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MEDIA PLAYER WITH ACCELERATION 
PROTECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of and 
claims priority to U.S. patent application Ser. No. 10/463,700 
filed Jun. 16, 2003, and is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to computing devices 
and, more particularly, to media players. 
0004 2. Description of the Related Art 
0005 Personal computers often include disk drives to pro 
vide mass storage of data. A disk drive (also known as a hard 
drive) has a disk that stores data magnetically and includes a 
read/write head to read or write data to the disk of the disk 
drive. The read/write head, when in use, scans over the disk at 
a very close distance. Normally, personal computers are sta 
tionary when being used and thus not subjected to significant 
vibrations. However, when personal computers are moved or 
otherwise not stationary, abrupt movements of the personal 
computers can result in significant vibrations. Such signifi 
cant vibrations can cause the read/write head to undesirably 
make physical contact with the surface of the disk. Such 
undesirable physical contact can lead to loss of data and/or 
physical damage to the disk. When disk drives are not in use, 
the read/write head is placed in a park position Such that the 
read/write head is not placed over the disk and thus cannot 
physically damage the disk or the data stored thereon. 
0006. In recent times, computing devices have become 
Smaller and more compact. For example, there is a class of 
computing devices known as handheld computing devices. 
Handheld computing devices are sometimes more special 
ized computing devices than are general-purpose personal 
computers. For example, one type of handheld computing 
device is a portable (or personal) media player. Media players 
can also be referred to as consumer electronics products. A 
media player plays media, such as MP3 files, compact discs or 
DVDs, for the benefit of a user. The media player can utilize 
a disk drive to provide mass storage of media content that is 
played by the media player. The disk drive can remain in an 
“off” or “inactive' state such that the read/write head is often 
parked. However, when the disk drive is “on” or “active' and 
data is to be read from or written to the disk drive, the read/ 
write head is susceptible of damaging the disk should vibra 
tions occur during Such read/write operations. Some disk 
drives advantageously include a shock sensor to detect shock 
levels, and when a substantial shock is detected, the read/ 
write heads are stored over the center of the disk. 
0007 Conventionally, a cache memory is used to tempo 
rarily store media data that will soon be played. The cache 
memory offers rapid data access and reduces the need for 
constant access to the disk drive. Nevertheless, even with the 
use of a cache, a media player will periodically need to access 
the disk drive to refresh the cache contents with additional 
media data that is soon to be played by the media player. 
However, when such refresh is required, the presence of 
vibrations due to abrupt movements of the media player can 
lead to various problems. In particular, the vibrations can lead 
to physical damage of the disk drive as well as loss of data on 
the disk drive. Hence, there is a need to provide improved 
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techniques to access data stored on a disk drive in the case of 
highly portable computing devices, such as media players, 
that are often used in conditions that may lead to vibrations. 

