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5 The present invention relates to the field of consumer electronic devices.

More specifically, the present invention relates to methods and systems for
providing user interfaces for networked electronic devices including remote devices.

RELATED ART
The typical home entertainment system today consists of a variety of different
10 consumer electronic devices which present and record audio/visual media in
different ways. In the field df media devices, there is a spectrum of features for
products of a given class (VCRs, video camera, etc.). Most of the features are
represented by physical controls or elements on a control panel on the device which
can be manipulated by a human user.

15 Recently, a class of consumer electronic media devices has been introduced
that can be networked together using a standard communication protocol layer (e.g.,
IEEE 1394 communication standard). The IEEE 1394 standard is an intemational
standard for implementing an inexpensive high-speed serial bus architecture which -
supports both asynchronous and isochronous format data transfers. The IEEE 1394

+20 standard provides a high-speed serial bus for interconnecting digital devices
thereby providing universal input/output connection. The IEEE 1394 standard
defines a digital interface for applications thereby eliminating the need for an
application to covert digital data to an analog form before it is transmitted across the
bus. Correspondingly, a receiving application will receive digital data from the bus,

25 not analog data and will therefore not be required to convert analog data to digital
form. The |[EEE 1394 is ideal for consumer electronics communication in part
because devices can be added to or removed from the serial bus while the bus is
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i n concert.presentation can be performed that involve two or more devices acting in concert.
However, interaction between these devices can be complex, error prone and
laborious if it is required that each device be directly touched in order to properly

10 configure the desired operétion. The problems associated with properly configuring
the media operation can be exacerbated if one or more of the devices are remotely
located and/or need constant attention and or adjustment. What is needed is an
effective mechanism for interfacing with networked consumer electronic devices to
facilitate media operations between two or more devices.

15 In addition, it is often desired to provide remote control access to the features
performed by a consumer electronic device so that these devices can be accessed
from a central location within a home or office. However, not all consumer electronic
devices are able to provide a sophisticated display system for remote interaction,
e.g., some devices offer only a small liquid crystal display (LCD) or a small

20 collection of light emitting diodes (LEDs) as display devices. What is needed is a
mechanism for interfacing remotely with devices that provides a sophisticated level
of user interaction for many devices. Also, in many consumer electronic systems,
éach device can have its own remote control unit. In systems having even a modest
amount of devices, the user discovers that three or more different and bulky remote

25 control devices are required to perform media operations. What is needed is a
mechanism for interfacing with electronic devices that reduces the problems of
having different remote control units for different devices. What is needed further is
a mechanism for interfacing with electronic devices that is flexible and can adapt to -
new devices and device types within the consumer electronics market.
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consunetl e/fermalinnreg erent electronic devices. The present invention
provides an interface mechanism for interfacing with electronic devices that is
additionally flexible and can adapt to new devices and device types within the
consumer electronics market. These and other advantages of the present invention
not specifically mentioned above will become clear within discussions of the present
15 invention presented herein.

A method and system are described herein for providing a user interface for a
networked electronic device using panel subunit descriptor information maintained
by a target device. The present invention utilizes a panel subunit to allow any
compliant device (e.g., a target device) to describe the physical appearance of its

20 controls and displays (e.g., elements) to another device (e.g., an intelligent
céntroller) and allows the intelligent controller to trigger actions on the target device
as if a user had physically manipulated the controls on the target device directly.
The present invention operates within a network of consumer electronic devices,
e.g., television (TV), set-top-box, video cassette recorder (VCR), compact disk (CD)

25 device, personal computer system (PC), etc., that are coupled together using a
standard communication protocol layer, e.g., the IEEE 1394 serial communication
standard. An intelligent controller (e.g., a TV or set-top-box or both) monitors the
network to discover the units coupled thereto and is programmed to locate panel
subunits that are defined for a target device. The target device may be remotely

30 located.
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and adjust to future control types and display information protocols.

The panel subunit uses control objects stored in an object descriptor list to

10 define the physical controls of the target device. The control objects are defined
with several standard types of controls and displays (e.g., push buttons, sliders,
dials, LCD screens, etc.) that are commonly found on consumer electronic devices.
The control types have well defined behaviors (e.g., buttons are pushed, dials are
moved, values are input, etc.). In addition, the panel subunit defines a set of

15 commands which are to be applied to any of these controls when selected by the
user. The commands are defined to be sufficiently generic so that they apply to
most types of controls. The panel subunit also defines generic user interaction
commands (or user events) which can be applied to the controls (e.g., press, press
and hold, release, input value, etc.) by a user. The purpose of these generic user

20 events is to encapsulate the typical user manipulated action for the controls and to
let the target device aecide the manner in which to interpret the user actions on its
own thereby relieving the intelligent controller of these responsibilities.

A status descriptor of the panel subunit keeps the intelligent controlier
informed of the status of the target devics being manipulated. The status descriptor
25 data structure is dynamic and is maintained up to date by the panel subunit. The
intelligent controller examines the status descriptor to update its graphical display to
indicate the target device status to the user. A panel status notification command
allows the intelligent controlier to post a notification request to the target device to
indicate when any changes in the state of the target device result in a changs in the

30 status descriptor. Related controls of a target device can be grouped together into
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physical control panel of the target device; c) in the computer readable memory unit
of the target device, defining and updating a status descriptor data structure
representing current states for the control objects; and d) generating a user interface
for controlling the target device by accessing the data structures of the target device

15 and communicating generic user events to the target device for interpretation by the

target device, the step d) performed by an intelligent controller coupled to the

network.

Embodiments include the above and further comprising the steps of: e) the
target device receiving a generic user event and interpreting the generic user event
20 to determine a functionality to implement; f) the target device implementing the
functionality; and g) the target device updating the status descriptor data structure to
reflect any changes resulting from step f) and wherein the step d) comprises the
’ steps of: d1) accessing the piurality of control objects by accessing the identifier
descriptor data structure and the descriptor list data structure; d2) displaying
25 graphic images of the elements of the physical control panel onto a display of the
intelligent controller; d3) receiving input from a user interacting with the graphic
images; d4) translating the input into generic user events; and d5) communicating
the generic user events to the target device to simulate user interaction with the
elements of the physical control panel. Embodiments also include the above with a
30 step g) where the target device notifies the intelligent controller when the status
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' 10 front panel in the flipped-open state to expose more control and display elements.

Figure 4 illustrates a logical block diagram of the subunits located within a
target device (a VCR) including the panel subunit of the present invention.

Figure 5 illustrates descriptor information of a panel subunit in accordance
with the present invention including a subunit identifier descriptor, panel lists and

15 object lists of control objects.

Figure 6 illustrates the contents of the general list information structure
including a group identification structure in accordance with the panel subunit of the
present invention.

Figure 7A and Figure 7B illustrate exemplary control object descriptors in

20 accordance with the panel subunit of the present invention.

Figure 8 illustrates a panel subunit status descriptor data structure in
accordance with the present invention.

Figure 9 is a flow diagram of steps performed by an intelligent controller in
accordance with the present invention for generating a user interface.

» 256 Figure 10 illustrates an exemplary user interface displayed by the present
invention based on a panel subunit and representing an on-screen keyboard.

Figure 11 illustrates exemplary panel subunit descriptor information for
generating the on-screen keyboard example of Figure 10 in accordance with the
present invention.

30 Figure 12 illustrates exemplary steps and communications between an
intelligent controller and a remote target device in accordance with the panel subunit
of the present invention.
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receiving a generic user event "and interpreting the generic user event 20
to determine a functionality to inplenent; f) the target device

| mpl emegg i NG t h§pe present invention is drawn to a panel subunit that allows any compliant

device (e.g., “target device”) to describe its physical appearance including controls
and displays, etc., to an outside intelligent controller device. The target device can
be remote to the intelligent controller. The intelligent controller then generates a
user interface for the target device including: 1) interactive controls; and 2) user

15 display information pertinent to the target device. The panel subunit allows the
intelligent controller to trigger actions on the target device as if a user had physically
manipulated the controls of the target device. The intelligent controller and the
target device are connected to the same communication network (e.g., using the
IEEE 1394 serial standard). The present invention can also be used in one

20 embodiment to promote high levels of inter-operability between any of the devices
which support the well known AV/C command and control protocol.

Generally, the present invention allows an intelligent controller to
v communicate with the panel subunit of the target device and inquire about the

various types of controls which it has, e.g., buttons, sliders, etc. The intelligent

25 controller then generates, on its display, a human interface based on these control
object descriptions, and when the user manipulates this human interface, the
controller sends special user events to the target device. The information that is
capable of being displayed by the intelligent controller can be made scaleable by
the target device so that the human interface displayed can adapt to the particular

30 display capabilities of the intelligent controller device. The intelligent controller



functionality; and g) the target device updating the status descriptor data
structure to reflect any changes resulting fromstep f) and wherein the

step d) conpyj e steps of: di) accessing the pluralit cont r ol
obj ects by a@??g’g’?‘tr‘]g the identifier descriptor data structﬁ’f:%;uéﬁsé's%ﬁe

descriptor list data structure; d2) displsaying 25 graphic inages of the

el enents of the physical control panel onto a display of the intelligent
controller; nmjtowsééeitargﬁgdeﬁmto maiptaina thesmpst ourenh statuspprasetted tetherusehi ¢

i mages; d4) translating the input into generic user events; and db5)

communi cating the generic user events to the target device to sinulate user
i nteracti on w t hThuss the intalligent sbnirsiter gogs nobhearbiothayve guivarte kitowledgeront s

210, it ok BB et et g iont bERaf b MR 5 B B B
t hat the cotiis filnctionaliteis the respoedibliity obthettadget gevite.nall idsube ducas statd SO
' ncl ude % " rgx\g[igr(\asdar? lsh §'~nc1:oint ol genﬁerll';[d%(rj\ciieg azrieC I(':\grfn gg %Stovr%attﬂaﬁyht%e%%()t\é?g'et
device independently of the intelligent controller responsibility. The present
invention removes all requirements for items such as state transition tables and their
execution environment, because it takes advantage of the functionality that is
already built into a media device and used to handle the physical buttons as they
10 are manipulated by the user. For instance, when the intelligent controller asks the
target to “simulate the press of button 5,” the intelligent controller does not need to
have any knowledge at all about what is happening within the target device upon
being notified of the user action. The state transition logic for what happens when
“button 5” is pressed is all contained within the target device. This is advantageous
15 Dbecause it enhances the inter-operability between the intelligent controlier and the

target device while at the same time greatly reduces the responsibilities of each.

In addition to describing physical controls and appearances, the present
invention can be used to describe logical controls and appearances of elements of a
logical control panel. For instance, a logical control panel can be used to control a
20 “black box” not having any physical controls but having only a 1394 connector with
the black box being located in a closet or other remote location. In this case, the
black box is manipulated with on screen controls via its panel subunit thereby
having no physical control panel itself.
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18 and 18. It is appreciated that the panel subunit embodiments of the present
10 invention are equally well suited for application with any bus structure and the IEEE
1394 bus structure is shown and described herein as an example bus architecture
only. The STB 13 can be coupled to receive media from a cable TV system. The
IEEE 1394 cable 16 couples the video camera 10 to the VCR 12 allowing the video
camera 10 to send data, commands and parameters to the VCR 12 for recording (or
15 to any other device of the network 5). The IEEE 1394 cable 18 couples the VCR 12
to the computer system 14 allowing the VCR 12 to send data, commands and
parameters to the computer system 14 for display (or to any other device of the
network 5).

The IEEE 1394 cable 15 couples the STB 13 to the computer system 14. The
20 STB 13 is also coupled to the TV 11 by the cable 17. The CD changer 20 is
coupled to the computer system 14 by the IEEE 1394 cable 19. The configuration 5
illustrated in Figure 1 is exemplary only and it should be apparent that an
audio/video network in accordance with the present invention could include many
. different combinations of componenté. The devices within an IEEE 1394 network 5
25 are autonomous devices, meaning that in an IEEE 1394 network, in which a
computer is one of the devices, there is no true master-slave relationship between
the computer system 14 and the other devices. Infact, as described below in an
exemplary embodiment of the panel subunit of the present invention, the intelligent
controller is the STB 13. In many IEEE 1394 network configurations, a computer
30 system 14 may not be present. Even in such configurations, the devices within the

network are fully capable of interacting with each other on a peer-to-peer basis. It



Figure 8 illustrates a panel subunit status descriptor data structure in

accordance with the present invention. Figure 9 is a flow diagram of st eps
performed by,pgebiiiel | igent controller in accordance withyth ;% ?f
8 ustrates

i nvention for generating a user interface. 25 Fi gure

an exenpl ary user interface displayed bytthe present invention based on a

panel subunit and represe %@F an on-screen keyboard. Figure 11 illustrates

exenpl ary BaeMd befatrgnizek
keyboard ey ﬁmc?evﬂfesﬁhﬁm SellREEM RCeAcE W th the present invention.

Figure 12 | strates exenplary steps and comruni cati ons between an
intelligent controller and a renpte target device in accordance with the

PVENT] QN T« nit B8 1388 Brial DR Lsegby systeh SBFEbbie ) HhishrapetiiblR o,

panel subuardhitecture famintefopnhectingf digital giewcesn thereby providihg\a umiversal an
e 8T af BBl BTndthb! 38 L Y35k ShindERNGAITRS 4 RGeS
applications thereby eliminating the need for an application to covert digital data to
analog data before it is transmitted across the bus. Correspondingly, a receiving
application receives digital data from the bus, not analog data, and therefore is not
required to covert analog data to digital data. The cable required by the IEEE 1394
10 standard is very thin in size compared to other bulkier cables used to connect such
devices. Devices can be added and removed from an IEEE 1394 bus while the bus
is active. If a device is so added or removed, the bus automatically reconfigures
itself for transmitting data between the then existing nodes. A node is considered a
logical entity having a unique address on the bus structure. Each node provides an
15 identification ROM, a standardized set of control registers and its own address
space.

