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PC Audio Device Performance Tests The PC Sound Card

PC Audio Device Performance Tests

Introduction

The PC Sound Card

PC sound cards come in many variations with different feature sets,
input and output characteristics, software drivers and bus connections.
The most common cards include as a minimum stereo inputs, stereo
outputs and wavetable synthesis for game sounds; specialized cards
may offer digital inputs and outputs, multiple channel capability, MIDI
control or other additional features.

Most currently available cards offer stereo digital recording and
digital playback capability, which are the specific features PC Audio
Device Performance Tests (or PC Audio Tests) is designed to measure
and test. Such a card will have these functional components:
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Figure 1 Block Diagram of a Typical Sound Card, with A-A, A-D-A & A-D-PC-D-A
signal paths shown.

The input and output of the card are conventional analog audio
signals, which are converted into digital data in the card’s
analog-to-digital converter (ADC) for storage in the computer’s
memory and as a .wav file on disk. Conversely, a file containing

PC Audio Device Performance Tests — Application Note #4 Page 1



The PC Sound Card PC Audio Device Performance Tests

digitized audio can be recovered from memory and converted back to
an analog signal in the card’s digital-to-analog converter (DAC).

Software Control of Sound Card Functions

PC sound cards provide software-accessible mechanisms to select
signals and adjust and mix volume levels both before the ADC and
after the DAC,; additionally, they may offer some level control in the
digital domain, along with optional tone control, reverberation,
surround simulation and other effects by means of digital signal
processing (DSP).

Microsoft provides software utilities for volume and mixing control
and to record and play audio .wav files with its Windows operating
systems. Other specialized sound recording, editing and mixing
programs, often with greatly expanded feature sets, are available to
control these functions as well.

For a more detailed examination of PC sound cards, see Appendix
B: PC Sound Cards and Audio Devices (page 137). Check the
Glossary (page 165) for explanation of unfamiliar terms and
concepts.
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Figure 2 Typical
Third-Party Mixer
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PC Audio Device Performance Tests
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Figure 3 PC Audio Device Performance Tests

Audio Precision’s PC Audio Device Performance Tests is a complete
set of tests and procedures for measuring the performance of the digital
recording and playback functions of a PC sound card or other
computer sound device. The sound card must be connected to an

Audio Precision System Two and installed in the computer running
APWIN.
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Accurate test and measurement of a PC sound card can be
challenging for several reasons:

m The digital input and output of a sound card consist of data on
the host computer’s bus, not always easily accessible.

m The digital test stimulus to the card must come from a .wav file
created with the proper test characteristics.

m Sound cards vary in their analog input and output levels and
impedances

m Sound cards vary in the way they implement software control of
their features.

Audio Precision’s System Two and APWIN software provide
carefully generated test stimuli and powerful analysis, with direct read

PC Audio Device Performance Tests — Application Note #4 Page 3
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PC Audio Device Performance Tests

PC Audio Device Performance Tests

and write access to the host computer’s data files. To these existing
capabilities PC Audio Tests brings new tests, utilities and .wav files
especially created for sound card evaluation, all run from within a
user-friendly APWIN Basic procedure. The companion program PC
LevelCheck further extends APWIN’s reach to include direct real-time
access to the digital audio signal in the computer’s memory.
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Figure 4 PC Audio Device Performance Tests

PC Audio Tests measures sound card levels, distortion and noise,
dynamic range and frequency response in both the analog and digital
domains. The tests in PC Audio Tests are designed to produce specific
measurements required either to satisfy a standard, such as Microsoft
WHQL pc99, AES6, AES17, or a custom specification. See Appendix
C: Standards (page 145) for more information about these standards.

Page 4

PC Audio Device Performance Tests — Application Note #4



PC Audio Device Performance Tests Getting Started

PC Audio Device Performance Tests is distributed on CD-ROM with
this Application Note.

Getting Started

This section will guide you though software installation and
hardware connection and prepare you to make tess using PC Audio
Tests.

System Requirements

uoildnpoJijuj

Figure 5 System Requirements

m Measurement instrument:
Audio Precision System Two Dual Domain (SYS-2322A)
-OR-
System Two Cascade Dual Domain (SYS-2522A) in System Two
Compeatibility Mode

= A personal computer running APWIN Version 2.0 or later under
Microsoft Windows 95 or later.

= Equipment Under Test (EUT):
A PC sound card (or other sound device configured to emulate a

PC Audio Device Performance Tests — Application Note #4 Page 5
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Getting Started

PC Audio Device Performance Tests

PC sound card) connected to the bus of the PC that is running
APWIN. The sound card must have the proper software drivers
installed and be correctly configured to the computer operating
system.

Connections

For the sake of clarity, a generic consumer-type sound card will be
assumed to be the EUT for the testing process that follows. This type of
card represents the vast majority of such devices on the market today.
If the card you wish to test has different input and output connections
and characteristics, refer to Appendix B: PC Sound Cards and
Audio Devices (page 137) for interface information. The testing
process remains the same.

An ordinary sound card usually has two stereo input connections
and one stereo output connection using three 3.5 mm tip-ring-sleeve
(TRS) jacks (often called stereo mini jacks) labeled MIC IN, LINE IN,
and LINE OUT. Some cards may have additional connections, perhaps
powered for speakers or headphones; some add rear-channel
capability and other features.

Due to space limitations on the card, the inputs and outputs are
often not labeled by name but may have little icons stamped into the
metal panel, or color-coded jacks. Check with your card’s
documentation if you are not sure about the jack designations.

Also note that the nominal levels and impedances may vary
considerably by sound card manufacturer and model. Make no
assumptions; calibrate your tests to each card you measure, as
performed in the SET REFERENCE LEVEL section of each test.

Unbalanced interconnections often degrade analog audio
performance by adding hum, buzz, radio-frequency interference or
other spurious signals into the audio. Connecting a heavy grounding
strap between the analyzer and the EUT will often produce dramatic
improvements in measured system noise.

Page 6
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PC Audio Device Performance Tests Installing PC Audio Device Performance Tests

Heavy Ground Strap

Tip
(Lefi) Ring
{Right)
Slaave -
{Comman)
=]
Laft Right

3.5 mm TRS Mini Plug.
Unbalanced Stereos Connection

Figure 6 Connecting a PC sound card to System Two for testing
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Figure 6 shows basic line-level input and output connections
between the EUT and System Two, with an added grounding strap.

There are many strong fields in and around computer equipment
that can magnetically or electrostatically couple interfering signals into
audio circuits as well. Use well-shielded connection cables, keep them
short and route them away from sources of interference, such as data
buses, unshielded digital circuits, fans, power supplies, and especially
CRT computer monitors.

Installing PC Audio Device Performance Tests

PC Audio Device Performance Tests is distributed from the Audio
Precision Web site and on CD-ROM.

To download the installation files from the Web, go to
http://www.audioprecision.com, click the SOFTWARE button and
scroll the list for the latest version of PC Audio Device Performance
Tests. Follow the instructions to download and expand the files.

PC Audio Device Performance Tests — Application Note #4 Page 7
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Installing PC Audio Device Performance Tests PC Audio Device Performance Tests

m If you are using Microsoft Internet Explorer, you will have the
option of running InstallShield from the Web site or saving the
installation file to disk. If you run the program, InstallShield will
install PC Audio Tests on your computer over the net.

m If you save the file to disk (the only option with Netscape
Navigator), the installation file will be saved in the folder you
designate. To launch InstallShield, go to that folder and
double-click on Setup.exe

= If you are installing from the CD-ROM, place it in your
computer’s drive. If your CD-ROM drive is set to automatically
run, InstallShield will immediately launch. If not, go to My
Computer and click on the icon for the CD-ROM drive. When
the drive window opens, double-click on Setup.exe to launch
InstallShield.

Simply follow the prompts in InstallShield. You can accept all the
default choices, or you can designate your own folders and file
locations.

When PC Audio Device Performance Tests is installed, you have
the options of viewing the Readme file and immediately launching PC
Audio Device Performance Tests in APWIN.

For a listing of folders created and files installed, see Appendix D:
File Descriptions (page 147).

Page 8
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Running the Tests Launching PC Audio Tests

Running the Tests

Launching PC Audio Tests

PC Audio Tests is an APWIN Basic procedure, using APWIN to
operate System Two in testing the EUT. First, connect the EUT to
System Two following the directions given in Connections, above.
We strongly recommend adding the heavy grounding cable described
earlier as well.

APWIN, PC Audio Tests and PC LevelCheck running together are
heavy users of system resources under Microsoft Windows. If your
computer seems slow while using PC Audio Tests, close any
unnecessary applications that may be running.

Turn on System Two and launch APWIN.

Apply power to System Two and launch APWIN by double-clicking
the APWIN icon. (If you have associated *.apb files with APWIN, you
can simply go to the \PcAudioTests folder and double-click the file
PcAudioTest.apb to launch APWIN and load the procedure.)

If you have System Two Cascade, remember to run APWIN in
System Two Compatibility Mode.

Re-size the APWIN window to about 2/3 the size of your desktop.
This will allow you to easily switch to Volume Control, Sound Recorder

and Media Player windows if you are running PC Audio Tests in
Manual Mode. See Test Modes (page 24).
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Figure 7 APWIN at 2/3 Desktop width

To load the procedure, select File > Open > Procedure from the
APWIN menu bar. Browse to the folder where the files were installed
(the default is C:\Apwin\PcAudioTests\) and open PcSoundTest.apb.
Then select Procedure > Run from the APWIN menu bar.

You can create a Quick Launch icon in APWIN to bring up PC
Audio Tests in one click. See Quick Launch in the APWIN
users manual.

PC Audio Tests will present you with the Main Menu.

Page 10
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The Main Menu

The Main Menu

i PC Audio Tests BAIN HMEHLU 2 Audio Precigion 1999 _ 2000
FES'IS FOR =y
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Test Data
ST -
festReports. - . | gar |

Figure 8 The Main Menu

The Main Menu is the central hub from which to start all the tests,
access the Configuration panels, save or open Test Data Files or create
a Test Report.

If this is the first time the program has been run, or if you need to
change previous settings, click the Configuration button. See
Appendix A: Setting Preferences in Configuration (page 127).
The default configuration settings will be correct for most situations.
They are initially set to:

PC Audio Device Performance Tests — Application Note #4
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The Main Menu Running the Tests

Input Unbalanced
Output Unbalanced
Sample Rate 441 kHz
Test Mode Automatic

From the main menu you can proceed to any of the four groups of
tests or to the Test Report panel. A green check mark will appear next
to each test group button on the Main Menu to indicate completion of
that group of tests. A yellow check mark indicates that all the data in
memory for that group of tests have been retrieved from a saved test
data file. A grey check mark indicates that some of the tests within that
group have not been completed, or that some of the data have been
retrieved from a saved file. See Saving, Retrieving and Resetting
Test Data, below.

Since the results from some tests are used as the basis for
subsequent measurements, the tests should be performed in the order
listed:

m D-to-A
Digital-to-Analog, playing a .wav file through the EUT.

= A-to-A
Analog-to-Analog, monitoring the EUT input at the output.

m A-to-D
Analog-to-Digital, recording a .wav file with the EUT.
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= ADPCDA
Analog-to-Digital-to-PC-to-Digital-to-Analog, first recording a
.wav file with the EUT and then playing back the same file.

All four of the test group panels have a similar appearance, with
large buttons on the left to initiate various tests, and text boxes on the
right to display results. A green check mark will appear next to each test
button on the panel to indicate completion of that test. A yellow check
mark indicates that the data in memory for that test have been
retrieved from a saved test data file. On each panel you also have the
option of reviewing the frequency and phase response graph (which is

Page 12 PC Audio Device Performance Tests — Application Note #4



Running the Tests The Main Menu

initially displayed at the completion of the frequency test) and of saving
the graph data with comments. See Saving, Retrieving and
Resetting Test Data, below.

To begin a group of tests, click the appropriate button on the Main
Menu.

Saving, Retrieving and Resetting Test Data

The results for all the tests remain in memory until you exit PC
Audio Tests. You can save the results as a Test Data file with the default
name New.dat by clicking Save in the Test Data area of the Main
Menu. By default, these files are saved in the \Reports folder or other
folder you have specified in Configuration. The results stored in a Test
Data file can be retrieved by PC Audio Tests and can also be accessed
by other programs.

To retrieve the information in a Test Data file, click Open. This
launches a browser window where you can select the file you wish to
retrieve. When you open a Test Data file, your configuration
information and all of the test results currently in memory are replaced
by the retrieved data.

Clicking the Reset button retrieves the file Reset.dat from the folder
\PcAudioTests. Reset sets all the test results to default (or to whatever
values you may have saved in the Reset.dat file), but does not change
your configuration information.

Frequency response graphs will be re-created from the data
retrieved in a *.dat file, but the graph information can also be saved
separately as either a *.ada or *.at2 file (choose your preference on the
Configuration: Data panel) by clicking Save Test in the graph options
box available via the View Response Graph button.
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Test Reports

The test results in memory can be also exported in several different
document formats as optional Test Reports, which can be generated at
any time during the procedure by clicking Create Test Report. See
Creating Test Reports (page 123).

PC Audio Device Performance Tests — Application Note #4 Page 13



What the tests do Running the Tests

What the tests do

There are four groups of tests in PC Audio Tests, and each group
makes four sets of measurements in similar categories. Although there
are clear differences between the tests, there are many common points
in the four categories that can be examined here.

Test Flow Chart
@ Automated Set Ref Auto
Set Ref Man
@ Manual
I THD+N Auto
THD+N Man
D-A } DR Auto
DR Man
F Resp Auto
—
F Resp Man
Configuration
Set Ref Auto
Set Ref Man
THD+N Auto
I THD+N Man
A_A DR Auto
m I DR Man
“ F Resp Auto
7] L,
m M a i n F Resp Man
M e n u Set Ref Auto
g Set Ref Man
omm I THD+N Auto
: A D THD+N Man
< I — } DR Auto
: ’ DR Man
m | F Resp Auto
Create F Resp Man
Report
THD+N Auto
THD+N Man
DR Autk
—» ADPCDA ———p—p»  °
DR Man
F Resp Auto
F Resp Man

Figure 9 PC Audio Tests Test Modules
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Set Reference Level

SET REFERENCE LEVEL TESTS

Play EUT
D-to-A WAV File Output
GROUP
0dBFS 0 dBr (p-A ouUT)
Generator / Play EUT
Ado-A EUT Input Mixer Output
GROUP
0 dBr (A-AIN) 1% THD+N 0 dBr (A-A 0UT)
Generator / I EUT ADC
Ato-D EUT Input Rec Output
GROUP Mixer 0dBFS
0 dBr (A-DIN) -or-
1% THD+N
ADPCDA This Group Uses Input and Output Reference Levels
GROUP Set Previously in the D-to-A and A-to-D Tests

Figure 10  Set Reference Level Tests

Sound cards have a wide range of input and output levels and
software mixer implementations, and the first test in each group
calibrates PC Audio Tests and System Two to your particular sound
device for the signal path of interest (D-to-A, A-to-A, A-to-D, or
ADPCDA).

Figure 11 Typical Level
Reference Settings
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CH A CHE
......... REFEREMCE LEVELS USED FOR &LL TESTS
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:"n J -76544dE  THD Max-40dB [-76.570 dB
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On each panel the reference level determined is listed in dBr. dBr
means dB relative to a reference, r, a temporary, user-defined or
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What the tests do Running the Tests

test-defined reference. In PC Audio Tests, the values set as reference
for dBr can have different values within different tests.

The decibel (dB) is widely used in audio measurements, and it
must always be referenced to a value. dBV, for example, is the
shorthand for decibels referenced to 1 volt root mean square
(rms). dB FS is a decibel audio measurement for digital audio,
and the reference “FS” stands for “Full Scale.” A full scale
digital signal (0 dB FS) is the rms value of a sine wave whose
positive peak just reaches full scale, represented by the
maximum value in the coding scheme. See Appendix G:
Glossary (page 165) for more information.

AES17 requires that full scale references must exhibit a THD+N
content of less than 1 % (equivalent to —40 dBr). If THD+N exceeds
this amount, the full scale reference must be set to a lower value. On
the D-to-A, A-to-A, and A-to-D test panels, PC Audio Tests displays the
THD+N reading (unweighted, referenced to O dBr, 22 kHz bandwidth)
in the REFERENCE LEVEL area so you can monitor this parameter.
If this result exceeds —40 dB (or, if stated as a percentage, 1 %
distortion) the measurement is beyond the specification in the AES17
standard and must be performed again with a lower stimulus level.

Once reference levels are set, it is essential that no level
changes be made to the test setup, whether in hardware or in
software. Distortion, noise and dynamic range measurements
are all made based on these references and the tests will not
return correct results if level changes have been made in
APWIN or in the Record or Playback Mixer controlling the EUT.
If you inadvertently change signal level, you must return to the
D-to-A, A-to-A and A-to-D panels and reset the reference
levels.
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Total Harmonic Distortion plus Noise (THD+N)

DISTORTION AND NOISE TESTS

Play EUT
D-to-A .WAV File Output
GROUP P ? dBr THD+N
—3dBFS ? % THD+N
Generator / EUT
Ado-A EUT Input Output
GROUP 0 dBr,
-1 dBror Z ‘1‘3’ THD+N
-3 dBr ? % THD+N
Generator / EUT ADC
AtoD EUT Input Output
GROUP 0dBr, 0dBFS
-1 dBror -or-
-3 dBr 1% THD+N
Generator / EUT
ADPCDA EUT Input Rec / Play Output
GROUP _? gg:,or WAV File 2 dBr THD*N
-3 dBr ? % THD+N

Figure 12 Distortion and Noise Tests

This test measures the total harmonic distortion and noise
(THD+N) found in the EUT under the test conditions in each group of
tests.
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There are four slight variations in the testing methods commonly
used to measure THD+N in PC digital audio devices, each using a
different stimulus level. In all four methods, the EUT is stimulated by a
tone of approximately 1000 Hz (AES17 specifies 997 Hz); the tone is
then removed in the analyzing system; and the residual signal (which
contains both noise and the harmonics) is measured.

When a periodic input signal is resonant with the sample rate,
the sampling instants of the converter will repeatedly sample at
the same points on the signal. 997 Hz is specified for testing
because it is not resonant with the standard sampling
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What the tests do

Running the Tests

frequencies and as a consequence exercises all the possible
states of the converter.

The first variation simply subjects the EUT to 997 Hz at 0 dB FS,
the maximum level of the digital signal. In a well-engineered device this
stimulus would not produce significantly more distortion that tones
somewhat lower in amplitude, but in many practical devices 0 dB FS is
right at the edge of maximum performance, and lower amplitudes
must be used to return reasonable distortion test results.

With this in mind, the AES17 standard sets the amplitude of the
stimulus signal at —1 dB FS, while the Microsoft WHQL standard
recommends an even lower -3 dB FS.

. ) TIaNYS, | IS uWE ey T
Figure 13 THD+N Stimulus
THD+M  DISTORTION i
Level * =
PLATBACK 997 Hz ‘with FILE at I

[ 3 dBFS

PC Audio Tests makes these three stimulus options available and
adds a fourth, -6 dB FS, as well; you can select any of these four levels
(or accept the default, WHQL at -3 dB FS) on the Configuration >
System Two panel. The level selected is shown on the each test panel
in the display window below the THD+N button. See Appendix A:
Setting Preferences in Configuration (page 127).

In addition to the four different stimulus levels, PC Audio Tests also
measures THD+N in two completely different ways, using the System
Two DSP program called FASTTEST and the System Two Analog
Analyzer. Both of these methods are highly accurate, both are valid
ways of evaluating THD+N, but they each return slightly different
results.

