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(57) ABSTRACT 

A communication system comprises a source media device, 
a sink media device communicatively coupled With the 
source media device over an out-of-band transfer protocol, 
a control point communicatively coupled to the source 
media device and the sink media device using communica 
tion control actions, and an emulator. The emulator can be 
contained in one or more of the source media device, the 
sink media device, and the control point. The emulator 
comprises a communication controller capable of coupling 
to an out-of-band communication link and an emulation 
controller capable of converting information betWeen an 
out-of-band communication link format and a standard 
device internal format. 
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COMMUNICATION ARCHITECTURE UTILIZING 
EMULATOR INTERFACE 

RELATED APPLICATIONS 

[0001] The disclosed system and operating method are 
related to subject matter disclosed in the following co 
pending patent applications that are incorporated by refer 
ence herein in their entirety: (1) US. patent application Ser. 
No. xx/xxx,xxx, entitled “Emulator-Enabled NetWork Con 
nectivity to a Device”, attorney docket no. 1003.P002US. 
(2) US. patent application Ser. No. xx/xxx,xxx, entitled 
“Network to Computer Internal Interface”, attorney docket 
no. 1003.P003US. (3) US. patent application Ser. No. 
xx/xxx,xxx, entitled “NetWork Interface to a Video Device”, 
attorney docket no. 1003.P004US. (4) US. patent applica 
tion Ser. No. xx/xxx,xxx, entitled “Video Receiver/Recorder 
With Computer Interface”, attorney docket no. 
1003.P005US. (5) Computer System Capable of Executing 
a Remote Operating System”, attorney docket no. 
1003.P006US. (6) US. patent application Ser. No. xx/xxx, 
xxx, entitled “Transcoding Media System”, attorney docket 
no. 1003.P007US. (7) US. patent application Ser. No. 
xx/xxx,xxx, entitled “Server in a Media System”, attorney 
docket no. 1003.P009US. 

BACKGROUND OF THE INVENTION 

[0002] In many industries and applications, highly com 
plex devices or appliances exist that perform a single 
function or only a feW functions but have processing, storage 
and display capabilities that could greatly extend function 
ality if exploited. Examples of these devices and appliances 
include televisions, digital video cassette recorders, digital 
versatile disk players, audio receivers, point-of-sale termi 
nals, process controllers and valves, vending machines, 
alarm systems, home appliances, and many more. Compu 
tational poWer and capabilities of the devices increases as 
technology evolves and additional softWare solutions 
become available, improving user and customer services and 
experiences With successive product generations. The 
devices and appliances typically have a dedicated function 
and unique architecture and, generally, are not designed for 
interaction With other device or model types, or even With 
others of the same device. 

[0003] Technological advances have created availability 
of a vast amount of information that is accessible by 
computer netWorks such as intranets, local area netWorks, 
Wide area netWorks, and the internet. The netWorks enable 
easy access to information throughout the World and facili 
tate information delivery World-Wide in the form of text 
?les, data, motion pictures, video clips, Web pages, ?ash 
presentations, shareWare, computer programs, command 
?les, and other information. One obstacle to access and 
delivery of information is lack of interoperability and 
resource management among devices. 

SUMMARY OF THE INVENTION 

[0004] In accordance With some embodiments, a commu 
nication system comprises a source media device, a sink 
media device communicatively coupled With the source 
media device over an out-of-band transfer protocol, a control 
point communicatively coupled to the source media device 
and the sink media device using communication control 
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actions, and an emulator. The emulator can be contained in 
one or more of the source media device, the sink media 
device, and the control point. The emulator comprises a 
communication controller capable of coupling to an out-of 
band communication link and an emulation controller 
capable of converting information betWeen an out-of-band 
communication link format and a standard device internal 
format. 

[0005] In some embodiments, a communication system 
comprises a computer, an optical media player communica 
tively coupled With the computer over an out-of-band trans 
fer protocol, an optical media menu interface communica 
tively coupled to the computer and the optical media player 
using communication control actions, and an emulator. The 
emulator may be contained in one or more of the computer, 
the optical media player, and the optical media menu inter 
face. The emulator comprises a communication controller 
capable of coupling to an out-of-band communication link 
and an emulation controller capable of converting informa 
tion betWeen an out-of-band communication link format and 
a standard device internal format. 