The IEEE 1394 communication standard within system 5 of Figure 1 supports
isochronous data transfers of digital encoded information. Isochronous data
transfers are real-time transfers which take place such that the time intervals

20 baetween significant instances have the same duration at both the transmitting and
receiving applications. Each packet of data transferred isochronously is transferred
in its own time period. An example of an application for the transfer of data

, isochronously is from a VCR 12 to TV 11 of Figure 1. The VCR 12 records images
and sounds and saves the data in discrete packets. The VCR 12 then transfers

25 each packet, representing the images and sounds recorded over a limited time
period, during that time period, for display by the TV 11. The IEEE 1394 standard
bus architecture provides muitiple channels for isochronous data transfers between
applications. Specifically, a six bit channel number is broadcast with the data to
ensure reception by the appropriate application. This allows multiple applications to

30 simuitaneously transmit isochronous data across the bus structure. Asynchronous

aorommepdsand Baramsterscan P&tﬁeﬁbb?%eﬂ @lscreen
30

a



5 order to provide a thorough understandi ng of the present invention.
However, it .wll be recognized by one skilled in the art that the present
i nventi on mayo brpnacti ced wi thout these specific detail s ppindbsiiBsss
equi val ents thereof. In other instances, well known nethods, procedures,
conponents, and circuits have not been d%scrlbed in detail as not to

unnecessari bscure t,s, of resent en . The
present i n\}’%’??%ﬁaf%ﬁ %&ggﬁ??fiataatrmld%gﬁlﬁ’ﬁﬂ”hf%at?k Fa&ﬁ/@saﬁ?ﬁ"'@énpl i ant
devi ce (e. Gossibleraritblrantdt freamotlitt of QSR frdif al sobirde s datltinatigigar ance

i ncluding controls and displays, etc., to an outside intelligent controller
devi ce. The target device can be rem)te to the intelligent controller. The
intelligent controller then g t ace for the target

devi ce includin interactive controls; user 15 display

i nf or mati on perﬁlsﬁéﬁﬁeﬁaﬁﬁmeﬁﬁwﬂﬁmﬂ §@bumthéﬂpmnr@|segmbmtlonar$ ows the

intelli %ntpﬁwérﬁétjj%thl 0anl efligeht l’oﬂ&s d. Mhd |ﬁfeﬁhf'g§engggﬁtfb‘ﬁﬁrﬁ§aﬁ be? User

had physical Ty nani e controls o e tar
intelli gentanycdavrosl doelpledrvdthlﬂne netwojhed sbestemée ar, sysiemﬁot Eiguteoi)t he sane

conmuni cati pn. ne Ny 9 i al..standar.d) he
resent | AR BIeE R e lshr gnd falfe FtainBabig el bR BT BRNRbeR g
| evel s of labebmtypeln@helelntbpdbﬂémmmemrgsmt m\reatnduewhe&ra/\m amd teppoty the
wel | known A I C co nd contr r ot oc t he ent
i nventi on aﬁq fdheinte fﬂe@? r(}}é‘ﬁ @‘rﬁt %‘?"Jc"aeﬁcigﬁ%ﬁ EervﬁyF “'tfﬂec?fhnel
subuni t1@f ddpas g mﬁmg&vwﬁr@mdot eV €1 8APHEt dibife ¥hah Hislligeedn@biler.
controls which it has, dg buttons, sliders, etc. The intelligent

Any device having “display’ and input capability can act as the intelligent controller,

e.g., a personal digital assistant (PDA), a hand-held electronic device, a cell phone,

etc.). Within the context of the present invention, the intelligent controller is the

device that provides a user interface for controlling events on another, remote,

16 target device within the network 5. To this extent, the intelligent controller

communicates with a display device and an information input device. The display

and input capabilities of the intelligent controller device define the type of user

interface that the intelligent controller can provide to a user and the panel subunit of

the present invention allows the definition of scaleable user interface capabilities.

20 . Figure 2 illustrates the components of the intelligent controller, and in this
example it is the STB 13. STB 13 includes an address/data bus 100 for
communicating information, a central processor 101 coupled with the bus 100 for

* processing information and instructions, a volatile memory 102 (e.g., random access
memory RAM) coupled with the bus 100 for storing information and instructions for

25 the central processor 101 and a non-volatile memory 103 (e.g., read only memory
ROM) coupled with the bus 100 for storing static information and instructions for the
processor 101. STB 13 can also optionally include a data storage device 104 ("disk
subsystem") such as a magnetic or optical disk and disk drive coupled with the bus
100 for storing information and instructions. In one embodiment, the display device

30 105 can be part of the intelligent controller. As shown in Figure 2, the display



25 controller then generates, on its display, a human interface based on

t hese control obj ect descriptions, and when the user mani pul ates this human
i nterface, ?)hhrol | er sends special user events to the E fstn VI ce.
The infor rratlon i s capabl e of being displayed by the i n

controller can be nmade scal eabl e by the tiarget device so that the human
interface displayed can adapt to the particular 30 display capabilities of
the intelli genicede:s.r AV inextenal totthe S’ﬁ&@l%@ﬁt‘nmrﬁtﬁfﬁémf € 9 nonitors

the target %ﬁhl&gnt{&r‘%'llgrt %é"dl%?ﬁxﬁ&itce W.Srcgﬂtoesat ﬁ&{g}§¥ QE'%EP'ZI"'% Jltgggéﬁbq

user. Thus, ent con oes not nee hav
know edge oforﬂR/T gﬂa):ohtcam bataiquid cnystahdisplay (D ppanet or othehsuitathey ar e

used or invo becaus | S i ' N Lhility of the
Carget devi ELPaY FoVEs LI skt skt FndBr o eBRE RPN - Cont r o
dependenci es are handl ed automatically the by target device independently
of the intelligent gontroller bi lit Th resent invention renoves
o1 requit erents Theinielignnt SutrisbrLalspinerdins Wi IDQUHOR OB TR yser
executi on enyhitQRYRES, IMeReEMmBotbimentkRe nrwd.vaww@ambebh%lﬁhamheﬂaﬁmy t hat
Is already built into a nedia devi ce and used to handle the physi cal

buttons as tdevice1lP6 ingluding aAlphanmmediciandifiyactioadeys mpl%&q thedws 1RAder t he
intel I gent oonhiftdtilg iARfPafidifand command selections to the central processor 101.

Alternatively, or in addition, the intelligent controller 13 can interface with or include

10 a cursor control or cursor directing device 107 coupled to the bus for communicating
user input information and command selections to the central processor 101. The
cursor directing device 107 can be implemented using a number of well known
devices such as a mouse, a track ball, a track pad, an electronic pad and stylus, an
optical tracking device, a touch screen etc. In addition, the user input device can

15 also be a remote control device, e.g., a universal remote control device having a
number of buttons, dials, etc., with an infra-red signal communication capability.
STB 13 can also include a signal generating device 108 coupled to the bus 100 for
interfacing with other networked devices over the IEEE 1394 bus.

The target device of the present invention can also include one or more
20 components as described with respect to Figure 2. Particularly, the target device in
accordance with the present invention includes computer readable memory units
which can include one or more ROM and/or RAM units for storing panel subunit
, information of the present invention which are described below.



target to "sinmulate the press of button 5,' the intelligent controller does
not need to have any know edge at all about what is happening within the

target devigg 1bei ng notified of the user action. The Ssdskgnsi tion
| ogic for V\ha?gﬂg’gbens when "button 5 is pressed is all contal r1e W t hin
the target device. This is advantageous 135 because it enhances the

i nter-operability between the intel I@i;gqent controller and the target device

while at the same tinme RANEE SYBUNT QS THEPLRESBNRINVENTIONS of each. In
addition to descgihi WS 6 r 3 e " efet

I nventi on can bngl?Sﬁergg?rg%gggr:\ gg%g?%%%gﬁg?s anﬁﬁ{)tég?‘éﬁ{ses of

el enent s of panel egburdl is definedior pdanget dedee amd outtioes charhcigristids foont r ol  panel
can be used_ to control a N i 0Q.. ' ntrol s
but havi ng. @FTREGEgsernace B HiuRRBRA Brud i BN £ YR Plef T &

cl oset 05 Opdtaork §stsne 5| dhetpanel subanithcan badefinedier multipie target devivesi pul at ed
with on screen controls via its panel suhunit thereb avi,ng no physi cal
control pan@nd theegipie many W@ﬁ\ﬁam& %@éﬁ@f\'ﬁ&m%’rfﬁﬁ
Figure 1 il}paiticaltargst davusp it pandl sLbanikcarybé sioréd &8 aldatstrisume Withirt he
enbodi ments of the panel subunit of the present invention. Exenplary system

5 incl udes eemputpkreadplermemeny Wity otibe RartiMIArdArast d8YiRit er systens)  as

nodes but

Figure 3A illustrates a perspective view of the VCR 12 of Figure 1 as an
10 exempléry target device. Although, generally, any electronic device can have its
own panel subunit and thereby be a “target device,” the following discussion
illustrates an exemplary case where the VCR 12 is the target device. VCR 12
contains a video tape slot 212 for insertion and removal of video tape media. The
VCR 12 also contains one or more liquid crystal displays (LCDs) 214.

16 Figure 3B illustrates the VCR 12 with a contro! panel 220 flipped-down
exposing certain controls and further dispiays (e.g., “elements’). The control panel
220 contains another LCD display 240 and includes a scrubber control 230 or “dial.”
The control panel 220 also contains certain tape transport controls 250_(including
play, pause, stop, rewind, fast-forward, buttons etc.). When the control panel 220 is

20 flipped down, it exposes funer preset buttons 225. In the present invention, devices
can have more than one logical control panel. In this configuration, the VCR 12 has
two logical subpanels. The first subpanel includes the controls and display of the

’ flip-down control panel 220 and the second subpanel includes the tape slot 212 and

the tuner preset buttons 225. Another subpanel could define the LCD panel 214.

25 Figure 4 illustrates a logical block diagram of some of the subunits that can
be associated with VCR 12 in accordance with the present invention. Within the
well known AV/C protocol, subunits are logical, not physical, groupings of
functionality that can be individually addressed and controlled within a device. For
example, a VCR device 12 can have two subunits, one subunit 312 for the actual



5 could be extended equally well to cover other electronic devices. System
5 includes a video canera 10, a video cassette recorder (VCR) 12, a

conput er system 14, a‘'set-top-box (STB) 13, a television Set’l}éﬂ %p 11 and a
conpact di sk¥®Phanger 20 connected together with the nBYHHS®B885 | EEE
1394- 1995 (I EEE 1394) cables 15, 16, 18 @d 19. It is appreciated that the
panel subunit enbodi nents of the present 10 invention are equally well
suited for ¥YEH tapattiamspovt riechanisiyand anetbeusubuait 320 fier thefihing fuhchiomsality.

onl v The STeS panaLatiR a8 of R braSayefiof s AR BuiZaRi Bt B K58
The | EEE 1384 a@@é&n@teaawmuam UbﬂcynﬁeAsmmdefOrther hiiew, \IBRpafelal | owi ng

the vid 10 t d dat to the VCR 12 f
ocor di ng ( Souat S4PES PEREE FHEVDSSPAZRE RAPRANDGGoRt, 8o PREer meca

cabl e 18 COualaeardctWey%ré@ﬁ&rﬁMemaaame&nmamts’téf thk ltanyet devidee YCR 12

to send data, conmands and paraneters to the conputer system 14 for dlspl ay

(or to any Heh¥ERJE 12 bbis passibieioRgrhans) s“bH'?éf‘PE@SEQ@ﬂCQ:(aﬁaQ eohlimiged;p| es
the STB 13 E%rﬁc%? cﬁg%ﬂq_ﬁdee&tsérﬁgﬁé&nd%m%%a ?m@e hienforyO whekdtly@fe t 0 the

TV 11 by the ca ger 20 is coupled to the corrputer system
14 by the | BEEEoridevicendite as® projefos the firgt devicesspanai sibnit ated in Figure 1

is exenplary only and it should be apparent that an audi ol vi deo network in
accordance with the present invention could include nmany different

conbi nati ons of Thepaneidubuniti3é4 ikea cokection ohdatastruttbEss daied “desonptats™

10 that describe the physical controls on the target device (e.g., the control panel). In
operation, the intelligent controller (e.g., STB 13) accesses the panel subunit 314 of
the target device, and based thereon, implements a user interface for using the
target device (e.g., the VCR 12). The user interface involves the display (e.g., TV
11) and user input devices associated with the intelligent controller, as described

15 with respect to Figure 2. The specification for the panel subunit 314 defines several
standard types of controls and displays that are commonly found on consumer
electronic devices, such as push buttons, sliders, dials, LCD screens, etc. As an
example, the descriptions within the panel subuttons, dial and LCD screens of
Figure 3A and Figure 3B.

20 . The control types defined by the panel subunit 314 have well defined
behaviors. For instance, buttons are pushed and released and typically have two
values, sliders may have several discrete values or a continuous range of values.

* Further, some standard control types may be combined within the descriptors to
form hybrid or custom controls. One example of this is a dial with a push button in

25 the middle or a button with an LED in the middle. Such composite control
mechanisms are supported by the pane! subunit of the present invention. Finally,
vendor specific custom controls may also be defined.

In addition to standard control types, the panel subunit 314 of the present
invention also defines a set of commands which may be applied to any of these



25 are autononous devices, neaning that in an | EEE 1394 network, in which
a conputer is one of the devices, there is no true naster-slave

rel ati onshi p bet ¢n the conputer system 14 and the other devices. In fact,
as descri beav%%ﬁ"’% in an exenpl ary enbodi nent of the panePCIUBWASHMSof t he
present invention, the intelligent contneller is the STB 13. In many | EEE
1394 network configurations, a conputer 30 system 14 nmay not be present.
Even i n sucdtentrolst iThercomnoands are dlefined todve siufficientiyt genenietsocthét thew appily ity

shoul d be 1RSI Bnitbl ] EBRERribiR Teniha e Bhndd BFE CORTBDLMUE ci een
al | of the (dentralels6)\by therinteligehEddntrblerimag tansca Foluess|idEERD B3t t6 &Hd al bus
used by syst(lem f Figure is a hi g‘g‘éﬁslsﬁgd bus, architecture for

i nt er connec@YRy ,dggqe(slg ing3 Faange pype RWige e $ame; cPeraand type with
| nput / ous pUiffereesErands cah e s 48 SETCORTROL WSIUE sontrofls Oipledlsel Nt er f ace

for the applications thereby elimnpating the need for an apt)llcatlon to

covert di giqrier thatdrack pampa) and E&‘P&’%‘@L@géh?ttteﬂ@ shewsippp thalLGRdisplay ofe bus.

