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AUDIO ALTERATION TECHNIOUES 

BACKGROUND 

0001 1. Technological Field 
0002 The present disclosure relates generally to altering 
audio signals for playback on a device and, more particularly, 
to techniques for altering audio based on image data and other 
non-audio data. 
0003 2. Description of the Related Art 
0004. This section is intended to introduce the reader to 
various aspects of art that may be related to various aspects of 
the present disclosure, which are described and/or claimed 
below. This discussion is believed to be helpful in providing 
the reader with background information to facilitate a better 
understanding of the various aspects of the present disclosure. 
Accordingly, it should be understood that these statements are 
to be read in this light, and not as admissions of prior art. 
0005. In recent years, the growing popularity of digital 
media has created a demand for digital media player devices, 
which may be portable or non-portable. Further, convergence 
of electronic devices has resulted in the combination of an 
increasing number of functionalities into single electronic 
devices. For example, whereas cell phones, media players, 
personal organizers, cameras, and gaming systems were once 
provided only as separate electronic systems with their own 
unique capabilities, it is now possible to use a single device to 
make telephone calls, play audio and/or video media, main 
tain contact information, capture images, and play electronic 
games, among other functionalities. 
0006 With respect to media playback, some electronic 
devices provide for playback of audio data, video data, or 
both to a user. For example, music or other audio files may be 
stored on an electronic device and may be output to a user on 
demand. Further, electronic devices may also storage and 
reproduction of image files, such as photographs, slideshows, 
and video images. While Such audio files and image files may 
be transferred to the electronic device from some other device 
or the Internet, they may also or instead by acquired directly 
by the electronic device. For instance, the electronic device 
may include a microphone and a camera, allowing a user to 
capture audio and image data (e.g., still images and video 
images). In addition to media playback, electronic devices 
may also output audio associated with games, telephone calls, 
system operation, and the like. 

SUMMARY 

0007. A summary of certain embodiments disclosed 
herein is set forth below. It should be understood that these 
aspects are presented merely to provide the reader with a brief 
Summary of these certain embodiments and that these aspects 
are not intended to limit the scope of this disclosure. Indeed, 
this disclosure may encompass a variety of aspects that may 
not be set forth below. 
0008. The present disclosure generally relates to tech 
niques for altering audio based on non-audio data. For 
example, in certain disclosed embodiments, an electronic 
device may alter an audio output based on image character 
istics of processed image data, Such as characteristics identi 
fied by an image signal processor or a video encoder. Various 
audio effects may be applied to alteran audio stream based on 
the image characteristics. In certain embodiments, these 
audio effects may include variation of one or more of pitch, 
tempo, frequency range, Volume, reverb, or timbre based on 
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the image characteristics. In other embodiments, audio output 
may be altered based also or instead on motion data, position 
data, or the like. 
0009 Various refinements of the features noted above may 
exist in relation to the presently disclosed embodiments. 
Additional features may also be incorporated in these various 
embodiments as well. These refinements and additional fea 
tures may exist individually or in any combination. For 
instance, various features discussed below in relation to one 
or more of the illustrated embodiments may be incorporated 
into any of the above-described embodiments alone or in any 
combination. Again, the brief Summary presented above is 
intended only to familiarize the reader with certain aspects 
and contexts of embodiments of the present disclosure with 
out limitation to the claimed Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 Various aspects of this disclosure may be better 
understood upon reading the following detailed description 
and upon reference to the drawings, in which: 
0011 FIG. 1 is a block diagram depicting components of 
an electronic device configured that may provide audio alter 
ation functionalities in accordance with aspects of the present 
disclosure; 
0012 FIG. 2 is a front view of a handheld electronic device 
in accordance with aspects of the present disclosure; 
0013 FIG. 3 is a rear view of the handheld electronic 
device of FIG. 2 in accordance with aspects of the present 
disclosure; 
0014 FIG. 4 is a perspective view of an electronic device 
of FIG. 1 in the form of a computer in accordance with aspects 
of the present disclosure; 
0015 FIG. 5 is a flowchart generally depicting a method 
for altering audio based on one or more image characteristics 
in accordance with aspects of the present disclosure; 
0016 FIG. 6 is a block diagram depicting the processing 
of image data and the alteration of an audio signal by com 
ponents of an electronic device in accordance with aspects of 
the present disclosure; 
0017 FIG. 7 depicts a plurality of screens that may be 
displayed on the electronic device of FIG. 2 during execution 
ofa media player application that provides for video playback 
functions in accordance with aspects of the present disclo 
Sure; 
0018 FIG. 8 depicts a plurality of screens that may be 
displayed on the electronic device of FIG. 2 during execution 
of an imaging application that may be utilized for acquiring 
live image data in accordance with aspects of the present 
disclosure; 
0019 FIG. 9 depicts a plurality of screens that may be 
displayed on the electronic device of FIG. 2 during execution 
of an image viewing application that may be utilized for 
viewing images stored on the device of FIG. 2 in accordance 
with aspects of the present disclosure; 
0020 FIG. 10 is a flowchart representative of one embodi 
ment in which audio is altered in response to one or more 
motion characteristics of received image data in accordance 
with aspects of the present disclosure; 
0021 FIG. 11 illustrates the variation of an audio property, 
Such as pitch, based on vertical motion in video data in accor 
dance with aspects of the present disclosure; 
0022 FIG. 12 illustrates the variation of an audio property, 
Such as Volume, based on horizontal motion in Video data in 
accordance with aspects of the present disclosure; 