SUMMARY OF THE INVENTION 

0008 Broadly speaking, the invention relates to a portable 
computing device and a method for operating a portable 
computing device. According to one aspect of the invention, 
a media player is able to protect its disk drive when being 
subjected to undesired levels of acceleration. Although the 
acceleration is undesired, the acceleration is often due to 
abrupt movement of the portable computing device. The por 
table computing device protects its disk drive by monitoring 
for Such accelerations and operating to avoid usage of the disk 
drive during periods of acceleration. Through Such protec 
tion, the likelihood of damage to the disk drive or loss of data 
stored on the disk drive is able to be substantially reduced. 
According to another aspect of the invention, a user of a 
portable computing device can be alerted when the portable 
computing device is being Subjected to undesirable levels of 
acceleration. One type of portable computing device that the 
invention is particularly suitable for use with is a portable 
media player. 
0009. The invention can be implemented in numerous 
ways including, as a method, system, device, apparatus, or 
computer readable medium. Several embodiments of the 
invention are discussed below. 
0010. As a method for operating a portable media player 
having media stored on a disk drive, one embodiment of the 
invention includes at least the acts of evaluating acceleration 
of the portable media player; determining whether the accel 
eration is Substantial; and altering an operation of the portable 
media player when it is determined that the acceleration is 
Substantial. 
0011. As a computer readable medium including at least 
computer program code for operatingaportable media player 
having media stored on a disk drive, one embodiment of the 
invention includes at least: computer program code for evalu 
ating acceleration of the portable media player, computer 
program code for determining whether the acceleration is 
Substantial; and computer program code for altering an opera 
tion of the portable media player when it is determined that 
the acceleration is substantial. 
0012. As a portable media player, one embodiment of the 
invention includes at least: a storage disk drive that stores 
media content for each of a plurality of media items; an 
acceleration monitor that monitors acceleration of the por 
table media player; a cache that temporarily stores the media 
content for a subset of the plurality of media items stored on 
the storage disk drive; and a processor that controls the por 
table media player to play the media content from the cache, 
and to refresh the media content in the cache by storing the 
media content for another subset of the plurality of media 
items stored on the disk drive. The processor controls the 
portable media player to evaluate the acceleration of the por 
table media player, and the processor operates to restrict 
access to the media items stored on the storage disk drive 
when the portable media player is undergoing acceleration. 
0013 As a portable media player, one embodiment of the 
invention includes at least: a storage disk drive that stores 
media content for each of a plurality of media items; an 
acceleration monitor that monitors acceleration of the por 
table media player; a cache that temporarily stores the media 
content for a subset of the plurality of media items stored on 
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the storage disk drive; and a processor that controls the por 
table media player to play the media content from the cache 
and to refresh the media content in the cache by storing the 
media content for another subset of the plurality of media 
items stored on the disk drive. The processor controls the 
portable media player to evaluate the acceleration of the por 
table media player, and the processor operates to produce a 
user feedback when the portable media player is undergoing 
acceleration. 
0014. Other aspects and advantages of the invention will 
become apparent from the following detailed description 
taken in conjunction with the accompanying drawings which 
illustrate, by way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The invention will be readily understood by the 
following detailed description in conjunction with the accom 
panying drawings, wherein like reference numerals designate 
like structural elements, and in which: 
0016 FIG. 1A is a block diagram of a portable computing 
device according to one embodiment of the invention. 
0017 FIG. 1B is a block diagram of a portable computing 
device according to another embodiment of the invention. 
0018 FIG. 2A is a flow diagram of acceleration manage 
ment processing according to one embodiment of the inven 
tion. 
0019 FIG. 2B is a flow diagram of vibration management 
processing according to one embodiment of the invention. 
0020 FIG. 3 is a flow diagram of disk drive control pro 
cessing according to one embodiment of the invention. 
0021 FIG. 4 is a flow diagram of disk drive control pro 
cessing according to another embodiment of the invention. 
0022 FIG. 5 is a block diagram of a media player accord 
ing to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0023 The invention relates to a portable computing device 
and a method for operating a portable computing device. One 
type of portable computing device that the invention is par 
ticularly suitable for use with is a portable media player. 
0024. According to one aspect of the invention, a portable 
computing device is able to protect its disk drive when being 
subjected to undesired levels of acceleration. Although the 
acceleration is undesired, the acceleration is often due to 
abrupt movement of the portable computing device. The por 
table computing device protects its disk drive by monitoring 
for Such accelerations and operating to avoid usage of the disk 
drive during periods of acceleration. Through Such protec 
tion, the likelihood of damage to the disk drive or loss of data 
stored on the disk drive is able to be substantially reduced. 
Even in the case that a disk drive has a shock sensor to protect 
its read/write head, the protection provided by the invention 
can provide earlier awareness and/or responsiveness to accel 
eration than might be provided by the shock sensor within the 
disk drive. 
0025. The portable computing device (e.g., media player) 
can, for example, be subjected to undesired levels of accel 
eration when its user carries the device and abruptly moves 
the device. For example, abrupt movement can result from the 
user carrying the device while running, jogging, standing-up. 
sitting-down, or by the user banging, dropping or throwing 
the device. 
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0026. According to another aspect of the invention, a user 
of a portable computing device can be alerted when the media 
player is being subjected to undesirable levels of acceleration. 
In other words, the user of the portable computing device is 
provided with feedback that alerts the user to the existence of 
undesirable levels of acceleration. As a consequence, the alert 
signifies that additional data (media) is not available to be 
retrieved from the disk drive and played. The feedback can be 
based on one or more of audio, visual, mechanical, sensory 
and the like. The feedback canalert the user to take corrective 
action to reduce accelerations imposed on the media player if 
they want to have additional data (media) played. For 
example, the feedback can encourage the user to reduce any 
accelerations that may be user-induced. 
0027 Embodiments of this aspect of the invention are 
discussed below with reference to FIGS. 1A-5. However, 
those skilled in the art will readily appreciate that the detailed 
description given herein with respect to these figures is for 
explanatory purposes as the invention extends beyond these 
limited embodiments. 
0028 FIG. 1A is a block diagram of a portable computing 
device 100 according to one embodiment of the invention. 
The portable computing device 100 includes a processor 102 
that couples to a disk drive 104 and a cache 106. The disk 
drive 104 stores data that is utilized by the portable computing 
device 100. The cache 106 provides a smaller amount of data 
storage that is able to be rapidly and efficiently retrieved as 
compared to the disk drive 104. Typically, the disk drive 104 
would provide non-volatile storage and the cache 106 would 
provide volatile storage. Often, the cache 106 is semiconduc 
tor memory, such as Random-Access Memory (RAM). The 
portable computing device 100 also includes a speaker 108 
for outputting audio Sounds, such as to a user. The processor 
102 could produce an audio output for the speaker 108 or 
additional circuitry (not shown) between the processor 102 
and the speaker 108 can produce the audio output. As an 
example, the additional circuitry can be a coder/decoder (CO 
DEC). 
0029. In addition, the portable computing device 100 
includes an acceleration monitor 110. The acceleration moni 
tor 110 can be implemented in a variety of different ways. For 
example, the acceleration monitor 110 can monitor vibration 
in one embodiment of the invention. 

