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METHOD AND APPARATUS FOR AUDIO 
NORMALIZATION 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/551.357, filed Aug. 31, 2009, entitled 
“Method and Apparatus for Audio Normalization, which is 
hereby incorporated by reference herein in its entirety. U.S. 
patent application Ser. No. 12/551.357 is a continuation of 
U.S. patent application Ser. No. 10/658,349, filed Sep. 9, 
2003, entitled “Method and Apparatus for Playback of Audio 
Files', now U.S. Pat. No. 7,596,234, which is hereby incor 
porated by reference herein in its entirety. U.S. patent appli 
cation Ser. No. 10/658,349 is a continuation in part of U.S. 
patent application Ser. No. 10/606,464, filed Jun. 26, 2003, 
entitled “Method and Apparatus for Audio Normalization'. 
now U.S. Pat. No. 7,272,235, which is hereby incorporated by 
reference herein in its entirety. 

BACKGROUND 

0002 Computer systems are being used today to store 
various types of media, Such as audio data, video data, com 
bined audio and video data, and streaming media from online 
sources. Media clips recorded from or obtained from different 
sources often have widely varying volume levels. For 
example, an audio file copied from a Compact Disc (CD) may 
have a particular volume level and an audio file downloaded 
from an online music source may have a significantly differ 
ent volume level. If the difference in volume levels between 
two audio files is significant, a user will notice the difference 
in Volume when the two audio files are played sequentially. 
0003. A user can play audio data through a computer sys 
tem using, for example, a media player application. If the 
Volume between different Songs or media clips is significant, 
the user can manually adjust the Volume for each Song or 
media clip such that the volume is at the desired level. This 
approach is annoying to the user of the computer and distracts 
the user from their other activities. 
0004. Accordingly, it is desirable to provide an audio play 
back mechanism that automatically adjusts the Volume of 
different sets of audio data (e.g., media clips) Such that the 
playback Volume is Substantially constant across a list of 
different audio data. 

SUMMARY 

0005. The systems and methods described herein normal 
ize Volume levels across multiple audio files. In a particular 
embodiment, a request is received to play an audio file. A 
process determines whether Volume normalization param 
eters associated with the audio file are stored in a media 
library. If so, the Volume normalization parameters are 
retrieved from the media library. If the volume normalization 
parameters associated with the audio file are not stored in the 
media library, the Volume normalization parameters are 
retrieved from the audio file. The volume normalization 
parameters are applied while playing the audio file. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 Similar reference numbers are used throughout the 
figures to reference like components and/or features. 
0007 FIG. 1 is a block diagram illustrating an example of 
various components that can be used to normalize Volume 
levels among multiple media files or other media data. 
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0008 FIG. 2 is a flow diagram illustrating an embodiment 
of a procedure for playing an audio file. 
0009 FIG. 3 is a flow diagram illustrating an embodiment 
of a procedure for copying a CD. 
0010 FIG. 4 is a flow diagram illustrating an embodiment 
of a procedure for scanning media on a computer system. 
0011 FIG. 5 is a flow diagram illustrating an embodiment 
of a procedure for normalizing volume levels for an audio file 
during playback. 
0012 FIG. 6 is a graph illustrating the manner in which 
audio data is modified to avoid “clipping the audio output 
signal. 
0013 FIG. 7 illustrates a general computer environment, 
which can be used to implement the techniques described 
herein. 