Exhibit 1014 
Page 20 of 29



US 2011/0058056A1 

0023 FIG. 13 illustrates the variation of an audio property 
based on Zoom characteristics of video data in accordance 
with aspects of the present disclosure; 
0024 FIG. 14 is a flowchart generally depicting a method 
for altering audio based on image brightness data in accor 
dance with aspects of the present disclosure; 
0025 FIG. 15 is a flowchart generally depicting a method 
for altering audio based on image sharpness data in accor 
dance with aspects of the present disclosure; 
0026 FIG. 16 is a flowchart generally depicting a method 
for altering audio based on image color data in accordance 
with aspects of the present disclosure; 
0027 FIG. 17 is a flowchart generally depicting a method 
for altering audio based on detection of a feature of interest in 
image data, in accordance with aspects of the present disclo 
Sure; 
0028 FIG. 18 is a flowchart generally depicting a method 
for altering audio based on one or both of motion data or 
position data in accordance with aspects of the present dis 
closure; 
0029 FIG. 19 is a flowchart generally depicting a method 
for altering audio based on a determined speed characteristic 
in accordance with aspects of the present disclosure; and 
0030 FIG. 20 is a top view of the device of FIG. 2, gen 
erally depicting rotation of the device to effect audio alter 
ation in accordance with aspects of the present disclosure. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0031 One or more specific embodiments are described 
below. In an effort to provide a concise description of these 
embodiments, not all features of an actual implementation are 
described in the specification. It should be appreciated that in 
the development of any such actual implementation, as in any 
engineering or design project, numerous implementation 
specific decisions must be made to achieve the developers 
specific goals, such as compliance with system-related and 
business-related constraints, which may vary from one imple 
mentation to another. Moreover, it should be appreciated that 
Such a development effort might be complex and time con 
Suming, but would nevertheless be a routine undertaking of 
design, fabrication, and manufacture for those of ordinary 
skill having the benefit of this disclosure. 
0032. When introducing elements of various embodi 
ments described below, the articles “a,” “an and “the are 
intended to mean that there are one or more of the elements. 
The terms “comprising.” “including, and “having are 
intended to be inclusive and mean that there may be addi 
tional elements other than the listed elements. Moreover, 
while the term “exemplary' may be used herein in connection 
to certain examples of aspects or embodiments of the pres 
ently disclosed subject matter, it will be appreciated that these 
examples are illustrative in nature and that the term “exem 
plary' is not used herein to denote any preference or require 
ment with respect to a disclosed aspect or embodiment. Addi 
tionally, it should be understood that references to “one 
embodiment,” “an embodiment,” “some embodiments, and 
the like are not intended to be interpreted as excluding the 
existence of additional embodiments that also incorporate the 
disclosed features. 
0033. As noted above, the present application is generally 
directed to techniques for altering an audio signal based on 
non-audio data, Such as image data. In some embodiments, 
image data may be processed by an image signal processor, 
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and various image characteristics or metrics, such as bright 
ness, sharpness, and color statistics, may be provided to audio 
processing logic. Further, in some embodiments, image data 
may be encoded by a video encoder, which may provide 
additional image characteristics or metrics to the audio pro 
cessing logic. Such additional image characteristics may be 
related to the encoding process, and may include, for 
example, motion vectors calculated by the encoder and 
encoding prediction errors. 
0034. The audio processing logic may then alter audio 
based on one or more of the received image characteristics. 
For example, the altering of audio by the audio processing 
logic may include generating a synthesized sound, varying 
aspects of the synthesized sound, and/or varying aspects of 
other audio data, Such as that provided via an audio input 
device or stored in a memory. Aspects of the audio that may be 
varied include pitch, tempo, frequency response, equalization 
levels, Volume, various additional processing effects, and so 
forth. In additional embodiments, audio may also or instead 
be altered by an electronic device based on motion of the 
device or location data. 

0035. With these foregoing features in mind, a general 
description of electronic devices that may provide such audio 
alteration functionality is provided below. By way of 
example, FIG. 1 is a block diagram illustrating an electronic 
device, referred to by reference number 10, which may be 
configured to implement the above-discussed audio alteration 
techniques, in accordance with one embodiment of the 
present disclosure. Electronic device 10 may be any type of 
electronic device that includes capabilities for processing 
audio data and/or image data, which may include still images 
(e.g., pictures) or moving images (e.g., video). For instance, 
electronic device 10 may be a portable media player, a mobile 
phone, a laptop computer, a desktop computer, or the like. By 
way of example only, electronic device 10 may be a portable 
electronic device, such as a model of an iPod(R) or iPhone(R) 
available from Apple Inc. of Cupertino, Calif. In another 
embodiment, electronic device 10 may be a desktop or laptop 
computer, including a MacBookR), MacBook.(R) Pro, Mac 
Book AirR), iMac(R), Mac(R) Mini, or Mac ProR, also available 
from Apple Inc. In further embodiments, electronic device 10 
may be a model of an electronic device from another manu 
facturer that is capable of processing image and/or audio data. 
As will be discussed further below, electronic device 10 may 
include circuitry or logic (e.g., audio processing logic 32) 
configured to process audio data in response to one or more 
device operation events, which may include image-related 
events, motion-related events, or location-related events, to 
name just a few. 
0036. As shown in FIG. 1, electronic device 10 may 
include various internal and/or external components which 
contribute to the function of device 10. Those of ordinary skill 
in the art will appreciate that the various functional blocks 
shown in FIG. 1 may include hardware elements (including 
circuitry), Software elements (including computer code 
stored on a computer-readable medium) or a combination of 
both hardware and software elements. It should further be 
noted that FIG. 1 is merely one example of a particular imple 
mentation and is intended to illustrate the types of compo 
nents that may be present in electronic device 10. For 
example, in the presently illustrated embodiment, these com 
ponents may include input/output (I/O) ports 12, input struc 
tures 14, one or more processors 16, memory device 18, 
non-volatile storage 20, networking device 24, power source 
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26, display 28, image processing logic 30, and audio process 
ing logic 32. Electronic device 10 may additionally include 
imaging Subsystem34, motion sensing device 36, positioning 
device 38, and audio input device 40 (e.g., a microphone), all 
of which may facilitate alteration of audio data in accordance 
with the presently disclosed techniques. 
0037. With regard to each of the illustrated components, 
I/O ports 12 may include ports configured to connect to a 
variety of external devices, such as headphones, or other 
electronic devices. Such as computers, printers, projectors, 
external displays, modems, docking stations, and so forth. I/O 
ports 12 may support any interface type, such as a universal 
serial bus (USB) port, an IEEE-1394 port, and/or an AC/DC 
power connection port. In one embodiment, I/O ports 12 may 
include a proprietary port from Apple Inc. that may function 
to charge power source 26 (which may include one or more 
rechargeable batteries) of device 10, or transfer data between 
device 10 and an external source. 
0038. Input structures 14 may provide user input or feed 
back to processor(s) 16. For instance, input structures 14 may 
be configured to control one or more functions of electronic 
device 10, applications running on electronic device 10, and/ 
or any interfaces or devices connected to or used by electronic 
device 10. By way of example only, input structures 14 may 
include buttons, sliders, Switches, control pads, keys, knobs, 
scroll wheels, keyboards, mice, touchpads, and so forth, or 
Some combination thereof. In one embodiment, input struc 
tures 14 may allow a user to navigate a graphical user inter 
face (GUI) displayed on display 28. Further, in certain 
embodiments, input structures 14 may include a touch sensi 
tive mechanism provided in conjunction with display 28. In 
Such embodiments, a user may select or interact with dis 
played interface elements via the touch sensitive mechanism. 
0039 Processor(s) 16 may include one or more micropro 
cessors, such as one or more "general-purpose microproces 
sors, one or more application-specific processors (ASICs), or 
a combination of Such processing components, which may 
control the general operation of electronic device 10. For 
example, processor(s) 16 may include one or more instruction 
set processors (e.g., RISC), graphics processors, audio pro 
cessors and/or other related chipsets. In the illustrated 
embodiment, processor(s) 16 may include graphics process 
ing unit (GPU) 42, which may operate in conjunction with 
image processing logic 30 to output image data to display 28. 
0040 Programs or instructions executed by processor(s) 
16 may be stored in any suitable manufacture that includes 
one or more tangible, computer-readable media at least col 
lectively storing the executed instructions or routines, such 
as, but not limited to, the memory devices and storage devices 
described below. Also, these programs (e.g., an operating 
system) encoded on Such a computer program product may 
also include instructions that may be executed by processor(s) 
16 to enable device 10 to provide various functionalities, 
including those described herein. 
0041. For example, instructions or data to be processed by 
processor(s) 16 may be stored in memory 18, which may 
include a Volatile memory, such as random access memory 
(RAM); a non-volatile memory. Such as read-only memory 
(ROM); or a combination of RAM and ROM devices. 
Memory 18 may store firmware for electronic device 10, such 
as a basic input/output system (BIOS), an operating system, 
various programs, applications, or any other routines that may 
be executed on electronic device 10, including user interface 
functions, processor functions, image acquisition functions, 
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audio alteration functions, media playback functions, and so 
forth. In addition, memory 18 may include one or more frame 
buffers for buffering or caching image data. 
0042. The illustrated components may further include 
otherforms of computer-readable media, such as non-volatile 
storage device 20, which may be utilized for persistent stor 
age of data and/or instructions. Non-volatile storage 20 may 
include flash memory, a hard drive, or any other optical, 
magnetic, and/or Solid-state storage media. By way of 
example, non-volatile storage 20 may be used to store data 
files, such as image data and audio data. For instance, in some 
embodiments, the image data that is processed by image 
processing logic 30 prior to being output to display 28 may be 
a still image file (e.g., picture) or a video file stored in Storage 
device 20. 
0043. The components depicted in FIG. 1 further include 
network device 24, which may be a network controller or a 
network interface card (NIC). For example, network device 
24 may provide for network connectivity over any wireless 
802.11 standard or any other suitable networking standard, 
Such as a local area network (LAN), a wide area network 
(WAN), such as an Enhanced Data Rates for GSM Evolution 
(EDGE) network or a 3G data network (e.g., based on the 
IMT-2000 standard), or the Internet. In certain embodiments, 
network device 24 may provide for a connection to an online 
digital media content provider, such as the iTunes(R service, 
available from Apple Inc., through which a user may access, 
stream, or download digital audio or video to electronic 
device 10, which may then be played back and processed in 
accordance with the present techniques. 
0044) Display 28 may be used to display image data, 
which may include stored image data (e.g., picture or video 
files stored in storage device 20), streamed image data (e.g., 
from network device 24), as well as live captured image data 
(e.g., via imaging Subsystem 34). Additionally, display 28 
may display various images generated by the device 10, 
including a GUI for an operating system or other application. 
Display 28 may be any Suitable display Such as a liquid crystal 
display (LCD), plasma display, or an organic light emitting 
diode (OLED) display, for example. In one embodiment, 
display 28 may be provided in conjunction with a touch 
screen that may function as part of a control interface for 
device 10. 