Cor r espondi igiinipisd ré&ﬁ&ér\’éd?%r&ﬁﬂhigqﬁ_& iugBr fo%rvaeﬁa:ﬂé %rtaalraei@é@thferq?ée.t he
bus, not anal og data, and therefore is not required to covert anal og data

to digital Futher, within thecpanel sidhunitesomg commangsean pe specific to certain kinds
of controls.

10 The panel subunit 314 also defines “user interaction commands” or user
events which can be applied to the controls of the user interface. The purpose of
these generic user events is to encapsulate the typical user manipulation actions for
controls, and to let the target device interpret what it means when these user events
occur thereby freeing the intelligent controller of this responsibility. For example,

15 many CD players 20 have multiple semantic meanings for the fast forward button on
thent state of the device. Consider the following:

TABLE |

Current Device Setting  Action Result

20 Device Is Not Playing FF Button Pressed Advance to the Next

Track and Hold
Device Is Playing FF Button Pressed Advance to the Next Track
and Continue Playing from that
Point
25 Device Is Playing FF Button Pressed Play in "Fast Forward” Mode

and Held Down



10 standard is very thin in size conpared to other bul kier cables used to
connect such devices. Devices can be added and renoved from an | EEE 1394
bus while the bus is active. if a device is so added or renoved, the bus
aut omat i cal Iwosswenfi gures itself for transmtting data belGAAEA%/13645 t hen
exi sting nodes. A node is considered a l,9gical entity having a unique
address on the bus structure. Each node provides an 15 identification ROV

a_st andar di gegh St aiveC e ddons mleﬁttgrtﬁem efl devicdNErBEE&$6n RB@GRentThe | EEE
1394 communi cation standard wthi ystem 5 of Figure 1 supports
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allows nult e applications
the present invention is wewed as another mechanism by which to access these

logical entry points.

It is important that the intelligent controller always keep the user informed

regarding the status of the target device being controlled. In one embodiment, itis

15 possible that the intelligent controller and the user are sitting in one room of a house
or business office and the target device is located in another room or office.
Because the intelligent controller has no pre-defined knowledge of how to interpret
the user interaction elements, it needs to have a mechanism of keeping its display
updated with the most current status of the target device. It does this by making use

20 of the status reporting mechanism that has been defined for the AC/C protocol, in
orie embodiment, using a status descriptor data structure and a panel status
notification command in accordance with the present invention.

? ' The status descriptor data structure is a dynamic data structure that is always

kept up-to-date by the panel subunit 314 of the present invention. The intelligent

25 controller can examine this structure at any time so that it can update its graphical
display to indicate the target device status to the user. The panel status notification
command of the present invention allows the intelligent controller to post a
notification request to the target device. When any change in the state of the device
results in a change to the status descriptor data structure, then the target device

30 sends a notification to the intelligent controller. The intelligent controller then



30 simultaneously transmt isochronous data across the bus structure.
Asynchr onous 12 transfers are traditional data transfer operations which
take pl ace as.soon as possible and transfer an anount of data froma source
to a destinaVWPEMUTIINTELLI GENT CONTROLLER User interface adif@fisss/itises he
panel subunit of the present invention gge 5 inplenmented within an
intelligent controller device. The intelligent controller can be any device

coupl ed Wi tfpdutés Regraphicardispiay asappropriatesiti $6spBne @b the QatLe idfbrigfdrgnat ed
by the user and having certain basic input functionality and basic display

capability. In one enbodi nent of the present invention, the STB 13 and the

TV 11 act as therHgA@id profiebl SIS Plevice (dish eanblalra SHIORSH (G éentﬁi?leac nput er

system 14 can 10 act as the intelligent controller or the TV 1 n act
al one as annumber afisybunitsafithe same typeArihemrfore; @ dexigerrgn-havesnerg thamene nput

capabilit ' 4 r di gital
Cabnotant (Tt SaburiCorthpteleRt hleiiRh, $Fisance] onépfinel ibBAf Bafde ¢ 1N
t he cont &xt definedifer the drophpanel of Riguo 3B and anather papelsubuoit can be defined fdne

ert o, 15 tBEP et | GheF ST sl b b s B 3 ertlpact®"
I nt el | i gent parmeis, rifcarlye rAlternatively, a single panel subunit can be defined to encompass
several controls as shown in Figure 5. In this approach, a single panel subunit can
contain any number of control lists which are hierarchically ordered. Each control
10 list of the present invention represents a control panel of the target device. All of
these lists are accessed via the single panel subunit 314.

Part of the panel subunit data structures includes geometry information
describing the layout image and orientation of paneis and controls so that they can
be represented to the user in a manner similar to their physical appearance on the

16 target device or in a manner "suggested” by the target device. As standard controis
can be combined into hybrid controls, this geometry information can also be defined
to indicate the presence of panel hierarchies, such as panels hidden behind a front
flip-down face 220 (Figure 3B). This is commonly found in many VCR devices
where some basic controls are on the face of the VCR device and the more

20 advanced controls and features are hidden behind the flip-down front panel 220.



communi cates wth a display device and an information input device. The

di splay and input capabilities of the intelligent controller device define
the type of user interface that the intelligent controller can provide to a
user and t heW®:M@kubunit of the present invention allows PFERYS g’é‘ﬁf‘ﬁi tion
of scal eabl e user interface capabilitiesqg20 : Figure 2 illustrates the
conponents of the |nteII|gent controller and in this exanple it is the STB
13. STB 13 includes an pRANEEDESERHE R AN INITng i nformation, |
a central processor | e W|th Ihe 00 for ssing Jinformation
and instructionsF 'QHr%él'lhisﬁ'F@ F?quf('%%ang"%'na@ﬁ ‘iE WEH@Fy RAM)

coupl ed wi t Peé&b%lé)H@m’eﬂPuﬁuty ofd R Get@elitbos GRNCR 1anqt ik agpfwatwwﬁt iy 25
the central processor 101 and a non-volatile mem)@i/ ., read only

memory ROV) detagessaptar data steudyires faumdrip Figures Srivard 4 F"Ee alhm@mwe@ andnd
| NStructigongg %Jgedmﬁirgﬁ&fﬁglég%%g%le n%rﬁo%rﬁt@%f @Heg@ré&?td'e‘?i'&@'nl\ ¥céd?&éﬁ&e a

data storage device systent) such as a magnetic or optl cal
di sk and di skthdhe peeseotiinvention. t The pmejggqum%ﬁmreﬂ)mplmdﬁsmnmeﬂon and

the i ntel || SURUALBRFTTYBSLARE! datbainChing o2d, TRYIdFAlh detenbBPulragert | O
(e.g.,. TV lddicates metmrerslforteam {157 BairBpanah éistsisupponted by t parted sutumit

el i gent 80 H a2 rese'Fand 7% &n SSMai‘a doirct BBjeBFwAIcH 128 aBhid Tt "

10 indicating a panel hierarchy. For instance, primary identifier list 340 relates to the

front panel for the target device and includes an identifier (e.g., pointer) 342 which
points to a secondary identifier structure 350 which itself includes two sub-panel
descriptions (e.g., one for the face of the VCR 12 and one for the flip-down panel.
220). The primary identifier 340 also includes an identifier (e.g., pointer) 344 for

15 another secondary identifier list 390 describing a rear panel for the target device. In
this manner, the main identifier and the secondary identifier structures of the panel
subunit 314 can define hierarchical relationships between the descriptor list
information and thereby between the panels and sub-panels themselves.

The secondary identifier descriptor list 350 of Figure 5 is a descriptor list
20 including a general list information field 352 and one object control descriptor 354
for describing the LCD display 214 (Figure 3A). A descriptor list within the present
invention can include object control descriptors, general information, and pointers to
child descriptor lists. Therefore, a control object within a descriptor list can point to
v another descriptor list indicating a parent-child relationship between the control
25 object and the indicated descriptor list. Descriptor list 350 includes a pointer 356
indicating a child descriptor list 356a used to describe “sub-panel1” which is a
portion of the controls of the front panel for VCR 12 in this example. Further,
descriptor list 350 includes a pointer 358 indicating a child descriptor list 358a used
to describe “sub-panel2” which is another portion of the controls of the front panel
30 for VCR 12. In this example, the descriptor list 356a for sub-panel1 defines the
controls on the face of VCR 12, e.g., buttons 225 for the funer subunit 320. The



or CRT, etc.) or it can be a liquid crystal display (LCD) panel or other
suitabl e display device for the display of al phanuneric and/or graphic

i nformation.” 5 "The intelligent controller 13 also interfaces with or
i ncl udes onewe¥Pte user input devices. In one enbodi nentRCHERISATEHUL

devi ce can be an al phanuneric input devige 106 including al phanunmeric and
function keys coupled to the bus 100 for communi cating i nformation and

command sel geddriplist lisO388ToE SUib-pamel P Homsshe cbAttols Antthe Ai-doveh Lontesl 220

addition, the intelligent controller 13 can jnterface with or include 10 a
cursor cont pf)VCBrW@Gr%»cPU“BPF&%?'iqﬂﬁ‘ﬁ%#%éanf@?g&pl ed to the bus for

communi cating user input information and conmand sel ections to the central

processor 101. The cursor directing device 107 can be irrgl emented using a
nunber of well khewith@pyidesaripterdist dalastruelyce, descriptaciistydpfa apd 8p8a Raghd, an
el ectronic , Is @:{fé ' v etc.
In additi on?&ﬁﬁ@'nagrseb%ﬁ%tﬂe?’ggé\??%téﬁ@gﬂéq Aﬁ@ggg%\éag@}de%%q gh@cgiﬁta (ré%ﬁgc'havi ce,
e.g., a Bni vespeeliver lstoofcontmt ohjéctsleln aceordanicayvith the phasenbinveotermadist di al s,

etc., with an.infra-re ' | | | Ll t N SO
ol e a s iR Cop T Sortis] BRec 18R Byl it SbclBRS NS o c3ffig parfet el
I nt er f aci ng gémiell Rt Bbidthe solidatidn deubjects. Gemnerdllypinfdriviatidnd HHatldescribéssthear get
device of the present inventiqn can also includg one or . .nmore 20 .conponents
as descri be&f’“ﬁ@'ﬂ”i@?ﬁ@@?' ?fcﬁ’?r‘b%"s_@’%!d_s@ﬂ?'i‘&ﬁ @'P‘Q’f”gt [118 ptaQPbéF" Wice in
accordance y4 ghfloRe bBEI@.Q@ff‘Eidé,néﬁe.');t(QPEahél%y&egeé‘rﬁéﬂﬁ}l(a‘}@., sizadabheelENDr Y
units which can include one or nore and/ or RAM units for storipg panel
subuni t 10 orientation of controls, definition of groups, etc.), (3) group descriptions for each
group of controls where the following can be defined, group label, group bounding
box/position within the panel, and other group related information; and (4) a name

for the panel subunit. An example is shown in Figure 6.

Figure 6 illustrates the information included within the general list information
15 data structure 380 of the secondary descriptor list 358a for the front sub-panel1 of
the target device. Secondary descriptor list 358a contains general list information
380 and a collection of n objects 382 to 386. Exemplary data structure 380 includes
fields 410-420. Field 410 indicates the hierarchical position or identifier for the
descriptor list 358a in which the field is included. For instance, field 410 indicates
20 which physical panel the information represented, e.g., whether this descriptor list
358a represents a front, side, rear, etc., control panel. In this example, descriptor -
list 358a is a “front” panel. Field 412 defines the opening or access options used to
’ obtain access to the contro! panel for which descriptor list 358a is defined, e.g., flip-
down, flip-up, flip-out, left, right, direct access, etc. In this case, control panel 220
25 (Figure 3B) has “flip-down” style access. Field 414 defines the general size and
shape of the control panel for which descriptor list 358a is defined (e.g., rectangle,
circular, oblong, triangle, polygon, etc.). In this case, control panel 220 is

rectangular in shape.

Fields 416-420 of Figure 6 are used to define groups within the control panel



It I nformati on of the present invention which are described bel ow. 14
PANEL SUBUNI T OF THE PRESENT | NVENTI ON The present invention defines a
subunit type called a "panel" subunit. The panel subunit is defined for a
target devi c®OINOIBt | i nes characteristics for generating RCUVEE P Hferf ace
on an intelligent controller device (e.ga4 STB 13) of a 5 network system
5. The panel subunits can be defined for nultiple target devices and

t her ef or e NpyRWhikh@ascrpton listt358ads dbfined) cGroipd cantbie used tosepamake sgridiem 5.

For a particular target device,. its nel subunit can tored as, a data
Structre wEemiSh eyas i e st of rBAGHR SR bR el b flelete
devi ce-loFl guﬁt%rlfs‘\had %adﬁ\trégﬁtﬁtb t@eﬂﬁh%ﬁﬁﬁ&hd ﬁape' mechﬂnligidn o\ ORCR2 Dfarfbegur e 1
as an exenpl ary target device. t ho , er , any . electronic
]glevi ce can RSsigned iBtL,oRe S@HBIW@'GMPPSM%PHE&%? %"’i:?'ﬁ?%%ﬂ%‘? OG®Gice, " the
ol I ow ng d lofittibh ok fHe PE RS 25¢krfRe 88Yi éﬂ'ﬁ%’sﬁéf}éf@é bl ivé the
t ar get dgvi {é;éalﬁH@%S%}:él églrfl]t gi\?g a video tapl)gg{ sl.ot 212 fo?r_i‘h;]%erdﬁﬁgﬁ.%:kg
rem)va: gf spekial fungiionswdthin thgipsesaokinventier, ..o fexicas kedisplayersratiallyui d
crysta i spl : : P i ' 12 with
a control p qg%’(ﬁejgb(%ﬁ%igﬂaﬁ_oééﬁm% intelligerlt cBH{rGliet and EaPh& Gtfef B&nddR

attributes in common. Field 416 indicates the number of groups defined for

descriptor list data structure 358a and fields 418-420 represent the group

10 description information for a number of exemplary groups.