0030 The acceleration monitor 110 can monitor accelera 
tion of the portable computing device 100 and yield accelera 
tion information. The acceleration information provided by 
the acceleration monitor 110 can be utilized by the processor 
102 in determining appropriate times to access the data stored 
on the disk drive 104. In general, access to the disk drive 104 
is managed based on the acceleration information. For 
example, when the acceleration information indicates pres 
ence of substantial acceleration, access to the disk drive 104 
can be substantially prevented. As another example, access to 
the disk drive 104 can be deferred until substantial accelera 
tion subsides. Additionally or alternatively, the acceleration 
information provided by the acceleration monitor 110 can be 
utilized by the processor 102 in determining whether and how 
to alter or inform its user of the presence of substantial accel 
eration. Once altered or advised, the user can intercede to 
reduce the acceleration of the portable computing device 100. 
For example, the user can steady or cease movement of the 
portable computing device 100 so that substantial accelera 
tions subside and access to the disk drive 104 can safely be 
performed. 
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0031 FIG. 1B is a block diagram of a portable computing 
device 150 according to another embodiment of the inven 
tion. The components of the portable computing device 150 
are similar to the components of the portable computing 
device 100 shown in FIG. 1A. However, the portable com 
puting device 150 provides the acceleration monitor 110 
within the processor 102'. In this regard, the acceleration 
monitor 110 can be considered to be implemented by hard 
ware, software, or both. In one example, the acceleration 
monitor 110 is implemented in software that is executed by 
the processor 102' in order to monitor vibration of the por 
table computing device 150. 
0032 Regardless of where and how the acceleration moni 
tor 110 is implemented, the acceleration monitor 110 serves 
to monitor the acceleration (e.g., vibration) of the associated 
portable computing device 100, 150. When substantial levels 
of acceleration have been detected, estimated or predicted, 
the associated portable computing device 100, 150 can 
respond in appropriate ways. For example, the presence of 
Substantial acceleration could cause any access to the disk 
drive 104 to be ceased or deferred while the substantial accel 
eration is present. As another example, the presence of Sub 
stantial acceleration can alert the user of the portable com 
puting device 100, 150 that excessive acceleration is present 
and thus suggest corrective action on behalf of the user. In still 
another example, when Substantial acceleration is present and 
the disk drive access is ceased or delayed due to the accelera 
tion, then alternative data can be retrieved from the cache 106 
and utilized in place of the originally requested data present 
on the disk drive 104. 
0033. The portable computing devices 100, 150 are typi 
cally small computing devices that are highly mobile, Such as 
handheld devices. Specifically, in one embodiment, the por 
table computing devices are portable media players. 
Examples of portable media players include MP3 players, 
compact disk players, and DVD players. These devices 
include disk drives that read data (media content) from a disk. 
With substantial acceleration, the reading of data from such 
disk drives can fail and/or damage the disk drive. Hence, the 
ability to sense the significant accelerations and take an 
appropriate response can overcome the problems of destruc 
tion of stored data and/or physical damage to disk drive. 
Further, the presence of Substantial accelerations can also 
lead to disk thrashing (i.e., repeated unsuccessful attempts to 
read data from disk), which wastes power and can lead to 
excessive wear of the disk. 

0034 FIG. 2A is a flow diagram of acceleration manage 
ment processing 200 according to one embodiment of the 
invention. The acceleration management processing 200 is 
performed by a portable computing device, such as the por 
table computing devices 100 and 150 shown in FIGS. 1A and 
1B. 