[0006] In one of several alternative aspects of the present 
system, a communication device includes an emulator as an 
input terminal to a sink or rendering device. The emulator 
can emulate an existing device, functioning in any capacity 
as a source, sink, or controller, for example to add netWork 
connectivity Without change to the device. The emulator 
interface can emulate a device at a logical level as Well as a 
physical level. 

[0007] In some embodiments, the emulator can analyZe 
content communications to determine supported content 
formats, determine the format of presented content, and 
reformat or transcode the content to place the presented 
content in the supported format. In a particular example, the 
emulator can monitor traffic on a bus and analyZe the traffic 
for commands and responses to determine the supported 
format. The emulator can then convert content received from 
an external source in an unsupported format to the supported 
format. 

[0008] In some examples, a communication media device 
comprises an internal media content source, an internal 
interface coupled to the internal media content source and 
capable of carrying media content in a native format, and a 
media renderer. The media renderer is coupled to the internal 
interface and capable of rendering the native format infor 
mation from the internal interface. The communications 
media device further comprises an emulator coupled to the 
internal interface, a communication controller coupled to the 
emulator and capable of coupling to an out-of-band com 
munication link, and a storage. The storage is coupled to the 
emulator and holds an executable code capable of convert 
ing information from the out-of-band communication link to 
the native format and conveying the converted information 
to the media renderer. 

[0009] In one type of system, a communication media 
device comprises an internal media content source, an 
internal interface coupled to the internal media content 
source and capable of carrying media content in a native 
format, and a media renderer coupled to the internal inter 
face and capable of rendering the native format information 
from the internal interface. The communication media 
device further includes an emulator coupled to the internal 
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interface and a communication controller coupled to the 
emulator and capable of coupling to an out-of-band com 
munication link. The emulator can receive media content 
from the out-of-band communication link and emulate the 
internal media content source so that the media renderer 
renders the out-of-band media content in the manner of 
internal media content. 

[0010] In some applications, a communication media 
device comprises an internal media content source, an 
internal interface coupled to the internal media content 
source and capable of carrying media content in a native 
format, a media renderer capable of rendering the native 
format information from the internal interface, and an emu 
lator. The communication media device also comprises a 
communication controller coupled to the emulator and 
capable of coupling to an out-of-band communication link. 
The emulator can receive media content from the out-of 
band communication link and emulate the internal media 
content source so that the media renderer renders the out 
of-band media content in the manner of internal media 
content. 

[0011] In accordance With other aspects of the disclosed 
system, some embodiments may include a communication 
device that uses a computer such as a PC as proxy driver for 
a control point. Control point on the PC and emulator can 
function as a netWork interface for media decoder. 

[0012] In accordance With further additional aspects of the 
disclosed system, some embodiments may include a com 
munication system comprising a media source, and a media 
renderer that renders media content in a native format. The 
media renderer is capable of communicating With the media 
source via an out-of-band transfer protocol. The communi 
cation system further comprises an emulator coupled to the 
media renderer and a control point. The emulator is capable 
of receiving media content in a non-native format and 
emulating a native device to supply media content to the 
media renderer in the native format. The control point 
communicates With the media source and the media renderer 
using communication control actions that select, enable, 
initiate, and manage emulated interactions. 

[0013] In accordance With other aspects of the disclosed 
system, some embodiments may include a communication 
system capable of rendering media content from a media 
source. The communication system comprises a media ren 
derer that communicates With the media source via an 
out-of-band transfer protocol, a control point that commu 
nicates With the media source and the media renderer using 
communication control actions, a server that comprises the 
control point, and an emulator-enabled media player. The 
emulator-enabled media player, comprising at least a portion 
of the media renderer, further comprises a media decoder 
and an emulator. The media decoder decodes media content 
in a native format. The emulator can receive media content 
in a non-native format and emulate a native device to supply 
media content to the media renderer in the native format. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The features of the described embodiments 
believed to be novel are speci?cally set forth in the appended 
claims. HoWever, embodiments of the invention relating to 
both structure and method of operation, may best be under 
stood by referring to the folloWing description and accom 
panying draWings. 
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[0015] FIG. 1 is a schematic block diagram shoWing an 
eXample of a device interaction model that can utiliZe an 
emulator interface. 

