP-A No. 2010-4510, Para-
graph [0160]).

However, any of JP-A No. 2009-447706 and JP-A No. 2010-
4510 fails to disclose power supply to a relay device (such as
a cable or repeater device) connected between the sink and
source devices.

SUMMARY OF THE INVENTION

In order to solve the above problem, such arrangements as
set forth, for example, 1n claims are employed.

The present application includes a plurality of means for
solving the above problem. As one of 1ts examples, there 1s
provided a system which transmits a video signal from a
source device to a sink device via a relay device and 1n which
the sink device supplies a power to the relay device on the
basis of a request from the relay device.

As the employment of the above means enables power
supply to the relay device installed between the sink and
source devices, 1t improves user’s convenience.

Other objects, features and advantages of the invention will
become apparent from the following description of the
embodiments of the invention taken 1n conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram showing an example of a
transmission system.
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FIG. 2 shows an example of a message structure in the
transmission system.

FIG. 3 shows a table showing an example of messages 1n
the transmission system.

FIG. 4 shows a table showing an example of message
parameters in the transmission system.

FIG. 5 shows an example of message transmission and
reception 1n the transmission system.

FIG. 6 shows a block diagram showing an example of a
cable.

FIG. 7 shows an example of message transmission and
reception 1n the transmission system.

FIG. 8 shows a table showing an example of message
parameters in the transmission system.

FIG. 9 shows a table showing an example of message
parameters in the transmission system.

FIG. 10 shows a table showing an example of message
parameters in the transmission system.

FIG. 11 shows an example of message transmission and
reception 1n the transmission system.

FIG. 12 shows an example of message transmission and
reception 1n the transmission system.

FIG. 13 shows a block diagram showing an example of a
cable.

FIG. 14 shows a table showing an example of device infor-
mation description.

FIG. 15 shows a table showing an example of message
parameters in the transmission system.

FIG. 16 shows a block diagram for explaining an example
of wireless transmission.

FIG. 17 shows a table showing an example of message
parameters in the transmission system.

DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention will be explained.
Embodiment 1:

FIG. 1 1s a block diagram showing an example of a trans-
mission system of this embodiment, in which a source device
11 1s connected to a sink device 21 via a cable 32, a power 1s
supplied from the sink device to the source device, and a
video signal 1s transmitted from the source device to the sink
device.

The source device 11 1s a video signal transmitting device
such as a disk player, a disk recorder, a semiconductor
recorder, a broadcasting recetver, a game machine, or a per-
sonal computer (PC). The source device 11 has a reproducer
111 for reproducing a video signal from data obtained from a
storage medium such as an optical disk, a magnetic recording,
disk or a semiconductor memory or from a network; a video
transmitter 112; an EDID (Extended Display Identification
Data) reader 113; a CEC (Consumer Electronics Control)
communication unit 114; a voltage detector 115; a DDC
(Display Data Channel)+5V supplier 116; an HPD (Hot Plug
Detect) detector 117; a controller 118; and a power supply
circuit 119.

The sink device 21 1s a video signal reception device which
includes such a display device as a liquid crystal display, a
plasma display, an organic EL. display. The sink device 21
turther includes a display 211, a video receiver 212, an EDID
memory 213, a CEC communication unit 214, a current lim-
iter 215, an HPD output 216, a controller 217, a power sup-
plier 218, and a power supply circuit 219. In this connection,
the sink device 21 may have such an arrangement as to
include a tuner, a descrambler, a demultiplxer, a decoder or a
video recording function for processing broadcast waves
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received at an antenna, and as to be capable of reproducing
video contents only with the sink device alone.

The cable 32 is a cable for connecting between connectors
312 to 317 of the source device and connectors 332 to 337 of
the sink device, and 1s, for example, an HDMI 0 converter
cable. The cable 32 has an electrical to optical converter 321,
a optical to electrical converter 322, an optical fiber 327, an
EDID acquirer 323, a CEC communication unit 324, a con-
troller 325, and a power supply circuit 326.

An example of the structure of a message for exchange
among the CEC communication unit 114, the CEC commu-
nication unit 214, and CEC communication unit 324 1s shown
in FIG. 2. As shown 1n Patent Document 2, a CDC message 1s
defines as one of CEC messages, which includes start bit
showing the header of the message, followed by CEC header
block having logical and physical addresses of transmission
and reception devices of the message, CEC opcode block
indicative of being CDC message, initiator physical address
indicative of physical address of the message transmission
device, CDC opcode indicative of type of the CDC message,
and CDC parameter indicative of a parameter of the CDC
message.

Explanation will be made 1n connection with the CDC
message as an example. However, the present invention 1s not
limited to the structure of the CDC message. When the CDC
opcode 1s defined for the CEC opcode, the CEC message may
be uses 1n place of the CDC message. Further, a bidirectional
communication message of the DDC (Display Data Channel)
or HDMI Ethernet channel for use in EDID reading may be
also employed.

In the HDMI® system, a source device having an output
terminal, a sink device having an input terminal, and a
repeater device having output and mput terminals have dif-
terent physical addresses 1n principle, but a cable usually has
no physical address. Several description manners of the 1ni-
tiator physical address are considered for the CDC message
1ssued from a cable acquiring no physical address.

For example, the physical address of a source device shown
in the EDID of a sink device 1s considered to be written in the
initiator physical address of the CDC message transmitted
from a cable. For another example, “FFFF” may be allocated
to the mitiator physical address, and information correspond-
ing to the physical address of the source device may be
described in the parameter of the CDC message.

The latter has a merit that, since the parameter of the CDC
message becomes long with a result of a good commumnication
time but the cable uses a physical address different from the
source device, a risk of erroneous operation of the source
device becomes small. In the following description of the
embodiment, the former will be employed.

FIG. 3 1s a table showing an example of a CDC message. In
the table, <CDC_Power_Request> 1s a message for the
source device to require such current supply as shown by a
parameter [Power_Source] to the sink device (and/or the
cable).

<CDC_Power_Status> 1s a message for the sink device to
inform the source device (and/or the cable) of start of such
current supply as shown by a parameter [Power_Sink].
<CDC_Power_Notice> 1s a message for the sink device to
previously notily the source device (and/or the cable) of a
change 1n such supply current as shown by a parameter [Pow-
er_Sink].

<CDC_Power_Request_C> 1s a message for the cable to
require such a current supply as shown by a parameter [Pow-
er_(Cable] to the sink device. <CDC_Power Notice C> 1s a
message for the cable to previously notily power stoppage to
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the source device during power supply from a unique power
source other than the power supply from the sink device to the
source device.

FIG. 3 shows responses to the respective messages 11 des-
tination devices support the functions of the present inven-
tion.

In FIG. 3, further, when different message names (that 1s,
different opcodes) for requesting power supply are used for
the source device and the cable, one of the messages which 1s
1ssued from one of the source device and cable can be distin-
guished from the other, even 1 a common physical address 1s
used 1n the mitiator physical address for the source device and
the cable. This may be defined in such a manner that the
message name 1s commonly used to the source device and the
cable and different device types are added 1n their parameters
to be distinguishable between the source device and the cable.

