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Executive Summary

Microsoft contracted NSTL, Inc. to conduct a comparison test between

audio clips that have been encoded using a new version of the Windows
Media Audio Professional and the High-Efficiency MPEG-4 Advanced
Audio Coding Version 2 at 64kbits.

The test gauged the response of listeners who participated in a double-
blind comparison of the codecs. Each participant listened to an original
music clip followed by two clips encoded by NSTL in the formats being
compared. Using a seven-point scale, the participants were asked to rate
which of the clips sounded more like the original.

The test was administered using a desktop PC that featured a Creative
Labs Sound Blaster Audigy 2 ZS sound card and Sennheiser HD280 Pro
headphones.

This process was performed with twelve different songs. Three hundred
people participated in the test.

Over all twelve clips of music, listeners selected WMA Pro to be equal to
or better than HE-AAC v2 71% of the time. The preference for WMA Pro
clips ranged from 26% to 62%.

Overall Results

OPicked WMAPro+
@ Picked HE-AAC v2
O Sounded Identical
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Overview

Microsoft requested that NSTL create a consumer test to compare the quality of twelve different
audio clips encoded with WMA Pro and HE-AAC v2 to that of the original uncompressed audio
clip. Microsoft provided 12 test clips that were representative of both “critical” segments
commonly used in the coding community to stress coders and examples of popular modern music.
The duration of each clip ranges from 7 to 36 seconds. The testing took place over a two-week
period that started in October 2005.

The following is the list of tracks submitted by Microsoft to be used in the test.

Artist Title Album Genre File Name
Presidents Of the USA | Blank baby Freaked Out and Small Rock BlankBaby_President
S
Bob Marley Sun Is Shining (Island Mix) Sun Is Shining Reggae BobMarley_SunlsShi
ning
Dire Straits Walk of Life Brothers in Arms Rock BrothersinArms_Dire
Straits
Coldplay Clocks A Rush of Blood to the Rock
Head Clocks_ColdPlay
Pink Floyd Eclipse Dark Side of the Moon Rock Darkside Floyd
Greenday Boulevard Of Broken Dreams | American Idiot Punk GreendayTrack04
Guano Apes Open Your Eyes Proud Like a God Rock GuanoApes_OpenYo
urEyes_short4
Limp Bizkit Take A Look Around Mission Impossible 11 Rock LimpBizkit_TakeAL
Soundtrack ookAround_short5
Unknown Castanets Subjective Quality Instrumental
Assessment Material si02
Simple Minds Don’t You (Forget about me) | The Breakfast Club Pop SimpleMinds_DontY
Soundtrack ouForget
The Verve Bitter Sweet Symphony Urban Hymns Indie TheVerve_BitterSwe
etSymphony
Maroon 5 This Love Songs About Jane Rock ThisLove_Maroon5
NSTL
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Setup

Microsoft provided twelve reference test clips that were representative of content preferred by
contemporary listeners. The audio clips were received in uncompressed PCM Wav format. The
uncompressed clips that were provided by Microsoft will be referred to as the reference clip or
reference song throughout this document.

To encode the audio clips in to HE-AAC v2 format, Nero Burning ROM 7, part of the Nero 7
Ultra Edition software package was used. Using the Nero 7 software package, the original clips
were converted to the Nero Digital Audio (HE-AAC v2) (*.mp4) format. To encode the original
clips into WMA Pro format, Microsoft Windows Media Encoder 9 Series Version 9.00.00.2980
was used. Using the Windows Media Encoder, the original clips we converted into the Windows
Media Audio format.

Microsoft selected the following specifications for use during the encoding process.
Sample Rate: 44.1kHz
Bit-Depth: 16bits
Bit-Rate: 64kbps
Encoding Mode: 1 pass CBR

In order to preserve the integrity of the double blind test, the audio clips encoded using both Nero
7 Ultra Edition and Windows Media Encoder 9 Series were then decoded back to PCM Wav
format in order to mask the file extensions of the audio clips. To decode the HE-AAC v2 audio
clips back to PCM Wav format, Nero Burning ROM 7 was used. To decode the WMA audio clips
back to PCM Wav format, NSTL used an executable file provided by Microsoft that would
convert WMA files to PCM Wave files.

