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SYSTEMS AND METHODS FOR PRIORITIZING THE
STORAGE LOCATION OF MEDIA DATA

BACKGROUND

TECHNICAL FIELD

The present disclosure generally relates to digital recording devices, and more
specifically, the storage location of media data associated with a digital media

recording device.

DESCRIPTION OF THE RELATED ART
Dagital recording devices can be used for recording media signals, such as
audio and/or video signals, in a digital format. Such devices may also be used for the

storage and playback of such signals. One specific example of such a digital media

recording device may be referred to as Digital Video Recorder (DVR) or Personal

Video Recorder (PVR).

In general, a DVR may be used to schedule and record future television
programs, for buffering live television programs in a time-shift buffer, and/or
playback of the digitally recorded media. The incoming media signals may be
received, potentially decrypted and/or encoded, and digitally stored on a storage
medium. The storage medium is commonly a non-volatile storage device such as a
hard disk drive (HDD) (i.e. hard drive), among other acceptable mediums. Such an

HDD can write the digital media data on a magnetic surface of the HDD disk platters

and read the media data at later times for playback.
Conventional DVRs include an HDD located inside the housing of the DVR

for storing the media data. However, because of the heavy processing power used

with DVRs, in addition to the heat generated from the internal HDDs, the
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environment inside of the enclosure can become very hot, especially under heavy use

of the DVR. Further, in the event of an HDD {failure, it can be very difficult to replace
the HDD. In some cases, such replacement may be impossible to perform by an end

user without voiding the manufacturer warranty. Such an issue 1s exacerbated by the

aforementioned heat problems, which can cause premature failure of electronic

devices, such as the HDD.

Although conventional DVRs include an HDD located inside the housing of

the DVR for storing the media data, other DVRs, such as the Explorer 8300 model

available from Scientific-Atlanta, Inc., include the capability of attaching an external
HDD to the DVR through a high-speed communications bus. However, despite
having both an internal and external drive, the heat buildup within the enclosure and
the issues of premature failure remain.

Furthermore, although the external HDD may provide a user with additional
storage space, some users may cause the external HDD to be powered off or otherwise
unavailable at times. However, such activity can pose problems if a user would like to
watch programming recorded on the external device at a time when the external HDD

1s not available to the DVR.

Accordingly, it 1s desirable to provide a media recording device that can be

configured to mitigate these potential deficiencies, among others.

BRIEF DESCRIPTION OF THE DRAWINGS

The components in the drawings are not necessarily to scale relative to each

other. Like reference numerals designate corresponding parts throughout the several

VIEWS.
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FIG. 1 depicts a block diagram of an arrangement of a digital video recorder
(DVR) in accordance with embodiments of the present disclosure.

FIG. 2 depicts a block diagram of selected system components of an
exemplary embodiment of the DVR of FIG. 1

FIG. 3 depicts a flow diagram illustrating an embodiment of a method for
selecting the priority logic used for prioritizing the storage location of media data that
may be implemented by the DVR of FIG. 2.

FIG. 4 depicts a flow diagram of an embodiment of a method for prioritizing
the storage location of media data capable of being used by the DVR of FIG. 2.

FIG. 5 depicts a flow diagram of an embodiment of a method for prioritizing
the storage location of media data to the external storage of the DVR of FIG. 2.

FIG. 6 depicts a flow diagram of an embodiment of a method for prioritizing
the storage location of media data to the internal storage of the DVR of FIG. 2.
FIG. 7 depicts a flow diagram of an embodiment of a method for selecting the

storage location of media data based on a comparison of the characteristics of the

availlable storage devices of the DVR of FIG. 2.

DETAILED DESCRIPTION
FIG. 1 depicts an embodiment of an arrangement 100 of a digital media
recorder in accordance with embodiments of the present disclosure. According to

embodiments described herein, the digital media recorder can be a digital video
recorder (DVR) 102, which can be configured to record video and/or audio. However,
according to some embodiments, the digital media recorder could be, among other

devices used for recording digital media, a personal video recorder (PVR), a personal
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digital recorder (PDR), or could be a personal computer, laptop computer, personal
digital assistant (PDA) configured to execute media recording capabilities.
DVR 102 could be, for example, an Explorer 8300 model available from
Scientific-Atlanta, Inc., as modified by the teachings included herein, or any other
5  device capable of recording media signals. According to some embodiments, DVR
102 may also be embedded within, or otherwise associated with, other electronic
devices such as a cable television set-top box (STB), a tuner, a television, and/or a
satellite-television receiver, among others. DVR 102 can be configured to receive
media signals from a media signal source 104, and may also be in communication
10  with a playback device, such as television 106. The playback device could also be a
computer display, portable device, audio receiver, among other devices capable of
emitting or displaying media.
Media signal source 104 could be, but is not limited to, a satellite television
source, an over-the-air Broadcast source, a cable-television (CATV) system, or could
15 be a provider of signals received over a network (i.e. LAN., WAN, Internet, efc.) from
a remote source. Thus, it can be appreciated that media signal source 104 could be any
of a number of sources of analog or digital media signals, such as video and/or audio
signals. Media signal source 104 can also transmit additional network data, including
Internet traffic, teletext, closed-captioning, programming guide information, among
20  others. Media signal source 104 can transmit such signals to DVR 102, which may
be located at a customer premises 108. Although only one media signal source is
depicted, it can be appreciated that DVR 102 could also accept media signals from
more than one media signal source. For example, DVR 102 may receive signals from

a CATYV system as well as an over-the-air antenna.
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Television 106 can, for example, receive and emit signals from DVR 102
representing the recorded media signals. For example, television 106 may be capable
of emitting the recorded audio and video signals. Television 106 may also be used
for displaying any windows associated with a graphical user interface generated by
DVR 102.