Figure 14  Typical THD+N e THD+N DISTARTION
Readings J | 8098081 FastTest(DSP) [-80672dBr

-81.026 dBr Analog Analyzer | -20.810 dBr

at

The upper pair of boxes in the DISTORTION area of each test
panel show the THD+N results as measured by FASTTEST, which
uses FFT analysis of the signal. The lower pair of boxes display the
THD+N results as measured by the Analog Analyzer, which uses the

Page 18
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conventional combination of a band-limited level measurement
following a narrow notch filter tuned to the frequency of the stimulus.
See Appendix F: Distortion Analysis Techniques (page 159) for
a more detailed comparison of these methods.

The A-to-D test group only uses FASTTEST for THD+N
measurements because the signal to be analyzed is only
available in the digital domain.
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What the tests do

Running the Tests

Dynamic Range

DYNAMIC RANGE TESTS

Play EUT
D-to-A WAV File Output
GROUP
-60 dB FS ?dBr DR
Generator / EUT
Ado-A EUT Input Output
GROUP
-60 dBr ?dBr DR
Generator / EUT ADC
Ato-D EUT Input Output
GROUP
-60 dBr ?dB FS DR
Generator / EUT
ADPCDA EUT Input Rec / Play Output
GROUP WAV File
-60 dBr ?dBr DR

Figure 15 Dynamic Range Tests

Dynamic range is the difference between the maximum amplitude
of a device and its noise level. Since the maximum level in our EUT is
0 dB FS, the noise floor in dB FS gives us a dynamic range figure.

In analog devices, the noise figure is usually determined by simply
measuring (after a low-pass filter) the output of the device with no
signal applied. Digital devices, however, normally mute the output of
the D-to-A converter when no signal is applied, giving an unrealistic
noise figure without much relevance to noise under ordinary operating
conditions.

The most useful noise measurement for digital devices, then, is
made in the presence of a signal. The tests provided in PC Audio Tests
use a 997 Hz tone at a very low (-60 dB FS) level to keep distortion

Page 20
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products immeasurably low. This tone keeps the converter “open” so
that converter noise is apparent. The tone is then notched out in a
manner similar to a THD+N analysis.

Figure 16  Typical Dynamic | DYNAMIC RANGE
Range Readings I.J 88220 dBr  FastTest [DSP) 88,270 dEr

-0 dBFS 88727 dBr  Analog Analyzer | -88 415 dBr

As in the THD+N test, PC Audio Tests uses both the FASTTEST
(DSP) FFT technique and the conventional analog notch filter
technique to produce two slightly different views of the noise signal and
therefore two slightly different dynamic range figures.

For consistency, PC Audio Tests uses this technique even in tests
that do not include the D-to-A converters in the signal path.
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Frequency Response

FREQUENCY RESPONSE TESTS

Play EUT
D-to-A WAV File Output
GROUP +?DB
Multitone FR & Phase
Response
Generator / EUT
Ado-A EUT Input Output
GROUP +?DB
Multitone FR & Phase
Response
Generator / EUT ADC
Ato-D EUT Input Output
GROUP +?DB
Multitone FR & Phase
Response
Generator / EUT
ADPCDA EUT Input Rec / Play Output
GROUP WAV File +?DB
Multitone FR & Phase
Response

Figure 17 Frequency Response Tests

For frequency response testing, PC Audio Tests performs a
multitone test (in all cases except one: see the note below) rather than
making a conventional frequency sweep. The multitone test uses as a
stimulus a .wav file that plays back 31 frequencies simultaneously.
Each frequency is centered on one of the ISO 1/3-octave frequencies,
spanning the range from 16 Hz to 20 kHz. This method generates
results identical to a 1/3-octave step-frequency sweep.
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In the A-to-A monitor loop test, real-time 1/3-octave
step-frequency sweeps are possible. The A-to-A test panel
offers this option by clicking the Analog step sweep option
button. An analog sweep test is much easier to modify for
custom sweep designs than a multitone test, and this option is
provided for that purpose.
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Figure 18 Typical Frequency Response Graph

A
c
A line is drawn through the resulting response points to give a g
graphic representation of frequency response. This response is graphed =0
and also displayed in the FREQUENCY RESPONSE and g
INTERCHANNEL PHASE boxes. -
Figure 19  Typical Frequency o] FREQUENCY RESFONSE TkHe=0dBr g
i [0.077 dBr | -0.286dBr  [-0.077 dBr | -0.250 dBr
Response Readlngs at - 20 dBFS Low Frequency 20 Hz -1 kHz a
[0.930der [-1954der  [0.935dBr [-1.813dEr
iph High Frequency 1 kHz - 20 kHz

IMTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phase eror range | -0.044 deg  to [ -1.978 deg

The left group of boxes, as in other areas of the D-to-A
MEASUREMENTS panel, show Channel A measurements, while the
right group show Channel B. Minima and maxima are shown for each
channel in a low-frequency range, 20 Hz to 1 kHz, and also in a
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high-frequency range, 1 kHz to 20 kHz. The response values are
displayed in dBr units. But notice:

0 dBr is re-defined for the frequency response test only as
the response test value at 1 kHz. This gives us the
conventional view of response curve data, relative to 1 kHz.

Interchannel Phase

Figure 20  Typical INTERCHAMMEL PHASE ERROR 20 Hz-20kHz
Interchannel Phase Readings Phase erorrange [0000deg o [-0.3% deg

While the frequency response test is being made, PC Audio Tests
also measures the relative phase angle between the channels A and B
across the audible spectrum. A graph of this information is shown as a
third trace on the response graph, with the maximum deviations
displayed in degrees of angle in the two INTERCHANNEL PHASE

boxes on this panel.
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Test Modes

PC Audio Tests has two modes of testing: Automated Mode and
Manual Mode. The default condition at installation is Automated
Mode. See Appendix A: Configuration (page 127) to change
modes.

m Automated Mode (which uses PC LevelCheck to automate most
functions) is the fastest and easiest way to get test results with PC
Audio Tests. See PC LevelCheck, next.

m Manual Mode is provided as an alternate solution for situations
(due to the wide variations in PC sound card characteristics and
control mapping) in which PC LevelCheck will not be able to
access certain sound card controls.

In this case PC LevelCheck will still monitor digital signal levels,
but you are guided by screen prompts to make mixer
adjustments, .wav file selections and initiate recording and
playback manually, steps normally automated by PC
LevelCheck.

Manual Mode performs the same tests and generates the same
results as Automated Mode.

PC LevelCheck
Figure 21 PC LevelCheck

(shown in Meter mode)

A
<
=
=
=
Q
-]
o
2
(g
0

BT - B
—= Hold—__| Reset

Inpiit Free Run e Stop ||

Output Decay -

Source Peak Mode 997-0_44 way

05cope lSpectlumJ\ Meter l Mixer J\ Options

PC LevelCheck is a separate program that is tightly integrated with
PC Audio Tests and makes sound card testing easy with these key
functions:
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m PC LevelCheck accesses, measures and displays the embedded
audio in the .wav-file-format PCM signal in the sound card’s
digital audio signal path.

m PC LevelCheck controls level and muting functions in the
volume control mixer and records and plays audio .wav files,
under direction the direction of PC Audio Tests.

PC LevelCheck can also be used as a stand-alone program that
you may find useful for monitoring audio within your PC. See
Appendix E: PC LevelCheck (page 149).

Automated Mode Testing

If you have selected Automated Mode (the initial default setting) for
your test, you are ready to proceed. Go to D-to-A Tests (page 33).

Manual Mode Testing

To use Manual Mode, select the Manual option under Test Mode
on the EUT tabbed Configuration panel. Instructions on that panel
will then provide you with a reminder of Mixer and Media Player
settings. See Appendix A: Configuration (page 127) to change
modes.

If you have selected Manual Mode for your test, you must launch
and set up Volume Control (the Windows mixer), Sound Recorder and
Windows Media Player. When you have done this, you can begin the
tests. Go to D-to-A Tests (page 33).
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Launching and configuring multimedia applications

The following instructions for Manual Mode describe the use of
standard Windows 98 multimedia interfaces. If you use other Windows
controllers or proprietary sound card software, your commands and
displays will be different. Be sure all your settings (such as mutes,
centered panning, etc.) match the settings recommended below.
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Windows Volume Control Mixer Settings

Figure 22 Typical Path to
Windows Multimedia
Accessories

First open Volume Control (Windows mixer). Click the Start
button and point to Programs > Accessories > Entertainment
and click Volume Control.

Now repeat the same process to launch Volume Control a second
time. Drag the second Windows mixer off the first Windows mixer

. Y
window. -
Figure 23 £l Flay Contiol s E3|| | May Conbiod =] :
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Note: depending on your sound card driver, your playback
Mixer may have a different appearance and features.

On one mixer window, click Options and then Properties. In the
box labeled Adjust volume for select Playback. Then in the list box
labeled Show the following volume controls: select Play
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Control, Line-In (or Aux) and Wave. Make sure all other playback
volume controls are NOT selected. This is your Play Control mixer.
Click OK to view the mixer.
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In the second mixer window, click Options and then Properties.
In the box labeled Adjust volume for select Recording. Then in the
list box labeled Show the following volume controls: select
Line-In (or Aux). Make sure all other recording volume controls are
NOT selected. This is your Record Control mixer. Click OK to view the
mixer.

On the playback mixer, set the Master or Play Control volume slider
to its maximum, and the Wave volume slider to its maximum. Be sure
that the Wave channel and the Master Play Control (often labeled
“Mute All”) channels are NOT muted. Mute all other playback
channels. (Line-in should be the only other visible playback channel.
Mute it for now.)
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If there is no button labeled Advanced on the playback mixer, click
Options > Advanced Controls. Then click the Advanced button
and check the Advanced Controls window to be sure that all effects,
tone controls, EQ and so on are disabled. Click Close to close the
Advanced Controls window.
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On the record mixer, select the Line In channel (it should be the
only channel visible and should already be selected) and set the Line In
volume slider to maximum.

On both mixers, check that the balance or pan sliders are centered
or disabled.

Leave the mixers open and drag them to the edge of your screen
for convenient adjustments later in the tests.

Windows Media Player Settings

Windows Media Player will play a number of media files, including

.wav audio files. It is particularly useful in running D-to-A tests in

manual mode because of the “Repeat Forever” option that allows
endless looping of a playback file. Open Windows Media Player. Click
the Start button and point to Programs > Accessories >
Entertainment and click Windows Media Player. Under Options,
set Auto Repeat or Repeat Forever.

Leave Media Player open so you can load, play and stop .wav files
during your tests. Drag the window to the edge of your screen.
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Figure 26  Windows Media i Windows Media Player =10 %]
Player File “iew Play Favortez Go Help

Windows Sound Recorder Settings

Open Windows Sound Recorder. Click the Start button and point
to Programs > Accessories > Entertainment and click Sound
Recorder. Under File, click Save As and browse to the folder where
you want to save your test recordings, usually C:\Apwin\PC Sound
Card Tests\. Choose a name for your test file (usually A.wav) and enter
it in the File Name box.

In the Format area, click Change.... In the Name box, choose CD
Quality to select PCM, 44,100 Hz 16 Bit, Stereo, 172KB/s.

Leave Sound Recorder open so you can record .wav files during
your tests. Drag the window to the edge of your screen.

Figure 27 Windows Sound P 3

Recorder File Edit Effectz Help

Fosition; _ Length:
0.00 zec. _ 0.00 zec.

|
-

Here are a few tips on using Sound Recording with PC Audio Tests:
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m Although far from an accurate graphical display, the waveform
window in Sound Recorder can be handy to determine if there is
signal being recorded, or if the signal is badly distorted.

m Remember to save your .wav file each time you stop recording.
PC Audio Tests regularly erases the A.wav test files to be assured
of current data, and if you forget to save the file after each
recording pass you may see a “File not found” error message.

= You only need to record a few seconds for each test. PC Audio
Tests only takes data from near the beginning of the .wav file
(after a short period of time to allow the recording to stabilize).
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D-to-A Tests

AHALDG to

DCEGTAL
CONNVERTER

e '

\/u BT

Figure 28 PC Audio Tests: the D-to-A Test Group

What the D-to-A tests do

See What the tests do (page 14) in the Introduction for an
overview of the common functions of all the test groups.

The D-to-A group of tests measures the characteristics of the EUT’s
digital-to-analog conversion of .wav test files, and of the analog output
circuitry of the device. These D-to-A tests satisfy Microsoft WHQL
standard TM002.

Using the D-to-A tests you will measure the analog output level of
the EUT when playing a O dB FS digital signal and set that level as a
reference. Then you will measure total harmonic distortion plus noise
(THD+N), dynamic range and frequency response for the
digital-to-analog functions of the EUT.

The D-to-A Reference Level setting must be performed before the
other tests in this group, since these results are considered in
subsequent calculations.
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D-to-A Reference Level

As discussed in What the tests do (page 14) in the
Introduction, this test calibrates PC Audio Tests and System Two to
your particular sound device for the D-to-A signal path.

Figure 29 Settlng D-to-A Stimulus Measurement
997-0_44.wav Analog .
Reference Level Source 997 Hz Crplie Reading
Level 0dBFS 0 dBr (D-A) Level

Waveform \/\/\/\ \/\/\/\ Waveform
Spectrum Spectrum

First PC Audio Tests plays a 0 dB FS .wav file, and then the output
levels of the EUT are measured. Once found, these levels are entered
in APWIN as 0 dBr reference values for the line output of each

channel. Since a 0 dB FS digital signal was used to generate these
results, O dBr (p-a) = 0 dB FS.

Figure 30 D-to-A Reference e

CH A
= ¢y | AEFERENCE LEVELS USED FOR ALL TESTS
Level Readings L Ed EE30dEY  0dBFS = OdBr [G.796 dBv

| Sio. a - -fa.
R 76544d8  THD Max-40dB [78570d8

Urwatd &nalog THO+M at 0 dBr 22 kHz bandwidth

amic

In the example shown, channel A has a result of 0.876 dBV, while
channel B shows 0.835 dBV. This is the analog output level at the line
output jack that results from playback of a full level 0 dB FS .wav file.
These become the 0 dBr (D-A) reference output levels for all further tests
that involve line output of a .wav file playback.

D-to-A Sampling Frequency Error

This measurement is actually made during the SET D-A
REFERENCE LEVEL test, even though the result is displayed at the
bottom of the panel. PC Audio Tests measures the frequency of the
converted signal from the .wav file, which is known to be 997 Hz. Any
variation is due to sampling frequency error in the EUT D-to-A
converter, and the percentage of error is displayed here.
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Figure 31  D-to-A Sampling Frequency Error CY ERROR

Reading " file: freq. 0.005 %

D-to-A THD+N Distortion and Noise

Figure 32 D-to-A THD+N Test Stimulus Weasurement
997-3_44.wav Analog & DSP .
Schice 997 Hz Analyzers Beding
Level -3dBFS* ? THD+N Level

Waveform

Waveform \/\/\/\ _—
Spectrum Spectrum

As discussed in What the tests do (page 14) in the
Introduction, this test measures the total harmonic distortion and
noise (THD+N) found in the EUT D-to-A signal path under test
conditions.

* The stimulus level of =3 dB FS shown in the diagram is an
option, one of four stimulus levels available for THD+N testing
in setting up PC Audio Tests. See Appendix A: Configuration
(page 127). The level chosen is displayed on-screen in the
small box below the THD+N DISTORTION button.

Figure 33 D-to-A THD+N e THD+N DISTORTION
Readings J il | 80965 dBr  FastTest(DSP) [-80.672 dBr
at lm Analog Analyzer IW

The upper pair of DISTORTION boxes show the THD+N results
for the FASTTEST DSP technique, and the lower pair of boxes show
the results from the Analog Distortion Analyzer. In the example shown
the readings are between -84 dBr and -85 dBr. Notice the slight
variations in the readings between the two methods. See Appendix F:
THD+N Techniques (page 159).
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D-to-A Dynamic Range

Figure 34 D-to-A Dynamic Stimulus Measurement
997-6044.wav Analog & DSP .
Range Test Source 997 Hz Analyzers Reading
Level -60 dB FS ?dB FS DR Level
Waveform ————— —— Waveform

Spectrum Spectrum
—_ [—

As discussed in What the tests do (page 14) in the
Introduction, this test measures the dynamic range of the EUT D-to-A
signal path under test conditions, using a =60 dB FS stimulus.

A level of precisely —60 dB FS is not possible in a 16-bit digital
system. The exact level used in this test is —59.94 dB FS.

Figure 35 D-to-A Dynamic DYNAMIC RANGE
Range Readings -83.220dBr  FastTest [DSP) -88.270 dBr

+ 60 dBFS 88727 dBr Analog Analwzer | -25.415 dBr

PC Audio Tests uses both the FASTTEST (DSP) FFT technique and
the traditional analog notch filter technique to produce two slightly
different views of the noise signal and therefore two slightly different

dynamic range figures.

D-to-A Frequency Response

As discussed in What the tests do (page 14) in the
Introduction, this test measures the frequency response through the
EUT D-to-A signal path under test conditions.

Figure 36 D-to-A Frequency Stimulus Measurement
Response Test Source  ISptddway A'f,"‘;fyfe?ssp Reading
Level -20dBFS* +?dBr Level

Waveform \A/\/\/\ E Response
Curves
Spectrum Spectrum
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While the response curve graph is on the screen, you have access
to the APWIN graph options panel. The maximum and minimum
response data are also reported in the FREQUENCY RESPONSE
boxes on the test panel.

: FREQUENCY RESPOMSE 1kHz=0dEr
Figure 37 D-to-A Frequency J ] MAX CHA M M&X CHE  MIN
Response and /nterchanne/ [-0077 dBr [ -0.246 dBr  [-0.077 dBr [ -0.250 dEr

Ph Readi at - 20 dBFS Low Frequency 20 Hz -1 kHz
ase ~nea IngS [08930der [1.954der  [0835der [-1.813dBr
iph High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phase enarrange | -0.044 deg  to [-1.978 deg

D-to-A Interchannel Phase

While the frequency response test is being made, PC Audio Tests
also measures the relative phase angle between the channels A and B
across the audible spectrum. A graph of this information is shown as a
third trace on the response graph, with the maximum deviations
displayed in degrees of angle in the two INTERCHANNEL PHASE
boxes on this panel.
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Running D-to-A Tests in AUTOMATED MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you choose not to use Automated Mode, you can skip this
section and go directly to Running D-to-A Tests in Manual
Mode (page 43).

i D-to-A MEASUREMENTS using WAV FILE PLAYBACK
DO WNOT CHAMGE MIXER COWTROLS AFTER THEY &RE SET Ap

CH & CH B
- REFERENCE LEVELS USED FOR ALL TESTS
F|HST|; SET D-4 REFEREMNCE LEVEL | (| EE3BdEY  DdBFS = OdBr [6795dBV

PLAYBACK 837 Hz ‘b File at 0 dBFS 78514 B __ JLIREIECECHEY 76 570 dF
Urwtd Analog THD+M at 0 dBr 22 kHz bandwidth

TEST ALL ;HD+N,FD_|,Jnamic:
EIEREL FIEREEY THD+N DISTORTION

—
THD+  DISTORTION ‘ | 0958 dBr | FastTest(DSF)  [-B0E72 dbr
PLAYBACK 997 Hz ‘wiv FILE at 81026 dBr Analog Analpzer | -20.810 dBr

[ dBFs

DYNAMIC FANGE
DYMAMIC RANGE ‘ | B2 dEr | FastTest[DSP] | -68.270 dBr

PLAYBACK, 997 Hz 't FILE at 50 dBFS -8 727 dBr Anmalog Analyzer | -33.415 dBr
Moize in the presence of tane.