0045. As mentioned above, electronic device 10 may 
include image processing logic 30 and audio processing logic 
32, which may be configured to process image data and audio 
data, respectively. Such image and audio data may be cap 
tured by electronic device 10 (e.g., by a camera and micro 
phone of electronic device 10), or may be received from 
another source and stored in electronic device 10. In various 
embodiments, audio processing logic 32 provides for the 
alteration of audio data that is to be output to a user via 
electronic device 10. As will be discussed in greater detail 
below, such audio alteration may be based on image data 
(which may be acquired via imaging Subsystem 34 or in some 
other manner), motion events (e.g., provided via motion sens 
ing device 36), location events (e.g., provided via positioning 
device 38), or some combination thereof. 
0046 Imaging Subsystem 34 may be configured to capture 
still or moving images. For instance, imaging Subsystem 34 
may include one or more image capture devices. Such as 
cameras having one or more image sensors. Imaging Sub 
system 34 may also include an image signal processor (ISP), 
which may be part of processor(s) 16. As will be appreciated, 
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the ISP may process data acquired via the image sensors to 
generate a digital representation of the captured data, which 
may be displayed and/or stored on device 10. As will be 
discussed further below, in some embodiments, alteration of 
audio to be output to a user may be based on image charac 
teristics (e.g., brightness level, sharpness level, color statis 
tics, etc.) from imaging Subsystem 34. 
0047 Motion sensing device 36 may be any device con 
figured to measure motion or acceleration experienced by 
device 10, Such as an accelerometer or a gyroscope. In one 
embodiment, motion sensing device 36 may be a three-axis 
accelerometer that includes a sensing element and an inte 
grated circuit interface for providing the measured accelera 
tion and/or motion data to processor(s) 16. Motion sensing 
device 36 may be configured to sense and measure various 
types of motion including, but not limited to, Velocity, accel 
eration, rotation, and direction, any or all of which may be 
used as a basis for altering audio output by electronic device 
10. 

0048 Electronic device 10 also includes positioning 
device 38. By way of example, positioning device 38 may be 
a GPS system, such as an Assisted GPS (A-GPS) system. 
Positioning device 38 may be configured to determine the 
geographic coordinates of device 10. Additionally, position 
ing device 38 may further determine course and velocity 
parameters from variation in the geographic coordinates. In 
one embodiment, audio processing logic 32 may alter audio 
output based on Such data from positioning device 38. 
0049 Additionally, electronic device 10 includes audio 
input device 40, which may be configured to receive audio 
signals. In one embodiment, audio input device 40 may 
include one or more audio receivers, such as microphones. 
Audio received via audio input device 40 may be stored in 
device 10, and may be altered in accordance with the present 
techniques. 
0050 Referring now to FIG. 2, electronic device 10 is 
illustrated in the form of portable handheld electronic device 
50, which may be a model of an iPodR) or iPhone Ravailable 
from Apple Inc. It should be understood that while the illus 
trated handheld device 50 is generally described in the con 
text of portable digital media player and/or cellular phone, 
additional embodiments of handheld device 50 may incorpo 
rate additional functionalities, such as a camera, a portable 
gaming platform, a personal data organizer, or some combi 
nation thereof. Thus, depending on the functionalities pro 
vided by handheld electronic device 50, a user may listen to 
music, play video games, take pictures, and place telephone 
calls, while moving freely with handheld device 50. 
0051. In the depicted embodiment, handheld device 50 
includes enclosure 52, which may function to protect the 
interior components from physical damage and shield them 
from electromagnetic interference. Enclosure 52 may be 
formed from any suitable material or combination of materi 
als. Such as plastic, metal, or a composite material, and may 
allow certain frequencies of electromagnetic radiation to pass 
through to wireless communication circuitry (e.g., network 
device 24) within device 50. 
0052. As shown in the present embodiment, enclosure 52 
includes user input structures 14 through which a user may 
interface with handheld device 50. For instance, each input 
structure 14 may be configured to control one or more respec 
tive device functions when pressed or actuated. By way of 
example, one or more of input structures 14 may be config 
ured to invoke a “home' screen 54 or menu to be displayed, to 
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toggle between a sleep, wake, or powered on/off mode, to 
silence a ringer for a cellular phone application, to increase or 
decrease a volume output, and so forth. It should be under 
stood that the illustrated input structures 14 are merely exem 
plary, and that handheld device 50 may include any number of 
Suitable user input structures existing in various forms includ 
ing buttons, Switches, keys, knobs, scroll wheels, and so forth. 
0053. In the illustrated embodiment, display 28 may be 
provided in the form of a liquid crystal display (LCD), which 
may display various images generated by handheld device 50. 
For example, LCD 28 may display various system indicators 
56 providing feedback to a user with regard to one or more 
states of handheld device 50, such as power status, signal 
strength, external device connections, and so forth. LCD 28 
may also display graphical user interface (GUI) 58 that may 
allow a user to interact with handheld device 50. GUI 58 may 
include various layers, windows, screens, templates, or other 
graphical elements that may be displayed in all, or a portion, 
of LCD 28. For instance, as shown on home screen 54, GUI 
58 may include graphical elements representing applications 
and functions of device 50. 