FIG. 2 1s a block diagram depicting selected system components of an

exemplary embodiment of the DVR 102 of FIG. 1. Omitted from FIG. 2 are a number

of conventional components, known to those skilled in the art, that are unnecessary to
explain the operation of the disclosed systems and methods for prioritizing the storage
location of media data. Media data represents digitally encoded media content (i.e.
audio signals, video signals, efc.). Media content may also be referred to herein as
media programs or media programming.

FIG. 2 depicts several components commonly communicating through a local
bus 200. For example, DVR 102 may include a communications interface 202 for
rece1ving video, audio and other media signals from media signal source 104 (FIG. 1).
DVR 102 may also include a tuner system 204 which could include, for example, a
tuner for receiving and selecting one or more selected channels of media signals. For

example, tuner system 204 can tune to a particular television station, and the media

signals associated with this station can be recorded by the DVR 102.

DVR 102 can further include at least one processor 206 for controlling the
operations of the DVR 102 and an output system 208 for driving a playback device
(e.g., television 106). An input system 210 can receive user inputs provided via a
wired or wireless input device such as, for example, a hand-held remote control, a
transmitter with buttons or keys located on the exterior of the DVR, and/or a

keyboard.
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Network interface 212 can transmit and/or receive data over a network such as
a LAN, WAN, or the Internet. For example, data may be transferred to/from another
DVR, a media signal source, or a centralized server through network interface 212.
Such data could be media signals and or other data, such as programming information,
or other data capable of being stored and or displayed to the user. Network interface
212 may comprise, for example, an Ethernet interface, an IEEE-1394 interface, a USB

(Universal Serial Bus) interface, a serial interface, a parallel interface, a wireless radio

frequency (RF) interface, a telephone line interface, a power line interface, a coaxial

cable interface, and/or an infrared (IR) interface, among others.

Memory 214, which may include volatile and/or non-volatile memory, can
store one or more programmed software applications, herein referred to as
applications, which contain instructions that may be executed by processor 206 under
the direction of operating system 216. Input data used by an application can be stored
in memory 214 and read by processor 206 as needed during the course of the
application’s execution. This input data may be data stored in memory 214 by a

secondary application or other source, either internal or external to DVR 102, or may

be data that was created with the application at the time it was generated as a software

application program. Other logic may also be stored in memory 212 for operation of

the DVR 102.
Internal storage 218 may comprise a recordable medium and may be a number

of devices available for non-volatile data storage, such as, among others, a hard disk

drive (HDD), optical drive, or flash memory, for example. Although depicted as
separate components, internal storage 218 and memory 214 could even be the same

device. Internal storage 218 may be used for storing media data, such as encoded

media signals received through communication interface 202 and/or network interface
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212. It should be understood that media content can be digitally encoded before being
stored on recordable medium by the DVR itself or by means external from the DVR,
such as the media signal source or a cable set-top box. Media content may be stored
on the recordable medium in an encrypted or unencrypted state.

Like internal storage 218, external storage 220 may also comprise a recordable

medium and may be a number of devices available for non-volatile data storage, such
as, among others, a hard disk drive (HDD), optical drive, or flash memory, for
example. However, unlike internal storage 218, which is located within the DVR
enclosure (i.e. housing) 219, external storage 220 can be removably attached to DVR
102 through a high-speed interface, such as high-speed communication bus 222.

External storage 220 could even be located remotely from the DVR, such as in
other rooms or locations within a house. In some instances, external storage 220 can
be removably attached to DVR 102 through a wireless connection.

Although only one external storage device may be used in some embodiments,
it is contemplated that external storage 220 may comprise a plurality of storage
devices 220a — 220n. For example, devices 220a — 220n could be a plurality of
HDDs. It can be appreciated that the one or more HDDs could be provided with an
equal number of high-speed communication buses 222, could be daisy chained, or
could otherwise be combined to communicate with DVR 102 over one or more
communication interfaces using a hub or other similar device.

High-speed communication bus 222 could be a bus operating under the

Advanced Technology Attachment (ATA) standard, and more specifically, the Seral-
ATA (i.e. SATA) standard version 2.5, which is available from the Senal ATA
International Organization.