To encode the HE-AAC v2 clips, NSTL used the following steps:
1. Start Nero SmartStart
2. Select “Encode Audio Files” from the “Audio” tab
3. Press the “Add” Button
4. Select the file or files that will be encoded
5

. Select the “Browse” button to enter the target filename and location in which the file will
be saved

6. Select “Nero Digital Audio (HE-AAC v2) (*.mp4)” from the “Output file format” drop-
down list

7. Select the “Settings...” button
8. Select “Constant bit rate” and set the value to 64 kbit/s
9. Press the “OK” button to save the changes

NSTL
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10.

Press the “GO” button to start the encoding process

To decode the HE-AAC v2 clips to PCM Wav format, NSTL used the following steps:

1.
2
3
4.
5

6.
7.

Start Nero SmartStart

. Select “Encode Audio Files” from the “Audio” tab

Press the “Add” Button
Select the HE-AAC v2 file or files will be decoded

. Select the “Browse” button to enter the target filename and location in which the file will

be saved
Select “PCM Wave file” from the “Output file format” drop-down list
Press the “GO” button to start the encoding process

To encode the WMA Pro clips, NSTL used the following steps:

1.

o ok~ w D

10.
11.
12.
13.
14.
15.
16.
17.
18.

Start Windows Media Encoder

Select “Custom Session”

Select the “File” radio button when selecting a source on the “Sources” tab
Use the “Browse” button to select the audio clip that will be encoded
Uncheck the “Video” check box

Select the “Output” tab and select the “Encode to file” option. Be sure to deselect the
“Push to Server” and “Pull from Encoder” options

Select the “Browse” button under “Encode to file” option to enter the target filename and
location in which the file will be saved. Be sure to use a .wma extension when saving the
file

Select the “Compression” tab

Select “File download (computer playback)” from the “Destination” drop-down list
Select the “Edit” button to the right of the “Destination” drop-down list
Select “New” to create a new profile

Enter “WMA Pro” as the name

In the “Media Types” section, select only the “Audio”

Set the “Mode” to CBR

Set the “Codec” to Windows Media Audio 10 Professional+

In the “Target Bit Rates” section, select “Add”

In the “Add Bit Rate” pop-up window, enter the value 64k

Press the “OK” button

NSTL
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19. Verify through the “Audio forma” drop-down list that the following setting is selected: 64
kbps, 44 kHz, 2 channel 16 bit CBR

20. Select “Apply” to begin the encoding process
To decode the WMA Pro clips, NSTL used the following steps:
1. Place the decoder.exe file in the same directory and the original audio clips
2. Open the DOS command prompt
3. Navigate the to directory containing the decoder and audio files
4

Use the following command to decode a WMA Pro audio file: “decoder WMAclip.wma
Outputfile.wav”

Copies of the original, WMA Pro, and HE-AAC v2 decoded audio clips were stored on the local
hard drive of the test machines in PCM Wav format.

NSTL recruited 300 people from the Greater Philadelphia Area to participate in the study. During
the selection process, NSTL exercised care in maintaining a 50-60% participation level of people

who are between the ages of twenty and thirty. NSTL selected participants without regard to sex,

education level, or preference of music.

Test Process

Before the beginning of each test, NSTL explained the directions and procedures to each
participant. Each participant was to listen to a set of songs, and that they would hear three
versions of each song. The first clip to be played for every song was the reference clip. After
listening to the reference clip, the participant would hear two additional clips, Clip-A and Clip-B.
The participant was asked to compare both Clip-A and Clip-B to the reference file, and determine
which sounded more like the reference file. NSTL would replay any of the three clips for the
participant upon request, but once a decision was made on a song, the test would advance to the
next song. NSTL made sure that the participant listen to each audio clip in its entirety at least once
before selecting an answer for a given song.

Proctors were used to administer the test. In order to maintain the consistency of the double-blind
study, the proctors were unaware of the true identity of Clip-A and Clip-B. In the testing
environment, the proctors would operate the computer system to play the audio clips. The
participant could not see the computer screen at any time during the testing process. Each
participant was given a hard copy of the survey in which to mark his or her answers.

After listening to all of the audio clips for a song, the participant would use the following seven-
point scale to select an answer that best reflect their opinion.