0035. The acceleration management processing 200 
evaluates 202 acceleration of the portable computing device. 
Next, a decision 204 determines whether the acceleration of 
the portable computing device is substantial. In one embodi 
ment, the acceleration that is being evaluated 202 is repre 
sented by an acceleration indication (e.g., vibration) and the 
determination of whether the acceleration is substantial can 
be performed by comparing the acceleration indication with a 
threshold value. In any case, when the decision 204 deter 
mines that the acceleration is not substantial, and the accel 
eration management processing 200 can return to re-evaluate 
the acceleration of the portable computing device at an appro 
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priate time. On the other hand, when the decision 204 deter 
mines that the acceleration of the portable computing device 
is Substantial, then operation of the portable computing 
device is altered 206. The alteration of the operation of the 
portable computing device can be implemented in a variety of 
different ways. For example, the alteration of the operation 
mightstop, delay or defer access to a disk drive of the portable 
computing device. As another example, the operation being 
altered might provide feedback to the user that excessive 
vibration is present. Still another operation that can be altered 
might include artificially producing the skipping Sound and 
presenting Such to the user. Yet another example of an opera 
tion that might be altered is using alternative content that is 
available from a cache memory (e.g., the cache 106). In any 
event, following the operation 206, the acceleration manage 
ment processing 200 returns to repeat the operation 202 and 
Subsequent operations. It should be noted that the accelera 
tion management processing 200 can be performed periodi 
cally or event driven. It should also be noted that the alteration 
of the operations can last for a predetermined time period or 
can be reset when the excessive acceleration has ceased. 
0036 FIG. 2B is a flow diagram of vibration management 
processing 250 according to one embodiment of the inven 
tion. The vibration management processing 250 is, for 
example, performed by a portable computing device. Such as 
the portable computing devices 100, 150 shown in FIGS. 1A 
and 1B. 
0037. The vibration management processing 250 evalu 
ates 252 vibration of the portable computing device. Next, a 
decision 254 determines whether the vibration of the portable 
computing device is excessive. In one embodiment, the vibra 
tion that is being evaluated 252 is represented by a vibration 
indication and the determination of whether the vibration is 
excessive can be performed by comparing the vibration indi 
cation with a threshold value. In any case, when the decision 
254 determines that the vibration is not excessive, the vibra 
tion management processing 250 can return to re-evaluate the 
vibration of the portable computing device at an appropriate 
time. On the other hand, when the decision 254 determines 
that the acceleration of the portable computing device is 
excessive, then operation of the portable computing device is 
altered 256. The alteration of the operation of the portable 
computing device can be implemented in a variety of different 
ways, including those mentioned above with respect to FIG. 
2A. 

0038. It should be noted that the vibration management 
processing 250 performs the operations 252-256 to evaluate 
vibration of the portable computing device and then alters an 
operation of the portable computing device when excessive 
vibration is determined to be present. These operations 252 
256 are similar to the operations 202-206 of the acceleration 
management processing 200 of FIG. 2A, with the primary 
distinction being that FIG. 2B pertains to vibration, which is 
a class or type of acceleration. 
0039. Additionally, in the case of excessive vibration, i.e., 
following the operation 256, the vibration management pro 
cessing 250 additionally determines at decision 258 whether 
user feedback is to be provided. When the decision 258 deter 
mines that user feedback is to be provided, then user feedback 
is induced 260. The user feedback can vary with implemen 
tation. For example, the user feedback can be an artificial 
skipping Sound, an audio message, an audio tone or beep, a 
tactile response, a visual alert, etc. When the decision 258 
determines that user feedback is not to be provided, then the 
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operation 260 is bypassed. In any case, following the opera 
tion 260, following the decision 254 when excessive vibration 
is not present, or following the decision 260 when user feed 
back is not needed, a decision 262 determines whether the 
vibration management processing 250 should continue. The 
decision 262 can, for example, control the rate at which the 
vibration is re-evaluated. In any case, when the decision 262 
determines that the vibration management processing 250 
should continue, then the processing returns to repeat the 
operation 252 and subsequent operations. On the other hand, 
when the decision 262 determines that the vibration manage 
ment processing 250 should not continue (e.g., should stop), 
the vibration management processing 250 is complete and 
ends. 
0040. It should be noted that the vibration management 
processing 250 can be performed on a periodic or event driven 
basis. It should also be noted that the alteration of the opera 
tions can last for a predetermined time period or can be reset 
after the excessive vibration has ceased. 
0041 FIG. 3 is a flow diagram of disk drive control pro 
cessing 300 according to one embodiment of the invention. 
The disk drive control processing 300 influences when 
requested data is read from a disk drive of a portable comput 
ing device. 
0042. The disk drive control processing 300 begins with a 
decision 302 that determines whether data is to be read from 
the disk drive. When the decision 302 determines that data is 
not to be read from the disk drive at this time, then the disk 
drive control processing 300 awaits the need for data. Once 
the decision 302 determines that data is to be read from the 
disk drive, then a decision 304 determines whether the data 
has been successfully read from the disk drive. When the 
decision 304 determines that the data has been successfully 
read, thena failure count is reset 306. Following the operation 
306, the disk drive control processing 300 returns to repeat the 
decision 302 and Subsequent operations so that additional 
data can be read from the disk drive. 

0043. On the other hand, when the decision 304 deter 
mines that the data was not successfully read from the disk 
drive, then a failure count is increased 308. Next, a decision 
310 determines whether the failure count is greater than a 
threshold limit. When the decision 310 determines that the 
failure count is not greater thana threshold limit, then the disk 
drive control processing 300 returns to repeat the decision 
302 and Subsequent operations so that another attempt to read 
the data can be made. 