According to such an embodiment, DVR 102 may include a communications interface
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comprising an attachment port on the housing 219 of the DVR that cooperatively
mates with the plug of external storage 220. A cable complying with the high-speed
bus (i.e. a cable complying with the SATA standards) may provide the transmission
medium between external storage 220 and the DVR 102. According to other
embodiments, high-speed communication bus 222 could be a bus complying with the
IEEE 1394 (Firewire) or the Universal Serial Bus (USB) standards, among others.
Regardless of the specific standard used by high-speed communication bus
222, or another communications interface, it can be advantageous for the
communications interface to be capable of providing a medium for the transmission of
media signals to be stored on the external storage 220 in real-time. In addition, the
communications interface may also provide a medium for the transmission of any
other data used to operate DVR, which may be communicated at the same time that
media data is being recorded by external storage 220. Such other data could be, for
example, data requested for playback of programming stored on the external device.
According to some embodiments, the external storage 220 may be provided in
a self-supporting, external housing. For example, the housing may include an
integrated power supply for powering to the external storage, and may also provide

cooling devices, such as fans and/or heat dissipating devices.
According to some embodiments, DVR 102 may include a communications
interface comprising a slot or port for readily removable media. The readily

removable media could be flash memory, an HDD, optical media, or magnetic media,
among others. The slot or port can be used for inserting and/or removing the device,

which may be physically located internal or external to the housing of the DVR.
Thus, depending on a selected embodiment, readily removable media could comprise

internal storage 218 or external storage 220.
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User input received during the course of execution of any processes
implemented by DVR 102 may be received from an input device (not shown) via
input system 210, transmitted through the bus 200, at least temporarily stored within

memory 214, and communicated to processor 206. Data generated by an application

may be stored in memory 214 by processor 206 during the course of the application’s
execution. Availability, location, and amount of data generated by one application for
consumption by another application can be communicated by messages through the
services of operating system 224, among others. Hence, preferences for the operation
of the DVR functions can be input by, among others, a subscriber using an infrared
remote and/or remotely under the control of an entity other than the user (e.g. by a
command or other configuration change transmitted from the cable head-end).
Changes to decision-making logic associated with the applications described herein
can be made by a variety of mechanisms under software control.

A navigator application 226 provides a navigation framework for services
provided by DVR 102. Navigator 218 registers for, and in some cases reserves,
certain user inputs related to navigational keys such as channel increment/decrement,
last channel, favorite channel, efc. Navigator 218 also provides users with television
(or other programming) related menu options that correspond to DVR functions such
as, for example, providing an interactive pré gram guide, blocking a channel or a group
of channels from being displayed in a channel menu, recording particular channels,
playback of recorded shows, efc..

Under user instruction, DVR application 228 can perform the general tasks of

recording and/or and playing back received programs. DVR application 228 can
include priority logic 230 for determining the location to store media data (e.g. when

recording television programming or when buffering live television). For example, in
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the case that the DVR 102 includes both internal storage 218 and external storage 220,
priority logic 230 can define a priority scheme which may comprise sets of rules for
directing the media data either to internal or to external storage. Depending on the
priority logic 230 used, a selected storage location preference (i.e. internal or external
device) can be set while potentially allowing a fallback to an alternate storage location
based on the sets of rules. A number of embodiments describing the potential
embodiments of priority logic 230 will be described in detail below.

Applications, such as navigator 226 and DVR application 228, can utilize

services provided by window manager 232 and/or other graphics utilities provided by

operating system 224 to draw dialog boxes, menus, graphics, efc. for display on

playback device 106. Window manager 232, which in one embodiment is part of
operating system 224, contains functionality for allocating screen areas and managing
screen use among the various applications. Accordingly, window manager 232 can
provide the user interface for the DVR. Accordingly, window manager 232 may, for
example, be directed by DVR application 228 to display information regarding the
selection and/or input related to the sets of rules that comprise priority logic.

The applications executed by DVR 102 can comprise executable instructions
for implementing logical functions. The applications can be embodied in any
computer-readable medium for use by or in connection with an instruction execution
system. The instruction execution system may be, for example, a computer-based

system, a processor-containing system, or any other system capable of executing or

Interpreting instructions. In the context of this document, a “computer-readable

medium” can be any means that can contain, store, communicate, propagate, or
transport the program for use by or in connection with the instruction execution

system, apparatus, or device.

10
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The computer-readable medium can be, for example, but is not limited to, an
electronic, solid-state, magnetic, optical, electromagnetic, infrared, or semiconductor

system, apparatus, device, or propagation medium, either internal to DVR 102 or

}

externally connected to the DVR 102 via one or more communication ports or

network interfaces. More specific examples (a non-exhaustive list) of the computer-

readable medium would include the following: an electrical connection (electronic)

having one or more wires, a portable computer diskette (magnetic), a hard drive
storage device (magnetic), a random access memory (RAM) (solid-state device), a
read-only memory (ROM) (solid-state device), an erasable programmable read-only
memory (EPROM or Flash memory) (multiple devices), an optical fiber (optical), and
a portable compact disc read-only memory (CDROM) (optical). Note that the
computer-readable medium could even be paper or another suitable medium upon

which the program is printed, as the program can be electronically captured, via for

instance optical scanning of the paper or other medium, then compiled, interpreted or

otherwise processed in a suitable manner if necessary, and then stored in a computer

memory.

FIG. 3 1s a flow diagram illustrating a method embodiment 300 that can be
used for selecting a set of one or more logical rules that determines the physical and/or
logical location to store media data when DVR application 228 records television
programming and/or buffers live television. In other words, method embodiment 300
can be used for setting the priority logic 230 of FIG. 2.