Figure 6 illustrates fields 430-438 which represent an exemplary group
description that is contained in field 420 for an exemplary group (n-1). Information
field 430 includes the number of control objects that are defined for this group. Field
432 includes a group identification number or string that is unique for this group and

15 used to identify the group by control objects. Each control object that is to be
included in the defined group includes the identifier 432 in its object description
(described below). Field 436 indicates the spatial boundary box in which this group
is included for the control panel. This information indicates where this group exists
with respect to other defined groups in the user interface layout and is used for

20 rendering the image of the control panel on the display of the intelligent controlier.
Field 438 is a group label that can be used to provide access to and represent the
control objects of this group for cases where the display unit of the intelligent i
controller is not sophisticated enough to provide images or further information.

d Field 438 typically contains a string or other text label that can be used, in one

25 embodiment, as a tab index in a tabbed-panel presentation of information. In a
tabbed-panel presentation, all the defined tabs for all groups are displayed along
the side of the display and groups are selected for presentation by selecting one tab
or another.

Figure 7A illustrates the data of a control object 382 in accordance with the
30 panel subunit of the present invention. Exemplary control object 382 is included



exposing certain controls and further displays (e.g., "elenents'). The
control panel 220 contains another LCD display 240 and includes a scrubber

control 230-or "dial." The control panel 220 al so contains certain tape
transport coRbbee7311250(i ncl udi ng pl ay, pause, stop, rew necCresssd6es war d,
buttons etc.). Wen the control panel 2 is 20 flipped down, it exposes

tuner preset buttons 225. In the presenT invention, devices can have nore
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The panel sybygishitdeh, efc.) 4 dHnaRSs be dBRIRSY foTBpREEA iAfoMMERbN UiRpiaye! subuni t
that can be associated with the VCR device 12. As described further bel ow,
t he panel (e.g., LCD panels, dials, etc.). .

10 Figure 7A illustrates the information of a control object 382 representing the
LCD panel 214 of Figure 3A. Field 440 describes the type of control object being
defined. In this case it is “LCD Panel” type. Other control types for displaying
information include “Display,” “Dial,” "CRT Display,” “LED” and “Alpha/Numeric
Display.” Other control types for information input devices include “Button,” *Slider,”

15 *Rotator,” “Toggle Switch” and “Rocker Switch.” Field 442 includes a graphical
image of the control object. This image information is typically raster data (e.g., bit
mapped) and may include color and other attribute data. In this particular instance,
the control image 442a is in the shape and character of the outline of an LCD
display to represent LCD panel 214. Field 442 could also contain a collection of

20 images used for performing animation in a predefined sequence of presentation.
Field 444 represents the dimensions of the image 442A and in one embodiment is
represented in screen coordinates (x, y). To generalize these coordinates for
application with many screen dimensions, the (x, y) values can be represented in

’ relative terms with respect to the left corner, e.g., the (0, 0) coordinate position, of

25 the display screen.

Field 446 of Figure 7A represents the group identification or name with which
this control object 382 is associated. Controls can be clustered into groups based
on layout information defined by the panel subunit of the present invention. This
field 446 is optional as an object does not necessarily need to be associated with

30 any group at all. If a group is associated with this control object 382, then field 448



subunit 314 of the present invention is realized, in one enbodi nent, as one
or nDredS data structures stored in conputer readable nenory units of the
target device e.qg., the VCR unit 12. It is possible for a bunit for
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Field 452 of Figure 7A is optional and represents the equivalent AV/C
command that occurs when the control object 382 is activated. This AV/C command
can be communicated by the intelliéent controller over the network within system 5
15 when the control object 382 is invoked. Field 452 is optional because the target
device has the capacity to interpret changes in the control object as communicated
to it by the intelligent controller without the need for a communicated AV/C
command. The panel subunit 314 represents the VCR 12 in this example. The
manipulation of those controls may cause a state change in other subunits within the
20 target device. The values of field 454 represents which subunit (subunit type and
ID) can be effected by this control object. Field.454 is likewise an optional field that
indicates the identification of the target device associated with the control object.
Again, this information is optionally included within the control object 382 but is
. maintained by the intelligent controller by virtue of which target object contained the
25 panel subunit in the first instance.

Field 456 is an identifier or name string that can be associated with the
control object. In instances where the display device of the intelligent controller is
not sophisticated, field 456 can be used to at least provide a basic textual
description of the contro} object which is presented for user interface functionality.

30 Field 458 contains a help string that can be displayed o controller if a help feature is



formhybrid or customcontrols. One exanple of this is a dial wth a push
button in 25 the mddle or a button with an LED in the m ddl e. Such
conposite control mechani sms are supported by the panel subunit of the
present i nv¥RPEHRIFinally, vendor specific custom controPSTHEE18480 be
defined. In addition to standard controbstypes, the panel subunit 314 of
the present invention also defines a set of commands which nay be applied
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be i ssued &bjeskits urPaReandaxpectedfnctionally andivaluedapgeer the track nane"),
and it would cause that text to show upon the LCD display of a MniDisc
recorder 20, pronpting the user to enter a nane for a track on the disc.
Fur t her ,5 wi t hi nFiguee pBilsistretgsinformatiomassociatachalith eaexempapecentiot objectter t ai n
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3B. In this example, the "Play” button is being represented for VCR 12. Field 460
defines the control object as a "button” control type. Field 462 can contain multiple
images or “icons” that can be used for displaying the control object. The icons can,

10 for instance, represent different states of the control object, e.g., such as a button
which is highlighted differently whether it is pressed or released. Field 462, in this
case, contains a number of icons that represent the image of the button in different
states (e.g., pressed or released). Image 462a represents the image for the button
pressed and image 462b represents the image of the button for the button released.

15 Field 464 represents the screen dimensions of the images of field 462 and field 466
represents a group identification, if any, for control object 384. In this case, all of
the buttons 250 (Figure 3B) are clustered together into a single group because they
control the tape mechanism for VCR 12, e.g., Group Identification = “Tape
Mechanism,” where this group would have to have been previously defined in a data

20 structure of Figure 6.

Field 468 represents the relative position 468a of the control object 384
within the group boundary 468b. In this case, the control object 384 represents the
' third button from the left within the collection of buttons 250. Field 470 represents
the possible range of values can be represented by the button, e.g., in this case 0 to
25 1, and the value is an integer. If the control object was a slider, then a possible

range of values (e.g., 0 to 10) could be represented with the values being integer or
floating point type.

Optional field 472 represents the equivalent AV/C command for "Play” and
can be communicated by the intelligent controller when control object 384 is pushed.



events which can be applied to the controls of the user interface. The

pur pose of these generic user events is to encaﬁsulate thg typi cal user

mani pul ati on_actions for controls, and to let the target device interpret
vvhatpit mean¥ U@ hese user events occur thereby freei ng HRASPYASES| | gent
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the display device of the intelligent controller is not sophisticated, field 476 can be

used to at least provide a textual description of the control object which is presented

for user interface functionality. Field 478 contains a help string that can be

displayed on the display of the intelligent controller if a help feature is employed by

10 the user, e.g., "Press Play to Start Watching A Tape in the VCR." The help string
could also describe why the control object is in a particular state, e.g., “The Play
Button is Disabled Because There is No Tape in the VCR."

It is appreciated that the control objects of Figure 7A and Figure 7B are
exemplary only and that other similar control object descriptions can be used to
15  realize a user interface for all user inputs and user displays of the VCR 12 for all
control panels. lt is further appreciated that each other control object of Figure 5
can analogously be defined in accordance with the present invention.

Figure 8 illustrates a panel subunit status descriptor 500. The panel subunit
314 of the present invention also includes a panel subunit status descriptor 500 data
20 structure. The status descriptor 500 is a data structure maintained in computer
readable memory units of the target device and represents the current state of all
control objects defined for a particular panel subunit in accordance with the present
’ invention. The information maintained in the status descriptor 500 is dynamic, and
is kept up-to-date by the panel subunit 314 of the present invention. Within the
25 status descriptor 500, a separate control status field is maintained for each defined
control object. When changes occur to the status descriptor 500, a notification can
be forwarded to any intelligent controller that previously indicated that it was to be
notified of any changes. The overall status descriptor 500 contains two main areas,
one area 510 contains general status information for the panel subunit and a
30 separate area 512 is defined for each of the control list hierarchies. Within each of
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sending out unnecessary messages.

Status descriptor 500 of Figure 8 is shown as an example and includes a
primary status list 505 which includes a general information field 510 for panel
subunit 314 and pointers 512 and 514 to other major status lists. Pointer 512 points

15 to status list 535 for representing the status of the front panel. Status list 535
includes a status field for each control object defined for the front panel. Pointer
514 points to the status list 516 for an exemplary left side pane!. Field 518 of status
list 535 indicates general status information for any control objects defined with
respect to the front panel including whether or not the panel is open, closed, etc.

20 Field 520 represents the current state/value of control object O defined for the front
panel. Likewise, field 522 represents the current state/value of control object 1
defined for the front panel.

Field 526 is a pointer to the controt list 530 indicating the states/values for the
control objects defined with respect to the sub-panelt of the front panel. These
25 control objects are defined with respect to descriptor list 356a (Figure 5). Within
status list 530, a separate control status field is defined for each control object.
Field 528 of control list 535 is a pointer to the control list 532 indicating the
states/vaiues for the control objects defined with respect to the sub-panel2 of the
front panel. These control objects are defined with respect to descriptor list 358a



The status descriptor data structure is a dynamc data structure that is
al ways kept up-to-date by the panel subunit 314 of the present invention.
The intelligent 25 controller can examne this structure at any tinme so

that it canyendatgrits graphical display to indicate the trumambs/ g ce
status to the user. The panel status noti cation command of the present

i nvention allows the intelligent controll r to post a notification request

to the t t
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sends a not icﬁontwl objecto the intelligent controller. The intelligent
controller then updates its graphical display as appropriate in response
to the status information. The AV/C protocol allows a device (also called a
unit herein) to cRigtm mnsaawowurdmmmumbugﬂsteps@f atﬁn@cesarmmmpmmeﬂt@d if or e,

a devi ce can have nore. than on ubu Qf t sent entlon For
i nstance, on@CSPEFRIICEMIB heP ag&ﬁs@yn@ °f§é§ Prﬁéamf'BYe 'r?@ fPfrBﬁ?sst Jp realized gur e
3B and angt hgs pRayhath cddb dtdréd %ﬁmb&bn@tﬁ.ftemédéié nﬁéiﬁowlumséoaﬂ iemgeént220.
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Al ternati vel SOntEller A @ tprgstreden atnetwer o hHat sepi7i8dthedneligshberrtroden er al
control s as §é\ﬁw e' é‘ STBUFand TV 14(0s&d éi)ﬂ{eoc%ﬁlay anit), WtafesEl8&tontd/@dlitds can
contain any nunb control lists which are hierarchically ordered. Each
control coupled to system 5. This process utilizes well known |IEEE 1394 communication
protocol mechanisms. At step 712, the intelligent controller reads the computer
10 readable memory units of a target device coupled to the network 5 and discovers
that this target device has a panel subunit data structure 314 defined therein. At
step 714, the intelligent controller device downloads the descriptor information and
the current status descriptor table for the target device and displays a user interface
on the display screen of the intelligent controller based on the downloaded
15 information. If the intelligent controller device has limited memory resources, then

the panel subunit information can be downloaded and processed in portions.

At step 714, the control objects of the panel subunit describe the look, shape,
grouping and location for each user input element and each information display
element for the user interface. Should the intelligent controller be limited in display

20 capability, then text strings are displayed for the groups and/or for the control
objects and these text strings can be displayed in a hierarchical format (e.g., using a
tabbed-panel display).

At step 716 of Figure 9, the intelligent controller allows the user to interact
with the user interface including accepting predefined or generic user events from
25 the user. Each control object contains an object type and each object type defines a
user action that can take place with respect to the control object. For instance,
buttons are “PUSHED" or “PUSHED AND HELD” or “RELEASED" and sliders and
rotators can be moved to “SET A VALUE.” Toggle switches can be moved between
two positions, e.g., "MOVED RIGHT" or “MOVED LEFT" or "MOVED UP* or



10 list of the present invention represents a control panel of the target
device. All of these lists are accessed via the single panel subunit 314.
Part of the -panel subunit data structures includes geonetry informtion
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PANEL DESCRI PTORS OF THE PANEL SUBUNIT Figure 5 illustrates data descriptor

I nformati on nmai ntai ned by conputer readable nenory units of a target

device, e.g., VCRAlgtef)'ﬂ 8l ﬁ're%Bgét%ido?Tﬂ%'tbe%? ubSreinpatdbvites 8/d. Megboshd] a

structures found 1n Figures 5-8 and 11 are all naintaine nd.5 realized
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devices and the user into a generic user event core recognized by the panel subunit
314 of the present invention. For instance, a button control object can be
10 *“PRESSED" and then "RELEASED” by selecting it with a mouse or selecting it with a
keyboard or with a remote control button push. In either case, the user event is

“PRESSED" or “RELEASED” with respect to the control object.

At step 718 of Figure 9, any user events detected by the intelligent controller
are forwarded over the network 5 to the target device. The target device then -

15 interprets the user event and takes the appropriate action based on its
programming. The programming used by the target device at step 718 is the same
programming that is already present in the target device for responding to the input
devices physically located on the target device. In this case, any target device
having physical controls located thereon already is programmed with the required

20 actions to take upon these controls being directly pushed by a user. The present
invention takes advantage of this pre-existing functionality within each target device.
A received user event may trigger a change in one or more of the states of the

’ " control objects defined within the panel subunit of the present invention. Upon a
change in state, the status descriptor 500 of the panel subunit changes thereby

25 notifying the intelligent controller of a state change.