DETAILED DESCRIPTION 

0014. The systems and methods discussed herein normal 
ize audio data during playback. Normalization is also referred 
to as “volume leveling. Normalization of audio data adjusts 
the average Volume of audio data Such that the playback 
Volume is Substantially constant across multiple audio files. 
The systems and methods described herein can be applied 
during, for example, media playback, media recording (e.g., 
“burning a CD or DVD) and media scanning or analysis. 
This normalization of audio data eliminates the need for the 
user to manually adjust the volume for different media clips 
or other audio files. 
0015. In a specific embodiment, a volume normalization 
process is applied across multiple audio files during playback. 
As discussed herein, Volume normalization parameters can be 
calculated at different times, such as during playback of an 
audio file, when copying an audio file, when scanning a media 
library, or during media recording. 
0016. As used herein, the term “media clip' describes any 
sequence of audio data, video data, combined audio and video 
data, etc. A “media clip' may also be referred to as an “audio 
clip', a “video clip', or a “song. As used herein, the term 
“audio file’ describes any sequence of audio data having any 
length. An “audio file' may contain other information in 
addition to audio data, Such as configuration information, 
associated video data, and the like. An “audio file' may also 
be referred to as a “media file’. 
0017 Although particular examples discussed herein refer 
to playing or copying audio data from CDs, the systems and 
methods described herein can be applied to any audio data 
obtained from any source, such as CDs, DVDs (digital video 
disks or digital versatile disks), video tapes, audio tapes and 
various online sources. The audio data processed by the sys 
tems and methods discussed herein may be stored in any 
format, Such as a raw audio data format or a compressed 
format such as WMA (Windows Media Audio), MP3 
(MPEG, audio layer 3), WAV (a format for storing sound in 
files; uses “..wav' filename extension), WMV (Windows 
Media Video), or ASF (Advanced Streaming Format). 
0018 FIG. 1 is a block diagram illustrating an example of 
various components that can be used to normalize Volume 
levels (also referred to as audio levels) among multiple media 
files or other media data. The various components shown in 
FIG.1 may be included in a media player application Such as 
the Windows MediaR Player available from Microsoft Cor 
poration of Redmond, Wash. A Volume normalization engine 
102 is coupled to a media copy module 104, a media playback 
module 106, a media scan module 108, a media burning 
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module 110 and a media download module 112. Volume 
normalization engine 102 normalizes Volume levels among 
multiple media files, media clips, etc. Media copy module 
104 allows a user to copy an audio file from, for example, a 
CD to a computer hard drive (or other storage device) such 
that the audio file can be played back through the computer's 
speakers. This process of copying an audio file from a CD to 
a computer hard drive is commonly referred to as “ripping. 
Media copy module 104 may also allow a user to copy an 
audio file from a computer hard drive to a portable device, 
such as a WMA or MP3 player. 
0019 Media playback module 106 plays audio and/or 
video data from a CD, DVD, computer hard drive, or other 
Source. Typically, media player module 106 plays audio data 
through a computer's speakers and plays video data on the 
computer's monitor. Media scan module 108 scans storage 
devices coupled to a computer system for audio and/or video 
files and categorizes those audio and/or video files. Media 
scan module 108 is typically executed when a media player is 
installed on a new computer or when a user wants to update a 
listing of all audio and/or video files on the computer. Media 
scan module 108 generally scans hard drives, CD-ROM 
drives, DVD drives, other drives containing removable 
media, and any portable devices coupled to the computer. 
0020 Media burning module 110 controls the recording of 
data (such as audio and video data) on a recordable media, 
such as a recordable CD or a recordable DVD. The process of 
recording a CD or a DVD is commonly referred to as “burn 
ing a CD or DVD. Media burning module 110 may record 
data from multiple sources onto a single CD or DVD. For 
example, a collection of audio data stored on a CD may be 
from another CD, an online source, and from an audio track 
on a DVD. 

0021 Media download module 112 allows users to down 
load media content from various sources, such as web sites, 
music download services, or data storage mechanisms acces 
sible via, for example, a data communication network. As 
media content is downloaded by media download module 
112, various Volume normalization parameters are computed 
and saved. 

0022 Volume normalization engine 102 is also coupled to 
a media library 114, which stores normalization parameters 
associated with multiple audio files. Additional details 
regarding these normalization parameters are discussed 
below. Media library 114 may also contain configuration 
information, audio data, video data, and other data used by 
Volume normalization engine 102 and the media player appli 
cation. 