For example, as brietly described above, in the case that the DVR 102 includes
both internal storage device 218 and external storage device 220, the priority logic 230
can, for example, define whether to prioritize the recording of media data onto one or

more external storage devices, prioritize the recording of media data onto one or more

11
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Internal storage devices, or record media data on the storage devices (i.e. internal or
external) based on a comparison of the internal and external storage device

characteristics, among other considerations.

According to some embodiments, the priority logic related to the storage
location of a time-shift buffer may be set independently of, for example, the storage

location of scheduled recordings. Specifically, in terms of digital media devices, a
time-shift buffer may be known as the storage space allocated on a storage device for
recording real-time media signals (e.g. on a currently selected channel) allowing a
user to pause and rewind during real-time playback of the signals. Accordingly, the
priorty logic related to the storage location of the media data in the time-shift buffer
may include different logical rules from the rules applied to media data related to, for
example, scheduled programs.

According to some embodiments, the logical rules making up the selected
priority logic may be predetermined and non-configurable. Such a configuration may
appeal to manufacturers who are minimizing complexity or wish to maintain control
over the usage of their equipment. However, in the case that such flexibility is
afforded, whether by user selection or automatic selection, the flow diagram of
method embodiment 300 describes an exemplary process for providing the capability
of selecting the desired logical rules.

At block 302, DVR application 228 may detect a potential priority logic
change event. A priority logic change event may, for example, be an indication that
the priority logic should be checked and potentially updated.

For example, one event indicating that the priority logic may be updated is the
addition of a new external storage device. For example, if no external storage devices

are currently used, the priority logic may be changed to incorporate the use of the

12
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external device. Accordingly, at block 302a, a new external storage device can be
detected. For example, such detection can be performed by operating system 224, and
operating system 224 can provide a signal to DVR application 226, that a newly

connected external storage device has been detected.
Similarly, block 302b represents that the detection of the removal of at least

one external storage device could also trigger an indication that revised priority logic
may be needed. In fact, if no external devices remain available, the priority logic 230
may be configured to direct all media data to internal storage.

As yet another example of a potential priority logic change event, block 302¢
represents the detection of a requested user selection of priority logic. For example,
DVR application 228, through window manager 232 and/or navigator 226, may
provide such user selection capabilities through one ore more menu-driven user
interfaces.

Accordingly, one will appreciate that the above change events are merely
examples, and a number of other potential priority change events including, but not
limited to, the set-up and initialization of the DVR 102, a detection of the used
capacity of one or more storage devices, the relative usage of one or more storage
devices, the temperature of the one or more storage devices, reliability measures of the
storage devices, efc.

As 1ndicated above, some embodiments of DVR application 228 may be
configured to allow a user selection of the rules that define the priority logic, while
other embodiments may be configured to respond to the priority change events

automatically without allowing and/or requesting a user’s input. The decision to
allow or restrict a user selection of priority logic may also, for example, be configured

to depend on the type of priority change event detected, the available storage devices,

13
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and/or the desired simplicity of the system, among others. It can be appreciated that
some users may wish to have the option of controlling the storage location of media
data, while other users would rather DVR 102 control all aspects for simplicity.
Accordingly, such control may also be user configurable.

Accordingly, upon detecting that a priority change may be needed, at decision
304, the DVR application 228 can determine whether a user selection of priority logic

1s to be provided. If a user selection is not to be provided (the NO condition), the

DVR application may automatically select appropriate recording logic at block 310.
For, example, the priority logic to select may be predefined or determined based on
predetermined logical rules. However, if a user selection is to bé provided (the YES
condition), at block 306 DVR application 228 can request that window manager 232
displ'ay a user interface that displays a ﬁmnber of options for selecting the desired
rules to be used for the priority logic. Such options could range from providing
limited control to detailed control over the priority logic, and may also provide the
user with the option of independently selecting the priority logic related to the time-
shift buffer. The options may vary depending on the available sets of rules capable of

being implemented the priority logic, some examples of which are described below.
At block 308, user selections are received by window manager 228 (e.g.
through input system 210). Once the user selections have been received, window
manager 232 can supply the selections to priority logic 230 for use in applying the
user selections to the recording logic used by DVR application 228.
At block 312, the selected priority logic can be applied, which may include

storage 1n a location in memory 214 and/or a storage device. For example, at block

314 rules may be applied to for prioritizing the recording of media data on an external

storage device. According to such priority logic, the DVR application 228 is
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configured to preferentially record media data on the external device before recording
media data on the internal storage device. For example, the recording logic may
specify that, so long as space is available on the external device, or could be made
available through the deletion of other media data, the media data is to be recorded on
external storage device 220. Logic can be used to determine whether particular media
data can be deleted to make room for the recording on the designated storage device
based on defined characteristics (e.g. if the media data is flagged as permanently
stored, efc.). It can be appreciated that other logical exceptions could be used in
determining whether to follow the preference of recording on the external drive first.
For example, such exceptions could be based on whether the external drive is
availlable for storage (e.g. connected and powered-up, etc.), the disc activity, error
conditions, efc. In such embodiments, by default, the priority logic defines that media

data is to be stored to the external device barring one or more exceptional conditions.
Similarly, at block 314 priority logic may be set for recording media data using

internal storage 218. According to such priority logic, the DVR application 228 is
configured to preferentially record on the internal device before using the external
storage device for media storage. For example, the recording logic may specify that,
so long as space 1s available, or could be made available through the deletion of other
media data (e.g. media having defined characteristics), the media data is recorded on
internal storage device 218. For example, such exceptions could be based on disc
activity, the temperature within the enclosure, error conditions, whether other storage
devices are available, efc. It can be appreciated that other logical exceptions could be
used in determining whether to follow the preference of recording on the internal

drive first. Nonetheless, in such embodiments, by default, the priority logic defines
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that media data 1s to be stored to the internal device barring one or more exceptional

conditions.

