USOORE49766E
(19) United States
12y Reissued Patent (10) Patent Number: US RE49,766 E
Seo et al. 45) Date of Reissued Patent: Dec. 26, 2023
(54) APPARATUS AND METHOD FOR (38) Field of Classification Search
INTERFACING BETWEEN A/V SYSTEM AND CPC ................ G11B 20/10; G11B 20/0021; G11B
PORTABLE DEVICE 20/00086
(71) Applicant: Samsung Electronics Co., Ltd., (Continued)
Suwon-si (KR) (56) References Cited
(72) Inventors: Min-Cheol Seo, Suwon-s1 (KR); U S PATENT DOCUMENTS
Tai-ryong Kang, Suwon-si (KR);
Kyung-soon Song, Seoul (KR); You-jin 5,838,824 A 11/1998 Narikawa et al.
Nam, Pyeongtack-si (KR) 5,914,941 A *  6/1999 Janky ..........cccooer. G11B 20/10
" 370/313
(73) Assignee: Samsung Electronics Co., Ltd., (Continued)
Suwon-s1 (KR) | |
FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 16/560,513
EP 0 756 280 A2 1/1997
: JP 2005-252669 9/2005
22) Filed: Sep. 4, 2019 .
(22) File “P (Continued)
Related U.S. Patent Documents
Reissue of: OTHER PUBLICATIONS
(64) Patent No.: Re. 46,302
Issued: Feb. 7, 2017 “Setting up SoundManager Support”. Feb. 1, 2001 (Feb. 1, 2001),
Appl. No.: 13/846,566 XP055157048, Retrieved from the Internet: URL :http://tascam.com/
Filed: Mar. 18, 2013 content/content/downloads/products/3 14/soundmanager.pdf [retrieved
Which 1s a Reissue of: on Dec. 5, 20141 _
(64) Patent No.: 8,090,884 (Continued)
Issued: Jan. 3, 2012 ‘ ‘ L
Appl. No.: 11/585,988 Primary Examiner — B. James Peikari
Filed: Oct. 25, 2006 (74) Attorney, Agent, or Firm — Jefterson IP Law, LLP
(30) Foreign Application Priority Data (57) ABSTRACT
| An 1interface apparatus and method for transmission and
Nov. 25, 2005 (KR) .oooiiiriienni 10-2005-0113491 reception of a control signal and a digital stream between an

Nov. 25, 2005 (KR) .oooeviiiiiienien, 10-2005-0113492 audio/video (A/V) system and a digital data recording and/or

Jun. 1, 2006 (KR) ....cooeeiiinnii 10-2006-0049566 reproducing device are provided. The device for recording
and/or reproducing digital data includes: a storage umnit

storing digital data encoded in a predetermined format; a

(51) Int. CL

GOOF 13/12 (2006.01) decoder unit decoding digital data stored 1n the storage unit;
GO6L 13/38 (2006.01) an 1nterface unit transmitting the decoded data to an external
(Continued) device; and a control unit controlling the storage unit, the
(52) U.S. CL decoder unit, and the interface unit.
CPC .......... G11B 20/10 (2013.01); G11B 200021
(2013.01); G1IB 20/00086 (2013.01) 44 Claims, 29 Drawing Sheets

I A 5 A R T
Lo d ﬁ"hﬁ'ﬁtjt F

o gy ~

i T
£ 7 S T S e
/i _{’ 2% s
1 %
E’H i %\MRM”
"‘-:E:‘t;._‘:::,...._.mf
VAV
T A
Tl
ioor
ok
3 ;
-
T
-t
0
1y
4
b
b3 -
H i fI—
) oS
S SR Y r it
wH
e T oes 1 R e 1 g " s
i R % % "*T_J:’::' . 3 I i ot {f‘ : ;{,-‘MR,E AL L/1«.::--_§ i Fria e q’;}ﬁw};j;
e Pl B UL gt e BT DAG P
o : F ; Pt : W : NS
i jl Nemtraentansnn ap pnacatn sy i_,-,.; wraraa cah iy s.-,,;q.,,,.“-,.,.,.{.-! LY ; A _}
~ ; ! e Tar T -
e A L PAes %
E ! v .. v . .‘..'.L'III:L.-.-.-H-- d-.-\--:g:'";?:--.-f.-.'\-'.'.-‘r:-h--.-i B =
% :‘f;?af:ang L .,
! -y”ﬁE g?%ﬁ
|k j
ooy Arararacad.d,
. E U Pt .- : N Frr
TEREADE ADDARATI AN SYSTERY

r‘"r e j-\?_ :-\.n.- :'\-n }5 r:'\.-l'\.-
PORTABLE DEVIE
' T xr T

T
Ly Wy by frn



US RE49,766 E

Page 2
(51) Int. CL KR 10-356032 Bl 10;2002
KR 20-0336595 A 9/2003
GLIG 20710 (2006.01) KR 1020040025717 3/2004
G11B 20/00 (2006.01) KR 1020040025717 A 3/2004
(58) Field of Classification Search KR 10-2004-0066970 A 7/2004
LS P e e et et e ee e e e e aeeenananas 710/62 KR 10-2005-0038082 A 4/2005
. - KR 1020050062432 6/2005
See application file for complete search history. KR 1020050062437 A 617005
_ KR 10-2005-0081811 A 8/2005
(56) References Cited KR 2005-252669 9/2005
_ KR 10-2005-0099443 A 10/2005
U.S. PATENT DOCUMENTS KR 10-2005-0119318 A 12/2005
KR 1020050122399 12/2005
5,974,486 A 10/1999 Siddappa KR 1020050122399 A 12/2005
6,370,603 B1* 4/2002 Siverman ............. GO6F 13/385 KR 10-0609294 Bl 8/2006
709/220 WO 02/11451 Al 2/2002
6,721,489 B1* 4/2004 Benyamin ................. GO6F 8/65 WO 2005/090126 Al 9/2005
386/234 WO W0O2005/090126 9/2005
7,257,830 B2 8/2007 Cha et al.
7,277,765 Bl  10/2007 Beckmann et al.
7,362,999 B2* 4/2008 Petschke ................ HO4H 20/74 OLTHER PUBLICATIONS
Q 060.975 B 112011 Hans et al 455/12.1 European Notice of Allowance dated Nov. 7, 2022, 1ssued In
2002/0013852 AL*  1/2002 Janik oo HO4L 67/01  Luropean Patent Application No. 18202351.5-1224. —
709/ 18 European Office Action for European counterpart application of the
2003/0088325 Al*  5/2003 Crutchfield ................... 700/94 Parent application (European Application No. 06 124 330.9-1245)
2003/0153993 Al 8/2003 Okamoto dated Jul. 18, 2011.
2003/0215102 Al 11/2003 Marlowe Oflice Action dated Oct. 12, 2012 1ssued by the Korean Intellectual
2005/0026559 Al1*  2/2005 Khedouri .....ceoeuveen..... 455/3.06 Property Office 1n counterpart Korean Application No. 10-20006-
2005/0080954 Al1* 4/2005 Castroetal. ........coceen 710/52 0049566.
2005/0117885 Al™* 6/2005 Leeetal ..............ooei 386/95 Office Action dated Jul. 29, 2013 issued by the European Patent
2005/0149635 Al1* 7/2005 Otsukaetal ............... 710/1 Office in counterpart European Application No. 06124330.9.
2005/0165997 AL* ~ 7/2005 Sakaki et al. ................. 710/313 Search Report dated Jul. 11, 2013 issued by the FEuropean Patent
2005/0177661 AL* 82005 Loo ..., HO4N 1/00318 Office 1in counterpart European Application No. 13168270.0.
2005/01278%3 Al*  £/2005 Overtoom 7?5%3? Notice of Allowance c-ated.Oct. 22, 2013 1ssued by t.he .Korean
2005/0210195 Al* 9/2005 Teicher et al. ..coo.......... 711/115 Illgzlgegﬁt‘f(%ggggﬂy Office in counterpart Korean Application No.
2006/0004788 Al* 1/2006 Pilgrim et al. ................ 707/100 ‘ .
2006/0065743 Al*  3/2006 Fruhauf . 235/49 Search Report dated Nov. 27, 2013 issued by the European Patent
2006/0085577 Al 2k 4/2006 Takashima “““““““ G11B 19/02 Ofice iIl counterpa.rt European Application No. 06 124 330.9.
710/62 Examination Report dated Apr. 1, 2014 1ssued by the European
2006/0134959 Al* 6/2006 Ellenbogen ................... 439/297 Patent Oflice in European Application No. 13 168 270.0.
2006/0165063 Al 7/2006 Iwamura European Office Action issued in Furopean Application No.
EP13168270 dated Dec. 12, 2014.
FORFIGN PATENT DOCUMENTS Universal Serial Bus Specification Revision 2.0, Chapter 4, archi-
tectural overview, Apr. 27, 2000, pp. 15-24, XP002333867.
KR 10-2001-0022816 A 3/2001
KR 10-2002-0054686 A 7/2002 * cited by examiner



U.S. Patent Dec. 26, 2023 Sheet 1 of 29 US RE49.766 E

FIG. 1 (RELATED ART)

Amended

ol B B e e R B R e B B B e R R B R B R B B R R R B B R R B B R B e e R B B B R B B B R R B B e B B B b B ]

)

16

gl Py

Ty
1'!---' !
i
¥ il
e
-
.
A
o'}
“a
']
.
‘I of of ol
|
KA

Pt

H* F

b

it T

Vi
UL UNE

N

.l".l- i l’

F .‘r.l
plngr
F)

1".--t"..i "
J'.-'.il'l-'
Fob e

oy
r;r.l'

'--'--'--'--'--'--'--'--‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-
Fr

¥ d
¥ : 2 ]
¥ .
\ e :L .
AREAA AR A AR A AR A A AR AR A AR A AR A AR AR ..l‘l'l‘l‘l‘l.‘l‘l‘l‘l‘l‘l‘l‘l‘l.‘l ARRARRARRNAR R AR R R NIRRT AR AR ] ARR AR AR A AR AR R R RO ‘.‘h‘h111111111111111111111111111111111111

WEEG | ‘

OODEC 118 Y

A NS

Lt L |

b b
Baas & L |

X

L

f 3
Ry

]

CONTROE

'l
L% LI
b R
b

aln wir

F— F ]

AT :
%s:gl' E-.j Lh'riixﬁ; .

.nE .§ ™ . o~ — e .
1 L . .

 td CUTPLUT UGN |

L

3

! ‘-‘““-"‘i““““‘ b

S8

et

-
..- ..- ..- ..- ..- ..- ..- ..- ..- E ..- ..- ..- ..- ..- ..- ..- ..- ..- ..-

1
¥
o

vt W A P BN AN Y ARy
T T T T o T T B g T T A L{ 57,,} ;“I‘E ;'I%E t:" i_.." % ;LF ﬁ

L L ]
| %1“‘31 b
| . L | .
‘EtR'E
by o b

1

L]
“““““““““‘:“‘““““‘““““““““““‘“‘“““““"I.'l'l'l'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.“““““‘ﬁ“'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'l““““‘“‘“‘“‘“‘““““‘“‘“‘“‘“‘IEI““““““““I

o N ]

dla ol bk b e e e s ek e e e s A molls v e de e e e ol el i el ek el s e de o s Bl s BE oddr chd s Bh iy mE e s e bk bR da ok e i os de s

F N wr uh

woarm

.
3
1
3
"
]
j)

wr wh

RRE g RE &

b ohe )
.
[ |

e e s s g s s e e




U.S. Patent

,F.FP.F.F.FPJ‘P.FPJ‘P.F.FPJ‘PJ‘P.F.F,"

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

N&:‘?‘s Pi '*"‘}‘E‘ ARy ~.}‘

E}ﬁ:g‘-ﬁ*r

Dec. 26, 2023

F ]
i T T Thpr T T T i T T T T T T T T T T T i T “ﬁh i T T T T T g T T T g T T T T T T T i i

iiiiiii

. 3 (RELATED

Sheet 2 of 29 US RE49,766 E

(RELATED
Amended]

ART)

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

ART)
Amended)

e
AR RARRERERRAE R AR R R R AR R RN A R R R R R R R R R R R R R R R

2
T
K
e
[ Sl
JF J
:-r.«-r
x T
e e
L
| ]
e SN A A e
F
4 =
£
Ty
"

{ {RELATED ART)
Amended)

- ,E "y, .r" {"i.
}u:-. :E-..Fl I."-«.:u "'.«f
- «
N 4
ﬁltm“ iﬁm
- AR ANV

: oy o o o e o o o o o o o o o e o o o o o o e o o o o o o o o o o o o o o e e e

ANALGGUE
OUTPUT

SN



US RE49,766 L

3

R

Sheet 3 of 29

Amended]

Fils.

Dec. 26, 2023

U.S. Patent

Lo
()
15

.I...I..-._.
Lo

wdy
Li

L]
]
I}

]
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
y

b
]
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
y
W

a
WA ol gl ol o o

A

.

7o o, 3 y

”\Hﬂ % . . “.._..,,._u o ..m

"y paginte 5 v

. ...HH- L ) »

e $4 : T e ¥

\-ﬂ-l.u.s;...“ A4 o e, _“

=2 pree 7 ,

...__.._. “ - %.\.t.\._._. N—- j_. Mml.”” 1.-_.11..__{' .m

..l..-..__ __..._-1__ h"_“.m-a)v { " PR m

“._ I.h_h « E u..-i.w..M__-_ “

s A 3 ‘ A y

oo »

l..._._.“_.-.- m“.i{ F m

.1.1.' e e Oy S ._“.. ..................

e,
“_.l..l..l..l -ﬂ“._..”\t_.”...-.
d 0 wwwws
-...-......-.H ﬁw
5 e

N FE
L
S,

¥
-

23
1

3
INTEH

- :"'

Tt L
1

-u

4y
Y
!
g
1
1,
i

)

LY
-
S

&
N

Hﬂu.,..__. “Pmr.“
._-.-_.i...'._._...T M-.__.p

A
'tﬁ.l
LW



\& _._ _
) [ ]
Ay :
m - P, “
- L B :
S\ | T 03 “
A :
4 “ ' el “
“ H!.nnhtn..-...'_.- H.L-H.H-_ “ “
'.IEJI-. “ ﬂl w .ﬁ.-.-_-bu._-...-..l. hﬂ}_‘\ “ “
L Y F ryJ .I...IJ-. " |
i y £ .m.?....% ; "
T I el ’
‘. a
o “ “ “ 4 .ﬂ! u\\h. “ “
¥, FFYry ) Y .___\‘ . [ ] [ ]
] L T S b :
. - N [ |
) : N “
..' ._..I.I.I.._.l. .!.h l
- o [ ] [ |
- o | o 5 . .
. y y - ; "
_-.J____lt_-......_.”“_ .ru._r.h-.—rk\.. “ W‘-..I..... .__.l.l..L.!- “ “
fom. 3 R 4 : :
: o, ey : .
¥ / _._.:-h.._.._, - W o
“ “ “..F.F.-rh_ “l_...l...____.-. “ “
F F .r.-..m______.._._ ¥ [
._ﬂ m . “ ! “ “
r ; : y N
; ;=L : :
¥ 4 ‘.I.. LR i
.&. .‘ “.\.J\J-_.l. t .v ']
x 4 t._!...1..-...-.5_ e .
3 y . P .
; ¢ UV L “
F '____u-__\r_\i - i
..ﬂ “ ot Al !w...-_.llh |
L. P :
4 "
H "
..f..r .-I
\\ s,
4,
e -
LY
-ﬁllsl_.. oA
wll..ll.Iu. FY YY)

I

Sheet 4 of 29
&

N

{

{ ¢

o M

1z,
Amended]

1

-.,:E.-'b
‘Amended]
¥

‘h‘ﬁ‘h‘h‘ﬁﬁm

rEm"

|
b

L & B
ii‘_
L n

W T

‘

‘

‘

,-"‘.l“-
-
N
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
b
b
b |
-

A
f\

S T S S T S S S T S T N S T F N J T F S JHE T S S T S S S S S T S ST - S T T S JH TR S S TR S S T S S T S T T T TR J J S TR TR S JH TN S T

Dec. 26, 2023
Py

lq_"'lr"'-r"'-r"'lr"'-r"'-r"'-r"'-r"'-r"'lr‘:‘:‘t‘:‘:‘:‘:‘:‘:‘:‘:‘t‘:‘:‘:\t‘l‘h‘:‘:‘t‘:‘:‘:‘:

.. u..‘.‘..‘.‘.‘..‘.‘.‘..‘.‘.‘..‘..‘.‘..‘..‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘
r F| n
LE N ¥ ]
..“ “. . 1.......'....‘ “ “
tL-rl.lLu ._....._..-__.._-l‘ “ |
r ) “
“\.}}__. “ .
W : :
/
- .‘ [ ]
e : : :
o 4 n-._-..-.. .

.w.-._..\u. “ ...}\u. m h\."._..:... m
T aaegiogh, “ ..._.E._.-m e ’ el ]
: PO pre : $3.2 :
: LE P h s 13590 S ; -

4 ) Ao B P 4
# F) Rl “ okt “
L “ w‘.‘.l..l ._._..__ ’ .m ]
..1[-_ .‘ l.' “ II..L.‘......- m\l__.l__.ln.l o “

/ K\ ., ] -
t A " .r..m m.\- “u -ﬂ.“ bodal S h\ k- .
r i “l Ay [
= ! P A R ;
—“l L ¢ " ’ a* EE g ¥

np.np.!p.-”“ I ¥

y * ™ “ ﬂ-ll.“‘n”“ “ - mrlhl\ “
o i K ) v "
P o U5 “ e : s :
“_. - ____.”"..i - “ ......-l._-_.r_.... m .\.“Ul_ m

t . » ¢ —y ]
o~ remn gy ___t.w....._. ) ﬁuh ¢ i "
R S I A “ - : . :
At P aaine. y ’ "
dagpingpieggeid’ “ g 1'--" ..‘..:. ‘ ’ [ ]
- - - ‘ W R R R N R [
o i . - y "
= m 'd A * 7 "
L ..u. g™ _..w I v "
et o e 1.__.._._-}..._ L “ “
® u L u.“ LA P .‘F_\lt_-_ y “
ey 1;:.\r al LA “ .
FO by AL ‘ :
Ton et F r 0 4 "

&



U.S. Patent Dec. 26, 2023 Sheet 5 of 29 US RE49.766 E

Amenged

- ._-‘.L._."‘ E 'Ft‘:-:
<3 Y
: o

b
y

T
’
e e e g g g g
i,
i
v

iiiiiiiiiiiiiiiiiiiiii

g F g g g g g g )

S L e

‘lr"i
by
fﬁ
ﬁﬁﬁﬂiﬁﬁﬁ
-I"-"
G

-

-n W -u FEYT W -w 4wy ww

2
i
R

iiiiiiiii

A

T T T T e T T T T e e e e e e T T T

fﬂﬂ T*.*.h

frmmn S
f E"'?. -

»
il i g, g, g, o, e, g, g, o o, g, o, g, o g, g, g o, o hﬂhﬁﬁtﬁﬁtﬂﬁtﬁﬂtﬁtﬁ“

o

o

|
ﬁﬁﬁﬁﬁaﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

LY
W -~y b
b} 1
l oS £
"."'-"-"- "-l-"—"u-"l--l" - .
i LI b W l!'I"l"'!"!"'l'
. )
¥ ox 3 Lot
r . “n
L1
LY
L1
L1
LY
L1
L1
LY
L1
L1
LY
L1
L1
LY
L1
L1
1,
S i g iy i s g e i, il o hﬁ-‘r N i g vy g, e, g . Ny
; N
I:"*h\:; e o a..\..-.:} w q.."q."l."l-: .I::""F } o T
S, iy, Ay -A#:
w* LW : -L..-.F
g T T - E H; -I..:
wuuwt :.:'-"‘
ET ™, qHH_} - I IIIIIIINN
- - % 1ﬂ3L,
ALY { R
=Waza } LN i WY
LY
L1
L1
LY
L1
L1
LY
L1
-i"
‘-l
e ] i L8
:‘w 3 LITEMEER E F\.“\" :-'I-"I-"I"I
o - by oy
"‘ -
li“t } - - ."'.::“ : ".‘r."'d ““3
) X o _ ki " -
- : 3 (- 5 AR
w* 1-‘.'. t r :" t 3 -t 1“ ] -!l*'h rewwuy
{'.'! -tk v L LLL R L b F : 'E._"‘l‘ |
e LY . . ‘g ok N Trww
ﬂ‘:‘“ } E‘.f’:j l._‘-_-_-._ iiiiiiiiii [ L& R lllj LI i‘ iiiiiii . Fh.'.. . 3
el e = - LT '
e W i 5 ) N }
t"‘-"‘. -;':' } L ‘\,‘ :I} . ~ : ."{-t :'I.L.-‘
~ VO R o R f
H“""‘ ?‘h" !-----1" = N ‘ “t - [ | qu"l'
-.F“-n.-h_ } hﬂ"‘_,\_h.' gl B B . .\«' “.h‘:
..F"ll-l.*t- 1.. x t {‘" w - : rvwrrresrrfTrrrrrrrrern =
\""15." W .i‘_l'L"' 1‘5" ‘:‘:i.s

"H'H- et



U.S. Patent

F ol oF oF oF oF oF oF oF oF oF oF oF oF oF oF oF oF oF

F ol oF oF oF oF GF oF oF oF oF oF oF oF oF oF oF oF oF o

F ol oF oF oF oF GF oF oF gF oF oF oF oF oF oF oF oF oF o

-y .
-

.
s
]

1

1

L

Dec. 26, 2023

Sheet 6 of 29

Plie., 10
Amended!

Y.

hyw
i PP
E f}. \
r ‘“. e .
CONTROL
e : "“k ‘ L . VYt : ;,
1.-.,— 1 o N
! .;-- --.-hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh:-‘ihhhhhhhhhhhh -:‘r
o
¥ : p }
== Ei‘% ..\;; ; 7
:.' ? .'l-"r - o
i oy !..\ q
~
. %
! E,}:[.J*‘li gy
- v y L ', Tyt : L.ri \
) Wit MW OIREEN T MR S
. . . R S T O ) L :
. :’ v '
:"‘1 1‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.1“““““““““““‘.‘“““““h““““‘.‘.‘.‘.‘. e B B
.

ST? M ‘*-:’1

TN ?n**i*‘-éﬁ%in

"‘""“""‘"‘"‘"‘"‘"‘"‘""‘"‘"‘“""‘"‘"‘““"‘"‘""‘"“"‘““‘H"‘“““““"‘

= 'l-. | % %
L]
"\..l' n"...._ b B

N :j‘
L |
l..ﬁ‘!l-.l i...

1508

.
!

NTERFALE
FRHMINAL

L8
irrr.r
P
il’ ]
=
"F-I'-H-'-lﬂ.
o

a
LEPrS
o
e
o
{5
Fe

L L R R R R

L L L L R R R R .