0054 The graphical elements may include icons 60, each 
of which may correspond to various applications that may be 
opened or executed upon detecting a user selection of a 
respective icon 60. By way of example, one of the icons 60 
may represent media player application 62, which may pro 
vide for the playback of digital audio and video data stored on 
device 50, as well as the playback of streamed video data. 
Another icon 60 may represent camera application 64, which 
may provide for the capture of still or moving images by a 
camera which, in one embodiment, may be integrated with 
handheld device 50. Additionally, one of the icons 60 may 
also representa photo browser application 66, by which a user 
may view images stored on handheld device 50, some of 
which may have been acquired using camera application 64. 
Further, one of the icons 60 may represent an application 68 
through which a user may set various user preferences for 
controlling the alteration of audio data based upon image 
data, motion data, position data, and the like. In some embodi 
ments, the selection of an icon 60 may lead to a hierarchical 
navigation process, such that selection of an icon 60 leads to 
a screen that includes one or more additional icons or other 
GUI elements. As will be appreciated, icons 60 may be 
selected via a touch screen included in display 28, or may be 
selected using one of user input structures 14. 
0055 As shown, electronic device 50 may include audio 
input devices 40, which may be provided as one or more 
microphones. In embodiments where device 50 includes cell 
phone functionality, audio input devices 40 may be config 
ured to receive user audio input, such as a user's voice. In 
Some embodiments, audio input devices 40 may also be inte 
grated with audio output devices, such as speakers, for trans 
mitting audio signals to a user, such as during playback of 
music data, for example. Further, where electronic device 50 
includes a cell phone application, an additional audio output 
transmitter 70 may be provided, as shown in FIG. 2. Output 
transmitter 70 may also include one or more speakers config 
ured to transmit audio signals to a user, such as Voice data 
received during a telephone call. Thus, audio input devices 40 
and output transmitter 70 may operate in conjunction to func 
tion as the audio receiving and transmitting elements of a 
telephone. 
0056 Referring briefly to FIG.3, a rear view of handheld 
electronic device 50 is illustrated. As shown in FIG. 3, device 
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50 may include camera 74, which may be used in conjunction 
with camera application 64 to acquire still or moving images, 
Such as digital photographs or videos. Images acquired via 
camera 74, and audio associated with the images and acquired 
via audio input devices 40, may be stored on device 50. The 
acquired audio may be subsequently processed by audio pro 
cessing logic 32 for the addition of one or more audio alter 
ation effects. Additionally, a user may also have the option of 
configuring device 50 Such that audio processing logic 32 
applies an audio alteration effect to the captured audio during 
Video capture, whereby the captured audio or a synthesized 
audio output is altered based on the images captured by cam 
era 74 as the images are displayed on display 28 (e.g., in 
Substantially real time) and/or being written to storage device 
20. 

0057. As noted above, electronic device 10 may also take 
the form of a computer system or some other type of elec 
tronic device. Such computers may include computers that 
are generally portable (such as laptop, notebook, tablet, and 
handheld computers), as well as computers that are generally 
used in one place (such as conventional desktop computers, 
workstations and/or servers). As previously noted, in certain 
embodiments electronic device 10 in the form of a computer 
may be a model of a MacBook(R, MacBook R. Pro, MacBook 
Air R, iMac(R), Mac(R) mini, or Mac Pro(R) available from 
Apple Inc. 
0058. By way of example, electronic device 10 in the form 
of laptop computer 80 is illustrated in FIG. 4 in accordance 
with one embodiment. Depicted computer 80 includes hous 
ing 82, display 28 (e.g., an LCD or some other suitable dis 
play), input/output ports 12, and input structures 14. In one 
embodiment, input structures 14 may include a keyboard and 
a touchpad mouse that are integrated with housing 82. Addi 
tionally, input structures 14 may include various other buttons 
and/or switches which may be used to interact with computer 
80, such as to power on or start the computer, to operate a GUI 
or an application running on computer 80, as well as adjust 
various other aspects relating to operation of computer 80 
(e.g., Sound Volume, display brightness, etc.). 
0059. As depicted, electronic device 10 in the form of 
computer 80 may also include various I/O ports 12 to provide 
connectivity to additional devices. For example, I/O ports 12 
may include a USB port, a DVI port, or some other port 
Suitable for connecting to another electronic device, a projec 
tor, a Supplemental display, and so forth. In addition, com 
puter 80 may include network connectivity, memory, and 
storage capabilities, as described with respect to FIG.1. As a 
result, computer 80 may store and execute a GUI and other 
applications, such as one or more applications configured to 
implement the audio alteration techniques described herein. 
0060. Further, as depicted in FIG.4, computer 80 includes 
integrated camera 74. In other embodiments, computer 80 
may instead or also utilize one or more external cameras 74 
(e.g., external USB cameras or “webcams') connected to one 
or more of I/O ports 12. For instance, an external camera may 
be an iSight(R) camera available from Apple Inc. Camera 74, 
whether integrated or external, may provide for the capture 
and recording of images. Such images may then be viewed by 
a user using an image viewing application, or may be utilized 
by other applications, including video-conferencing applica 
tions, such as iChat(R), and image editing applications, such as 
Photo Booth R), both of which are available from Apple Inc. 
Additionally, in accordance with Some embodiments, com 
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puter 80 may alter audio to be output to a user based on the 
image data captured by camera 74. 
0061. As noted above, electronic device 10 may alter 
audio to be played back to a user based on image data. 
Accordingly, method 90 for altering audio based on such 
image data is generally depicted in FIG. 5 in accordance with 
one embodiment. In the presently illustrated embodiment, 
method 90 includes receiving image data in step 92. The 
received image data may include video image data, still image 
data, slideshow data (e.g., data for a sequence of still images), 
or the like. Additionally, the received image data may include 
raw image data acquired via camera 74, image data acquired 
from another image acquisition device, or image data from 
Some other source (e.g., data stored in electronic device 10 or 
downloaded from another electronic device). 
0062. The received image data may be processed in step 
94. Such processing may include determining image charac 
teristics from the image data in step 96. Such processing may 
be performed via image processing logic 30, imaging Sub 
system 34, or some other component of electronic device 10, 
and the determined image characteristics may include various 
parameters determined from the image data. Additionally, in 
one embodiment, the processing of image data in step 94 may 
also include encoding the image in step 98. In Such an 
embodiment, the image characteristics determined in step 96 
may further include data pertaining to the encoding process. 
In various embodiments, examples of such image character 
istics may include, among others, image sharpness data, 
image brightness data, image color data, motion vectors cal 
culated by a video encoder, prediction errors calculated by 
Such an encoder, and frame characteristic data for encoded 
video frames. 
0063. In step 100, an audio file or output may be altered 
based on the image characteristics determined in step 96. The 
encoded image data, the altered audio, or both may be stored 
in any suitable storage device (e.g., non-volatile storage 20) in 
step 102, thereby allowing future playback of the audio and 
images. Further, the image data and/or the altered audio may 
be output from electronic device 10 in step 104, such as to a 
user via one or more speakers or to an additional electronic 
device 10. 
0064. By way of further example, a block diagram gener 
ally depicting alteration of audio based on image character 
istics, motion data, and position data is provided in FIG. 6 in 
accordance with one embodiment. As generally depicted in 
block diagram 110, image data 112 may be input to image 
signal processor (ISP) 114. In one embodiment, such image 
data 112 may be received from an image acquisition device, 
Such as camera 74. In other embodiments, however, image 
data 112 may also or instead be received by ISP 114 from 
images 118 stored in Some Suitable medium, Such as non 
volatile storage 20. ISP 114 and camera 74 may be included 
together as components of image Subsystem 34, though in 
other embodiments ISP 114 may be provided separately from 
camera 74. Such as a component of image processing logic 30. 
ISP 114 may process received image data 112 to determine 
various image parameters 120. For example, in one embodi 
ment, ISP 114 may be employed to determine various image 
characteristics, such as brightness, sharpness, color palette 
information, or other image data. 
0065 Processed image data 122 may be output by ISP 114 
for further processing by encoder 124, which may encode 
and/or compress image data 122. Encoder 124 may be any 
suitable encoder, such as an H.264 encoder, some other H.26X 
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encoder, or some form of MPEG encoder, to name but a few. 
Further, encoder 124 may provide additional image charac 
teristic data, Such as in the form of encoding data 126. Encod 
ing data 126 may include, among other forms of data, motion 
data (e.g., motion vectors calculated by encoder 124 for 
blocks of pixels in image data 122), prediction errors (e.g., the 
amount by which predicted motion of blocks of pixels across 
multiple frames deviates from the actual motion of Such pix 
els across the frames), and various data pertaining to frame 
type (e.g., whether an encoded frame is a key image frame). 
Encoded image data 128 may then be output to display 28, 
may be stored in non-volatile storage 20, or both. As will be 
appreciated, encoded image data 128 stored in non-volatile 
storage 20 may be played back to a user via display 28 at a 
future time. 
0066. Image data (e.g., data 122) may also or instead be 
provided to one or more processors 16. Such as a central 
processing unit (CPU), a graphics processing unit (e.g., GPU 
42), or some other processor. In one embodiment, processor 
(s) 16 may receive image data 122 and analyze such image 
datavia Software. For instance, in one embodiment, the image 
data 122 may be analyzed by processor(s) 16 in accordance 
with an image analysis routine to detect one or more particu 
lar image features or characteristics 132 of image data 122. 
0067 Various image characteristics determined from the 
processing of image data (e.g., image parameters 120, encod 
ing data 126, and other image characteristics 132) may be 
input to audio processing logic 32. While Such image char 
acteristics are generally depicted as being input to audio 
processing logic 32 directly from ISP 114, encoder 124, and 
processor(s) 16, it is noted that Such image characteristics 
may be stored in a suitable storage medium (e.g., storage 20) 
and input to audio processing logic 32 at Some future time 
(such as during output of image data from Storage 20). In the 
presently depicted embodiment, audio processing logic 32 
may apply various audio effects 138 based on the received 
image characteristics. Such audio effects may include varia 
tions in one or more characteristics of an audio signal. For 
example, effects 138 applied to audio may include variation 
in pitch; variation in tempo; a change in frequency response 
(e.g., filter Sweep); alteration of equalization characteristics; 
application of a chorus effect, a delay effect, a reverb effect, or 
the like; alteration of the volume of the audio; the addition of 
a synthesized sound effect; or other desired audio effects. 
0068. In one embodiment, audio processing logic 32 
includes audio synthesizer 140 for creating audio to be output 
to a user, and such audio effects 138 may be applied to audio 
synthesized via synthesizer 140. For example, audio synthe 
sizer 140 may generate a Sound, and the characteristics of the 
Sound may be varied as generally disclosed herein based on 
the determined image characteristics. Additionally, audio 
effects 138 may also or instead be applied to audio data 142 
received from other audio Sources 144. Such as audio input 
device 40 (e.g., a microphone) or various audio files 146 
stored in a suitable storage medium (e.g., storage 20). Altered 
audio data 152 may then be output via audio output device 
154 (e.g., one or more speakers) and/or may be stored in 
non-volatile storage 20 or some other Suitable storage 
medium for later playback or transfer to another electronic 
device 10. 