Although the priority logic could be made to apply to all programming subject
to the specified conditions, according to some embodiments, the priority logic could

specity that media data is to be preferentially stored to a particular device based on the
media programming itself. For example, the priority logic could be based upon

attributes of the media programming such as, for example, the type of programming
(i.e. sports, news, cartoons, children’s shows, efc.) or program information (i.e. the
title of the programming, the people or entities portrayed in the media programming,
whether the media programming is first-run or a re-run, efc.).

According to some embodiments, such media attributes could be used to form
exceptions to a general preference that media be stored to a particular device. For
example, the priority logic can define that media data is to be stored to the internal

device unless the programming has particular media attributes. In this case, the media
data can be directed to the external storage device.

Similarly, at block 316, priority logic may be configured to select a storage
location for the media data based on a comparison of properties associated with the
available internal and/or external storage devices. For example, according to one
embodiment, a comparison of the capacity of the various internal and/or external
storage devices can be used. For example, the priority logic 230 can be configured to

define that media data is to be preferentially stored to the storage device having the

most available capacity at the time of recording (subject to any exceptions similar to
those discussed with respect to blocks 314 and 316). Thus, if more recording space is

available on the external drive, the media data is preferentially recorded on the

external storage device 220. In the case that internal storage device has more storage
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space available, the recording logic may specify that the media data be preferentially
recorded on the internal storage device 314. It can be appreciated that other logical
determinations could be made to determine the preferred storage device based on a
comparison of associated properties. For example, media data could be directed the
storage device under less activity load (i.e. disc activity), to the device having a lower

temperature, efc.

Once the rules defining the priority logic are selected, the priority logic may
be, for example, stored for future use in non-volatile memory, such as internal storage
218, and accessed by DVR application 228 at a time when DVR application 228
receives an indication that media data is to be recorded, e.g. buffering live television,
recording scheduled programming, efc.

Each of the various recording logic schemes have respective advantages that

can be exploited by the user and/or manufacturer of the DVR. For example, priority
logic used for preferentially recording media data on an external storage device,
before using the internal device, can be advantageous for a number of discovered
reasons. For example, it can be advantageous to direct the majority of wear and tear
to the storage device that is the easiest to replace. As mentioned above, external
storage device 220 can be configured to be easily detached and replaced. In contrast,
internal device 218 can be relatively difficult to replace for many users, and doing so
may void warranties in place by the manufacturer. Accordingly, by shifting the wear

and tear to an easily replaceable external storage device, the usable lifetime of the

DVR 102 can be potentially extended.

Additionally, the recording and playback of media programs on some devices,

such as HDDs, can cause the devices to increase their emission of heat, relative to the

amount of heat emitted when not under load. When installed inside the enclosure of
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DVR 102, this heat can adversely affect the storage device itself, as well as other

components inside of the DVR. To mitigate these effects, conventional DVRs may
include fans to increase the air flow through the enclosure in order to cool the devices
within the DVR. However, such fans can be noisy and are prone to failure.
Accordingly, the heat buildup within the DVR enclosure can be mitigated by directing
the playback and recording to an external storage device, thereby extending the
lifetime of the DVR system components and reducing the need for auxiliary cooling.

In other situations, using priority logic defining that the media data be
preferentially stored onto internal storage 218 can be advantageous. For example,
users that wish to disconnect their external storage devices and still be able to
playback much of the recorded media data may prefer that most recordings be stored
on the internal device. Additionally, some external storage devices may include
supplementary cooling (e.g. fans) that may increase in noise as the use of the storage
device (and related heat emissions) increases. Accordingly, in an effort to reduce
ambient noise, some users may prefer that the external storage device be used
secondary to the internal storage.

Likewise, priority logic set to record media data based on a comparison of the

properties associated with the available storage devices can be useful for simplicity or

for exploiting associated drawbacks with the properties being compared. For
example, storing media data to the device having less activity load may result in
relatively better performance, while storing media data to the device having a lower
temperature can potentially result in less errors and extend the life of the storage

devices and components around the storage devices.

Now that systems and methods for selecting the priority logic have been

provided, further description of how DVR application 228 may use such priority logic
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is described in more detail. Specifically, FIG. 4 depicts an embodiment of a method
400 for using the priority logic. At block 402, DVR application 228 may receive a
signal that media data is to be stored onto a storage device. For example, this signal
may be an indication that media content is to be recorded or that a user has selected
real-time programming (i.e. which may trigger the set-up of a time-shift bufter).
According to some embodiments, the indication that media content is to be

recorded could be received as a result of a user instructing the DVR 102 to record a

particular channel or could be the result of a previously scheduled recording being

triggered automatically by the DVR application, among other reasons.