A is much more like the reference than B

A is more like the reference than B

A is slightly more like the reference than B
Both A and B sound equally like the reference
B is slightly more like the reference than A

B is more like the reference than A

B is much more like the reference than A

NSTL
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The twelve songs were played in the sequence listed on page two. For each song, the user listened
to the original clip first, followed by Clip A and then Clip B. The clips were pseudo randomly
distributed across Clip-A & Clip-B to minimize ordering preference. Each codec represented Clip
A for six clips and Clip B for six clips randomly distributed throughout the play list. At the near
midpoint of the testing process, the clips were reversed so that the codec that represented the A
clips then were used as the B clips

The first phase accounts for the first 196 listeners. During this phase, the following order was
used:

Filename WMA Pro HE-AAC v2
BlackBaby_Presidents

BobMarley SunlsShining_short9
BrothersinArms_DireStraits
Clocks_ColdPlay

Darkside_Floyd

GreendayTrack04
GuanoApes_OpenYourEyes _short4
LimpBizkit_TakeALookAround_shorts
si02

SimpleMinds_DontYouForget
TheVerve_BitterSweetSymphony

> > W > > > W W W P W W
W @ > W W @ > > > W > >

ThisLove_Maroon5
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The second phase accounts for the last 104 listeners. During this phase, the following order was

used

Filename

BlackBaby_Presidents

BobMarley SunlsShining_short9
BrothersinArms_DireStraits
Clocks_ColdPlay

Darkside_Floyd

GreendayTrack04
GuanoApes_OpenYourEyes _short4
LimpBizkit_TakeALookAround_shorts
si02

SimpleMinds_DontYouForget
TheVerve_BitterSweetSymphony

ThisLove_Maroon5

WMA Pro HE-AACV2
A B
A B
B A
A B
A B
A B
B A
B A
B A
A B
B A
B A
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NSTL set up two multimedia systems in order to conduct the test. The first system featured a
Pentium IV 3.2GHz processor, 1GB of RAM, and a 160GB hard drive. The second system
featured a Pentium IV 3.0GHz processor, 1GB of RAM, and a 80GB hard drive. Creative Labs
Sound Blaster Audigy 2 ZS sound cards were installed into both systems. A pair of Sennheiser
HD280 Pro headphones was attached to each audio card. The operating system used on both
machines was Windows XP Professional. Windows Media Player 10 version 10.00.00.3646 was
used to play all sound clips during the testing process. During the installation of the media player,
the manufacturer's default settings were accepted.

The systems were placed in two sound-isolated environments. Before the computers were
powered on in each test environment, a sound level reading was taken. The ambient noise level of
the test labs without the computer systems running was recorded to be between 32-33 dBA (50-51
dBC). The ambient noise level of the test labs with the computer systems turned on was recorded
to be between 33-35 dBA (51-52 dBC).

NSTL
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NSTL obtained the following results during the testing. The values in each column represent the number
of participants, out of 300, that selected a given answer.

WMA Pro HE-AAC v2

Song Title Much More | Slightly | Identical | Slightly | More | Much

More More
BlankBaby Presidents 12 33 59 115 38 34 9
BobMarley SunisShining 11 52 77 75 43 30 12
BrothersinArms_DireStraits 15 38 49 84 47 49 18
Clocks_ColdPlay 15 45 59 102 38 36 5
Darkside Floyd 11 30 50 112 63 24 10
GreendayTrack04 18 59 59 64 51 37 12
GuanoApes_OpenYourEyes short4 5 30 49 138 48 29 1
LimpBizkit TakeALookAround short5 14 35 54 88 49 47 13
si02 60 76 51 80 17 14 2
SimpleMinds_DontYouForget 12 34 64 115 47 25 3
TheVerve BitterSweetSymphony 7 33 47 103 63 38 9
ThisLove Maroon5 6 31 41 144 43 26 9
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The following graph represents the total score of participants after omitting the following selections:

WMA Pro is slightly more like the reference than HE-AAC v2
Both WMA Pro and HE-AAC v2 sound equally like the reference
HE-AAC v2 is slightly more like the reference than WMA Pro

One Clip More & Much More like the Original than the Other

42%

O Picked WMA Pro
B Picked HE-AAC v2

58%

NSTL

670 Sentry Parkway 2™ Floor, Blue Bell, PA 19422 USA Page 10

http://www.nstl.com/




NSTL Test Report

The following graph represents the total score of participants after omitting the following selections:

WMA Pro is more like the reference than HE-AAC v2

WMA Pro is slightly more like the reference than HE-AAC v2
Both WMA Pro and HE-AAC v2 sound equally like the reference
HE-AAC v2 is slightly more like the reference than WMA Pro
HE-AAC v2 is more like the reference than WMA Pro

One Clip Much More like the Original than the Other

O Picked WMA Pro
B Picked HE-AAC v2

NSTL
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NSTL obtained the following demographic information for a short survey administered to participants
before the beginning the audio clip comparison test.