0069. In some embodiments, audio effects 138 may also or 
instead be generated based on motion data 156 from motion 
sensing device 36, and/or position data 158 received from 
GPS (or other positioning) device 38. Moreover, various 
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aspects of the audio effect generation may be modified or 
selected in accordance with various user preferences 160. In 
one embodiment, the user may enter application 68, or some 
other settings application, to set preferences for aspects of the 
audio alteration techniques described herein. For example, a 
user may set the magnitude of variation of an audio signal; the 
particular effects applied in response to particular forms of 
image data, motion data, or position data; various character 
istics of audio synthesized via synthesizer 140; and the like. 
0070. With the above points in mind, various techniques 
for acquiring, viewing, or playing back still and moving 
image data using handheld device 50 are illustrated in FIGS. 
7-9 by way of multiple screen images that may be displayed 
on display 28. Particularly, FIG. 7 depicts the playback of a 
video file using media player application 62, FIG. 8 depicts 
the live capture of image data (e.g., still images or video 
images) using camera 74 and camera application 64, and FIG. 
9 depicts the viewing of image data stored on device 50 using 
photo browser application 66, all in accordance with aspects 
of the present disclosure. As will be understood, the depicted 
screen images in FIGS. 7-9 may be generated by GUI 58 and 
displayed on display 28 of device 50. For instance, these 
screen images may be generated as the user interacts with the 
device 50, such as via input structures 14, or by a touchscreen 
interface. 

0071. It should also be understood that GUI58, depending 
on the inputs and selections made by a user, may display 
various screens including icons (e.g., 60) and graphical ele 
ments. These elements may represent graphical and virtual 
elements or “buttons' which may be selected by the user from 
display 28. Accordingly, it should be understood that the term 
“button,” “virtual button.” “graphical button.” “graphical ele 
ments, or the like, as used in the following description of 
screen images below, is meant to refer to the graphical repre 
sentations of buttons or icons represented by the graphical 
elements provided on display 28. Further, it should also be 
understood that the functionalities set forth and described in 
the Subsequent figures may be achieved using a wide variety 
graphical elements and visual schemes. Therefore, the illus 
trated embodiments are not intended to be limited to the 
precise user interface conventions depicted herein. Rather, 
additional embodiments may include a wide variety of user 
interface styles. 
0072. As initially shown in FIG. 7, beginning from home 
screen 54 of GUI 58, the user may initiate the media player 
application by selecting graphical button 62. By way of 
example, media player application 62 may be an iPod Rappli 
cation running on a model of an iPod TouchR or an iPhone(R), 
available from Apple Inc. Upon selection of graphical button 
62, the user may be navigated to home screen 170 of media 
player application 62. As shown in FIG. 7, screen 170 may 
initially display listing 172 showing various playlists 174 
stored on device 50. Screen 170 also includes graphical but 
tons 176, 178, 180, 182, and 184, each of which may corre 
spond to specific functions. For example, if the user navigates 
away from screen 170, the selection of graphical button 176 
may return the user to screen 170 and display playlists 174. 
Graphical button 178 may organize the media files stored on 
device 50 and display the media files in groupings based upon 
artist names, whereas graphical button 180 may represent a 
function by which media files are sorted and displayed alpha 
betically in a listing that may be navigated by the user. Addi 
tionally, graphical button 182 may present the user with a 
listing of video files available for playback on device 50. 
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Finally, graphical button 182 may provide the user with a 
listing of additional options that the user may configure to 
further customize the functionality of device 50 and/or media 
player application 62. 
0073. As shown, the selection of graphical button 182 may 
advance the user to screen 186, which may display a listing of 
video files available for playback on device 50. By way of 
example, video files stored on device 50 may include music 
Videos, captured videos (e.g., using camera 74), or movies. In 
some embodiments, video files may be downloaded from an 
online digital media service. Such as iTunes R. As illustrated 
in screen 186, video file 188 is stored on device 50 and may be 
played by selecting graphical button 190. For instance, upon 
selection of graphical button 190, video file 188 may be 
played back on Screen 192, which may sequentially display 
video images 194 corresponding to video file 188. 
0074 FIG. 8 shows screen images depicting the live cap 
ture of image data using camera 74. Returning to home screen 
54, a user may initiate a camera application by selecting 
graphical button 64. The initiation of camera application 64 
may activate image sensors within camera 74 for acquisition 
of image data, as well as ISP 114 for processing the image 
data captured via the image sensors. As shown, selection of 
camera application icon 64 may cause screen 198 to be dis 
played on device 50. Screen 138 may include viewfinder 200, 
which may display image data captured by camera 74 in 
substantially real time. For instance, if the user wishes to 
capture an image of Subject (or object) 202, the user may 
position device 50 in such a manner that an image of subject 
202 appears in viewfinder 200. Screen 198 also includes 
graphical button 204, which may be selected to store the 
captured images shown in viewfinder 200. The stored image 
data, referred to here by reference number 206, may include 
still images, such as pictures, as well as moving images. Such 
as video. The stored image data 206 may be viewed or played 
back on device 50 at a later time, as generally described 
above. 