L L L R R L R

US RE49,766 L

ir"s ‘E

N

N EREALL
FERMINAL



6 A il ol Al ol i Al ol A ol ol ol Al A A AT A A A A A A A A A A AT A AT A A A AT A AT A A A AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A AA A A AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AAAAAAAAAAAAAAAAA A AAA A A A AAA A A A A A A A AT AT A
i
7 _uunm“. 4 ¥ ._..__.,.”.,/-M 1
o v
A B ¢ b,
ﬁ......_. ¢ ¥ A
‘....., I...-...fu lIl - “ “ mgpm- ..“
o y v : i
., ™ . . ¢ y
.1...#‘ F “ ‘. L i
“ 4 ¥ ¢ " 4
& Frmr .....-.“ y ",
- . r u
=, Ph b e ¥ S . g
-...m."...l...l...l H .“ " “ a m .1|..- l__ I..h. N 4
£ t-....u wries ¥ Y. ¢ r U ¢ 4
57 oot s R m
e e 4 b oot o ’ - u.n vl artelitrt, i
_.ml_.u-__l i e ¥ L a, i = e EEES I |
F “ m... ar«t ¥ . s 4 LY iR n..lﬂﬁ._...... 1
; LI L ¥ gt FEEE S ) il N rEFn, 4 Ml
gl - ¥ o o " -~ uW\ Seininink ¥ T =irh i
ﬂ._.n . .M “__..Hl. - ; :.Euﬂ o y Ty e, et 4
F o o L 2 I
¢ ¥ M Lﬁ...m — “ A 4+ =il ™ 4
._—.-_t__l_.l_.l_, “ & v Ll A .l_..l._ ..}.__\. i
»\,v L LA K T il [ o P R N ’
..-..ﬂ...i..-....l " “..-. “ !k -\__._ M.. m “ TIA_.. - T.-_u. “.. m
_““L.‘.\“u .H._..........-_._ “ M-lll._ m T.t.t...___. W\J.)\.\ “
e’ w\ . 4 ’ e 1.“ r
¥ ¢ 4
4 ¢ A
¥ ) []
¥ ¢ 4
4 ¢ A
¥ ) []
¥ ¢ 4
4 ¢ A
¥ ) []
¥ ¢ 4
4 ¢ A
i |
.““‘iﬁ““rﬂmﬁ‘iﬁiﬂiﬂ“‘iﬁ Ve e e e e g e e _-.I-.I....I....I....I....I__. .I....I...I....-l...I....I....I....I....I....I....I....I...I... iﬂiﬂiﬁﬂ.‘iﬁ‘iﬂ.‘.‘iﬂiﬁ.‘.‘.‘.‘w‘r o
P r F) ]
s 4 ' : A
r r “ s
£ ___r., ’ y i 4
Ay A “ “ L -
| r 4 o
L] r 4 o
A r p
9 ’ r “ !
A r H A
A
. v o ’ e i "
e npass N o I IoRLy
R o i / / o
Tl ™ LA S : L
anna 1 o o “__ o “ ry “____
0 A ) r H a A
.Jﬂ.lll_r[.- “ JI...I...I..L 4‘.... i “ Iﬁ...I...I...I “ lt‘ s “
“ ‘_ R T T B
I~ i ....... : w{}......,. o S RO S .,..... ’
X r M “
R 4 “aas, ’ 1 t
~ d ! S ; m :
A F r i
e H "- 4 r 4 F
A A ——-_ -_ Jx K K
ﬂ “ n m v “ o “ TE “ lw.._I..l.l..lf “
F o
h d ; m =k “.. R “__ o “ i “
“ Pty . » } r d L
Yy h._..n..... aan v : {7 :
. P "y 2o TR T B
- “ 111\5‘ Bl “__ o A d LR “
“ D ;| 2 AR AR R
wh.!l-\..\ 1 L e r L. “ ...__r..l_r.l. “
. “_..-r.n.\ p N e E o ¢  ap ’
MB ) u . “ o o “ m “ r h.._lhnll.__v “ A
' £ M. m “ J.pL : .”-.,Hﬂ} :
- l.ll- .I-\ 4 ot e ] r “ L L
- 3 o - i L i - r o o o oy F| A
| | A a r i
Oy LY. r L e
4 - - S rx: r “ l.-.l....l-.....l.# p
4 r
-~ “ 7 1 R
I .1!..-...-\ “ d “
— ; & : ! :
r
1 ey ¢ p .
i - " 4 .
2 “ ﬁ.ﬁ -._..‘t -_ “ “
. [y “__ J “
6 .__ r “ !
A r A
1 4
Fra - F -._...._A. ” F o
1 g __ﬂ ] ] 4 A
2 " 5 ’ 4 ’ " 4 ”
e LY " s . ] i (3 A
] L] m-
c 1, ..__.____ n.__._T .,_.— *._.__r 4 ‘. ; .
H. * + -
o I~ st o =
N i ey el
- G <5 o
-.“.ht #.lp J_..!lE
-
] [l ¥
._'-.. r ‘.nl H‘.t. -Illlll
- k| .I.i-
T ™ s .’
II T 4 w w w
, ) PR
M ._"_...._1.._1..-. “.... Ao '

Ty

-}l. .|.i..._-. S .l'..-_

_‘.1._.. .h\u.‘ >y
I.IME L,
o

73

.
4.5, oo
3.5.3 e

r 1“ -.1..1...._..-_ F 4

ol g B ; __M.L:“

-l”“ - 1‘h‘q 3 [3

o mi.‘u P M\._-..\.\..
Fypligpiiopily

""""""’T"T‘""T""'""’“T"T""'!"I""T"T""T"T"ﬁ"""""""
"‘1-'-1-'-1-'-1-'-1-'-1-'-1-'-1-'-q-'-1-'-1-'-1-'-1-'-1-'-q-'-1-'-1-'-1-'-1-'-1-'-1-'-1-'-1-'-n-'-1-'-1-'-1-Hﬂﬁﬁﬂﬂﬂﬂﬁﬂﬂ“ﬁ-ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ“

U.S. Patent



U.S. Patent

Dec. 26, 2023 Sheet 8 of 29 US RE49,766 E

Amendsd

- LN
?r?::-—--t T

el :ﬁ? -
i,
I

g A

]
fna

H

£
“WaS

A el
e 3 .
N e :
. i . :
£ X% - .
ot i:'-.*h‘i. :
E Lot L+
‘.‘\ Tl :
T .
: I :
nr 1}
3"‘.“_3 |i:i|_
. “'ﬁ'\. I:i-
il LGGA R

St TN .
s Lhat e

‘ .

ﬁ'.
23 i &5
I e had

NN NENEEREEENE RN E N E L,
I r 0 4 r g 4 Fr 448 ++F 8+ 78 FF 8 FF 8578 FFFF

. .
thuh . LT L L M,
2 _E# ! Fﬂﬂu ?
bty Ml oy W "

& e
‘-"ﬁ-u“t} ey ﬂ: :}
s vha o e, bl

cpr PR PP EEFFLEEEEFEFEFEFFEFFEE SR PR

|||||||||||||||||||||||||||||||||||||||||
L
L
L Y
4 4
LI
L ) .
- A

| ]

W,

1

1

1

1

::

::

t

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

o .

L] 1

-hhhj -i:.-i.:l :\'r

L] [ L]

:ﬂ" j’.ﬂ ‘:} I ﬁ-.-.ﬁ t Rrings

b i

+

1

1

+

1

b

+

1

b

+

b

1

+

b

b

b

b

L

+

b

L

:

i)

:"-.

)

t

1

%

1

T .
- _—a et L,
.,',E‘- atats
a'lh a s -
i E o A . bk bl
E T & %

l o %

-
l..l‘i
]

"\ a4 4 ¥
g <. L BT
= A
ﬁ"'# I e Bl

u m5e®

Y o
LR
F I ]

X

-
-

-~ Ly

E ]

)

¥

¥
Attt
I
houd ko k

o
i

:i"l'a
L} 1I.
W

4 &
E

L |

F]
Fl e
.n-.i-.n;-.l-.r-,r-'b.r.r-‘.r-.r-.r-.r-,r-.r-.r-.r-lxj
;.
#

Wit
Fr

4

-
Fd kA rg
r dr od oA
F
-

o b 4 b od ok
o hod oS

May

%
Iy ¥
3
}-"r::} E

g, e B B,
< - il S i
3k R :
L - - hj
- ('} %
; ‘? gyt ll, %
e o 1, %
Wiy B ..‘-ﬂ-"l'i... SRR :
g, .1':‘ = _""; %
- - Lo 'E"I.."I..‘h.'l. ;
| NN ¥
- &
" :I-"—"r‘r"- i- i-j :
'I: I: n % ¥
g 535 :

S S
} ¥
tr"""""} S - "‘-::} :
S " Tl . _3 L . %
ke .L'I. k' } ‘
halalinn e
3 3 . ‘: .""-.._ L :
ol ? i % &

2 L S A oy o oo oo o o o o o o o e Yo oo o o g o e o oo o oo o ey e :
%
X
*
E

o oy o e o o e o o o o o e g o o e e g o o e o o o e o o o o o o e e

-

'8

Hang ;
a A

L

L0 e e e e e e N e e B e e B e T e e e

4 4 4 4
peN ENENEN)

T e
< &5 £

.f".,
)

L

o,
¢
LF

LI ALY S : o
'l.IT.I. L L ]| IL.:. hwa t 'ln.q:. L L 1
'hi \l- t E-!

Flﬁ:, -I- I'.l‘.:'

L ] Tk h ok ok ok ok h ok W B LML L E 3 e e L O LI N LY * L

- rr.?rrrrrr.rrr.—rf:rrrra—rr
g g g g g g g g

iy

"ll-
ek or kK g
'_‘F‘

-

>
.r
.'
L r-#
L
*-I‘-

i 1': ;-.; i o i ™
e S 0
iy %
\\ ; Li:
= §

i ;:.---l* g

N Ry

t l"i";::- ai"?--r-s

it, h"*"lg:-_;ti: A
i E‘wtt':
N

L Y



U.S. Patent

Dec. 26, 2023 Sheet 9 of 29

Pliz, 13
Amended]

HECEIE CONTROL SIGNAL
FROM ANV SYSTEM

3 -‘%f"\-ﬁ‘*
ke 4 R4
IR X

S IR

B T ":lt /3

‘l‘."!"!"!"!!‘!"!!‘!E‘!"!!‘!"!!‘!"!é‘!"!!‘!"!!‘!"!“!“!“!“!“!“!“!“
T XN@? "i"“ E”:E“‘ - L3
. r : iy .
"é! \;E iq..! ":} B R R J‘ F i
S St
Y RYSRTEM
DATA T ANV QYST RN

i T T, T o T T, T o T o, o T T, T, o T, T, o o T,

‘/‘

e N

RIS

US RE49,766 L



U.S. Patent Dec. 26, 2023

FiG., 14
(Amended)

Sheet 10 of 29

US RE49,766 L

START

NTHALIZE USE DEVIGE CONTROLLER

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

DETECT LOGIC HIGH OF VBUS HW

SIGNAL OF USE DEVICE CONTROLLER

RECENVE A

LISER INPUT OF SELE
DEVICE OPERATION MOUE

CTING

- 1408

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

e

YES

" OPERATE AS DEVICE
TO TRANSMT DRM-DECRYPTED RAW >

NG

~DATA N A PREDETERMINED

ACTIVATE VBUS INTERRUPT |

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

DETECT VBUS INTERRUPT

THANGMIT DEQURIPTOR FOH
RECOGNITION OF DEVICE

COMPLETE DEVICE RECOGNITION]

OPERATE AS DEVICE 10 |
REPRODUCE MULTIMEDIA FILE |
THROUGH A/V SYSTEM |

FORMATY

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

TRANSMIT FOR MASS STORAGE | 400
CLASS DEVICE DESCRIPTOR -

COMPLETE DEVICE RECCGNITION 1 1428

OPERATE AS

VASS STORAGE CLASS 40



US RE49,766 L

Sheet 11 of 29

Dec. 26, 2023

U.S. Patent

oo
2 3

-,

Amended]

3 WS

o e o e e e o e e o e i e i e o e e e i i o i i i e i e e e i e e e i e i e e e i i e i i i e e o e e e e e e i e i e e o 0 e e i i i e e o e e i e e i i e i e e e i e o i i i e i o i e i e e e i e i e e e i e e e i e e e Yo e e i e e e e e i e Yo

11111

U

hﬁ?\

Pt
L |
Wi

&

MMATE

3
./

St

11111

g o

T T T e T T T e T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

T T T T T T T T T T T T T e T T T T T T T T T T T T T e T T T T T e T T T T e T T T T T T T T T T T

w.iq.

Pl o i

ﬂn‘.‘t.
3
w_..l.w.-\..l.
o
A
- -
"o
153
£y

Vo b

o

1..1..1..1.w
Foall
L .

-h..l.ll..l
3

e
L3
13}
-

Y

o

_‘;__-.i"h -

R by e
1 Wy
1 L 'lm."h"l.

&

.
T
s

B ®

* &
1
4
R

fF .

(e
{.“.‘.._.M
.“.‘.;
L e

r A
2

;
Jd

:
$

s

o g o -

Ll

el
—
!
d
1
")
“ R
"
)
4 ’
“ ¢
)
"
)
1 /
: ;
7 :
m / mth.
: \ O
m 2
A f L
‘ ———
m o
; T C A
“ ._.. “ .___._.__..___._...v
m x ”m “m E g llll..kl
“ o
7 ; o bt
“ -t .IE.-.._I. l“s._i.nh...l..- M‘tﬁ
7 s »
/ tis 4 g
: ;%I Mhd LA
= By "ahd -
m f o= vw £
:111} K ...lw.i.n
m ‘.‘.‘ = .-..I.-”—.-—.Q.
w_.._{:im .__._. FCON W 3 B
z y G e e
s e
b
; S AT
m X X &..}}1.
7 W ..
g : £ e
‘ A o Dbt
¢ YR oy ST
“ #l...l...-...l..' o “..\
? Y £ ﬂ“.ﬂ.
o o
m -.1-1 ...“..-:MI-“ o .w.
. Y 132
: L
¢ Yots
g $ e £
/ O Ty
/ T
/ % :
7 ] L
u h -
“ ? ﬁiiii
g 3
5 )
/ ;
g 5
A 4
g 4
4 !
s 5
A A
. 5

L

L

L]
._-..---.--..---.--..--

4

L]

o
v
b

¥t

“““

.. A
lllll

PR S D SR S N DI S S SR DR U D S U S S

11111111111111111111




US RE49,766 L

Sheet 12 of 29
Pliz., 16
L Amended)

Dec. 26, 2023

U.S. Patent

&3 e

-~

< £
4 %

- ‘d..-..'l.\:-

in
TER

Af
i

{-t
¥y
J

)
A

oy,
1,
W
L.

LA

L |

-
F‘

¥

NN G
Mrt '*-3
.

ol
S

-n.mf

vy
I.
I._
I.
{
4
1
N
¥
.j.
o
‘f‘*{
N
LR

i Amendead]
H

A
(

H
:
ANL

An

dy
NA

k

3
-
4

1
1
1

llﬁh ‘lr 1‘
"h‘..,,.‘ )
L

o

MWW W W W T W W T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T W

lI“““‘“““"‘I""I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I."I.“"‘“““‘?‘“““““‘"""""‘""‘.""‘I"‘"""‘I“"""‘I"‘""""““““““““‘
z
L |

o~

4. . X .

% : '

L)
1111111111111"11""‘1""‘1"‘1"‘"‘1"‘"‘111111111111111111111111"t""‘t“"‘“g‘t"“111111111111111111111111"t"‘"1"t"‘"11"1111111111111111111111‘
th_h_h_h_1_h_h_h_h_'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'I,LE'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._'h._h_h_h_h_h_h_h_h_h_‘f

{ﬁ.

b

‘-E‘u
.F,ntnnnntnn B ¥

FFFFFrrrrrrr FFEFFFFrFrrErrer

FFFFFrrrrrrrrrrrre

FFEFFFrFrErrFrErFrrer FFFFFrrrrrrrrrrrrrr



US RE49,766 L

Sheet 13 of 29

Dec. 26, 2023

U.S. Patent

18
Amended]

Fils.

Irau

L

!

N L N e L

.-‘
.-.
.-.
.-n
“
m
.-.
.-n
.-.
.-.
.-n
.-.
.-.
.-‘
.-.
.-.
.-n
.-.
.-.
.-‘
.-.
.-.
.-n
.-.
.-.
.-n
.-.
.-.
.-‘
.-.
.-.
.-n
;
.-n

S

L

-
-

Fiis,

Amenoed)

M
o it

N i
¥

J‘.‘.‘..l

ok h Rk kW

oF o
e

._l.....l.._-_...“

L
(I

o

"

[} '

l.ﬁ“...I...I.




U.S. Patent Dec. 26, 2023 Sheet 14 of 29 US RE49.766 E

i, &

‘Amended;

o o o o o o o g o e o o o e e o o e o o e e o o o o o o o o o o o e e e e e e e

L}
h :
L) L]
"y "
h b
N .
< N
L) L]
Y i
. : et
N :
5 1 )
b = 1 - i §
5 : v 1 . Ay
h L | L3 -

SN 2 §\ El A
}'TTTT‘TTTTTT‘:‘TT"I’"!’"!’"!'"I’"!’"!’""‘!"‘T"!’"!’"!’"I’"!’T""‘!’"!’"!’"!"‘T'TTT‘TTT‘*‘TT“TTTT‘TT‘T‘
Y "
: B 3 M AT
! ! LY YRR
: 1 “ N = Sast g
L) L |
\ :
\ r.l N ,,-1," . . q W= LR
S Sob AT |
A Ryna v hy A L B S R S
L) L]
p— k..-..‘ ..... pannnssssnnnne 1 ‘ mmm .-.-...l aa ;..-...' ..............
: :FH} 1 4 . ;REE o
4 o ! 20 R W L

L
L) L |
YT N % E'ﬁ.{‘ E
b v » -‘E -
5 Ly E & e
! :

ﬂ 3 1

S £
t I._,q_I‘ : L "I-,'bhz
}-ﬁﬁhﬁﬁhﬁh!nh T T T T T T T T T T T T T T T T T T T T T T T T T, T

1 L] LY W] -
: (] i N 1} fﬂﬁf 5
S S N L
! A ! !‘1 - 'y

b
. :
BhHE PYAT A

'll
t -"-."' : e . l.'h__
L) L
:: - L
5 A v A S
: E : : 3‘ &N : {\ N4
\ . . e R e S
} i -
L) L |
Sy,

R I .
$ M. ! L S

o
L) L]
$ ‘{ SR ‘;"v.i_ R o W
{ T by
h LA, . A H e e b
y L

~y - N
G 21

| A
| Amended)

1***&-

R I A R 53?;

NS E NI U S A

sopstin GRIOK

ol A A A A A A g
-

;.: W I“"‘?‘"“h : ﬁ RN "”ﬁ.:; . ‘f‘
~ US SERVIDE HEOURS

e~ e e e e bbb el
A e

FrEFFrFrrr.g
A

A A M

i

A A Y A A g
E |
ar
d

N
‘. -ll - - b " L b ] ‘_'l' Y
S vy -r‘ TR RSN
:. 1 “"1 k .r
‘: : he iy
N
)
] ~
y * »
L v
:: P
. il
:. L — R "-:‘ll"‘."-"
L) . v A ok A t““.‘"h "
1.3 o ————
:. . T
R & B B B L RS NESER) m‘wwww N W N W W N W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W NN W NN W W W W W N



U.S. Patent

F g g g T T

Dec. 26, 2023

a¥

o

n
“‘L‘- L
'..‘r, T T T T T T

e i S

Sheet 15 of 29

Amendsad]

s

s
i

f‘;:;;}
f

f
v

i

W
iy

K

+

*

h ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ *l.*.'.
k h

2
34

.,,1-"

My
””””."’””’fﬁ”””’

-.ﬂ!‘I $

’

"f
Mghy grgn,

TEITE TN T TN T ENMEEY

MTEEEEETTEY MEEETENETEY

"'I
e

o o

LR Lk

P

]

rr rfrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrr rrrr rrr

,...j“

7
4

'-""!::.1‘:_ T g I‘

S S
BES s

e e e e e 1

r}’.’”””””’
i
[
T

- - \“\

»
1'511“ 1111#‘-

3 1

Wl o 1

1

1

- 3 :

e 1

(ARGR

\ 1

ot

MM T I T T I T T I T T I T I I T I T T I T T I T T I T T I T T I T T E T T E N TN

US RE49,766 L

v "
LY
. . .
™, e x »
{3:-,- g : b s yh
T, ., M 1 J
N, o ) ™
i _‘E . f ‘ : | . ‘\
N, - ~ 15“”4' % "} : ot
SN v N M 1
""r "L'l q: n : i
‘ " T
: ~ -\Il : ,.:-‘l
-
) o 1 .
. Mi;:k . E.ﬁ‘
N 1 I e
: : s
N : ‘Hﬂh
N -
Y M :E"'h
) » LA E R
LU SRR U S 90 TR A A AT AT .l
P e
"
]
N e
§ A % i-
D :E-‘SHE
Yo VRN it
..l’" T T T T e - -+ i j
." ﬁ"'\ g™
\' T ﬂ‘l‘*
- e A - L |
N ratd i1
‘1 r [ ] [N ]
L L e ™
N X
W
AR 1“’1111.11‘1 T llnnlnnt,.‘ T
A, . 1::? f q } b i_“-
L -“.-"' m, =™ W : LR %
- " N ‘ i -
B N d e SN ma] e B
e '*"n"{"‘E . N N, Lalah ot \""1 M
% ‘_q' {l - -l~r b, : B 1_‘!*} !"I' el L]
- A o
“-'.-;: ‘ L B B ? LYy | L |
ity N - ERETW :
B gy L) B -
N L LY N
:— ;
N .
) :
N, .
T T b T L ST S SR g Sy ST oy
e
e ™~
Sy \h.
Ji:ri prrr
v
RSN
L
‘ e "..
R
N www
L
L | lll:}
. "
s e oy g
GRARAARAARARARS N S I I ‘:
¥ 3 '
:- ; ~:
W, Y )
Y Y )
: : ..'Ik "lr. i WA TN :
. . N
E: e :: {:‘i’ e :
. - N
LR A v MOV 233 \
Vo : - =% !
,; o ™ ‘H " Ji. E\ i {: ‘$ Y
A S R T {4 3 y
. - i R N i N L rewwwwwwwwxk - L e ‘
vOON S LLY "Ny "1
N , n, b ey ™ awt ™ X
X X S S W ey {13 \ {44
) t y " L J' N b W T,
M .. L L [y N -I‘I,.‘ L) - J
:: M : e LI - bbb b . i b
. t ; i 1 M
L | ‘. L . | '] [ ] . -
L) S —— L ’ ‘."' T ) N : -":‘F“
: t XN e 'Y “
X L moy TN o :
X L T T e T e T e T e e e e B e e fﬂﬂh; 1 1 n i t i
X L L 1 - N Y nhaw
X r : T Y -
: ' ¢ el iy .3
W L Il;'*l'*t’t't’t”t’t’ﬁﬂ:‘t’ﬁﬁ:‘: . . v N )
Y : ! . . oy v Y
J 7 ) . ' " i ¥ =
N ) R R RN :: : : M T T T T w . ‘ 1 : 3
:, . g : W rir
) :: : : .;‘h"-""""""""'\.y‘ 'y ™ : {‘3‘3
! : -: : :- Py 3
M L 1 b N ™ N gl
‘. L Ll ] " N ‘ I.'""-."-..
) \ . ) v : N
N PR N, S L 1 . L }%
N t : = “\i : : .t
. L ) . v y LI
. I S} fvewrwewwe M %‘-ﬂ_ . ™ :r‘:‘:‘k‘:‘:‘k‘:‘:‘k-:-:‘k‘:‘:‘t: N L
) L il v . Ny =
N L o, R . L el N N . fl
: 1:- TrzEmmmEEmue, t A, ‘} : ...::lf" : ) i‘t‘E : : e
) ] \ o N 1 N
:- - t t L) ] ‘fiwr : - L ] ': m : L) i}__
M S N K A . APV .
L) l, } t : N 11111111111;‘-“ ) .‘:" a j ] :
} {:ﬁﬂu"h- oy y L N . o s : N
N 'EF"""'J % L . . N *_..""" e :
o a3 ; ¢ ; ¢ Ldn iy
~' Ly e S b : PR el
} ol . ﬁ;. g L] ‘Hﬂ*t : :- H~M} miﬁi : :
: E "\v.?‘ A 5 LI R { RS B
. L] LR .
:: e e e l:_ A o e e 1:;""\: A ': L, L‘r‘:t : :
\ £ RN N !
n n .
L) ‘h‘:\l“ hj ':‘l ™ ") - ™ L
‘: "‘h ‘?‘h ) ™ :
3 N :
) T N,
:. "l:

o,

TiImMITIT T I Tr I TI I I I I I I I T Tr I I I I I I I I I I I T Tr I I I I I I I TI I I I I I I I I T I T I T I T IT I T I T I T I I I T AT T L



U.S. Patent Dec. 26, 2023 Sheet 16 of 29 US RE49.766 E

File, ¢

Amended)

ONVERT ul\*":“ ~ORMAT OF
AV QYSTEM | ?‘ 0 SIGNAL FORMAT OF b 302
PLRTAGLE DREVES F ARL GLETHUY Sl‘is?éﬁ‘x,.

CUNVERT SIGNAL FORMAT U FONTABLE
DEVICE KT SIGNAL FORMAT O e 2304
AV SYSTEM AND QUTRUT SIGNAL




US RE49,766 L

Sheet 17 of 29

Dec. 26, 2023

U.S. Patent

L Amended)

1
3
p

L5

- -

..1.1..1...-'1.

F o o o 0 W N

ﬁ_.ﬁ.v
L

o g o

g

! ~ 3.1
unn_ﬁ_ e gnge A M..._..._.__....J_.

LR S
% et LD H

i .
o

i e
m iy
..._.hi.-r.rn m.._r..__.,.._.t_. -.h_.._.._.._-_u._.t_.k “__h.“__hw m
BBy
i " Faratare e 1_
" a a " 0 )
1 d A - S i
“ o -____. - “

- .
B A S
“ .._...___.% 1..-1..1\-.&. ..q..lh”...l... 1
(  ASTe. e cadee. 4
i o | ¥ .ﬂ-. W )
¢ Ty “,t 4
| F * 1 rar

- SR g
m _......u.._._u. Wh)wh “““Hm m
: ‘
m S
: 4

‘-...-.-.-.-.-.-.-.-...-.-.-.-.-----------.‘.---------.

o

¢

i

d

ﬁﬁ.:. m

, .34 g

2 5.3 n. o /

WI‘.I__.I_..ll O m

ol i, ’

- _-..uh ....\_r.._l..mil. “

ll..__._.l..__ “

5.5.3 L. :
[ ]

£, bt ¢

) g

{2 /

o

a

)

i

!.\1\\‘\\‘\\1\\\\\1\\1\\‘\u“

S
il

L

BINY
LR

1
L |
L |
L |

2

e

A
ML

B

FURT

h.-..!__..,.1

11“‘

prad

P
.l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l.?

e L L

’
4
-..-.__
.___..,.. 3
{2
el
rni xn ...m__-.____.__qlr...
A I i
I 1
35 Wl nad -
bf . “11111 Fowwwm -.._.....\rlr____.