0023 Volume normalization engine 102 includes a vol 
ume normalization parameter calculator 116 and a volume 
normalizer 118. Volume normalization parameter calculator 
116 analyzes audio data and calculates one or more Volume 
normalization parameters that are applied to the audio data 
during playback Such that the Volume of the audio data is 
normalized with the volume of other audio data. These vol 
ume normalization parameters are stored in media library 114 
along with an identifier of the audio data with which the 
parameters are associated. The Volume normalization param 
eters are applied by volume normalizer 118 during playback 
of the audio data to normalize the playback volume of the 
audio data. Volume normalizer 118 may work in combination 
with media playback module 106 to play audio data with a 
normalized playback Volume. 
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0024 FIG. 2 is a flow diagram illustrating an embodiment 
of a procedure 200 for playing an audio file. Initially, a user 
selects an audio file for playback (block 202). The procedure 
200 then determines whether existing volume normalization 
parameters are available for the audio file (block 204). This 
determination is made by first checking the media library 
(e.g., media library 114 in FIG. 1) for volume normalization 
parameters associated with the selected audio file. If the 
media library does not contain Volume normalization param 
eters associated with the selected audio file, the audio file 
itself is checked for Volume normalization parameters. In 
Some situations, the Volume normalization parameters are 
stored in the audio file when the audio file is created or added 
to the audio file at a later time. As discussed in greater detail 
below, example Volume normalization parameters include 
peak volume value and average Volume level. 
0025 If volume normalization parameters are located in 
the media library or in the audio file itself, the procedure 
continues from block 204 to block 206, where the procedure 
retrieves the Volume normalization parameters associated 
with the selected audio file. The volume normalization 
parameters are then applied while playing the selected audio 
file (block 208). 
0026. If volume normalization parameters are not located 
in the media library or in the audio file itself, the procedure 
branches from block 204 to block 210, where the procedure 
plays the selected audio file. While playing the selected audio 
file, the procedure monitors the audio file and calculates 
volume normalization parameters (block 212). When play 
back of the audio file is complete, the volume normalization 
parameters are stored in a media library (block 214) and 
stored with the audio file (block 216). Storing the volume 
normalization parameters “with the audio file' includes edit 
ing the audio file to include the parameters or storing the 
parameters in another file adjacent to or associated with the 
audio file. In one embodiment, the Volume normalization 
parameters are stored in a header of the audio file. In certain 
situations, the audio file cannot be edited and the parameters 
cannot be stored with the audio file. In these situations, the 
Volume normalization engine relies on the Volume normal 
ization parameters stored in the media library during play 
back of the audio file. 
0027 FIG. 3 is a flow diagram illustrating an embodiment 
of a procedure 300 for copying a CD. Initially, a user selects 
a CD (or other storage media) to copy (block 302). Audio files 
on the selected CD are copied to the user's computer system 
(block 304), such as the computer system's hard disk drive. 
The procedure then analyzes each audio file and calculates 
one or more Volume normalization parameters for each audio 
file (block 306). The volume normalization parameters are 
then saved in a media library (block 308) and saved with the 
associated audio file (block 310), if possible. The volume 
normalization parameters may be saved in the audio file itself. 
saved adjacent to the audio file, or saved in the proximity of 
the audio file. 

(0028. Although blocks 304 and 306 in FIG.3 are shown as 
two separate functions or operations, in a particular embodi 
ment during the process of copying audio files from a CD, the 
audio data passes through a normalization procedure before 
they are encoded and written to the disk drive. The normal 
ization engine calculates the normalization parameters as the 
audio files are transferred from the CD to the disk drive. 

(0029. In the example of FIG.3 above, all audio files on the 
CD are copied to the computer system. In alternate embodi 
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ments, a user may select one or more of the audio files on the 
CD to copy to the computer system. For example, the user 
may select their favorite songs from the CD to be copied to the 
computer system. 
0030. In an alternate embodiment of FIG.3, the procedure 

first checks to see whether Volume normalization parameters 
already exist for each audio file. If the parameters do not exist 
in the media library or with the audio file, then the procedure 
is followed as discussed above. However, if the volume nor 
malization parameters exist in the media library or with the 
audio file, the procedure does not recreate the parameters. 
Instead, the procedure uses the existing Volume normaliza 
tion parameters. 
0031 FIG. 4 is a flow diagram illustrating an embodiment 
of a procedure 400 for Scanning media on a computer system. 
Initially, a user initiates a media scan operation on a computer 
system (block 402). The media scan operation identifies mul 
tiple media files on the computer system (block 404). The 
identified media files may include audio files, video files, and 
the like. A Volume normalization engine analyzes the content 
of each identified media file (block 406). The volume normal 
ization engine calculates Volume normalization parameters 
for each identified media file that contains audio data (block 
408). The volume normalization engine stores the volume 
normalization parameters in a media library (block 410) and 
stores the Volume normalization parameters with the associ 
ated media file (block 412). The volume normalization 
parameters may be stored in the media file itself, stored adja 
cent to the media file, or stored in the proximity of the media 
file. 