A distinction between the source device and the cable may
also be made 1n such a manner that the number of parameters
1s changed, for example, the request current of a source device
1s described for the source device, and the request current of
the cable a current capable of being supplied to the source
device are described for the cable.

FIG. 4 1s a table showing an example of message param-
eters. [Power_Source] indicates need or no need of power
supply by 1 bit. [Power_Sink] 1s made of [ Input Port Number]
of 4 bits corresponding to numbers of input terminals for
power supply, [P_Source] of 2 bits indicative of the status of
power supply to the source device, and [P_Cable] of 2 bits
indicative of the status of power supply to the cable.

[Input Port Number] 1s expressed by 4 bits corresponding
to the mput terminal numbers of the sink device, which indi-
cate the physical address of a source device as a connection
destination when combined with the imtiator physical
address 1n the CDC message. The mput terminal number may
be replaced with the physical address (that 1s, the physical
address written 1n the EDID of the corresponding input ter-
minal) of 2 bytes of the connection destination. In order to
suppress the message length and shorten a communication
time, however, the use of the mput terminal number of 4 bits
1s desirable.

|[P_Source] includes “No Power” indicative of no power
supply to the source device, “Half Power™ indicative ol sup-
ply of half of a predetermined power, “Power_S” indicative of
supply of the predetermined power from the sink device, and
“Power_C” mndicative of supply of the predetermined power
from a power source provided in the cable independently of
the sink device. [P_Cable] includes “No Power” indicative of
no power supply from the sink device to the cable, “Half
Power” indicative of supply of half of the predetermined
power, and “Full Power” indicative of supply of the predeter-
mined power.

|[Power_Cable] 1s made up of [ Wire] of 3 bits indicative of
whether or not utility terminals at both ends of the cable are
connected so that the power can be supplied, [P_Source] of 2
bits indicative of the status of power supply to the source
device, and [P_Cable] of 2 bits indicative of the status of
power supply to the cable. [Wire| indicates a connection
status “Connect” and a no connection status “No Connect”.
[P_Source] and [P_Cable] have the same meanings as 1n the
alorementioned parameter [P_Source] and thus explanation
thereof 1s omitted herein.

In FIG. 4, such a status that the power from the sink device
1s divided into halves by the source device and the cable, 1s
defined. For simplicity of the explanation, however, 1t 1s obvi-
ous that such a status may be removed and such an exclusive
control may be provided that, when one of the source and sink
devices recerves the power, the other device cannot recerve 1t.
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FIG. 5 shows an example of message transmission and
reception. Explanation will be made as to the operation of a
transmission system by referring to FIGS. 1 to 5.

First of all, a power, e.g., SV, 65 mA for booting the trans-
mission system 1s supplied from the power supplier 218 of the
sink device 21 to the power supply circuit 119 of the source
device 11 via the current limiter 2135, a utility terminal 335,
the cable 32 and a utility termunal 315 (step 701).

The power supply circuit 119 of the source device 11
supplies a power to the HPD output 216 and the power supply
circuit 219 of the sink device 21 through a DDC+3V supplier
116, a DDC+5V terminal 316, the cable 32 and a DDC+5V
terminal 336 (step 702).

The HPD output 216, when receiving the power, sends a
logical level indicative of completion of cable connection,
e.g., “H” to the HPD detector 117 of the source device 11
through the HPD terminal 337, the cable 32 and the HPD
terminal 317 (step 703).

Cable connection information detected by the HPD detec-
tor 117 1s informed to the controller 118, which in turn
instructs the EDID reader 113 to read out the EDID. The
EDID reader 113 reads out the EDID having information
about the reception capability of the sink device written
theremn from the EDID memory of the sink device 21,
acquires the information, and then informs the controller 118
of the information (step 704).

At this time, the EDID acquirer 323 of the cable 32 moni-
tors a signal on the cable, and acquires information required at
least by the cable 32 1n the EDID acquired by the source
device, for example, information or the like relating to the
physical address of the source device expressed 1n a combi-
nation of the physical address of the source device and the
input terminal number connected by the cable. In this way, the
source device 11 and the cable 32 acquire the physical address
of the source device from the EDID (step 705).

The power supplied from the power supplier 218 1s
divided, for example, mnto maximum 5 mA (supplied from the
HPD terminal 335) for the operation of a circuit block 1n the
cable 32, maximum 5 mA for the operation of a circuit block
in the source device 11, and 55 mA outputted from a DDC+
SV terminal 316 to the cable 32 and also to the sink device 21
from the source device. A power, 5V, maximum 55 mA,
supplied from the DDC+5V supplier 116 1s defined according
to DDC Standards, that 1s, the power supplied from the DDC+
SV supplier 116 1s used so that the source device returns 5 mA
from the DDC+5V terminal 316 to the cable 32 and returns 50
mA to the sink device 21.

Thus, when the sink device 21 supplying the system boot-
ing power from the utility terminal 335 defines a consumption
current from a DDC+5V terminal 336 as maximum 10 mA,
and when lacking maximum 40 mA is mterchanged within
the power supply circuit 219; a current flowing through the
cable can be reduced and thus a power loss can be advanta-
geously suppressed. In this case, a power to be supplied from
the utility terminal 3335 of the sink device for booting the
transmission system becomes a total of 25 mA, that 1s, maxi-
mum 35 mA for the source device, maximum 10 mA for the
cable (5 mA from the utility terminal and 5 mA from the
DDC+5V terminal), and maximum 10 mA (to be supplied
from the DDC+3V terminal to the HPD output 216 and to the
EDID memory 213) for the sink device.

A message <CDC_Power_Request_C>["Connect”, “No
Power”, “Full Power”] 706 for requiring the sink device 21 to
supply a necessary power necessary lfor the cable 32 sends
from the CEC communication unit 324 of the cable 32 to the
CEC communication unit 214 of the sink device 21. For
simplicity of the subsequent explanation, “CEC communica-
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tion unit” 1s omitted and description 1s made simply by “the
message 1s sent from the cable 32 to the sink device 21, The
message 706 can be received even at the source device 11.
However, since there 1s no change in the power reception
status of the source device 11, and 1n particular, since internal
control operation or response 1s not required, the message 706
directed toward the source device 1s shown by a dashed-line
arrow.

The power supplier 218 of the sink device 21 supplies, e.g.,
SV, 500 mA to the power supply circuit 326 ofthe cable 32 via
the utility terminal 335 (step 707). The sink device 21 informs
the cable 32 of a message <CDC_Power_Status>[*1", “No
Power”, “Full Power”] 708 to mform start of supply of a
power to the cable 32, so that the power supply circuit 326 of
the cable 32 starts to use 500 mA (step 709). In this case, 1t 15
assumed that the cable 32 1s connected to an mput terminal
number 1 (not shown) of the sink device 21.