At step 720, the intelligent controller downloads the status descriptor to
determine which control object changed states. Next, the intelligent controller
updates the displayed user interface to reflect the change. For instance, if the
button state changed from released to pressed, then the intelligent controlier may



subunit identifier descriptor data structure 340. The identifier descriptor

list 340 indicates identifiers for each of the main panel |ists supported
by the panel” subunit 314. Each of these panel lists can contain a control
obj ect whi cHVRSOAIchi|1d 1ist, 10 indicating a panel hi er2 @815ty

instance, prinmary identifier |list 340 rehates to the front panel for the
target device and includes an identifier (e.g., pointer) 342 which points

Td 0 a secondfigplay dewis ifﬂ'ag]l? fa‘tthatb'u?mes%fbu?'gtmshédie)\ﬁergawetﬂ?&hh\éﬁméub- panel
escriptions .g., one for the face of ¢t VCR,12 and one for e

f1i p-down ﬁaﬂgﬂ%‘gmm%h?é'sﬂ? g?ﬂ}gfsi @Bh ey ‘%W'é%'waﬂﬁ&'mls&a_rpa"e' |

i dentifier Xja dight PeédHheanimated Sivdwing the RPETPIEing: @€ NAlRdtyp 792 thé GbRérd | St |
390 describing a rear panel for the target device., In this manner, the nain
i denti fier useheverts sausminartgraelidevice teimplementia cartain pction: e Riay, Pabeei t 314

can defigme f{ine | ' ' m#@ rj kSt
infornntgllonéigngq%ﬁ@%ﬁ?ﬁ)@biﬂ%??ﬁl&%g%s ano su -g%giehggttggg?g’el ves. The
secondary ipfecessingeturas ta step di6ite shecdksor amer ysaracton.s a descriptor |ist
20 including a general list information field 352 and one object control
descriptor 354 for describing the LCD display 214 (Figure 3A). A descriptor
l'i st within the lipoperation, the intefligentcantrotier is det nlrdened withkeepinglstats | pt or s,
general informati li.sts. Therefore, a

n, .and pointers to child descri ptor .

dontrol obj BRES ar BRiniEB el Pp ity &tthe ineraiene: fhes fiatirelices P o
list indi C?drﬂﬂméd g tiew targéti devicechérieby pedViding tie\earel slBuriOWits 8largé  obj ect
and the indicated descriptor list. Descriptor |list 350 includes a pointer
356 i nq?Qatﬁ'F@f"}i% pxipiliydecadantinp tp new %&é%@aﬂ eenterl dxpesp Eurtbemmasane 1"
whi ch i's a py providing a range of possible display representations, the present invention

provides a flexible user interface for intelligent controllers having robust dispiay

capabilities and also for those controllers having unsophisticated displays. The

panel subunit of the present invention defines generic user input events, core data

15 structures which define a limited set of user actions or events and display elements

and a basic communication protocol is used.

Figures 10-12 illustrate another example of the present invention. Figure 10
illustrates a simulated or “virtual” keyboard 540 that can be generated for a target
device using the panel subunit of the present invention. The virtual keyboard 540

20 can be used to control a "black boxX” device that itself has no physical keys or LEDs
and whose control panel is purely virtual. In this case, the black box has no
physical equivalent keyboard and relies on the intelligent controller for access to its

’ functionality. In one example, the target device can be a subpanel for an intelligent
television which has embedded software that requires user input, e.g., for web '

25 surfing or similar tasks.

The virtual keyboard 540 includes groups of controls where each control
defines a key or an LED. Each element is represented by its own control object.
The virtual keyboard 540 of Figure 10 includes several groups (e.g., main keys,
function keys, keypad keys, etc.) with various dimensions and layouts. A first group



portion of the controls of the front panel for VCR 12 in this exanple.
Further, descriptor list 350 includes a pointer 358 indicating a child
descrlptor [ist 358a used to describe "sub-panel 2" which is another portion
of the cont PP ¥®BH 1t he front panel 30 for VCR 12. In thi SCEXSHIFYS the
descrlptor i st 356a for sub-panell defgges the controls on the face of VCR
12, e.g., buttons 225 for the tuner subunit 320. The descriptor |ist

358a for smzpmed:a% 6y theeBSC Rey abilé-tred fanction Key'sf F1-F(r¢)pm groupé®int@20 of

VCR 12, . o) 250, nd d th
descri pt or %"P‘éﬂ g%étﬁ“%?‘?ﬂﬁ?rgﬁi&%ér ﬁ2’5tt%? qapé?%c"i’:g@g %&m& ! Hrfont ai n
a respect i \olsEah grolp 546.nThé RaineAd kéywarl Sflaldnleys & raﬁﬁhdﬂmb al so

contain 5 respectlve |ists of control objects. In accordance with the

present i n\asenR B48. Alspiingludas arp anumiaskkER 556, & Fapbiosk LED 376 anda semolli
d |
ngl et:'([)I %ﬁﬁﬁ IE%) %8 ‘A%vae? 'on%?%bo I'§ Sin 1éfig Wﬁgta %%scr bU%ﬁi?fgﬁ%\gW ection

Cener al éﬁzl nf or mat 1 on | bes

(the panel amdsED i5§2 KM9lnm LELR 562 embedded indhe kay RGP can bepeedsied asani fi er
(e.g., fr O?.FD g«ﬁﬁ:ﬁ h&leturte 9ecm St |th t"\gl ?db‘?htel ﬁr@ﬂ%u%ﬁ(@&rﬁ%er‘? % Size

of panel, AR atlon of contro groups 3)
group deschhnlm a ey With aed D smedeled as:aﬂn'ybmrl mMpb)emermiplﬁﬁﬁ ingudes1 be

ot her o ool SLIh Sk £56, 5 e O BCkh o8 aRfRad, o 1T The panel ane

10 Figure 11 illustrates the control object descriptor information within the panel

subunit needed to realize the hybrid button 550 as an example in accordance with

the present invention. Fields 572-578 define a control object. Field 572 indicates

that the control object is a "HYBRID” type. Field 574 indicates that two control

object definitions are included in this hybrid. Field 576 is a pointer ta control object
15 610 (control0) while field 578 points to control object 640 (control1).

With respect to control0 control object 610, field 612 indicates that the object

is a “button” type and field 614 indicates the button image 614a. Field 616 indicates

the button dimensions (x, y) and field 618 indicates a group identifier for group 565.

Field 620 indicates the relative position of button 550 within the boundary of group
20 565. Field 622 indicates the range of values for the button 550 (e.g., 0 and 1).

Field 624 represents the optional AV/C command, if any, corresponding to the

states of button 550. Field 626 is the optional target device identification. Field 628

’ is the string “Special” for displays that may have only text display capability. The
help string, if any, is in field 630.

25 With respect to control1 control object 640, field 642 of Figure 11 indicates
that the object is an "LED" type and field 644 indicates the images for the different
states of the LED, e.g., green for the ON state and black for the OFF state. Field
646 indicates the LED image dimensions (x, y) and field 648 indicates a group
identifier for group 565. Field 650 indicates the relative position of LED 552 within



for the panel subunit. An exanple is shown in Figure 6. Figure 6
illustrates the information included within the general list information 15

dat a structufvg?%g&gﬂf t he secondary descriptor |list 358a fo%glé%gzggq?yt

sub- panel | of arget device. Secondary descriptor |ist ai ns
general list information 380 and a colleation of n objects 382 to 386.
Exenpl ary data structure 380 includes fields 410-420. Field 410 indicates
t he hi er ar clthe bbundasy of gnoup566d Eiield 6562 indicates the range of yalues fardhe B&8m i n

which the fi i s Aqcl oL (1St f i i OGH s 20.. Wi ch
physi cal pa M?ﬁe' q)ﬂfa(f)@%)bﬁélggggggﬁ't%gﬁptséﬁ%%ﬁ#éfqh%%&‘&‘ﬁ?n EEBPY'ptor
li st I358adr epheswﬁdirllgitdtherstatesbﬂeED ]Lssar Fiald 856 lis:thetdpiﬁbnaaarygt ]gé\ﬂcé hi ﬁ
exanpl e, descriptor |ist ais g."front. . Field 412 i nes the
opentng. or - dsrelcatisn | Bl B85 vie,ne iet =R BB orcisriaes ol Ravmdy o
whi ch desgr ivgktisplayséapabiify. i 15héiﬁé||ors@dwg_, .2y, isfih fiBld 660/Wsing kAdPextmplés bfo- Out ,
left, right, direct access, etc. In this case, control panel 220 25

(Fi gure 3B) Figire¥, ihe criiet oliegts fortbe semainderoffigure fsankarealizedener al

si ze and shape of the control panel for which descriptor list 358a is
defined (e.g., rectangle, circular, oblong, triangle, polygon, etc.). In
this case, contr | . y

hi Figyse i dlillusiretassstepscperfajmedbyithe ielligetwepa) fas interactirmowith

Figure 6 ar§uugffial Reyiobid 8461 BSre Y d. MATStEH B0 AR friteNiaM Pontrolier sends a

request 807 to the target device for a notification upon any changes of the status

10 descriptor for the virtual keyboard 540. At step 830, the target device accepts the
request 807 and generates an interim signal 832 to the intelligent controller
acknowledging the request 807. At step 810, the user interfaces with the virtual
keyboard 540 such that the user event “PRESS” is indicated on the caps lock key of
group 546. The user event “PRESS” caps lock is then transmitted 812 from the

15 intelligent controlier to step 835 of the target device.

At step 835, the target device takes any action required by this user event
according to its own preset programming. The status descriptor changes and this
causes a status response (e.g., to the PRESS command) to be generated by the
target device. At step 835, the target device forwards a new status 837 of the caps

20 lock key to the intelligent controller indicating that the caps lock key is now pressed.
Only after receiving the new status information 837 does the intelligent controller
change the image of the caps lock button on the display to indicate that it is now

. pressed. As a side effect of the action taken by the target device, at step 840, the
state of the caps lock LED 556 changes from OFF to ON. The status descriptor

25 changes and this causes a status update message to be generated by the target
device. This change in status is reported by message 822 to the intelligent
controller in response to a change in the status descriptor. The intelligent controller,
in response to message 822, reads the status descriptor 845 of the target device to.
determine which control object changed status. At 827, it is determined and

30 returned that the status of the LED 556 changed from OFF to ON. Only in response



for which descriptor |ist 358a is defined. G oups can be used to separate
certain control features that are simlar or control a simlar function or
feature. Forwhbs;afice, buttons that each relate to the control of the tape
mechani smfor ‘a VCR 12 can be assignedjnto one group whi Ir}é:Tﬂ{?f”i’Hﬁ? t hat

control the channel selection or the 5 volune selection of the VCR 12 can

be assigned i ntres8NMgth8 nBWdtkdtus (AdHHaRoh 8¥6s ﬁiEQRieﬂibef' y trofilrS ﬁl"ét&% :§5§t he

present invention, e.g., they can be displayed spatia toget her he

di spl ay ofthemurdaie the imageiforthailEe the new stetus afiONave ot her defi ned
attributes in common. Field 416 indicates the nunber of groups defined for
descriptor list data structure 358a and fields 418-420 represent the group-
10 descri pti ol i$ appreciatéchthat ardicech intéractiart with ¢hepplaysjca icontpsls dFitige! tgét

illustrat £l c i n. enpl ar ro escription
hat i & cOavise 3t Siep 4% ifalfd shled ERETE SRR i Rt dodtrpleh which wabich
field 430 therctauses ndtificatiorbefra statusanangé tobe frwardedas tiy iﬁtélm{énﬂ égntfzﬂl"er.t hi s
group. Fiel.d 43 inclgd s a group identificatjon nunber or string that is
i que T or 1A AGNGT Wekd kb cBuSe ahangs i the wset iplartass glissiayessonbrinteliigent

obj ect s.  lcaflfolRp Ak dekcrittidesbiove Thie pockSs B4h béFdpedfd, i n the defined group

i ncludes the identifier 432 in its object description (described bel ow).

Field 436 indicates the spatial boundary box in which this group is
xi sts Wi th reonaa osRhefte Hi prestt o ebkihes M RrEsbriantey pst
and i s us&apabjlitiesovhiciehane same types ofiphysical certel oodisplay, g ebmethirigithatlisspl ay
of the in{ghd }igBiY artPhf YbLif'be manipulated by a human, However, the panel subunit of
the present invention can be extended to
describe how to access functionality that is “built-in” to a device but which does not have
a physical external button to access it. For example, many digital set-top-boxes can
contain one or more MPEG2 decoders, which contain very useful media processing
functions. However, it is very unlikely that there would be an MPEG2 button on the device
for the user to push. Rather, the panel subunit of the present invention can be used to
define interface objects within a descriptor that represent “virtual” buttons and dials for
interfacing with the MPEG2 decoder. Therefore, the capabilities of the MPEG2 decoder
and the means to access its capabilities can be described using the present invention

even though no physical interface elements exist on the set-top-box.