FREQUENCY RESPOMSE 1 kHz =0 dBr

FREGIENCY RESPOMSE ‘ ._"J M CH&  MIN Max  CHE  MIN
[0077 dbr | 0248 &1 [-0.077 dBr | -0.250 dBr
PLAYBACE. - 15031 ‘wialf FILE at - 20 dBFS Low Frequency 20Hz -1 kHz
31 Tones 1EH2t° 20 kHz [08a0d6r [1954dBr  [0936dBr | 1813 dor
Wiew Response Graph High Frequency 1 kHz - 20 kHz

IMTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phase enorrange | -0.044 dea  to [ 1.978 dea

SaMPLING FREQUENCY ERROR
Measuring 997 Hz WAV file freq. 0.005 %

D-A Test Comment
MAIN MERU ‘ BT

Figure 38 D-to-A Measurements Panel

Click the D-to-A button on the Main Menu to begin the test series.
The D-to-A MEASUREMENTS test panel will appear.
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SET BA REFERENGE OEL | 5ot D-to-A Reference Level: Automated Mode

TEST ALk

THEM  DISTORTIOH

Click the SET D-A REFERENCE LEVEL button. In Automated
Mode the test will proceed on its own, calling PC LevelCheck,
adjusting volume levels, playing the .wav file and displaying its
progress as it runs, then returning to the D-to-A MEASUREMENTS
panel.

CH & CH B
REFEREMCE LEVELS USED FOR ALL TESTS

Figure 39 D-to-A Reference

Level Readings Ly EEa0dey  0dBFS = OdBr |G 796 dBv
[ s 76544 dE THD Maw-40de |75 670 dB
| Uriatd &nalog THO+M at 0 dBr 22 kHz bandwidth
amic

Figure 40 D-to-A Sampling Frequency Error ICY ERROR

Reading "file freq. 0.005 %

Notice that the four display boxes to the right of the SET D-A
REFERENCE LEVEL button now show test results, as does the
Sampling Frequency Error box at the bottom of the panel.

When this test has been successfully completed, a green check
mark appears to the right of the SET D-A REFERENCE LEVEL
button.

Test All
The TEST ALL button runs all of the next three tests in succession.

D-to-A THD+N Distortion: Automated Mode

To begin the test, click the THD+N Distortion button. In
Automated Mode the test will proceed on its own, displaying its
progress as it runs and quickly returning you to the D-to-A
MEASUREMENTS panel. The four display boxes to the right of the
THD+N DISTORTION button now show test results.

Figure 41 D-to-A THD+N il THD+N DISTORTION
Readings J (| BOO6% dBr | FastTest(DSP)  [-B0.672 dbr
A lm Analog Analpzer IW
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If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.

DYHAMIC FRANGE

D-to-A Dynamic Range: Automated Mode

To run the test, click the DYNAMIC RANGE button. In
Automated Mode the test will proceed on its own, displaying its
progress as it runs and quickly returning you to the D-to-A
MEASUREMENTS panel. The four display boxes to the right of the
DYNAMIC RANGE button now show test results.

Figure 42  D-to-A Dynamic — || DXhaniC RehGE
Range Readings BE220dBr FastTest [D5SF) 88,270 dBr

B0 dBFS BBTATdBr Analog Analyzer | -83.415 dBr

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.

FREQUEMCY ACSPOMSE

D-to-A Frequency Response: Automated Mode
Click the FREQUENCY RESPONSE button to begin the test.

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you
check connections and configuration and retry.
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Figure 43  D-to-A Frequency Response Graph Windows with graph options
shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and
minimum deviations for both frequency response and phase response
and then returns you to the D-to-A MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain the computed
maximum and minimum values.

i -t0-, FREQUENCY RESPONSE 1 kHz=0dBEr
Figure 44  D-to-A Frequency J D] M A NN Sk S
Response and Interchannel

[O077 dBr | D246 der | -0.077 dBr | -0.250 der

: at - 20 dBFS .
Phase Readlngs Lows Frequency 20 Hz-1 kHz
[0g30der [-1964der [0936der  [-1.813dEr
iph High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phaze error range | 0044 deg  ta [ -1.978 deg

When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

PC Audio Device Performance Tests — Application Note #4
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Wiew Responze Graph |

D-4 Test Comment |

View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Figure 45 Graph Save Test- Rkl G
Set Panels Window CEORTNGE "] Groph, Panel Setup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Configuration: Data panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

D-to-A Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the D-to-A section
of the test report, click the D-A Test Comment button.

Figure 46 D-to-A Test — LEaRiZARINI3
Report Comments Enter comments on the D-b tests [ ok |

|| Cahcel

This completes the D-to-A testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports (page 123).

If you leave the program at this point but return later to perform
more tests, you must reset your D-to-A reference level See Set D-to-A
Reference Level: Automated Mode (page 39). Subsequent tests
require the results of this test as reference values.
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Running D-to-A Tests in MANUAL MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you can use Automated Mode, you should skip this section
and go directly to Running D-to-A Tests in Automated Mode
(page 38).

You will need Windows Volume Control mixer and Windows Media
Player on your desktop to run D-to-A tests in Manual Mode. Follow the
instructions below:

\D-to-A MEASUREMENTS using WAY FILE PLAYBACK x|
DO NOT CH&NGE MI<ER COMTROLS AFTER THEY ARE SET )qp

CH A CH B
o0 T 1 —, | FEFERENCE LEVELS USED FOR ALL TESTS
F|H3T|§ SIET (D4 [RIEERIERCE (LEHEL | Ll | [emav  oders - odee [6.79% AV

PLAYBACK 997 Hz MW/&V File at 0 dBFS [-78544dB  THD Max-40dB |-78.570 dB
. Urwatd Analog THD+M at 0 dBr 22 kHz bandwidth
THD+M, Dynarnic
TEST ALL
Fange, Frequency

THOD+MH DISTORTION

™
THD+N  DISTORTION ‘I.J 80965 dbr | FastTest[DSF]  [-BO0.E72 dor

PLAYEACK 997 Hz ‘Wit FILE at [-1.026 dBr  Analog &nalyzer | -80.810 dEr
[-3 dBFs
— DYNAMIC RANGE
DYNaMIC RaNGE ‘ | B0.220 dbr FastTest[DSF]  [-B8.270 dor
PLAYEACK 997 Hz ‘wisd FILE at -K0 dBFS [-88.727 dBr  Analog Analyzer [ -88.415 dBr

Moize in the prezence of tone.
FREGQUENCY RESPOMSE 1 kHz=0dBr

FREQUEMCT RESPOMSE ‘ | Méx  CHA  MIN Méx  CHE  MIN
[0.077 dbr [ -0.246 dBr [ 0,077 dBr | -0.250 dBr
PLAYBACK - ISO31 Wiy FILE at - 20 dBFS Lot Frequenay 20 Hz - 1 kHz
31 Tones 16 Hz to 20 kH
ores TR nate ST (0930 der [1954der  [09%6der [ 1813 dr
Wiew Respanse Graph High Frequency 1 kHz - 20 kHz

IMTERCH&MMEL PHASE ERROR 20Hz- 20 kHz
Phase error range | -0.044 deg 1o [ 1,978 deg

S&MPLING FREQUEMCY ERROR
Measuring 337 Hz W/l file freq, 0.005 %

[1-2, Test Comment
MAIN MENL ‘ BT

Figure 47  D-to-A Measurements Panel
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Running D-to-A Tests in MANUAL MODE D-to-A Tests

Click the D-to-A button on the Main Menu to begin the test series.
The D-to-A MEASUREMENTS test panel will appear.

(EENEETEE Set D-to-A Reference Level: Manual Mode

You must have Windows Volume Control playback mixer and
Windows Media Player on screen.
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Figure 48 Desktop Setup for D-to-A Manual Mode Testing

First you will check mixer settings, and then load and play a
reference .wav file. System Two will measure the analog output level
and set 0 dBr in APWIN to that level. Since a 0 dB FS digital signal was
used to generate these results, 0 dBr (p-a) = 0 dB FS.

Click the SET D-A REFERENCE LEVEL button. The following
prompt will appear:
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Figure 49  D-to-A I =|
Reference Level
Playback Mixer

Settings Prompt

Follow the instructions on the prompt to check all your mixer
settings. When you have verified the settings, click Continue
Procedure to see the next prompt.

Figure 50  D-to-A T
Reference Level

Media Player

Settings Prompt

The second prompt instructs you to load a file into Media Player
and guides you to the file location.

Choose the .wawv file that is appropriate for your test from these
selections:

File Name Reference Level Sample Rate
997-0_44.wav 0dBFS 44.1 kHz
997-0_48.wav 0dBFS 48 kHz

When you use the Browse button to look for the file, it will be
easier if you set the Files of type: selection in the browser window to
Audio Files.

Be sure Auto Repeat / Repeat forever are still set as options in
Media Player. When the file is loaded it should begin to play. If the file
does not play automatically, click the » play arrow. Check again to see
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that the Media Player 4 mute is not set, and that the volume slider is
set at maximum.

Figure 51 Windows % 997-0_44 way - Windows Media PL.. [H[=]
Media Player File

“Wiew Play Favoites Go Help
1 N ¢ i

Playing o001 /o003 ched:

With Media Player is playing back the .wav file click Continue
Procedure to move on. At the completion of the test, you may want
to click the B stop button on Media Player to interrupt playback of the
wav file.

Display boxes will advise you of progress as the test proceeds. If PC
Audio Tests encounters a problem, an error warning appears to suggest
that you check connections and configuration and retry.

Figure 52 D-to-A EREOR
Measurements Low Level

0 Input Level below -20 dBY - Check Connections and Contrals
Error Warning

Canecel |

When the test is complete you will return to the D-to-A
MEASUREMENTS panel.

Figure 53 D-to-A Reference

CH & CH B
REFEREMCE LEVELS UISED FOR ALL TESTS

Level Readings [GE38dEY  DdBFS = Ddbr [E796dBY
| 78544 dE  THD Max-40dB [ 7857048
;mic Urpwtd &nalog THD+M at 0 dBr 22 kHz bandwidth

Figure 54 D-to-A Sampling Frequency Error {Cv ERROR

Reading "file freq. 0.005 %

Notice that the four display boxes to the right of the SET D-A
REFERENCE LEVEL button now show test results, as does the
Sampling Frequency Error box at the bottom of the panel.
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_srar  Test All

The TEST ALL button runs all of the next three tests in succession.

T DeTaRTEn D-to-A THD+N Distortion: Manual Mode

Be sure you have your playback mixer and Windows Media Player
on screen. To begin the test, click the THD+N Distortion button. The
following prompt will appear:

.
Figure 55 D-to-A THD+N g
Media Player Settings
Prompt
s s |

This prompt instructs you to load a new file into Media Player and
shows the path to the correct folder. The .wav file appropriate for your
test is indicated on the prompt, and is chosen from these selections:

File Name Stimulus Level Sample Rate
997-0_44.wav 0dBFS 44.1 kHz
997-0_48.wav 0dBFS 48 kHz
997-1_44.wav -1dB FS 441 kHz
997-1_48.wav -1dB FS 48 kHz
997-3_44.wav -3dBFS 44.1 kHz
997-3_48.wav -3dBFS 48 kHz
997-6_44.wav -6dB FS 441 kHz
997-6_48.wav -6 dBFS 48 kHz

When you use the Browse button to look for the file, it will be
easier if you set the Files of type: selection in the browser window to
Audio Files.

Be sure Auto Repeat / Repeat Forever are still set as Options.
When the file is loaded it should begin to play. If the file does not play
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automatically, click the » play arrow. Check again to see that the Media
Player 4 mute is not set, and that the volume slider is set at maximum.

Figure 56 Windows Media AR _ ol =]
Player File “iew Play Favortez Go Help
o
> Il B 4 [

Playing 00:01 A 00:03 -

With Media Player is playing back the .wav file click Continue
Procedure to move on. At the completion of the test, you may want
to click the B stop button on Media Player to interrupt playback of the
wav file.

Display boxes will advise you of progress as the test proceeds. If PC
Audio Tests encounters a problem, an error warning appears to suggest
that you check connections and configuration and retry.

Figure 57 Low Input Level Warning

9 Input Level below -30 dBY - Check Connections

Caticel |

The test will quickly run to completion and return you to the D-to-A
MEASUREMENTS panel.

Figure 58 D-to-A THD+N il THD+N DISTORTION
Readings J (| 80968 dBr  FastTest[DSP]  [-80.672 dBr
A lm Analog Analpzer IW

You will notice that the four display boxes to the right of the
THD+N DISTORTION button now show test results. The two upper
boxes show the THD+N results for the FASTTEST DSP technique,
and the two lower boxes show the results from the Analog Distortion
Analyzer.

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.
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DYMAMIC RANGE

D-to-A Dynamic Range: Manual Mode

Be sure you have your playback mixer and Windows Media Player
on screen. To run the test, click the DYNAMIC RANGE button. The
following prompt will appear:

Figure 59 D-to-A AT

Dynamic Range Media
Player Settings Prompt

(| Contrus Procesire |

This prompt instructs you to load a new file into Media Player and
shows the path to the correct folder. The .wav file appropriate for your
test is indicated on the prompt, and is chosen from these selections:

File Name Level Sample Rate
997-6044.wav -60 dB FS 44.1 kHz
997-6048.wav -60 dB FS 48 kHz

When you use the Browse button to look for the file, it will be

easier if you set the Files of type: selection in the browser window to
Audio Files.

Be sure Auto Repeat / Repeat forever are still set as options.
When the file is loaded it should begin to play. If the file does not play
automatically, click the » play arrow. Check again to see that the Media
Player 4 mute is not set, and that the volume slider is set at maximum.

VORI VN SEVE = 997.0_44.wav - Windows Media PL...

File ‘Wiew Play Favortes Go Help
Z
T o J

Plaving 00:01 A 0o0:03 b

With Media Player is playing back the .wav file click Continue
Procedure to move on. At the completion of the test, you may want
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to click the B stop button on Media Player to interrupt playback of the
.wawv file.

Display boxes will advise you of progress as the test proceeds. If PC
Audio Tests encounters a problem, an error warning appears to suggest
that you check connections and configuration and retry.

When the test is complete you will return to the D-to-A

MEASUREMENTS panel.
Figure 61 D-to-A Dynamic DYNAMIC RAMGE
Range Readjngs I.'-J B8220dBr  FastTest(DSF)] | -28.270 dBr

B0 dBFS -88. 727 dBr finalog dnalpzer | -88.415 dBr

You will notice that the four display boxes to the right of the
DYNAMIC RANGE button now show test results.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.

FREQUEMCY ACSPOMSE

D-to-A Frequency Response: Manual Mode

The last test on this panel is the frequency response test.

Be sure you have your playback mixer and Windows Media Player
on screen. Click the FREQUENCY RESPONSE button to begin the
test. The following prompt will appear:

Figure 62 D-to-A [PC A Tt M e ]

Frequency Response
Media Player Settings
Prompt

[ ot i slid % I

This prompt instructs you to load a new file into Media Player and
shows the path to the correct folder. The .wav file appropriate for your
test is indicated on the prompt, and is chosen from these selections:
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File Name Multitone Level * Sample Rate
is03144.wav -20dB FS 441 kHz
is03148.wav -20dBFS 48 kHz

When you use the Browse button to look for the file, it will be
easier if you set the Files of type: selection in the browser window to
Audio Files.

Be sure Auto Repeat / Repeat Forever are still set as options.
When the file is loaded it should begin to play. If the file does not play
automatically, click the » play arrow. Check again to see that the Media
Player 4 mute is not set, and that the volume slider is set at maximum.

Figure 63 Windows Media
Player

G 997-0 44 wav - Windows Media P, [H[=] E3

File ‘iew Plapy Favortesr Go Help
o 4 [

Playing o001 o003 el

When Media Player is playing back the wave file, click Continue
Procedure to move on.

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you
check connections and configuration and retry.

Figure 64 Sweep Timed Out Error ERROR
Wammg e Sweep Timed Out

Check. Configuration Far S ample Rate

Cancel |
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Figure 65 D-to-A Frequency Response Graph Windows

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and
minimum deviations for both frequency response and phase response
and then returns you to the D-to-A MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain

measurements.
Figure 66 D-to-A Frequency o] ;ﬁQUECNHEI HEQIED“SE Lmz = DEEIBE: MIN
Response and Interchannel [0077 dBr [D246dBr  [-0.077 dBr | -0.250 dBr
Phase Readings at - 20 dBFS Low Frequency 20 Hz - 1 kHz
[0330de8r [1954der  [0.935der [ 1.813dbr
iph High Frequency 1 kHz - 20 kHz

INTERCHAMMNEL FHASE ERROR 20 Hz- 20 kHz
Phase eror range [-0044 deg  ta [-1.978 deg

When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.
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Wiew HBSDDHSE Graph | View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Figure 67 Graph Save Test- Set LTI
Panels Window Graph, Panel Setup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Configuration: Data panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

DATestComment | D-to-A Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the D-to-A section
of the test report, click the D-A Test Comment button.

Figure 68 D-to-A Test — LEaiZANILI3
Repor't Comments Enter comments on the D-A tests ]+ I

|| Cancel

This completes the D-to-A testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports (page 123).

If you leave the program at this point but return later to perform
more tests, you must reset your D-to-A reference level. See Set D-to-A
Reference Level: Manual Mode (page 44). Subsequent tests require
the results of this test as reference values.
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Figure 69 PC Audio Tests: the A-to-A Test Group

What the A-to-A tests do

See What the tests do (page 14) in the Introduction for an
overview of the common functions of all the test groups.

The A-to-A group of tests measures the characteristics of the EUT’s
analog input and output circuitry, in a configuration sometimes called
analog loop or monitor loop. These A-to-A tests satisfy Microsoft
WHQL standard TMOO1.

First, you will set the internal analog input level to produce just
under 1% distortion at the EUT’s analog output and set that as a
reference. Then you will measure total harmonic distortion plus noise
(THD+N), dynamic range and frequency response for the
analog-to-analog functions of the EUT.

The A-to-A Reference Level setting must be performed before the
other tests in this group, since these results are considered in
subsequent calculations.

Also, it is helpful if you have set the reference levels in the D-to-A
group of tests before you attempt to perform the A-to-A tests here.
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A-to-A Reference Level

As discussed in What the tests do (page 14) in the
Introduction, this test calibrates PC Audio Tests and System Two to
your particular sound device for the A-to-A signal path.

Figure 70 Semng A-to-A Stimulus Measurement
Generator Analog g
Reference Level Source  “gorli Analyzer  Reading
Level ?dBV 0 dBr (a-A 0uT) Level

Waveform \/\/\/\ \/\/\/\ Waveform
Spectrum Spectrum

PC Audio Tests sets a test level for the System Two analog
generator, initially using the same value measured for the EUT’s analog
output 0 dBr (D-a), determined in the D-to-A set of tests. If that value
has not been set, you should return to that panel and reset the D-to-A
reference level. In the absence of this information, PC Audio Tests
initially sets the generator to +6 dBV (2 V rms) for unbalanced
operation, or +20 dBV (10 V rms) for balanced operation.

While monitoring the EUT’s output, PC Audio Tests adjusts the
Line-In slider on the Record Mixer until the maximum level that
renders an output with less than 1% THD+N is determined. When this
point is found, the output levels are set as output O dBr (a-A) references,
and the input levels and THD+N under these conditions are entered in
the boxes in the A-to-A panel.

- CH & CH B
Figure 71 A-to-A Reference REFEREMCE LEVELS used for A4 TESTS
Level Readings | 743406V OdBrOutlevel [7236 dBY

-63.923 dB THD Max -40dE | -53.543 4B
6.616 dBY Iriput Lesel 6.615 dBY

- Analog THD+M at reference level

In the example shown, the top pair of boxes show channel A
having a 0 dBr reference level of 3.327 dBV, while channel B shows
3.366 dBV. This is the analog output level at the line output jack, at a
level just below the point that produces 1% distortion in the analog
loop. The actual distortion measured at these levels is shown in the
next pair of boxes. The input level required to create these conditions is
show in the lowest pair of boxes. The 0 dBr (a-a) output levels become
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the references for the THD+N and Dynamic Range tests on this panel,
and a second option for the initial analog input level estimate for the
A-to-D reference level test.

A-to-A THD+N Distortion and Noise

Figure 72 A-to-A THD*N Test Stimulus Measurement
Generator Analog & DSP f
SLiED 997 Hz Analyzers geading
Level -3 dBr(a-AIN)* ? THD+N Level

Waveform \/\/\/\ —_—
Spectrum Spectrum

Waveform

As discussed in What the tests do (page 14) in the
Introduction, this test measures the total harmonic distortion and
noise (THD+N) found in the EUT A-to-A signal path under test
conditions.