[0016] FIG. 2 is a schematic block diagram that illustrates 
an eXample of a suitable emulator interface for connecting a 
device or bus to a netWork. 

[0017] FIG. 3 is a detailed system block diagram shoWing 
an eXample of a device that utiliZes an emulator interface. 

[0018] FIG. 4 is a detailed block diagram that depicts 
functional blocks of an emulation circuit that is suitable for 
usage in the emulator interface of FIGS. 2 and/or 3. 

[0019] FIG. 5 is a component diagram shoWing various 
system, hardWare, and softWare components of a server for 
usage With an emulator interface. 

[0020] FIG. 6 is a use case diagram that illustrates func 
tionality of an audiovisual system that uses an emulator 
interface. 

[0021] FIG. 7 is a use case diagram that illustrates func 
tionality of an audio-visual system that uses an alternative 
embodiment of an emulator interface. 

[0022] FIG. 8 is a detailed state diagram illustrating an 
eXample of functionality of a suitable emulator. 

[0023] FIG. 9 is a schematic block diagram shoWing one 
eXample of an audio-visual system that includes emulation. 

[0024] FIG. 10 is a schematic block diagram illustrating 
another implementation of an audio-visual system that 
includes emulation to eXtend rendering functionality. 

[0025] FIG. 11 is a schematic miXed block and pictorial 
diagram that depicts an eXample of an application for an 
emulator. 

[0026] FIG. 12 is a schematic block diagram shoWing 
various connections that can be made betWeen an emulator 
and a communication system that includes a source, a sink, 
and a pathWay for communicating from the source to the 
sink. 

[0027] FIG. 13 is a schematic block diagram illustrating 
an information hallWay application of an emulator that is 
con?gured to function as part of a cable/DSL gateWay. 

[0028] FIG. 14 is a schematic block diagram shoWing an 
eXample of a multiple-media receiver/recorder comprising 
an emulator that functions as an input selector or media 
sWitch. 

DETAILED DESCRIPTION 

[0029] What is desired is a communication architecture 
that enables intercommunication and information sharing 
among devices and appliances. 

[0030] A Communication interface uses an emulation 
device as interface to source or sink device. A device 
compliant With Communication architecture includes a com 
munication interface. The communication interface can 
emulate an eXisting device, functioning in any capacity as a 
source, sink, or controller, for eXample to add netWork 
connectivity Without change to the device. The communi 
cation interface can emulate a device at a logical level as 
Well as a physical level. The communication interface 
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includes an input terminal into a sink device that enables 
alternative content ?oW into sink. 

[0031] The communications interface is optionally 
capable of transcoding to appropriate format and optionally 
capable of intelligent transcoding based on analysis of 
alternative content format. In intelligent transcoding, the 
interface from source device capable of ?nding content from 
multiple sources and selected a desired source for transfer to 
sink device optionally capable of converting to a particular 
content format. In one example, Communication via PC 
proxy uses a PC to provide control point user interface as a 
DVD menu. The DVD remote control is used to select 

content (after selection, control point is idle). 

[0032] For example in some embodiments, the emulator 
interface can analyZe content communications to determine 
supported content formats, determine the format of pre 
sented content, and reformat or transcode the content to 
place the presented content in the supported format. In a 
particular example, the emulator interface can monitor traf 
?c on a bus (for example, an IDE bus) and analyZe the traf?c 
for commands and responses to determine the supported 
format. The emulator interface can then convert content 
received from an external source in an unsupported format 
to the supported format. 

[0033] Referring to FIG. 1, a schematic block diagram 
shoWs an example of a device interaction model 100 that can 
utiliZe an emulator interface. The device interaction model 
100 de?nes general interactions betWeen many different 
types of devices and controllers. Various devices and con 
trollers may be computers, Work-stations, laptop computers, 
calculators, palm computers, mobile telephones, televisions, 
electronic picture frames, video cassette recorders, compact 
disk (CD) or digital versatile disk (DVD) players and 
recorders, CD-ROM drives (R/RW), jukeboxes, karaoke 
devices, camcorders, set-top boxes, audio systems, MP3 
players, still-image cameras, remote control devices, control 
panels, and any other control devices and information stor 
age, retrieval, and display devices. The device interaction 
model 100 includes a source 110, a sink 112, and a controller 
114. A particular device or controller can be con?gured 
variously as any of the source 110, the sink 112, and the 
controller 114. Other interactions models can be used. Some 
may omit or integrate the controller 114. Aparticular device 
or controller can function as any of the source 110, the sink 
112, or the controller 114 in a particular interaction. A 
particular device or controller can function as more than one 
of the source 110, the sink 112, and the controller 114 in a 
particular interaction or con?guration. 