In furtherance of the above, because the panel subunit 314 of the present invention

,  defines various types of controls and their attributes, it is possible for a “black box” device

to be built which has no physical controls, but relies on its panel subunit of the present

invention as its only means of being controlied (e.g., the virtual keyboard 540). Such a

target device might be designed for situations where the hardware can be located in a

remote or hidden location and the user control center (e.g., the intelligént controller) is at

a different location. In this case, the target device would not have physical controls on its
surface because they would never be used directly by a person.
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Field 438 is a group |label that can be used to provide access to and
represent the control objects of this group for cases where the display
unit of the intelligent controller is not sophisticated enough to provide

i mages or fuMM¥O78hf or mation. Piel d 438 typically contai n®CHUSIVISGHS or
other text |abel that can be used, in o® 25 enbodinent, as a tab index in
a tabbed-panel presentation of |nfornat|on |n a tabbed-panel presentation,

al | the defi nedAnather egbodiment chthesrasent inventian isdrawnig *h%typsf’ gtinfarmatien
di spl ay angyrgfipbies ¥iat ave pRAIGSH byPthefURSTRINaR daschytoﬁseajetﬁ& 'ﬁ&agpév%uhﬁb FoF

another. Figure 7A illustrates the data of a“control ob
accor dance expmple, the prosentievertion daseribss varieupatiriuites foriaduttpo sonteoldngliding

ST/ Usos: 1AEHoyA Sepesfinct $ife and s#dndia Wid ing describing the fynction, e g, splay.
en?gcrjinarr;alng ,npdtsglblypamdlp lssg:nmdesmibmgqhorrtasm |t{ randnsanes stamlrﬁt:emﬁamds for

St ruct ar eo maieaaid, Mt Sobirtl B ao PN BUPRON o SET AT EOM UBLUESHB ety o
speci al i Zed/ahaﬁdidoffth:stfmcmnumy cah aua SomlelotisérutitibutesiRatehaysbd ussrll éithek [#ea 5

present inventi contains a lis Its controls (e.g., list descriptor
358a), Wit rgegggaﬁ way or a vender-specn ic way

The preferred embodiment of the present invention, a panel subunit for remotely
interfacing with a target device via an intelligent controlier within a network of consumer
electronic devices, is thus described. While the present invention has been described in
particular embodiments, it should be appreciated that the present invention should not be
construed as limited by such embodiments, but rather construed according to the below
claims,
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control being represented by a control object in the list. Wthin the
present invention control objects can be defined to represent user input
devices (e.g., buttons, sliders, toggle switches, etc.) and can al so be
defined to rePP¥EEt information displays (e.g., LCD panelPST/ushsaiss4s etc.).
10 Figure 7TAillustrates the inRérmation of a control object 382
representing e LCD panel 214 of Figure 3A. Field 440 describes the type
of cont roIML’-&t being defined. In this €ase it is "LCD Panel' type. O her
control types for displaying information include "D ay," "Dial," "CRT
Display,' "LED and 'Al pha/Nuneric Di smﬁ“‘“\ﬂﬂ u‘mai“rol types for

i nf or mat i A¥hahisHaimedises i ncl ude "But ) 1L 'Rotator," uToggl e
Switch' and 'Rocker Switch.! Field 442 i*ncfudes a graphical inmage of the
control object. This image information is typically raster data (e.g., bit
mapped) and mayl. i nclAmethodiof coptrelling & target:devidey said deethod Eompiiding pay étegsil ar

I nstance, the control image 442a is in the shape and character of the
outline offan LCD display to represent LCD panel 214. Field 442 could al so

contain a col | ajtefiningan Mentifierdissriptocdathatrusterd @ AicBMpater PEddabie menf

predefi ned sequence o resentation. Field 444 represents the di nensions of
Phe. | mmge WSk oS dorot RCHIGaHHITHS 4 NS denlPBaNE o7 88006%) R0t of erid os

(X, y). Taagepgsvte Bf?g:biﬁﬁﬁgft&@@s'cﬁbfb@li@lsdﬁtQEtr@&&'gs,cati0“ W th many screen
di mensi ons, X, .y) values can be represented Iin relative ternms with

respect to tthggp (Q?fi”i%?‘ﬂé?s,t ope gescripias lisiHatay struchare sontgining-a pluraliy of cintrdb

the di spl apjcehd Medlcomputer readable memory unit of said target device wherein each control
object defines a physical appearance and a value state for an element of said physical
control panel of said target device;

c) defining and updating a status descriptor data structure representing current
states for said control objects in said computer readable memory unit of said target device:
and

d) generating a user interface for controlling said target device by accessing said
data structures of said target device and communicating generic user events to said target
device for interpretation by said target device, said step d) performed by an intelligent
controller coupled to said network.

2.The method of claim 1 wherein said steps take place in a network of consumer
electronic products and wherein said control panel is physical.

» 3 The method as described in Claim 1 or 2 further comprising the steps of:
e) said target device receiving a generic user event and interpreting said generic
user event to determine a functionality to implement;
f) said target device implementing said functionality; and
g) said target device updating said status descriptor data structure to reflect any
changes resuiting from step f).

4, The method as described in Claim 1, 2 or 3 wherein said elements of said
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Field 446 of Figure 7A represents the group identification or nane with

which this control object 382 is associated. Con clustered into
groups based on | ayout information defined ﬂﬂm %‘m %mm” hit of the
present inveMABVWThis field 446 is optiondll 1 0Wj 0e 39805645

necessarily need to be associated with 8 any group at all. If a group is
associated wth this contral ohject 382 . then field 44 3 represents
the rel awentﬁ@sqaneﬁwcﬁﬁgﬁmﬁi% ‘PR %’F‘Hﬂg‘ %{ﬁ{ﬁ%{i’w ﬁ’é’b“?ﬁ’-\/\hi ch this
control object 882 bEhemgsthod Bs BesdribednCisim ,22) P8 whierein @ach contes Gbjichat e
val ues. Field 450 represents_the allowahl e 'Qr ,gal | d val ue ranges that can
be taken bylefinesa caniolimage ptan element 4378 af 33

can al so i Rgliydaites rdpkaidelerherte i ndicator (e.g., 16-bit representing
i nt eger, floétlg(r?g point, etc.) In the case of a display object, field 450

represents the character or icon sets that can be displayed within the

control object.gln t'@?e frdta seé'?/éel‘:fi%d iifﬁaﬁim@%%@in 8?J:r‘g§6@tﬁ{| IoBjeids 4°0

i ndi cat es the rahge pOSSI ues can be se s tontrol
obj ect. |f additionaly definesias first texicstring défining a namenofsaidiaelpment and aisesond text

' L f |_10. ' I S. I itch, th
ossi bl y. ormtina deRinediak ariationdSfedte SideBieht” 1 ne’conirol “obj ect

7. The method as described in Claim 5 wherein each control object additionally
defines a group identification wherein elements are collected into discrete groups that
share a common layout area within said control panel of said target device.

8. The method as described in Claim 4 wherein said step d) comprises the
steps of:

d1) accessing said plurality of control objects by accessing said identifier descriptor
data structure and said descriptor list data structurs;

d2) displaying graphic images of said elements of said control panel onto a display
of said intelligent controller;

d3) receiving input from a user interacting with said graphic images;

d4) translating said input into generic user events; and

d5) communicating said generic user events to said target device to simulate user
interaction with said elements of said physical control panel.

’ ' 9. The method as described in Claim 7 wherein said step d) further comprises
the steps of: ' '
d6) accessing said status descriptor data structure upon notification of a change
in state of said target device; and
d7) updating said graphic images of said elements of said physical control panel
based on said change in state.

10. The method as described in Claim 7 wherein said intelligent controller is a
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Field 452 of Figure 7A is optional and represents the equivalent AV/C
command that occurs when the control object 382 is activated. This AV/C
comrand can, nicated by the intelligent controller over the network
wi thin syst gﬁh??%ggqu

when the control object 382 is invoked. Field 452 is
optional because the target device has*Phe capacity I! ' Il nges in
the contr obl ' . Jt . he inth ﬂ &B"&“!&@ Hﬂer
e ool canbt @y ool . ™ HIRANIRE RN,

represents the VCR 12 in this exanple. The mani pul ati on of those controls

t h in oth bunits within the 20 target device.
The val ues of f1cP ABROHSHFBIE S AN Ciaras device ibaFpola pibal daviee) can

be effected by this control object. Field.454 is |ikew se an optional field
that indicates the jdentificatjon of the target device associated with the
control obj ect 12agail Re method asideseriad ia flaim 1Jvheseinisaid step H) fudberdantprises he
control ORheslepd®t: but is maintained by the intelligent controller by
virtue of which target object contained the 25 panel subunit in the first

i nstance. Fi el @6haerassingsajcistatusideseriptor datastructureypor notificatiohof axhanget ed

with the qlqggtgbfg%i{,g.g‘r}bletsaé%%?%ances where the display device of the

i ntelligent contr sophisticated, field 456 can be used to at

| east provi de d7papdatingsatdgraphic images ofsaidélembntsas Shiddontd] Sdriel BRsedon S
pr esent ed f?i user .interface functionality. 30 Field 458 contains a help
string t haf ﬁ}F"SS"aP ?'ayed o controller if a help feature is

13.  The method as described in Claim 11 wherein said intelligent controller is
a set-top-box coupled to a television as said display.

14. A communication network comprising:
a plurality of electronic devices coupled together with a bus architecture, said
devices comprising a remots target device and an intelligent controller:
wherein said remote target device comprises a computer readable memory
containing:
an identifier descriptor data structure defining a hierarchy for elements of a
control panel of said remote target device by pointing to descriptor list data
structures;
at least one descriptor list data structure including control objects wherein
each control object defines a physical appearance and a value state for an element
’ ' of said control panel of said remote target device; and
a status descriptor data structure representing current states for said control
objects; and
wherein said intelligent controller is for accessing said data structures of said
remote target device and communicating generic user events over said bus to said remote
target device for interpretation by said remote target device.

15. The network as described in Claim 14 wherein said remote target davice is
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enpl oyed by the user. The help string describes what the control object
does. This can be extended to provide a help stri nﬁ for each state of the

control object. The help string can identify t m:l '! Jl]mlj and give -
tips on how%g)o”ﬂ;s;ﬁt he control obj ect,s;ts purlmm‘ ) mu X 645
functionality and val ue range. 5 Figure 7B illustrates information
associ ate ' : [=Yen : t ons
o but { onLorBieh forFRoRRE Heheic Ubeyésii 1ol saRFofiterlq fudt ankid

t he " Pl ay'detenmirena funchenalily toappesseetited for VCR 12. Field 460 defines the
control object _as a "h : r.ol. . Fi contain nmujtiple

I mges or i cowsef%ﬁﬁ'aié’ﬁgﬁeé@iﬂg\"ﬁﬁé -Ysgl:ag B@%“%‘é‘%ﬁ%ﬁ@@r‘ﬂ%f‘g‘% . The -
i cons can, 10 whérein Baidarentate rtanget sievice ds fforeupddtingt sdid statls tduscdptor rdata

obj ect, e.?. ,. such gs a button whi c{l i? highl i.ygpted iffe,r}r}tl%gv\het her it

i s pressedtryeturetodgtiect anyichpngesfesulting fiomsaid rtplemspting saidfungtiopalityor i cons
that represent the inage of the button in different states (e.g., pressed
or released). |Image 462a represents the image for the button pressed and

i rage 462b r epA®senthe petworkegdessribed in Glaimdd whereinrpach sopisel ehject slefines 15
Field 464 r ks ' he J f .and
field a6 SEEEEHGR ot SERRD o bisk oF SR cRlof ol EHCH value raiad of Ul
384. In tistdesforsaidalément. t he buttons 250 (Figure 3B) are clustered
together into a single group because they control the tape nechanism for
VCR 12, e.g., Goup ldentification = "Tape

17. The network as described in Claim 15 wherein said intelligent controller is

further for displaying graphic images of said elements of said control panel onto a display;

wherein said intelligent controller is also for receiving input from a user interacting
with said graphic images;

wherein said intelligent controller is also for translating said input into generic user
events; and

wherein said intelligent controller is also for communicating said generic user
events to said remote target device to simulate interaction of a user with said elements of
said control panel.

18. The network as described in Claim 15 wherein said intelligent controller is
further for accessing said status descriptor data structure upon notification of a change
in state of said target device; and

wherein said intelligent controller is further for updating said graphic images of said
elements of said control panel based on said change.

19.  The network as described in claim 15 wherein said control panel is a virtual
control panel.
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Mechani sm " where this group would have to have been previously defined in
a data 20 structure of Figure 6. Field 468 represents the relative
position 468a of the-control object 384 within the group M@is\aéwb. In
this case, Waa/@dHtrol object 384 represents the third button omthe |eft
within the collection of buttons 250. Field 470 represents the possible
range of val ues can be represented bx %Fe button, e.g., in this case 0 to
25 1, and the value is an integer. . 13 he control obj ect was a slider,
then a possible range of values (e.g., 0 to 10) could be represented with

t he val ues being or 1T1joating poifnt type. Opffiongl field 472
oy——PL ay-—nid n be communi cat ed
is

represents t —AV| ¢ command f
by the intel%ﬁ% when cont rjo 4 1 s| pushed. 25 When
a user event|s S PRESS i $ [issued, it in the sane action as
if a standarf AVIIC| command, $uch as the |VER subunift {PLAY] cormand, had

bal ent AV/ C tor Optionall ffield 474 ir¢present g tihe network

i dentificatipn r {t he targef |device (in i e MCR subunit). Field
476 is an identj r or nanefg5 string t gesoclated with the

control objet¢t, uPlay.’l I n instanc

FIG. 1
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t he display device of the intelligent controller is not sophisticated,

field 476 can be used to at

control obje

478 contains a help string that can be displayed on the di%p¥

| east provide a textual
i h is presented for user interface functionality.

intelligent controller if a help feature is enployed by 10

"Press Play to Start Watching A Tape

al so describe why t

he control

obj ect.