At block 404 the current priority logic can be retrieved from memory for use in
determining the storage location for the media content. For example, the DVR
application 228 can request that the currently applied recording logic be retrieved
from internal storage 218 or from a location in memory 214. DVR application 228
then may then determine the storage device to store the media data to based on the
loaded recording logic. According to some embodiments, a priority logic process

distinct from DVR application 228 can be used to control the storage and retrieval of

priority logic from memory and communicate the priority logic to DVR application
228.

For example, at block 406, if the priority logic indicates that data 1s to be
prioritized to the external storage device the process depicted in FIG. 5 may be carned
out. Similarly, at block 408, if the priority logic indicates that media data is to be

preferentially recorded to the internal storage device, the blocks depicted in FIG. 6

may be carried out. Further, at block 410, if the priority logic indicates that data is to
be recorded based on a comparison of available devices, the blocks depicted in FIG. 7

may be carried out.

19



CA 02652745 2008-11-14

WO 2007/121388 PCT/US2007/066681

10

15

20

25

Accordingly, FIG. 5 depicts an embodiment of a process 500 that may be
carried out by DVR application 228 if the priority logic indicates that media data is
preferred to be recorded to an external storage device. At decision block 502, DVR
application 228 may determine whether the desired external storage device is
available for recording media data. For example, DVR application 228 may request
such information from operating system 224, which can determine whether the

external storage device is connected to DVR 102 and/or otherwise available to record

media programs (e.g. whether the external storage device is powered, has no critical

error conditions, efc.).

In the event that priority logic 230 determines that the external storage device

1s not available (the NO condition), priority logic 230 can select an alternate storage
device for recording the media data at block 504. For example, priority logic 230 may
select another external storage device (i.e. one of storage devices 220a — 220n) or may
default to using the internal storage device. Such a decision can be predetermined or,
1f available, the user may be requested to make the decision through input supplied
through one or more dialog boxes generated by window manager 232.

However, 1n the event that the external storage device is available, at decision

block 504, DVR application 228 may determine whether available storage space is

available on the external storage device to record the media programming. Such
storage space information can be determined, for example, by requesting the storage
space information from operating system 224, which may return a value representing

the amount of space available for data storage on the external storage device. The
space available could, for example, be measured in bits, bytes, megabytes, or
gigabytes. The space available can then be compared to the amount of media data

associated with the recording.
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In the case of scheduled media programming, the amount of media data
associated with the recording may be determinable based on, among other variables,
the resolution, frame rate, bit rate, and the length of the scheduled recording. In some
cases, this determination may be an estimation of the actual space needed (e.g. due to

variable compression of the underlying media signal) and/or could be a predetermined
fixed size estimation for the duration needed (e.g. 1500 MB for each hour of MPEG-2

encoded media data).
Similarly, in the case that the media data to be recorded will fill a time shift

bufter, the buffer size may be predetermined based on the amount of buffering
atforded by the DVR application 228. In some cases, this amount may be equal to the
amount of available space on a selected storage device. That is, DVR application 228
may use all available storage space to potentially buffer television being viewed in
real-time. In this case, for the purposes of determining whether the external device
has the storage capacity available for recording, it may be beneficial to predetermine a
minimum amount of storage space on the external device for the time-shift buffer.
However, according to other embodiments, the size of the time-shift buffer
may be predetermined. For example, DVR application may limit the time shift buffer
to a maximum of 30 minutes of buffering and/or by limiting the time shift buffer to a
maximum media data storage capacity (e.g. 800 MB). Regardless of how the amount
of media data to be stored is determined, the total available capacity of the external
storage device can be compared to the amount determined to be needed for the storage

of the media data.

In the case that the external device does not have enough available storage

space to store the media data (the NO-A or NO-B conditions), some embodiments

may skip directly to block 504 (the NO-A condition) to determine an alternate storage
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device on which to record the programming, as explained above. However, according
to some embodiments, at block 508 (the NO-B condition), any media data that 1s not
protected from deletion can be deleted to free available recording space on the
external storage device. That 1s, according to some DVR embodiments, the DVR may
be configured to automatically delete media data according to predetermined sets of
rules. For example, one set of rules may specify that programming may be protected
for a predetermined number of days before becoming eligible for deletion. According
to other rule embodiments, a predetermined number of recorded episodes may be
retained, and once this predetermined number is reached the oldest retained episode
can be deleted to make room for the recording of the most recent episode. One skilled
in the art can envision a number of similar rules for protecting and un-protecting
media files with respect to eligibility for automatic deletion. According to some
embodiments, only enough space is deleted to cause the external storage device to
have enough room for recording the desired media data.

Once non-protected media has been deleted, if any, the check for available
storage space at block 506 can be performed again. If the space available on the
external device 1s still not enough, block 504 (the NO-A condition) can be executed to
determine an alternate storage device upon which to record the media data.

However, 1n the case that available storage is available on the external device

(the YES condition), at block 510 the media data is recorded to the external storage

device. Once recorded to the external storage' device, even 1n part, in some

embodiments, the media data can be accessed for playback via DVR application 228.
Now looking to FIG. 6, an embodiment of a process 600 that may be carried

out if the recording logic indicates that data is preferred to be recorded to an internal

storage device. At decision block 602 priority logic 230 may determine whether
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storage space 1s available on the internal storage device to record the media
programming. Such information can be determined, for example, in a similar manner
as explained with respect to method 500.