* The stimulus level of -3 dB FS shown in the diagram is an
option, one of four stimulus levels available for THD+N testing
in setting up PC Audio Tests. See Appendix A: Configuration
(page 127). The level chosen is displayed on-screen in the
small box below the THD+N DISTORTION button.

Figure 73  A-to-A THD+N Readings Fapore THD# DUSTORTION
J O]  [TERd Faleapse) [T0S0d
[FUET sk Ansboer [-70 760 &

i [ EEFS)

The upper pair of boxes show the THD+N results for the
FASTTEST DSP technique, and the lower pair of boxes show the
results from the Analog Distortion Analyzer. In the example shown the
readings are between -85 dBr and —87 dBr. Notice the slight variations
in the readings.
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A-to-A Dynamic Range

Figure 74 A-to-A Dynamic Stimulus Measurement
Generator Analog & DSP .
Range Test Source 997 Hz Analyzers Reading
Level —60 dBr (A-AIN) ? dBr (a-Aout) DR Level
Waveform ————— —  Waveform

Spectrum Spectrum
—_ [—

As discussed in What the tests do (page 14) in the
Introduction, this test measures the dynamic range of the EUT A-to-A
signal path under test conditions, using a =60 dB FS stimulus.

Figure 75 A-to-A Dynamic DYNAMIC RANGE

Range Readings | 2693 dBr  FastTest(DSP)  [-93.024 d&r
(0 dBFS] 92268 dBr Analog Analyzer | -93.248 dBr
17 Hz tane.

PC Audio Tests uses both the FASTTEST (DSP) FFT technique and
the traditional analog notch filter technique to produce two slightly
different views of the noise signal and therefore two slightly different
dynamic range figures.

A-to-A Frequency Response

Figure 76 A-to-A Frequency Stimulus Measurement
R esponse Test Source (,;w(i‘r;ﬁ:::g A'}frl:;?yfe?ssp Reading
Level —20 dBr (a-AIN) * +?dBr Level

Waveform \/\/\/\/\ z Response
Curves
Spectrum Spectrum

As discussed in What the tests do (page 14) in the
Introduction, this test measures the frequency response through the
EUT A-to-A signal path under test conditions.

While the response curve graph is on the screen, you have access
to the APWIN graph options panel. The maximum and minimum
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response data are also reported in the FREQUENCY RESPONSE
boxes on the test panel.

Figure 77  A-to-A Frequency — FREQUEMCY RESPOMNSE 1 kHz = 0dBr

M CHA  MIN Max CHE  MIN
Response and Interchannel [0008dBr [0030dBr [O0O0&dBr [-0.034 dBr
. dBr. LowF 20Hz -1 kH
Phase Readings oA T R
[0D00dEr [D579der [DODGcBr | 0.422 dBr
M High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20Hz - 20 kHz
Phase enor range | -0.04d deg  to [ 2120 deg

A-to-A Interchannel Phase

While the frequency response test is being made, PC Audio Tests
also measures the relative phase angle between the channels A and B
across the audible spectrum. A graph of this information is shown as a
third trace on the response graph, with the maximum deviations
displayed in degrees of angle in the two INTERCHANNEL PHASE
boxes on this panel.
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Running A-to-A Tests in AUTOMATED MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you choose not to use Automated Mode, you can skip this
section and go directly to Running A-to-A Tests in Manual
Mode (page 66).

VA-to-A MEASUREMENTS  [Monitor Loop)

DO NOT CHANGE MI<ER COMTROLS AFTER THEY ARE SET. )qp
CH & CH B
REFEREMCE LEVELS used for A-A TESTS

FE:PST SET A< REFEREMCE LEVEL E’J 7.434 dBv 0 dBr Out Lewvel 7236 dBY
- -63.933 dB THD Max -40d8 | -69.543 dB
Set0dBrat 937 Hz Line In to Line Out EE1E dBY Input Level EE15 dEY

THD4M, Dyriamic: Fange, Apalog THO+HM at reference lewel
TEST ALL F R
ISR (RISHEES THD+M DISTORTION
THD+M DISTORTION ‘ E'J 71.002dBr  FastTest [DSP] | -70.570 dBr
70953 dBr  Analog Analyzer | -70.760 dBr

937 Hz at [ -3 dB relative to 0 dBr [0 dBFS)
— DYNAMIC RANGE
DYNAMIC RANGE ‘ il | B2E39dBr | FastTest(DSP)  [93.024 dbr

997 Hz at -0 dB relative to 0 dBr (0 dBFS) 92 268 dBr Analog Analyzer | -93.248 dBr
Moize in the presence of -60 dB 997 Hz tone.

FREGUEMCY RESPOMSE 1 kHz =0 dBr

FREQUENCY RESPOMSE ‘ L-J Mk CHA  MIN Méx  CHE  MIN
[000%dEr [0.030dEr [ 0008 dBr | -0.034 der
1 Tones 16Hzto 20kHz at -20 dBr. Low Frequency 20Hz -1 kHz
[0000dEr [O57ader | 0005 der | 0.422 dEr
Wiew Response Graph High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20 Hz - 20 kHz
Phase emor range. | -0.044 deg  to [ -2.720 deg

Ad Test Comment
bl MENU ‘ BT

Figure 78  A-to-A Measurements Panel

Automated Mode

Click the A-to-A button on the Main Menu to begin the test series.
The A-to-A MEASUREMENTS test panel will appear.
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[ sET A& REFEREMCE LEVEL |

TEST ALk

Set A-to-A Reference Level: Automated Mode
Click the SET A-A REFERENCE LEVEL button.

A prompt will appear to inform you of the source and value of the
initial reference level setting for the A-to-A tests. At this time you have
the option of changing the generator reference level by moving the bar
graph slider. Click Continue Procedure to accept or change the initial
reference level setting.

& & Arefeienee | rvel Geneiatng Amplitades

Figure 79 Initial
A-to-A Reference
Level Setting

In Automated Mode the test will proceed on its own, calling PC
LevelCheck, adjusting volume levels and displaying its progress as it
runs, then returning to the A-to-A MEASUREMENTS panel.

- TH & CH B
Figure 80  A-to-A Reference Level REFERENCE LEVELS used for A4 TESTS
Readings 7] 7434 dBV  OdBrOutlevel [7.236 dBV

-£3.933 dB THO Max-40d8 | -E3.543 dB
B.616 dBY Input Level £.615 dBY

- Analog THD+M at reference level

The six display boxes to the right of the SET A-A REFERENCE
LEVEL button now show test results.

When this test has been successfully completed, a green check
mark appears to the right of the SET A-A REFERENCE LEVEL
button.

Test All
The TEST ALL button runs all of the next three tests in succession.
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THO+M DISTORTION

DYHAMIC FRANGE

A-to-A THD+N Distortion: Automated Mode

To begin the test, click the THD+N DISTORTION button. In
both Automated Mode and Manual Mode, the test will proceed on its
own, displaying its progress as it runs and quickly returning you to the
A-to-A MEASUREMENTS panel. The four display boxes to the right of
the THD+N DISTORTION button now show test results.

Figure 81 A-to-A THD+N Readings

33ponss THD+N DISTORTION

L'-J 1.002dBr  FastTest (DSF) -70.570 dBr

70953 dBr  Analog Analyzer | -70.780 dBr
dBr [0 dBFS)

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.

A-to-A Dynamic Range: Automated Mode

To run the test, click the DYNAMIC RANGE button. In both
Automated Mode and Manual Mode the test will proceed on its own,
displaying its progress as it runs and quickly returning you to the A-to-A
MEASUREMENTS panel. The four display boxes to the right of the
DYNAMIC RANGE button now show test results.

Figure 82 A-to-A Dynamic Range

Readings DYNAMIC RANGE

92639 dBr  FastTest [DSP) -93.024 dBr
(0 dBFS] 592 268 dBr  Analog Analyzer | -93.248 dBr

37 Hz tone.

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.
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T __ A-to-A Frequency Response: Automated Mode

Click the FREQUENCY RESPONSE button to begin the test.

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you
check connections and configuration and retry.
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Figure 83 A-to-A Frequency Response Graph Windows with graph options

shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and

minimum deviations for both frequency response and phase response
and then returns you to the A-to-A MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain
measurements.

PO palewoiny
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Wiew Responze Graph |

At Test Comment I

FREQUEMCY RESPOMNSE 1 kHz = 0dBr

Figure 84  A-to-A Frequency ] | M&X CHA N MAX CHE MM
Response and Interchannel [0.008dEr [-0.030dBr [0.008dBr [-0.034 dBr
Phase Readinas der. Law Frequency 20Hz -1 kHz
g [Ooonder | D579der  [0006der | 0422 dor
M High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phase enor range | -0.04d deg  to [ 3120 deg

When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Figure 85 Graph Save Test- RIS
Set Panels Window CUCONTIROE ™™ Graph, Panel Setup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Configuration: Data panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

A-to-A Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the A-to-A section
of the test report, click the A-to-A Test Report Comments button.

Figure 86 A-to-A Test [auaiSLILIY3
Repor‘t Comments Enter comments on the &-4 tests oK I

|| Cancel

This completes the A-to-A testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
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Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports (page 123).

If you leave the program at this point but return later to perform
more tests, you must reset your A-to-A reference level See Set A-to-A
Reference Level: Automated Mode (page 61). Subsequent tests
require the results of this test as reference values.

PO palewoiny
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Running A-to-A Tests in MANUAL MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you can use Automated Mode, you should skKip this section
and go directly to Running A-to-A Tests in Automated Mode

(page 60).

You will need Windows Volume Control mixer on your desktop to
run A-to-A tests in Manual Mode. Follow the instructions below:

T T I =)
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Figure 87 Desktop Setup for A-to-A Manual Mode Testing

Click the A-to-A button on the Main Menu to begin the test series.
The A-to-A MEASUREMENTS test panel will appear.
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VA-to-A MEASUREMENTS  [Monitor Loop])

DO MOT CH&WGE MI<ER COMTROLS AFTER THEY ARE SET. )qp
CH & CH B
REFEREMCE LEWELS used for 4.4 TESTS

E’J 7434 dBv 0 dBr Out Lewel | 7.235 dBW
-63.933 dB THD Max -40dE | -69.543 dB
Set 0 dBrat 337 Hz Line In to Line Out G616 dBY Imput Level C.E15 dBY

THD+N. Dpraric: Rangs, Apalog THD+H at referance lavel
TEST ALL F R
requency Nesponse THD+N DISTORTION
THD+M DISTORTION ‘ E'J -71.002dBr  FastTest [DSP] | -70.570 dBr
F0.953dBr  Analog Analyzer | -70.760 dBr

po | :
FIRRT ‘ SET A+ REFERENCE LEVEL

937 Hz at [ -3 dB relative to 0 dBr [0dBFS)

DYNAMIC RANGE
| il
DYNAMIC RANGE ‘ | S2ES9dBr | FastTest(DSP)  [93.024 dbr

997 Hz at 60 dB relative to 0 dBir [0 dBFS) 92 268 dBr Analog Analyzer | -93.248 dBr
Moize in the presence of -60 dB 997 Hz tone.

FREGUEMCY RESPOMSE 1 kHz =0 dBr

FREQUENCY RESPOMSE ‘ L-J Mk CHA  MIN Max  CHE  MIN
[0006dBr [-0030dBr [0.008dEr [ -0.034 dBr
3 Tones 16Hzto 20kHz at -20 dBr. Low Frequency 20Hz - 1 kHz

[0.000dBr |05/9der [ 0.005der | 0.422 dbr

Wiew Response Graph High Frequency 1 kHz - 20 kHz

INTERCHANMNEL PHASE ERROR 20 Hz - 20 kHz
Phase enor range | -0.044 deg  ta [ -2.720 deg

Ah Test Comment
AN HMENU ‘
EXIT

Figure 88 A-to-A Measurements Panel

| SET A& REFEREMCE LEVEL

Set A-to-A Reference Level: Manual Mode

You must have Windows Volume Control playback mixer on
screen. First you will check your mixer settings, and then apply a
997 Hz tone the line inputs of the EUT. While observing the THD+N
bar graph that APWIN is displaying, you will adjust first the mixer level
and then the generator level to find the 1% distortion point. The
measured output level under this condition is defined as a new 0 dBr
(A-A) reference.

Click the SET A-A REFERENCE LEVEL button.
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A prompt will appear to inform you of the source and value of the
initial reference level setting for the A-to-A tests. At this time you have
the option of changing the generator reference level by moving the bar
graph slider.

Figure 89  Initial A-to-A
Reference Level Setting Sl LA AL RS A E hd Ce

Click Continue Procedure to accept or change the initial
reference level setting. The following prompt will appear:

T S s—

Figure 90 A-to-A
Reference Level Playback
Mixer Settings Prompt

Follow the instructions on the prompt to check all your mixer
settings. When you have verified the settings, click Continue
Procedure to see the next prompt.

: [re s Toet Wt
Figure 91 A-to-A ”

Reference Level Line-In
Adjustment Prompt

The second prompt instructs you to adjust the mixer Line In fader
to find the maximum distortion reading below 1% distortion. Software
mixer faders often provide rather coarse level control, which shows up
here as large jumps between distortion readings. If this is the case, find
the first reading below 1% distortion and then adjust the Gen Ampl A
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Bar Graph fader in APWIN to precisely locate the maximum below
1%. Move this bar graph control with the mouse pointer to adjust the
generator. For very fine adjustment use the left and right arrow buttons
on the keyboard.

; '___ e _.

Figure 92  Adjusting Playback Mixer and Generator Levels

If distortion is over 1% at all settings of the mixer fader, the
generator level is overloading the input stages of the sound card.
Reduce the generator fader by 2 or 3 dB and run through the process
again until you locate maximum mixer fader level and maximum
generator level under 1% THD+N.

Click Continue Procedure to move on.

Display boxes will advise you of progress as the test proceeds. If PC
Audio Tests encounters a problem, an error warning appears to suggest
that you check connections and configuration and retry.
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. CH A CH B
Figure 93 A-to-A Reference Level REFERENCE LEVELS vsed for A-4 TESTS
Readings 7 7.434dBY  OdBrOutlevel [7.236 dBY

-69.933 dB THD Max -40d8 | -63.543 dB
E.E16 dBY Input Lewvel £.615 dBY

- Analog THD+M at reference level

When the test is complete you will return to the A-to-A panel.
Notice that the six display boxes to the right of the SET A-A
REFERENCE LEVEL button now show test results.

When this test has been successfully completed, a green check
mark appears to the right of the SET A-A REFERENCE LEVEL
button.

_srar Test All

The TEST ALL button runs all of the next three tests in succession.

THEH DR A-to-A THD+N Distortion: Manual Mode

To begin the test, click the THD+N DISTORTION button. In
both Automated Mode and Manual Mode, the test will proceed on its
own, displaying its progress as it runs and quickly returning you to the
A-to-A MEASUREMENTS panel. The four display boxes to the right of
the THD+N DISTORTION button now show test results.

Figure 94  A-to-A THD+N Readings

33ponss THD+N DISTORTION

L'-J 1.002dBr  FastTest (DSF) -70.570 dBr

70953 dBr  Analog Analyzer | -70.780 dBr
dBr [0 dBFS)

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.
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DYMAMIC RANGE

A-to-A Dynamic Range: Manual Mode

To run the test, click the DYNAMIC RANGE button. In both
Automated Mode and Manual Mode the test will proceed on its own,
displaying its progress as it runs and quickly returning you to the A-to-A
MEASUREMENTS panel. The four display boxes to the right of the
DYNAMIC RANGE button now show test results.

Figure 95 A-to-A Dynamic Range
CvMAMIC RakGE

Readings
9 LFJ 92639 dBr  FastTest [DSP) -93.024 dBr
(0 dBFS) H2268dBr AnalogAnalpzer | -93.248 dBr

17 Hz tone.

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.

FREQUEMCY ACSPOMSE

A-to-A Frequency Response: Manual Mode
Click the FREQUENCY RESPONSE button to begin the test.

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you
check connections and configuration and retry.
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Figure 96  A-to-A Frequency Response Graph Windows with graph options
shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and
minimum deviations for both frequency response and phase response
and then returns you to the A-to-A MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain
measurements.
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Figure 97  A-to-A Frequency
Response and Interchannel Phase
Readings

CH& MM Mz CHE MM
[ D DDB der [-0030dEr  [0002dBr [ -0.034 B
Laow Frequency 20Hz -1 kHz
[Coo0der [-0579dee  [0.005 dBe [ -0.422 dEr
M High Frequency 1 kHz - 20 kHz

INTERCHANMEL PHASE ERROR 20Hz- 20 kHz
Phase eror rangs [-0.044deg o [-2120 deg

J FHEQUENCY RESPOMNSE 1 kHz=0dBr
—

When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

Yigw Response Graph | View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Figure 98 Graph Save »Save Test - Set Panels
Test- Set Panels Window  |£

Graph, Panel Setup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Data Configuration panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

&eb Test Camment | A-to-A Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the A-to-A section
of the test report, click the A-to-A Test Report Comments button.

Figure 99 A-to-A Test  LEISAILINI3
Repor[‘ Comments Enter comments on the -4 tests ok I

|| Cancel

This completes the A-to-A testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
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Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports (page 123).

If you leave the program at this point but return later to perform
more tests, you must reset your A-to-A reference level. See Set A-to-A
Reference Level: Manual Mode (page 67). Subsequent tests require
the results of this test as reference values.
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A-to-D Tests

. oTRET l‘mﬂu. ]
VECER cOMERTER
ll-1.|1,;. ]
-l'r"f ERTER
I PCBUS

Figure 100 PC Audio Tests: the A-to-D Test Group

What the A-to-D tests do

See What the tests do (page 14) in the Introduction for an
overview of the common functions of all the test groups.

The A-to-D set of tests measures the characteristics of the EUT’s
analog-to-digital conversion of an audio input signal to a .wav file, and

of the analog input circuitry of the device. These A-to-D tests satisfy
Microsoft WHQL standard TMO0O3.

Using the A-to-D tests you will measure the input level required to
record a O dB FS digital signal (or, alternately, the input level required
to record a digital signal just below the threshold of 1 % THD+N), and
you will set that level as a reference. Then you will measure total
harmonic distortion plus noise (THD+N), dynamic range and
frequency response for the analog-to-digital functions of the EUT.

The A-to-D Reference Level setting must be performed before the
other tests in this group, since these results are considered in
subsequent calculations.
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Also, it is helpful if you have set the reference levels in the D-to-A or
A-to-A group of tests before you attempt to perform the A-to-D tests
here.

A-to-D Reference Level

As discussed in What the tests do (page 14) in the
Introduction, this test calibrates PC Audio Tests and System Two to
your particular sound device for the A-to-D signal path.

Figure 101 Sett/ng A-to-D Stimulus Measurement
Generator DSP A
Reference Level Source  Coari Analyzer  Reading
Level 0 dBr(aDIN) 0dB FS Level

Waveform \/\/\/\ \/\/\/\ Waveform
Spectrum Spectrum

PC Audio Tests sets a test level for the System Two analog
generator, initially using the same value measured for the EUT’s analog
output O dBr (D-a), determined in the D-to-A set of tests. If that value
has not been set, PC Audio Tests then looks for the input reference
level set in A-to-A, 0 dBr (a-AIN). In the absence of this information, PC
Audio Tests initially sets the generator to +6 dBV (2 V rms) for
unbalanced operation, or +20 dBV (10 V rms) for balanced operation.

While monitoring the digital signal at the output of the EUT’s ADC,
the Line-In fader on the Record Mixer is adjusted to determine the
maximum recording level.

If the EUT does not have a peak limiter in the input circuit, the
maximum recording level should produce a 0 dB FS digital signal.
When this point is found, the digital signal is sent to System Two for
measurement and the results are entered on the A-to-D panel.