;ST eone g
2o TN Vet
s WN b
LA A LAl
VL

P

doad s -_f_:m.._u.

KN -
o

¥ ’

ot T /s

\.....__.r ”._.{.“m !

ot .r,.,.
™ b
- b
AN 5
%
4

o ol ol "
N I_.I_.I_.i_.I_..‘_ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

L

L3
L
LA
L

1™ r l'-.

Wyl
. ;:;
Ry
N} B

1% h

1

RANUE

ll.ll.ll.ll.ll.ll.ll.ll.nl.ll.hhl‘hl‘l‘n‘.l‘.l‘l‘l‘l‘l‘.l‘l‘l‘.l‘.l‘l‘.i‘.l‘.‘

)

;
2
*-.-I!.-.

T —w

iiiii

il il il ol il il il il il offf ol wlf wlf wlf wif ol ol ol ol

S e T

5

e
£

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiiii



A Al ol ol o ol ol ol ol ol ol ol ol ol o ol o o ol ol o ol ol ol ol o o ol ol ol ol o o ol ol o o o o ol ol o ol ol ol ol o o ol ol ol ol ol ol ol ol o ol o o ol o o o ol ol ol o o ol o o oo

US RE49,766 L

[
‘. -
A T 2 4
# " d
“ “M“E-\\.- -n......u.!ﬂw. “
A <4 w.,uul N :
l.-_ﬂ.“_._- “ . .....1.1_...__". .
r g - - l
h._:_..n__ _m ﬂu\-_mw”- ..M.“H &:.H.P.-H.. ....._...:._ “
.ﬁ..‘.;l....“ﬁ. l..-..__..lll.‘. '..I.II.I__“.‘.. }M.”.“r“ ﬂl.l.l._- I“ -y
TR FFFFFFFwEw .ﬁl.____lr...._.u.“ -“ i oy - “ I._\_.__.I._....._.
“ ?I. - “!.m_.._.. ] “ \f_-_.t..u.“..ﬂ
¥ 4 g = et
“ .n.n._...._.n_..__. .._u..l...._rH m ....!___.,.____J
P R i tag
m l!.‘l.l“—. .m_l_..”n.ﬂl”..” “ ”mull.l..\
# ey “ .l..l.l.l
R 44 4 4R L B B I R o LI | LI B R .‘.‘.‘.‘m w‘.“.u-h .‘-hl*‘ ; F a4 4 8 e L B B LI B B F F F L B L B BF 4 R g [ B LI B B | rdd 4= -ﬁ ﬁ\h‘ E . 4 8 44 o e a4 4 2R LI | L B I a4 A LI B | 4 4 4 8 s A F o Ad A L I B B R LEF B LR O B B )
# e A - F i “
A e Tapud a D L Ak
‘. d A q-. ‘.,.n-...nl_.nl_,.n-_. d l_.._-._l..l
F trprs 1 . i " -
“ _u._-_..“_ ._.1!' .ﬂ“hiﬂ“ “ . “
&N } Pt ‘ - y e
n - m “..-1..1..1..‘... e e III “ ”“I_ M‘. - “ F it
. - o il o
A A L2 ‘ .n‘”..w...__..!. v g T
f “ T A A o “ “ ™ -.-_.HM-
= P LLd G e AR L e i
¥ rew u.- E e d " & " a .,-_.1.1.._....._1
“ P - u‘..._“ "...._..__...__-__ m _.ﬂl.-u.-rtl.. m \..!...uﬁluq..ln |
[ ) ”# l.-.- -
v A £ : LS
L v
1 hj __“ _\.-ﬂ_“.ﬂ..h_ \___, 1“ _...v\.\\\\ A “ . .111._.“. ..i-._rlhﬂ.l
Wn __“ Wt ot “ u-._nh“\ ..___.__..._._-.ﬂ_..:....u.
Y “ i “ Py ”%‘
~a . 3 y 5 e
L 7% % e iy =
N ). h -~ e
e g el u v .n-i\.-...__..u :
d ..w - Braraa
= [ orsy Ypoooemy o T
- . L
% ranx Jr
S e Saspe  TIIA
# e e ._......._..L_..
r e -._.HN:.
m torrxs o -
G “I_I..I_.{I.u. r_l. nI_‘l
[y

._-...-E!._-l -

A 4

e T 117 Ve L b
eree * N o L
L e

'I'I'I'I'II'I'I'IIILIIIIIIIIIIIIIIIIII

tN-

ol P o o ol S R af o PR o oF ol S o o L Fol of ot B s o S bl o o M o o ol ol ol R S ) o o roect oy Ll o e, o o LF o o P of i ol G o o R o F ol o o] ol o i F ol ol o] ol il o S o o o Ll o o o e ot ot o b ol e o af R oF Pl o ot S R o o [l R o o o R o R o o P o T F o R o o Pl o ol S o i oF oF S ol o o o o o o

Dec. 26, 2023

H‘h"l’h‘h‘h‘t‘k‘h‘h’h"\l’h\:‘h‘g\ i e e e e o™ e o o e e e e o e e o e e o N e

'I-.'-.'-.'I-.'-.'-.'I-.'-.-.'I-.'-.'-.'I-.'-.'-.'I-.'-.'-.'I-.'-.'-.'I-.'-.T'I-.'-.'-.'I-.'-.'-.'I-.'-.'-.'I-.'-.'-.'I-.'-.'-.'I-.'-.-.““““‘-‘“““““““

e e e T e A S S S e S e e e e S e e e s e T e e S e S e e s e e e e e e T e S T T S e S e S e e e e T e e e e e e e e T e e e e e S e e e T e e e e e e e e e e e e e e e e

;
¥ Y
.h. n
F
L L m '. + Ao
- L 3 ‘
<. 7 3 Talle” /
.t r ¥ _— _ﬂ-:.. u “ »
ﬂ“..l _....'.u. “ L.._.lr-v : . ._-___._..-r. “ o s
ey y f 2 P e
unu i __...__,._.._.L‘“ o .n-...r..__,._ ...r...L.. e
por .U...-_..-_-.F._u ¥ L - - v “ .l..-_...Il_-q.__.
vsz: ; s P e E
e i ..“ l“...-r_ﬂ,.“__.r-. “ +_._ll|-_...“._.l-. l.._l..*l,._l.._..
- w “ w ¥ - ] rTEE" .__-.__hl.}_.
t n.n..u.._,q.__-u.. M.u.....:.? ..“ J_..._.-.J_.M m H.MN - .ﬁ- \uu_.__
i) e, r . - -rr'
.l“_.”..“hl u“v-y .M. “ P - “ W‘I.I..I. .1.1_-.._-.““
L] a ._'. H r .I\ ﬁl. \ w A LA K
hﬁn ..“ LA bl o “ ...,._.\hw.____._. H..u._:..”\..'
ﬁﬁl_-u .lh ..“ A“.-I“Jn_ﬁ ..ilﬁ M-I.HI.I . “ ﬂ.”u.“..l..‘. i.“u!_.._.
! Lot £, i m byl
-~ ‘.1.
m hlh “..ﬂhh.“ L “ .I..-.ﬁ...-...-
3 i / 5
& z 4
S W N W N W W W W e e e “ FE s ﬁ-..‘.unu_qinununi.unlqinununi.ununinunun
F
F
r
® 3
U “



U.S. Patent

L e e e h e h e e e e h e e e T e e h e ey Ty R

Dec. 26, 2023 Sheet 19 of 29

US RE49,766 L

FIG. 26 (PRIOR ART)

Amended]

l\
‘I?I1I1I1I1I1I?I1I1I1[1I1I1I1I1I?I1I1I1I1I1I?I1I1I1I1I1I1I1I1I?I1I1I1[1I1ITI1I1I1l1I1I1I1I1I?I1I1I1l1I‘ITI1I1I1l1I1I1[1I1I?I1I1I1l1I1I1I1I1I?I1I1I1l1I‘l1l1f.ﬂt1I1I1FIPI?I1I1I1I1I1I‘I1I‘I?I‘I‘I‘[‘I‘ITI1I1I1I1I1ITI1I1I1l1I‘I?I‘I‘I‘l1I‘I?I1I1I1l1I‘I?I1I1I1l1I‘I?I1I1I1l1I‘I?I1I1I1l1I‘I?I1I1I1l1I‘I?I‘I‘I1I1I1I?I1I1I1l

24 --I"\*'%
. L
Dl 1N %

= & F F

* F &

* F &

L]

[ ]
L]
L]
L]
L]
LI}
L]
L]
L]
-
L]

L]
LN B EEREEREEREEEREEREEREEREEEREREEREREREELERENEENRENRNEENRNENENEENESENENRBEBENBESEEEEEEER!

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii L

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

T T T T T T T T T T T T T T T T T T T e T T

E
* F &

o
-,

-
L |
-
-
-
-
4 B
L ]
L]
L ]
4 B
- &
-
s - - Rl g
'y PGS T R A &
-
1_ - &
-
‘ i‘ii
L ]
g-. e ot kg
- &
4 B
L ]
L]
L ]
4 B
- &
L]
L ]
LY
- &
W ok ok L]
4 b &
L B [ ]
L ]
L]
-

[
e e e e T e e e i i e i e T i T o T T

[ [ [
& & & F & & & F FF

[

L

kP kPP kR

ok kP L L L *
ok kP kS

s F F ok ko F ok kS

L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

e e e o e e e e T Pl T,

AL

SHSH

L
S "

UNE



US RE49,766 L

Sheet 20 of 29

Dec. 26, 2023

U.S. Patent

ART)

(PRIOR
Amended)

3

m,.,.,ﬂ

AY,

Fiis.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

f W W

i .

R e e B ]

ky -H‘"-‘. -y

--n




US RE49,766 L

Sheet 21 of 29

Dec. 26, 2023

U.S. Patent

RPN 2 8.:’%

L

Kl

(PRIOR ART)

L Amended]

A

¥
F
F
4
F
F
4
i

“““

)

ART

.

210k

(P

G

“ 3
e

FIG.

Amended]

1...'.. . 1
IR

'\“ "R
t e
L

3

111111




U.S. Patent Dec. 26, 2023 Sheet 22 of 29 US RE49.766 E

FIG. 29 (PRIOR ART)

Amendead]

7

l'.} e
R SIS

L
R .t"-" L

-
H
287
.
1

\ Y

) \

& S AT -'“‘-.E
1 C
3! 'L}i E_Hﬁt E‘: AN

mw ww g

AN R THE L B .
uﬁ%ﬁ&iiﬂﬁg

F
L B I

™™o e T e ™ e e e e T e e e e

" T T I R R R N T T R T RN RN R R R R .

-
&
-k
L]
LI
-
4
-
LI
-
-
-
LI
-
LI
-
LI
-
LI
-
LY
R R A A R A A A R R R R R R R I E A e R A A A R R R e A L A e e i A L L A A
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i
- .
4
L]
LY
- .
L]
-
4
L]
4 4
LI - L ]
LI - -
LIE] - -0
&
L
[
-
T T T e T T T T T T T T T T T e T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e B T T T T T T

¥ hE SNy
%bj AN
" | % : \ NI

_\i‘ l‘i_ thekp AL LT L L L 1
- - 1 . ‘i iiiiiiiiiiiiii ‘-i -
e T T Il O 1 M ) . o) AN T k) ";‘
VTS GO
3 .
L] !"t'-. g :'*"-ﬁ"r"t'-» \-"’5\-."’ - 11-"‘-—";

.
-

*

[ B
o

& F F

2
2 J; r
vat
3, 3
T,
i
r
o
1™
o B
S
R

* F &

f-f
o
P
i
ra,
-, -,
[ [ N B B
[ N

O

[

|
*

-,

e e e e T o o e e e T e T T i T, T e e e i e T e i e T e e e T e T T e o i T, K i T,

. AL

>
.

1 1 L
ST d i
et g : t SPUI .

LN

i.:!'.-!'.-l'.!
'J:.ﬂ'.d'-.ul-

P
-ﬁ-ﬁrﬁ"ﬂ

el
&k

-,

[ N B )

& F F

* *
l-llllilllll-lllll-ll'lliiiiiiii*i*i*l‘ii'

* F &

* F &

ORI
(TS
Nt

& & & FF & F & &
& & F F & F F F F
= & & F & &

F F &



3T

30 (PRIOR Al

-3
%

e

%

¥l

U.S. Patent

:
*
!

1
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr.rrrrrrrrrrrrrrrrrrrrrrrr.rrrr"r..-'-rrrrrrrrr.rrrrrrrrr.rrrrrr.rrrrrrrrr.rrrrrr.rrr.rrrrrr.rrrrrrrrrrrrrr

LR B

fl’
Y
e e

Dec. 26, 2023

Sheet 23 of 29

Amendad

Cll S A A A A A A A A

N

N

N

N

N

N

N .

‘é .
.T-"-" : i'li ‘::’ {1.1 ::'l‘
: \ L™ RSN
_“:1‘:2 Soar ; o - A
¥ g ™ . ‘:"' - ann ::
.-.I l"'l. -"r.l' L -
™ L | ‘i‘lilil‘lilil:::iili y {' ' l"'} ﬁ:::‘.

AL M X

N

N

N

N

.

H‘ll T T T T e T T T

T T T T T T T T T T T T

sk g ok k- k-

%

W F ko
o F FFFFFFFFFFFF S FFFFFFFFFF R F R
B F ko ko

L]
L
*

LOE B BE B BE BRI

- e i
Bt LR I N N B B B

[ ]
[
[ ]
[ ]
[
[ ]
[
[
[ ]
[ ]
[
*

2

I3 W

Al A A A A A A A A A

r_..’.l““..’“.“““““““““_

4
4

g g i g o iy i i i i iy i

3 N
N
N
N
N
N
N
N
:
.amm
yoas A !
I-"h-‘h-"‘lp"l :
H) ep e x" "-*h "
Ak W - [ ]
AN e o
S lﬂ.:r‘u"u
N
g s )
a - - :
N
N
N
N
N
N
N

-

]
4
4

z

A
"W

-

L
n
m
]

T4
B

-
la
F

- 13
b

-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘
.
A
Fn
:i"::

el
T ]
[
r
Fy ]

i g, v, i, i, i, e, g, g, i, e, g, g, i, i, i, g, i, o,

o+

FE o F kP
L *

e e e e e ol e e e - hhﬁ.hhﬁ.hﬁ.ﬁ.hhﬁ.hhhhhﬁ.hhﬁ.hhﬁ.hhﬁ.hhﬁ.hhﬁ.hhﬁ.hhhhhhhhhhhhhhhhhhhhhhhﬁ:’

L

N

SO

i
=

PR

=

2

. f'j. »a
Y "
. 'I-.'I..!} '"'ﬁ.
R R il
rl..-..‘l.l_-i
g, iy ey ey, g
‘lii
L
L B
- L ]
L] L ]
L] LI |
LR ]
L
L B
L ]
L ]
LI |
LR ]
L
L B
L ]
k&
" 4 B
L I B ]
i‘i‘i
L]
£
- |.:li
-
L N :‘ "
iy i1
L,
1
I"l: ..*:.t
gy
“Tanw

-
L
L
*

kPP
[
[ d
-

L
 F ok F F ko F S

[
[ d
-

Ii,!!i!!i'!i
[ ]
[ d
[
-

r

’ 4+ 4 -
. LR amw +:1.: , -h ‘l - E
P T L, i" . " , o wy
AERRRE s . Tl . M
- :l.'- ’ R I L}
'ﬁ - t::.: " ) iiiiiiiiiiiii‘i:ii *. 1, '—.— i‘
[e—— n } -
. I | . ]

- —.‘} ul"h il . ] -

N - ' e

L T .:} . . e

T : b e
"L'h."h."
fod

o

ey =

e T T T e T T T T e e e e e T T T

LI -

-

LI IR R DL DR DR DR D DR DR U BN D T BN - LA

LI I L DR DR DL DE DR D DR DR U D D D D DR B B B B |

L I N N I N B I ) -
iiiiiiiiiiiliiiili

US RE49,766 L

TP

: }E caaad
".'h,. Huf‘*‘t“' (:_.:E

Y

g
L™
o —
oy

D,

L . 1
L.
Ay My oy r"

L3 '-'iv-
T T :‘- h‘hr..":.'h.\
amiminn .n"'l.
Tk N = i
tﬁ.‘:ﬁ.*

[ ] tfw
LI -
LAY 8
fiery

S ——



US RE49,766 L

Sheet 24 of 29

Dec. 26, 2023

U.S. Patent

Amended

“““““““““““““““““

\r\r\q"h Vo g Yo g Yo g Yo

g g T g T T e T T g T T g

e g Mo g Y T Taper Y

3t
w7 i
s 4 PP
GCOT et BIASI FLD e
nd b 0 Ut e gt m.... P

‘ll.l'. .1.“ .ﬂ. .‘l“ t - 3 . a g Fl tl‘.
SOHA O G
_...I..h u-.L i W A-r..-“_v. - l-__.l.l‘ -._1 Fy'a uL.I....-

A, ’
A ‘ 4
d ’ /
d ’ P,
d ’ )
d ’ /
d ’ P,
d ’ )
d ’ /
d ’ P,
i ¢ £
i ‘ f
- ¢ I ) v 4
h.\._..______ v
YRR W ‘ ‘ ¢
. F
d ) )
) ¥’ P
') ’
) ¢ 4
d ’ /
d ’ P,
d ’ )
d ’ /
d ’ P,
d ’ /
: : ._
. F
F
2 1 .
' L) 1
I ’ F
L L -

X4
R
Lo
3
P
X,
R
Ny
D
o

4

(LUY HOd) 18 9

i

TR

Lo

e
A

o b

e e e e e e e e e e ey

v
v
F
r
r
r
F

...-...._. .-..-ﬂ_-..-..-“.w..,....u__._._:-d.
W niSRe
AESTH
Filt
N0
IR LT L



U.S. Patent Dec. 26, 2023 Sheet 25 of 29 US RE49.766 E

Amanded

L
W
LW

Y3

lﬁll

o

T
1
1
r
4

.0k Ymn

o .:I-I.II..I- ;L L“:“"ﬁ

- - —
ttttttttttttttttttttm = --_.l;.t‘ “1
5 , ‘j. Wl LERAY
— *h.'h.-h-\.-{ i"‘ }
" ) L.
LI - _} Y Ly ol

- 1" %
0y AT
i: . b ™

E;J..'F

"l o ol o i o ol o o A A o ol i

EA-I. -

LJ
[
= & F o F

o
|

ARk F *
ok B E ok bk kb BB

S tatat el
3‘«1: iy
P v
ATEE
P T

TTEITE I T EEEE

E“'““""

T

. O : . I e
L8 WL : e e D OO R
e A : = | L 3 JE P
o '::*:" \ EE:: W ."\J;“:'jw‘? "'--j
R e

" -ﬂ-“.:\

L T T T T T T e T T T T T T T T e

f
F
r
r
)
r
r
r
r
r
r
F
r

ok F RS
F & F F F F FFFF P
B ok

FF o+ F kS

L
!Ii!!i!!i!!i!!i!!i!!ii'i!!i!!iii*i*!
-

*
o o ko
o o o F o o F
ok o b - ok b ok kb ko

1

:.

q :

L .

L] .

Ll "

: :

q :

L .
'i'q“‘:‘ : : \ll.l. r

e L A R
:—5 -j : '-i CE R T T :“':“I : ~ inil-'l
g e e . EREEE R ] - -

Ll IEEEEEEEERER - ]
N :- P E ¢

. . "} . a
LA H y P S W =y
e h . p

. N ewmmwd

Ll "

L .

L] .

: N

) "

1

|

g v v vl sy sy, e o v o, ol ol g ) Ly : 1 %
A =

[
1
rrrrrrrj-:'-rrrrrrrrrrrﬂ-rrrrrrrj-:'-rrrrrrrrrrrrrrrrrrrj-:'-rrrrrrrrﬂ-rrrﬂfr.ﬁ-r:'-:'-rrrrrrrj-rrrrrrrrrrr:'-rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrﬂ-rrrrrrrr

b |
l.I|I -ii-i k ""‘I.H
- L
":" E { 'I-.'} A
L
iii = ]
iii "" "x me
4 4
'H' :i: I-.E-‘r- 1-.--.-.* ‘hh‘h ot
iii - -— [ ] ll"‘ ‘ u ~r
i:i - "‘IL. - t
?‘l -i‘-i ke ey ~ _-.._d‘
L P kmmmm b
LR LR R ] "-".. ‘."l:""-
1.: Fottt e dn ol ol el e

t a N EmEEE
- 4 -\} L L T b
‘\* - t \'I"l"l‘- Fﬁ. - e j
;&q 3 X>
: : thl -
t Y - v { ng ., »
N 1,
t : ' u"‘n":} g
: : Z by 5
4, u }..-_-.-. ' &
} Pt 6 -
A h e i‘} g A
N - x
4, " L - . “:,.
h Y Ny I
] -
t N - ‘.:"ll by
4 : Rl LI Y
A y
hy N
hy N
h N
hy N
hy N
h N
t iy il iy v, il i, e, i e, !HH'H iy iy ey iy iy ! O
A o
t ‘i ‘l‘i
t LY ‘i*i
t ‘lii
t ‘l‘i
t “ii
t ‘lii
t -I‘i
t ii “iiil
: - i‘iii
- L3 .
A . : . WY o,
by y o ,::*“-
t : bk N {‘-"‘ """'"i
g » 1, - LR
! ':- "':.‘:""" TN
3 N~ RS
t : .l" L }
e N
v B SR ey P
4 peging wuww -
‘i:;‘:} - t :-h-'q.uv} - - ‘.(l. = E #‘ﬁ
""-‘u'_‘a LT 1‘ i l_' LhRT {l‘qﬂ. w-m‘ ‘:.3.‘
H‘z o t =, 'ﬂ?—:‘ : f _‘:
e’ i
o I A an . ok : S—
t ‘ l‘i‘i‘i‘i‘i‘i‘iii‘i‘i‘i
) \ : R
". ‘ iiii
-‘ ‘ ‘iii
t ‘ iiii
". ‘ iiii
-‘ ‘ ‘iii
4 h at
t iiii
t iiii
t ‘iiii
t L ] iiii
-‘ - iiii
t ‘iiii
t iiii
t iiii
t ‘iiii
t iiii
" i“' iiii
t L] ‘i:i:
A o ! .
t . i:i: ] :L‘."h} ﬂ- 3 .
b e . , il -
E v e o | d== = SR {-n-{‘ -_‘“:1
‘ “':": ! I 3 =" . -
by n {ﬁ.*::t ot | S ; I"""‘H.':' I_I.'I.I.“
h y A aa s - AT - c-*-'-}- -
4 : h‘,‘,l‘, _'Il"ll-l--i-"-ll-.p, :i:i ) - ) M 'qk [
4 Ll e \3 L b W wil 5 E. T
t : {.u 1 '::H u"‘\. :":" ! R-J ::'1:1:1:1
4 b .y e -|h ‘!h & e ! - M
t ‘ I.II.J 4ALRLL R ‘L'I""l";:. ‘iii‘ 'l-“I L .h"i - | h ‘i . 1"'_‘.‘
: YOSy AT it R oot T 11111 cann?
Iy L r:-:_‘: - "-‘} - it LwwT N
t . { LEE R L] \'ﬂ"«-"l'.' """""""‘?.. {-‘1 o
: o o b ? w¥ v -
h : - L T +1q.“n e i'h‘h‘h‘\. H‘ul
4 '. | -‘}‘ - LE L ) "'ﬁ 3 .
i v . \ | 5
: - o e g, - -~
t : l,A-j.A.i iy = ':__ . 'b-::""'q - :‘
. - - o [
4 : 1'\..1'...';. g L {h"..--—“'t" L <‘::£-A
4 ; ph WL W W
4 o X
t i
&
4
4
4



US RE49,766 L

Sheet 26 of 29

. 26, 2023

Dec

U.S. Patent

¢

AT AAL T AL SIS AT AL I AA LSS AL ALTS

L -,
..
L % & B

LA H M S

\*::}-\.
ﬂ“"

R

Ly
U
LN
gt

d1A8 €08%

1LY AT b POTD
A1 A5 TN RIFAD

o o o o oF F F oF oF F F oF o A A AT AT E AT

CHATIT LY
WL SRt

T
{_g

A
2P

r

K

i o o o T, T, o T T, T o T, T, o o T T o o T, o T, T, T, T, o T, T, o T, T

N



U.S. Patent Dec. 26, 2023 Sheet 27 of 29 US RE49.766 E

Fil, 34

Amended)