In the case that the internal storage device does not have enough available

storage space to store the media data (the NO-A or NO-B conditions), according to

some embodiments, at block 604 (the NO-A condition) any media data that 1s not

protected from deletion can be deleted to free available recording space on the internal

storage device 1n a similar manner as explained with respect to freeing non-protected

data on an external storage device using method embodiment 500.

Once non-protected media has been deleted, if any, the check for available

storage at block 602 can be repeated. In the case that available storage is available on

the internal device (the YES condition of decision block 602), at block 608 the media
1s recorded to the internal storage device. Once recorded to the internal storage

device, the media can be accessed for playback via DVR application 228.
However, if the space available on the internal device is still not enough,
decision block 606 (the NO-B condition) can be executed to determine whether an

alternate storage device is available to record the media data. For example, DVR

application 228 may determine whether an external storage device is attached to the
DVR 102 and i1s available for recording media data. According to some embodiments,
blocks 502 — 506 of method 500 could be used to determine whether the external
storage device 1s available, whether there is available storage on the external device,
and/or whether any non-protected data on the external device can be deleted in order

to allow space for the media data to be recorded.
At block 610, 1f space is available on an external storage device (the YES

condition), the media data is recorded to the external storage device. However, if
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space 1s not available on the external storage device (the NO condition), block 612 can
be executed to handle the exception that no storage device is available for recording
the programming. These exceptions can be handled through the automatic deletion of
programming, an error displayed to the user, and/or a request for the user to delete
programming from the internal and/or external storage device, for example.

Looking now to FIG. 7, an embodiment of a method 700 that may be carried
out 1f the priority logic indicates that data is preferred to be recorded based on a
comparison of the available storage devices as discussed above. For example, at

block 702, one or more selected comparisons may be performed to determine the

selected storage device. Upon determining the storage device to use, the media data
can be recorded to this storage device at block 704.

Any process descriptions, steps, or blocks in the flow diagrams described
herein and/or depicted in the attached figures should be understood as potentially
representing modules, segments, or portions of code which include one or more
executable instructions for implementing specific logical functions or steps in the
process. Alternate implementations are included within the scope of the preferred

embodiments of the systems and methods described herein in which steps or functions

may be deleted, executed out of order from that shown or discussed, including
substantially concurrently or in reverse order, depending on the functionality involved,
as would be understood by those reasonably skilled in the art.

It should be emphasized that many variations and modifications may be made

to the above-described embodiments. All such modifications and variations are

intended to be included herein within the scope of this disclosure and protected by the

following claims.
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CLAIMS

1.

A method comprising:
- receiving an indication that a media program is to be recorded,;

- receiving a user selection of a plurality of logical rules to be applied for

storage of the media program;

- selecting one of a plurality of media data storage locations associated with a
digital media recorder based on logical rules that prioritize the storage of
media data to one of the plurality of storage locations over the other potential
storage locations, wherein at least one logical rule compares the relative

usage of the plurality of media data storage locations; and

- storing media data representing the media program to the selected media data

storage location.

The method of claim 1, wherein the user selection is limited only to all available logical

rules based on the detection of a priority change event, wherein receiving the user
selection1s performed using window manager configured to provide the available

logical rules based on the detected priority change event and wherein selecting one of a
plurality of media data storage locations is performed from the window manager.

. The method of claim 1 or claim 2, wherein the step of selecting one of a plurality of

media data storage locations comprises:

- selecting the media data storage location based on logical rules that prioritize

the storage of the media data between a first storage device and a second
storage device, the first storage device located internal to an enclosure of the
digita’I media recorder and the second storage device being removably

attachable to the enclosure of the digital media recorder.

The method of claim 3, wherein the step of selecting the media data storage location

includes prioritizing the storage of the media data to the second storage device over the

first storage device.

The method of claim 4, wherein the step of storing media data representing the media

program further comprnises:
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- storing media data representing the media program to the second storage

device unless an exception to storing the media data to the second storage

device applies.

6. The method of claim 5, further comprising:

5 - storing the media data to the first storage device in the event that the

exception to storing the media data to the second storage device applies.

7. The method of claim 4, further comprising:

- determining whether the second storage device has available storage for

storing the media data; and

10 - storing the media data to the first storage device in the event that the second

storage device does not have available storage for storing the media data.

8. The method of claim 4, further comprising:

- determining whether the second storage device is available for storing the

media data; and

15 - storing the media data to the first storage device in the event that the second

storage device 1s not available for storing the media data.

9. The method of claim 3, wherein the step of selecting the media data storage location
includes prioritizing the storage of the media data to the first storage device located

internal to the enclosure over the second storage device.
20  10. The method of claim 1 or claim 2, further comprising:
- detecting a potential priority logic change event; and

- at a time after detecting the potential priority logic change event, selecting the
logical rules that prioritize the storage of the media data to one of the

plurality of potential media data storage locations.
25 11. The method of claim 10, further comprising:

- displaying options for configuring the logical rules within a graphical user

interface; and
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- receiving a user selection from the displayed options, the user selection
indicating the logical rules to be applied to prioritize the storage of the media

data to one of the plurality of potential storage locations.