The power supply circuit 326 supplies a power to the elec-
trical to opticalelectrical to optical converter 321 and also to
the optical to electrical converter 322. With this, a video
output of the reproducer 111 is output from the video trans-
mitter 112 to a video terminal 312 in the form of an electric
video signal, 1s converted by the electrical to opticalelectrical
to optical converter 321 to an optical video signal, and then
sent to the optical to electrical converter 322 by the optical
fiber 327. The transmission of the optical signal through the
optical fiber enables easy transmission of the optical signal by
a distance longer than the transmission of an electric signal.
The optical signal 1s converted by the optical to electrical
converter 322 to an electric video signal, and then outputted to
a video terminal 332. The video receiver 212 receives the
output electric video signal and displays it on the display 211
in the form of a video.

When it 15 desired for the source device 11 to receive a
power, the source device sends a message <CDC_Power_Re-
quest>[“Need”’] 710 to the sink device 21 and also to the cable
32. The sink device, which 1s supplying a power to the cable,
returns a message 711 <CDC_Power_Status>["17, *No
Power”, “Full Power”’] indicating that the sink device cannot
supply a power to the source device 11, to the source device
11. At the same time, the source device informs the source
device 11 and the sink device 21 of the fact that the cable 32
1s using a power, with use of a message 712 <CDC_Power_
Request_C>[*“Connect”, “No Power”, “Full Power™].

Since the message 712 1s the same as a message by which
the cable requests power supply, the message 712 to the sink
device 1s overlapped with the message 711. However, the sink
device returns a message <CDC_Power_Status>[“1", “No
Power”, “Full Power’| 713 to the cable 32. In order to avoid
the overlap of the messages 711 and 713, the message 711 can
be omitted when the message 712 1s first sent as a response
message to the message 710. To this end, the response mes-
sage to the message 710 may be set so that the sink device 21
1ssues the message later than the cable 32 by prolonging the
bus 1dle momitor time of the sink device or by returning the
message after a predetermined time, €.g., about 0.1 seconds.

At this time, the sink device 21 may respond to the message
711 with a message <CDC_Power_Notice>[*1”, “Halfl
Power”, “Half Power”] indicative of previous notification of
a change 1n power distribution, and may respond to 1t with the
message 712 for the cable 32 to request the continuous supply
sustainment of full power.

In this way, it 1s desirable in principle that the power sup-
plying side determine power distribution instruction and
power distribution to the currently-power-recerving device be
preferential. Further, when a device receiving a power to be
used and the power becomes unnecessary, 1t 1s preferable in
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principle that the power supply be quickly returned to
increase an opportunity of power supply to a necessary
device.

When the cable 32 stops its power use as when the trans-
mission of a video signal 1s completed (step 714), the cable 32
sends a message 715 <CDC_Power_Request_C>[*“Con-
nect”, “No Power”, “Full Power”’] indicative of power recep-
tion stoppage to the sink device. The sink device stops the
power supply (step 716), and informs the source device 11
and the cable 32 of the fact with the message <CDC_Power_
Status>["“1", “No Power”, “No Power”| 711.

Even when the source device 11 transmits no video signal,
the source device, for example, when the source device 1s a
mobile device, may need a power 1n order to charge a built-in
secondary battery. The source device 11 transmits a message
<CDC_Power_Request>[“Need’] 718 to the cable 32 and to
the sink device 21. When the cable 32 1s connected to a utility
line to supply a power and 1t 1s unnecessary for the cable 32 1n
turn to use the power continuously, a response 1s not neces-
sary 1n particular. However, the cable may respond to it with
a message <CDC_Power_Request_C>["Connect”, “Pow-
er_S”, “No Power”’] (not shown).

The sink device 21 starts supply of a predetermined power,
SV, 500 mA (step 719), and informs the source device 11 of
start of the power supply with a message 720 <CDC_Power_
Status>[“1"", “Power_S”, “No Power”’], and the source device
11 starts use of the predetermined power (step 721).

When the sink device 21 uses another function using the
utility line, for example, when the sink device uses transmis-
s1on of a packet signal or a voice signal or when 1t 1s desired
to stop the power supply through user’s operation; the sink
device mforms the source device 11 of the fact with a message
<CDC_Power_Notice>[*1”, “No Power”, “No Power”] 722.
The source device 1s put 1n 1ts power use stopping operation.
When a time for backup or the like becomes necessary 1n the
power stopping operation, the source device transmits a mes-
sage <{CDC_Power_Request>[“Need”] 723 to require the
continuous power supply to the sink device 21.

When the sink device 21 continuously supplies the power,
the sink device transmits a message (not shown)<CDC_Pow-
er_Status>[*1”, “Power_S,)” “No Power”]| to the source
device. When the sink device performs its power supply stop-
ping operation, however, the sink device sends a message
<CDC_Power_Notice>[*1", “No Power”, “No Power’| 724
to the source device 11 at time intervals of a predetermined
time, e.g., 5 seconds. In case of emergency as when the main
power switch of the sink device 21 1s turned OFF or the like,
the sink device 21 suddenly may stop its power supplying
operation without issuing the message 724. Thus, such a
situation has to be beforehand considered to the source device
11.

The source device 11, after stopping 1ts power supply (step
725), transmits a message <CDC_Power_Request>[“No
Need”] to the sink device 21. The sink device, after stopping,
its power supplying operation (step 727), sends a message
<CDC_Power_Status>[“17, “No Power”, “No Power”]
indicative of stoppage of the power supply to the source
device 11. In this connection, even 1n the case of the power
supply stoppage, when 1t 1s intended for the sink device to
reboot the transmission system, the sink device can continu-
ously supply a power of about 5V, 65 mA or 25 mA as a
booting standby power (step 701).

When the source device receives the power supply, an
clectric wire connecting between the utility terminal 335 and
315 may have high resistances, so that a voltage applied to the
source device 11 becomes too low compared to an output
voltage of the sink device 21, 1n some cable 32. For example,
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assume now that the electric wire has a resistance of 5¢2 and
a supply current 1s 500 m A with respectto an output 5V of the
sink device 21. Then it 1s considered that a voltage drop of
2.5V occurs and a voltage applied to the source device 11
becomes 2.5V.

As aresult, the voltage drop may possibly cause erroneous
operation of the source device or troubles including heat
generation 1n the cable. To avoid this, the voltage detector 115
1s required to be provided in the source device 11 so that,
when the predetermined voltage 1s not higher than, e.g., 4V,
the controller 118 recerving the detection result of the voltage
detector 115 controls the power supply circuit 119 to suppress
or stop the use power. In addition, when a current limiter
having a margin value of about 10% of a predetermined
maximum current supply 1s provided even 1n the sink device
21, a protection function 1s further enhanced.

In this way, the sink device supplies power not only to the
source device but also to the cable requiring an external
power. Then, long-distance transmission using optical fiber or
the like becomes much easier to use because a special power
source 1s not necessary Explanation has been made 1n con-
nection with the cable as an example.

However, some of HDMI® repeater devices copy an EDID
shown by the sink device and transmit 1t to the source device,
so that the physical address of the source device 1s overlapped
with the physical address of the repeater device. Even such a
repeater can receive power supply by using such a message
for the active cable as mentioned above.