*
LA
v
}
[

T T T T T T I T T I T T T T TA N I T I T T T YT Y TN EE

b & bbb L LALLM L LA LRRLSLLALLRRRSRRLLLLRRRERSRESRHSE:SRS?"

i g T T T, T T T W T T W T W T W T ! i T T T T W T W T W T T T T T W, T

Wy wE EE A
;)J-xt-'v:
., l"-'I.':" Tt

E

T e, e T T T T e e, T e, T T T T T T e T e, T T, e T T T e e, e, T, T, e T e r'hn.'h.'h.'hn.'h.'h.'hn.'h.'h.'hn.'h.'h.'hn.'h.'h.'hn.'h.'h.'hn.'h.'h.hhﬁhhhhhhhhhhhhhhhhhhhhhh.

o] REFHODUCTION
UNET

-5' n}\’-}:ﬁ-’- *'-.-:‘

-
E_

“u

"y

Al
o,
r

£.53

l'.-‘g"g
i l’l’

; 'l-
X4 ™3
" »

! %

J'J'.J'h’

™y

“ £

i ﬁ £
’

! Wi :

! I é ;

]

r
{

Lo

"’F.I'J:}
1,47
L%

Fa

.H;

-rl"--F"--F"Jffffffffffffffffffffffﬁ




U.S. Patent Dec. 26, 2023 Sheet 28 of 29 US RE49.766 E

LAmended)

h“t‘b‘h-‘h-‘h-h‘“h “hﬁﬁhhﬁ#ﬁﬁﬁﬁtttIIthﬂ.‘ll.'H-."H-.‘h-‘h-"h-‘h-‘h-‘h-"h-"h-"h-"h-"'h-"'h-“‘-"h-"h-"h‘n"!p‘lp‘h."q-."Iv.‘Iv.‘ﬂ."I."'Iq-."I.‘ll.‘ll."lq-."q.'ﬁ."!p-‘ﬂ.‘h-'h-‘h-‘h-‘h-‘h-‘h-"h-"'h-"'h"'h-"'h-“l-“'h-“'h‘lp‘lp‘lp‘lp‘lp‘lp‘qv.‘qv."'I-."..‘il."H.‘I-‘!."l.‘I.‘lp"ll.‘ll.‘ﬂ."H-.‘h-‘h-"h-‘h-‘h-"h-"'h-"'h-"'h-"'h-"'h-“'h-“'h-“'h‘lp‘lp‘!p‘lp‘lp‘!p‘qv.‘qv.‘Iv."..‘H.‘il.'l.‘I.‘!.'l.hﬂtﬂﬂiﬁiﬁt“““ﬁ%ﬁhﬁﬁhﬂh“
“'h‘*-"'\-"'l'-"h ‘h -h‘ﬁr"*b‘*r"\l-ﬂq# W e

1 - *. ot gl ok
; s E s { g, E SR ;,E :
*, o L
; 3 e Lo o3
H H"ﬂ. . il - ﬂ*ﬁ“ .
R._.‘.‘.‘.ﬂ.‘,ﬂ. FIETN
. ::' . - z.’-::“‘?i':‘i. .}_
I 1, i : I
' L, . . :
"":'I.:-"I
t\ h-'---r-q " . . 1‘-..
.‘.h.ll..t‘l.“ . y
N
®
T -
{H I
. '-r'---'--r-r"h" i

N i L"I""H;'_-I.T'l'w."‘1

|4|_..I

i

: w?-‘*" .L'H-n {:‘:} {-.. .
5 LA
s % QD
' ¥ PSP """*“3( {3:%
.x:lﬁ.,;.' . : _ .. . : 73?& “?. ~
Py i1RN t‘i\m NS
' g OIS O

0
i

Tt PP

¥tz g
:g: s

E

{ }
2,
o
o

-' "5? ]
|
i

con SR
s

4
Z
g
*f:s
"

4

oy
£ L7 &
ﬁ .

o iy’ iy

A
,y ¥
s W G B A,
FF AR

{3
s
:
4
:
.n.lg'_,ul.

P
Fy
o
®
y
vy
4

E SN I
:: e s ) : h - ‘.F
pel FSTRrS P s 4313 P W
bawdl . i P |
.-.-.} vﬁ L 4 g E‘*T - o
Y

pepak,

[ ;
by
§
st Do
E Fy '-.I. I..-

&
ol & ey

E;
X

¢
{
i

i
152

aaaaaa

2

42
H

il
£
ik
;
f
111}

w R :i‘_:‘:?_:é.;:'..-

v SENEONE SR
o~ '

.ir:i::«' oy

54
L
H
¥

u ._*,_:.:

Y

SR
#
‘
A
":":"-"
-
5
,-r"
1’
P
1!’1
£ &
f i
dl
H
¢ Uk 1
¢
£ &
¢

;
g -
£

e
’E;“. 4
£

ST
S

aar J)g
I A P A A A A A A K

‘ﬂmm
L
. e #‘* h-a. o }

. - h‘# a-_-'-_l‘l.. l ‘_-.,
3 PRy L6 IRE o8 is} § § “}_ §-+-i
iy g N P TN, (i My iy ey R o iy

i
i
o

st

alabalafulud ettt o

A A
e
kY
)
f'-;,
F
}
o
{‘E .:ﬁ:
¥
!}
125
";." Pt
AN
T
¥
P
W)
A
'«J
w |I P : ) . \ .I -
. . 'il"'"’
‘ ]
£
l!'ﬂ'
q-l'1I .;#.FJ'J’J'J’J’J’J’JJ’J’J’J’J’J’.F-FJ’J’.-I"J"l"-.l".-I"'l'"l"-l"'l"-.l‘.l".-l“.l"-ll"'f-.r'"l"qfFff!f!fffff#‘fffffff#####.l"l"l"l“'l"..l“-.l".-l"f.-r".-l'-.i"..!"FF F.-I"q-l".-ll"-m-l‘!
*
.‘ [
)
ﬁ E‘! 4
'—.-..A.r "" ";JWMMJMWHMWWHMWM

§

o ka8 i ol e o o o i 5 ot o ko ot e A o A A A AL ol ol o A S a8 A ! A il S A o S A R S A A A o o 2 o o

:'. .
-T‘-.
. IJ-
L. PP, '
:ﬂ-.-

r

¢

L
‘,f.-ll"ﬁ"'nr‘
[ ]

[]

e s Ty Tl T W i T, W

S S S S S e 5
S _-..-“‘*ﬂﬂh'l'hq,r . #_,,,,,,“ :. 1-#_-.,;-..-..-.. o & o “ibﬂ.xﬂnm:;h e i - :hutuuq.u: ************************* :;u“nmwuuunﬂﬁ.ﬁ:utﬂ# *;.tttﬂmnunnﬂ.““m“uuﬂ: ':,nl-:h.u.ﬂ-.:-.,- :,,n,.-.-r.-m-.. 1‘ '
- ;* AR . M 1 1..1.: [ 1 1
-} ,,aﬁ-:\ : i, v \ 5‘3?“ AN : HH £} L\f o
}L L * ’hw r-b“,,,_,.,w't ntmﬂuhﬁ'ﬂﬂh’hh%m‘l‘ﬂhhhhhu «.umu.u‘tuumnmmmmmmummmn..h:“:..+..a.a.m:htxxxmxmmmxmxxmmmwﬁmxmu mxxmm&nmmmxxxxxxxmxx‘; h.-ht-w.‘h.h *ﬂ‘h‘m"—“:
' Wwwf‘ b ' JETN 1:
g L L L o . oL ) ) . e ' . . "‘"’“-r ' T

N b . L I . WM, . K LT ""'""I N T Ty . ‘. m . ":"""
E ?“hﬂ-}:\: m i i ::.:'i-lﬁ.“'l’ K‘f;_ h_‘:lhh;t ml:‘l*?t .h*“'&. ’hw* ?1“‘1*"— . I ‘.j"j"ﬁ.u_ ; -.h; lﬂﬂm‘} s a"‘.lﬂ R w‘ﬂ I I . L ‘r‘i‘-’:t t - !
. 1‘ w . . bl"“""’ .‘.‘:F - '.'| a F )] , ] . a ' . ..ﬂ.n.,{. K [ [ " 1 F3E 1 ._*. . - A .lr h n W“ha' HI" .

& ¥ i - . . . ey Yoyttt - T ™ '.,, Ve . R . . . o . ¥
PR . .n'{ _ E i ?a_ Ty 2 SR 1Y Y. N, , .!' *i-‘r..*.*a.- ﬁ“q-i 'H ‘1‘ _ ”}_E- {;f‘_:"_'?:* s ety Rt o e ] A
Mo Wl e Phadhes VD J T M, T e “:"‘ sy VAT coWIhL N L T s bpan LN Show

"I"‘I"‘I"Il“‘!“ll"' . . v N ' ! . = ‘: v L |_|||| i "I“‘"" 1 ? %,‘: ---_- I I C omem q_f‘ -' E'. L a5 ey _.' Yo ‘,_“'l-"- M"‘l_“‘
AR . E. L . H‘b:.}; A i - ‘:‘ b Naa ":.l'-"'-. ) «.‘L.L-L Ly h: _-}J‘.. . .,’!',t‘a.-.- 4 i'l'*'l‘\- o Al }?’:: DT g -:'lfl'l:'l.‘ 1.'\-1.11.'5,['

. - . ' 'y - - - 3 ' - - : ' i "_..__.- - . Pt - . Ch | ] 1

: 3 A e Sl Dol Biep- R s SRR SN PR Sth S 753 R g Al 11 ey e N s

: it N SRS S W, AL WA WA wldWh TS el IR FNAL T ™ E

: L Y i » whon, = Pyl iy fi} ! A ; e d ¥ i . ‘_t‘

S} \ '
!1 [y

T H e . - ‘-hlt _ - - . Ly . ek . dr'm a
o BRSO gar T b TN ) TmEe aled N0 PR

K

x R N T p ] AN oy L5 : T AR ' .
: e B F N L L e e T e SR c e YE L e DT maptY T : - -
o ol e Lt Broat FI e DV, MaTE ﬁj‘-_i-_ {_::;“':"_ '-L:;:I:_ ERAE S % AL L weny WA
T .!C":E.‘ g Nag.  hw s Y J“i"'-..r ' I R a e -
ey o - :;:'::.‘:I {—"r T T:—;L'L".. . m:;_-..:t G}:.':., . S —— r{-:ﬁ" » LL!I.H‘I":' :t“‘:{‘:k 3 e ?lu.. o o SN e gﬂ:&,
A2 P Y Ay BN T A AT A T Y AT ATy Y o
huj:-.:.' _ {..,.. anch _zfﬁ. ,-':fl:“::r' e 3 m:{-:-u N *--::' u; - _‘:“ ff..:.al-. wasie gt e, -‘a’_};;,l.ﬁ' } 3:'?111-;' At Ee— " -'mfﬂ_
T 1L Ay ™y Ll AR WL Doame s s e B IR w80 BNNL SE
e I._-‘ 'l:'lllui'.r s "-'l:-_- : o e ',_ u"l..'ll. ] 'l."lt"l-:" Jal . e o a ey I b i £ ."'. L "‘I.- ! .:l‘. "-.1- t' .
:' l\.’u :1:-; u'}‘:\;. h e ﬁ*ﬁ‘,"i ) {‘ﬁ . l"L::..-. :-.;L E o’ ?{: "h:t tﬂ';‘i ;E‘G'_‘:; :.F}E : "'-.ral":?; _ ,‘.-E?»}m . '.'lﬂ:{ 'qfh."r :..;...!;:'lu- PN
. . : bl . 5 oy e s \ il by A .
L RN B o8 Un S O e @0 00N U B8 s T el
Vol oy T o h:_'b Gy e O iy Jracdion ST T s 3 AR SO A N 2 e, TREN, |
o e R SR AN G {h §oNs i FR VT Ui S G VIR SR N S S |
- wy o8 b ANAC LAl \ s A, ey " Ex oy R , .
BL o B ] I IO TR Wh T W NG g e RO R AR N
R oy o _ - ,  Fr Thed AR 4 Sy - E - ' =t
el O LEONG Lt ‘5«.,#*_ w 1 Y K .L.L.-é‘ u’ﬁr e n_:::E' Wi f%‘&; N R R S LU L
h o e, e :a."r-. ik ok P Lo o Wt S 4 v 5
W o e § UARTURG AT s G0 & S ALY LA Ghs QI TR it &
';..-‘-"I --...;f,-lr__ - M .1.3:_?-1 Yy lll -..:ﬂlﬂ,-\.'! = :::i"l: r a' . o ..q,,:llfll... 1'-1} N S ) Ii_ﬁm - \ - ""ql - ]
ﬂ:'“,:l -ﬂ:.-_.n.-} A N e o, . ot PR ?i"x L‘:TL U;I . (o 53 b aaa, :"-l.;:;:E:- :.:.:'h'hr' P

o

%
r
E’
‘g

Py
',t.
-:'f-'-
55
e
:.m'

4

Ll OV e ety O RO e OO0 ey R IR R
i{w uﬁ{ u....* fodae Ty ST LT P AN OV RA S S0 (LY R
Lency -ﬁ“”‘"", T e Ll €00 T e o X e TR B2 SR . bd.d
¥ q ;ﬂin B EONETE o TR Ny Ty SRR

i

r
A
4
[ ;
h

3

T N rrr r Fr Fr r Fr rrrr i F ey Frrrrrrr s s F rrrrrrrr rrrrrrrrrrrsrrrerres T

G

£

| ."l'

. ."‘f . - ..- .-.'.-r_'h.- . s r_ "_. .:I--I i .. ' ._"_.. : . , . . , .I' . .'._.-_
R uﬁl’t L33 "*-’""*E L3 SONE TR e AL ?‘3‘* 3wy 80 > BN £
fd. TG R B i e BT RETE Oy AN O oty R RER 7
e b Whe SR o ey S O T b M
I " LA L XYL _'_.;:"'.’ii.,.} L R A -l Lg% £..3 e

aat) — | -

- AR DT RN IS O O TD

)
i
a
a
a
a

A
¥
. K

) . . 3 B 2Ll _- . .

7
"
-

TR TN T TN

_________ . {1_'1'1'1'1 '

---------

JJJJJJJJJJJJ*JJJ*JJ*JJJJJJJJJJFJ-"’J{JJJ’JJ’JJ’JJ*JJ*JJJJJJJJJJJJJJJJJJJ’J’JJ’.—'J’-'J‘FJJJ*JJJJJJ*JJ*JJJJJJ*JJ”JJJJ-'?JJ‘JJFFFJ’FFJJJJ*JJJJJJJJJJJ*JJJJJJJJJJJJ’JFJFJ
g ;
:, “";
" ir
M
s ol
, iM
f 3
o '3
I r F A Fo
Fd 2
i kS
d 3
F 3
¥ f}
. ' ... ) ’ ' ) "~ - - - :I ) 'I . . -, K , ! . . , . _ , .
1 'a C i - ) ' .-I 1 F‘-.‘ I. . [ ’ ' . . .'.; ' I{-'; % .1" #
N \ . ! . . .-.- i - 1 # ﬂ'\l -'I'r ‘l ! ¢
PR H Fr
ﬂﬂ W
:ﬁ F
i £
4 E"*.
') A
i,
i
4 *
i
:.
ry
. {,4
A
5
d
d
¥
;
é.é
r
4
s
E‘*}

Uy
i

2 S S 2y €03 oy G s W o 0 e €13 LT R R wie $XR i
el 5 I L CER v Lod o LAY (00027 "ﬁm N DA VR o S i
£ 5 tont Cop A0 Bl RN Lol e TG ey ene - gy T
e U s S L G T L AL e ﬂ“ PRIRE NN a Wy o
Pl B e S fdon Godr ONE B e CEF A8 LY L3 L3 S O L XX
S LRSS MY L s S O L e e e N e e
%% POITOISR Heoy LTIy TR T L T T T AT T T T T T S T
TP e

-y

.
.$ :fl -,
f-E?

K
Lk g

¥

LA& S G S 3 e I NG Rl

E‘-‘ .I-‘l “I

o Rt e €Y A DR AN O LR

1
it
{,;

ey ) '!I' ) y . . e f:.'.‘.:}'_ ] ‘|"- Lo

.{M o oot e A LA TR e e R """““Eﬂ; *m-}'i‘--%}.— N

NG W '3‘“"3“ oy Ll o O 08 -uﬂf e 1 W INE

Wl 7 faa _il_i e S P, OF REN wgls S :‘5“:_ mf"mw:z e X
;‘l—ﬁfilﬂ- | ;W i'ﬁ:

(A o W Al o o A W A A T T Al W Ill'#"-ll'-ﬂ'-ll'-rl'.ll'-lll'-!l'.ll'.il'.ll'.ll'-ll'.ll'#J#Jfﬂfﬂfﬂffﬂ#’ﬂ'fﬁ’f##’fﬁ#’

_.ﬂ. Ll Ll e o o e el e e e el e e ol e e e e e e e e e L e L e ol e e e e e e e e e e e el e e e e e e e e e L e Bl e e e e e e e S e e ol e e e e e e e e el e el ol e e e e e e e e e Ml e e e M e e e e e e e e e B .p

X
) 3 v n h il
i -5y -QL"’-':I* 'ul-im St i:"“i“_. *:M*‘. el ‘*r'**‘* s R T e e e L
- | o e - ' LT "It.""h."'h."lq_-. '-"In- ."-"I-.'h‘."'l- "t-“"hr ) _"'.:"_'ﬁ-. - wewiy ."‘Whl" [ |. ; - . |
™ | -"'!'!'!'!'I"'l" e I"n.

ANELELER

"}
A
A

11111“11‘11tll'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.I.I.I.I...I.I.lllll‘.‘.‘.ttt‘ll‘.‘tl'l.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.-.'I.-.-.'_‘I_‘I_’_I.'I.'I.'I'_tltl'lll'I.'I.'I.'I.I.I.'I.I.I.'I.I.I.'I.I.I.'I.lllllllll‘l‘ -.I_'I_'I.'l.'l.l.

24

[
P YR

oo ﬁ:& e T T AV T v JE e T v T e I s T s St SR o

03 e ONE O s A0y O P OO0 {t&“: W m L3 £ L1
HIen e s T S o i S T v i e B T e e S
SO AN K _5 axs Chad TG ANT NS C T3 X %i%&--ahi 'I;“-.ss 4l \3 |
SRR ON AN N O O BN NG G RSN O O TN
et AN IR RN LS -:"::::=~ TN IR ot BE e B iutve N oviiec I vt B et T i 3 a3 i‘m -
% PO N NG £ CE IR OINT N €8 N *'m £%E £ N 0N

(%
4

..r..P.J..r..r.:..rJJJJ#JJJJ}JJ:JJJJJ:J;;

3
.
’

[ PLEETs

L
i

o o A A At A ol o ol o o o A A A A ' kA I At o o o A ol ol A ol o ol A o A A a5 il A A A A A o A A A ol A o o o !t a2 i e o o s Atk a5 ol Sl ol ! o il Al S i S A S A A o A ol o i ok ot A Atk o e i i ol o ol o o A o o
i
i; -

‘ I;
] J’J’J’J’J’J’J'JJ'J'J'J'J'J'J'J'#J'J".I"J"-.l"l"-.l"l""l“'l'"F‘-i"F'F.l':l'
3
£
¢

I E E E E rF E R r T r rrrry+ r ¥y rrr ¥y ErFr rr Fr fr T T T ri r 1t ¥ T ¥t ¥y ¥y Fr F f f  E E E E E E F E E F E E E r s ry rrrrry ry¥y ¥ rerrrr r fr f et T T T it it 1t ¥ 1T ¥ T L F ¥ ¥y F F F F R R E E E E E E E F E r r rrr rry r+ r Y rFr r r T  r Y i r it Tt ¥+t ¥ T ¥y ¥y iy

Retnue g*:"\_(i‘ Yo el ] . " ' :
4 '._ 4 y m i TR . ‘ . *‘,
v £ o ) CRd *s.’\* 5?\5 »"\i & w '.*33‘\3 RNGENE _*#5 NG K ﬁ."»‘i f‘%‘ ol k\i :
SN Yorir P ‘iﬁ §ow W .~ v § o :
g " =:'|.,,=. . A : e . . . .‘h:'lp.- ..p"h-‘hﬂ.,‘_ _ "+"'|'="'|'-|'. f 1
XY i e oy { | ““"3 3 '3 L “‘"f | !
o 1'& ) Iﬁ":i:"l: 'lr"}' -Ir-e""‘w': ttv-r* =" i- ] 'r*l:"l :'1:"1'1‘ ‘3 {rttt"l -1*-'1 -r-lr-lr ;'E'-r-'*q 1: l:" - ﬁtt‘l ' e ] -ll:- ‘I"!'i }--1 - 11"1'1'1' L 'lr*Ie i!-: -r-le-lr : EE
i fafiadias N i oy a* :
s o b *‘",'.‘3 LRI LD Lfﬁ ~':'.Z 5-.!:} L5 LS '.‘3 x.fj} L iﬁe“t} FF *‘“‘* '-‘;Z%‘“% :
g Ty :
t S A -'-q| a3 «
T e R T P PP PP PP -



U.S. Patent Dec. 26, 2023 Sheet 29 of 29 US RE49.766 E

FIG. 38 [Amended 0

. 0 ; - mi? i‘ﬁ ;
: (AN . . '
; vt : ik 3-‘«.':' k
::-'ﬁ- - "_-|-‘'-|-"-|-_'-|-"-|-"-|-_'-|-"-|-_'-|-_'-|-"-|-"-|-_'-|-"-|-_'-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-_'-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-_'-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-"-|-"-|-_'-|-ﬁ_I Bl LR R R R R E R R R E R R R E R E L L E L I:"-r"-|-_'-l-"-|-"-|-_'-l-"-|-"-|-_'-l-"-|-"-|-_'-l-"-|-"-|-_'-l-"-|-"-|-_'-l-"-|-"-F_'-l-"-r"-r_'-l-"-r"-r_'-l-"-r"-r_'-l-"-r E
. - a . - ' . . . . ~— 1 .
; E't ; :tq SROAE ;'.‘}'ﬁ: :’”:J} ﬁ-. } S AN P N 18 ;.ﬁ-*} ARG 4 L_ §
‘II oy . R by .. . 1 | L] ‘ v T Rl o ) Yk W
Ay A h i ¥ | oy Cowa oy q E { :E .
RPN W AN w-— W A ‘t v SRR WS R ’L-'L} :
.'I i . ‘ . . . . . . P - P P . .'; - .E
S S o - ihhihhih%h'p:tihhﬁ-%i'-|-'-|-'-l-'-|-'-|-'-|-'-|-'-|-'-|-'-|-'-|-'-l-'-r'-r'-l-'-|-'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-r'-|-'-|-'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-r'-l-'-|-'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-r'-|-_'-r'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-r'-l-'-|-'-|-'-|-'-|-'-|-'-l-'-|-'-|-'-l-'-|-'-|-'-|-'-|-'-|-'-|-'-|-'-|-iﬁrhiﬁrhihhihhihhihhihhihi- o e g g g g g e g e g g g
| X . - vy
- : b b Y L Ly Ly
1 | ’ - L - -
| .‘!'f{nﬁ r“ .". ﬁ. b ,..,, A ) :* 2 1-‘:1‘} ) 'r': . 2
1 '] e 'i - n ? |-|: . . T ."' "‘}""'-. .
CIREINR w OOy N Er oy Sy, U
T T 7’".. i LA T LU " N e W A .H. B T g s : ', a 4 e o o 1
I 3 3 IR AT AT AP M A0 A0 B oM -;:"-l A% n WOAT OO AR vy
e SO b I T S T ol Rl B -_1{-- ). L ;:F . a i_nll- L -E' SR ' i A TN I L A -
N h l-u' SER IR AT LY S U RV w WAk iy R W "-..lL TEANE G U CORE L L )
b L5 4 i)
3 wi'ir‘lriﬁr‘lﬁ-ﬁ-ﬁlﬁﬁ-ﬁlﬁﬁﬁﬁﬁ-ﬁﬁﬁt‘t‘! W W YN W N W W W N W W W W W W W W W N W N W W NN W W N W N W W W N W W W W I'-'-nnr*lﬁle T W N N W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W N W W W W W W W W W W W W W W W W W W W W W N W W W W W W W W W W W W W NN W W W W W N N W W W W NN W W W
" ¥ F 1 k . ) ql'.:
- . . IR | . . [ n .
e o RN b o | K} a gt bk T < M A e L
Lo Ay Pyt L N - vl oy i 1o e T L
IERRATTAR 1 A R P NS NEED ::
I ::{ltuﬁ"“' t‘h\“ 8 : '} : :: 14 : Y .‘n;..!t.": LELEE t: :: N iﬂ- Wit LY . ::
) X 1 . - . ) e -
LR R LR R LR Ll L LR ) 111:; B W W N W W N W W N A t*ll.'1|.'1|"*lr"lr'1"1"1"1"1"1"1"1.'1.'1"1"1 N L
. i . -ll - i
ATy T :Q 3 3! : n-qﬁ :}._; XTI } _r*-..q i ‘"*"'-t '3 {:ﬂ 1
LAY N 3 I g AN } ;[ e N
L [ L | 1%}1\.5. ok " .- 'ﬁ l, 1y
E-.'-I.'_:hl.':': : }:..' . 3 :- L M . 1 e yf e :r "l." -‘li."iri.l'i.'l L] hL _'rl.'l- ol !' L A :|1
: " "y T L r S L
- . 14 :I.L . L L
% .
'I._'I.'I.'I.'I.'I.'I.'l.'I.'I.I.'I.'I.'I.'I.'I.I.'I.'I.I.'I.'-I._:.'I.'I.'I. Y 1'.I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.I.I.I.'I.'I.'I.'I."I.'I.I.I.'I.'I.'I.'I.'I.'I. TEARURANN '-11111;. AT AL AL AR LI AL A AT R AR R R LA R LA AR AL AR L AN AR NN NR NN, 111111111111111111‘ AT ET AR R E TR LA A A A A E AL A AR A AR R A AR AR AR R Y
..h - . . 1 . 1, - ‘ll' ‘_ . “n . . 1 ‘e 1 . .
' Wy ) r W 1, » ol .""""‘1"'. e Jal "’1'.'. 1 Y . ™
L AP A T TR S PRATIYE TR 111 TN L { ¥ R R ]
- Loy ekt """'E't‘l":" -;: i._r't tl""‘{ : : : i l:;l,: ':: .rn: , :...ﬂ:.i:. N : o y t";"'"':* 1 1, : -.,-:h .._.1,*;.-.;; 1
., 1 . . . 1 .ll . q . ..' . r ' ) q T .l -q" 1 .
R E RIS AN S U P AN DR SRR TN 3 S btk ! i v R b
L W . 1 .l, .|' ' L) ‘l 1, .
W\bﬁ“\ rhrwuwwm-u:um . A b :‘_
) “F";; ' ﬁ S R | P S AR S A T -E"ﬁ. X :""i:": SRR AT AR .""._. LRI T L8 {“ﬂ.:"i.:?} ] : E?'*-.';. ﬁ:’:a"_&,.-?ﬁ,-‘}} N
W A 1 ] ' i K l| . 4 . Ll L] . . N [ - . L, . . . Y 1 I Iy . .! .o ‘- .-IE.'I-. .
.;" q b ‘} 1, ., L Ll ,II Lk Wy ) =1 L B I ] oty 1 (| i 1 A . )
u kA ) L g e h |)\_ ' ik |2 h_lk’ﬁ 0y . _ _ : » v A% b how F, o
e ol E'Iq.a ! 3 i | & AU R UL TR Y [CLR T L P A F O T Y A LU AFITL NS A £ £ S '\.i"\:‘hu.m-.: ,_h;rg__ a v ndt
. 1, ! 1 L 1.
1 1 .
'I'I.'I.'I.'I.'I.'I.I..'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.I.'Ih'l.'l.'l.'l._ 11.1.1..1.1.1.1.1.1..1.1.1.1.1.1.1.11.'1..1.1.1.1.1..1.1.1..1. wrrtisrraaarh frrash s raasrasras sttt Attt s nnnnnnnnn .thlltlltlltlltlltlltl"ﬂ.1..1.1..1..1.1.1..1.1.1..1.1.1..1.1.1..1.1.1..1.1.1..1.1.1..1.1.1..1.1.1.:

"

. . 1 L . . - .ll ‘ L L] - A,
.. 1, - L 3 . N 1 . . 1
1 1 . |, =W r = r . b ! 1 ) . b . .
383 PR "‘- LE.ETT‘:,":'.-;. 10 A P ' “"‘1" 'y -E“'T ‘ Tmﬁ.& Q: A= !
N ] |"| - ' SRR 'R Ko " h Y ogh Tl LR )
b R TR S S £ IR IEE hfﬁ;,fq. i f't-:,.ﬁ"‘! E: v EE » ERRRMCRL L E SO O ]
AR X - ' o PR N . o ' 'y ' . :
hhhhhhhhhhlh‘hhhhhhhhh"i'h..'h.'h.._ :h._'h.uh1-.1-._1-.:uuhlh:h_lluuuhh{huuuuh1-.1-.1-.1-. 1-..1-.'-.'-.'-.'-.'-..'-.1-.1-: :h_hhu_:_uuhhu_hhuhhuhhuuuuh{ :h‘hhhh‘hhh‘h‘hhhhh:‘l :hhhhh‘hh‘hhhhhhhhhhhhh I.h'h._'h._'h._‘h._‘h._‘h.‘-.'h'h.'h."h.'h.'h.'h."h.'h.'h.'h.'h.'h.h'h'h.'h.'h.'h'h.'h.'h.'h.'h.'::
, 1 Gy, 1, N _ Feon o4 ot - L % 1y M : I T T )
1 e TRty daiwles B ~:.~r- o R0 me PIRERST !
. 'd. 1, : " gy o y b b " 4y . ) iy {\' " " 1
RS Lk ! ! SO 5 R R R IO S "‘ﬂ. .t ..'..:a.-u._-.. adnd L-...»ﬂ.-.m.a..-” .
A ' L 1, . ‘|I L ] n ‘ y 1 \ . s 1
- b 1 T Y : NN ., " 1
h.‘h;h;h;h;h;!h;h;h;h;h;h;h;h;!h;h;h;h;h;h; . i ., irhhhhhhhhhhhhhhhhh T, e _-,.u-hhhhhhhh’h ’ a-._:-._a-._a-._h._h_a-._h._h_h_h_h_h_h_h_h_hl
..I . . . h . . ‘l . . ‘ "
v : - : - : 5 fe e .
) Il | P - . Wy 1, 4 !‘r‘l N
Con ‘.‘«F-"ﬁi‘.'h*‘.;:?:t{;"-.";'} b Ly :. N .?Lh‘ L .
. R A e A L T _— . Aoy .
v IR S O P S R L L S5 5 ¥
11. ' 1 “ g
Ry ittt g ey
. Y N i \ o) w'
e kM 1, L) .'.,;._l.:lp’ L8 M
3 PESD N ., VLAY
: Lord ' : VMR
. 'h N
! R e e e .

e S S Y QT S e S .‘......-.....:... N Ny NS p

wnﬁwwmww anhitialeak o sie s va-rww-nﬁﬁnwmw“ Y MH‘H“HH‘HW“WWMWWMW ﬁ'ﬁnw-ﬁ MW“HMWMWWMWWMWWMW“MW“MW“WWMW“

L R h.'h.'-l- 'h.'h R T T T e e T e T e T e e T T T I..'-u e T AT T T 'I-'h. i 'h."-.. L A ] 'h.'h T ln.'h..'l i i e e T T T T e ln.'h.'h - 'h.'h e T T T T '-u'-n. R T T T et 1'1

ﬁﬁﬁhﬁﬁ.hﬁﬁ.h.ﬁhﬁﬁ.hﬁﬁﬁiﬁﬁ.hﬁﬁ..ﬁﬁ.. h.ihﬁ.ﬁ.hﬁ.ﬁ.hl e e s s ol e e e e e e e e e e e e e e 0y ﬁ.hﬁﬁh.ﬁh.ﬁ.hﬁﬁhﬁﬁh“ e ol e e ol e e s e s e e e e e e e e e e e e ﬁ.ﬁ.ﬁ.hﬁ.ﬁ-hﬁ.ﬁ.ﬁ.ﬁ.ﬁ.h.ﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁﬁh.-q'

1 '
‘iq
L.
. .
-
7

din min sin e e sie s g
e e,

s

R

.:'- "““::: s
AHW}H"-' ot

-‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘ -‘
e nle e nke e ke ale e e e nle e ke sl e sl

1,
1,

___________________________________________________________________

L 1 JLE - )
1 - ' . P i - . 1 Lo .
v i ANERESUNEHTR Dain :- s e
S . . . '
‘ . ‘| . 1: ‘., |". .t , .‘ ' |. '] u & . e . ﬁ L] T B
AEY N RIAM RN oooauR R
1o 1 oo :1-.1*:’11' U | X} I : "H‘tlln. 'l. 1 Th e : o
. 1 ' ' i : 1
1.1|..1.1111111111111111111-:11‘ :..1|..1|..1|..1111111111111\.1:&111111111 mRAM R RN ::.1|..1.1.1:1.1.1.1.1.11.\.1.1.1.1.11.11.1.1.11.:_ \.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1: MAMAR A AR A A A AL AN LA AL LN NN NN RN
h . 'm - o .'I -. ' I " ] MK L - . u L] N N o
14T S LA § TR ¥y S PN s AN DO ""*"*1:""""1"‘
. . 1 1, - ' q ] Lo .
TRE SEEEY et N S ISR R S04 S t : WA SR e
] ,.P'.,,u,.- : : 1: l‘il k’\' .I|:I : . 1: [ : " ‘r"-. . '|F1' - 1: :: -;r 1 b 'il q.
h' ‘l_ ' l. 9 i . ‘ . F.
e T T T T T e e W T T T T T T T

By, By, By, By, By By By, By B, By, By, B By By, B By, By B By By B Hhhhhhhhﬂhhhhhhhhhhhhhhhhhhhhhhh

-..,.-..-..-...-..-..-..n.n.n.n.n.n.n.n.n..n,n.n.n.n.-u.i.n.n.n. i ..A.-..-..-..-..-..-..-..-..n.n.n.n.n.n.n.n.n.rn.n.n.n.n,n.n.n.n, R :i-..-.,-.r-.._-..,-.,-..-..-..-..-.,-..-..-..-..-..-..-..-..-..-..-..-..-...,1- e e e e e e e e B B B B BB
- |' ' ‘II_ L . .|: .
w 7 ﬂﬁ, E:j v 3l \\.E i :”* :l."f.f*\rl-"" : t’* : g E‘ “‘; 4.',, ! Fiw' ; uuf * '.hhﬁ'ﬁ ™
» - 1 it o I | _ - Y

..HP"\ A‘»‘*f‘ H?"”:- : 3 RIS FEoL ) ! E\_,:\ : dmdie ;_:»‘ a-:;,_:t

L E"l- L M H _:"'I : 't.l'ﬁ"'}-l" LI 1 ' : . "lqi" 1 : % oahh
:-1-1.1.1.1.11111111111111511111.1111 T .ll;'l'l-.jl;hh‘l'h'l:"l':;:'h"h'h.‘l.‘h.‘l"l'l“':j _-.1.1._1.1.1.1.1.1._1.:-._1._1.1.1.1.1{ ARAAR R AR AR AR AR A AR AR AR A A R A A A AR AR A AR AR R R R A R R A AR AR R R R R R
1 ' ] ] ib .. . A w , v . 1 u 'I-" -l"ﬁ
B WG S S PR Thaoy | : S T
1 . '}‘%' 1 i ! 1 . N ' 1"1;- e 1 - LR L

. : 1 ] Iy ' 'y L | [ % ' . -3 . L] - L1

: IH'I;-I:"IL 'h"- : ' e :: . : .'-"r " L .:'-r J“rh : ": Ii'l hh{.\.l 1 t* L .
1 1, \ i . :

- - ]

} . t o 1 l “ "' Kl :
: A L 1
Yoo i‘-'\'lr‘n.'*.".,ﬁ'tﬁ“f‘; S P T *::; ! ' .3
'n ey S 1 1 1 "-. b
1 U . ' | q . Y
i i_p _ l.'l._"l.‘,l nY : . h : : Ve -._-"h e : ] _ H'h'
.l - . . .
et UL L }r.,..-..a...-.:.l...-.,.-., ~ '-p'-r-'-p'-n-‘-‘-r‘—": ”
N ' i . .ll'. . . | ! . 1
1 ' 1- 'l;: b .h-‘i w '* - h Y
i tow oy e oatow :L?h"q'.,. i ‘
H e Ny N _ 1
! . AN S :
‘ﬁ.ihhhhhhhhihhhhhﬁﬁtﬁ.hhhhhihh hhihhihhﬁ.h .‘.hﬁ.ﬁ.ﬁ"ﬁhhhihhhhhihhihhhhhi.‘l hhhihhihhhhhihhihﬁ" hihhhhhihhihhhhhihhihﬁ: e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

1, 1,7 1] e n . )
1 1w 1 L] Ww . P L] '
: TV Maen A : P Tive Cinms
1 1 | n ir'l i -..;'l 1 'ﬂ.E ) 'l 1 Ll B, l"!‘l'l‘;‘:' n I"tlﬁ K :t
: i PRI AR ¥ AN : apvis A AnLE bRl
. ' L | ] . [l L 3 ; L R |
1 A 1 )
1 1 -‘ 1
. v T . . . \ S
:- DU ORT S budas 0 Redl 3 TGR Ot bOAER THIARYT
: : b B O S AL e e A" EN o . -‘i ’h" 1 . L R
1 Low oy " L s 1 ot " - 3 {'.1 '
1 1, . E i 3 - 1 L . ji et B
v Proey WA s "'-".'1"1-::. i EHN N ; " 't--"'%-'t "'.4'\.* - R SO
1 .l| ) - : 11
.................................................................... hwuu—‘-‘“‘-.
A e e e e e e e e e e e e ,xm-ﬁ-t:.--—--ﬁp---—-ﬁ-—---—---—-ﬁI
: L L : 1
¥ e aiica b MNP TE Mg !
Ly 'u:"'.ﬁ LR Ay - '-1; g 0 . 1“.i'-'ﬁ 1
I u L"l 1 . oo i N :
L : ‘.‘-rén-l. "'-..F?"" :1 . ..:-‘1-'- -."t : : L : "_U‘?'h L ::
\ .ll .l
_________________ k‘mu-ﬂ‘l#.‘tm‘;‘;‘?&'
. L . L T i b 1 ¥
. LB . 1, { ™ - "'-'.E\". + o 1 )
i ':"ﬁ L) h Lo ?"&Z‘;,.' ..1'*.It:-.:i'!1 ¥ :
. . i . ' | b fal L . .
NV ':}:.':. 4,_.. : L‘ : W : 2N N L'.: ML :: :
. . h . .' " ... .. - i . ‘
L R Ly N N N N R N e

'lu-'b'h“—'l—'l—'b‘l—'l—'b‘l—'h'b‘l—'l—'b‘l—'h‘b‘l—'h‘b‘

. I | . l
Cw - . :._.1.'1{5.1 'H'h L : "t - -
- R W gl ey v 1 -
N : ! s
Lo Al W, ! 3 adav A
_'-vv-vv-vv-vv--v-vv-v_ r-hiiiihi‘-i‘-ﬁ-‘-ﬁ—-’-hﬁ’-l g g g g o e g g gl gy g g g g g g t"lll T T "-r"-r:';ll 7-::-;"'-"-"-"-7-7-'1-7-"-"-"-7- e g e e g g e g g g . :ri‘-r‘-‘-r‘-r‘-i‘-‘-’-’-‘-‘-’-‘-i‘-‘-i‘-‘-‘- '—'-'—'-'—'-'—'-'—'-'—'-'—'-'—'-'—'1—'1—'1-1—'1—'1—'1—'1—'1-1—'1—'1-1—'1—'1-1—'1—'1-1—;—;-1—'-‘
- ' 1 .' - " .. . ] . H" . u . .
) 1 1, - N T N B - . . LI lf'l _l."'lﬁ -
F‘“i RGNS S S RV Rt 0 AGER i O T
L 1w - 1 N . Con o W R ' i"'lr- a ) 1 L il " - y
! L | 1 . 1, w . tk [N T 1 N 'k L ] 1 ] | ] .
"I..*'i'- T Ay 'b.}f \ I ' : .oy “"h "‘_ b 'r_:_:.,!t: gk : WA 1.:4.'" 4 .t -t g ﬂ-"‘f-_'-l. . , i
1_'*_'***?*****?**?*__.1‘ - -r-r-r-r'-r-r-r'-r-r '-|- '-r-r-r-r-r-r'-r-r . 'i‘ e g ******************'ﬁ' ................... 'L‘F*"******************* '-r-r'-F-r-r'-F-r-r-r-r-r-r-r-r'-lﬂr-r-r-r-r-r-r-r-r-r-r-r-r-r-r-r-r
1 Al l""u't I'rf:; I :.,"':'E x 1y Ty "-': 1 g
i l"\“i."t"' L - : \:'} 1. : o " -:n" ey : -t
Firied l"n|='|-|'|.1~'l"~ b N iv W i L] b T
1 A 9. ] :l
.". . '.:-'1- ’ -‘;"\ﬁ'h- :.' 'R
|-' 1 1 1. q w - . 1 '
"Qﬁ ' i P RYE MR ok
- q x . o a et 'a'h"’ - 1 i |
| .l} . 1, U Y . \ b Lt "
"'l.:"'h.- : 1 : S 'hh N ke i-?}.lq. a4 : : .,t
‘| L | - L
1 . 1 1 1
P“r"lr"irh‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘rﬁ*ﬁ\r‘r‘r\r‘r\r‘r‘r\r t‘r‘r‘r‘&r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r"il' L

e g g o g g o g e e g o g g B e g o e g e e g e e g e e g e e o e o e T e e g e e g e e s e e s e e e e g e e g e e g e o o e e o e

'r'r

% LA ] i ~ .
L FAom g o - 1 g N
s T ¥ Diata oADK :
7 . M N S i [N .
:-.I: :::. : : _.-la'"\ .hl"! : IJ..":.. LR, N
h- i : ‘Iklﬁr-r-'-llﬁ‘l-ﬁ"-’ir_'h -4-'-'-"-""'-'r-"-!--"-'r_"-"-"-'r-q:.- -"-"-'-'-"-ﬁ";'-ﬁ-ﬁ'-ﬁ.'l:'-"-ﬁ-'-'""-":.
. . L . .I‘ - - . . - ] .\
f‘: HRERSY LL‘ &8 0 Gk o { f’:filii‘ :.‘:E { Q e %
- o \ ) - . . ET Y % e am Ay n 'u_f
b 4 . 1 A .
b 1' i | | -I - . . %

Tapy
;I S S S S Y S S S R S J S S S Y S S S S Y S S P S S W FE— . e L PSS S S S S RS Y S S SN Y R SR Y S P

N R T T R R M R o R N R o A e e e N R N A R A T T T N N R A R T N T B R A N A R N N R R A R N A A e T T R N B A R R T T N N A R A A R R N R A A A L N R R R A A e T T R R B A R R T e A A M R A R R R R R R R R N S N N R R R R e e R A R A A R T T N N R A A R N N B R R A R e e N e R R R R e R N A A R T N N N N R A A R N N e R R R A A N N R A A A e e N R A A A A e B R h B B B h B B B B A B

A=y “"“"5.
% :3."5 i"'”"i



US RE49.,766 E

1

APPARATUS AND METHOD FOR
INTERFACING BETWEEN A/V SYSTEM AND
PORTABLE DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of the first and this
reissue specification; matter printed in italics indicates
the additions made by the first reissue. Matter enclosed
in double heavy brackets [[ ]] appears in the first
reissue patent but forms no part of this reissue specifi-
cation; matter printed in bold face indicates the addi-
tions made by this reissue; a claim printed with strike-
through indicates that the claim was canceled,
disclaimed, or held invalid by a prior post-patent action
or proceeding.

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(a) of Korean Patent Application No. 10-2005-0113491,
filed on Nov. 25, 2005, Korean Patent Application No.
10-2005-0113492, filed on Nov. 25, 2005 and Korean Patent
Application No. 10-2006-0049566, filed on Jun. 1, 2006, 1n
the Korean Intellectual Property Office, the entire disclo-
sures ol which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus and method
for interfacing between an audio/visual (A/V) system and a
portable device. More particularly, the present invention
relates to an apparatus and method for mterfacing between
and A/V system and a digital data recording and/or repro-
ducing apparatus for transmission and reception of a control
signal and a digital stream therebetween.

2. Description of the Related Art

The use of portable multimedia devices, such as MP3
players, has recently begun to increase. Accordingly, there 1s
a need for a technology that 1s capable of reproducing a
multimedia file which 1s stored in a portable device, on an
A/V device, such as a personal computer (PC) and a car
audio system, or a technology for controlling the portable
device. A user may experience greater benefits 1f an audio
signal of a portable device 1s listened through an amplifier
(AUX) of a non-portable device or with a digital sound field
(DSP) eflect, or if a file stored on an MP3 player 1s
reproduced and the operation 1s controlled through a car
audio while the user drives a car. So far, there has been no
technology capable of controlling the operation of a portable
multimedia file recording and/or reproducing apparatus 1n an
A/V system and a linking stream.

FIG. 1 1s a block diagram 1llustrating an example 1n which
conventional multimedia recording and/or reproducing
devices 114 through 118 operating as universal serial bus
(USB) portable devices are connected to an A/V system 100.

Referring to FIG. 1, the conventional A/V system 100
comprises a key mput unit 101, a control unit 102, an MPEG
codec 104, a DVD module 106, a video output unit 108, an
audio output unit 110, and a USB connection unit 112. If
multimedia recording and/or reproducing devices, such as a
hard disk drive (HDD) 114, a digital camera 116, and a
wireless terminal 118, are connected to the USB connection
unit 112, these devices are recognized as portable storage
devices, and the control unit 102 generates a list of files that
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can be reproduced, and outputs the list through the output
unmit 108 so that a user can recognize multimedia files that

can be output.

If the user desires to have a specific file reproduced, the
file 1s read from the device 114, 116 or 118, the file 1s

decoded in the MPEG codec 104, and then, the decoded

signal 1s transmitted to the video output unit 108 and the
audio output unit 110.

Recently, a variety of multimedia content files have
become available for purchase as content files. Many con-
tent files are sold and protected by digital rights management

(DRM). Reproduction of the content to which the DRM

technology 1s applied 1s limited so that only one device can
reproduce the content. According to the conventional tech-
nology, a file bought to be reproduced in the devices 114
through 118 cannot be reproduced in the A/V system 100
even though the devices 114 through 118 are connected to
the A/V system 100 through the USB connection unit 112.

The A/V system 100 should have a codec capable of
decoding the formats to successtully support content files
with a variety of formats. That 1s, in the case of a content file
in a format that can be reproduced 1n the external devices
114 through 118 but cannot be supported by the MPE
codec unit 104, the content file cannot be reproduced in the
A/V system 100.

FIG. 2 1s a block diagram illustrating data of a portable
device 220 being reproduced in a non-portable device 210
according to a conventional technology.

Referring to FIG. 2, 1n order to listen to an audio signal
of the portable device 220 through an amplifier or the DSP
cllect of the non-portable device 210, the analog output of
the portable device 220 1s connected to an amplifier (AUX)
of the non-portable device 210. This configuration 1s 1ncon-
venient because the non-portable device 210 and the por-
table device 220 should be operated separately. Also, since
only an analog audio signal can be transmitted from the
portable device 220, the quality of sound 1s degraded.

FIG. 3 1s a block diagram illustrating a portable device
220 that 1s controlled from a non-portable device 210
according to a conventional technology.

Reterring to FIG. 3, 1n order to control the portable device
220, an operation command transmitted by the non-portable
device 210 1s converted 1n a separate control box 300 and
transierred to the portable device 220. An RS232C connec-
tion between each module 1s used. However, this configu-
ration has a drawback 1n that 1t requires a separate device.

FIG. 4 1s a block diagram illustrating data of a portable
device 410 being reproduced 1n a car audio/visual (A/V)
system 420 according to a conventional technology.

This 1s a method extending the use of the conventional car
A/V system, by reproducing a multimedia file stored in the
portable device 410 1n a car A/V system 420. This allows a
user to experience greater benefits 1f multimedia data with a
variety of formats 1s listened through an amplifier (AUX) or
with a DSP eflect of the car A/V system 420 that 1s a
non-portable device, or if a file stored 1n an MP3 player 1s
reproduced and the operation 1s controlled through the car
A/V system while the user drives the car.

Referring to FIG. 4, an analog output of the portable
device 410 1s connected to an amplifier (AUX) of the car
A/V system 420. This configuration 1s inconvenient because
the car A/V system 420 and the portable device 410 should
be operated separately. That 1s, when a file stored on an MP3
player 1s listened through a car audio system, volume 1s
controlled through the car audio system, and song selection
1s mconveniently performed in the MP3 player. Further-
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more, due to battery life restrictions of the portable device,
it 1s 1mpossible to use for an unrestricted period time.
Accordingly, there 1s a need for an improved system and
method for interfacing between an audio/visual (AN) system
and a digital data recording and/or reproducing apparatus for

transmission and reception of a control signal and a digital
stream.

SUMMARY OF THE INVENTION

An aspect of exemplary embodiments of the present
invention 1s to address at least the above problems and/or
disadvantages and to provide at least the advantages
described below. Accordingly, an aspect of exemplary
embodiments of the present invention 1s to provide an
apparatus and method for controlling an operation of a
digital data recording and/or reproducing apparatus only by
manipulation of an audio/visual (A/V) system without a
need for additional equipment, and capable of reproducing
a multimedia content file stored 1n the digital data recording
and/or reproducing apparatus 1n the A/V system.