[0034] The source 110 can be any device capable of 
supplying information or content of any type including 
audio, video, or any type of coded information. In various 
embodiments, the source 110 can supply content of one or 
more types under various video standards such as Motion 
Pictures Expert Group (MPEG2, MPEG4), picture standards 
including Joint Photographic Experts Group (JPEG), and 
audio standards including MPEG-1 Audio Layer-3 (MP3). 
The source 110 also can supply content under other stan 
dards such as WindoWs Media Architecture (WMA), bit 
maps (BMP), National Television Standards Committee 
(NTSC), Phase Alteration Line (PAL), Sequential Couleur 
avec Memoire (SECAM), Advanced Television Systems 
Committee (ATSC), video compact disk (VCD) and S-VCD 
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standards, PoWer Point (PPT), karaoke functions, features 
such as MP3 or progressive scan display, and emerging neW 
functionality. 
[0035] The controller 114 initiates content transfer by 
con?guring the source 110 and sink 112 so that selected 
content ?oWs from the source 110 to the sink 112 using a 
suitable transfer protocol 116. Supported transfer protocols 
116 include one or more of broadband, IEEE-1394 high 
speed serial bus, International Electrotechnical Commission 
(IEC-61883) Standard that describes: Isochronous Plug 
Control Registers, Connection Management Protocol 
(CMP), Function Control Protocol (FCP), Common Isoch 
ronous Packet (CIP) headers, Hypertext Transfer Protocol 
(HTTP GET/PUT/POST), Real-time Transport Protocol 
(RTP), Transmission Control Protocol/Internet Protocol 
(TCP/IP), IEEE 802 Wireless standards, and others. 

[0036] In various embodiments, the sink 112 can be any 
device capable of rendering content. Typical sink 112 
devices include MPEG decoders, DVD recorders, televi 
sions, With an embedded MPEG decoder, personal video 
recorders (PVRs), audio systems and other devices. In the 
illustrative device interaction model 100, content from a 
content source 110 can be selected through the controller 
114 based on rendering capabilities of the sink 112 and 
transferred from the source 110 to the sink 112 for rendering. 

[0037] The emulator interface can emulate an existing 
device, functioning in any capacity as a source 110, sink 112, 
or controller 114, for example to add netWork connectivity 
Without change to the device. The emulator interface can 
emulate a device at a logical level as Well as a physical level. 

[0038] In some embodiments, the emulator interface can 
analyZe content communications to determine supported 
content formats, determine the format of presented content, 
and reformat or transcode the content to place the presented 
content in the supported format. In a particular example, the 
emulator interface can monitor traf?c on a bus (for example, 
an IDE bus) and analyZe the traf?c for commands and 
responses to determine the supported format. The emulator 
interface can then convert content received from an external 
source in an unsupported format to the supported format. 

[0039] Referring to FIG. 2, a schematic block diagram 
illustrates an example of a suitable emulator interface 200 
for connecting a device 202 or bus 204 to a netWork 206. 
The illustrative emulator interface 200 comprises an inter 
face controller 210 that is capable of coupling the emulator 
interface 200 to the device 202 or bus 204, an netWork 
controller 212 that is capable of coupling the emulator 
interface 200 to the netWork 206, and a processor 214. The 
processor 214 is capable of executing various processes, 
methods, or programs to transfer information betWeen the 
netWork 206 and the device 202 or bus 204 and to perform 
a Wide variety of other functions. The emulator interface 200 
may include other optional functional blocks such as a 
volatile memory 216 and nonvolatile memory 218 that may 
be coupled to the interface controller 210. The volatile 
memory 216, for example synchronous dynamic random 
access memory (SDRAM), may be used to store information 
such as temporary control information, transferring data in 
various formats, and others. The nonvolatile memory 218, 
for example a bootstrap read-only memory (ROM), may be 
used to store executable function code such as a bootstrap 
load program and other operational functions, and operating 
parameters. 
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[0040] A network connector 220, for example a R145 
connector, can couple the network controller 212 to the 
netWork 206. 