Embodiment 2:

Another embodiment of the transmission system 1n accor-
dance with the present mnvention will be explained by refer-
ring to FIGS. 6 and 7. FIG. 6 1s a block diagram of a part of a
cable. A cable 34 1s replaced by the cable 32 of FIG. 1, and

includes a source device 11 and a sink device 21 both having
similar structures to those 1n FIG. 1, and theretfore the struc-
tures are not illustrated.

In FIG. 6, blocks having the same or equivalent functions
are denoted by the same reference numerals. FIG. 6 1s differ-
ent from FIG. 1 1n that a switch 341 1s added between DDC
terminals 313 and 333 for reading out EDID information; a
utility terminal 315 1s separated from a utility terminal 335,
power supply circuits 343 and 326 are provided to the respec-
tive separated utility terminals; a DDC+5V terminal 316 1s
separated from the DDC+5V terminal 336 and an DDC+35V
terminal 317 1s separated from an DDC+5V terminal 337, an
HPD output 344, an HPD detector 346, and a DDC+5V
supplier 345 are added to the separated DDC+3V and HPD
terminals.

A message structure, a message type, and message param-
cters 1n the embodiment 2 are the same as message structure
(FIG. 2), message type (FIG. 3), and message parameters
(FI1G. 4) 1n the embodiment 1. FIG. 7 shows an example of
message transmission and reception.

The sink device 21 supplies a power of, e.g., +5V, maxi-
mum 25 mA as a standby power to the power supply circuit
326 of the cable 34 via the utility terminal 335 (step 801). The
power supply circuit 326 of the cable 34 supplies a power of
+5V to the sink device 21 via the DDC+5V supplier 345 (step
802). The sink device 21 changes the level of the DDC+5V
terminal 337 from “L” to “H” (step 803).

The HPD detector 346 of the cable 34 detects the level
change and informs the controller 325 of the level change.
After the controller 325 turns OFF the switch 341, the EDID
acquirer 323 reads out the physical address of the source
device included in the EDID information of the sink device 21
and acquires the read-out physical address (steps 804 and

805).
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In the embodiment 1, when the source device reads out the
EDID of the sink device, the EDID acquirer intercepts the
read-out signal. In the present embodiment, however, since
the source device boots the transmission system prior to start
of EDID reading operation, the EDID acquirer of the cable 34
1s set to be able to singly read out the EDID information. At
this time, in order to prevent of erroneous operation of the
EDID reader of the source device, the switch 341 1s provided.

Accordingly, the switch 341 1s set at 1ts OFF state 1n a time
period during which the source device 11 does not read out
the EDID and the cable 34 singly performs 1ts EDID reading,
operation. In a time duration other than the EDID reading
operation period of the cable 34 alone, the switch 341 1s put 1n
its connected state. When the cable length 1s long, provision

of a bufter between the DDC terminals 313 and 333 enables

increased reliability of DDC communication.

The cable 34, after acquiring the physical address, sends a
message <CDC_Power_Request_(C>["No Connect”, “No
Power”, “Full Power’] 806 requiring power supply to the sink
device 21. The sink device 21 starts supply of a power of, e.g.,
+35V, maximum 500 mA from the utility terminal 3335 to the
power supply circuit 326 of the cable 34 (step 807). The sink
device sends a message <CDC_Power_Status>[*1”, “No
Power”, “Full Power’’| to the cable 34 to inform the cable of
start of the power supply. The cable 34 starts use of the power
of +5V, maximum 300 mA (step 809) to put the optical to
clectrical converter 322 in 1ts signal reception preparing
operation.

The source device 11 i1s activated and supplies a power of,
¢.g., SV, maximum 55 mA to the DDC+5V terminal 316 (step
810). The power supply circuit 343 supplies 1ts power to the
clectrical to optical converter 321, and the HPD output 344
changes the level of the DDC+3V terminal 317 from “L” to
“H” only while the HPD detector 346 detects the fact that the
DDC+5V terminal 337 1s at “H” level (step 811).

Since the EDID information cannot be read out from the
EDID memory of the sink device 21 during “L” level of the
HPD terminal 337, the HPD terminal 317 1s kept at the “L”
level. When the HPD terminal 1s changed to the “H” level, the
source device 11 reads out the EDID information of the sink
device 21 through the DDC terminal 312 and 333 (steps 812,
813). At thus time, the EDID acquirer 323 of the cable 34
intercepts the EDID information, confirms information asso-
ciated with the physical address of the source device 11, and
if there 1s a change therein, then acquires the changed infor-
mation. On the basis of the latest information, message trans-
mission and reception are carried out.

When the source device 11 sends a message <CDC_Pow-
er_Request>[“Need”] 814 to request power supply, the sink
device 21, which is already supplying power to the cable 34
and has no allowance for the power supply, responds to 1t with
a message <CDC_Power_Status>[*“1", “No Power”, “Full
Power”] 8135 to disable the power supply.

Not only when the source device has no allowance for the
power supply but also when no connection of the utility line
1s already known from the message 806, the sink device
responds to 1t with the same message 815 indicative of the
disabled power supply. When no connection of the utility line
1s not known and when no power 1s supplied to the cable, the
sink device responds to 1t with a message <CDC_Power_Sta-
tus>[“1", “Power_S”’, “No Power”’] (not shown) at the same
time as the start of the power supply.

When the cable 34 when receiving the message 814,
receives power supply at the power supply circuit 343 from a
not shown power source; starts power supply to the source
device 11 (step 816), and also informs the source device 11
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and the sink device 21 of the fact, with the message
<CDC_Power_Request_C>[*No Connect”, “Full Power”,
“Full Power™’| 815.

The sink device 21 1ssues a message <CDC_Power_Sta-
tus>[*“1", “Power_C, “Full Power”| 817 to confirm the

power supply status, and the source device starts use of a
power ol +5V, maximum 3500 mA (step 818). If the power
supply status 1s different, then the source device 11 or the
cable 34 1ssues a power request message for 1ts medication.

When 1t 1s desired for the sink device 21 to stop the power
supply through user’s operation of the sink device 21 or the
other means, the sink device 1ssues a message <CDC_Pow-
er_Notice>[*“17, “Power_C”’, “No Power’| 819. The cable 34,
when receiving a power supply stop request, accepts a power
supply stoppage from the sink device 21, and 1ssues a mes-
sage <CDC_Power_Notice_ C>[*“No Connection”, “No
Power”, “No Power”] 821 to previously notily the source
device 11 to the power supply stoppage.

The cable 34 responds to 1t with a message <CDC_Pow-
er_Request_C>[“No Connect”, “Power_C”, “Full Power”]
when the cable 34 does not accept the power supply stoppage
from the sink device 21, and responds to it with a message
<CDC_Power Notice C>[*No Connect”, “No Power”,
“Full Power”] when 1t 1s desired to firstly stop power supply
to the source device.

The sink device 21 regards the cable 34 as having accepted
the power supply stoppage and stops the power supply (step
821). At the same time, the sink device responds to 1t with a
message <CDC_Power_Status>|*17, “Power_C”, “No
Power”| 822.