However, many sound cards do employ peak limiting in the input
circuitry to prevent digital clipping. In these cases, it will be impossible
to attain O dB FS, since the limiter will clamp the input signal at some
point below this level. This lower point becomes the effective
maximum recording level, even though 0 dB FS is not reached.
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If 0 dB FS cannot be attained with increasing input levels, PC
Audio Tests assumes the presence of a peak limiter and uses a second
methodology to determine maximum recording level, as follows:

m The digital signal at the output of the EUT’s ADC is monitored
for distortion as the Line-In slider on the Record Mixer is
adjusted to find the maximum level just below the point that
produces 1 % THD+N.

m If there is no setting of the Line-In slider that produces less than
1 % THD+N, the slider is set to one step above its lowest
extreme. Then the generator level is dropped in 0.5 dB steps
until the distortion measured falls below 1 %.

m The Line-In slider and then the generator are now adjusted
upward in small increments to find the maximum level just below
the point that produces 1 % THD+N.

= When this level is determined, the digital signal is sent to System
Two for measurement and the results are entered on the A-to-D
panel. It is often the case that the maximum digital level before
distortion falls below 0 dB FS by several dB.

A device with an input stage that lacks the capability to fully drive
the ADC (in other words, that clips before the ADC reaches maximum)
will exhibit symptoms similar to a device with an input stage peak
limiter.

System Two acquires digital test data for measurement via the
APIB connection between System Two and the computer
mounting the EUT. This data must be in the form of an Audio
Precision *.aas wave file. To facilitate this, the digital signal
from the EUT’s ADC is first saved as a conventional .wav file
and is then converted to an *.aas file before the data are sent
to System Two for measurement by the Digital Analyzer and
FASTTEST. Throughout this process, the data remain in the
digital domain and are unchanged from the original acquisition.
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Figure 102 ~ A-to-D Reference Level — —
Settings : REFEREMCE LEVELS used for A-D TESTS
[6634 dBY  GenOutputLevel [6.634 dBY
IW Actual Dig Level IW
[-62 415 dBFS  THD Max -40dE [-B2.565 dBFS

digital

nnnnnnnn

In the example shown, the top pair of boxes show channels A and
B having a 0 dBr reference level of 6.269 dBV. This is the generator
output level (effectively, the EUT line input level), set just below the
point that produces 0 dB FS or 1 % distortion in the digital signal at the
output of the sound card’s ADC. The actual digital level produced
(-0.536 dB FS and —0.695 dB FS in this illustration) and the distortion
measured under these conditions are shown in the next two pairs of
boxes. These 0 dBr (a-D) input levels become the references for the
THD+N and Dynamic Range tests on this panel, and also for the
analog input levels in the ADPCDA test group.

A-to-D THD+N Distortion and Noise

Figure 103 A-to-D THD+N Test stimulus Meastrement
Generator DSP .
Sclice 997 Hz Analyzer  Reading
Level -3 dBr(a-DIN)* ? THD+N Level

Waveform

Waveform \/\/\/\ e
Spectrum Spectrum

As discussed in What the tests do (page 14) in the
Introduction, this test measures the total harmonic distortion and
noise (THD+N) found in the EUT A-to-D signal path under test
conditions.

* The stimulus level of —3 dB FS shown in the diagram is an
option, one of four stimulus levels available for THD+N testing
in setting up PC Audio Tests. See Appendix A: Configuration
(page 127). The level chosen is displayed on-screen in the
small box below the THD+N DISTORTION button.
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Figure 104 A-to-D THD+N
Readings B THD+N DISTORTION
J Ll [SiemEms FastTestDSP) [B0057 &5

AD. (h ADEC

Since the signal being measured in the A-to-D test is acquired at the
output of the sound card’s ADC, it is in the digital domain and can be
measured directly in System Two with the FASTTEST DSP program,
using FFT analysis of the signal. With no analog output, the System
Two analog analyzer is not used in A-to-D tests.

FASTTEST measurements are always unweighted measurements.

See Appendix F: Audio Precision Analysis Techniques (page
159) for a more detailed discussion of FFT THD+N measurements.

A-to-D Dynamic Range

Figure 105 A-to-D Dynamic Stimulus Measurement
Range Test Source G;g;r:tzor Anglsypzer Reading
Level -60 dBr (A-DIN) ?dB FS DR Level
Waveform ——————— —  Waveform

Spectrum Spectrum
—_ I —

As discussed in What the tests do (page 14) in the
Introduction, this test measures the dynamic range of the EUT A-to-D
signal path under test conditions, using a —60 dB FS stimulus.

Figure 106 A-to-D Dynamic

Range Readings DYMAMIC RANGE
Ll | [ST076deFS FastTest(0SP) [ 97025 d6Fs

IFE)

Since the signal being measured in the A-to-D tests is in the digital
domain, PC Audio Tests uses only the FASTTEST (DSP) FFT
technique for dynamic range measurement.
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A-to-D Frequency Response

Figure 107 A-to-D Frequency Stimulus Weasurement
Generator DSP .
Response Test Source et Analyrer | Reading
Level —20 dBr (a-DIN) * +?dBr Level

Waveform \A/\/\/\ E Response
Curves
Spectrum Spectrum

As discussed in What the tests do (page 14) in the
Introduction, this test measures the frequency response through the
EUT A-to-D signal path under test conditions.

While the response curve graph is on the screen, you have access
to the APWIN graph options panel. The maximum and minimum
response data are also reported in the FREQUENCY RESPONSE
boxes on the test panel.

FREQUEMNCY RESPOMSE 1 kHz=0dBr

Figure 108 A-to-D Frequency [T M&X CHA M MAX CHE  MIN

Response and Interchannel Phase [-0087 dBr [-0403dEr  [-0.067 dBr [-0.402 dBr
. Low Frequency 20 Hz -1 kHz

Readings 1 [0.941d8r [-4316der  [0941dBr [ -4.307 dBr

High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20 Hz- 20 kHz
Phase emorrange | 0.044 deg  to [-1.011 deg

A-to-D Interchannel Phase

While the frequency response test is being made, PC Audio Tests
also measures the relative phase angle between the channels A and B
across the audible spectrum. A graph of this information is shown as a
third trace on the response graph, with the maximum deviations

displayed in degrees of angle in the two INTERCHANNEL PHASE
boxes on this panel.
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Running A-to-D Tests in AUTOMATED MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you choose not to use Automated Mode, you can skKip this
section and go directly to Running A-to-D Tests in Manual
Mode (page 91).

VA-to-D MEASUREMENTS

DO NOT CHAMGE MI<ER COWTROLS AFTER THEY &4RE SET Ap

CH & CH B
REFEREMCE LEVELS used for &-D TESTS

F.%DST‘E SET AD REFERENCE LEVEL | (| 634 dBv  GenOutput Level [E.638 dBY
567 Ha ot 0 dBr anelog = 0 dBFS digita 3279 dBF5 | Actual DigLevel | 3398 dBFS
B2415 dBFS  THD Max 408 | B2565 dBFS

TEST ALL THD+M. Dynamic Fange.
Frequericy Response THO+H DISTORTION
THD+H  DISTORTION (| 84625 dBFS  FastTest (DSP) [ -84.E57 dBFS

997 Hz at| -3 dB relative to O dBr (0 dBFS]
Unweighted meazurement only.

DAYMAMIC RANGE
-
DYNAMIC RANGE ‘ c “91.076 dEFS  FastTest (DSF) [ -91.025 dBFS

997 Hz at 50 dB below O dBr [0 dBFS)
Urweighted noize in the prezence of signal.

FREQUEMNCY RESPOMSE 1 kHz=0dEr

FREGQUENCY RESFOMSE ‘ D Mk CHA  MIN Mae  CHE MM
[-0087dBr [-0403dBr [-0.087 dEr [ -0.402 dBr
15031 MultiTone 16 Hz to 20 kHz Low Frequency 20Hz -1 kHz

View Fesponse Graph [0841 dBr [436der  [0541 dBr | -4.301 der

High Frequency 1 kHz - 20 kHz

IMTERCH&MMEL PHASE ERROR 20Hz- 20 kHz
Phaze emorrange | 0.044 deg  to [ 1011 deg

&0 Test Comment
AN MEMNL ‘
ExIT

Figure 109 A-to-D Measurements Panel

Click the A-to-D button on the Main Menu to begin the test series.
The A-to-D MEASUREMENTS test panel will appear.
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BET Ad0l REFERENCE LEVEL

Set A-to-D Reference Level: Automated Mode
Click the SET A-D REFERENCE LEVEL button.

Before continuing, PC Audio Tests checks to see if previous level
references have been set, informs you of which reference, if any, is to
be used as an initial setting for this test, and displays the actual value of
the reference level. You have the option of manually adjusting the
generator level, as well. Click Continue Procedure to accept the
references.

. 1,5 Mieimence ool Gonmmar dnatiede k]
Figure 110

Initial Level
Reference Message

If the following message appears, skip to Automated Mode
with Manual Record Adjustments (page 83).

Figure 111 PC Mixer Control
Cauﬁon = Record Mixer Ling-ln slider is MOT controlled.

Open the Windows Miker, set Options, Properties to R ecording.
Manual prompts will be used.

If the PC Mixer Control caution message does not appear, simply
click Contine Procedure and the test will proceed on its own, calling
PC LevelCheck, adjusting volume levels, recording and converting test
files, displaying its progress as it runs, and then returning to the A-to-D
MEASUREMENTS panel.

Figure 112 A-to-D Reference Level — —

Readinas REFEREMCE LEWELS used for A-DVTESTS

g I.'-J E.E34 dBY Gen Output Level | B.634 dBY
3273 dBFS  Actual Diglevel | -3.333 dBFS
82415 dBF5  THD Max -40dB | -52.585 dBFS

digital

========
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The six display boxes to the right of the SET A-D REFERENCE
LEVEL button now show test results.

When this test has been successfully completed, a green check
mark appears to the right of the SET A-D REFERENCE LEVEL
button.

Automated Mode with Manual Record Adjustments

Figure 113 PC Mier
Control Caution i Record Miser Line-n slider iz HOT controlled.

Open the Windowes Mixer, set Options, Properties to Recording.
Marual prompts will be uzed.

If the above message appears, PC LevelCheck cannot control the
Recording Mixer in your sound card driver software. You must launch
Windows Volume Control for manual level adjustments.

PO pajewolny

Unlike the previous test groups, Automated Mode Reference
Level setting in A-to-D may require some manual adjustments
due to driver control mapping incompatibilities. This results in a
“semi-automated mode” that uses PC LevelCheck for file
recording and playback functions but requires manual record
level adjustments. Instructions for setting A-to-D levels in
semi-automated mode follow. If Automated Mode works fully on
your sound card, you can skip this section and go right on to
Test All (page 86).
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Launching Windows Recording Mixer
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Figure 114  Desktop Setup for A-to-D Automated Mode Testing with Recording
Volume Control

Launch Windows Volume Control, go to Options, then
Properties and select Recording. Then select Line-In (sometimes
called Aux) as your Recording Volume Control. Leave the volume
control on the desktop where you can make adjustments during the
tests. If you have not already done so, you should size APWIN to about
2/3 of your screen width so you can easily view your Record Volume
Control. See Test Modes: Launching and configuring
multimedia applications (page 26) for more information.

With Windows Recording Volume Control on the screen, click OK
on the Record Mixer Control prompt button. The following prompt will
appear, as will PC LevelCheck:
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Chaisich, Dywtum Twe Canssatod Outpul Ll

Figure 115
A-to-D
Reference
Level 1st
Distortion
Check Prompt

ot Frocedas

As prompted, reduce the fader setting on the Record Volume
Control while monitoring the spectrum analyzer display on PC
LevelCheck. Reduce the level until the harmonic spikes are visible but
well below the first graticule marking on the PC LevelCheck display
and the tip of the fundamental spike remains at peak level (indicated
by the red tip on the spike).

The up and down arrows on your keyboard will give you finer
control of the Record Volume Control slider.
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Figure 116 IS 5
PC LevelCheck Spectrum | ¥ Ap
Display Showing Harmonic | §

Spikes

Left Channel Right Channel

Input Monitor  —=- | iy -
Olutput Recard Log 2048 MM
Source Input Maode FFT Length

05cope SpectrumJ\ Meter J\ Mixer J\ Optionsz

In some situations no setting of the Recording Volume Control will
reduce the harmonics sufficiently while maintaining peak amplitude
(red tip on the fundamental peak). Leave the slider at the best
compromise setting. If the slider is very near the bottom of its range,
reset it as follows: reduce the slider setting to absolute minimum, using
the down arrow key to be certain the slider is all the way down. Now
raise the slider one step by pressing the up arrow key just one time.

Click Continue Procedure.

If PC Audio Tests measures distortion greater than 1 %, the
generator level is incremented downward in 0.5 dB steps until the
distortion falls below 1 %. At this point (or, if distortion was initially less
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TEST ALk

than 1 %) PC Audio Tests converts the data for analysis. If the results
are within the acceptable range, you will be returned to the A-to-D
MEASUREMENTS panel. If the results lie outside the range, the
following message will appear:

Figure 117  Input Overload and INPUT OVERLOAD and LEVEL CHECK B3

Level Check Message &

Drigtortion is 0.7% at current slhider setting.
Cha Leveliz -3.2 dBFS
ChB Level iz -3.3 dBFS

Retry Ignore

If the distortion and level results do not fall within the target area
(THD+N less than 1 %) or otherwise meet your criteria, click Retry,
reset the Recording Mixer Line-In slider, the generator level, or both,
and continue through the cycle until the results satisfy your criteria. At
the end of any cycle, you can click Ignore to accept the results, even if
they fall outside of the target range. You will then be returned to the
A-to-D MEASUREMENTS panel.

Figure 118  A-to-D Reference Level — —
Read/'ngs : REFEREMCE LEVELS used for A0 TESTS
m Gen Output Level lm
[3279dBFS  Actual Diglevel [-3.338 dBFS
[-32 416 dBFE  THD Max -40dB [-82 566 dEFS

arnir Flanne

The six display boxes to the right of the SET A-D REFERENCE
LEVEL button now show test results. The O dBr reference at the
conclusion of this test is now 0 dBr (a-D IN), and can have a different
value than 0 dBr (a-AIN).

When this test has been successfully completed, a green check
mark appears to the right of the SET A-D REFERENCE LEVEL
button.

Test All
The TEST ALL button runs all of the next three tests in succession.
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T DiETARTEN A-to-D THD+N Distortion: Automated Mode

To begin the test, click the THD+N DISTORTION button. In
Automated Mode the test will proceed on its own, displaying its
progress as it runs and quickly returning you to the A-to-D
MEASUREMENTS panel. The four display boxes to the right of the
THD+N DISTORTION button now show test results.

Figure 119  A-to-D THD+N Readings
ESpanse THD+N DISTORTION

LFJ B4E25 dBFS  FastTest[DSP) -84 57 dBFS

AD. 0 ADECT

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

PO pajewolny

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.

DYHAMIC FRANGE

A-to-D Dynamic Range: Automated Mode

To run the test, click the DYNAMIC RANGE button. In
Automated Mode the test will proceed on its own, displaying its
progress as it runs and quickly returning you to the A-to-D
MEASUREMENTS panel. The four display boxes to the right of the
DYNAMIC RANGE button now show test results.

Figure 120  A-to-D Dynamic Range
Readings DYNAMIC RANGE
J I.'-J -91.076 dBFS  FastTest [DSF) -91.025 dBFS

kGl

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.
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FREQUEMCY RESPONSE

A-to-D Frequency Response: Automated Mode
Click the FREQUENCY RESPONSE button to begin the test.

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you
check connections and configuration and retry.
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Figure 121  A-to-D Frequency Response Graph Windows with graph options
shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and
minimum deviations for both frequency response and phase response
and then returns you to the A-to-D MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain
measurements.
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Wiew Responze Graph |

A0 Test Comment

. EREGUENCY RESPONSE 1 1Mz » 180
Figure 122 A-to-D Frequency JEI MiX CHh NN Mix CHB MIN
[aodr ey [Damdsx  [G00var [-0a0zdn

Response and Interchannel Phase Low Frequency Z0Mz:1 KMz
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When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

PO pajewolny

Figure 123 Graph Save Test- B ST
Set Panels Window CTONTINUE™™|  Graph. PanelSetp | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Configuration: Data panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

A-to-D Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the A-to-D section
of the test report, click the A-to-D Test Report Comments button.

Figure 124 A-to-D Test [LEtRIZINLIENL=

Report Comments Emer comments on the A-D tests [ o
F Canc

This completes the A-to-D testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
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Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports (page 123).

If you leave the program at this point but return later to perform
more tests, you must reset your A-to-D reference level (See Set A-to-D
Reference Level: Automated Mode (page 82). Subsequent tests
require the results of this test as reference values.
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Running A-to-D Tests in MANUAL MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See

Test Modes (page 24).

If you can use Automated Mode, you should skKip this section
and go directly to Running A-to-D Tests in Automated Mode

(page 81).

You will need Windows Volume Control mixer and Windows
Sound Recorder on your desktop to run A-to-D tests in Manual Mode.
Follow the instructions below:
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Figure 125 Desktop Setup for A-to-D Manual Mode Testing

Click the A-to-D button on the Main Menu to begin the test series.
The A-to-D MEASUREMENTS test panel will appear.

PC Audio Device Performance Tests — Application Note #4 Page 91



Running A-to-D Tests in MANUAL MODE A-to-D Tests
At MEasuREMENTS
DO NOT CHANGE MIXER COMTROLS AFTER THEY ARE SET Ap

BET Ad0l REFERENCE LEVEL

CH & CH B
REFEREMCE LEVELS used for &-D TESTS

B.E34 dBY Gen Output Level | B.E34 dBW
3279 dBFS  Actual DigLevel | -3.398 dBFS
-82415 dBFS  THD Mawx -40dB | -82.565 dBFS

THD+W DISTORTION

F::IJZEDST‘E SET 4D REFERENCE LEVEL | o |

937 Hz at 0 dBr analog = 0 dBFS digital

TEST ALL THD+M, Dynamic Fange,
Frequency Responze

THD+N  DISTORTION (| “B4E25 dBFS  FastTest (DSF]  [-84.657 dBFS
997 Hz at| -3 dB relative to 0 dBr (0 dBFS)
Urweighted meazurement only.
DYNAMIC RANGE
-
DYNAMIC RANGE ‘ c 91076 dBFS  FastTest (DSF] [ -91.025 dBFS

997 Hz at 50 dB below 0 dBr [0 dBFS)
Unweighted noize in the prezence of signal.

FREQUENCY RESFOMSE 1 kHz=0dBr
FREQUEMNCY RESFOMSE ‘ L-J Mée  CHA  MIN Mz CHE MM
| 0087 dBr [-0403dBr | -0.087 dBr [ -0.402 dEr
Low Frequency 20 Hz -1 kHz

15031 MultiTone 16 Hz to 20 kHz

View Fiesponse Graph [0941 dBr [-436dBr [ 05941 dBr [ -4.300 dEr
High Frequency 1 kHz - 20 kHz
INTERCHAMMEL PHASE ERROR 20Hz-20kHz
Phase emor range [0044deg o [-1.011 deg
&0 Test Comment
AN MEMNL ‘ BT

Figure 126  A-to-D Measurements Panel

Set A-to-D Reference Level: Manual Mode

First you will configure Sound Recorder, and then check mixer
settings. A 997 Hz tone will be applied to the input of the sound card at
an initial level of 0 dBr (D-a). You will begin a reiterative testing cycle,
the goal of which is to ascertain what input level settings result in
recording a .wav file that has a digital signal level of 0 dB FS; or
alternately, a file that has a digital signal level at the maximum level
with less than 1 % THD+N. During each iteration you will adjust the
Recording Mixer Line-In slider or the generator level up or down, then
you will record the signal to a .wav file. PC Audio Tests will convert the
file for analysis by System Two, which will then report the level and
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THD+N for your consideration. You will repeat this process until your
results satisfy your criteria.