An exemplary embodiment of the present invention also
provides an apparatus and method for controlling a portable
digital data recording and/or reproducing apparatus by using
an unaltered conventional A/V system. According to an
exemplary embodiment of the present invention, an appa-
ratus and method {facilitates the storage of data in the
portable apparatus to be reproduced through an amplifier of
the A/V system. An exemplary embodiment of the present
invention also provides an apparatus and method for repro-
ducing a file of a digital data recording and/or reproducing
apparatus 1n an A/V system 1rrespective of whether the A/V
system supports a codec.

According to an exemplary embodiment of the present
invention, an apparatus and method are provided to repro-
duce a file of a digital data recording and/or reproducing
apparatus protected by a digital rights management (DRM)
technology 1n an A/V system.

According to an aspect of an exemplary embodiment of
the present invention, a digital data recording and/or repro-
ducing apparatus for recording and/or reproducing digital
data 1s provided. The apparatus comprises a storage unit, a
decoder unit, an interface unit and a control unit. The storage
unit stores digital data encoded 1n a predetermined format.
The decoder unit decodes digital data stored 1n the storage
unit. The interface umit transmits the decoded data to an
external device and the control unit controls the storage unit,
the decoder unit, and the interface unit.

The interface unit may include a universal serial bus
(USB) device controller.

The control unit may control the decoder unit to decode
the digital data in predetermined units according to a control
signal from the external device, and the USB device con-
troller may include a first bulk iterface that sequentially
transmits the data decoded in predetermined units.

The USB device controller may further include a second
bulk imterface to transmit/recetve the control signal and
control information including information on the digital data
to/from the external device. Also, through the first bulk
interface, the USB device controller may receive a control
signal from the external device and transmit information on
digital data requested by the external device.

The USB device controller may include an 1sochronous
interface for transmaission of the decoded data 1n response to
a control signal from the external device. According to an
exemplary implementation, the USB device controller may
turther 1include a bulk interface that transmits/receives the
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control signal and control information including the result of
executing the control signal to/from the external device.

Also, USB device controller may receive a digital stream
from the external device through the i1sochronous interface,
and the control unit may encode the received digital stream
and store the encoded digital stream in the storage unit.

If the digital data 1s encrypted data, the control unit may
decrypt the encrypted data and then transmit the decrypted
data to the external device. The control unit may transmit the
decoded data to the external device by using an encryption
method.

The apparatus may further include an nput unit that
receives an mput of a device using method. If a command to
use a conventional USB protocol 1s mput through the input
unit, the control unit may control the USB device controller
so that the digital data recording and/or reproducing appa-
ratus operates according to the conventional USB protocol.

The apparatus may further include a digital/analog (ID/A)
conversion unit to convert the decoded data into analog data.
According to an exemplary implementation, the control unit
may control transmission of data so that the decoded data 1s
selectively transmitted to the D/A conversion unit or to the
interface unit.

According to another aspect of an exemplary embodiment
of the present mvention, an audio/video (A/V) system 1s
provided. The AV system comprises an interface unit, a D/A
conversion unit and a control unit. The interface unit
receives decoded data from an external device, the D/A
conversion umt converts the received decoded data mto
analog data and the control unit controls the interface unit
and the D/A conversion unit.

The interface unit may include a USB host controller.

When a multimedia file to be reproduced 1s to be received
from an external device the control unit may determine a
time 1nterval required to recerve a unit of decoded data from
the external device and the number of units of decoded data
that are required to be received by referring to information
on the multimedia file. According to the determined time
interval, the control unit may sequentially transmit a control
signal requesting data, through the USB host controller, a
number of times according to the number of units deter-
mined, and the USB host controller may include a first bulk
interface to sequentially receive data i predetermined
reception units.

According to an exemplary implementation, the USB host
controller may further include a second bulk interface trans-
mitting/recerving the control signal and control information
on the multimedia file to/from the external device.

The USB host controller may also transmit/receive the
control signal and control information on the multimedia file
to/from the external device through the first bulk interface.

The USB host controller may include an i1sochronous
interface receiving the decoded data. According to an exem-
plary implementation, the USB host controller may further
include a bulk interface transmitting/receiving the control
signal and control information including the result of execut-
ing the control signal to/from the external device. Also,
through the 1sochronous interface, the USB host controller
may transmit a digital stream to be stored in the external
device.

According to another aspect of an exemplary embodiment
of the present mnvention, a method of reproducing a multi-
media file stored 1 a multimedia file recording and/or
reproducing apparatus through an external device 1s pro-
vided. A control signal 1s received from the external device,
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a requested multimedia file 1s decoded if the control signal
1s a reproduction command and the decoded data 1s trans-
mitted to the external device.

According to another aspect of an exemplary embodiment
of the present invention, a method of reproducing a multi-
media file stored on an external device through an A/V
system 1s provided. A control signal to the external device 1s
transmitted to command the multimedia file to be repro-
duced. Decoded data 1s received from the external device 1in
response to the control signal and the decoded data 1s
converted into analog data and the analog data 1s output.

According to another aspect of an exemplary embodiment
of the present invention, an interface apparatus between an
A/V system and a portable device 1s provided. The apparatus
comprises a first connection unit, a second connection unit
and an interface processing unit. The first connection unit
connects the portable device and the second connection unit
connects the A/V system. The interface processing unit
converts a data format of the first connection unit 1nto a data
format of the second connection unit or converts a data
format of the second connection unit into a data format of
the first connection unait.

The first connection unit may be a USB connection unit.

The second connection unit may be a first serial connec-
tion unit.

The interface processing unit may include a USB host
controller, a serial controller, a microcontroller and a D/A
conversion unit. The USB host controller controls data
communication with the portable device through the USB
connection unit. The senal controller controls data commu-
nication with the A/V system through the first serial con-
nection unit and the microcontroller converts a control
signal input from the serial controller into a USB command
and outputs the USB command to the USB host controller.
The microcontroller also converts reproduction information
input from the USB host controller into data that complies
with a protocol for connection to the A/V system, and
outputs the converted data to the serial controller. The D/A
conversion unit converts a digital data stream mput through
the USB host controller into analog data and outputs the
analog data to the serial controller.

The apparatus may further include a conversion unit
connected to a front end of the first serial connection unit
and that converts a pin mput of the A/V system to fit the pin
arrangement of the first serial connection unit.

The apparatus may further include a bypass unit and an
input unit. The bypass umt 1s directly connected to the first
serial connection unit and a second serial connection unit.
The input unit recerves miormation on a device to be used,
wherein 11 the device to be used that 1s 1nput through the
input unmit 1s a CD changer, the microcontroller controls the
bypass unit to facilitate data communication between the
A/V system and the CD changer.

The USB host controller may comprise a bulk interface
and an 1sochronous interface. The bulk interface transmits
and recerves the USB command and the reproduction infor-
mation. The 1sochronous interface or a bulk interface
receives the digital stream.

According to another aspect of an exemplary embodiment
of the present imnvention, an interface method between an
A/V system and a portable device 1s provided. A signal
format of the A/V system 1s converted into a signal format
of the portable device and the converted signal i1s then
output. A signal format of the portable device 1s converted
into a signal format of the A/V system and the converted
signal 1s output.
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According to another aspect of the present invention, an
interface method between an A/V system and a portable
device 1s provided. A control signal 1s received from the A/V
system through a second connection unit. The control signal
1s then converted 1into a data format of a first connection unit
and the converted signal 1s transmitted to the portable device
through the first connection unit. A digital stream 1s recerved
from the portable device through the first connection unit 1n
response to the control signal. The received digital stream 1s
converted into an analog signal and the analog signal is
transmitted to the A/V system through the second connec-
tion unit.

Other objects, advantages and salient features of the
invention will become apparent to those skilled 1n the art
from the following detailed description, which, taken 1n
conjunction with the annexed drawings, discloses exemplary
embodiments of the mvention.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The above and other objects, features and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a block diagram 1illustrating an example in which
a conventional multimedia recording and/or reproducing
device operating as a USB portable device 1s connected to an
A/V system:;

FIG. 2 1s a block diagram illustrating data of a portable
device being reproduced 1n a non-portable device according
to a conventional technology;

FIG. 3 1s a block diagram illustrating a portable device
being controlled from a non-portable device according to a
conventional technology;

FIG. 4 1s a block diagram illustrating data of a portable
device being reproduced 1n a car audio/visual (A/V) system
according to a conventional technology;

FIG. 5 1s a block diagram illustrating an example of
controlling a digital data recording and/or reproducing appa-
ratus 1n an A/V system according to an exemplary embodi-
ment of the present invention;

FIG. 6 1s a block diagram illustrating a digital data
recording and/or reproducing apparatus according to an
exemplary embodiment of the present invention;

FIG. 7 1s a block diagram illustrating an A/V system
according to an exemplary embodiment of the present
imnvention;

FIG. 8 1s a block diagram 1illustrating a universal serial bus
(USB) mterface being used to control a digital data record-
ing and/or reproducing apparatus i an A/V system accord-
ing to an exemplary embodiment of the present invention;

FIG. 9 1s a block diagram illustrating detailed internal
structures of the A/V system and the digital data recording
and/or reproducing apparatus of FIG. 8 and data flow therein
according to an exemplary embodiment of the present
invention;

FIG. 10 1s a block diagram illustrating an interface
structure between a USB host and a USB device according
to an exemplary embodiment of the present invention;

FIG. 11 1s a block diagram 1llustrating an interface struc-
ture between a USB host and a USB device according to
another exemplary embodiment of the present invention;

FIG. 12 1s a block diagram illustrating a principle of
reproducing a multimedia file through a USB interface as
illustrated 1n FIG. 10 according to an exemplary embodi-
ment of the present invention;
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FIG. 13 1s a flowchart 1llustrating a method of reproducing
a multimedia file through an external device 1n a digital data
recording and/or reproducing apparatus according to an
exemplary embodiment of the present invention;

FIG. 14 1s a flowchart illustrating a method of operating
a digital data recording and/or reproducing apparatus as an
apparatus according to an exemplary embodiment of the
present invention or as an apparatus of a different type
according to an external input;

FI1G. 15 1s a lowchart illustrating a method of reproducing,
a multimedia file of an external device in the A/V system of
FIG. 12 according to an exemplary embodiment of the
present mvention;

FI1G. 16 1s a flowchart illustrating a method of reproducing
a multimedia file of an external device 1n the A/V system of
FIG. 12 according to another exemplary embodiment of the
present mvention;

FIG. 17 1s a flowchart 1llustrating a method of executing
an operation command of a digital data recording and/or
reproducing apparatus by the A/V system of FIG. 12 accord-
ing to an exemplary embodiment of the present invention;

FIG. 18 1s a block diagram illustrating an interface
apparatus used to control a digital data recording and/or
reproducing apparatus from an A/V system according to an
exemplary embodiment of the present invention;

FI1G. 19 1s a diagram 1illustrating a structure of an interface
apparatus according to an exemplary embodiment of the
present mvention;

FIGS. 20 and 21 are diagrams illustrating pin arrange-
ments of serial cables used 1n a car A/V system according to
an exemplary embodiment of the present invention;

FI1G. 22 1s a diagram 1llustrating a detailed structure of the
interface apparatus of FIG. 19 and a connection thereof to an
A/V system and a portable device according to an exemplary
embodiment of the present ivention;

FIG. 23 1s a flowchart illustrating an interface method
according to an exemplary embodiment of the present
imnvention;

FI1G. 24 1s a flowchart illustrating a method of connecting,
an A/V system and a device using an interface apparatus
according to an exemplary embodiment of the present
invention;

FI1G. 25 1s a flowchart illustrating a method of reproducing
data of a portable device in an A/V system using an interface

apparatus according to an exemplary embodiment of the
present mvention;

FIG. 26 1llustrates a structure of a conventional MP3
reproducing apparatus and a file reproduction data path;

FIG. 27 illustrates a path through which an encrypted
MP3 file from a personal computer (PC) 1s received in a
conventional MP3 reproducing apparatus;

FIGS. 28A and 28B are diagrams illustrating a conven-
tional encryption method;

FIG. 29 1s a diagram 1llustrating a data path through which
a file encrypted 1n a conventional MP3 reproducing appa-
ratus 1s reproduced;

FIG. 30 1s a diagram 1llustrating an example 1n which an
MP3 reproducing apparatus 1s connected so that the appa-
ratus operates as a conventional portable device;

FIG. 31 1s a diagram 1illustrating a path for transferring a
requested MP3 file 1n the arrangement of FIG. 30;

FIG. 32 1s a diagram 1llustrating a structure of an MP3
reproducing apparatus connected to a USB host device and
a path for reproducing a file according to an exemplary
embodiment of the present ivention;
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FIG. 33 1s a diagram 1llustrating a path for transferring a
voice signal reproduced from an MP3 file 1n the arrangement

of FIG. 32 according to an exemplary embodiment of the
present 1nvention;

FIG. 34 1s a diagram 1illustrating a switching principle for
switching a data transier direction according to an exem-
plary embodiment of the present invention;

FIG. 35 15 a view 1illustrating an example of data stored 1n
a RAM 1n FIG. 33 according to an exemplary embodiment
of the present invention; and

FIG. 36 1s a view 1llustrating an example of analysis of
data that 1s transmitted and received between devices when
an 1nterface method according to an exemplary embodiment
of the present invention 1s 1implemented.

Throughout the drawings, the same drawing reference

numerals will be understood to refer to the same elements,
features and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The matters defined 1n the description such as a detailed
construction and elements are provided to assist in a com-
prehensive understanding of the embodiments of the, inven-
tion. Accordingly, those of ordinary skill in the art waill
recognize that various changes and modifications of the
embodiments described herein can be made without depart-
ing from the scope and spirit of the mvention. Also, descrip-
tions of well-known functions and constructions are omitted
for clarity and conciseness.

FIG. 5 1s a block diagram illustrating an example of
controlling a digital data recording and/or reproducing appa-
ratus 520 1 an A/V system 510 according to an exemplary
embodiment of the present invention.

Referring to FIG. 5, transmission and reception ol a
control signal and a digital stream can be performed between
the non-portable A/V system 510 and the portable digital
data recording and/or reproducing apparatus 520 without
adding a separate device.

FIG. 6 1s a block diagram illustrating a digital data
recording and/or reproducing apparatus according to an
exemplary embodiment of the present invention.

Retferring to FIG. 6, the digital data recording and/or
reproducing apparatus, according to an exemplary embodi-
ment of the present invention, comprises a storage unit 620,
a decoder unit 650, an interface unit 630 and a control unit
610. The storage unit 620 stores digital data encoded 1n a
predetermined format and the decoder unit 650 decodes the
digital data stored 1n the storage unit 620. The interface unit
630 transmits the decoded data to an A/V system that 1s an
external device, and transmits control information to and
receives control information from the A/V system. The
control unit 610 controls other modules. According to an
exemplary implementation, a D/A conversion unit 640 that
converts the decoded data and outputs the converted data
may also be included. The apparatus reproduces digital data
through the A/V system or through the D/A conversion unit
640 disposed 1n the apparatus according to a user’s selection
or according to a preset setting. Thus, the transmission
direction of data 1s changed according to internal switching
based on software. The interface unit 630 for communica-
tion with the A/V system 1s not limited to an interface
supporting a predetermined protocol.

I1 digital data 1s in the form of an encrypted file to which
a DRM technology or the like 1s applied, the control unit 610
decrypts the file and then decodes the decrypted file through
the decoder unit 650. The control umt 610 may use an
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encryption method when transmitting the decoded file 1f the
protection of the file must be maintained when the file 1s
reproduced and then transmitted. At this time, the A/V
system decrypts the received file and outputs the file.

FIG. 7 1s a block diagram illustrating an A/V system
according to an exemplary embodiment of the present
invention.

According to an exemplary embodiment of the present
invention, the A/V system of FIG. 7 comprises an interface
unit 720, a D/A conversion unit 730 and a control unit 710.
The interface unit 720 receives a digital stream and receives/
transmits control information from/to an external digital data
recording and/or reproducing apparatus. The D/A conver-
s1ion unit 730 converts the recerved decoded data into analog
data and outputs the analog data. The control unit 710
controls the interface unit 720 and the DD/A conversion unit
730. The mterface unit 720 communicates with the digital
data recording and/or reproducing apparatus and 1s not
limited to an interface for a predetermined protocol.

FI1G. 8 15 a block diagram illustrating a universal serial bus
(USB) interface used to control a digital data recording
and/or reproducing device 520 1 an A/V system 510 accord-
ing to an exemplary embodiment of the present invention.

Referring to FIG. 8, the A/V system 510 and the digital
data recording and/or reproducing device 520 are connected
through a USB cable 400. The A/V system 510 has an
embedded USB host controller 810 that supports a USB
control iterface according to an exemplary embodiment of
the present invention. The digital data recording and/or
reproducing device 520 has an embedded USB device
controller 820 that supports a USB control interface accord-
ing to an exemplary embodiment of the present invention.

FIG. 9 1s a block diagram illustrating detailed internal
structures of the A/V system 510 and the digital data
recording and/or reproducing apparatus 520 of FIG. 8 and
data flow therein according to an exemplary embodiment of
the present invention. FIG. 8 also illustrates an example of
the digital data recording and/or reproducing apparatus 520
that 1s used as an apparatus for recording and reproducing an
audio file according to an exemplary embodiment of the
present mvention. In FIG. 9, the data flow 1s indicated by
thick arrows which 1illustrate a path of a digital stream. The
data flow indicated by thin arrows illustrates a path of
control information.

Referring to FIG. 9, the digital data recording and/or
reproducing; apparatus 520 receives a control signal, such as
a reproduction command, from the A/V system 510 through
the USB device controller 820. A microcontroller 933 (here-
mafter referred to as an ‘MCU’) that 1s 1n charge of
controlling the apparatus 520 reads digital data of which
reproduction 1s requested, from a storage unit 951. The
microcontroller 953 decodes the read file through a digital
signal processor 955 (DSP, heremafter referred to as a
‘codec’) that corresponds to a reproduction unit. The
decoded data 1s loaded in a memory 957 (hereinafter
referred to as a ‘RAM”), and 1s transmitted to the A/V system
510 through the USB device controller 820. If the file 1s
reproduced 1n the digital data recording and/or reproducing
apparatus 520, the file 1s converted 1into an analog signal and
output through an audio output unit 939.

Referring to FIG. 9, the A/V system 510 receives stream-
ing data through the USB host controller 810 and loads the
data 1n a RAM 903. An MCU 901 controls the A/V system
510 so that the received data i1s converted into an analog
signal and output through a voice output umt 909. The A/V
system 510 may be a car A/V system or a home A/V system,
and may further include a storage device 901 and a codec
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911. Also, the A/V system may further include an 1nput unit
913 to receive input from a user. The user can select a
multimedia file to be reproduced and send a reproduction
command through the mput unit 913. The A/V system 510
may also include a video output unit 907 to output a
reproduction list or a reproduction state.

FIG. 10 1s a block diagram illustrating an interface
structure between a USB host controller 810 and a USB
device controller 820 of FIGS. 8 and 9 according to an
exemplary embodiment of the present invention. FIG. 10

illustrates a logical connection structure between the USB
host controller 810 and the USB device controller 820. If a

USB connection 1s established, the USB host 810 and the
USB device 820 that are physical objects are connected to
cach other through 5 logical data pipes, as illustrated 1n FIG.
10. According to the exemplary embodiment of the present
invention, these data pipes are connected between setup
terminals 1002 and 1008, streaming terminals 1004 and
1010, and interface terminals 1006 and 1012. According to
a USB standard, a data pipe between a USB host, such as the
USB host controller 810, and a USB device, such as the USB
device controller 820 for data transmission and reception, 1s
referred to as an endpoint. According to an exemplary
embodiment of the present invention, a control interface
includes a control endpoint 1030, a first bulk interface
includes a bulk mput endpoint 1051 and/or a bulk output
endpoint 1052.,and a second bulk nterface includes a bulk
input endpoint 1053 and/or a bulk output endpoint 1054.

The control endpoint 1050 of FIG. 10 connects the setup
terminals 1002 and 1008. The control endpoint 1050 1s also
a data pipe for transmitting and receirving information
required to set the streaming terminals 1004 and 1010 and
the interface terminals 1006 and 1012. If a USB cable 1s
connected, the USB host 810 requests a standard descriptor
of the USB device 820 through the control endpoint 10350.
Then, the USB host 810 receives the descriptor on a con-
figuration of endpoints as a response, {from the USB device
820, and forms the remaiming endpoints. In the exemplary
embodiment of the present invention 1llustrated 1n FIG. 10,
the endpoints set through the control endpoint 1050 are the
bulk 1input endpoint 1051 and the bulk output endpoint 1052
of the streamlining terminals 1004 and 1010, and the bulk
input endpoint 1053 and the bulk output endpoint 1054 of
the interface terminals 1006 and 1012. According to an
exemplary implementation, the directions of input and out-
put are described as seen from the USB host 810.

The bulk input endpoint 1051 of the streaming terminals
1004 and 1010 1s a data pipe for transmitting streaming data
from the USB device 820 to the USB host 810, and for
transferring an audio and/or video signal decoded in the
digital data recording and/or reproducing apparatus 520. The
bulk output endpoint 1052 1s also used to transmit a syn-
chronization signal. If the bulk output endpoint 10352 1s used
as an interface for downstreaming to the digital data record-
ing and/or reproducing apparatus 520, it 1s also possible to
implement a function to store multimedia data decoded 1n
the A/V system 510 1n the digital data recording and/or
reproducing apparatus 520. For example, it 1s possible to
transmit an output signal of a car audio system to an MP3
player to record the signal. In this case, the digital data
recording and/or reproducing apparatus 520 encodes and
stores the data transmitted through the bulk output endpoint
1052.

The interface terminals 1006 and 1012 are for transmis-
s1on and reception of a control signal between the USB host
810 and the USB device 820. A control signal, such as a

reproduction command, 1s transmitted through the bulk
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output endpoint 1054 to the USB device 820, and control
information, such as information on a multimedia file, from
the digital data recording and/or reproducing apparatus 520
1s received through the bulk mnput endpoint 1053.

The first bulk terface 1031 and 1052 of the streaming
terminals 1004 and 1010 and the second bulk interface 1052
and 1054 of the interface terminals 1006 and 1012 may be
implemented as one interface. That 1s, only one bulk 1mput
endpoint and one bulk output endpoint can be set. Trans-
mission and reception of both control information and
streaming data can be performed through these endpoints.
According to an exemplary implementation, information to
distinguish the type of a data item may be 1nserted 1into data
to be transmitted and recerved.

FIG. 11 1s a block diagram 1llustrating an interface struc-
ture between a USB host and a USB device according to
another exemplary embodiment of the present invention.

Similar to the exemplary embodiment of the present
invention which 1s illustrated in FIG. 10, setup terminals
1102 and 1108 1nclude a control endpoint 1151. The control
endpoint 1131 1s a data pipe for transmitting and receiving
information required for a process of setting streaming
terminals 1104 and 1110 and interface terminals 1106 and
1112. According to the exemplary embodiment of the pres-
ent mvention as illustrated in FIG. 11, iterfaces set through
the control endpoint 1151 are an 1sochronous interface
comprising an 1sochronous input endpoint 1152 of the
streamlining terminals 1104 and 1110, an interrupt interface
formed with an interrupt endpoint 1133 of the interface
terminals 1106 and 1112, and a bulk interface formed with
a bulk input endpoint 1154 and a bulk output endpoint 1135.

The 1sochronous mput endpoint 1152 of the streamlining
terminals 1104 and 1110 1s a data pipe for transmitting
streaming data to a USB host controller 810 from a USB
device controller 820, and for transferring an audio and/or
video signal decoded in the digital data recording and/or
reproducing apparatus 520. If an 1sochronous output end-
point for downstreaming to the USB device 1s further
disposed, 1t 1s possible to implement a storage function in the
digital data recording and/or reproducing apparatus 520. For
example, 1t 1s possible to transmit an output signal of a car
audio system to an MP3 player through the 1sochronous
output endpoint to record the output signal.

The interface terminals 1106 and 1112 transmit and
receive conftrol information between the USB host 810 and
the USB device 820. A control signal, such as a reproduction
command, 1s transmitted to the USB device 820 through the
bulk output endpoint 1155. Reproduction state information
1s transmitted to the digital data recording and/or reproduc-
ing apparatus 520 or state mformation 1s transmitted after
performing other control signals 1s recerved through the bulk
input endpoint 1134. The nterrupt endpoint 1133 1s a data
pipe for transmitting time-related data that should be pro-
cessed 1 a predetermined time, such as time information
displayed during reproduction, and time-dependent data,
such as lyric information, to the USB host 810. When
necessary, the interrupt endpoint 1153 can be defined 1n an
input direction or output direction and then used.