When the source device 11 wants to request power supply
continuation in response to the message 821, the cable 1ssues
amessage <CDC_Power_Request>[“Need”’] 823 for the con-
tinuation request. A response message ol the source device 11
to the same message 823 becomes the message <CDC_Pow-
er_Status>|“1", “Power_C”, “No Power”’| 822.

When 1t 1s desired for the cable 34 to continuously stop the
power supply to the source device 11, the cable issues a
message <CDC_Power_Notice_C>[*“No Connection”, “No
Power”, “No Power”] 824 at intervals of a predetermined
time, €.g., about 5 seconds or more. When the source device
11 stops the use of a power, +5V, maximum 500 mA (step
825), the source device sends a message <CDC_Power_Re-
quest>[“No Need”] 826 to the cable 34 and also to the sink
device 21.

In response to 1t, the sink device 21, the sink device 21
1ssues a message <CDC_Power_Status>[“1", “No Power”,
“No Power”] 827. The cable 34, on the other hand, stops
supply of the power of +5V, maximum 500 mA, to the source
device 11 (step 828), and responds to 1t with a message
<CDC_Power_Request_(C>[*No Connect”, “No Power”,
“No Power”| 829.

As aresponse to the message 829, the sink device 21 1ssues
the message <CDC_Power_Status>[*“1", “No Power”, “No
Power”’]| 8277 to confirm the current status. In this connection,
when the cable 34 1ssues the message 829 before the sink
device 21 1ssues the message 827, the message 827 may be
omitted and 1t may be replaced with only a message 830.
When the timing of 1ssuing the message 827 1s set to be later
than the usual response, for example, by about 0.1 seconds,
the possibility of omitting the message 827 can be increased
and heavy traific of the message communication channel can
be avoided.

As has been mentioned above, since the power supply from
the sink device to the cable and the power supply from a cable
having an independent power source to the source device can
be obtained, the system can be operated even when the cable
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has, at 1ts sink device side, an 1nsuflicient power source and
the source device has an insuificient power source, thus
improving its the convenience of use.

Embodiment 3:

A flexible embodiment capable of adjusting a current sup-
ply amount stepwise will be shown. In the present embodi-
ment, a block diagram of a transmission system, a message
structure and a message example are substantially the same as
those 1n FIGS. 1, 2 and 3 explained in the embodiment 1, and
explanation thereof 1s omitted.

In place of parameters 1n FIG. 4, message parameters
defined in FIGS. 8, 9 and 10 are used. A maximum current use
amount [Source Current] for a source device a maximum
current use amount [Cable_Current] for a cable are prepared
respectively to have 5 sorts of 125 mA units ina range of O and
500 mA and a type of 5 mA as a standby mode. A maximum
current supply amount [Sink_Current] for a sink device are
set to be stepwise incremented by 25 mA so that 25 mA can be
incrementally added as a standby current.

In this case, “O mA” 1n [Sink Current] indicates that a
current supply capability 1s smaller than 25 mA, and has no
capability of supplying the standby power. In the present
embodiment, the supply voltage 1s assumed to be +5V. How-
ever, any other voltage can be employed so long as the supply
voltage 1s previously set. Further, similarly to the maximum
current parameter, even voltage settings may be defined as
combinations between arbitrary voltages and maximum cur-
rents by adding to parameters.

In the standby mode, 5 mA 1s assumed for the internal
controller of each of the source device and the cable as a
standby power source, a power 1n a range of (DDC+5V) to 10
mA 1s assumed as EDID reading for the sink device, and a
preliminary current 5 mA prescribed 1n the DDC Standards
(the source device supplies 55 mA and the sink device use
maximum 50 mA) 1s added so that the sink device has a
supply current of 25 mA.

In addition, check sum is provided for each message and a
message having an incorrect check sum 1s 1gnored. Thus,
when a predetermined response message cannot be obtained,
the message 1s again transmitted. As a result, a transmission
system having a high reliability can be obtained. A parameter
|[Power2] shown in FIG. 10 indicates that power supply 1s
made from an independent power source having a cable sec-
tion to a source device. Since the other parameters are sub-
stantially the same as those 1n FIG. 4, detailed explanation
thereof 1s omitted.

FIG. 11 shows an example of message transmission and
reception. The operation of the example will be explained by
referring to FI1G. 11. In the drawing, explanation of a param-
cter [Check_sum ] 1s omitted. Steps until the source device 11
and the cable 32 acquire physical addresses are substantially
the same as the steps of FIG. § already explained in the
embodiment 1, and explanation thereof 1s omitted.

The cable 32 sends a message <CDC_Power_Request_C>
[“Connect™, “None”, “150 mA”, “5S mA”, “125 mA™] 736 to
the sink device 21 to request a power supply of 125 mA, and
the sink device 21 starts supply of maximum 150 mA (step
737). The sink device informs the cable 32 and the source
device 11 of the fact of the started supply of maximum 150
mA to the cable, with a message <CDC_Power_Status>[*1",
“130mA”, “5mA”, “125 mA”] 738. A supply start current to
the sink device 21 1s set to have any value so long as the supply
start current 1s not lower than a requested value. For example,
supply of a more current may be set so that the sink device
1ssues a message <CDC_Power_Status>[*17, 525 mA”, *“5
mA”, “125 mA”| or a message <CDC_Power_Status>|*1",
“400 mA”, “125 mA”, “250 mA”]. The cable 32, when
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receiving the message 738, starts the use of a current of
maximum 125 mA (step 740).

In the message 736, when a total of maximum currents to
be consumed by the source device and the cable exceeds the
maximum supply current of the sink device (except when the
cable has 1ts own power source) and when [Check sum] 1s
incorrect; the sink device does not start the current supply, or
starts supply of an amount of current appropriately estimated
and sends a corresponding response message. Similarly, 1n
the message 738, when a total of maximum currents to be
consumed by the source device and the cable exceeds the
maximum supply current of the sink device and when [ Check

sum| 1s 1ncorrect; the cable 32 again transmits the message
<CDC_Power_Request_C>["Connect”, “None”, “150 mA,

“SmA”, “125mA”] 736 to the sink device 21, thus increasing
the reliability of the current supply of the transmission sys-
tem.

The source device 11 next ftransmits a message
<CDC_Power_Request>[“325 mA”, “375 mA”] 740 to the
sink device 21 to request current supply of maximum 373
mA. The sink device 21 starts supply of a current not smaller
than a total value, e.g., 525 mA of 125 mA of the cable and
375 mA of the source device (step 741), and notifies the
source device 11 and the cable 32 of the fact, with a message
<CDC_Power_Status>[*“1", “525 mA”, “375 mA”, “125
mA”™| 742 to designate the maximum use current values of the
source device and the cable. In response to the notification,
the source device 11 starts use of the current of 375 mA (step
743).