0075 FIG. 9 shows screen images depicting how a user 
may view images stored on device 50 using a photo browser 
application. For instance, beginning at home screen 54, a user 
may selecticon 66 to run a photo browser application. By way 
of example, photo browser application 66 may be a version of 
iPhoto (R), available from Apple Inc., or a mobile photo 
browser application, which may be found on models of the 
iPod(R) Touch or the iPhone(R), also available from Apple Inc. 
As shown in FIG.9, the selection of icon 66 may advance the 
user to home screen 210 of photo browser application 66. 
Screen 210 may display a listing 212 of “albums' or group 
ings of images stored on device 50. By selecting album 214, 
the user may be advanced to screen 216, on which image 206 
(showing Subject 202) that was previously acquired (e.g., by 
using camera application 64 of FIG. 8) is displayed. In 
embodiments where an album includes multiple images, the 
multiple images may be sequentially displayed in the form of 
a slideshow. Screen 216 also includes graphical button 218, 
which the user may select to return to listing 212 on Screen 
210. 

0076. Having described several techniques in FIGS. 7-9 
by which image data may be acquired, viewed, or played back 
on device 50, FIGS. 10-20 are intended to illustrate various 
examples of audio alteration effects that may be applied to 
images displayed on device 50 in response to various types of 
image data, motion data, and/or position data, in accordance 
with aspects of the present disclosure. Before continuing, it 
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should be understood the present disclosure is not intended to 
be limited to the specific audio alteration examples described 
with reference to FIGS. 10-20. Rather, these examples are 
provided in order to provide a reader with a better understand 
ing of the disclosed audio alteration techniques, which may, 
in additional embodiments, utilize a number of audio alter 
ation effects not specifically discussed herein. 
0077. For example, audio to be played back by electronic 
device 10 may be altered based on motion characteristics 
determined from image data in accordance with method 224, 
which is generally depicted in FIG.10 in accordance with one 
embodiment. Particularly, in the presently illustrated embodi 
ment, image data (e.g., video data) may be received at Step 
226 and motion characteristics may be determined from the 
image data in step 228. For example, encoder 124 may cal 
culate motion vectors for one or more blocks of pixels in 
Video frames of the received image data and may output Such 
motion vectors to audio processing logic 32. 
0078 From these motion vectors, various audio effects 
may be applied to audio signals to be output from device 10. 
For instance, Vertical motion in the received image data (deci 
sion block 230) may be used to vary the pitch of an audio 
output (or portion thereof) in step 232. In one embodiment, 
upward vertical motion may cause audio processing logic 32 
to raise the pitch of the audio, while downward vertical 
motion may result in audio processing logic 32 lowering the 
pitch. As generally indicated by decision block 234, horizon 
tal motion in the received image data may be used to control 
Volume of the audio processed by audio processing logic 32 in 
step 236. For example, the volume of the audio may be 
increased in response to rightward motion in the received 
image data, and may be decreased in response to leftward 
motion in Such image data. 
0079 Additionally, in one embodiment, a detected change 
in the total amount of motion in the received image data 
(decision block 238) may provide a basis for altering the 
tempo of the audio in step 240. For example, a relatively large 
amount of motion represented in the received image data may 
result in audio playback of music or some other audio at a 
quick tempo, while a relatively small amount of motion in the 
image data may correspondingly result in playback of the 
audio at a slow tempo. Further, the rate at which the tempo of 
the played back audio changes may be based on the corre 
sponding rate of change in the total motion. Audio altered in 
the manner described above may be stored, output, or both in 
steps 242 and 244, respectively. Although the above example 
describes varying pitch based on vertical motion, varying 
Volume based on horizontal motion, and varying tempo based 
on varying overall motion, it is noted that any number of audio 
characteristics other than those explicitly described with 
respect to FIG. 10 may also or instead be controlled based on 
motion characteristics based on the image data. For instance, 
in one embodiment, the manner in which audio alteration 
effects are applied may be controlled in accordance with user 
preferences 160. 
0080 Additional aspects of varying audio output based on 
motion in video data may be better understood with reference 
to FIGS. 11-13. Particularly, FIG. 11 generally depicts varia 
tion of an audio property in response to Vertical motion in 
image data. A sequence of screens 198 is provided in FIG. 11 
in accordance with one embodiment, in which object 202 
undergoes vertical motion. The images depicted in the 
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sequence of screens 198 may generally correspond to frames 
of a Video image occurring at times t t to, and t, respec 
tively. 
0081 For the present explanatory purposes, object 202 
may be considered to be located in a central portion of screen 
198 at time t. Object 202 may then move vertically down 
ward, as represented by arrow 248, to a relatively low position 
in screen 198 at time t. Subsequently, object 202 may move 
upwardly (as represented by arrow 250) to a high position in 
screen in 198 at time t, before returning (as represented by 
arrow 252) to the central position in screen 198 at time t. 
0082. A property of an audio signal may be varied in 
response to Such vertical motion, as generally represented by 
graph 254. As noted above, the altered audio property may be 
a pitch characteristic of an audio signal. In other embodi 
ments, however, the audio property may instead be related to 
tempo, filter Sweep, equalization, Volume, reverb, or the like. 
In the present illustration, curve 256 generally represents the 
varying magnitude of an audio property (represented along 
vertical axis 258) over a span of time (represented along 
horizontal axis 260). Particularly, the downward movement 
of object 202 from time t to time t may be represented in 
data received by audio processing logic 32 (e.g., motion vec 
tors from encoder 124), and the audio property may be altered 
based on the downward motion. For example, pitch, Volume, 
or the like may be reduced from timet to time t, as generally 
depicted in graph 254. The upward motion of object 202 
between times to and t, may result in a corresponding 
increase in the audio property, as generally depicted in graph 
254. Additionally, movement of the object 202 back to the 
central position in screen 198 at time t, may result in reduc 
tion in magnitude of the audio property between timest, and 
t, as also provided in graph 254. 
0083. Similarly, audio processing logic 32 may also alter 
one or more audio properties based on horizontal motion in 
the received image data. For instance, horizontal motion of 
object 202 between different times t, t, t, and t, may be 
detected by encoder 124 (e.g., through calculation of motion 
vectors), and one or more audio properties may be corre 
spondingly adjusted based on Such horizontal motion. As 
generally depicted in screens 198, object 202 may first move 
to the right of a field of view, then to the left of a field of view, 
and then back to the center of the field of view, as generally 
represented by arrows 262. 264, and 266, respectively. Addi 
tionally, as generally depicted by curve 270 in graph 268, the 
magnitude or some other aspect of the audio property (gen 
erally represented along vertical axis 272) may be varied over 
a time span (generally depicted along horizontal axis 274). 
For instance, the Volume (or any other desired audio param 
eter) of an audio signal may be increased when object 202 
moves toward the right and may be decreased when object 
202 moves to the left. 