0032. In another embodiment, the volume normalization 
engine Stores the Volume normalization parameters in the 
media library, as mentioned above with respect to block 410. 
However, instead of storing the Volume normalization param 
eters with the associated media file (e.g., block 412), the 
Volume normalization parameters are copied from the media 
library to the associated media file (if the media file is an 
editable file) at a later time. 
0033. In one embodiment, a media scan operation identi 

fies media files on the computer system that were not identi 
fied during a previous media scan. This embodiment saves the 
computer system from re-analyzing media files and re-calcu 
lating Volume normalization parameters unnecessarily. 
0034. In another embodiment, a media scan operation is 
performed periodically to identify any new media files in the 
computer system. These periodic media scans keep the media 
library and the media listings provided by the media player 
application current. 
0035. In a particular embodiment, a user may create (e.g., 
“burn') an audio CD with one or more audio tracks. The 
Volume normalization system attempts to retrieve Volume 
normalization parameters from the media library and from 
the audio files to be recorded on the CD. If the volume 
normalization parameters are not available for a particular 
audio file, the Volume normalization system scans the audio 
file and calculates the Volume normalization parameters. The 
Volume normalization system then scans the audio file a sec 
ond time to copy the audio file to the CD while applying the 
Volume normalization parameters calculated during the first 
scan of the audio file. The resulting audio CD contains one or 
more audio files that have been normalized across the audio 
CD. 

0036. In another embodiment, a user may download one or 
more audio files from an online source, such as an online 
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music download service. As the audio files are downloaded, 
the Volume normalization system attempts to retrieve Volume 
normalization parameters from the media library and from 
the audio files being downloaded. If the Volume normaliza 
tion parameters are not available for a particular audio file, the 
Volume normalization system scans the audio file and calcu 
lates the Volume normalization parameters as the file is down 
loaded. The volume normalization system then saves the vol 
ume normalization parameters in the media library and/or in 
the downloaded audio file. 

0037 FIG. 5 is a flow diagram illustrating an embodiment 
of a procedure 500 for normalizing volume levels for an audio 
file during playback. Initially, a user selects an audio file for 
playback (block 502). A volume normalization engine iden 
tifies a mapping function associated with the audio file (block 
504). The mapping function can be stored in a media library, 
stored in the audio file, or stored with the audio file. The 
mapping function maps an input sample to an output sample 
in a Smooth and continuous manner. During playback of the 
audio file, the Volume normalization engine applies a first 
portion of the mapping function to audio data in the audio file 
when the amplitude of the audio data does not exceed a 
threshold value (block506). Similarly, during playback of the 
audio file, the Volume normalization engine applies a second 
portion of the mapping function to audio data in the audio file 
when the amplitude of the audio data exceeds the threshold 
value (block 508). Calculation and application of the map 
ping function are discussed in greater detail below. In a par 
ticular embodiment, the same mapping function is used 
throughout an entire song or audio file. 
0038. The systems and methods discussed herein calcu 
late Volume normalization parameters at various times. Such 
as during CD ripping, media scans, and the first time a par 
ticular media file is played by the computer system. The 
normalization parameters are applied in real-time during 
playback of the audio data. In many cases, the normalization 
parameters are stored in or stored with the associated audio 
file. Therefore, if the audio file is copied to a new computer 
system, the normalization parameters are readily available to 
the new computer system without requiring any additional 
analysis or calculations. However, certain audio files are read 
only and/or are stored on a read-only media (such as a CD 
ROM disc). In this situation, the normalization parameters 
associated with the audio files are available from the media 
library. 
0039. In one embodiment, a volume normalization algo 
rithm uses two primary parameters: peak volume value and 
average volume level for a particular audio file. These values 
can be calculated from the PCM (Pulse Code Modulation) 
samples in the audio stream. PCM is a sampling technique for 
digitizing analog signals. In a particular embodiment, the 
average Volume level is the rms (root mean square) value of 
the samples. Root mean square is a method of defining the 
Voltage or current associated with an alternating waveform. 
0040. The range of audio volumes that can be reproduced 