Click the SET A-D REFERENCE LEVEL button.

Before continuing, PC Audio Tests checks to see if previous level
references have been set. If a reference message appears, you can
choose to accept the current settings or stop and reset the references.

Figure 127 ~ A-to-D Initial Level
References Message

P T I

If you do not need to reset the previous references, click No. The
following prompt will appear:

. e
Figure 128 A-to-D

Reference Level Sound
Recorder Settings Prompt

Follow the instructions on the prompt to configure Sound Recorder.
When you have verified the settings, click Continue Procedure to see
the next prompt.

. [P e Vot Mo
Figure 129  A-to-D

Reference Level
Recording Mixer Settings
Prompt

|' ot i slid %

Follow the instructions on the prompt to check all your mixer
settings. When you have verified the settings, click Continue
Procedure. The following prompt will appear:
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. T T =|
Figure 130 A-to-D

Reference Level Start
Recorder Prompt

As prompted, start Sound Recorder. Let it record for about three
seconds. Click Continue Procedure to see the next prompt.

Figure 131 A-to-D [PC A Tt s bnte
Reference Level Save File
Prompt

Stop Sound Recorder and save the file as prompted, in the correct
folder with the name A.wav. As you save, be sure Sound Recorder is

correctly configured for CD-Quality, 44.1 kHz 16-bit. Click Continue
Procedure to see the next prompt.

At this point PC Audio Tests takes over and converts the data for
analysis. If the results are within the acceptable range, you will be

returned to the A-to-D MEASUREMENTS panel. If the results lie
outside the range, the following message will appear:

Figure 132 /nput Overload and INPUT O%¥ERLOAD and LEYEL CHECK

Level Check Message Diztartion iz 0.1% at current slider zetting.
Cha Level iz -3.2 dBFS
ChB Level iz -3.3 dBFS

Retry Igniore

If the distortion and level results do not fall within the target area
(THD+N less than 1 %) or otherwise meet your criteria, click Retry,
reset the Recording Mixer Line-In slider, the generator level, or both,
and continue through the cycle until the results satisfy your criteria. At
the end of any cycle, you can click Ignore to accept the results, even if
they fall outside of the target range. You will then be returned to the
A-to-D MEASUREMENTS panel.
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_m=rar Test All

THEM  DISTORTIOH

CH A CHE
REFEREMCE LEVELS uged for A-D TESTS

EE34 4B Gen Output Level | 6.634 dBY
-3.279dBFS  Actual Dig Level | -3.398 dBFS
82415 dBFS  THD Max -40dB | -82.565 dBFS

Figure 133 A-to-D Reference Level
Readings i

digital

nnnnnnnn

The six display boxes to the right of the SET A-D REFERENCE
LEVEL button now show test results. The O dBr reference at the
conclusion of this test is now 0 dBr (A-D IN), and can have a different
value than 0 dBr (a-AIN).

When this test has been successfully completed, a green check
mark appears to the right of the SET A-D REFERENCE LEVEL
button.

The TEST ALL button runs all of the next three tests in succession.

A-to-D THD+N Distortion: Manual Mode

Be sure you have Windows Sound Recorder on screen. To begin
the test, click the THD+N Distortion button. The following prompt
will appear:

Figure 134 A-to-D START RECORDER

THD+N Start Recorder
Prompt

Record a few seconds and

CONTINUE

As prompted, start Sound Recorder. System Two will apply a
997 Hz tone at 0, -1, -3 or —6 dBr (selected in Configuration, Page
130) to the EUT inputs. Let it record for about 3 seconds. Click
Continue Procedure to see the next prompt.
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DYHAMIC FRANGE

:
Figure 135 A-to-D e e

THD+N Save File Prompt

|' Cormrus Frocsilas 1

Save the file as prompted, in the correct folder with the name
A.wav. As you save, be sure Sound Recorder is correctly configured for
CD-Quality, 44.1 kHz 16-bit.

Click Continue Procedure. At this point PC Audio Tests takes
over, converts and analyzes the data via FFT and returns you to the
A-to-D MEASUREMENTS panel.

Figure 136 A-to-D THD+N gborse THD+N DISTORTION
Readings J LFJ -84.625 dBFS  FastTest [DSP) -84 657 dBFS

AD. (h ADEC

A-to-D Dynamic Range: Manual Mode

Be sure you have Windows Sound Recorder on screen. To begin
the test, click the Dynamic Range button. The following prompt will
appeatr:

.
Figure 137 A-to-D SR e
Dynamic Range Start '
Recorder Prompt

11
|' Cormrus Frocsilas 1

As prompted, start Sound Recorder. System Two will apply a
997 Hz tone at —60 dBr to the EUT inputs. Let it record for about 3
seconds. Click Continue Procedure to see the next prompt.
Figure 138 A-to-D

Dynamic Range Save File
Prompt

|' Cormrus Frocsilas 1
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FREQUEMCY ACSPOMSE

Save the file as prompted, in the correct folder with the name
A.wav. As you save, be sure Sound Recorder is correctly configured for
CD-Quality, 44.1 kHz 16-bit. Click Continue Procedure to see the
next prompt.

At this point PC Audio Tests takes over, converts analyzes the data
via FFT and returns you to the A-to-D MEASUREMENTS panel.

Figure 139  A-to-D Dynamic Range gy | DYNAMIC RANGE
Rea dings [-91.076 dBFS  FastTest(DSF)  [-91.025 dBFS

IFGI

A-to-D Frequency Response: Manual Mode

Be sure you have Windows Sound Recorder on screen. Click the
FREQUENCY RESPONSE button to begin the test. The following
prompt will appear:

Figure 140  A-to-D
Frequency Response Start
Recorder Prompt

As prompted, start Sound Recorder. System Two will apply an ISO
1/3 octave multitone signal to the EUT inputs. Let it record for about 3
seconds. Click Continue Procedure to see the next prompt.

Figure 141  A-to-D T

Frequency Response
Save File Prompt

Save the file as prompted, in the correct folder with the name
A.wav. As you save, be sure Sound Recorder is correctly configured for
CD-Quality, 44.1 kHz 16-bit. Click Continue Procedure to see the
next prompt.
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As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. When the test is
completed, a small prompt box appears with these options:

=0 Aty Frecwson AFTH - Dl so X Feogheig ol 2
fie [t View Poreh Sewep (ompue Proosdos Utieen Wirdow Hep

D@ @) < [012) BlE B OS] | (o] oemo
| | 85| a[ 3] o3

W Asnley Precoios & 0 FREQGUENCY RESPIMSE AHD FHASE

T
Denipndd Vo Dl
Lopw b Srep Parsl

{ipdmare Ircechaly

Dipatrrcs Lot Qe
Dipdrvsice Fagha Drke

(g Cunaun

Sl Dlam

Ttk vl ks
Ciwmragl

Shcaw Fiace  ANFI
Racul Tapce FB
Dolain Trace CHil

]r_ ] Lird Blvli || Thik | Daki |-'u:-:- I ﬂ
Cyan  |={Sobd  [=[7 [ =fFastest. Ol AmpDiosmal Left
W Gaeen _-i-lbcl |2 | = ot L F P Higle
W vellow |[wohid  [=]7 |=iFasieiihE AmpDHoamad el = IS2
Prused [ Poge 1 ) FRIE] Fuge 2 | Page s [ Poges |

Figure 142  A-to-D Frequency Response Graph Windows with graph options
shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and
minimum deviations for both frequency response and phase response
and then returns you to the A-to-D MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain
measurements.

FREQUEMCY RESFOHSE 1 kH: = (B

Figure 143 A-to-D Frequency J s Y
LULEET ot | AT e OO0 ity | -0 802 dir

Response and Interchannel Phase Low Frequency Z0Mz:1 KMz
: [oHT & [A3ede [osTd [4301 8
Readings o High Fiequancy 1 bz - 21K I

INTEACHANKEL FHASE ERROA A Hz. 20 kHz

Pracs gnod angs | D084 deg ag | 1007 gy
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When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

Wiew HBSDDHSE Graph | View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Flgure 144 Graph Save Test-
Set Panels Window CRONTINDE™™|  Graph, PanelSetup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Data Configuration panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

£OTestComment  A-to-D Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the A-to-D section
of the test report, click the A-D Test Comment button.

Figure 145 A-to-D Test |RicANalIIS

Report Comments Enter comments on the A-Di tasts [ o
F Cancid

This completes the A-to-D testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports, (page 123).

If you leave the program at this point but return later to perform
more tests, you must reset your A-to-D reference level. See Set A-to-D
Reference Level: Manual Mode (page 92). Subsequent tests require
the results of this test as reference values.
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ADPCDA Tests
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Figure 146 PC Audio Tests: the ADPCDA Test Group

What the ADPCDA tests do

See What the tests do (page 14) in the Introduction for an
overview of the common functions of all the test groups.

The ADPCDA group of tests evaluates the performance of the
EUT’s entire record/playback path, measuring the characteristics of the
analog-to-digital conversion of an audio input signal, the
digital-to-analog conversion of .wav files, and of the analog input and
output circuitry of the device. These tests satisfy Microsoft WHQL
standard TM004.

Using the ADPCDA tests you will apply generator tones to the
analog inputs of the EUT, record .wawv files, play back the same files
and measure the total harmonic distortion plus noise (THD +N),
dynamic range and frequency response of the signals at the analog
outputs of the EUT.

ADPCDA Reference Level

o
O
)
o
O
b

The ADPCDA test does not set new reference levels but instead
uses the levels set in D-to-A for the 0 dBr output reference level, and
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the levels set in A-to-D for O dBr input reference level. You must set
D-to-A and A-to-D references before performing the ADPCDA group
of tests.

ADPCDA THD+N Distortion

Stimulus Record/Playback Measurement
Generator “a.wav” Analog & DSP .
Sellics 997 Hz Test File Analyzers il
Level -3 dBr (ADIN)* -3dBFS ? THD+N Level

Waveform \/\/\/\ \/\/\/\ ———————— Waveform
Spectrum | | | I Spectrum

Figure 147 ADPCDA THD+N Test

As discussed in What the tests do (page 14) in the
Introduction, this test measures the total harmonic distortion and
noise (THD+N) found in the EUT ADPCDA signal path under test
conditions.

* The stimulus level of =3 dB FS shown in the diagram is an
option, one of four stimulus levels available for THD+N testing
in setting up PC Audio Tests. See Appendix A: Configuration
(page 127). The level chosen is displayed on-screen in the
small box below the THD+N DISTORTION button.

Figure 148 ADPCDA THD+N THD+N DISTORTION
Readings d &9 FastTespsp) [Favesder

82090 dBr  Analog Analyzer | -79.995 dBr
IFS)

The upper pair of DISTORTION boxes show the THD+N results
for the FASTTEST DSP technique, and the lower pair of boxes show
the results from the Analog Distortion Analyzer. In the example shown
the readings are between —78 dBr and —80 dBr. Notice the slight
variations in the readings between the two methods.
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ADPCDA Dynamic Range

Stimulus Record/Playback Measurement
Generator “a.wav” Analog & DSP .
SEIEE 997 Hz Test File Analyzers  eading
Level —60 dBr (A-D IN) -60 dB FS ?dBrDR Level
Waveform ——————— ———— — Waveform

Spectrum Spectrum

Figure 149 ADPCDA Dynamic Range Test

As discussed in What the tests do (pagel4) in the Introduction,
this test measures the dynamic range of the EUT ADPCDA signal path
under test conditions, using a -60 dB FS stimulus.

Figure 150 ADPCDA Dynamic | SRR I
Range Readings BR.018dBr  FastTest [DSF) -86.977 dBr

-B7.000 dBr  Analog Analpzer | -87.000 dBr

PC Audio Tests uses both the FASTTEST (DSP) FFT technique and
the traditional analog notch filter technique to produce two slightly
different views of the noise signal and therefore two slightly different
dynamic range figures.

o
O
)
o
O
-
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ADPCDA Frequency Response

Stimulus Record/Playback Measurement
Generator “a.wav” Analog & DSP .
Sl Multitone Test File Analyzers el
Level -20 dBr (ADIN)* -20 dBFS * +?dBr Level

Waveform ———  Response
Curves
Spectrum |||||||||| |||||||||| ||||||||| Spectrum

Figure 151 ADPCDA Frequency Response Test

As discussed in What the tests do (page 14) in the
Introduction, this test measures the frequency response through the
EUT ADPCDA signal path under test conditions.

While the response curve graph is on the screen, you have access
to the APWIN graph options panel. The maximum and minimum
response data are also reported in the FREQUENCY RESPONSE

boxes on the test panel.

Figure 152 ADPCDA Frequency s ;ﬁuUEENHCI HEﬁliuNsE :ﬂ 'I‘;>H<z=%E‘Bé "

Response and Interchannel Phase [-0.164 dBr [-0B45dEr  [-0.164 dBr [-0.648 dbr
Readin S Low Frequency 20Hz-1 kHz
g [TE50der [E225d8r  [1.8565der | -6.071 dbr
High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20 Hz - 20 kHz
Phase emorrange | 0000 deg  to | -2.988 deg

ADPCDA Interchannel Phase

While the frequency response test is being made, PC Audio Tests
also measures the relative phase angle between the channels A and B
across the audible spectrum. A graph of this information is shown as a
third trace on the response graph, with the maximum deviations
displayed in degrees of angle in the two INTERCHANNEL PHASE

boxes on this panel.
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Running ADPCDA Tests in AUTOMATED MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you choose not to use Automated Mode, you can skKip this
section and go directly to Running ADPCDA Tests in Manual
Mode (page 111).

VADPCDA MEASUREMENTS  Hecord and Play WAY file
0O WOT CHAMGE MIXER OR GEMERATOR LEWEL COMTROLS Ap
CH & CH B
These levels are sat in the D-to-4 and &-to-D tests
Reference Level sections. REFEREMCE LEVELS for Record-Play TESTS
CAUTIONM - If references are changed Distortion HEWE] DA Reflevel [6.734 4BV
and Dynamic Range tests MUST be re-n.
B.618 dBY &0 RefLewel | BE18 dBY

THD+M., Dynamic Range, .
TEST ALL gt St Syztem Generator Output Level 6634 dBv

THD+M DISTORTION

THD+N DISTORTION ‘ c 1799 dBr | FastTest(DSP] | -79.765 dBr
997 Hz at[ 3 B relativeto 0dBr (DBFg) | | P90 Analog Anabzer |-73.335 di

DYNAMIE BANGE ‘ (7] | DYNAMICRANGE

-B7.018 dBr  FastTest [DSP) -B6.977 dBr
937 Hz at - B0 dE relative to 0 dBr [0 diFS) -57.000 dBr Analog Analpzer | -87.000 dBr

Maize in the prezence of tone.

FREQUENCY RESPOMSE 1 kHz=0dBr
FREGQUEMCY RESFOMSE ‘ L_'J Max  CHA  MIN Méx CHE  MIN
| -0164 dBr [-0645dBr [ -0.164 dBr [ -0.648 dEr

Low Frequency 20Hz-1 kHz

[1850dEr [E225dBr [1855dBr [-E.071 dBr

Wiew Response Graph High Frequency 1 kHz - 20 kHz

IMTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phase enorrange | 0.000deq  to | -2.902 deg

3 Tones 16 Hzta 20 kHz at -20 dBFS.

ADPCDA Test Comment
MAIN MEMU ‘ BT

Figure 153 ADPCDA Measurements Panel

Click the ADPCDA button on the Main Menu to begin the test
series. The ADPCDA MEASUREMENTS test panel will appear.
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Set ADPCDA Reference Level: Automated Mode

The ADPCDA group of tests takes its input and output reference
levels from previous tests. If you have completed D-A SET
REFERENCE LEVEL and A-D SET REFERENCE LEVEL, you will see
the results of those settings in the ADPCDA reference levels windows. If
not, the windows will contain the word “MISSING.”

Figure 154 ADPCDA Reference s o e

Level Settings “MISSING”

REFEREMCE LEVELS far Record-Play TESTS

n MISSING Set D-A Ref MISSING
MISSING Set &4-D Ref MISSING

= Syztern Generator Output Level - [MISSING

The ADPCDA group of tests cannot proceed without this data. If
some or all of your settings are missing, you can either return to the
Main Menu and perform the missing tests, or you can click the Set
D-A Ref button or the Set A-D Ref button, as needed. PC Audio
Tests will go directly to the tests and set the levels for you.

If you are in the middle of a continuing testing procedure and
you reset reference levels, you may have to repeat some tests.
If the new reference levels are not exactly the same as
previous results, the other tests in that group will need to be
repeated. If the green check marks remain after resetting
reference levels, then the values were indeed precisely the
same, and the results of the other tests in the group remain

valid.
Figure 155 ADPCDA Reference L LH & tr 8
Levels REFEREMCE LEWELS for Record-Play TESTS
" [=MEEY = D& FReflevel [E734 dBY
EE15 dBY 4.0 Fef Level  [EE18 dBY
E: Swpstern Generator Output Level - [ 5634 4BY
_Etan Test All

The TEST ALL button runs all of the next three tests in succession.

Page 106 PC Audio Device Performance Tests — Application Note #4



ADPCDA Tests Running ADPCDA Tests in AUTOMATED MODE

T DiETARTEN ADPCDA THD+N Distortion: Automated Mode

To begin the test, click the THD+N DISTORTION button. In
Automated Mode the test will proceed on its own, displaying its
progress as it runs and quickly returning you to the ADPCDA
MEASUREMENTS panel. The four display boxes to the right of the
THD+N DISTORTION button now show test results.

Figure 156 ADPCDA THD+N THD+M DISTORTION
Readings il B 798 dBr FastTest (DSF) [ 79.765 dBr

-82090 dBr  Analog Analyzer | -79.995 dEr
IF5]

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.

ST roneE ADPCDA Dynamic Range: Automated Mode

To run the test, click the DYNAMIC RANGE button. In
Automated Mode the test will proceed on its own, displaying its
progress as it runs and quickly returning you to the ADPCDA
MEASUREMENTS panel. The four display boxes to the right of the
DYNAMIC RANGE button now show test results.

SPON pajewolny

Figure 157  ADPCDA Dynamic [ T DUICRIEE
Range Readings BF.018dBr  FastTest [DSF) -B6.977 dBr
lm Analog Analyzer lm

If PC Audio Tests encounters a problem, an error warning appears
to suggest that you check connections and configuration and retry.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.

FREQUEMCY RESPONSE

ADPCDA Frequency Response: Automated Mode
Click the FREQUENCY RESPONSE button to begin the test.

B
O
O
(0]
O
B
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ADPCDA Tests

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you
check connections and configuration and retry.
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Figure 1568 ADPCDA Frequency Response Graph Windows with graph options
shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and

minimum deviations for both frequency response and phase response
and then returns you to the ADPCDA MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain
measurements.
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Figure 159 ADPCDA Frequency o [ FREQUENCY RESPONSE 1he-0d8r —

Response and Interchannel Phase [0764dBr | 0645 dBr | 0164 dBr | -0.648 dbr
. Low Frequency 20Hz-1kHz

Readings [Te0dr |E2Bder [Taader [ 607 dor

High Frequency 1 kHz - 20 kHz

IMTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phage ermor range | 0000 deq  tao | -2.988 deg

When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

Yigw Response Graph | View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Figure 160 Graph Save ! Save Test - Set Panels
Test— Set Panels Window CROHTINUE™™  Graph. Parel Setup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Configuration: Data panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

SPON pajewolny

sopctaTescomment.  ADPCDA Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the ADPCDA
section of the test report, click the ADPCDA Test Report
Comments button.

Figure 161 ADPCDA  EiERISaiiiy3

Test Report Comments  Erier comments on the A-D-PC-D-A tegts ik,
F Cancael
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This completes the ADPCDA testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking

PC Audio Device Performance Tests — Application Note #4 Page 109



Automated Mode

ADPCDA

Running ADPCDA Tests in AUTOMATED MODE ADPCDA Tests

Create Test Report, or you can make your report later. See
Creating Test Reports, (page 123).