243

ihe VCR

appreci ated thdt the control objects of Figurk 7A and Figure 7B are

exenpl ary onlyland that other simlar control
used to 15 realjize a user interface for al

of the VCR 12 flor a
ot her control

[l contro

dbj ect of Figure 5 c;

panel s.

n a particular state,
Play Button is Disabl ed Because There is No Tape In the VCR "

use inpu%§

is further Zagpr

It

description of the

Field
TU898/4964% he

t he user, e.g.,

The help string could

e.g., "The

It is

ob] ect descripti ons can be

luser displ ays
éted t hat each

y be=igfined!in accordance

with the present inpert+en—ZFjgure|8 illustrates a mpgel sppunit status
descri pt or 5001 The| paneb su@lnit 314 pf the presents Bavention al so
i ncludes a panal supu §$$ath degcriptor 500 flat avRg st hcture. The
st at us descripqor 5p0 gsgqua a—st+fucture mai nt & A uter readabl e
menory units ofi theltagd@ta deyi nd [ epr esert-s-+he Gtk state of al
control objectd def néﬁ;ﬁé? a| partilculjar panel subunit in accordance with
the present inyentipn. e informafion maint@ained in the status descriptor
500 i s dynam c,! and“Ys—kept—t atel by the panel sgbumiit 314 of the
present inventijon. Wthin the 25 tatus deskri)toriﬁgo, separate control
status field i% mai nt ai ned for eac d“fincdi c 8
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control object. Wen changes occur to the status descriptor 500, a
notification can be forwarded to any intelligent controller that previously
i ndi cat ed tSﬁ;%Mﬁ“yas to be notified of any changes. The qverall status
descriptor 500 contains two main areas, one area 510 cont JITTES§¥IESal
status information for the panel subunit and a 30 separate area 512 is
defined for ﬁach of the control I|ist iyilgrarchi es. Wthin each of WO

99/ 07111 CTI US98/ 15645 26
these control list areas are atus information for eagh|control. Status
i nformation includes the rent state of the control /objlect (e.g., the
button is currently presSed) and the current val ue thd control object

(e.g., the LCD panel #s currently displaying the tgxt "Enter Track Nane.").
5 In operatifin__an intelligent controller Aan reqyest notification
for individual contpot—ti g or for t ral pgea of Ahe panel status
descriptor 500. Wj bse fafeas gZhanges, the
intelligent contrqgller is notified. I 5 fof Jan Area changes for which
an intelligent cortroller had not request hotifikcafion, the intelligent
controller is not jnotified. This operiti | | owp e various controllers
10 and target deices to optim ze the use of thg/system network bandw dth

by not

FIG. 3A

FIG. 3B
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sendi ng out unnecessary nessages. Status descriptor 500 of Figure 8 is
shown as an exanple and includes a primary status |ist 505 which includes a
gener al info&gﬁﬁkgﬂlfield 510 for panel subunit 314 and pointers 512 and
514 to other nmgjor status |ists. Pointer 512 points 15 tofSTASHSH5st 535
for representing the status of the front panel. Status |list 535 includes a
status field for each control object q§;5ned for the front panel. Pointer
514 points to ,fhe status |ist 516 for- A exenplary left side panel. Field
518 of status—&i st 535 indicates general status information for any control
objects defined with respect to the front panel including whether or not
the panel is open, closed, etc. 20 Field 520 represents the current
state/val ue of control object O defined for the front panel. Likew se,
field 522 represents the current state/value of control object | defined
for the front fpanel. Field 526 is a pointer to the control |ist|530

i ndicating the stftesrvarues tor b control objects defined wi{h respect
to the sub-paneli [of the front pane|. Thesg j ectslare defined
wi th respect tjo déscriyCRrSubuatt 356p (Figufe £%3%¥%%hin sfatus |ist 530, a
separate contrjol st at{Daspd Teindpors) defined fpr W ol Jobjec|. Field 528
of control list 535 is a pointer tojthe cohtrql 1ist 5 indicafing the
states/val ues [for {the control obB¢gis defined with respect to the

sub- panel 2 of {the front panel. These control objects are definefl with
respect to desfcriptor lIist 358a

Panel Subunit
314 |

VCR Unit (Device)

FIG. 4
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(Figure 5).
defi ned for

t he present

Wthin status |list 532, a separate control
each control
steps of a process 700 inplenented in accordance with the panel
iR N,

Pr ocess

obj ect.

status field is
Figure 9 is a flowdiagramillustrating
subuni t of
700 is realized 5 as progr Bf1Ea¥1564%5r ed

W thin conputer readable nenory units of an intelligent controller and a

target device of network 5. At step 7
STB 1R4and TV 11 (used as the di
devices coupled to system5. This process utilizes well
mechani snms. At step 712,

e.g.,

communi cati on protocol

the intelligent controller device,
ay unit), locates electronic
known | EEE 1394
the intelligent controller

S

reads the conputer 10 readg?b}e menory units of a target device coupled to
t he networ kS5 _and discover at this target device has a panel subunit
data structjure 314 defiaed therein. At step 714, the intelligent controller
devi ce dowrl oads the glescriptor information and the current status
descri pt or bl e _for ~h@42arget devi ce .andgghspl ays a user interface on the
di spl ay scre ronbPapele troll based on the downl oaded 15
i nformati orf—tf—tte ,L,g]_l gent cont ol L/dew ce has limted nenory
resour ces, |t Rear Parelp subuni_t tion can be downl oaded and
processed ilnportions t step 7Géner"ahﬁsth | objects of the panel
subunit dedcriQe, { he O shame;nfglrnm@hng and | ocation for each user input
el ement andq_each _info t| on dlspc&yron 354
(LCD Display)
Sub-Panel 1 [=338
-~ LI I . ~§i§ l
320 Sub-Panel 2 General List |~ 360
Information
Control 0 362
380 ~ General List .
Information Control 1 364
382~ control 0 e
384 ~ Control 1 Controi (N-1) ~ 366
386~ Gantrol (N-1) 356a

!

358a

FIG. 5
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el ement for the user interface. Should the intelligent controller be
limted in display 20 capability, then text strings are displayed for the
groups and/, the control objects and these text stri

di spl ayed |‘ﬁ59;ﬁ’rerarch| cal format (e.g., using a tabbed- ggfle 5‘9'% ay). At
step 716 of Figure 9, the intelligent controller allows the user to
interact wwth the user interface incl p_ing accepting predefined or generic
user evengsgdrom 25 the user. Each-control object contains an object type
and each object type defines a user action that can take place with respect
to the control object. For instance Dutt e " PUSHEDIM 0T PHED AND
HELD' or URELEASED and sliders~and rot at P%"‘ rg E‘&?‘&"}o uSE] A VALUE. "
Toggl e switch eg-Bet weeh two podFiony MOVER(RI GHT" or
"MOVED LEFT" pEenanal/Est UPg or U SEr. eve S1i ncl ude
setting a tex{infeamatione g\ SET T é:k}JE“on ﬁqﬁ%’t riclval ue, SET
VALUE, etc. T ts are defi nEdPiRevn,Elip rrg t hensel ves

and the irﬂ_@lﬂrﬁg@t@@l GontrpNl er does[ ot Tnterpret the meani Ngs o'f t hese
events for any tagget dev|cg. 5 At Rampl 328, (Rettangle@cti ve ¢f the type
of user i rg@diyGentraldn-1¢. gf , \keyboard, nouse and nouse button, 4ffote
control wunit, us)\ |ight| pornter, joystick,
Number of Groups (N)
418
Group (0) Description
418
Group (N-1) Description
420

Number of Controls

Group ID

430/
432

Group Boundary Box
(Rectangle) 436

Group Label

438]

FIG. 6
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etc.,

user input devices and

by the panel’ subunit 314 of the present

control obj e¥P ¥%YHpe

the user into a generic user event

i nvention. For
and t hen " RELEASED'

10 " PRESSED'

i nst ance

byF SHPRELHY | ¢

the intelligent controller translates the interaction between these

core recogni zed
a button

with a nouse or selecting it with a keyboard or with a renote contro

button push. In either
respect to the control
det ect ed by thsé%nt
the target dev .
takes the appropriate

The target device then 15

case, the user nt i s "PRESSED

obj ect.

action based on its progranm ng. Th

by the target device 3§
present in the target
| ocated on the target

t step 718 is the sanme programmi ng
devi ce f GontresTypecs hgDtRanehe i nput
device. In this case any target

physi cal controls | oca
20 actions to take ug
The present invention

Wi thin each target dewkce

one or nore of the sta
subunit of the present
descriptor 500 of the

ted thereon al ready—is—prgogranmed W
on th PHdRls HBeing d T2y pu
takesqggsgntaé% of [this—pke-existin
A received user event nmay t

es of the control objects defjned

i nvépntrghSizegdbhX and YaBimensienst at e,

panel subunit changes thereby 25

i
t

intelligent controller
control |l er downl oads t

of a state change. At step 720, th

he status d&SHPilgantificatipn

Control Position in Group:

| __~—448a

Value Range Specﬂhaﬁon:'
<Character and lcon Sets(s)
Supported by This Display>

il

AV/C Command =
FF (No Command)

|
N

Target Subunit =
FF (No Subunit)

2

Name - NIL

&

Help String = NIL

fgg . or
At steg 8 of Figure 9, any user events
elligent controller are forwarded over the network 5 to

interprets the user event and

a)
C

3

FIG. 7A
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determ ne which control object changed states. Next, the intelligent
controller updates the displayed user interface to reflect the change. For

i nstance, if_ tton state changed fromrel eased to pre d, then the
intelligent‘@%ﬁﬁwgﬁler nay 29 di splay a new i nage for t§§%H§F98HSState
bei ng pushed. Alternatively, if the state of the VCR tape nechani sm changes
fromstandby to play, an inage mﬁthingbgg panel 214 m ght becone ani mated
showi ng t he égfe pl ayi ng, etc. At ste 2, the generic user events cause
the target d ce to inplenent a certain action, e.g., play, pause, 5 etc.
It is appreciated that step 722 can occur before step 720. At step 724,
processing returns to step 716 to check for a next user action. In

operation, the intellijgent controller is not burdened witlh keeping state.
tables or by interpretjng the neGentie Typet=hBulterer events. |These
interpretations are perfor h [ Vi her provi ding the
panel subunit with a |lgarge 1P amount of flexibility for gdapting to new
st andards and contr ol t§%8g9'ﬁﬂﬂ?ﬁernore, bysgugovi di ng a rlange of possible
di spl ay representations, the pP@&BﬁﬂdrEﬁ#ﬁ%on provi des a{fl exi bl e user
interface for intelligent contgepldsgiS mﬁééfgﬁﬁzﬁoust di spl gy capabilities
and al so for those confrollers having ophi sti cated digppl ays. The
Control Size (in X and Y Dimensions)
484,
Group Identification
466
Control Pasition in Group: 468b
<
T T r a3
L__tu_.__)(468af 1} __! 58
Value Range Specification:
<Integer, 0, 1> 470
AV/C Command =
C3,, /(Play) 472
Target Subunit =
(VCR Subunit Type and ID) 4
Name = "Play"
476
Help String = NiL
s 478

FIG. 7B
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panel subunit of the present invention defines generic user input events,
core data 15 structures which define a limted set of user actions or
events and display el ements and a basic communication protocol is used.

Fi gures 10-Y2% ?P'f ﬁ'strate anot her exanpl e of the present i RGENEIBGAHSF gure
10 illustrates a simulated or "virtual" keyboard 540 that can be generated
for a target device using the panel sya n|t of the present invention. The
virtual keé@oard 540 20 can be used control a ublack box7 device that
itself has no physi cal keys or LEDs and whose control panel is purely
virtual. Int ene galtnhE gko box has no physical equival ent keyboard

and relies or nt controller for access to its functionality.
I n one exanplie devi ce can be a subpanel for an intelligent

tel evi si on MIr?%IH ' qg§¢thre that requires user input, e.g., for
f‘% el

web 25 surfi 40 includes groups

of controls wher ntrpl defines a key or an LED.| Each elenent is

represent ed b%ohbﬁ B?P1§EHE prStbj ect. The virtual keybpard 540 of Figure
[ % ai n keys, function ke pad keys,

10 i ncl _udes sever@ 8 r@eﬁ oG-
etc.) with various di nmefisions and | pyouts. A fi rGSétnerqalg Rel Status

(Open, Closed, Etc.)

T Control 0 Status [~520
v {Current State,
505 Current Value)}
v ' Control 1 Status [~3922
816 {Current State,

Current Vaiue)

Control (N-1) Status [~524
{Current Stats, ‘
Current Value)

Sub-Panel 1 ezl -
Status
~ 5
Sub-Panel 2 228
Status i
, 330 535

FIG. 8
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542 includes only the ESC key while-the function keys, Fl-F(n), are grouped
into group 544. The standard al pha keys, the tab, caps lock, shift,

control, ett., keys are grouped into group 546. The nuneric keys and
operator ke¥& BBy ouped into group 1o4f3 Al so included arRCEUSMS6EK LED
554, a caps Iock LED 556 and a scroll 5 Iock LED 558. A power on key 560 is
shown al o W th a special button 580 g an LED 552 therein. An LED 552
enbedded |n he key 550 can be m)de whi ch can be turned on or
off with the appropriate panel subunit copnmand. Thus, a key with an LED is
nodel ed as a hybrid control object. G oug 565 incl udes LEDs 554, 556, 558,

552 and buttons ‘@rﬁe?i@?%i@@ntro]}@r Device hﬁéﬁ'&”&qﬁcltﬂo bH?ﬁ:E@bgﬁ ?’o iont rol

obj ect descripto M\%H nee eali ze
the hybrid button 550 as an exa A (‘P_DI‘ M th the pre

invention. Fields 572-578 define a contrgl object. Field 572 indi cates t hat
the control objeg ld 574 indicates that two control

obj ect defi niti opsCenteoliendiscdeersi that Devicd AT hab a ParéldSubifitiBefmegol nter to
control object 1% 610 (control for Meltlvaufmﬁmnsmrpm nts to cog

640 (controll). W =
i ndi cates that the obj ect
button image 614
field 618 indica echmt@dleupownllsads theelbes‘cmiptgrlotqnmiﬁﬁn fd?lnadvﬁbeG'ZD i
the relative posjtion andGdnstractsSdhdvispliaps User mberfiake to Wdergr oy

Field 622 indi caW butt-on-550-(e -‘

Controller Allows User to Interact with User Interface Including
" Accepting Predefined Core User Events From the User

:

User Events are Sent to Device "A", Device A" can -
Respond by Forwarding Status Changes to the Controller,
Status Changes from Direct Interaction with Device "A" can

also be Reported to the Controller 718
Status Changes Reported to Controller can be Reflected In Image
Changes in the User Interface on the Controller 720