is limited. If the volume level exceeds a maximum point, the 
actual Volume will remain at that maximum point, thereby 
"clipping the audio signal. “Clipping of the audio signal 
may also be referred to as “clamping the audio signal. The 
peak volume parameter is used to ensure that data samples 
(after Scaling) do not have amplitudes that go beyond the valid 
data range for a particular sample bit depth. If an overflow 
occurs, a Smoothly curved mapping function is applied to the 
samples. The effect of this mapping (which is also referred to 
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as limiting) is to compress the dynamic range of the samples 
Such that overflow no longer occurs, thereby avoiding "clip 
ping. 
0041 Certain types of music, such as classical music, can 
have a low average Volume, but a high peak volume. In this 
situation, raising the rms value to the desired level may also 
require excessive compression near the peak volume, which 
results in noticeable distortion in the resulting normalized 
music. To avoid this distortion when the peak-to-rms ratio is 
too high, the normalization algorithm also uses the peak value 
to determine the mapping function. 
0042 FIG. 6 is a graph illustrating the manner in which 
audio data is modified to avoid “clipping the audio output 
signal. FIG. 6 illustrates a mapping curve 602 associated with 
a mapping function. The mapping function has a first portion 
(the bottom portion) that is substantially linear and is equiva 
lent to linear Scaling. This first portion is applied to the major 
ity of the samples that have relatively low magnitudes (e.g., 
Volumes). The second portion of the mapping function (the 
upper portion) is a quadratic function that gradually com 
presses the upper part of the dynamic range. As compared to 
abrupt clipping, Smoothing of the samples reduces distortion 
in the resulting audio signal. 
0043. As shown in FIG. 6, broken line 604 shows how the 
linear approach would continue until a threshold value is 
reached (the value “1” on the vertical axis), at which point 
clipping would occur. A variable X on the horizontal axis 
identifies the point at which the mapping function changes 
from the first portion to the second portion. 
0044) The mapping function can be implemented effi 
ciently. Typically, the majority of the samples require linear 
Scaling, which needs one floating point multiplication. For 
the samples near the peak value, the quadratic function 
requires three floating point multiplications. The following 
normalization algorithm assumes that the sample values are 
expressed as floating point values in the range of -1. 1. In 
one embodiment, the normalization algorithm is defined as 
follows: 

where: 
004.5 x original value of a sample 
0046 y-value of the normalized sample 
0047 p-source peak value, computed from the samples 
0048 rms=source rms value, computed from the 
samples 