For example, when the source device 11 stops video output
and uses the current so far used for video transmission of the
cable 1n order to speed up charging of a built-in optical bat-
tery; the source device sends a <CDC_Power_ Request>
[“500 mA”, “3500 mA”] message 744 to the cable 32 and the
sink device 21 to request a current of 500 mA.

The cable 32 stops use of a current of 125 mA, uses only a

standby current of 5 mA (step 745)), and sends a message
<CDC_Power_Request_C>["Connect™, “*None™, *525 mA”,

“500 mA”, “5 mA”’| 746 indicative of direction of 500 mA
among the supply current of 525 mA of the sink device 21 to
the source device 11, to the sink device 21.

The sink device 21 sends a message <CDC_Power_Sta-
tus>[*“17, “525 mA”, “500 mA”, “5 mA”] 747 to the source
device 11 to confirm the message 746 from the cable 32, and
the source device 11 1n turn, when recerving the message 747,
starts use of the current of 500 mA (step 749).

When 1t 1s desirable for the cable 32 to stop the current
supply to the source device 11, sends a message (not shown)
<CDC_Power_Notice_C>[*“Connect”, “None”, “25 mA”™, “0
mA”, “5 mA”] to the source device 11 or sends a message
<CDC_Power_Request_C>["Connect”, “None™, “25 mA”,
“OmA”, “SmA”] 749 to the sink device 21, and informs the
source device 11 of the fact, with a message <CDC_Power_
Notice>[“17, “25 mA”, “O mA”, “5 mA”] 750 as a response
message to the sink device 21.

When 1t 1s desirable for the source device 11 to continue the
current use, the source device 11 informs the sink device and
the cable of the fact, with amessage <CDC_Power_Request>
[#525 mA”, “500mA”] (not shown). When it 1s desired for the
source device 11 to stop the current use (step 751), the source
device 11 informs the sink device 21 of the fact, with a
message <CDC_Power_Request>[*25 mA”, “0 mA™| 752.

The sink device 21 reduces the supply current from 525
mA to 25 mA, and informs the source device 11 and the cable
32 of the fact, with a message <CDC_Power_Status>[“1”,
“25 mA”, “0 mA”, “5S mA”] 754 indicative of the current

status as a response message.
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In accordance with the present embodiment, since a current
supply amount of the sink device can be flexibly adjusted
according to a current use amount of the source device or the
cable, a power use efficiency of a power supply part or a
power supply circuit 1n the sink device can be advantageously
increased and the power consumption of the sink device can
be advantageously reduced. Further, when interchange 1s
made flexibly between the use currents of the source device
and the cable, the full potential of the functions of the source
device and the cable can be utilized.

Embodiment 4:

FIG. 12 shows another example of the message transmis-
s1ion and reception when the cable 34 of FIG. 6 used 1n the
explanation of the Embodiment 2 1s combined with message
parameters 1 FIGS. 8 to 10 used 1n the explanation of the
Embodiment 3. Similarly to FIG. 11, description of the
parameter [Check sum] 1s omitted. In FIG. 12, steps 841 to
853 until the source device 11 and the cable 34 acquire their
physical addresses are substantially the same as those of FIG.
7 explained 1n the Embodiment 2, except that a step 850 of
supplying a standby power of, e.g., +35V, 25 mA, to the utility
terminal 315 from 1ts own power source of the cable 34 1s
added.

Addition of the power supply step 850 enables the supply
power of the cable 34 to the utility terminal can be used for the
supply power of the source device 11 to the DDC+5V termi-
nal 316.

When the source device requires a current of S00 mA, the
source device sends a message <CDC_Power_Request>
[525 mA”, “500 mA”’] 855 to the cable 34 and to the sink
device 21, without paying any consideration of a special
situation as when the cable has its own power source therein
or when the utility line 1s not connected. Since the sink device
21 acquires the fact of disconnection of the utility line of the
cable 34 on the basis of a message 846, adjustment based on
the message <CDC_Power_Notice>[*17, “325 mA”™, “375
mA”, “125mA”] 1s difficult. Thus the sink device 21 responds
to 1t with a message <CDC_Power_Status>[*1"", “125 mA”,
“SmA”, “125mA”] 856 indicative of the current distribution.

The cable 34 having its own power source, on the other
hand, starts a current of 525 mA to the source device 1n
response to the message 855 indicative of current request of
the source device (step 857), and therealiter 1ssues a message
<CDC_Power_Request_C>[*“No Connect”, “Independent”,
“150 mA”™, “S00 mA”™, “125 mA”’] 858 to the sink device to
inform it of the fact. The sink device 21 m turn sends a
message <CDC_Power_Status>[*17, “150 mA”, *500 mA”,
“125 mA”] 859 as a response message to confirm 1ts status to
the source device 11, and the source device 11 1n turn starts
use of a current of 500 mA (step 860).

When the sink device 21 became able to supply only the
standby current through user’s operation or the like, the sink
device 21 informs the cable 34 of the fact, with a message
<CDC_Power_Notice>[*17, “25 mA”, “3500 mA”, “5 mA”]
861. When 1t becomes unnecessary to the power continuation
supply, the cable 34 informs the sink device of the fact, with
a message <CDC_Power_Request_ C>["No Connect”,
“Independent”, “150 mA”, “500 mA”, “125 mA”] (not
shown). However, when the current can be shifted to the
standby current of 5 mA, after the shift (step 862), the cable

sends a message <CDC_Power_Request_C>[*No Connect”,
“Independent™, “25 mA”™, “500mA”™, “5 mA”’] 863 to the sink
device 21. The sink device 21 changes the current status to a
status of supply of the standby current of 25 mA (step 864),
and sends a message <CDC_Power_Status>[*17, “25 mA”,
“500 mA”, “S mA”’] 865 to confirm the current status.

10

15

20

25

30

35

40

45

50

55

60

65

14

When 1t 1s desirable for the cable 34 to stop the current
supply to the source device 11 due to provision of 1ts own
power source, the cable sends the message <CDC_Power_
Request_C>[*“No Connect”, “Independent”, “25 mA”, “0
mA”, “5 mA”] 8631 to the sink device 21. In response to a
change request of the cable 34 to the supply current to the
source device 11, the sink device sends a prior notice message
<CDC_Power_Notice>[*“1", “25 mA”, “0 mA”, “5S mA”]
8641 to the source device 11.

The source device stops the current use of 500 mA (step
863), and returns a <CDC_Power_Request>[“25 mA”, “0
mA”] message 866. As 1ts response, the sink device sends a
<CDC_Power_Status>[*“1", “25 mA”, “0 mA”, *“5 mA”]
message 867 to confirm the status. The cable 34, after rece1v-
ing the message 866 or 867, stops the current supply of 525
mA to the source device 11.

The present embodiment has a merit that the need for using
a <CDC_Power_Notice_C> message can be eliminated and
thus the number of types of messages to be prepared can be
reduced.

As has been explained above, in accordance with the
present embodiment, even when the cable has its own power
source, the supply current can be adjusted between the sink
and source devices, thus enabling formation of a transmission
system having a good handleability.