[0041] The interface controller 210 can also support addi 
tional communication links. In the illustrative example, the 
interface controller 210 has a radio frequency communica 
tion link 222 and a universal serial bus (USB) link 224. 

[0042] The emulator interface 200 integrates netWork 
communication capabilities into a device 202 or into a 
system that utiliZes the bus 204. In various embodiments, the 
emulator interface 200 can support 10/100 Ethernet media 
access control (MAC) protocol, serial ports, parallel ports, 
memory controllers, direct memory access (DMA), and 
parallel I/O. In some examples, the emulator interface 200 
can interface With other processors, devices or components 
via a register interface or shared RAM interface. 

[0043] The processor 214 can be any suitable processor, 
microprocessor, controller, microcontroller, central process 
ing unit, digital signal processor, state machine, or the like. 
One example of a suitable processor is a chip-internal 
Reduced Instruction Set Computer (RISC) such as a selected 
member (for example, ARM7, ARM9, ARM9E, ARM10) of 
the Advanced RISC Machines (ARM) from Advanced RISC 
Machines (ARM) Ltd., Cambridge, UK. The ARM7 pro 
cessor includes a RISC stand-alone core, instruction/data 
cache, Write buffer, and pre-fetch control (none shoWn) and 
has an internal bus structure that enables program execution 
from cache While the internal bus is performing DMA data 
transfer operations to efficiently handle communication 
operations. 

[0044] In some embodiments, the NetWork controller 212 
has tWo modules, and netWork front end (not shoWn) and a 
media access control (MAC) module (not shoWn), for 
example for both 10 and 100 Mbit applications. The netWork 
front end maintains the MAC interface and includes transmit 
and receive ?rst-in-?rst-out (FIFO) buffers, DMA interface 
logic, and control/status registers for MAC, transmitter, and 
receiver. In one example, the transmit FIFO and receive 
FIFO have capacities of 128 bytes and 2048 bytes, respec 
tively. The transmit FIFO alloWs a portion of the transmit 
buffer to remain on the FIFO While collisions occur on the 
netWork medium, avoiding multiple buffer fetches from 
memory. The receive FIFO is large to alloW an entire frame 
to be received and Wait in the FIFO during byte count 
analysis to determine an optimum buffer description for 
DMA transfer. 

[0045] The MAC module interfaces betWeen the netWork 
front end and I/O pins, and supports ENDEC (10 Mbit) and 
Media Independent Interfaces (MII) under ?rmWare control. 
Functions performed by the MAC module include 100 Mbit 
Ethernet MAC, MII management function, address ?ltering, 
statistics gathering, and an optional 100 Mbit physical 
coding layer. 100461 The interface controller 210 supplies 
an interface betWeen the emulator interface 200 and a device 
202 or bus 204, supporting one or more of ?ve interface 
types, for example including an IEEE 1284 host port, a 
16-bit shared RAM interface, an 8-bit shared RAM inter 
face, a 16-bit FIFO interface, and an 8-bit FIFO interface. 
The IEEE 1284 mode supports commercial netWork printer 
server applications as a bridge betWeen a local area netWork 
(LAN) and up to four external devices using the 1284 
Parallel Port interface. The shared memory interface sup 
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plies up to 64K of shared RAM betWeen the emulator 
interface 200 and a bus 204. The FIFO interface supplies a 
data streaming FIFO interface betWeen the emulator inter 
face 200 and the bus 204 or device 202. In an illustrative 
example, the FIFO interface supports tWo 32-bit FIFOs, one 
for each data direction. 

[0046] The interface controller 210 contains a functional 
element that operates as a memory controller (not shoWn) to 
interface to memory devices such as ?ash, static Random 
Access Memory (RAM), dynamic RAM (DRAM), 
EEPROM, and others. The memory controller functions in 
cooperation With a bus controller (not shoWn) to transfer 
data betWeen the bus 204 and a memory. The memory 
controller typically supports various types of DRAM includ 
ing fast page mode (FD) DRAM, synchronous DRAM 
(SDRAM), and EDO DRAM. Generally a single application 
utiliZes the same style of DRAM. 