0049 R-desired target rms level, a pre-determined con 
stant (e.g., 0.15) 

0050 T-threshold for scaled peak value, a pre-deter 
mined constant (e.g., 1.50) 

0051 s–min R/rms, T/p 

0053 c=s/(4*(s-p-1)) 
0054. In a particular implementation of this normalization 
algorithm, the maximum compression is approximately 
0.667 (or -3.5 dB), which is relatively insignificant. This 
maximum occurs when the source peak value is 10 times (20 
dB) over the Source average value. For popular music, the 
peak value is typically 6-12 dB above the average value. 
Certain classical and jazz recordings may have peak values 
over 20 dB above the average value. In these situations, the 
target Volume level is lowered and the amount of compression 
is capped at -3.5 dB. 
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0055 FIG. 7 illustrates a general computer environment 
700, which can be used to implement the techniques 
described herein. The computer environment 700 is only one 
example of a computing environment and is not intended to 
Suggest any limitation as to the scope of use or functionality 
of the computer and network architectures. Neither should the 
computer environment 700 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the example computer envi 
ronment 700. 
0056 Computer environment 700 includes a general-pur 
pose computing device in the form of a computer 702. One or 
more media player applications can be executed by computer 
702. The components of computer 702 can include, but are 
not limited to, one or more processors or processing units 704 
(optionally including a cryptographic processor or co-proces 
sor), a system memory 706, and a system bus 708 that couples 
various system components including the processor 704 to 
the system memory 706. 
0057 The system bus 708 represents one or more of any of 
several types of bus structures, including a memory bus or 
memory controller, a peripheral bus, an accelerated graphics 
port, and a processor or local bus using any of a variety of bus 
architectures. By way of example, such architectures can 
include an Industry Standard Architecture (ISA) bus, a Micro 
Channel Architecture (MCA) bus, an Enhanced ISA (EISA) 
bus, a Video Electronics Standards Association (VESA) local 
bus, and a Peripheral Component Interconnects (PCI) bus 
also known as a Mezzanine bus. 
0.058 Computer 702 typically includes a variety of com 
puter readable media. Such media can be any available media 
that is accessible by computer 702 and includes both volatile 
and non-volatile media, removable and non-removable 
media. 
0059. The system memory 706 includes computer read 
able media in the form of Volatile memory, such as random 
access memory (RAM) 710, and/or non-volatile memory, 
such as read only memory (ROM) 712. A basic input/output 
system (BIOS) 714, containing the basic routines that help to 
transfer information between elements within computer 702, 
such as during start-up, is stored in ROM 712. RAM 710 
typically contains data and/or program modules that are 
immediately accessible to and/or presently operated on by the 
processing unit 704. 
0060 Computer 702 may also include other removable/ 
non-removable, Volatile/non-volatile computer storage 
media. By way of example, FIG. 7 illustrates a hard disk drive 
716 for reading from and writing to a non-removable, non 
Volatile magnetic media (not shown), a magnetic disk drive 
718 for reading from and writing to a removable, non-volatile 
magnetic disk 720 (e.g., a "floppy disk’), and an optical disk 
drive 722 for reading from and/or writing to a removable, 
non-volatile optical disk 724 such as a CD-ROM, DVD 
ROM, or other optical media. The hard disk drive 716, mag 
netic disk drive 718, and optical disk drive 722 are each 
connected to the system bus 708 by one or more data media 
interfaces 726. Alternatively, the hard disk drive 716, mag 
netic disk drive 718, and optical disk drive 722 can be con 
nected to the system bus 708 by one or more interfaces (not 
shown). 
0061 The disk drives and their associated computer-read 
able media provide non-volatile storage of computer readable 
instructions, data structures, program modules, and other data 
for computer 702. Although the example illustrates a hard 
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disk 716, a removable magnetic disk 720, and a removable 
optical disk 724, it is to be appreciated that other types of 
computer readable media which can store data that is acces 
sible by a computer. Such as magnetic cassettes or other 
magnetic storage devices, flash memory cards, CD-ROM, 
digital versatile disks (DVD) or other optical storage, random 
access memories (RAM), read only memories (ROM), elec 
trically erasable programmable read-only memory (EE 
PROM), and the like, can also be utilized to implement the 
example computing system and environment. 
0062) Any number of program modules can be stored on 
the hard disk 716, magnetic disk 720, optical disk 724, ROM 
712, and/or RAM 710, including by way of example, an 
operating system 726, one or more application programs 728, 
other program modules 730, and program data 732. Each of 
Such operating system 726, one or more application programs 
728, other program modules 730, and program data 732 (or 
Some combination thereof) may implement all or part of the 
resident components that Support the distributed file system. 
0063 A user can enter commands and information into 
computer 702 via input devices such as a keyboard 734 and a 
pointing device 736 (e.g., a “mouse'). Other input devices 
738 (not shown specifically) may include a microphone, joy 
Stick, game pad, satellite dish, serial port, Scanner, and/or the 
like. These and other input devices are connected to the pro 
cessing unit 704 via input/output interfaces 740 that are 
coupled to the system bus 708, but may be connected by other 
interface and bus structures, such as aparallel port, game port, 
or a universal serial bus (USB). 
0064. A monitor 742 or other type of display device can 
also be connected to the system bus 708 via an interface, such 
as a video adapter 744. In addition to the monitor 742, other 
output peripheral devices can include components such as 
speakers (not shown) and a printer 746 which can be con 
nected to computer 702 via the input/output interfaces 740. 
0065 Computer 702 can operate in a networked environ 
ment using logical connections to one or more remote com 
puters, such as a remote computing device 748. By way of 
example, the remote computing device 748 can be a personal 
computer, portable computer, a server, a router, a network 
computer, a peer device or other common network node, 
game console, and the like. The remote computing device 748 
is illustrated as a portable computer that can include many or 
all of the elements and features described herein relative to 
computer 702. 
0066 Logical connections between computer 702 and the 
remote computer 748 are depicted as a local area network 
(LAN) 750 and a general wide area network (WAN) 752. 
Such networking environments are commonplace in offices, 
enterprise-wide computer networks, intranets, and the Inter 
net. 