Embodiment 3:

FIG. 13 shows a block diagram of a cable in another
embodiment. In the drawing, an optical transmitter 41 1s
connected to an optical receiver 51 by a cable therebetween,
the cable including optical fibers 422 and 423 and a bundle of
clectric wires 425. Connection between the optical transmiut-
ter 41 and a source device 11 and connection between the
optical receiver 31 and a sink device 21 are made by simple
cables. The “simple cable” means not such a cable 32 or 34 as
to consume a current but such a cable that corresponding
terminals at both end plugs are electrically connected to each
other by electric lines. When the optical transmitter 41 has
such 1ts own power source as an AC adaptor or when the cable
can be operated only with a power recerved from the source
device, the electric wire bundle 425 can be removed.

The optical transmitter 41 includes a video receiver 412, a
multiplexer 411, an electrical to optical converter 420, a opti-
cal to electrical converter 421, a DDC communication unit
(including an EDID memory) 413, a CEC communication
unmt 414, a controller 417, a current limiter 415, a power
supply circuit 419, and an HPD output 416.

The video receiver 412 recerves a video signal received
from the source device 11, the multiplexer 411 multiplexes
the video signal with control information and so on received
from the controller. The multiplexer may have a function of
receiving 3 primary color signals of RGB 1n parallel and
converting the signals 1n a single serial signal. An output
signal of the multiplexer 411 1s converted by the electrical to
optical converter 420 to an optical signal and sent to the
optical receiver 51 via the optical fiber 422.

The control information applied to the multiplexer 411
includes control operational information of the optical
receiver 51, reception information of the CEC and DDC
communication units 414 and 413. The optical to electrical
converter 421 converts an optical signal transmitted from the
optical recerver via the optical fiber 423 to an electric signal,

transmits the electric signal to the controller 417 to be used at
the CEC and DDC communication units 414 and 413 also as

transmission information.

The optical recerver 51 1ncludes a optical to electrical con-
verter 520, a decoder 511, a video transmitter 512, an elec-
trical to optical converter 521, a DDC communication unit
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(including an EDID reader) 513, a controller 518, an CEC
communication umt 514, a voltage detector 515, a power
supply circuit 519, a DDC+5V supplier 516, and an HPD
detector 517.

The optical to electrical converter 520 converts a signal
received from the optical transmitter 41 to an electric signal,
and the decoder 511 decodes recetves an output of the optical
to electrical converter ito the video signal and control infor-
mation so far multiplexed. The video signal is sent from the
video transmitter 512 to the sink device 21.

The control information 1s sent to the controller 318 to be
used as transmission information of the CEC and DDC com-
munication units 514 and 513. Control operational informa-
tion within the optical transmitter 41 and reception informa-
tion of the CEC and DDC communication units 514 and 513
are sent to the electrical to optical converter 521 via the
controller 518. The electrical to optical converter 521 con-
verts the received information to an optical signal and then
sent into the optical fiber 423.

A major difference between FIG. 13 and FIG. 6 already
explained in the Embodiments 2 and 4 1s 1n that electric lines
tor DDC and CEC communication are replaced with an opti-
cal fiber for therr communication and the cable bundle 1s
simplified for easy long-distance transmission.

With respect to the DDC communication transmission in
FIG. 13, the EDID information of the sink device 21 may be
transierred when the source device 11 reads out the EDID
information; or such EDID information of the sink device 21
that 1s read out by the DDC communication unit 513 of the
optical recerver 51, 1s transmitted to the EDID memory 413 of
the optical transmitter 41 and 1s stored 1n the EDID memory
of the EDID memory 413, may be transmitted. When 1t 1s
desired to transfer the EDID information of the sink device 21
as 1t 1s, the messages and parameters already explained in the
Embodiments 1 to 4 may be used as they are.

FIG. 14 shows an example when the power supply capa-
bility of a device 1s described 1n the form of EDID. A physical
address ABCD to be acquired by a source device as a con-
nection destination 1s shown at the fourth and fifth bytes. An
arca or field where a power supply capability 1s written 1s
newly added at the ninth byte, and the presence or absence of
the area 1s shown at the eighth byte, fourth bit, by a ‘Power_
present’ flag.

When the flag 1s “17, description of the power supply
capability 1s present. In principle, data other than the descrip-
tion of the power supply capability and than the flag indicative
of the presence or absence of the same description area, are
copied as they are from the EDID of the sink device and
previously stored 1n the EDID memory of 1ts own device.

The power supply capability description include ‘Connect-
ing position’ indicative of presence of anywhere between the
sink device and the source device, ‘Power Type’ indicative of
the type of the power supply, and ‘Current’ indicative of an
amount of maximum supply current.

In the °‘Connecting position” field, a sink device 1s
expressed by “00”. When 1 1s added to aread numeral, 1ts own
device can have “““017, “02”, ““03”" 1n an order to be connected
to the sink device. Thus, overlap between the physical
addresses caused by the copying of the EDID and the
unknown connection position can be avoided. When 1t 1s
desired to inhibit the current consumption of the device read-
ing “03” therein and to transmit the EDID to an upstream
source device, erroneous operation can be prevented by
describing “03” as 1t 1s without increasing 1ts numeral.

The ‘Power Type’ field includes ‘No power” indicative of
incapable power supply, ‘Original power’ indicating when 1ts
own device has a power supply capability as when 1ts own
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device has an AC adaptor, and ‘Relay power’ indicating when
power ol 1ts own device supplied to a video output terminal
and consumed 1s partly consumed at 1ts own device and the
remainder 1s supplied to another.

The ‘Current’ description field includes current values
similarly to the parameters 1in FIG. 8, which depend upon the
supply capability of the sink device for the ‘Relay power’ type
device. The ‘Current’ can be changed on a real time basis.
However, 1t 1s preferable that switching between power sup-
ply amounts be made in the form of message exchange using
the bidirectional communication path of the CEC communi-
cation unit or the like.

FIG. 15 shows an example of message parameters assum-
ing that a plurality of devices are connected 1n cascade
between source and sink devices. Ones of the parameters
added when compared with those i FIG. 10 will be
explained. Assuming to use “FFFF” having an unknown
meaning so as not to be overlapped with the physical address
of the source device, 1n the Initiator Physical Address of the
CDC message, the physical address of the source device
corresponding to 2 bytes 1s described in the first part of
parameters, together with ‘Connecting position” data, and the
connection position of its own device can be expressed to be
specified.

Since the ‘Connecting position” can be expressed by 3
locations shown by 1 to 3, the ‘Cable Current’ 1s prepared by
3 locations so that use currents of 3 devices can be described.
Although merely ‘Cable’ 1s shown for convenience of expla-
nation, the ‘Cable’ may include a repeater device.

How messages are transacted concretely 1s substantially
the same as in the Embodiments 1 to 4, and explanation
thereof 1s omitted.

As has been explained above, in accordance with the
present embodiment, even when a plurality of cables or
repeater devices are connected 1n cascade between source and
sink devices, settings of transmission of EDID information
and settings of message exchange current supply can advan-
tageously made automatically.