Page 110 PC Audio Device Performance Tests — Application Note #4



ADPCDA Tests Running ADPCDA Tests in MANUAL MODE

Running ADPCDA Tests in MANUAL MODE

We recommend that you run your tests in Automated Mode (using
PC LevelCheck) whenever possible. If PC LevelCheck cannot control
your sound device driver software, you must use Manual Mode. See
Test Modes (page 24).

If you can use Automated Mode, you should skKip this section
and go directly to Running ADPCDA Tests in Automated
Mode (page 105).

You will need both the Recording and Playback Windows Volume
Controls and Windows Sound Recorder on your desktop to run
ADPCDA tests in Manual Mode. Follow the instructions below:

e N e
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Figure 162 Desktop Setup for ADPCDA Manual Mode Testing

Click the ADPCDA button on the Main Menu to begin the test
series. The ADPCDA MEASUREMENTS test panel will appear.
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' ADPCDA MEASUREMENTS  Record and Play WAV file
DO MOT CHAMGE MIXER OF GEMERATOR LEVEL CONTROLS Ap
CH & CH B
These levels are set in the D-to-& and &-to-D tests
Reference Level sections. REFEREMCE LEVELS for Record-Play TESTS
CAUTION - If references are changed Distortion =]  DAReflevel [6734 dBY
and Dynamic Range testz MUST be re-run. T 4D Ref Level EETE o

THD+M, Dynamic Range, =
TEST ALL i Systern Generatar Dutput Lewvel E.E34 dBY

THD+W DISTORTION

THD+N DISTORTION ‘ (| B1.799dBr FastTest (DSP] [ 79,765 dbr
997 Hz at ,T dE relative to 0 dBr [0 dBFS) 52090 dBr Analog Analyzer | -79.995 dBr

DY MAMIC RaNGE
-87.M8dBr  FastTest [DSP] | -86.977 dBr

937 Hz at - B0 dB relative ta 0 dBr [0 diFS) -B7.000 dBr  Analog Analyzer | -87.000 dBr
Moize in the presence of tone.

DYMAMIC RANGE ‘ |

FREQUENCY RESPOMSE 1 kHz=0dBr
FREQUEMCY RESPOMSE ‘._"J Max  CHA  MIN Max  CHE  MIN

| 0164 dir [ -0G45dBr | -0164 dBr [ -0.648 dEr
Low Frequency 20Hz -1 kHz

[1850dBr [-6225dBr  [1.855dor | -6.071 dBr

Wiew Response Graph High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Phase emor range | 0000deg  to | -2.988 deg

3 Tones 16 Hzta 20 kHz at -20 dBFS.

ADPCDA Test Commeant
FAIMN MENL ‘
ExIT

Figure 163 ADPCDA Measurements Panel

Set ADPCDA Reference Level: Manual Mode

The ADPCDA group of tests takes its input and output reference
levels from previous tests. If you have completed D-A SET
REFERENCE LEVEL and A-D SET REFERENCE LEVEL, you will see
the results of those settings in the ADPCDA reference levels windows. If
not, the windows will contain the word “MISSING.”

Figure 164 ADPCDA Reference s S o

: “ ” REFEREMCE LEVELS for Record-Play TESTS
Level Settings “MISSING
g n FISSIMG SetD-4 Ref MISSING

MISSING Set &0 Ref MISSING

= Syztern Generator Output Level - [MISSING
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The ADPCDA group of tests cannot proceed without this data. If
some or all of your settings are missing, you can either return to the
Main Menu and perform the missing tests, or you can click the Set
D-A Ref button or the Set A-D Ref button, as needed. PC Audio
Tests will go directly to the tests and set the levels for you.

If you are in the middle of a continuing testing procedure and
you reset reference levels, you may have to repeat some tests.
If the new reference levels are not exactly the same as
previous results, the other tests in that group will need to be
repeated. If the green check marks remain after resetting
reference levels, then the values were indeed precisely the
same, and the results of the other tests in the group remain
valid.

Figure 165 ADPCDA Reference tH & tH B

Level Settings REFEREMCE LEWELS for Record-Play TESTS

h E=EWEY D4 Reflevel [B.794 dBY
618 dEV #-D Ref Level  [G.618 dEV

= Swatem Generator Output Level - [5.634 4BY

_Esrar Test All

The TEST ALL button runs all of the next three tests in succession.

THOWM  DISTORTION ADPCDA THD+N Distortion: Manual Mode

Be sure you have Windows Recording and Playback Mixers and
Windows Sound Recorder, on screen. To begin the test, click the
THD+N DISTORTION button. The following prompt will appear:

THD+N Mixer Settings
Prompt

vaosdayv
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Be sure your mixers are set up properly, with the Line-In slider on
the Recording Mixer selected, and the Master Volume and Wave sliders
on the Playback Mixer unmuted. All other sliders should be muted. Do
not change the level setting of any slider.

Click Continue Procedure to see the next prompt.

Figure 167 ADPCDA THD+N
Sound Recorder Settings Prompt

]

Follow the instructions on the prompts to initialize Sound Recorder
by saving a properly formatted file as A.wav.

Click Continue Procedure to see the next prompt.

. T s
Figure 168 ADPCDA

THD+N Start Sound
Recorder Prompt

As prompted, start recording a file in Sound Recorder by clicking
the ® red recording button. System Two will apply a 997 Hz tone at
the selected stimulus level to the EUT inputs. Click Continue
Procedure to see the next prompt.

. T =
Figure 169 ADPCDA =

THD+N Save File
Prompt

CEras Fri sadt

The recording should continue for about 5 seconds. Click the
stop button on Sound Recorder and then save the file. Rewind the file
position slider (either by clicking the 44 left double-arrow or by
dragging the slider to the extreme left). Click the » play arrow, and
then click Continue Procedure while the file is playing.
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DYHAMIC FRANGE

Display boxes will advise you of progress as the test proceeds. The
test will quickly run to completion and return you to the ADPCDA
MEASUREMENTS panel. You may want to click the B stop button on
Sound Recorder to interrupt playback of the .wav file.

Figure 170 ADPCDA THD+N
Readings ]

THD+M DISTORTION

-81.799dBr FastTest [DSP) -79.765 dBr
IFS) 82090 dBr  Analog Analyzer | -73.995 dBr

You will notice that the four display boxes to the right of the
THD+N DISTORTION button now show test results. The two upper
boxes show the THD+N results for the FASTTEST DSP technique,
and the two lower boxes show the results from the Analog Distortion
Analyzer.

When this test has been successfully completed, a green check
mark appears to the right of the THD+N DISTORTION button.

ADPCDA Dynamic Range: Manual Mode

Be sure you have Windows Recording and Playback Mixers and
Windows Sound Recorder, on screen. To begin the test, click the
DYNAMIC RANGE button. The following prompt will appear:

. T T T -
Figure 171  ADPCDA

Dynamic Range Mixer
Settings Prompt

ET Feedken !

Be sure your mixers are set up properly, with the Line-In slider on
the Recording Mixer selected, and the Master Volume and Wave sliders
on the Playback Mixer unmuted. All other sliders should be muted. Do
not change the level setting of any slider.

B
O
O
(0]
O
b
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Click Continue Procedure to see the next prompt.

Dynamic Range Sound
Recorder Settings
Prompt

Follow the instructions on the prompts to initialize Sound Recorder
by saving a properly formatted file as A.wav.

Click Continue Procedure to see the next prompt.

Figure 173 ADPCDA
Dynamic Range Start
Sound Recorder
Prompt

T =]

| s L PTY !

As prompted, start recording a file in Sound Recorder by clicking
the ® red recording button. System Two will apply a 997 Hz tone at
—60 dBr to the EUT inputs. Click Continue Procedure to see the next
prompt.

Dynamic Range Save
File Prompt

i e e

The recording should continue for about 5 seconds. Click the B
stop button on Sound Recorder and then save the file. Rewind the file
position slider (either by clicking the 44 left double-arrow or by
dragging the slider to the extreme left). Click the » play arrow, and
then click Continue Procedure while the file is playing.
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FREQUEMCY ACSPOMSE

Display boxes will advise you of progress as the test proceeds. The
test will quickly run to completion and return you to the ADPCDA
MEASUREMENTS panel. You may want to click the B stop button on
Sound Recorder to interrupt playback of the .wav file.

Figure 175 ADPCDA Dynamic i D' MAMIC RENGE
Range Readings B7.018dBr  FastTest(DSP)  [-BE.377 dbr
-87.000 dBr  Analog Analyzer | -87.000 dBr

You will notice that the four display boxes to the right of the
DYNAMIC RANGE button now show test results. The two upper
boxes show the Dynamic Range results for the FASTTEST DSP
technique, and the two lower boxes show the results from the Analog
Distortion Analyzer.

When this test has been successfully completed, a green check
mark appears to the right of the DYNAMIC RANGE button.

ADPCDA Frequency Response: Manual Mode

Be sure you have Windows Recording and Playback Mixers and
Windows Sound Recorder, on screen. To begin the test, click the
FREQUENCY RESPONSE button. The following prompt will
appear:

. T R =
Figure 176  ADPCDA

Frequency Response
Mixer Settings Prompt

[ =i Fom b |

Be sure your mixers are set up properly, with the Line-In slider on
the Recording Mixer selected, and the Master Volume and Wave sliders
on the Playback Mixer unmuted. All other sliders should be muted. Do
not change the level setting of any slider.

B
O
O
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b

Click Continue Procedure to see the next prompt.
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T T =
Figure 177 ADPCDA J

Frequency Response
Sound Recorder
Settings Prompt

Follow the instructions on the prompts to initialize Sound Recorder
by saving a properly formatted file as A.wav.

Click Continue Procedure to see the next prompt.

Figure 178 ADPCDA

Frequency Response
Start Sound Recorder
Prompt

As prompted, start recording a file in Sound Recorder by clicking
the ® red recording button. System Two will apply a multitone signal
to the EUT inputs. Click Continue Procedure to see the next prompt.

. R =
Figure 179 ADPCDA =

Frequency Response
Save File Prompt

The recording should continue for about 5 seconds. Click the B
stop button on Sound Recorder and then save the file. Rewind the file
position slider (either by clicking the 44 left double-arrow or by
dragging the slider to the extreme left). Click the » play arrow, and
then click Continue Procedure while the file is playing.

Display boxes will advise you of progress as the test proceeds. The
test will quickly run to completion and return you to the ADPCDA

Page 118

PC Audio Device Performance Tests — Application Note #4



ADPCDA Tests

Running ADPCDA Tests in MANUAL MODE

MEASUREMENTS panel. You may want to click the B stop button on

Sound Recorder to interrupt playback of the .wav file.

As the test is running, you will see an APWIN graph of frequency
and phase response rendered on your screen. If PC Audio Tests
encounters a problem, an error warning appears to suggest that you

check connections and configuration and retry.
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Figure 180 ADPCDA Frequency Response Graph Windows with graph options

shown

The prompt that appears on the graph gives you access to the
APWIN Graph Menu (right click on the graph) for viewing and
formatting options. When you are through viewing the graph, click
Continue Procedure. PC Audio Tests computes the maximum and
minimum deviations for both frequency response and phase response
and then returns you to the ADPCDA MEASUREMENTS panel.

Notice that the FREQUENCY RESPONSE and
INTERCHANNEL PHASE display boxes now contain

measurements.
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Wiew Responze Graph |

AD-FC-DA Test Comment

Figure 181 ADPCDA Frequency | FREQUEMCY RESPOMSE 1 kHz =0 dBr

Mek  CHa MM Méx  CHE  MIM

Response and Interchannel Phase [0764 dbr [DE45dEr  [O164 dBr [-0.648 dbr
Readings Low Freguency 20Hz -1 kHz

[1.880dBr [6225dBr  [1.885dBr [ -B.071 dBr

High Frequency 1 kHz - 20 kHz

INTERCHAMMEL PHASE ERROR 20Hz- 20 kHz
Fhase emorrange | 0000 deg 1o [ 2988 deg

When this test has been successfully completed, a green check
mark appears to the right of the FREQUENCY RESPONSE button.

View Response Graph

Once the Frequency Response test has been performed, you may
return to view the response curve again by clicking View Response
Graph. This dialog box will appear:

Figure 182 Graph Save Test-

Set Panels Window CUEORTIROE™™|  Graph, Panel Setup | Save Test |

Click Save Test to save the graph data as an .ada or .at2 file (an
option selectable on the Configuration: Data panel). See Appendix A:
Setting Preferences in Configuration (page 127). The Graph,
Panel Setup button calls up a prompt and access to the APWIN
Graph Menu (right click on the graph) for graph viewing and
formatting options. Click CONTINUE to return to the test panel.

ADPCDA Test Report Comments

All test data is stored in memory for later retrieval for an optional
report. If you would like to add a short comment to the ADPCDA
section of the test report, click the ADPCDA Test Report
Comments button.

Figure 183 ADPCDA Test UL RIaR N3

Report Comments Erder comments on the A-D-PC-D-A tegts QK.
F Cancael
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This completes the ADPCDA testing of your PC sound device. You
may generate a report now by returning to the Main Menu and clicking
Create Test Report, or you can go to the next set of tests and
generate your report later. See Creating Test Reports, (page 123).
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Creating Test Reports

i PC Audio Tests - CREATE TEST REPORTS MENU
Test Report File Hame Ap
|New

Path iz set to; - C:\ApwintPoiudioT estz\Reports'

Include in Report

W Uszer Information - Model, Senial, Date, 5ave name, etc.

% bae 7 T

W Test Comments
v General Comments from ser Information

Feport Type
[~ Testfile [tat) [~ Microsoft Word [.doc) v HTHL filefz] [ htm)
Make Repart ... View Reparts ... FAAIN MERLI

Figure 184 Create Report Panel

As you perform each test, the test results are stored in the
computer’s memory. You can create a report with the information in
these results at any time during the procedure.

Saving Test Reports

On the Main Menu panel, click Create Test Report. At the top of
the Test Report panel you can select a name for the report file. The
default name is New.*, and the file extension is determined by the
report type you select.

The path to the report folder is shown. You can change the report
folder path in the Configuration: Data panel (page 132).

In the second box you can select which test results to report. Tests
that have been completed are already checked. Simply check or
uncheck the boxes to select the results you would like to have included
in your report.
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Saving Test Reports Creating Test Reports

You can also choose what additional information you would like to
include in your report. Check the box next to the information listed.

You can enter your name, company, the model and serial number
of the EUT and whatever comments you may have and include this
information in the test report if you wish. Click User Information to
enter or edit this information.

Figure 185 Test Report

User Informaﬁon Panel INFORMATION INCLUDED: WATH TEST REFORT

[LEPER |Mm5rrim
OPERATOR [Pidery Sntken
Equipment Under Test [EUT] information:
MODEL & EE)

SERILAL & |BFa57Ea
Gereral bed comemends

Flemrors weriion on dorsal fr carsbaer mourt

0K | Cancel

Test Reports can be always be saved as a text file or as a set of
linked HTML files, as selected by the check box in the Report Type
area of the panel. If you have Microsoft Word 97 or later on your
computer, you also can save the files as a Word document.

In the Report Type box, simply click Text file (.txt), Microsoft
Word (.doc) or HTML file(s) (.htm) to select the file format you

prefer.

When you are finished setting your preferences for a Test Report,
click OK. PC Audio Tests will generate a report and save it in the
format(s) you have specified.
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Viewing and Printing Test Reports

To view the files you have created, click View Report. This will
bring up a browser window listing the all the files in the Reports folder.
Select the file you would like to view and click Open. The application
associated with the file type (typically Notepad, Internet Explorer,
Netscape Navigator or Microsoft Word) will launch and display your
report.

You can print the report from within any of these programs.

You may also open the report files later in a text editor, in Microsoft

Word or in an HTML browser, as appropriate, to view or print your
files. The files will be in the folder you specified, with the names you

chose.
Word document and HTML reports also provide frequency

response graphs.

PC Audio Device Performance Tests
Test Results

MODEL - 5u5B SERIAL ¥ - BE4-5789
Done for AquaSonics by Alan Smithie
Tested on Hay/2/2008 and started at 14357

GENERAL TEST COMMENTS: Remora uersion on dorsal fin carabineer mount

DUT SAHPLE RATE 44100 Hz
SAMPLE RATE ERROR  0.804 %

Signal source is a AU file

ANALOG OUTPUT REFERENCE LEVEL from OdBFS 997Hz WAU file
OdBFS digital level = 0dBr at these Output Amplitudes.
ChA 6.635 dBU ChB 6.794 dBU
THD+N at Ref. Level  Haximum of -40dB (1.0%)
chA -78.475 dB ChB -78.373 dB

DISTORTION at 997Hz and -3 dBFS amplitude.
FastTest with 22kHz lou-pass and NO weighting

ChA(Left) -81.649 dBr ChB(Right) -80.898 dBr
Analog Analyzer with 22kHz low-pass and MO weighting
ChA(Left) -81.112 dBr ChB(Right) -80.937 dBr

DYNAHIC RANGE (Moise with Low-level signal) at 997Hz and -60dBFS.
FastTest with 22kHz low-pass and NO weighting

GhA(Left) -88.201 dBr GhB(Right) -88.157 dBr
Analog Analyzer 22kHz low-pass and NO weighting
ChA(Left) -88.725 dBr ChB(Right) -88.515 dBr

FREQUENGY RESPONSE ERROR
FastTest IS031 multi-tone signal, 1/3 oct. spacing 16Hz-20kHz.
Ervor is in dB relative to 1kHz - OdBr reference.

Low Frequency (16Hz-1kiz)

hA HAX -0.077 dBr ChB WAX -9.077 dBr

ChA HIN -0.245 dBr ChB HIN -0.250 dBr
High Frequency (1kHz-20kHz)

ChA MAX .93 dBr ChB MAX 0.935 dBr

cha MIN -1.935 dgr ChB MIN -1.797 dBr

RELATIVE PHASE ERROR
FastTest Phase - IS031 nulti-tome, measurement from 16Hz-28kHz.
Phase Error range 0.008 deg to -1.978 deg

Figure 186 Report in text format
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Figure 187 Report in MS Word format
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Figure 188 Report in HTML format
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Appendix A

Setting Preferences in Configuration

i PC Awdho Tests MAIMN MENLU 2 Ludwe Precesion 1399 2000
FESITS ¥OR P
! YEBOM). SOeFTTEl %m
— AULID DEYVICE PEMPOGOLNE R
TESTS SHOULD BE DOME M THE FOLLOWING ORDER: MICROSOFT PC3x
WHOL CERTIFICATION

DigA WAV fle played thiough PC
DiglaHo-Anslog sgnal path, ~ WHOL THODZ

Analog [only] sgnal path
Analog Input deect o Analog — WHOL TMOD!
Dutpad. “Marstor Locp™

™ wn

Wﬂnmﬁ Th 004

Figure 189 The Main Menu

If this is the first time the program has been run, or if you need to
change previous settings, you will need to configure the system before
you perform any tests. Click the Configuration button at the bottom
of the Main Menu to select the first of five tabbed configuration panels
that allow you to set your preferences for the test.
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Setting Preferences in Configuration Appendix A

Configuration Panel 1: Connections

i PC Audio Testz - Configuration

\SystemTwo' Data '\ EUT \ Switcher \ Ap

COMMECTIONS between SYSTEM TwWO and EQUIPMENT UNDER TEST (EUT :
— Spztem Two AMALOG OUTPUT Selection [to EUT IMPUT] ——
S =N " BalFloast " BalGnd & UrBalFloat ¢ UnBal Ged

= — Systern Twa AMALOG INPUT Selection [from EUT OUTPUT] —
= Balanced In LR & UrBalanced In [BHC) L =S

— Ground Conrection - Recommended ——————
COMMECT a GROUMD CABLE from the System Two chassiz
jack to the zound device [EUT] chazsiz ground.