Age # Of Participants Percent
13-19 19 6.3333%
20 - 30 165 55%

30+ 116 38.6667%

Total 300 100%

A graphical representation of the age groups can be seen below

39%

Age of Participants

6%

013-19
@20 - 30
030+
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Of the 19 participants under the age of 20, 39% felt that WMA Pro sounded more like the original than
the HE-AAC v2 clip. 70% of the participants under the age of 20 selected the WMA Pro clip as sounding
as good or closer to the original music clip than the HE-AAC v2 audio clip.

Total Score for Participants Between the Ages of 13 and 19

O Picked WMA Pro
W Picked HE-AAC v2
O Sounded Identical

30%

NSTL
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Of the 165 participants between the ages of 20 and 30, 36% felt that WMA Pro sounded more like the
original than the HE-AAC v2 clip. 71% of the participants between the ages of 20 and 30 selected the
WMA Pro clip as sounding as good or closer to the original music clip than the HE-AAC v2 audio clip.

Total Score for Participants Between the Ages of 20 and 30

35%

O Picked WMA Pro
W Picked HE-AAC v2
O Sounded Identical

29%

NSTL
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Of the 116 participants over the age of 30, 39% felt that WMA Pro sounded more like the original than
the HE-AAC v2 clip. 72% of the participants over the age of 30 selected the WMA Pro clip as sounding
as good or closer to the original music clip than the HE-AAC v2 audio clip.

Total Score for Participants Age 30 and Over

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

28%

NSTL
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NSTL obtained the following demographic information for a short survey administered to participants
before the beginning the audio clip comparison test.

Gender # Of Participants Percent
Male 193 64.3%
Female 107 35.667%
Total 300 100%

A graphical representation of the age groups can be seen below

Gender

O Male
B Female

NSTL
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Of the 193 males that participated in the study, 39% felt that WMA Pro sounded more like the original
than the HE-AAC v2 clip. 68% of the male participants selected the WMA Pro clip as sounding as good
or closer to the original music clip than the HE-AAC v2 audio clip.

Total Score for Male Participants

O Picked WMA Pro
B Picked HE-AAC v2
0O Sounded Identical

29%

NSTL
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Of the 107 females that participated in the study, 35% felt that WMA Pro sounded more like the original
than the HE-AAC v2 clip. 72% of the male participants selected the WMA Pro clip as sounding as good
or closer to the original music clip than the HE-AAC v2 audio clip.

Total Score for Female Participants

37%

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

28%

NSTL
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For the BlankBaby_Presidents audio clip, participants felt that WMA Pro sounded more like the original
than the HE-AAC v2 clip. 73% of the participants selected the WMA Pro clip as sounding as good or
closer to the original music clip than the HE-AAC v2 audio clip.

BlankBaby_Presidents

38%

O Picked WMA Pro
W Picked HE-AAC v2
O Sounded Identical

27%

NSTL
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For the BobMarley_SunlsShining audio clip, a substantial number of participants felt that WMA Pro clip
sounded closer to the reference file than the HE-AAC v2 clip. 47% of the participants selected the WMA
Pro clip as sounding closer to the original music clip than the HE-AAC v2 audio clip. This clip yielded

the highest preference amongst all vocal tracks.

BobMarley SunlsShining

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

47%

NSTL
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For the BrothersinArms_DireStraits audio clip, participants felt that the HE-AAC v2 clip was more
representative of the original clip than the WMA Pro clip. 38% of the participants selected the HE-AAC
v2 clip as sounding closer to the original music while only 34% chose the WMA Pro clip. This was the
highest preference for HE-AAC v2 audio clip overall.

BrothersinArms_DireStraits

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

38%

NSTL
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For the Clocks_Coldplay audio clip, participants felt that the WMA Pro clip was more representative of
the original clip than the HE-AAC v2 clip. 40% of the participants selected the WMA Pro clip as
sounding closer to the original music while only 26% chose the HE-AAC v2 clip.