0044 Alternatively, when the decision 310 determines 
that the failure count does exceed the threshold limit, then 
user feedback is initiated 312. As previously noted, the user 
feedback can be audio, visual, tactile or other sensory indi 
cation or response that is provided to the user of the portable 
computing device. Typically, the user feedback will signify to 
the user that the disk drive is having difficulty reading data. 
Often, the difficulty in reading the data from the disk drive 
will have been caused by excessive acceleration (e.g., vibra 
tion) of the portable computing device, and thus the disk drive 
internal thereto. Hence, the user feedback can explicitly or 
implicitly inform the user that the excessive accelerations are 
causing difficulty and that they can take responsive action to 
reduce or eliminate the excessive accelerations. Next, a retry 
delay can be imposed 314. For example, when excessive 
accelerations are present, the disk drive would normally con 
tinuously attempt to read data, but the Successive accelera 
tions can lead to damage of the disk and thrashing attempts or 
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inefficient use of battery power. Hence, the imposition of the 
retry delay can eliminate these concerns for at least the dura 
tion of the retry delay. Following the imposition 314 of the 
retry delay (and waiting for its delay period), the failure count 
can be reset 316. Following the operation 316, the disk drive 
control processing 300 returns to repeat the decision 302 and 
Subsequent operations. 
0045 FIG. 4 is a flow diagram of disk drive control pro 
cessing 400 according to another embodiment of the inven 
tion. The disk drive control processing 400 is processing 
performed by a portable computing device having a disk 
drive. 
0046. The disk drive control processing 400 begins with a 
decision 402 that determines whether a read or write (R/W) 
request to the disk drive is present. When the decision 402 
determines that there is no read or write request at this time, 
then the disk drive control processing 400 awaits such a 
request. Alternatively, when the decision 402 determines that 
a read or write request to the disk drive is present, then 
vibration information is obtained 404. The vibration informa 
tion can be obtained through a heuristic evaluation of the 
operation of the disk drive or through a vibration sensor (e.g., 
accelerometer) coupled to the disk drive. In any case, after the 
vibration information has been obtained 404, a decision 406 
determines whether the vibration present is excessive. In one 
embodiment, the vibration can be determined to be excessive 
when the vibration information indicates that the vibration of 
the portable computing device exceeds a threshold level. 
0047. In any case, when the decision 406 determines that 
the vibration is not excessive, then the disk drive is accessed 
408 to perform the read or write request. On the other hand, 
when the decision 406 determines that the vibration presentat 
the portable computing device is excessive, then the read or 
write request is deferred 410. Typically, the read or write 
request would be deferred 410 for a period of time. The period 
of time can be static or dynamic. The period of time can be 
based on current vibration information or a history of vibra 
tion information. 
0048. Following the operations 408 and 410, the disk drive 
control processing 400 returns to repeat the decision 402 and 
Subsequent operations. Hence, according to the disk drive 
control processing 400, a read or write request to a disk drive 
is deferred when excessive vibrations are present. As a result, 
the power that would otherwise have been wasted in attempt 
ing to access the disk drive is conserved and potential damage 
to the disk drive or the data thereon is minimized. 
0049 FIG. 5 is a block diagram of a media player 500 
according to one embodiment of the invention. The media 
player 500 includes a processor 502 that pertains to a micro 
processor or controller for controlling the overall operation of 
the media player 500. The media player 500 stores media data 
pertaining to media items in a file system 504 and a cache 506. 
The file system 504 is typically a disk drive or a plurality of 
disk drives. The file system 504 typically provides high 
capacity storage capability for the media player 500. How 
ever, since the access time to the file system 504 is relatively 
slow, the media player 500 also includes a cache 506. The 
cache 506 is, for example, Random-Access Memory (RAM) 
provided by semiconductor memory. The relative access time 
to the cache 506 is substantially shorter than for the file 
system 504 (disk drive). However, the cache 506 does not 
have the large storage capacity of the file system 504. 
0050 Power consumption is particularly important when 
the media player 500 is a portable media player that is pow 
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ered by a battery (not shown). The file system 504, when 
active, consumes more power than does the cache 506. In one 
embodiment, once the media data for the particular media 
item has been loaded into the cache 506, the file system 504 
can be inactivated (e.g., placed in a low power mode) to save 
power consumption for the media player 500. By deactivating 
the file system 504 in this matter, battery life of the media 
player 500 is able to be significantly increased, assuming that 
the media player 500 is a battery-operated device (portable 
device). Intelligent usage of the file system 504 and the cache 
506 can not only conserve power but also provide more user 
responsiveness. Additional details pertaining to intelligent 
use of the file system 504 and the cache 560 are provided in 
U.S. patent application Ser. No. 10/118,217, filed Apr. 5, 
2002, now U.S. Pat. No. 6,934,812 issued Aug. 23, 2005, 
which is hereby incorporated herein by reference. 
0051. The media player 500 also includes a user input 
device 508 that allows a user of the media player 500 to 
interact with the media player 500. For example, the user 
input device 508 can take a variety of forms, such as a button, 
keypad, dial, etc. Still further, the media player 500 includes 
a display 510 (screen display) that can be controlled by the 
processor 502 to display information to the user. A data bus 
511 can facilitate data transfer between at least the file system 
504, the cache 506, the processor 502, and the CODEC 512. 
0052. In one embodiment, the media player 500 serves to 
store a plurality of media items (e.g., Songs) in the file system 
504. When a user desires to have the media player play a 
particular media item, a list of available media items is dis 
played on the display 510. Then, using the user input device 
508, a user can select one of the available media items. The 
processor 502, upon receiving a selection of a particular 
media item, Supplies the media data (e.g., audio file) for the 
particular media item to a coder/decoder (CODEC) 512. The 
CODEC 512 then produces analog output signals for a 
speaker 514. The speaker 514 can be a speaker internal to the 
media player 500 or external to the media player 500. For 
example, headphones or earphones that connect to the media 
player 500 would be considered an external speaker. 
0053 According to the invention, the processor 502 con 