Embodiment 6:

FIG. 16 shows another embodiment. FIG. 16 1s a block
diagram of an example when a video signal 1s wirelessly
transmitted from a source device 11 to a sink device 21 with
use of a wireless transmitter 43 and a wireless receiver 53.
FIG. 16 1s different from FIG. 13 1n that a wireless transmaitter
431 and a wireless receiver 531 are provided in place of
clectrical to optical conversion, no utility line 1s provided for
power transmission, and a power supplier 418 such as an AC
adaptor 1s provided within the wireless transmitter 43. Mes-
sages, their parameters, operations, etc. are substantially the
same as those 1n the Embodiment 5.

In this example, when a power transmitted from the source
device 11 through the DDC+3V terminal can cover the power
for the wireless transmitter, etc., the power supplier 418
becomes unnecessary. When transaction of messages similar
to transaction of the messages for supplying currents form the
sink device 21 1s made by replacing the sink device 21 with
the source device 11, an amount of current supplied from the
source device 11 to the DDC+5V terminal 316 can be
increased over 55 mA based on the DDC standards.

In this way, when the sink device 21 or the source device 11
supplies a power, such an AC adaptor, which has been neces-
sary within the wireless recerver or transmitter 53 or 43, can
be removed, thus advantageously improving its handleabaility.
Embodiment 7:

FIG. 17 shows another embodiment. FIG. 17 1s a table
showing message parameters, corresponding to the table of
FIG. 4 1n the Embodiment 1. FIG. 17 1s different from FIG. 4




US 9,270,922 B2

17

in that power consumption/supply status of the source device
and the cable are expressed 1n combination to avoid erroneous
setting, and description of the cable connection position
explained 1n the Embodiment 5 1s added.

[Supply_Power]| indicative of the power supply status of a
sink device 1s expressed by “No Power” indicative no power
supply, “Power for Source” indicative of power supply to the
source device, “Power for Cable” indicative of power supply
to the cable, and “Both™ indicative of power supply each half
to the source device and to the cable. Although settings are
required while recognizing the power supply of the cable to
the source device 1in FIG. 4, 1ts operation becomes unneces-

sary and thus the operation of the sink device becomes light 1n
the example of FI1G. 17.

|C_Power] indicative of cable power consumption and
supply 1s expressed by 5 status, that 1s, “None” indicative of
no power consumption of the cable, “Consume Full” indica-
tive of use of full or maximum power of the sink device,
“Consume Half” indicative of use of half the power, “Con-
sume & Supply” indicative of supply of the power from
another AC adaptor to the source device while using the
power from the sink device, and “Supply only” indicative of
no use of the power from the sink device and supply of the
power to the source device.

In the [Connecting Position] indicative of information on
cable connection position, as shown in the Embodiment 5,
memory data in the EDID 1s incremented by 1 for each con-
nection.

In this method, all the cables are required to have a mecha-
nism of incrementing the value by 1, which resulting 1n an
increased circuit scale. To avoid this, a so-called cable having
plugs at its both ends 1s set to only copy connection positional
information at the time of EDID transmission to the next
stage, and connection positional information about only a
so-called repeater device having receptacles (receptacle con-
nectors) at its both ends 1s incremented in units of 2. In the
case ol a special repeater device having a receptacle at one
end and a plug at the other end, 1ts connection information 1s
incremented by 1.

When the connection positional information 1s describe in
a message as positional information, with respect to the so-
called cable, i1ts connection positional mnformation acquired
from the EDID 1s incremented by 1, and the connection
positional immformation of the so-called repeater device 1s
incremented 1n units of 2, whereby the cable and repeater
device can be distinguished from each other by [ Connecting
position] i the message.

An example of message exchange 1s substantially the same
as in the Embodiment 1, and explanation thereof 1s omitted. In
accordance with the present embodiment, less erroneous set-
ting can be obtained and the transmission mechanism of the
connection positional information can be simplified, to
advantage.

In accordance with the respective embodiments, since not
only power supply but also power supply of the sink device to
a relay device such as a cable or a repeater device can be
achieved, 1t becomes unnecessary to provide a power supply
circuit such as an AC adaptor 1n the relay device, and a device
having a good handleability can be provided.

Further, since a remainder power other than the consumed
power of the relay device such as the cable or the repeater
device or the power of its own power source provided 1n the
relay device can be supplied to the source device, such a
power supply circuit such as an AC adaptor of the source
device can becomes unnecessary, and a device having a good
handleability can be provided.
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It should be further understood by those skilled 1n the art
that although the foregoing description has been made on
embodiments of the invention, the invention i1s not limited
thereto and various changes and modifications may be made
without departing from the spirit of the mvention and the
scope of the appended claims.

The mnvention claimed 1s:

1. A relay device adapted to be positioned in a transmission
system for transmitting a video signal from a source device to
a sink device, the relay device comprising:

a video signal recerving unit that receives the video signal

from the source device;

a video signal transmitting unit that transmits the video

signal to the sink device;

a first communication unit that receives a first message

regarding a power supply capability of the sink device;

a second communication unit that transmits a second mes-

sage regarding a power supply capability of the relay
device to the source device;

a 1irst power circuit that receives power supplied by the

sink device; and

a second power circuit that supplies power to the source

device;

wherein an amount of sum of the power supply capability

of the relay device and power consumed at the relay
device does not exceed an amount of power supply capa-
bility of the sink device, and

wherein an amount of power to be supplied from the sec-

ond power circuit to the source device 1s arranged to be
difference between an amount having been supplied
from the sink device to the first power circuit and another
amount consumed at the relay device.

2. The relay device according to claim 1, wherein the
amount of power having been consumed at the relay device
comprises amounts of power consumed at both the video
signal receiving unit and the video signal transmitting unit;
and

wherein the first power circuit 1s arranged to transmit, to the

source device, information on power supply capability
of the relay device having been changed in response to
other information on change of power supply capability
of the sink device.

3. A method for transmitting a video signal from a source
device to a sink device using a relay device, the method
comprising;

receving, at the relay device, the video signal from the

source device;

transmitting, by the relay device, the video signal to the

sink device;
recerving, at the relay device, a first message regarding a
power supply capability of the sink device;

transmitting, by the relay device, a second message regard-
ing a power supply capability of the relay device to the
source device;

recerving, at the relay device, power supplied by the sink

device; and

transmitting, by the relay device, power to the source

device;

wherein an amount of sum of the power supply capability

of the relay device and power consumed at the relay
device does not exceed an amount of power supply capa-
bility of the sink device, and

wherein an amount of power to be supplied from the sec-

ond power circuit to the source device 1s arranged to be
difference between an amount having been supplied
from the sink device to the first power circuit and another
amount consumed at the relay device.
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4. The method according to claim 3, wherein the amount of
power having been consumed at the relay device comprises
amounts ol power consumed at both the video signal receiv-
ing unit and the video signal transmitting unit; and

wherein the first power circuit 1s arranged to transmit, to the 5

source device, information on power supply capability
of the relay device having been changed 1n response to

other information on change of power supply capability
of the sink device.
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