0067. When implemented in a LAN networking environ 
ment, the computer 702 is connected to a local network 750 
via a network interface or adapter 754. When implemented in 
a WAN networking environment, the computer 702 typically 
includes a modem 756 or other means for establishing com 
munications over the wide network 752. The modem 756, 
which can be internal or external to computer 702, can be 
connected to the system bus 708 via the input/output inter 
faces 740 or other appropriate mechanisms. It is to be appre 
ciated that the illustrated network connections are exemplary 
and that other means of establishing communication link(s) 
between the computers 702 and 748 can be employed. 
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0068. In a networked environment, such as that illustrated 
with computing environment 700, program modules depicted 
relative to the computer 702, or portions thereof, may be 
stored in a remote memory storage device. By way of 
example, remote application programs 758 reside on a 
memory device of remote computer 748. For purposes of 
illustration, application programs and other executable pro 
gram components such as the operating system are illustrated 
herein as discrete blocks, although it is recognized that Such 
programs and components reside at various times in different 
storage components of the computing device 702, and are 
executed by the data processor(s) of the computer. 
0069 Various modules and techniques may be described 
herein in the general context of computer-executable instruc 
tions, such as program modules, executed by one or more 
computers or other devices. Generally, program modules 
include routines, programs, objects, components, data struc 
tures, etc. that perform particular tasks or implement particu 
lar abstract data types. Typically, the functionality of the 
program modules may be combined or distributed as desired 
in various embodiments. 
0070 An implementation of these modules and tech 
niques may be stored on or transmitted across some form of 
computer readable media. Computer readable media can be 
any available media that can be accessed by a computer. By 
way of example, and not limitation, computer readable media 
may comprise “computer storage media' and “communica 
tions media.” 
(0071 "Computer storage media” includes volatile and 
non-volatile, removable and non-removable media imple 
mented in any method or technology for storage of informa 
tion Such as computer readable instructions, data structures, 
program modules, or other data. Computer storage media 
includes, but is not limited to, RAM, ROM, EEPROM, flash 
memory or other memory technology, CD-ROM, digital ver 
satile disks (DVD) or other optical storage, magnetic cas 
settes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium which can be used 
to store the desired information and which can be accessed by 
a computer. 
0072 “Communication media typically embodies com 
puter readable instructions, data structures, program mod 
ules, or other data in a modulated data signal, such as carrier 
wave or other transport mechanism. Communication media 
also includes any information delivery media. The term 
"modulated data signal” means a signal that has one or more 
of its characteristics set or changed in Such a manner as to 
encode information in the signal. By way of example, and not 
limitation, communication media includes wired media Such 
as a wired network or direct-wired connection, and wireless 
media Such as acoustic, RF, infrared, and other wireless 
media. Combinations of any of the above are also included 
within the scope of computer readable media. 
0073. Although the description above uses language that 

is specific to structural features and/or methodological acts, it 
is to be understood that the invention defined in the appended 
claims is not limited to the specific features or acts described. 
Rather, the specific features and acts are disclosed as exem 
plary forms of implementing the invention. 

1. An apparatus comprising: 
a Volume normalization parameter calculator to analyze an 

audio file and calculate at least one Volume normaliza 
tion parameter; 
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a media library coupled to the Volume normalization 
parameter calculator, the media library to store Volume 
normalization parameters associated with audio files; 
and 

a volume normalizer coupled to the media library, the 
Volume normalizer to apply Volume normalization 
parameters to normalize playback Volumes of audio 
files. 

2. An apparatus as recited in claim 1, wherein the Volume 
normalization parameter calculator calculates a mapping 
function. 

3. An apparatus as recited in claim 2, wherein a first portion 
of the mapping function is applied to audio data in the audio 
file when the amplitude of the audio data exceeds a threshold 
value, and a second portion of the mapping function is applied 
to audio data in the audio file when the amplitude of the audio 
data does not exceed the threshold value. 

4. An apparatus as recited in claim 1, wherein the Volume 
normalizer is to retrieve Volume normalization parameters 
from an associated audio file. 