trols the playing of the particular media item Such that upon 
receiving the user's selection of the particular media item, the 
processor 502 then immediately accesses the file system 504 
or the cache 506 to retrieve an initial portion of the media data 
and supplies it to the CODEC 512 and thus begins playing the 
media item. When the media item is not initially available in 
the cache 506 (which is typically the case), the initial portion 
is retrieved from the file system 504. However, since the 
access speed of the file system 504 is relatively slow com 
pared to the access speed needed for the playing of the media 
item, and because the file system 504 consumes significant 
amounts of power of the media player 500, the media data for 
the media item is loaded into the cache 506 such that once the 
media data has been loaded into the cache 506, all remaining 
portions of the media data for the particular media item are 
retrieved from the cache 506. Consequently, the media item is 
played substantially immediately following the user's selec 
tion because the initial portion is obtained immediately from 
the file system 504 and then subsequent portions are obtained 
from the cache 506. Here, the cache 506 is loaded at the same 
time that the retrieval or playing of the initial portion of the 
media data occurs. 

0054 However, the size of the media item is usually larger 
than the size of the cache 506. As a result, the cache 506 must 
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be periodically refreshed with a next remaining portion of the 
media data. To refresh the cache 506 with a next remaining 
portion, the processor 502 needs to access the file system 504 
(disk drive) to retrieve the next remaining portion and then 
cause Such next remaining portion to be stored in the cache 
506. The refresh process occurs periodically and must be 
promptly achieved in order to not introduce “dead air or 
“quiet periods” when the media player 500 is playing the 
media item. 

0055. The media player 500 further includes an acceler 
ometer 524. The accelerometer 524 can provide an indication 
of acceleration induced on the media player 500. The accel 
eration can also be considered to be one form of vibration. In 
any case, the acceleration is Supplied to the processor 502 
and/or a disk controller (not shown) for the file system 504 so 
that access to the disk drive is performed in a safe and power 
efficient manner. As noted above, when acceleration (e.g., 
vibration) is present at the media player 500, access to the file 
system 504 (disk drive) is problematic. As a consequence, the 
refresh process can be unsuccessful or slow during the pres 
ence of significant acceleration. Consequently, the sound out 
put at the speaker 514 can undesirably contain “dead air or 
“quiet periods.” The processor 502 can make use of the indi 
cation of acceleration induced on the media player 500 to 
determine whether access to the file system 504 should be 
attempted. In this regard, access to the file system 504 can be 
performed only when safe and not likely to fail because of 
excessive acceleration. Hence, the media player 500 operates 
to access the file system 504 in a safe and power efficient way. 
Still further, the processor 502 could also take preemptive 
actions to process refresh operations more frequently so that 
imposed delay due to vibrations does not cause “dead air or 
“quiet periods” in the audio output. 
0056. In one embodiment, the media player is a portable 
computing device dedicated to processing media Such as 
audio, video or images. For example, the media player 500 
can be a music player (e.g., MP3 player), a game player, a 
Video player, a video recorder, a camera, an image viewer and 
the like. These devices are generally battery operated and 
highly portable so as to allow a user to listen to music, play 
games or video, record video or take pictures wherever the 
user travels. In one implementation, the media player is a 
handheld device that is sized for placement into a pocket or 
hand of the user. By being handheld, the media player is 
relatively small and easily handled and utilized by its user. By 
being pocket sized, the user does not have to directly carry the 
device and therefore the device can be taken almost anywhere 
the user travels (e.g., the user is not limited by carrying a 
large, bulky and often heavy device, as in a portable com 
puter). Furthermore, the device may be operated by the user's 
hands, no reference Surface Such as a desktop is needed. 
0057 The detection of substantial acceleration and/or the 
alteration to an operation of a media player can be dependent 
on past or expected usage behaviors (of its particular user or 
users in general). If feedback is provided, the feedback can 
seek to alter user behavior. The feedback can also be depen 
dent on past or expected usage behaviors. 
0058. In certain embodiments of the invention described 
above, operation alteration as well as user feedback where 
provided and dependent on acceleration. Nevertheless, if 
should be understood that operations alteration and user feed 
back are separate features which can be independently pro 
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vided. The operations alteration and the user feedback can 
also be invoked on same or different conditions, thresholds, 
etc. 