0084 As a further example, one or more characteristics of 
an audio signal to be output by device 50 may be varied based 
on any number of additional image characteristics. For 
example, as generally depicted in FIG. 13, an audio property 
may be altered by audio processing logic 32 in response to 
Zooming into and away from object 202 in the received video 
data. For example, received video data may include a Zoom-in 
effect between times t and t, and may include Zoom-out 
effects between times to and t, as well as timest, and t. As 
represented by curve 278 in graph 276, which generally rep 
resents variation of an audio property over time (correspond 
ing to axes 280 and 282, respectively), an audio property (e.g., 
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pitch, Volume, frequency response) may generally increase as 
the video data Zooms-in on object 202, and may generally 
decrease as the video data Zooms-out from object 202. Of 
course, in other embodiments, the effect applied by audio 
processing logic 32 based on Such Zooming may be reversed, 
Such that Zooming-in results in a decrease in the magnitude or 
other aspect of an audio property, while Zooming-out results 
in an increase in the magnitude or other aspect of the audio 
property. In one embodiment, the audio effect applied may 
include a Doppler effect, in which an audio pitch rises as the 
video Zooms-in on object 202, and falls as the video Zooms 
out from object 202. 
I0085. The alteration of audio output by device 50 may be 
based on a variety of other image characteristics, as generally 
noted above. For instance, method 286, generally depicted in 
FIG. 14 in accordance with one embodiment, may include 
step 288 of receiving brightness data of received image data. 
As noted above, such brightness data may be provided via ISP 
114 based on one or more still images or video images. 
Method 286 may further include adjusting the frequency 
response of an audio filter (or some other audio property) in 
step 290 based on Such brightness data, and applying the 
audio filter (or other audio effect) to an audio signal in step 
292. 

I0086 For example, with respect to video data, a decrease 
in the brightness of video data may be used as a basis for 
reducing the frequency response of an audio filter to darken 
the timbre of audio to be output to a user. In contrast, an 
increase in the brightness of video data may result in the 
widening of the frequency response of the audio filter, thereby 
increasing the brightness of the timbre of the audio to be 
output. Similarly, for still image data, the frequency response 
of Such an audio filter applied by audio processing logic 32 
may be varied based on the relative brightness of the still 
images. Additionally, if the image data includes a low bright 
ness level, the audio filter may be used to generally muffle the 
audio (e.g., via an audio filter), while a relatively high bright 
ness level may result in the audio not being muffled by audio 
processing logic 32, which may result in a clearer, more 
centered, Sound to the audio. The audio may be output in step 
294, with or without the images on which the audio alteration 
effects are based. The altered audio may also or instead be 
stored in a suitable medium in step 296 for future output. 
I0087 Moreover, audio processing logic 32 may also apply 
various audio effects to an audio signal based on sharpness 
data, as generally provided by method 300, which is depicted 
in FIG. 15 in accordance with one embodiment. Method 300 
includes receiving sharpness data, such as from ISP 114, in 
step 302. Parameters of an audio filter may be set by (or a 
particular filter may be selected by) audio processing logic 
32, in step 304, based on the received sharpness data, and 
audio may filtered by audio processing logic 32 in step 306. 
For instance, in one embodiment, audio processing logic 32 
may apply a distortion filter to muffle the audio or narrow its 
frequency or dynamic range if the image data is out of focus, 
and may increase the frequency or dynamic range of the audio 
if the received image data is in focus (or as the image comes 
into focus). Of course, as generally noted previously, the 
aforementioned brightness data and sharpness data may be 
used to apply any number of audio effects in place of or in 
addition to those described above. The altered audio may be 
output (with or without image data) and/or stored in steps 308 
and 310, respectively. 
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0088. In an additional embodiment, audio may be filtered 
or otherwise altered based on image color statistics via 
method 316 generally depicted in FIG. 16. Method 316 may 
include receiving image color statistics in step 318 (e.g., via 
ISP 114), and changing parameters of (or selecting) an audio 
filter in step 320 based on the image color statistics. For 
example, the frequency response of a filter may be modified 
based on the image color statistics. By way of further 
example, in one embodiment, the frequency response to an 
audio filter may be widened if the image color statistics indi 
cate that the colors of an image are predominately light, and 
the frequency range of the filter may be narrowed if the image 
color statistics indicate the predominance of darker colors. As 
a result, in such an embodiment audio filtered in step 322 via 
the filter may have a brighter or a darker timbre corresponding 
to the lighter or darker colors indicated by the image color 
statistics. The filtered audio may then be output and/or stored 
in steps 324 and 326, respectively. Of course, any number of 
other audio characteristics may be altered by the audio pro 
cessing logic 32 based on color data for images. 
0089. In yet another embodiment, an audio effect may be 
applied to an audio signal based on one or more features of 
image data via method 330 generally depicted FIG. 17. 
Method 330 may include receiving image data in step 332, 
and detecting one or more image features or characteristics in 
step 334. For example, in one embodiment, the received 
image data may be analyzed to determine the presence of 
water in the image data, and an “underwater audio effect 
may be applied to the audio signal in step 336. The audio 
effect may include a generated gurgling Sound similar to that 
produced by bubbles in water, may include a distortion filter 
that alters an underlying audio signal to Sound as if it were 
passing through water, or may include some other feature. 
The analysis of image data may include an analysis of the 
images themselves, of metadata associated with the images, 
or both. Indeed, metadata associated with various images may 
provide the basis for altering audio in accordance with some 
embodiments of the present techniques. The altered audio 
may be output (with or without images) and stored in steps 
338 and 340, respectively. 
0090. In addition to altering audio playback characteris 