5. An apparatus as recited in claim 1, wherein the Volume 
normalizer is to retrieve Volume normalization parameters 
from the media library. 

6. An apparatus as recited in claim 1, wherein the Volume 
normalization parameter calculatoris to analyze the audio file 
and calculate the at least one Volume normalization parameter 
in response to a request to copy the audio file. 

7. An apparatus as recited in claim 6, wherein the volume 
normalization parameter calculator is to calculate the at least 
one Volume normalization parameter based on Volume levels 
in the audio file. 

8. An apparatus as recited in claim 6, wherein the Volume 
normalization parameter calculator is to save a copy of the 
audio file in the media library and to save the at least one 
Volume normalization parameter with the copy of the audio 
file. 

9. An apparatus as recited in claim 6, wherein the volume 
normalization parameter calculator is to save a copy of the 
audio file in the media library and to store the at least one 
Volume normalization parameter in the copy of the audio file. 

10. An apparatus as recited in claim 1, wherein the volume 
normalization parameter calculator is further to: 

identify a plurality of audio files on the apparatus; 
analyze the content of each identified audio file; 
calculate the at least one Volume normalization parameter 

associated with each identified audio file, wherein the 
Volume normalization parameters associated with a par 
ticular audio file are calculated based on volume levels 
in the particular audio file; and 

store the at least one Volume normalization parameter asso 
ciated with each identified audio file in the media library. 

11. An apparatus as recited in claim 10, whereinto store the 
at least one Volume normalization parameter is to store the at 
least one Volume normalization parameter associated with 
each associated audio file. 

12. An apparatus as recited in claim 10, whereinto store the 
at least one Volume normalization parameter associated with 
each associated audio file is to store the at least one Volume 
normalization parameter in a header of the associated audio 
file. 

13. An apparatus as recited in claim 10, wherein the volume 
normalization parameter calculator is part of a media player 
application. 

Jan. 19, 2012 

14. One or more computer storage devices having stored 
thereon a computer program that, when executed by one or 
more processors, causes the one or more processors to: 

receive a request to play an audio file; 
identify a first volume normalization parameter associated 

with the audio file, wherein the first volume normaliza 
tion parameter includes a peak volume level associated 
with the audio file; 

identify a second Volume normalization parameter associ 
ated with the audio file, wherein the second volume 
normalization parameter includes an average Volume 
level associated with the audio file; and 

play the audio file while applying the first volume normal 
ization parameter and the second Volume normalization 
parameter. 

15. One or more computer storage devices as recited in 
claim 14, wherein the first volume normalization parameter 
and the second Volume normalization parameter are stored in 
the audio file. 

16. One or more computer storage devices as recited in 
claim 14, wherein the first volume normalization parameter 
and the second Volume normalization parameter are stored in 
a media library. 

17. One or more computer storage devices as recited in 
claim 14, the computer program further causing the one or 
more processors to: 

receive a request to copy an additional audio file; 
identify a third volume normalization parameter associated 

with the additional audio file, wherein the third volume 
normalization parameter includes a peak volume level 
associated with the additional audio file; 

identify a fourth Volume normalization parameter associ 
ated with the additional audio file, wherein the fourth 
Volume normalization parameter includes an average 
Volume level associated with the additional audio file; 

store the third volume normalization parameter and the 
fourth Volume normalization parameter in a media 
library; and 

save a copy of the additional audio file to a storage device. 
18. One or more computer storage devices as recited in 

claim 17, whereinto save a copy of the additional audio file to 
a storage device is to store the third Volume normalization 
parameter and the fourth Volume normalization parameter in 
the copy of the audio file. 

19. One or more computer storage devices as recited in 
claim 14, the computer program further causing the one or 
more processors to: 

identify a plurality of additional audio files on a computer 
system; 

for each of the plurality of additional audio files: 
identify Volume normalization parameters associated 

with the additional audio file, wherein the volume 
normalization parameters associated with the addi 
tional audio file include a peak volume level associ 
ated with the additional audio file and an average 
Volume level associated with the additional audio file; 
and 

store the Volume normalization parameters associated 
with the additional audio file in a media library. 

20. One or more computer storage devices as recited in 
claim 14, the computer program comprising a media player 
application. 