[0047] The interface controller 210 may include a bus 
controller (not shoWn) that moves data to and from the bus 
204. In some embodiments, the bus controller supports 
dynamic bus siZing for selected logical addresses. The bus 
controller can perform system bus arbitration for interfaces 
With an external bus master or CPU. The bus controller 
operates in conjunction With the memory controller to access 
devices 202 using the bus 204. 

[0048] In some embodiments, the interface controller 210 
may also support a serial controller (not shoWn). For 
example, the interface controller 210 may include tWo 
independent universal asynchronous/synchronous receiver/ 
transmitter (UART) channels, each With a programmable 
bit-rate generator. The UARTs realiZe relatively loW-speed 
information transfer betWeen the emulator interface 200 and 
a device 202 using a standard protocol. 

[0049] In some embodiments, the serial controller of the 
interface controller 210 can support a High Level Data Link 
Control (HDLC) protocol that forms a data link layer for 
Wide area netWorking models such as Frame Relay, 
ISDN, and SDLC. In the HDLC mode, the interface con 
troller 210 uses a Zero insertion/deletion “bit-stuf?ng” pro 
tocol to transmit layer 2 data frames over point-to-point 
links, broadcast netWorks, packet netWorks, or circuit sWitch 
netWorks With CRC ?eld error detection. 

[0050] In some embodiments, the serial controller of the 
interface controller 210 can support a Serial Peripheral 
Interface (SPI) protocol that de?nes a full-duplex, synchro 
nous, character-oriented data channel betWeen master and 
slave devices using a four-Wire interface. The master inter 
face operates in broadcast mode With the slave interface 
activated using a select signal. The SPI operation mode 
converts simple parallelserial data to stream serial data 
betWeen memory and a peripheral. 

[0051] In various embodiments, the interface controller 
210 may also include one or more components including 
programmable timers With interrupt support, programmable 
bus-error timers, programmable Watch-dog timers, program 
mable parallel I/O ports With interrupt support, a system 
priority interrupt controller, and a controller for other mis 
cellaneous system control functions. 

[0052] Referring to FIG. 3, a detailed system diagram 
shoWs an example of a device 300 that utiliZes an emulator 
interface 306. In one example, the device 300 is a video 
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player and/or recorder such as a Digital Versatile Disc 
(DVD) player or DVD player/recorder. The device 300 
comprises a content source 302, a content sink 304, and an 
emulator interface 306. The content source 302 supplies 
information or media content for presentation on the content 
sink 304. 

[0053] In some examples, the content source 302 can be an 
audio and/or video device subsystem such as a DVD drive, 
CD drive, or CD-ROM drive (CD-R, CD-R/W). In a speci?c 
example, the content source 302 may include an integrated 
DVD/CD digital signal processor (DSP), servo and block 
decoder With advanced error detection and correction 
schemes for improved playability. 

[0054] The content sink 304 is typically a device that 
processes the content for presentation, for example, a ren 
dering device. In one example, the content sink 304 can be 
an MPEG decoder that decodes audio and/or video content 
for display. In a particular example, the content sink 304 
may include an integrated DVD backend that combines an 
MPEG-2 video decoder; 24-bit audio digital signal proces 
sor (DSP); 32-bit reduced-instruction-set-computer (RISC) 
system CPU. The particular content sink 304 may further 
include an advanced 32-bit on-screen display (OSD) With 
hardWare 2D graphical user interface (GUI) acceleration for 
superior user-interface performance and quality; and PAL/ 
NTSC video encoder With a progressive scan option for 
high-de?nition TV (HDTV)-ready systems. Major audio 
features in the speci?c example include support for multi 
channel MPEG, Dolby Digital and Digital Theatre Systems 
(DTS), as Well as High De?nition Compatible Digital 
(HDCDTM) and MP3 decode, in addition to post processing 
functions such as karaoke and 3D sound. 