Clocks_ColdPlay

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

26%

NSTL
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For the Darkside_Floyd audio clip, slightly more participants felt that the HE-AAC v2 clip was more
representative of the original clip than the WMA Pro clip. 32% of the participants selected the HE-AAC
v2 clip as sounding closer to the original music while only 30% chose the WMA Pro clip.

Darkside_Floyd

38%

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

32%

NSTL
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For the GreenDayTrack04 audio clip, a substantial number of participants felt that WMA Pro clip
sounded closer to the reference file than the HE-AAC v2 clip. 46% of the participants selected the WMA
Pro clip as sounding closer to the original music clip than the HE-AAC v2 audio clip.

GreendayTrack04

46% O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

NSTL
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For the GuanoAmes_OpenYourEyes_short4 audio clip, the majority of the participants felt that WMA
Pro and HE-AAC v2 sounded equally identical to the original clip. 28% of the participants selected the
WMA Pro clip as sounding closer to the original music while 26% selected the HE-AAC v2 audio clip.

GuanoApes_OpenYourEyes_short4

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

46%

NSTL

670 Sentry Parkway 2™ Floor, Blue Bell, PA 19422 USA Page 25

http://www.nstl.com/




NSTL Test Report

For the LimpBizkit_TakeALookAround_short5 audio clip, participants felt that the HE-AAC v2 clip was
more representative of the original clip than the WMA Pro clip. 37% of the participants selected the HE-
AAC v2 clip as sounding closer to the original music while only 34% chose the WMA Pro clip.

LimpBizkit_TakeALookAround_short5

O Picked WMA Pro
W Picked HE-AAC v2
O Sounded Identical

37%

NSTL
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For the si02 audio clip, a substantial number of participants felt that WMA Pro clip sounded closer to the
reference file than the HE-AAC v2 clip. 62% of the participants selected the WMA Pro clip as sounding
closer to the original music clip than the HE-AAC v2 audio clip. This was the highest preference for the

WMA Pro audio clip overall.

si02

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

NSTL
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For the SimpleMinds-DontY ouForget audio clip, participants felt that the WMA Pro clip was more
representative of the original clip than the HE-AAC v2 clip. 37% of the participants selected the WMA
Pro clip as sounding closer to the original music while only 25% chose the HE-AAC v2 clip.

SimpleMinds-DontYouForget

38%

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

25%

NSTL
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For the TheVerve_BitterSweetSymphony audio clip, participants felt that the HE-AAC v2 clip was more
representative of the original clip than the WMA Pro clip. 37% of the participants selected the HE-AAC
v2 clip as sounding closer to the original music while only 29% chose the WMA Pro clip.

TheVerve_ BitterSweetSymphony

34%

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

37%

NSTL
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For the Thislove_Maroon5 audio clip, the majority of the participants felt that WMA Pro and HE-AAC v2
sounded equally identical to the original clip. 26% of the participants selected the WMA Pro clip as
sounding closer to the original music while 26% selected the HE-AAC v2 audio clip.

ThisLove_Maroon5

O Picked WMA Pro
B Picked HE-AAC v2
O Sounded Identical

48%

NSTL
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About NSTL™

NSTL is the leading independent information
technology testing organization for the
computer industry, dedicated to providing
high quality services and test tools to
hardware developers, software publishers,
government agencies and corporations.
NSTL has extensive experience developing
and conducting objective tests to assess
new and existing products for compatibility,
performance, comparative performance,
usability, and functionality. Our testing
services are also used for capacity planning,
acquisition support and impact analysis.

NSTL's proficiency and thoroughness
provide clients with a high quality, cost-
effective means to assess, differentiate and
evaluate IT products. Additional information
about NSTL is available through the World
Wide Web at http://www.nstl.com/.

For further information about NSTL, please
contact us at:

Telephone: 610 832 8400
Fax: 610 941 9952
e-mail: info@nstl.com

PRODUCT MENTIONED IN THIS REPORT.

NSTL, Inc. prepared this report under contract for Microsoft. NSTL does not guarantee the accuracy,
adequacy or completeness of the services provided to Microsoft or the data included herein. NSTL MAKES
NO WARRANTIES, EXPRESS OR IMPLIED, AS TO RESULTS TO BE OBTAINED BY ANY PERSON OR
ENTITY FROM USE OF THE CONTENTS OF THIS REPORT. NSTL MAKES NO EXPRESS OR IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF ANY
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