FIG. 12 1s a block diagram illustrating a principle of
reproducing a multimedia file through a USB interface built
using the USB terface structure as illustrated in FIG. 10
according to an exemplary embodiment of the present
invention. A moving path of streaming data for A/V data
reproduction 1s 1indicated by black arrows.

Refernng to FIG. 12, a digital data recording and/or
reproducing apparatus 520 comprises a storage unit 1204, an
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1207, and a USB device controller 820. The storage unit
1204 1s a storage device, such as a tlash memory, and stores
a multimedia file encoded 1n a predetermined format. The
MCU 1205 that 1s a control unit reads digital data to be
reproduced from the storage umit 1204, decodes the data
through the decoder unit 1208, generates raw data, such as
PCM and BMP data, and then, loads the data in the RAM

1206. In this process, a file that 1s encrypted according to
DRM 1s decrypted before the decoding. The USB device
controller 820 has logical data pipes, including a setup
terminal, described above, and performs upstreaming of the
raw data stored 1n the RAM 1206 through a bulk interface
of a streaming terminal. If data loaded 1n the RAM 1206 1s
audio data, the data 1s transferred to the DAC 1207 and
output when the data 1s reproduced in the digital data
recording and/or reproducing apparatus 520. If the data 1s
video data, the data 1s transferred to an LCD controller (not
shown) and converted into analog data and then, output
when the data i1s reproduced i1n the digital data recording
an/or rep. However, when data i1s reproduced through the
A/V system 510, up streaming of the data to the A/V system
510 1s performed through the USB control interface 810 and
820. The raw data mentioned 1n the exemplary embodiment
of the present invention 1s not limited to data with prede-
termined formats, such as PCM and BMP, and can be
generated 1n a variety of formats.

Referring to FIG. 12, the A/V system comprises an MCU
1201, a RAM 1202, a DAC 1203, a decoder unit (DSP)
1209, and a USB host controller 810. The USB host con-
troller 810 receives streaming data from the digital data
recording and/or reproducing apparatus 520 through a bulk
interface of the streaming terminal and loads the data in the
RAM 1202. If the loaded data 1s audio data, the DAC 1203
converts the data into analog data, and i1 the loaded data 1s
video data, the LCD controller (not shown) converts the data
into analog data, and then, the converted data 1s output.

Also, mformation on a {file that i1s produced can be
requested and received through a bulk interface of the
interface terminal and can be output to a display (not shown)
of the A/V system 510. Operation commands other than the
reproduction command, and the results of executing the
commands are also transmitted and received through a bulk
interface of the interface terminal, and the result can be
displayed 11 required.

Meanwhile, the bulk output endpoint of the streaming
terminal can be used for downstreaming from the A/V
system 510. The digital data recording and/or reproducing
apparatus 520 encodes streaming data receirved through the
bulk output endpoint and stores the data in the storage unit
1204.

FIG. 13 1s a flowchart illustrating a method of reproducing,
a multimedia file through an external device, where the
multimedia file 1s stored 1n a digital data recording and/or
reproducing apparatus, according to an exemplary embodi-
ment of the present mnvention.

Retferring to FIG. 13, a control signal from an external
device (A/V system) 1s recerved 1n step 1302. If the received
control signal 1s a reproduction command, the requested
multimedia file 1s decoded 1n step 1304.

The decoded data 1s transmitted to the external device 1n
step 1306.

Data communication with the external device can be
performed through a USB device controller. The USB
device controller, as described above, 1s built to include a
first bulk interface or an 1sochronous interface for transmis-
sion and reception of a synchromization signal and data
streaming, and a second bulk interface and/or an interrupt
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interface for transmitting and receiving control information.
According to an exemplary implementation, an identical
bulk 1nterface may be used to transmit and receive control
information and streaming data.

FIG. 14 1s a flowchart 1llustrating a method of operating
a digital data recording and/or reproducing apparatus as an
apparatus according to an exemplary embodiment of the
present nvention or as an apparatus ol a different type
according to an external input.

Referring to FIG. 14, first, a USB controller 1s mitialized
in step 1402. A user connects a USB cable between an A/V
system and a digital data recording and/or reproducing
apparatus 1n step 1404. In step 1406, if a VBUS HW signal
of the USB controller 1s detected to be logic high, the digital
data recording and/or reproducing apparatus recognizes that
the USB device controller 1s connected to a USB host
controller. In step 1408, the digital data recording and/or
reproducing apparatus provides an interface for the user to
mput a device using method. This interface facilitates the
user’s selection of whether the digital recording and/or
reproducing apparatus operates using a conventional stan-
dardized USB protocol, or operates as a device unique to the
present invention. For example, the user can select whether
the apparatus 1s used as a conventional portable device or the
apparatus 1s used to transmit DRM-decrypted raw data 1n a
predetermined format according to the present invention. I
the user inputs a device using method 1n step 1408, a
determination of whether to operate as the device unique to
the present invention 1n step 1410 1s made. In the method of
selecting an operation type, the user may use buttons or may
input an operation type through a GUI, such as a menu
screen. The operation type can be configured to automati-
cally change when the apparatus 1s connected.

In order to operate as the device unique to the present
invention, a predetermined protocol suitable for transmis-
sion of raw data that 1s not a conventional USB protocol 1s
needed. In an A/V system, the protocol can be updated
through a recording medium, such as a CD or a portable
memory. When a change to the operation type 1s required,
the protocol file can be uploaded from the ROM or storage
medium to change the protocol after the protocol has been
stored 1n a ROM of a portable device or a storage medium.

When the digital data recording and/or reproducing appa-
ratus 1s operating as the device umique to the present
invention, a VBUS 1nterrupt 1s activated 1n step 1412, the
VBUS interrupt 1s detected i step 1414, and descriptor
information for recognition of the device unique to the
present invention 1s transmitted to the setup terminal of the
USB host controller through a control endpoint in step 1416.
The USB host controller performs an enumeration procedure
forming endpoints for transmission and reception of data
and completes recognition of the device in step 1418. As a
result of the recognition, a USB interface, as illustrated in
FIG. 11 or 12, 1s formed and preparation for communication
1s finished. From this point, the digital data recording and/or
reproducing apparatus operates as the device unmique to the
present invention, not as a portable device, such that a
multimedia file can be reproduced through the A/V system
in step 1420.

When the digital data recording and/or reproducing appa-
ratus operates, as a portable device according to Mass
Storage Class, a VBUS 1nterrupt 1s activated 1n step 1422,
the VBUS mterrupt 1s detected in step 1424, descriptor
information for recogmtion of the portable device 1s trans-
mitted 1n step 1426, and the recognition of the device 1s
completed 1n step 1428. As aresult of the recognition, a USB
interface to use the apparatus as the portable device is
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formed and preparation for communication 1s finished. From
this point, the digital data recording and/or reproducing
apparatus operates as a portable device 1n step 1430.

FIG. 15 1s a flowchart illustrating a method of reproducing,
a multimedia file of the external device 520 in the A/V
system 510 of FIG. 12 according to an exemplary embodi-
ment of the present invention.

Referring to FIG. 135, the A/V system 510 transmits a
control signal to control a digital data recording and/or
reproducing apparatus 510 through a first or second bulk
interface. The transmitted control signal is transterred to an
MCU through a USB device controller and a RAM. If a
reproduction start command 1s transmitted to the digital data
recording and/or reproducing apparatus 520 in step 1502,
the digital data recording and/or reproducing apparatus 520
1s 1 a state 1n which the digital data recording and/or
reproducing apparatus can reproduce a file.

If the A/V system 510 requests information on a multi-
media file which 1s desired to be reproduced, through the
first or second bulk interface in step 1504, the digital data
recording and/or reproducing apparatus 520 transmits infor-
mation on the multimedia file through the first or second
bulk interface as a response. By referring to the recerved file
information, the A/V system 510 determines the number of
units of data reception, a reception unit, and a time interval
in step 1506. According to the determined time interval, the
A/V system 510 transmits a control signal requesting data to
the digital data recording and/or reproducing apparatus 520
in step 1508.

For example, 11 the file to be received and reproduced 1s
an MP3 file, the size of PCM data of 1 frame 1s 4608 bytes
and a reproduction interval 1s 26 msec. Accordingly, each
request for streaming 1s transmitted with an 1nterval of 26
msec. In addition to audio compression files, such as WMA
and OGG files, video compression files also have different
data sizes and intervals.

The MCU that 1s a control unit of the digital data
recording and/or reproducing apparatus 520 sequentially
decodes each predetermined unit of the multimedia file by
using a decoder according to a sequential frame reproduc-
tion command from the A/V system 510. The MCU also
transmits the decoded file through the first bulk interface.
The MCU of the A/V system 510 recerves data 1n reception
unmits i step 1510. Until the number of receptions of
reproduced data 1s equal to the number of receptions deter-
mined to be required by referring to the size of data to be
received 1n step 1312, steps 1508 and 1510 are repeatedly
performed. Then, the recerved data 1s converted 1nto analog
data and then output i1n step 1514. If the data 1s encrypted
data, the data 1s decrypted and then output. If an exemplary
embodiment of the present invention uses a bulk interface
for transmission of streaming data in relation to the size of
a multimedia file, the A/V system may omit a synchroniza-
tion process required between the two devices. This 1s
significantly different from an embodiment that uses an
1sochronous interface.

FIG. 16 1s a flowchart illustrating a method of reproducing,
a multimedia file of the external device 520 in the A/V
system 510 of FIG. 12 according to another exemplary
embodiment of the present invention.

Referring to FIG. 16, if the user presses a reproduction
button of the A/V system 510, a reproduction command 1s
transmitted through a bulk iterface 1n step 1602. Certain
exemplary embodiments of the present mmvention may be
implemented so that the user’s reproduction command 1s
received through an input unit of the digital data recording
and/or reproducing apparatus 520 and a control signal
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corresponding to the iput 1s transmitted to the A/V system
510. This can be applied to the exemplary embodiment of
the present invention illustrated in FIG. 15. When the
reproduction command 1s transmitted, the A/V system can
request reproduction state information together in step 1604.
The reproduction state information received from the digital
data recording and/or reproducing apparatus 520 1s output to
a display in step 1606. In step 1608 streaming data corre-
sponding to a file of which reproduction 1s requested 1s
received through an 1sochronous interface or bulk interface
as a response to the reproduction command

The recerved streaming data 1s converted 1into analog data
and reproduced 1n step 1610.

In the exemplary embodiments of the present invention
illustrated 1n FIGS. 15 and 16, the streaming data 1is
decrypted using this encryption key and then, converted into
analog data and reproduced when an encryption key 1is
received from the digital recording and/or reproducing appa-
ratus 520. When encoded data that 1s not decoded raw data,
1s received, a process of decoding the data 1s subsequently
required. This 1s because the size of decoded raw data 1s

relatively larger, and the A/V system 3510 receives com-
pressed data decodes the data, and then, reproduces the
decoded data.

FIG. 17 1s a flowchart illustrating a method of executing
an operation command of a digital data recording and/or
reproducing apparatus 520 by the A/V system 510 of FIG. 12
according to an exemplary embodiment of the present
invention.

Referring to FIG. 17, an operation command 1s 1nitially
transmitted to the digital data recording and/or reproducing
apparatus 520 through a bulk interface in step 1702. The
operation command 1s selected through a user input unit 913,
and operation commands include ‘reproduction’, ‘pause’,
and ‘next song’, among others. Once the operation com-
mand 1s executed, mformation on a state of the operation
may be received from the multimedia file recording and/or
reproducing apparatus 520 1n step 1704. The received state
information i1s displayed i step 1706 or used as control
information.

FIG. 18 1s a block diagram illustrating an interface
apparatus 1820 used to control a portable multimedia file
recording and/or reproducing apparatus 1810 from an A/V
system 1830 according to an exemplary embodiment of the
present mvention.

Referring to FI1G. 18, the interface apparatus 1820 accord-
ing to the exemplary embodiment of the present invention 1s
connected to the portable device 1810 through a first con-
nection unit, and to the A/V system 1830 through a second
connection unit. The interface apparatus 1820 may comprise
a first connection unit, a second connection unit and an
interface processing unit. The first connection unit connects
the portable device 1810 and the second connection unit
connects the A/V system 1830. The interface processing unit
converts the data format of the first connection unit 1nto the
data format of the second connection unit, or converts the
data format of the second connection unit into the data
format of the first connection unit, and outputs the converted
data.

According to an exemplary embodiment of the present
invention, the first connection unit and the second unit may
be mmplemented as a USB connection unit and a serial
connection unit, respectively. However, the first and second
connection units are not limited to those of predetermined
protocols. According to an exemplary implementation, the
A/V system 1830 can be used without any modification, and
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the portable device 1810 only needs to be upgraded with
firmware supporting a USB device according to the present
invention.

FIG. 19 1s a diagram 1llustrating an interface apparatus
applied to a car A/V system according to an exemplary
embodiment of the present invention. In this case, the
interface apparatus 1s connected between a CD change

interface and a USB interface of a portable device.
Referring to FIG. 19, a USB connection unit 1920 and a
first serial connection unit 1930 are included in the interface
apparatus. The USB connection unit 1920 connects the
portable device to a USB cable, and a first serial connection
unmt 1930 connects the car A/V system to a serial cable that
1s the CD changer interface. An interface processing unit
1910 1s a module processing a link between the car A/V
system and the portable device and processes conversion of
data between the portable device and the car A/V system.
Data received from the portable device through the USB
connection unit 1920 1s converted nto a format that com-

plies with a protocol for connection with the car A/V system.
The data 1s then output to the car A/V system through the
first serial connection unit 1930, and data received from the
car A/V system through the first serial connection unit 1930
1s converted mto a USB data format and output to the
portable device through the USB connection unit 1920.

FIGS. 20 and 21 are diagrams illustrating pin arrange-
ments of serial cables used 1n an A/V system according to an
exemplary embodiment of the present invention.

FIGS. 20 and 21 1llustrate the numbering of pin arrange-
ments 2001 and 2003 of serial cables connected to a head
unmit. This numbering 1s identical. However, the use of each
pin of the pin arrangements 2001 and 2003 1s set differently
by each car A/V system manufacturer as shown in the charts
2002 and 2004, respectively. For example, serial cables,
such as M-BUS of Alpine, IP-BUS of Pioneer, C-BUS of
Clarion, and ACP BUS of Ford, employ diflerent connection
protocols, respectively. Hereinatter, a term, X-BUS, will be
used to collectively indicate interfaces of all manufacturers
between a car A/V system and a CD changer.

According to an exemplary embodiment of the present

invention as illustrated in FIG. 19, a conversion unit 1940
may also be included. The conversion unit 1940 i1s connected
to the front end of the first serial connection unit 1930 and
converts pin mputs of the car A/V system to {it the pin
arrangement of the first serial connection unit 1930. This 1s
a hardware-based method to correctly mput data to a cor-
responding pin. If there 1s no conversion unit 1940, a
soltware-based data conversion 1s required because data
input to the interface processing unit 1910 has a different
structure defined by each manufacturer. The soitware-based
data conversion 1s achieved by using a microcontroller 2204
of FIG. 22.
The interface apparatus may further include a second
serial connection unit 1950 for connection to and for use
with the CD changer. A user’s desire to use the portable
device or the CD changer may be input through an mput unit
(not shown), such as buttons. If the user selects the CD
changer as the device to be used, data of the CD changer can
be reproduced through a bypass unit (not shown) by directly
connecting the first serial connection unit 1930 and the
second serial connection unit 1940.

FIG. 22 1s a diagram 1llustrating a detailed structure of the
interface apparatus of FIG. 19 and a connection to an A/V
system and a portable device according to an exemplary
embodiment of the present invention.

Referring to FIG. 22, the interface processing unit 1910 of
the interface apparatus comprises a USB host controller
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2202, a serial controller 2206, an MCU 2204, and a D/C
conversion unit 2208. As 1llustrated 1n FIG. 22, the interface
processing unit 1910 1s connected to a portable device 2200
through a USB interface. The interface processing unit 1910
1s connected to a car A/V system 2250 and a CD changer
2260 through an X-BUS nterface. Also, when the portable

device 2200 1s operating as a portable disc (Mass Storage
Class), the interface processing unit 1910 may further
include a digital signal processor (DSP, not shown) decoding
files received from the portable device 2200. When the
portable device 2200 1s an MP3 player, the DSP plays a role

of an MP3 decoder.

The USB host controller 2202 controls data communica-
tion with the portable device 2200 through a USB connec-
tion unit 1920 (shown on FIG. 19) of the interface process-
ing umt 1910. The USB host communicates with a USB
device controller 2222 of the portable device 2200. The
serial controller 2206 controls data communication with the
car A/V system 22350 through a first serial connection unit
1930 (shown on FIG. 19) and communicates with a serial
controller 2230 of the car A/V system 2250.

The MCU 2204 converts a control signal input from the
serial controller 2206 1mto a USB command and outputs the
USB command to the USB host controller 2202. Also, the
MCU 2204 converts reproduction information input from
the USB host controller 2202 into data complying with the
protocol for connection with the car A/V system 2250 and
outputs the converted data to the serial controller 2206.

The portable device 2200 1s a multimedia file recording
and/or reproducing apparatus which comprises a central
processing unit (CPU) 2226, a DSP 2224, a DAC 2220, a
memory interface unit (MIU) 2228, a storage device 2223,
a RAM 2225 and the USB device controller 2222. I the
portable device 2200 receives a reproduction command
through the USB host controller 2202, the portable device
2200 does not directly reproduce a stream decoded through
the DSP 2224 or a codec (not shown), but performs up
streaming of the stream through the USB device controller
2222,

The mterface processing unit 1910 receives multimedia
data through the USB host controller 2202. The multimedia
data 1s converted into analog data by the DAC 2208 and
transmitted to the car A/V system through the X-BUS. The
transmitted data i1s input to an amplifier (AUX) 2232 and
reproduced. This process 1s analogous to the process mvolv-
ing a CD changer which 1s connected for reproduction.

Meanwhile, when the user selects the CD changer 2260 as
the device to be used, the MCU 2204 controls a bypass unit
(not shown) so that data can be commumicated directly
between the car A/V system 22350 and the CD changer 2260.

The USB interface between the USB device controller
2222 and the USB host controller 2202 of FIG. 22 can be set
as the structure 1illustrated 1n FIG. 10 or 11.

However, the structure of the USB interface 1s not limited
these structures.

FIG. 23 1s a flowchart illustrating an interface method
according to an exemplary embodiment of the present
invention.

Referring to FIG. 23, the interface apparatus 1820 (see
FIG. 18), according to an exemplary embodiment of the
present invention, converts the format of a signal of an A/V
system 1nto the format of a signal of a portable device. In
step 2302, the interface apparatus 1820 outputs the con-
verted signal, and converts the format of a signal of the
portable device 1nto the format of a signal of the A/V system
and outputs the converted signal 1n step 2304.
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FIG. 24 1s a flowchart illustrating a method of connecting,
an A/V system and a device using an interface apparatus
according to an exemplary embodiment of the present
invention.

Referring to FIG. 24, 11 an X-BUS 1s connected between
the car A/V system and the interface apparatus 1n step 2402,
and a USB cable 1s connected between the interface appa-
ratus and the portable device in step 2404, a determination
1s made as to whether the device to be used i1s the portable
device or a CD changer in step 2406. If the CD changer 1s
to be used, the X-BUS 1s connected to the CD changer in
step 2408, and a control signal from the car A/V system 1s
transierred to the CD changer so that the CD changer begins
operation in step 2410. According to an exemplary imple-
mentation, the control signal from the car A/V system 1s
transferred to the CD changer through a second serial
connection unit and a path for data communication with the
portable device 1s cut off.

If the portable device 1s to be used, examination occurs
through a USB host and an inquiry 1s made as to whether the
portable device supports a USB control iterface according
to an exemplary embodiment of the present invention 1n step
2412. If the portable device supports the USB control
interface, an enumeration procedure to form one or more
endpoints for data communication 1s performed referring to
descriptor information of a USB device 1n step 2414. Infor-
mation required for the enumeration procedure 1s transmit-
ted and recerved through the endpoints as described above.
If a determination 1s made in step 2412 that the portable
device does not support the USB control interface according
to an exemplary embodiment of the present invention, an
enumeration procedure for Mass Storage Class 1s performed
in step 2420 because the portable device should be con-
nected as a device according to Mass Storage Class, and
then, the portable device begins to operate as a portable disc
in step 2422. According to an exemplary implementation, a
multimedia file transmitted from the portable device 1s
reproduced through a DSP (decoder) of the interface appa-
ratus.

If the forming of the USB control interface 1s completed,
the two devices exchange information on their functions and
specifications so that capability can be verified 1n step 2416.
According to the result of this verification, an operation
command and data type to be transmitted and received
thereafter are determined.

Also, authentication can be performed by exchanging
information on the names of their manufacturers or serial
numbers 1n step 2418. I the authentication fails, the portable
device 1s recognized as a portable disc and operates as a
portable disc.

I1 the authentication 1s successiul, the portable device can
be controlled from the car A/V system. First, a control signal
from the car A/V system 1s received through a first serial
connection unit. The control signal corresponds to com-
mands, such as ‘reproduce’, ‘pause’, and ‘next song’, among
others. The control signal 1s converted into a USB command,
and transmitted to the portable device through a USB
connection unit. In response to the control signal, digital
data form the portable device 1s recerved through the USB
connection unit. The received digital data 1s converted into
serial data complying with a protocol for connection to the
car A/V system and transmitted to the car A/V system.

FIG. 25 1s a flowchart illustrating a method of reproducing,
data of a portable device 1n an A/V system using an interface
apparatus according to an exemplary embodiment of the
present mvention. FIG. 11 illustrates an example of the
structure of a USB interface which 1s used. This method may
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be applied similarly to the structure illustrated in FIG. 10,
and may also be applied to other structures of the USB
interface.

Referring to FIG. 235, if a user presses a reproduction
button of the car A/V system, a control signal (reproduction
command) corresponding to the button 1s transmitted to the
interface apparatus 1n step 2502. The transmitted control
signal 1s converted into a USB command 1n the interface
apparatus and transmitted to the portable device through a
bulk output endpoint. At this time, reproduction information
1s also requested 1n step 2504. The portable device reads a
file of which reproduction 1s required and decodes the file.
The portable device then loads the generated raw data (in the
form of BMP or PCM data) on a USB butler. The loaded
data 1s streamed through an isochronous or bulk input
endpoint 1n step 2512. Reproduction information 1s simul-
taneously transmitted through the bulk input endpoint 1n step
2508.

When the digital data transmitted to the interface appa-
ratus 1s the reproduction requested multimedia data, the data
1s converted into analog data through a DAC in step 2516
and transmitted to the car A/V system through the X-BUS 1n
step 2518. The transmitted signal 1s output through an
amplifier 1n step 2520. When the digital data that 1s trans-
mitted to the interface apparatus i1s reproduction informa-
tion, the information 1s converted into serial data for the
X-BUS and transmitted to the car A/V system 1n step 2510.
The car A/V system receives the reproduction imnformation
and displays the imnformation 1n step 2514.

An exemplary embodiment of the present mvention 1in
which a digital data recording and/or reproducing apparatus
controls DRM-decrypted data so that the data can be selec-
tively transmitted to a D/A conversion unit or a USB
interface will now be explained with reference to FIGS. 26
through 36.

FIG. 26 1llustrates a structure of a conventional MP3
reproducing apparatus and a file reproduction data path.

First, an MCU 2605 mitializes all elements inside the
MP3 reproducing apparatus. Next, the MCU 2605 reads 512
bytes that are part of an MP3 file to be reproduced. Finally,
the MCU 2605 stores the data in a RAM 2607. If the storing,
1s completed, the MCU 2605 commands a DSP 2609 that 1s
a reproduction unit, to reproduce the data. If the reproduc-
tion 1s completed, the reproduction unit 2609 stores the
reproduced data 1n a predetermined space of a RAM 2607
allocated 1n advance by the MCU 2603. The MCU 2605
transiers the stored data to a voice output unit 2613 that 1s
an audio output unit, so that a audio signal can be output.

The MCU 2605 displays a variety of information items,
such as file names and the type of codec, which can be
obtained after the mitialization so that a user can recognize
the mnformation through an 1image output unit 2611. Also, the
MCU 2605 repeats the process from the initialization so that
an entire MP3 file can be reproduced.

FIG. 27 illustrates a path through which an encrypted
MP3 file 1s received 1n a conventional MP3 reproducing
apparatus. The MP3 file 1s received from a personal com-
puter (PC). FIG. 27 illustrates a process in which a user
transmits a file bought through the PC to the MP3 repro-
ducing apparatus. The MP3 file here 1s protected by a DRM
technology.