Status Changes can Cause the Device "A* to Take Predsfined
Actions, E.G., Play, Record, Stop, Etec. 722

|sa button pe andfleld 614|nd|catesthe

Next Check for Next

FIG. 9
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Field 624 represents the optional AV C command, if_any, corresponding to
the states of button 550. Field 626 is the optional target device
identification. Field 628 is the string "Special" for displays that may
have only t XMWl ay capability. The help string, if anyPCIEs9gBises el d
630. 25 Wth respect to controll control object 640, field 642 of
Figure 11 indicates that the object ii Zi "LED' type and field 644

i ndicates the inmages for the differen 1d3at es of the LED, e.g., green for
the ON state and black for the OFF state. Field 646 indicates the LED i nage
di rensions (x, y) and field 648 indicates a group identifier for group 565.
Field 650 indicates the relative position of LED 552 within 31 the
boundary of grqup565-"FRigel d 652 indicates the range of values for the
button 550 (e.d.,~-ON\N an F—Ftett—S544—represents—the—oepti onal AV/ C
command, if ana, cor rlespohfling to the states of LED 552. ﬁgeld 656 is the
opt i onal tar%fq qu&ce idé1tification. Field 658 is the string for LED 552

for displays Ay havf only 5 text disp lity.|The help
string, if any, is in fiel§ 660—singthe—ex nmpl €8 of jFigure 11, the
control objectd for the ré#ainder of¢ How el 10 cgh be Jrealiged. Figure 12
Il lustrates stqpajp r ?ﬂ ¢ —atlel i gb i ntefacting with
(24
1 } =2 ] © [5] L
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the virtual keyboard 540 of Figure 10. At step 805, the intelligent
controller sends a request 807 to the target device for a notification upon
any changes of. the status 10 descriptor for the virtual keyboard 540. At
step 830, th&A%MYE! device accepts the request 807 and genkTHPPE1345
interimsignal 832 to the intelligent controller acknow edgi ng the request
807. At step 810, the user interfaces &ﬁ the virtual keyboard 540 such
that the user event "PRESS' is indjcal n the caps | ock key of group 546.
The user event "PRESS" caps |l ©sitrol Sypeherybirigansmn d 812 fromthe 15
intelligent controller to st-e-p—eaé—eé—ﬁhe-ﬁa-rgﬁi‘gvi ce. At step 835, the -
target device takes any act i|olumkegaf eraly=2hi s sBkr event according to its -

own preset programm ng. The{s ot | r ch es and this causes a
status response (e.g., to ﬁ &g&ﬁcﬂgg@ﬂ) ila) generated by the target
gedntdby Spexiffcatiomr ds

device. At step 835, ew status 837 of the
caps 20 lock key to I cating that the caps

| ock key is now presfed. Only after receiving th ew status information
837 does the6lthtel | fgent controller change the inmagd of theb4hps |ock

but t on onthe‘Eplaytoindicatethat It is now presged. As|a side effect

of the action t\keh by the target device, at step 840,\the ate of the
caps |lock LED 5 cahgsiso from OFF to ON. TheCoted ds deecriplor 25 changes

and this causes g—status—update TeESSqge t e rated_Ry theitarget
senidaiga 5658

devi ce. This chahdentnal Sypat miButtenr enart ed to@%e'L intelligent
controller in reg t he SEaRtTol Inaags rpror- e
i ntel ligent cont | dlonémwo) Image °"° mages
Special On /4 Green
64 Of A Black  guy
Control Size (X, Y) ,
1 Control Size (X, Y
Group
618 Group ID g48

Control Position in Group Control Position in Group

[T 1 R

b | 820 . 650

Value Range Specification Value Range Specification

{Type, Value} 622 {Type, Value} 652

AV/C Command = FF AV/C Command = FF
b24 634 |

Target Subunit = FF Target Subunit = FF -
526 656

Control Name = _

’ *Special® 628 Control Name = NIL 658
Help String = NIL 630 Help String = NIL 660

FiG. 11
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I n response to nessage 822, reads the status descriptor 845 of the target
device to determ ne which control object changed status. At 827, it is
determ ned and 30 returned that the status of the LED 556 changed from OFF
to ON. Only VR*P&%bbnse to recei Viﬁ% he new status inf BFWg’?sﬂﬁ“‘éoes t he
intelligent controller, at step 825, d update the imge for the LEe the
new status of ON. It is appreciated that a direct interaction wth the
physi cal controls target devicelat step 840 ¢ ause a state
change in the staéﬁ@t ﬂgzrlptor whi ch woul d t hen cauﬁg g E@tgflcatlon of a
status change to be formarded to the intelligent controller. This action
woul d al so he user ilnterface displayed on the
intelligen atgescli bed abgve The process can be repeated. One
enbodi nent Ayet o dedcribes the representation of device

capabi litil i cal coftrophrget DEVieeABYeptS- -

sonet hi ng that is user-visible pd that| wou 'Réduedt p;oq,gcgm IR
However, the panel subunit of the presgnt inv bNn ﬁ@ﬂjr ln@aﬁcﬁ jto

descri be how to access functionali ty| t hat ubui ft-in evi 8%t
whi ch does{n | {ext erlnt@rinbag g@n t o-ereeess—it—yer—erxar
many di gi tal PE%{]ﬁ?’e‘?ss@h égéeg?n fitai n|one nore MPE&2 decoders, V\/m ch
contain vefy use a pra_& g

Press

/_’(Gaps Lock) Action Related to the Caps
l Lock Key is Taken by the

. Controller Updates the (Returns New
Image Displayed on the State of Kay) ~
Screen for the Caps Lock red Y) g1
Button (Pressed)
815 Side Effect, the Caps Lock

LED is Activited, This Results
/ in a Change of State of the
LED image

Controller Gets the Status

840
Notification and Reads the | _— Change~-g2p
Status Descriptor to Identify
the Change \ Read
/
842 Target Device's Status
Descriptor (in Memory)
Returns New 843

Controller Draws the LED in Val f LED
the "ON" State per the " alue o ~
’ Stored Image for this State )

825

FIG. 12
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functi ohs. However, it is very.unlikely that there- woul d be an MPER2--button
on the device.for the user to push. Rather, the panel subunit of the..:
present invention can be used to define interface ﬂl' (i L0
descri*ptor that represent "virtual" buttons and di, ummﬂ Immm Hgn ng with
the MPEG2 decoder. Therefore, the capabidgties of t*he CMPEG2 decoder and t he
nmeans to access its capabilities can be described using the presert

i nvention s&gﬂ!éhough no physical interface elenents exist on the

set-top- boX furtherance of 'the above, because the panel subunit 314 of
the present invention defines various types of controls and their

attri but eswhitisichirpépigi bl e for a "bl ack boxs device to be built which has
no physical controls, but relies on its panel subunit of the present
invention as its only neans of being controlled (e.g., the virtual keyboard
540). Such a tatget dewethed nf eantroliing atargetideuice.maidsnethad comprising:the steps of:

har ?war <(9 can b?a) definingdn !idénﬂfiér@lﬁ@c%riptdlb lﬁatbisﬂdﬁnrd PCpédniputérrdadabie rbI@l@brmebe ol
center (e.(. ng_ cont.roller) i n
Thi's: case, S tered oS whioH Bt ook sttt Br bl Pt o ER el
surface bedeuigaby prigtingde dasariptas fistslata,giaietiipsiect | y by a person. Anot her
enbodi ment of t Brdgfihing @fleastbnetekstiptdrdisttate\Stricturt Benthnrga Siiralittlop&erdol on or
attribut esot}j@él& if4 ?orﬁ&ﬁ%ﬂ rQEc&%bF&’m{aJﬁSpf JHRF 548 ?rgé%e%é thFé‘i‘rPééch‘i{op&&%bfé@P el
subuni t. For_exanple, e present rnvention deScribes various attributes
for a but t gsfinesgphysical [FEPE’fAAGe and a value state for an element of said physical control panel

of said target device;

c) defining and updating a status descriptor data structure representing current states
for said control objects in said computer readable memory unit of said target device; and

a) generating a user interface for controlling said target device by accessing said data
structures of said target device and communicating generic user events to said target device
for interpretation by said target device, said step d) performed by an intelligent controller
coupled to a network containing said target device and said intelligent controller.

2.The method of claim 1 wherein said steps take place in a network of consumer
electronic products and wherein said control panel is physical.

3. The method as described in Claim 1 or 2 further comprising the steps of:

e) said target device receiving a generic user event and interpreting said genetric user
event to determine a functionality to implement;

) said target device implementing said functionality; and
. g) said target device updating said status descriptor data structure to reflect any
changes resulting from step f).

4, The method as described in Claim 1, 2 or 3 wherein said élements of
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system, complex operations involving media transfers, media recordings and media
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presentation can be performed that involve two or more devices acting in concert.
However, interaction between these devices can be complex, error prone and

. laborious if it is required that each de\}ice be directly touched in order to properly
configure the desired operation.- The problems associated with properly configuring
the media operation can be exacerbated if one or more of the devices are remotely
located and/or need constant attention and or adjustment. What is needed is an
effective mechanism for interfacing with networked consumer electronic devices to
facilitate média operations between (Wo or more deviceé.

WO-A-96 14618 to Lone Wolf Corporation discloses a graphical control
system of a network of devices adopting a RS232: protocol and using a
visual network operating system based on an object-oriented programming
paradigm, where objects defining the physical appearance of the devices
reside on an intelligent controller which is separate from the devices.

In addition, it is often desired to provide remote control accéss to the features
performed by a consumer electronic device so that these devices can be accessed
from a central location within a home or office. 'H_owéver, not all consumer eiectronic
devices are able to provide a sophisticated display system for remote interaction,
e.g., some devices offer only a small liquid crystal dispiay (LCD) or a small

-collection of light emitting diodes (LEDs) as display devi;:es. What is needed is a
mechanism for interfacing rem(;tely with devices that provi&es a sophisticated level

. of user interaction for many devices. Also, in many consumer electronic systems,
each device can have its own remote control unit. In systems having-éven' a modest
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units. 5. The net hod according to Claim1, 2, or 3 whereih ol ‘

obj ect defines a control imge of an elenment, a size of said org}ggj;ﬁﬁw
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and a f lid states for said elenment. 6. Thé \
accordmmlﬂullalﬁﬂ“ﬂtﬂ |merei n each contrgl object additionallly _ '
first textcsturimg deftning a nane of said elenent and a seccrnd text string J
defining help information related to gRiflsel ement. 7. The wet+hod '

according to Claim5 wherein each control object additionally defines a
group identification wherein elenents are collected into discrete groups
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b) defining at least one descriptor list data structure containing a plurality of control

objects in a computer readable memory unit of said target device wherein each

- control object defines a physical appearance and a value state for an element of said
physical control panel of said target device;
c) defining and updating a status descriptor data structure representing current
states for said control objects in said computer readable memory unit of said target
device; and |
d) generating a user interface for controlling said target device by accessing said
data structures of said target device and communicating generic user events to said
target device for interpretation by said target device, said step d) performed by an
intelligent controller coupled to a network containing said target device and said
intelligent controller.

2. The method according to Claim 1 wherein said steps take place in a network
of consumer electronic products and wherein said control panel is physical.

3. The method according to Claim 1 or 2 further comprising the steps of:

e) said target device receiving a generic user event and interpreting said generic
user event to determine a functionality to implement;

f) said target device implementing said functionality; and

g) said target device updating said status descriptor data structure to reflect any
changes resulting from step f).

4. The method according to Claim 1, 2 or 3 wherein said elements of said
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controller is a set-top-box coupled to a television as said display. 11
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6.  The method according to Claim 5 wherein each control object

e target device conprises a conputer

| i gent

additionally

defines a first text string defining a name of said element and a second text string

defining help information related to said element.

7. The method according to Claim 5 wherein each control object

additionally

defines a group identification wherein elements are collected into discrete groups

that share a common layout area within said control panel of said target device.

8. The method according to Claim 4 wherein said step d) comprises the steps of:

dl) accessing said plurality of control objects by accessing said identifier descriptor
data structure and said descriptor list data structure;

d2) displaying graphic iméges of said elements of said control panel onto a display
of said intelligent controller;

d3) receiving input from a user interacting with said graphic images;

d4) translating said input into generic user events; and

d5) communicating said generic user events to said target device to simulate user

interaction with said elements of said physical control panel.

9. The method according to Claim 7 wherein said step d) further comprises the
steps of:

d6) accessing said status descriptor data structure upon notification of a change in
state of said target device; and

d7) updating said graphic images of said elements of said physical control panel
based on said change in state.

10. The method according to Claim 7 wherein said intelligent controller is a

r eadabl e
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intelligent controller is for accessing said data structures of said renote

target device and comuni cating generic user events over said bus to said
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further rfemotedarjetidedica. generic user event and interpreting said generic
user event to determne a functionality to inplenment; wherein said renote
target device is for inplenenting said functionality; and wherein said

renote tfggetady 'rﬁgnibgﬁ(grph?ﬁgrfgk??g)r%g?gi_dstat us descriptor data structure

to reflect any changes resu i npl enenting said functionality.
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wherein said remote target device comprises a computer readable memory
containing:
an identifier descriptor data structure defining a hierarchy for elements of a
control panel of said remote target device by pointing to descriptor list data
structures;
at least one descriptor list data structure including control objects wherein
each control object defines a physical appearance and a value state for an element
of said control panel of said remote target device; and
a status descriptor data structure representing current states for said control
objects; and
wherein said intelligent controller is for accessing said data structures of said remote
target device and communicating generic user events over said bus to said remote
target device for interpretation by said remote target device.

13. The network according to Claim 12 wherein said remote target device is
further for receiving a generic user event and interpreting said generic user event to
determine a functionality to implement;

wherein said remote target device is for implementing said functionality; and
wherein said remote target device is for updating said status descriptor data
structure to reflect any changes resulting from said implementing said functionality.

14.  The network according to Claim 12 wherein each control object defines a
control image of an element, a size of said control image and a value range of valid
states for said element.
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wherein said intelligent controller is also for communicating said generic user events

to said remote target device to simulate interaction of a user with said elements of
said control panel.

16.  The network according to Claim 13 wherein said intelligent controller is further
for accessing said status descriptor data structure upon notification of a change in
state of said target device; and

wherein said intelligent controller is further for updating said graphic images of said
elements of said control panel based on said change.

17.  The network according to claim 13 wherein said control panel is a virtual
control panel.
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A method and system for providing a user interface
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for a networked target device using panel subunit descriptor
information maintained by the target device. The present
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invention utilizes a panel subunit to allow any compliant
device (e.g., a target device) to describe the appearance

Rear Pansl

General List

of its physical (and logical) controls and displays to
another device (e.g., an intelligent controller) and allows

Information
Control 1

the controller to trigger actions on the target as if a
user had physically manipulated the controls on the target
device directly. The panel subunit uses objects defined
with scveral standard types of controls and displays (c.g.,
1push buttons, sliders, dials, LCD screens, etc.) that are
commonly found on consumer electronic devices. The
control types have well defined behaviors (e.g., buttons are
pushed, dials are moved, values are input, etc.). In addition,
the panel subunit defines a set of commands which are to
be applied to any of these controls when selected by the
user. The commands are defined to be sufficiently generic
so that they apply to most types of controls. The panel
subunit also defines generic user interaction commands (or
user events) which can be applied to the controls (e.g.,
press, press and hold, release, input value, etc.) by a
user. The purpose of these user events is to encapsulate
the typical user manipulated action for the controls and to
let the target device decide the manner in which to interpret
the user actions on its own. A status descriptor keeps the
intelligent controller informed of the status of the target
device being manipulated.
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