12. The method of claim 1 or claim 2, wherein the logical rules independently prioritize the
5 storage location of media data in a time-shift buffer and the storage location of other

media data.

13. The method of claim 1 or claim 2, wherein the step of selecting one of the plurality of

media data storage locations comprises:

- selecting one of the plurality of media data storage locations based on an

10 attribute of the media programming.
14. A digital media recorder comprising:
- a first storage device associated with the digital media recorder; and

- an interface for removably attaching a second storage device to the digital

media recorder, each of the first and second storage devices configured to

15 store media data representing programming from a media source, the digital
media recorder configured with logic for prioritizing the storage of the media

data to one of the first and second storage devices before storing the media

data to the other of the first and second storage devices, wherein at least one

logical rule 1n the logic compares the relative usage of the plurality of the first

20 and second storage devices.

15. The digital media recorder of claim 14, wherein the at least one logical rule is received
via a user selection of a plurality of logical rules to be applied for storage of the media
data, wherein the user selection is limited only to a subset of all available logical rules
based on the detection of a priority change event, wherein the available logical rules are

25 provided by a window manager configured to provide the available logical rules based on

the detected priority change event.

16. The digital media recorder of claim 14 or claim 15, wherein the logic for prioritizing the
storage of the media data directs the digital media recorder to store media data on the

second storage device unless an exception to storing the media data to the second storage

30 device applies.
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17. The digital media recorder of claim 16, wherein the first storage device is located internal
to an enclosure of the digital media recorder and the second storage device 1s located

external to the enclosure of the digital media recorder.

18. The digital media recorder of claim 14 or claim 15, wherein the logic for priontizing the
5 storage of the media data is configured with rules for determining which of the first and

second storage devices to store media data associated with scheduled programming.

19. The digital media recorder of claim 18, wherein the logic for prioritizing the storage of
the media data 1s further configured with rules for determining which of the first and
second storage devices to store media data within a time-shift buffer, the rules being

10 independent of the rules for determining which of the first and second storage devices to

store media data associated with scheduled programming.

20. The digital media recorder of claim 18, wherein the rules for determining which of the
first and second storage devices to store media data associated with scheduled

programming are based upon an attribute of the media programming.
15 21. The digital media recorder of claim 14 or claim 15, further comprising:
- logic configured to detect a potential priority logic change event; and

- logic configured, at a time after detecting the potential priority logic change
event, to select the logical rules that prioritize the storage of the media data to

one¢ of the plurality of potential storage devices.

20  22. The digital media recorder of claim 21, comprising:

- logic configured to display options for configuring the logical rules within a

graphical user interface; and

- logic configured to receive a user selection from the displayed options, the
user selection indicating the logical rules to be applied to prioritize the

25 storage of the media data to one of the plurality of potential storage locations.

23. A digital media recorder comprising:

- means for receiving an indication that a media program is to be recorded;

- means for receiving user selection of a plurality of logical rules to be applied

for storage of the media program;
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- means for selecting one of a plurality of media data storage locations
associated with the digital media recorder based on logical rules that
prioritize the storage of media data to one of the plurality of storage locations
over the other potential storage locations, wherein at least one logical rule

5 compares the relative usage of the plurality of media data storage locations;

and

- means for storing media data representing the media program to the selected

media data storage location.

24. The digital media recorder of claim 23, wherein the user selection 1s limited to a subset of
10 all available logical rules based on the detection of a priority change event, wherein the
means for receiving the user selection limited to the subset of all available logical rules

comprises a window manager configured to provide the available logical rules based on

the detected priority change event

25. The digital media recorder of claim 23 or claims 24, wherein the means for selecting one

15 of a plurality of media data storage locations comprises:

- means for selecting the media data storage location based on logical rules that
prioritize the storage of the media data between a first storage device and a
second storage device, the first storage device located internal to an enclosure

of the digital media recorder and the second storage device being removably

20 attachable to the enclosure of the digital media recorder.

26. The digital media recorder of claim 25, wherein the means for selecting the media data

storage location includes:

- means for prioritizing the storage of the media data to the second storage

device over the first storage device.

25  27.The digital media recorder of claim 26, wherein the means for storing media data

representing the media program further comprises:

- means for storing media data representing the media program to the second

storage device unless an exception to storing the media data to the second

storage device applies.

30  28. The digital media recorder of claim 26, further comprising:
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- means for storing media data to the first storage device in the event that the

exception to storing the media data to the second storage device applies.

29. The digital media recorder of claim 25, wherein the means for selecting the media data
storage location includes prioritizing the storage of the media data to the first storage

5 device located internal to the enclosure over the second storage device.
30. The digital media recorder of claim 23 or claim 24, further comprising:
- means for detecting a potential priority logic change event; and

- means, at a time after detecting the potential priority logic change event, for
selecting the logical rules that prioritize the storage of the media data to one

10 of the plurality of potential media data storage locations.
31. The digital media recorder of claim 23 or claim 24, further comprising:

- means for independently prioritizing the storage location of media data in a

time-shift buffer and the storage location of other media data.

32. The digital media recorder of claim 23 or claim 24, wherein the means for selecting one

15 of the plurality of media data storage locations comprises:

- means for selecting one of the plurality of media data storage locations based

upon an attribute of the media programming,
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