0059. The various aspects, features, embodiments or 
implementations of the invention described above can be used 
alone or in various combinations. 
0060. As noted above, the invention generally pertains to 
portable computing devices. One type of portable computing 
device that the invention is particularly suitable for use with is 
a portable (or personal) media player. Media players can also 
be referred to as consumer electronics products or handheld 
computing devices. 
0061 Although the media items of emphasis in several of 
the above embodiments were audio items (e.g., audio files or 
Songs, such as for music), the media items are not limited to 
audio items. For example, the media item can alternatively 
pertain to videos (e.g., movies) or images (e.g., photos). 
0062. The invention is preferably implemented by hard 
ware or a combination of hardware and software. The inven 
tion can also be embodied as computer readable code on a 
computer readable medium. The computer readable medium 
is any data storage device that can store data which can 
thereafter be read by a computer system. Examples of the 
computer readable medium include read-only memory, ran 
dom-access memory, CD-ROMs, DVDs, magnetic tape, opti 
cal data storage devices, and carrier waves. The computer 
readable medium can also be distributed over network 
coupled computer systems so that the computer readable code 
is stored and executed in a distributed fashion. 
0063. The advantages of the invention are numerous. Dif 
ferent embodiments or implementations may yield one or 
more of the following advantages. One advantage of the 
invention is that loss of data and/or damage to a disk drive can 
be substantially prevented. Another advantage of the inven 
tion is that media items can be played by a media device with 
significantly less likelihood that “dead air or “quiet periods’ 
are undesirably introduced, even though the media player 
undergoes accelerations while playing media items. Conse 
quently, audio playback quality is improved and users are 
more satisfied. Another advantage of the invention is that 
power consumption is reduced through intelligent monitoring 
of acceleration (e.g., vibration) of a disk drive. 
0064. The many features and advantages of the present 
invention are apparent from the written description and, thus, 
it is intended by the appended claims to coverall such features 
and advantages of the invention. Further, since numerous 
modifications and changes will readily occur to those skilled 
in the art, the invention should not be limited to the exact 
construction and operation as illustrated and described. 
Hence, all Suitable modifications and equivalents may be 
resorted to as falling within the scope of the invention. 

What is claimed is: 
1. A method for operating a portable media player having a 

processor, a user interface, an acceleration monitor and a disk 
drive arranged to store media data, said method comprising: 

receiving an indication of a user's expected usage behavior 
of the portable media player at the user interface; 

determining an acceleration of the portable media player 
by the processor, and 

automatically adjusting an operation of the disk drive of the 
portable media player when the acceleration is deter 
mined to be substantial by the processor, wherein the 
processor determines that the acceleration is Substantial 
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based in part on information provided by the accelera 
tion monitor and the received indication of the user's 
expected usage behavior. 

2. The method as recited in claim 1, further comprising: 
adjusting an acceleration threshold value based upon the 

indication of the user's expected usage behavior. 
3. The method as recited in claim 2, wherein the determin 

ing that the acceleration is Substantial by the processor com 
prises: 

comparing at least some of the information received from 
the acceleration monitor to the acceleration threshold; 
and 

determining that the acceleration is Substantial when the 
comparison indicates that the at least Some information 
exceeds the acceleration threshold. 

4. The method as recited in claim 1, wherein the operation 
is a read/write operation from the disk drive. 

5. The method as recited in claim 4, wherein said adjusting 
of the operation operates to defer the read/write operation. 

6. The method as recited in claim 5, wherein the read/write 
operation is deferred until after the acceleration substantially 
CCaSCS. 

7. The method as recited in claim 4, wherein said adjusting 
of the operation operates to stop or prevent the read/write 
operation. 

8. The method as recited in claim 7, wherein the adjusting 
of the operation operates to slow a rate at which the read/write 
operation is retried. 

9. A portable media player, comprising: 
a user interface arranged to receive an indication of a user's 

expected usage behavior of the portable media player; 
an acceleration monitor; 
a disk drive arranged to store media data; 
a processor coupled to the acceleration monitor, the disk 

drive, and the user interface wherein the processor deter 
mines an acceleration of the portable media player and 
automatically adjusts an operation of the disk drive of 
the portable media player when the acceleration is deter 
mined to be substantial by the processor, wherein the 
processor determines that the acceleration is Substantial 
based in part on information provided by the accelera 
tion monitor and the received indication of the user's 
expected usage behavior. 

10. The portable media player as recited in claim 9. 
wherein the processor uses the indication of the user's 
expected usage behavior to adjust an acceleration threshold 
value. 