tics based on image data, audio effects may also be generated 
based on other trigging events or data, Such as motion data 
from motion sensing device 36 and position data (e.g., from 
GPS device 38). For example, method 350 is generally 
depicted in FIG. 18 in accordance with one embodiment. 
Method 350 includes receiving motion data in step 352, 
receiving position data in step 354, or both. An audio effect is 
applied (i.e., applied to existing audio and/or generated) to 
alter audio output based on the received data in step 356. 
While various examples of such audio effects are provided 
and described below with respect FIGS. 19 and 20, it will be 
appreciated that other audio effects may be applied based on 
the received motion and position data. Further, such altered 
audio may be output and/or stored in steps in 358 and 360, 
respectively. 
0091. By way of further example, FIG. 19 generally 
depicts method 370 for altering an audio parameter based on 
motion or position data in accordance with one embodiment. 
In step 372, a speed parameter may be determined from the 
motion data or the position data. The speed parameter may 
relate to any of various speeds associated with device 50, such 
as a translational speed, a rotational speed, or the like. If it is 
determined that the speed is increasing (decision block 374), 
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the tempo at which music (or other audio) is output by device 
50 may be increased in step 376. Conversely, if it is deter 
mined that the speed is decreasing (decision block 378), the 
tempo of music being played back by device 50 may be 
decreased in step 380. The speed may be iteratively moni 
tored (decision block 382) to continuously vary the tempo of 
the music before concluding at step 384. In one embodiment 
the speed on which the variation in music tempo is based may 
be a rotational speed of the device 50. For example, device 50 
may be placed upon a Surface, and a user may spin device 50 
at different rates to control the rate of music playback. 
0092. For instance, as generally depicted in FIG. 20 in 
accordance with one embodiment, device 50 may execute a 
virtual record player application. In Such an embodiment, 
virtual record player 390 may be displayed via display 28, and 
one or more features of audio output may be controlled via 
rotation or spinning of the device 50 on surface 392 (or 
independent of surface 392 in another embodiment). For 
example, in one embodiment, device 50 may be rotated clock 
wise to increase the speed of music playback, or may be 
rotated counter-clockwise to reduce the speed of music play 
back (such rotation is generally represented by arrows 394). 
In another embodiment, the virtual record player application 
may provide a virtual "scratch” record, allowing a user to 
rotate device 50 back and forth to cause the device 50 to 
output a record Scratching effect similar to that a disc jockey 
may obtain with a vinyl record on a turntable. 
0093. The specific embodiments described above have 
been shown by way of example, and it should be understood 
that these embodiments may be susceptible to various modi 
fications and alternative forms. It should be further under 
stood that the claims are not intended to be limited to the 
particular forms disclosed, but rather to cover all modifica 
tions, equivalents, and alternatives falling within the spirit 
and scope of this disclosure. 

What is claimed is: 
1. A method comprising: 
receiving image data at an electronic device; 
processing the image data via the electronic device, 

wherein processing the image data includes determining 
at least one image metric of the image data; and 

outputting an audio signal from the electronic device, 
wherein the output audio signal includes at least one 
characteristic that varies based on the at least one image 
metric. 

2. The method of claim 1, wherein processing the image 
data includes encoding video data via a video encoder of the 
electronic device and determining at least one image metric 
includes determining motion vectors for an object repre 
sented in the video data Such that the output audio signal 
includes at least one characteristic that varies based on the 
motion vectors. 

3. The method of claim 2, comprising varying at least one 
of a Volume, a pitch, or a tempo of the audio signal based on 
the determined motion vectors. 

4. The method of claim 1, wherein outputting the audio 
signal from the electronic device includes at least one of 
playing the audio signal to a user via a speaker or outputting 
electronic data encoding the audio signal to an additional 
electronic device. 

5. The method of claim 1, comprising outputting video 
generated from the image data to a user via a display of the 
electronic device. 
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6. The method of claim 1, wherein receiving image data 
includes acquiring the image datavia animage capture device 
of the electronic device. 

7. An electronic device comprising: 
an image capture device disposed in a housing: 
an image signal processor disposed in the housing: 
a video encoder disposed in the housing; and 
audio processing logic disposed in the housing: 
wherein the electronic device is configured to acquire 

Video data via the image capture device, to determine a 
video characteristic of the video data via at least one of 
the image signal processor or the video encoder, to pro 
vide the determined video characteristic to the audio 
processing logic, and to generate an audio effect via the 
audio processing logic based on the determined video 
characteristic. 

8. The electronic device of claim 7, wherein the electronic 
device is configured to determine motion of an object repre 
sented in the acquired video data via the video encoder and to 
generate the audio effect based on the motion of the object. 

9. The electronic device of claim 8, wherein the audio 
effect includes at least one of variation of a pitch of an audio 
signal based on vertical motion of the object or variation of a 
Volume of the audio signal based on horizontal motion of the 
object. 

10. The electronic device of claim 8, wherein the audio 
effect includes changing the tempo of music played from the 
electronic device, wherein the changing of tempo is based on 
the motion of the object. 

11. The electronic device of claim 7, wherein the electronic 
device is configured to encode the acquired video data via the 
Video encoder and to output the generated audio effect to a 
user during encoding of the acquired video data. 

12. The electronic device of claim 7, wherein the video 
encoder includes an H.264 video encoder. 

13. A method comprising: 
receiving image data at an electronic device; 
analyzing image data via image processing logic of the 

electronic device; and 
altering a characteristic of an audio signal based on the 

analysis of the image data. 
14. The method of claim 13, wherein receiving the image 

data at the electronic device includes receiving a plurality of 
Static images. 

15. The method of claim 14, comprising sequentially dis 
playing the plurality of static images and outputting audio to 
a user therewith, wherein the output audio varies based on the 
analysis of the plurality of Static images via the image pro 
cessing logic. 

16. The method of claim 13, wherein analyzing the image 
data includes determining at least one of sharpness, bright 
ness, or color statistics, and altering the characteristic of the 
audio signal includes altering the characteristic of the audio 
signal based on the at least one of sharpness, brightness, or 
color statistics. 

17. The method of claim 13, wherein determining at least 
one of sharpness, brightness, or color statistics includes deter 
mining at least one of sharpness, brightness, or color statistics 
for a plurality of still images, for a sequence of frames in 
video data, or both. 
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18. An electronic system comprising: 
a motion detecting device; 
audio processing logic configured to output audio; and 
a speaker configured to audibly provide the audio to a user; 
wherein the audio processing logic is configured to alter a 

parameter of the audio based on motion data generated 
by the motion detecting device. 

19. The electronic system of claim 18, comprising image 
processing circuitry configured to analyze image data and 
output image characteristics, wherein the audio processing 
logic is configured to alter the parameter or an additional 
parameter of the audio based on one or more image charac 
teristics output by the image processing circuitry. 

20. The electronic system of claim 19, wherein the image 
processing circuitry includes a processor configured to ana 
lyze the image data via execution of image analysis software. 

21. The electronic system of claim 19, wherein the param 
eter of the audio that the audio processing logic is configured 
to alter includes at least four of pitch, tempo, timbre, Volume, 
frequency range, a reverberation effect, a chorus effect, or a 
delay effect. 

22. The electronic system of claim 18, wherein the motion 
data includes rotational data for the motion detecting device, 
Such that the audio processing logic is configured to alter the 
parameter of the audio based on rotation of the motion detect 
ing device. 

23. The electronic system of claim 18, comprising a posi 
tion detecting device, wherein the audio processing logic is 
configured to alter the parameter or an additional parameter 
of the audio based on position data generated by the position 
detecting device. 

24. A manufacture comprising: 
one or more tangible, computer-readable storage media 

having application instructions encoded thereon for 
execution by a processor, the application instructions 
comprising: 
instructions for acquiring image data; 
instructions for receiving an image attribute from image 

processing logic configured to encode the acquired 
image data; and 

instructions for generating an audio effect, wherein the 
audio effect includes at least one audio characteristic 
that is altered based on the received image attribute. 

25. The manufacture of claim 24, wherein the instructions 
for generating the audio effect include at least one of instruc 
tions for creating the audio effect via a synthesizer or instruc 
tions for altering a playback characteristic of a stored audio 
file. 

26. The manufacture of claim 24, wherein the application 
instructions include instructions enabling a user to input pref 
erences with respect to the generation of the audio effect. 

27. The manufacture of claim 24, wherein the application 
instructions include: 

instructions for providing a virtual record player applica 
tion to a user via a display of an electronic device; and 

instructions for generating an additional audio effect based 
on motion of the electronic device during operation of 
the virtual record player application. 
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