[0055] In the illustrative device 300, the content sink 304 
is coupled to a memory 330. The illustrative content sink 
304 comprises several functional blocks including a sink 
processor 332, a communications port 334 such as a serial 
port, and a display panel 336. The sink processor 332 can be 
any type of suitable processor, microprocessor, controller, 
microcontroller, digital signal processor, state machine, cen 
tral processing unit, or the like. The communications port 
334 may typically receive control signals from a communi 
cation device (not shoWn) such as a remote control unit. The 
display panel 336 typically includes various types of user 
interface controls such as an alpha-numeric pad, volume 
control buttons, sWitches, pads, joysticks, or other function 
selection keys. 

[0056] In the illustrative device 300, the content source 
302 communicates With the content sink 304 via a commu 
nication bus 338 that carries data signals, control signals, 
chip select signals, interrupt request signals, and the like. In 
various systems, the communication bus 338 may be a 
nonstandard bus or may be one or more of several various 

standard, typically parallel, buses from among Integrated 
Device Electronics (IDE), audio/visual (A/V), advanced 
technology attachment packet interface (ATAPI), Small 
Computer Systems Interface (SCSI), or other buses. In some 
embodiments, the communication bus 338 may be a physi 
cal interface to the media access control (MAC) module. 

[0057] The emulator interface 306 can be coupled to the 
communication bus 338 to communicate With a netWork and 
send netWork information to the sink and/or source in a 
manner that emulates a source-sink interaction. Although 
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terminology of content source 302 and content sink 304 
indicate a particular direction of content transfer, in various 
device implementations and/or interactions either the con 
tent source 302 or the content sink 304 may be an ultimate 
receiver of content. For example, a device 300, a DVD 
player, may include an MPEG decoder as a content sink 304, 
emulator interface 304 can manage content selection and 
communication direction so that either the content source 
302, for example a DVD drive, or an external netWork or 
device sources the content. In another example, a personal 
video recorder (PVR) or DVD recorder device 300 may 
have an MPEG encoder content source, a Writeable DVD 
drive or hard disk drive, that often operates as a content 
source, but may function as a content sink or renderer When 
the device 300 is in a recording mode. In the PVR or DVD 
recorder example, the content source 302 performs a net 
Work-attached storage function in Which the Writeable DVD 
or hard disk drive functions as a recordable drive or the 
DVD or hard disk drive storage can be omitted and content 
can be delivered to or from a computer or netWork. 

[0058] In the illustrative embodiment, the emulator inter 
face 306 comprises an emulator interface controller 310, a 
netWork controller 312, a processor 314, a memory 316, a 
serial bus interface 324, a content bus interface 340, and in 
some embodiments, processes executed on a processor such 
as a computer 342, host 350, or remote source 352. 

[0059] The processor 314 executes various processes, 
methods, or programs that control operations of the emulator 
interface controller 310 to transfer information betWeen a 
netWork external to the device 300 and the content source 
302 or communication bus 338 and to perform a Wide 
variety of other functions. The processor 314 can be any 
suitable processor, microprocessor, controller, microcontrol 
ler, central processing unit, digital signal processor, state 
machine, or the like. 

[0060] The emulator interface controller 310 is capable of 
coupling the emulator interface 306 to the device 300 or 
communication bus 338, and manages the generation and/or 
transmission of data signals, control signals, chip select, 
interrupt request signals, and the like. The emulator interface 
controller 310 may include a detection circuit for detecting 
presence of a communications port, such as an infrared (IR) 
or radio frequency (RF) port. In various examples, the 
detection circuit may comprise hardWare, softWare, ?rm 
Ware, or a combination. Upon determination that a commu 
nications port is present, the detection circuit then can 
determine Whether commands or control signals are issued 
from a remote device to the device 300 via the communi 
cations port. 

[0061] The emulator interface controller 310 may be 
implemented in any suitable technology such as a ?eld 
programmable gate array (FPGA), an integrated circuit, a 
discrete circuit, a programmable circuit, or any other type of 
circuit. 

[0062] The emulator interface controller 310 communi 
cates bi-directionally With the memory 316. 

[0063] The illustrative emulator interface controller 310 is 
also coupled to the netWork controller 312 that may be a 
local area netWork controller or other suitable netWork 
controller. The netWork controller 312 forms an interface 
betWeen the device 300 and one or more netWorks, such as 




