11. The portable media player as recited in claim 10, 
wherein the processor determines that the acceleration is 
Substantial by comparing at least some of the information 
received from the acceleration monitor to the acceleration 
threshold, and determining that the acceleration is substantial 
when the comparison indicates that the at least some infor 
mation exceeds the acceleration threshold. 

12. The portable media player as recited in claim 9. 
wherein the operation is a read/write operation from the disk 
drive. 

13. The portable media player as recited in claim 12, 
wherein said adjusting of the operation operates to defer the 
read/write operation. 

14. The portable media player as recited in claim 13, 
wherein the read/write operation is deferred until after the 
acceleration Substantially ceases. 
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15. The portable media player as recited in claim 12, 
wherein said adjusting of the operation operates to stop or 
prevent the read/write operation. 

16. The portable media player as recited in claim 15, 
wherein the adjusting of the operation operates to slow a rate 
at which the read/write operation is retried. 

17. A portable media player, comprising: 
a disk drive; 
an acceleration monitor, and 
a processor coupled to the disk drive and the acceleration 

monitor, wherein the processor adjusts an operation of 
the disk drive of the portable media player when the 
processor determines that the portable media player is 
undergoing Substantial acceleration using information 
provided by the acceleration monitor, and wherein the 
processor provides a notification to the user of the por 
table media player that the portable media player is 
experiencing Substantial acceleration. 

18. The portable media player as recited in claim 17, 
wherein the notification prompts the user to alter the user's 
usage behavior of the portable media player in Such a way to 
cause the acceleration to Substantially cease. 

19. The portable media player as recited in claim 17, 
wherein the operation of the disk drive of the portable media 
player is automatically adjusted to accommodate the usage 
behavior of the user of the portable media player. 

20. The portable media player as recited in claim 19, 
wherein the operation is a read/write operation from the disk 
drive. 

21. The portable media player as recited in claim 20, 
wherein said adjusting of the operation operates to defer the 
read/write operation. 

22. The portable media player as recited in claim 21, 
wherein the read/write operation is deferred until after the 
acceleration Substantially ceases. 

23. The portable media player as recited in claim 20, 
wherein said adjusting of the operation operates to stop or 
prevent the read/write operation. 

24. The portable media player as recited in claim 23, 
wherein the adjusting of the operation operates to slow a rate 
at which the read/write operation is retried. 

25. A method for operating a portable media player having 
a disk drive, an acceleration monitor, and a processor coupled 
to the disk drive and the acceleration monitor, comprising: 

adjusting an operation of the disk drive of the portable 
media player by the processor when the processor deter 
mines that the portable media player is undergoing Sub 
stantial acceleration using information provided by the 
acceleration monitor; and 

providing a notification to the user by the processor that the 
portable media player is experiencing Substantial accel 
eration. 
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26. The method as recited in claim 25, wherein the notifi 
cation prompts the user to alter the user's usage behavior of 
the portable media player in Such a way to cause the accel 
eration to Substantially cease. 

27. The method as recited in claim 25, wherein the opera 
tion of the disk drive of the portable media player is automati 
cally adjusted to accommodate the usage behavior of the user 
of the portable media player. 

28. The method as recited in claim 27, wherein the opera 
tion is a read/write operation from the disk drive. 

29. The method as recited in claim 28, wherein said adjust 
ing of the operation operates to defer the read/write operation. 

30. The method as recited in claim 29, wherein the read/ 
write operation is deferred until after the acceleration sub 
stantially ceases. 

31. The method as recited in claim 28, wherein said adjust 
ing of the operation operates to stop or prevent the read/write 
operation. 

32. The method as recited in claim 31, wherein the adjust 
ing of the operation operates to slow a rate at which the 
read/write operation is retried. 

33. Computer program product executable by a processor 
included in a portable media player for operating the portable 
media player having a disk drive and an acceleration monitor 
each coupled to the processor, comprising: 

computer code for adjusting an operation of the disk drive 
of the portable media player by the processor when the 
processor determines that the portable media player is 
undergoing Substantial acceleration using information 
provided by the acceleration monitor; 

computer code for providing a notification to the user by 
the processor that the portable media player is experi 
encing Substantial acceleration; and 

computer readable medium for storing the computer code. 
34. Computer program product executable by a processor 

included in a portable media player for operating the portable 
media player having a disk drive and an acceleration monitor 
each coupled to the processor, comprising: 

computer code for receiving an indication of a user's 
expected usage behavior of the portable media player at 
the user interface; 

computer code for determining an acceleration of the por 
table media player by the processor; 

computer code for automatically adjusting an operation of 
the disk drive of the portable media player when the 
acceleration is determined to be substantial by the pro 
cessor, wherein the processor determines that the accel 
eration is Substantial based in part on information pro 
vided by the acceleration monitor and the received 
indication of the user's expected usage behavior; and 

computer readable medium for storing the computer code. 
c c c c c 