If the PC and the MP3 reproducing apparatus are initially
connected using a USB, information (such as manufacturer,
model name, and manufacturing number, among others)
unique to the MP3 player 1s transmitted to the PC. The MP3
file bought by the user 1s transmitted to the MP3 reproducing
apparatus through a CPU 2723 from a storage device 2721,
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such as a hard disk drive (HDD). At this time, the MP3 file
1s transmitted 1n predetermined units according to an encryp-
tion method based on the unique mmformation of the MP3
reproducing apparatus transmitted to the PC as described
above. A predetermined unit of the file transmitted to a USB
device controller 2717 of the MP3 reproducmg apparatus
through a USB host controller 2724 1s stored in a storage
device 2703 by an MCU 2703.

FIGS. 28A and 28B are diagrams illustrating an encryp-
tion method according to an exemplary embodiment of the
present invention. FIG. 28A 1llustrates an example of origi-
nal data, while FIG. 28B illustrates an example of encrypted
version of the original data.

Referring to FIGS. 28A and 28B, when 1t 1s assumed that
part of the original data 1s “0x12345678”, an XOR operation
with “0x87654321” 1s performed and data, “0x935511559”,
1s generated. This state can be regarded as an encrypted
state.

Accordingly, 11 a reproduction unit 2709 does not know
that the original data 1s encrypted with “0x87654321”, the
data cannot be reproduced normally. However, 1f a MCU
2°705 as described 1n FIG. 27 decrypts the data and transmits
the decrypted data to the reproduction unit 2709. For
example, 11 an XOR operation 1s performed and data 1den-
tical to the original data 1s transmitted, the data can be
reproduced.

Encryption: 0x12345678 XOR 0x87654321=0x95511559

Decryption: 0x95511559 XOR
0x87654321=0x12345678
According to an exemplary 1mplementation,

‘Ox876354321° 1s assumed to be used for the XOR operation
and 1s a value generated for encryption between the PC and
the MP3 reproducing apparatus.

This value 1s known to both devices, but should not be
transmitted to the outside of the devices.

FIG. 29 1s a diagram 1llustrating a data path through which
a lile encrypted 1n a conventional MP3 reproducing appa-
ratus 1s reproduced. The method illustrated 1 FIG. 29 1s
similar to the method of reproducing a file 1n the ordinary
MP3 reproducing apparatus (as illustrated in FIG. 26),
except that the method of FIG. 29 has an additional opera-
tion for decrypting an encrypted MP3 file read from a
storage device 2903.

For example, an MCU 2905 reads data, “0x95511559”,
transmitted through a USB device controller 2917 and then
stored 1 a storage device 2903. Then, the MCU 2905
decrypts the data “0x93511559” with an operation “XOR
0x87654321” to obtain “0x12345678” that represents data
identical to the original data, and stores this in a RAM 2907.
The stored data i1s reproduced through a DSP 2909 and
output through an audio output unit 2913. Although the
original data, “0x12345678”, 1s used for convenience of
explanation here, the size and contents of actual data values
are different from this value, and the method and values used
for encryption operations are not limited to the method
illustrated.

FIG. 30 1s a diagram 1llustrating an example 1n which an
MP3 reproducing apparatus 1s connected so that the appa-
ratus operates as a conventional portable device.

Referring to FIG. 30, according to the conventional
technology, when a USB host device 3000, such as a PC, 1s
connected to an MP3 reproducing apparatus 3050 through a
USB connection, the MP3 reproducing apparatus 3050
operates as a removable device (USB mass storage class). If
a user’s reproduction request 1s mput through an 1nput unit
of the USB host device 3000, a file 1s requested through a file
request path indicated by thin lines in FIG. 30. The requested
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MP3 file (or other compressed files, such as WMA, and
OGG files) 1s transmitted through a file transmission path
indicated by thick lines 1n FIG. 30.

FIG. 31 1s a diagram 1llustrating a path for transferring a
requested file 1n the arrangement of FIG. 30.

Referring to FIG. 31, a requested file 1s transmitted in
predetermined units with respect to a file type. For example,
every 512 bytes of the requested file 1s read and transmuitted
from a storage device 3059. The data that 1s read and
temporarily stored in a RAM 3055 1s transmitted to a USB
host controller 3005 through a USB device controller 3057.
The transmitted file 1s stored 1n a RAM 3003 of a USB host
device 3000, reproduced through a reproduction unit 3011,
and converted into analog data and output externally through
an audio output unit 3009.

If the transmitted 512-byte data 1s an encrypted value (for
example, 0x93511559), the host device 3000 does not have
an encryption key (for example, 0x87654321) to reproduce
the data and therefore cannot reproduce the data.

FIG. 32 1s a diagram 1illustrating a structure of an MP3
reproducing apparatus 3250 connected to a USB host device
3200 and a path for reproducing a file according to an
exemplary embodiment of the present invention. A path for
transferring a control signal 1s indicated by thin lines and a
path for transferring a digital stream 1s indicated by thick
lines.

FIG. 33 1s a diagram 1llustrating a path for transferring an
MP3 file 1n the arrangement of FIG. 32 according to an
exemplary embodiment of the present invention.

FIGS. 32 and 33 differ from the conventional technology
illustrated 1n FIGS. 30 and 31. According to an exemplary
embodiment of the present imnvention, data in the form 1n
which reproduction of the data 1s completed by a reproduc-
tion unit 3235 of the MP3 reproducing apparatus 3250 1s
transmitted to a USB host device 3200 through USB inter-
taces 3261 and 3203. Accordingly, the transmitted data 1s
output through a RAM 3203 and a audio output unit 3209,
and does not pass through a codec 3211 of the USB host
device 3200.

FIG. 34 1s a block diagram illustrating a switching prin-
ciple for switching a data transfer direction according to an
exemplary embodiment of the present invention.

Referring to FIG. 34, in the exemplary embodiment of the
present invention, the direction of transmitting data 1s
changed by internal switching based on software. That 1s,
when data 1s output through a USB host device 3200 as
illustrated 1n FI1G. 32, reproduced data stored in a RAM 3257
1s transferred to a USB device controller 3261, and when the
MP3 reproducing apparatus 32350 itsell outputs the data,
switching 1s performed so that data can be transierred to an
audio output unit 3259.

FIG. 35 1s a view 1llustrating an example of data stored in
the RAM 3203 of FIG. 33 according to an exemplary
embodiment of the present invention. Referring to FIG. 35,
it can be seen that data of which reproduction 1s completed
1s transmitted unlike the conventional portable device.

FIG. 36 1s a view 1llustrating an example of data analysis
that 1s transmitted and received between devices when an
interface method according to an exemplary embodiment of
the present invention 1s implemented. FIG. 36 illustrates the
storage of data transmitted and received between devices
through a USB cable in a USB signal analyzer.

Referring to FIG. 36, the top portion 3602 illustrates the
transmission of a signal for controlling an MP3 reproducing,
apparatus. The top portion 3602 also 1illustrates that a
resulting value 1s receirved, and the bottom portion 3604
illustrates that a reproduced audio signal 1s transmitted.
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According to an exemplary embodiment of the present
invention as described above, without separately manipu-
lating an A/V system and a portable multimedia file record-
ing and/or reproducing apparatus the portable device can be
controlled and content files of the portable device can be
reproduced through the A/V system by manipulating only
the A/V system.

Also, according to an exemplary embodiment of the
present invention, control and streaming of a portable device
1s Tacilitated without the addition of a separate device, or by
adding only an interface box, and without changing a
conventional A/V system. At this time, even when the A/V
system 1s not equipped with a variety of codecs, reproduc-
tion through the A/V system 1s enabled such that a problem
ol code compatibility may be solved.

Furthermore, by using a user interface for operating an
unaltered conventional CD changer, a portable device can be
operated from an A/V system.

Also, 1n the case of digital content files protected by the
DRM, by transmitting only the streaming and avoiding
transmission of the file to the A/V system, utilization of an
oflline device, such as a car audio system, can be increased.

In addition, by using the USB interface, a large amount of
reproduction information and a variety of A/V signals can be
quickly transmitted, better compatibility with conventional
portable devices can be provided, and power can be supplied
to the portable device.

The present invention can also be embodied as computer
readable code on a computer readable recording medium.
The computer readable recording medium 1s any data stor-
age device that can store data which can be thereaiter read
by a computer system. Examples of the computer readable
recording medium include read-only memory (ROM), ran-
dom-access memory (RAM), CD-ROMs, magnetic tapes,
floppy disks, optical data storage devices, and carrier waves.
The computer readable recording medium can also be dis-
tributed over network coupled computer systems so that the
computer readable code 1s stored and executed 1n a distrib-
uted fashion.

While the present invention has been shown and
described with reference to certain exemplary embodiments
thereof, 1t will be understood by those skilled 1n the art that
various changes 1n form and details may be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims and their equivalents.

What 1s claimed 1s:

1. An audio/video (A/V) system capable of controlling an
external device as a source of audio and/or video output of
the A/V system, said A/V system comprising:

an iterface unit that transmits/recerves control informa-
tion to/from the external device and receives decoded
digital multimedia data from the external device;

a digital-to-analog (ID/A) conversion unit that converts the
received decoded digital multimedia data into an ana-
log audio and/or video signal; and

a control unit that controls the interface unit and the D/A
conversion unit such that the received decoded digital
multimedia data 1s converted into the analog signal as
audio and/or video output of the A/V system;

wherein the control information transmitted to the exter-
nal device includes imnformation on a multimedia file as
requested from the A/V system and an operation com-
mand for controlling an operation on the requested
multimedia file;

wherein the control information transmitted from the
external device includes information on an operational
state associated with the operation; and
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wherein the external device decodes the requested mul-
timedia file 1n accordance with the operation command
to generate the decoded digital multimedia data.

2. The system of claim 1, wherein the nterface unit
comprises a USB host controller.

3. The system of claim 2, wherein the control umt
determines a time interval required for receiving a unit of
decoded data from the external device and the number of
units of decoded data that are required to be received by
referring to information on the requested multimedia file and
according to the determined time interval the control unit
sequentially transmits a control signal requesting data,
through the USB host controller, a number of times accord-
ing to the number of units determined, and

the USB host controller comprises a first bulk interface

sequentially receiving data in predetermined reception
units.

4. The system of claim 3, wherein the USB host controller
turther comprises a second bulk interface transmitting/re-
ceiving the control signal and control immformation on the
multimedia file to/from the external device.

5. The system of claim 3, wherein through the first bulk
interface, the USB host controller transmits/receives the
control signal and control information on the multimedia file
to/from the external device.

6. The system of claim 2, wherein the USB host controller
comprises an 1sochronous interface receiving the decoded
data.

7. The system of claim 6, wherein the USB host controller
turther comprises a bulk interface transmitting/receiving the
control signal and control information comprising the result
ol executing the control signal to/from the external device.

8. The system of claim 6, wherein through the 1sochro-
nous interface, the USB host controller transmits a digital
stream to be stored 1n the external device.

9. An interface apparatus connected between an audio/
video (A/V) system and a portable multimedia device for
enabling the A/V system to control the portable multimedia
device as a source of audio and/or video output of the A/V
system, the interface apparatus comprising:

a first connection unit for connecting the portable multi-

media device;

a second connection unit for connecting the A/V system;

an interface processing unit that transmits/receives con-

trol information to/from the portable device via the first
connection unit, transmits/recerves control information
to/from the A/V system via the second connection unit,
receives first decoded digital multimedia data from the
portable device via the first connection unit, converts
the first decoded digital multimedia data of a format
outputted from the portable device mto second multi-
media data of a format complying with a protocol for
connection to the A/V system, and transmitting the
second multimedia data to the A/V system as audio
and/video output of the A/V system via the second
connection unit;

wherein the control information received from the A/V

system includes information on a multimedia file as
requested from the A/V system and an operation com-
mand for controlling an operation on the requested
multimedia file;

wherein the control information received from the por-

table device includes information on an operational
state associated with the operation; and

wherein the portable device decodes the requested mul-

timedia file 1n accordance with the operation command
to generate the first decoded digital multimedia data.
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10. The apparatus of claim 9, wherein the first connection

unit comprises a USB connection unit.

11. The apparatus of claim 10, wherein the second con-

nection unit comprises a first serial connection unit.

12. The apparatus of claim 11, wherein the interface

processing unit comprises:

a USB host controller for controlling multimedia data
communication with the portable multimedia device
through the USB connection unit;

a serial controller for controlling multimedia data com-
munication with the A/V system through the first serial
connection unit;

a microcontroller for converting a control signal 1nput
from the serial controller into a USB command and
outputting the USB command to the USB host control-
ler, and converting reproduction multimedia informa-
tion mput from the USB host controller into multimedia
data complying with a protocol for connection to the
A/V system, and outputting the converted multimedia
data to the serial controller; and

a digital-to-analog (ID/A) conversion unmit for converting a
digital multimedia data stream input through the USB
host controller into analog multimedia data and out-
putting the analog multimedia data to the serial con-
troller.

13. The apparatus of claim 12, further comprising;

a bypass unit directly connecting the first serial connec-
tion unit and a second serial connection unit; and

an mput unit recerving information on a device to be used,

wherein 11 the device to be used comprises a CD changer,
the microcontroller controls the bypass unit so that data
communication between the A/V system and the CD

changer 1s enabled.
14. The apparatus of claim 13, wherein the USB host
controller comprises:
a bulk interface for transmitting and receiving the USB
command and the reproduction information; and
at least one of an 1sochronous interface and a bulk
intertace receiving the digital multimedia data stream.
15. An imterface method between an audio/video (A/V)
system and a portable device for enabling the A/V system to
control the portable multimedia device as a source of audio
and/or video output of the A/V system, the interface method
comprising;
recerving a first control signal from the A/V system
through a second connection unit;
converting the first control signal into a data format of a
first connection unit and transmaitting the converted first
control signal to the portable device through the first
connection unit;
recerving a digital multimedia data stream from the por-
table device through the first connection unit in
response to the converted first control signal;
converting the recerved digital multimedia data stream
into an analog signal;
transmitting the analog signal to the A/V system through
the second connection unit;
wherein the iterface method further comprising:
recerving a second control signal from the portable device
through the first connection unit;
wherein the first control signal includes information on
the multimedia file as requested from the A/V system
and an operation command for controlling an operation
on the requested multimedia {ile;
wherein the second control signal includes information on
an operational state associated with the operation; and
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wherein the portable device decodes the requested mul-
timedia file 1n accordance with the operation command
to generate the digital multimedia data stream trans-
mitted from the portable device.

[ [16. A non-transitory computer readable medium having
embodied thereon a computer program for executing an
interface method between an audio/video (A/V) system and
a portable device for enabling the A/V system to control the
portable multimedia device as a source of audio and/or video
output of the A/V system, the iterface method comprising:

receiving a lirst control signal from the A/V system
through a second connection unit;

converting the first control signal into a data format of a
first connection unit and transmitting the converted first
control signal to the portable device through the first
connection unit;

receiving a digital stream from the portable device
through the first connection unit 1n response to the
converted control signal;

converting the received digital stream into an analog
signal;

transmitting the analog signal to the A/V system through
the second connection unit:

wherein the interface method further comprising:

receiving a second control signal from the portable device
through the first connection unit;

wherein the first control signal includes information on
the multimedia file as requested from the A/V system
and an operation command for controlling an operation
on the requested multimedia file;

wherein the second control signal includes information on
an operational state associated with the operation; and

wherein the portable device decodes the requested mul-
timedia file 1n accordance with the operation command
to generate the digital multimedia data stream trans-
mitted from the portable device.] }

17. The apparatus of claim 12, further comprising a
conversion umt connected to a front end of the first serial
connection unit and converting a pin mput of the A/V system
to fit the pin arrangement of the first serial connection unit.

18. The method of claim 15, further comprising:

receiving an input of information on a device to be used
through a third connection unit; and

transferring the control signal received through the second
connection unit to a CD changer through the third
connection unit and cutting ofl a path for data commu-
nication with the portable device if the mput informa-
tion on the device to be used indicates the CD changer
1s to be used.

19. A digital data recording and/or veproducing appara-
tus for receiving a control information from an A/V system
COMpPriSing:

a storage unit to store digital multimedia data encoded

in a predetermined format,

a decoder unit configured to decode the digital multime-
dia data stored in the storage unit;

a first controller configured to support an interface to
communicate with an | [audio] | A/V system having a
second controller, wherein the A/V system is capable
of controlling the digital data recording and/or
reproducing apparatus as a source of audio and/or
video output of the A/V system and transmitting
control information to the external device;

a digital/analog conversion unit configured to convert the
decoded digital multimedia data into analog multi-
media data;
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an output unit configured to output the analog multime-

dia data as an analog audio and/or video signal;

a control unit configured to:

receive the control information from the | [audio]}
d A/V system through the first controller, the control
information including information on a multime-
dia file selected by a user from among a plurality
of multimedia files displayed on the A/V system
and an operation command for controlling an

operation on the multimedia file as requested
from the A/V system,

cause the decoder unit to decode | [the stored) ] digital

multimedia data corresponding to the [ [received
control information,] ] multimedia file from among
the stored digital multimedia data based on the
operation command,

transfer, through the first controller, the decoded

digital multimedia data corresponding to the
[ [received control information to the audio system] ]
multimedia file, and information on an opera-
tional state associated with the operation com-
mand, to the audio system, such that the decoded
digital multimedia data corresponding to the
multimedia file is reproduced as audio and/or
video output of the A/V system via the A/V sys-
tem, and

switch into one of a transmission state transmitting the

decoded digital multimedia data to the | [audio] ]
A/V system through the first controller and an output
state converting the decoded digital multimedia
data into the analog multimedia data by the digital/
analog conversion unit and outputting the converted
analog multimedia data by the output unit.

20. The apparatus of claim 19, wherein the control unit
controls the decoder unit to decode the digital multimedia
data in predetermined units according to a control signal
from the | [audio] | A/V system, and

the first controller comprises a first bulk interface sequen-

tially tramnsmitting the digital multimedia data

decoded in predetermined units.

21. The apparatus of claim 20, wherein the first controller
further comprises a second bulk interface transmitting/
receiving the control signal and control information com-
45 prising information on the digital multimedia data to/from

the [ [audio] ] A/V system.

22. The apparatus of claim 20, wherein, through the first
bulk interface, the first controller rveceives a control signal
from the [ [audio] | A/V system and transmits information

50 on digital multimedia data requested by the | [audio] | A/V
system.

23. The apparatus of claim 19, wherein the first controller
comprises an isochronous interface for transmission of the
decoded digital multimedia data in rvesponse to a control

55 signal from the [ [audio]l ] A/V system.

24. The apparatus of claim 23, wherein the first controller
further comprises a bulk interface transmitting/veceiving the
control signal and control information comprising the result
of executing the control signal to/from the | [audio] | A/V

60 Ssysiem.

25. The apparatus of claim 23, wherein the first controller
receives a digital stream from the [ [audio]] A/V svstem
through the isochronous interface, and the control unit
encodes the received digital stream and storves the encoded
digital stream in the storage unit.

26. The apparatus of claim 19, wherein if the digital
multimedia data comprises encrypted data, the control unit
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decrypts the encrypted data and then transmits the
decrypted data to the | [audio]l ] A/V system.

27. The apparatus of claim 26, wherein the control unit
transmits the [ [decoded] | decrypted multimedia data to
the | [audio) | A/V system by using an encryption method.

28. The apparatus of claim 19, further comprising an
input unit receiving an input| [of a device using method] .

wherein if a command to use a conventional USB protocol

is input through the input unit, the control unit controls
the first controller so that the digital data vecording and
reproducing apparatus operates according to the con-
ventional USB protocol.

29. The apparatus of claim 19, whevein the first controller
comprises a USB device controller and the second controller
comprises a USB host controller.

30. A method of reproducing, through an [ [audio] | A/IV
svstem, a digital multimedia data stored in a digital data

recording and/or reproducing apparatus for receiving [ [a] ]
control information from the [ [audiol] A/V system, the
method comprising:
receiving | [al ] control information from the [ [audio] ]
A/V system through the first controller, the control
information including information on a multimedia
file selected by a user from among a plurality of
multimedia files displayed on the A/V system and an
operation command for controlling an operation on
the multimedia file as requested from the A/V sys-
tem;
decoding [ [the stored] ] digital multimedia data corre-
sponding to the received | [control information] ] mul-
timedia filed from among the stored digital multi-
media data based on the operation command; and

switching into one of a transmission state transmitting the
decoded digital multimedia data to the audio system
through the first controller, and an output state
| bvherein the second mode is the mode] | in which the
decoded digital multimedia data is [ [converting the
decoded data] ] converted into [ [the] ] analog multi-
media data and outputting the converted analog mul-
timedia data as an analog audio and/or video signal;
and
in the transmission state, transferring the decoded digital
multimedia data corresponding to the | [received con-
trol information to the audio system having a second
controller] | multimedia file, and information on an
operational state associated with the operation com-
mand to the A/V system having a second controller,
such that the decoded digital multimedia data cor-
responding to the multimedia file is reproduced as
audio and/or video output of the A/V system via the
A/V system,

wherein the A/V system is capable of controlling the
digital data recording and/or reproducing appara-
tus as a source of audio and/or video output of the
A/V system and transmitting the control informa-
tion to the external device.

31. The method of claim 30, wherein the decoding of the
digital multimedia data comprises sequentially decoding
the digital multimedia data in predetermined units accovd-
ing to [ [the reproduction command]] received control
information, and

the transmitting of the decoded digital multimedia data

comprises sequentially transmitting the decoded digi-
tal multimedia data in predetermined units through a
first bulk interface | [comprised] ]| included in the first

controller according to the rveproduction command.
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32. The method of claim 31, wherein the receiving of the
control signal comprises receiving the control signal
through at least one of the first bulk interface and a second
bulk interface included in the first controller.

d 33. The method of claim 32, further comprising transmit-
ting information | [or] ] about the digita/ multimedia data,
the information being used to determine a number of
predetermined units requived for transmitting the decoded
digital multimedia data, and a time interval of the trans-
mitting, to the | [audio] | A/V system through at least one of
the first bulk interface and the second bulk interface.

34. The method of claim 30, wherein the transmitting of
the decoded digital multimedia data comprises transmit-
ting the decoded digital multimedia data through an iso-
chronous interface included in the first controller.

35. The method of claim 34, wherein the veceiving of the
control signal comprises receiving the control signal
through a bulk interface included in the first controller, and
20  the method further comprises transmitting a result of

executing the control signal through the bulk interface.

36. The method of claim 30, wherein the decoding of the

digital multimedia data further comprises decrypting the
file if the digital multimedia data comprises an encrypted

25 file.

37. The method of claim 36, wherein the transmitting of
the decoded digital multimedia data further comprises
encrypting the decoded digital multimedia data.

38. The method of claim 30, further comprising:

30 receiving an input] [on a device using method] ], and

controlling the first controller so that the digital data

recording and rveproducing apparatus | [operate] }
operates as a portable device if a command to use the
apparatus as a portable device is input.

35 39. The method of claim 30, wherein the first controller
comprises a USB device controller and the second controller
comprises a USB host controller.

40. An audio/video (A/V) system capable of controlling
an external mobile electronic device as a source of audio

40 and/or video output of the A/V system, the A/V system
comprising:

a display;

an input unit;

an interface unit configured to:

45 transmit control information to the external mobile

electronic device, and
receive decoded digital multimedia data from the
external mobile electronic device;

a digital-to-analog (D/A) conversion unit configured to

50 convert the received decoded digital multimedia

data into an analog audio and/or video signal; and

a control unit configured to control the interface unit

and the D/A conversion unit such that the received
decoded digital multimedia data is converted into

55 the analog signal as audio and/or video output of the

A/V system,

wherein the control unit is configcured to control the
display to display a list of a plurality of multimedia
files associated with the external mobile electronic

60 device, and receive, through the input unit, a user

input of selecting a multimedia file among the plu-

rality of multimedia files of the list,
wherein the control information includes information
of the selected multimedia file as requested from the
65 A/V system and a play command as an operation
command for controlling an operation on the
selected multimedia file,
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wherein, based on the control information, the A/V
system is configcured to receive, from the external
mobile electronic device via the interface unit, play
state information on an operational state associated
with the operation, and decoded digital multimedia
data generated by the external mobile electronic
device in accordance with the play command, and
the A/V system is configured to control the display to
display the received play state information,

wherein the decoded digital multimedia data is digital
data decoded by the external mobile electronic
device.

41. The system of claim 40, wherein the audio/video

(A/V) system further comprises an audio output unit,
wherein the control unit controls the audio output unit
to output the analog audio signal.

42. The system of claim 40, wherein the operation
command includes at least one of the play command, a
pause command and a next song command.

43. The system of claim 40,

10
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wherein the control unit receives, through the input

unit, a user input of selecting a next song and
controls the interface unit to transmit a next song
command as an operation command to the external
device, and

wherein the control unit receives, through the inter-

face unit, next song state information regarding an
operational state associated with the next song com-
mand and decoded digital multimedia data gener-
ated by the external mobile electronic device in
accordance with the next song command and con-
trols the display to display the received next song
state information.

44. The system of claim 40, wherein the interface unit
comprises a USB interface unit.

45. The system of claim 40, wherein the decoded digital
multimedia data comprises PCM (pulse code modula-
tion) data.
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