Plug this end into
System Two Ground jack

Connect Ground Clip to
PC Sound Card Framea

0K, Return to kain Menu Cancel Config Changes

Figure 190 Configuration Panel, Connections Tab, unbalanced to unbalanced

The Connections panel allows you to inform System Two of your
interface decisions. Two sets of option buttons allow you to set the
input and output configuration of System Two, while additional text
and graphics provide a refresher course in PC sound card connections.
Select the connections you have chosen by clicking on the appropriate
option button. Default selections for System Two are UnBal Float for
output and UnBalanced In (BNC) for input.

As you make your selections graphics will appear to guide you in
making the proper connections between System Two and the EUT.
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Configuration Panel 2: System Two

1 PC Audio Tests - Configuration

Ap

Connections | N Data \ EUT \ Switcher \

MEASUREMENT LNITS

Analag signal level dgv =
Digital signal levels dBFS [dE Full Scale)

Analog Distortion [THD+M] ahd Dynamic Fange are measured it absolute
amplitude relative to 0 dBFS regardless of the stimulus signal level used.

finalog Abzolute Distortion iz dizplayed in dBr
Digital Abzalute Distartion iz dizplaped in dBFS

>

Fielative Distortion [ratio] is displayed in d - o0
(@]
FILTERS o
.. for Digtortion, Dynamic Range and Idle Channel Moise tests 5’
Filter T ppe: 22kHz Low P +| Option Filter zelections marked with an —
2 ow Mass J asterizk [ * ] must have been installzd in Q
System Two. :
AMPLITUDE - Stimulus Level for Distortion Test 3
00 dBFS ¢ 10 dBFS & 30 dBFS ¢ 6.0 dBFS (@ o
AESTT WwHEL 6’

Ok Retumn to kMain Menu Cancel Config Changes

Figure 191  Configuration Panel, System Two Tab

Selecting Units

In the first box on this page you can select your choice of units of
measurement for analog signal levels and for distortion ratio. Units of
measurement for other parameters are not user-selectable, but are
displayed on this panel for your information.

Measurement: User-selectable: Units available:
Analog signals Yes, 3 choices dBV, V rms, dBu
Digital signals No, fixed dBFS
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Measurement: User-selectable: Units available:

Analog distortion test,

dynamic range test, idle No. fixed dBr (referenced
channel noise test values ' to 0 dB FS)

Digital distortion test,
dynamic range test, idle No, fixed dBFS
channel noise test values

Distortion expressed as

ratio or relative distortion Yes, 2 choices dB, %

Table 2  Units of Measurement Selection

The decibel (dB) is widely used in audio measurements, always
referenced to a particular value. dBV, for example, is the shorthand for
decibels referenced to 1 volt rms. dB FS is a decibel audio
measurement for digital audio, and the reference “FS” stands for “Full
Scale.” A full scale digital signal (0 dB FS) is the rms value of a sine
wave whose positive peak just reaches full scale, represented by the
maximum value in the coding scheme. See the Glossary for more
information.

dBr means dB relative to a temporary, user-defined or test-defined
reference. In PC Audio Tests, the values set as reference for dBr have
different values within different tests.

Selecting Filters

The next box allows you to select one of a series of filters (or no
filter) within System Two for distortion, dynamic range and idle
channel noise tests. The 22 kHz low-pass filter is standard in all System
Twos; other filters marked with an asterisk (*) are optional and must be
installed in a filter slot in System Two to function when selected.

We recommend using some filtering (at least the 22 kHz low-pass
filter) for all tests.

Setting Distortion Test Stimulus Level

Distortion tests may be performed at any level, with different levels
producing different test results. The third area on this panel allow you
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to select one of four different stimuli levels for your distortion test:

0 dBFS, -1 dB FS (in accord with the AES17 specification), -3 dB FS
(satisfying Microsoft’s WHQL specification) or -6 dB FS. The default
setting is the WHQL -3 dB FS stimulus level.

The result of a distortion test at any of these four levels is always
expressed as the absolute THD +N signal amplitude in dB FS (or dBr,
with O dBr set to equal 0 dB FS).

Distortion test results are usually reported as the ratio (in dB or per
cent) between the amplitude of the stimulus signal and the distortion
products. The WHQL standard specifies the reporting of amplitude of
distortion products in dB FS units, regardless of the stimulus amplitude.
When expressed in dB, these results correspond to the more
conventional means of distortion ratio measurement only when the
stimulus is 0 dB FS.
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Configuration Panel 3: Data

i PC Audio Testz - Configuration

Connections |, System Two ' % EUT \ Switcher \ Ap

Path to EUT Computer recardad Wk files
Path to *w/aY files recorded for 4-0 and A-D to PC bo D=8 tests.

|E:'\.f-‘-.pwin'\F'c.~'-‘«udioTests Browse ...

Path for Saved Test Results and Reports

|l::'\.f5.pwin\F'c.&udioTests\Hepolts Browse .

9O
4
g GR&FH OPTIONS
: [ Save Responze and Phase Graphfiles  ax % adafies  at2files
o; Add'tl comments included with test graphs only Text included with Graphs ...
(O]
<
0K, Return to kain Menu Cancel Config Changes

Figure 192  Configuration Panel, Data Tab

Setting file paths

At the top of this panel are two boxes for entering data path
information. First set the path locating the output files of the EUT. This
is the folder where the computer will store the .wav files the sound card
creates when you run A-to-D tests. There is a default file path set in the
dialog box, and you can choose that path, edit it or browse for another
path.

Saving .wav files created during a test allows subsequent re-analysis
of A-to-D and ADPCDA test data.

The second box on the panel lets you set the path to the folder
where PC Audio Tests will store test result files and reports. Once again,
you can accept the default or choose a different path.
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Graph options

When PC Audio Tests displays a graph, you have the option of
saving the graph data. Click Save Response and Phase Graph
files if you want to save this data. If you select this option, you can
choose whether to save the information as an AP *.ada data file or
* at2 test file.

You may also elect to save a comment with the graph data files.
Click Text included with Graphs to exercise this option.
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Configuration Panel 4: EUT

[ PC Auio Teats — Configuaion
Cnnneclions\, System Twu\ Data ' \ Swltcher\ Ap
TEST MODE

-» PC LevelCheck is available <--

PCaudio Test Suite operates in either Automated Mode or Manual Mode. Automated
Mode iz faster, easier and usually the night choice. Manual Mode requires user interaction
anhd interpretation and iz necessany when PC LevelCheck iz not awvailable.

" Automated - Uzes PC Level Check ™ Manual - with Operator Frompts

SOUND RECORDER

If the EUT allows Recaording Sample Rate [or Recording Guality] to be set, choose
44 1k [CD Quality) or 48 k. If available. choose Stereo. Set Test Sample Rate here ta

g match: Test Sample Rate: & 441k 48k
ommm
= AUDI0 MIXER [Volume Control] for Playback
N Acoess the device Plapback Miser [Playback Yolume Cantral). Center Balance/Pan,
- dizable ALL effectz (EQ. suround, ete.] MUTE all unused inputs.
: Cloge the Mixer [Volume Control) \window.
.Q AUDI0 MISER [Wolume Control] for Record
U= Arccess the device Recording Miser [Fecording Volume Control]. Center Balances/Fan,
: dizable ALL effects. Select only Ling In [Aus] and set Slider to about 505
o Iinirmize the window.
(O]
<
0K, Return to kain Menu Cancel Config Changes

Figure 193 Configuration Panel, EUT Tab, Automated Mode

On this page you have the option of selecting the Test Mode for PC
Audio Tests. In most cases you will want to run PC Audio Tests in the
Automated Mode, which is the default selection.

Figure 194 PC LevelCheck ottt S || x|
in 0Scope Mode : Ap

1S

iz Zoom

Laft Charnel I8 Right Channel i
Input
Output e

Source 997-0_ 44 waw

OS5cope lSpectruml Meter J\ Mixer l Options

Page 134 PC Audio Device Performance Tests — Application Note #4



Appendix A Setting Preferences in Configuration

Automated Mode uses the companion program PC LevelCheck to
automatically regulate input and output levels, adjust the mixer and
make other settings. This is by far the easiest and fastest way to
perform tests on a sound card and should be your first choice.
However, sound cards vary greatly in their characteristics and there are
some that cannot be properly controlled by PC LevelCheck. In these
cases, or in situations which for some other reason require manual
interaction, you have the option of disabling PC LevelCheck and
running PC Audio Tests in Manual Mode using prompts to guide you

through the tests.
P o Tots -~ Confgmain R [
Cunnectiuns\. System Two\. Data h \. Swltcher\ Ap
TEST WMODE

- PC LevelCheck. iz available <-

PCAudio Test Suits operates in either Automated Mode or Manual Mode. Automated
Mode iz faster. eazier and usually the right choice. Manual Mode requires user interaction
and interpretation and iz neceszary when PC LevelCheck iz not available.

" Automated - Uzes PC Level Check o ihanual - with Operator Frompts:

0
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=
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SOUND RECORDER

Ifthe EUT allows Recording Sample Fate [or Recording Quality] to be zet. chooze
44 1k [CD Quality) or 48 k. If available, choose Stereo. Set Test Sample Rate here to

match: Test Sample Rate: (0 441k ¢ 48k

uol

AUDID MIER [Wolume Contral] for Playback
Access the device Playback Miser [Playback Vaolure Contral). Center B alance/Pan.
dizable ALL effects [EQ, sumound, etc.] MUTE all unused inputs.

AUDI0 MIER [Wolume Control] for Record
Aocess the device Recording Mixer [Recording Yolume Control). Center B alance/Pan,
dizable ALL effects. Select only Line In [Aux] and zet Slider to about B0

MEDI4 FLAYER
Open Media Player. Load any Wiy file, Under Optiong set Auto Repeat / Repeat
Forever.

0K, Return to Main Menu Cancel Config Changes

Figure 195 Configuration Panel, EUT Tab, Manual Mode

If you select Manual Mode, new text will appears on the page with
instructions for proper configuration for Manual Mode. Manual Mode
requires much more user interaction and interpretation of test results
than Automated Mode.

See TEST MODES page 24.
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Configuration Panel 5: Switcher

i PC Audio Testz - Configuration

Connemiuns\_ System Twn\ Data \ EuUT ! \ Ap

Enter an inkeger cormesponding to the switcher conhector used.
Erter "' 0 " to disable Switcher selection.

Switcher Channel Mumber for ELIT Left Input | None
Switcher Channel Mumber for EUT Right Input | None

Switcher Channel Muriber for EUT Left Dutput | More

ion

Switcher Channel Mumber for ELIT Right MHone

t

©
-
=
=
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A

0K Return to bain benu Cancel Config Changes

Figure 196 Configuration Panel, Switcher Tab

If you are using an Audio Precision Switcher (series SWR-2122 or
earlier) with this procedure, you can go to the Switcher panel to set the
channels.

This completes the configuration process. Click OK to return to the
Main Menu and begin the tests.
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Appendix B
PC Sound Cards and Audio Devices

Sound cards and other audio devices for use as part of a PC
system vary widely in their purposes, features and characteristics. PC
Audio Tests is designed to measure only the digital recording and
playback functions of PC sound cards and audio devices. Other
functions, such as sound synthesis and MIDI control, are beyond the
scope of this manual and will not be discussed in this appendix.

A Typical PC Sound Card

A typical inexpensive PC sound card has, among other features, the
capability to record and play .wav file format 16-bit PCM stereo digital
audio at a 44.1 kHz sample rate. These cards also offers mono file
capability, lower sampling rates and 8-bit word length as options.
Analog connections are invariably unbalanced circuits with maximum
levels of +6 dBV (2 V rms) or often much less, provided on 3.5 mm
mini phone jacks.

LINE IN
JACK

PC BUS «—DIGITAL : ANALOG —p> SSCRETE
VOLUME CIRCUITRY

H O
AD INPUT | MIC IN
CONVERTER ELECT, JACK
SELEC g - DISCRETE O
T VOLUME CIRCUITRY

LINE OUT
JACK

DISCRETE
CIRCUITRY b o

v
o
c
=
Q
0
V)
1
Q
(7]

D/A

CONVERTER [—P»| VOLUME

Figure 197 Typical PC Sound Card Block Diagram

Designed for the mass market, such a PC sound card is often
referred to as a “consumer” sound card, as opposed to the
“professional” or “semi-pro” sound cards designed for specialized
markets.
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PCBUS <«¢—DIGITAL : ANALOG —p

AD
CONVERTER

LINE IN

JACK
DISCRETE O
VOLUME CIRCUITRY

VOLUME MIC IN
JACK
DISCRETE
VOLUME CIRCUITRY O

PEAK
LIMITER

LINE OUT
JACK
DISCRETE
CIRCUITRY

-VOLUME

D/A
CONVERTER

Figure 198 PC Sound Card Block Diagram. This variation offers independent
record control paths and a peak limiter.

Recording path

The recording signal path for a sound card includes a stereo input
stage with relatively high input impedances in the 10 kQ to 100 kQ
range, with a maximum input level sensitivity that can vary from as low
as —25 dBV to perhaps +6 dBV. The sound card driver software
provides a recording mixer to select and adjust analog inputs to the
ADC. Volume control changes from the mixer are accomplished in the
analog domain in discrete and often rather coarse steps. Gain,
commonly 30 dB, can be added to the Mic In channel by selecting the
“Mic Boost” option. The recording mixer typically will allow only one
input channel to be selected at a time. Cards so configured cannot mix
several input signals for recording.

In some sound cards the analog signal is applied to the input of the
ADC linearly, allowing extreme signal excursions the possibility of
exceeding the maximum input level of the ADC. In other cases, the
signal is routed through a peak limiter to prevent digital clipping. While
protecting the unwary user from severe distortion, this can complicate
measurement by making it difficult to determine the precise input level
necessary to produce 0 dB FS.
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When the presence of a peak limiter makes direct measurement of
the onset of digital clipping impossible, PC Audio Tests with PC
LevelCheck uses another method to closely estimate the input level
required for O dB FS, as follows:

A low-level (-25 dBV) 997 Hz sine wave is applied to the input of
the sound card and PC LevelCheck reads the digital code created by
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the ADC in response. This digital data corresponds to an embedded
audio level that can be expressed in units of dB FS. With this baseline,
the generator level required to produce 0 dB FS can be estimated and
applied to the input of the sound card.

Nonlinearities in the sound card can throw off this estimate, so PC
LevelCheck next increments the estimated input level up and down in
an attempt to locate the threshold of 1% distortion at the output of the
ADC. The largest applied input signal that produces just less than 1%
distortion is then defined as O dBr.

In the first case, measuring a sound card with no limiter, 0 dBr =
0 dB FS. In measuring a card with a limiter, 0 dBr = < 1 % THD+N,
which will be close to but not exactly 0 dB FS, depending upon the
behavior of the limiter.

Playback path

The playback signal path for a sound card includes a stereo output
stage with relatively low output impedances in the 100 Q range.
Outputs that are designed to drive headphones have even lower
impedances. Analog output levels for a 0 dB FS signal are typically
between -1 dBV and +6 dBV; for outputs that are also designed to
power speakers, the circuits will have higher current capabilities and
levels as high as +12 dBV. The sound card driver software provides a
playback mixer to adjust and mute analog outputs from the DAC.
Volume control changes from the mixer are accomplished in the analog
domain in discrete, coarse steps.
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Sound Card Driver Software

With the exception of occasional configuration switches or jumpers,
the functions of PC sound cards are entirely controlled by driver
software.

Although setting levels, selecting sources and recording and playing
.wav files through a PC sound card can be done in many different
applications, for test and measurement purposes it is often simplest to
use the software provided with Microsoft Windows: Windows Volume
Control, Windows Sound Recorder and Windows Media Player.
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See Test Modes (page 24) in Running the Tests for details on
setting up Windows Volume Control, Sound Recorder and Media
Player for use with PC Audio Tests.

Sound card configuration options can be set from a number of
software locations via a number of paths, including:

m Start > Settings > Control Panel > Multimedia > Audio

m Start > Settings > Control Panel > System > Device Manager
> Sound, Video and Game Controllers > your sound card here

m Start > Programs > Accessories > Entertainment > Sound
recorder > Edit > Audio Properties

m Start > Programs > Accessories > Entertainment > Sound
recorder > Save As > Change...

m Start > Programs > Accessories > Entertainment > Media
Player > View > Options

m Start > Programs > Accessories > Entertainment > Volume
Control > Options > Properties

m Start > Programs > Accessories > Entertainment > Volume
Control > Options >

m Advanced Controls > Advanced...

Audio Connections
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The consumer market sound card usually has three audio jacks on
the back panel: Line In, Mic In and Line Out; some also have Aux In,
Speaker Out or Surround jacks, and MIDI and game port connections.
There are also usually internal connections on Molex headers to the PC
Compact Disc drive, the PC speaker circuit and sometimes the PC
telephone audio device (TAD).

PC Audio Tests uses only the Line Out connector and the Line In
connectors. On a typical sound card, these are invariably 3.5 mm
stereo jacks, and should be connected to System Two as shown:
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Figure 199  Consumer Market PC Sound Card Connections

“Professional” PC Sound Cards

A smaller percentage of sound cards are designed for specialized
markets: specifically, the professional audio and broadcast industries,
and semi-professional “project studio” environments. Although these
cards offer more features, superior performance and better interfaces,
in general the testing methods using PC Audio Tests are identical, with
the interface connections being the primary difference.

As always, there is great variance in features and implementation,
but pro sound cards may offer:
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= Full duplex operation (simultaneous file record and playback
capability)

m Sampling rate of 48 kHz

= Greater resolution and signal to noise ratio, with digital word
length of 20 or 24 bits.

= Pro-type analog interfaces, with high-level, balanced connections
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m Superior analog circuitry, ADCs and DACs.

All of the above features are fully compatible with PC Audio Tests.
Other added features need a little more discussion:

= Multitrack capability (more than the standard left and right stereo
tracks).

= Higher sampling rates, such as 88.2 kHz or 96 kHz.

m Direct digital interfaces, such as S/PDIF, ADAT optical or AES3

Multitrack capability

Pro audio cards may be able to record and play on more than just
the two standard (left and right) stereo channels, either by using two or
more physical cards (linked for synchronization) or by installing
multiple sound devices on a single physical sound card.

Multitrack sound cards come with proprietary software that allows
simultaneous use of more than two channels. PC Audio Tests, PC
LevelCheck, Windows Sound Recorder, Windows Media Player and,
for that matter, System Two are all two-channel devices. But Microsoft
Windows does support use of more than one sound card, and using a
multitrack card in Windows you will find channels 3-4, 5-6, etc. as
additional audio devices at:

m Start > Settings > Control Panel > System > Device
Manager > Sound, Video and Game Controllers > your sound
card here
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To use the higher-numbered channels, select the device driver for
the additional pair. Then move the interconnection cables between
System Two and the sound card to the correct jacks. To test all the
channels on a multitrack sound card with PC Audio Tests, you must
move through the channels two at a time by reconfiguring your
software drivers and repatching your analog connections. See
Appendix E: PC Level Check (page 149).

Audio Precision Series SWR-2122 Switchers can be controlled
from PC Audio Tests to perform automatic analog signal
routing for multitrack use.
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Higher Sampling Rates

For 48 kHz sampling rate, simply check the 48 kHz option on the
EUT Configuration panel in PC Audio Tests. In Manual Mode, be sure
to choose 48 kHz .waw files for playback, and set Sound Recorder to
create 48 kHz .wav files (or make the comparable setting on your own
recorder software).

Sample rates above 48 kHz require System Two Cascade and are
not supported by this version of PC Audio Tests. You can certainly test
such sound cards with System Two Cascade, but not using this
particular procedure. Future releases may address this capability.

Digital Interfaces

Direct digital interfaces are not supported by this version of PC
Audio Tests but will be in a subsequent release.

Connections for Professional Sound Cards

Line In, Left & Right

Line Cuat, Loft & Right

spJe) punos

¥~ TRS Phona Plug,
Baltanced Connaction

Figure 200 Professional Market PC Sound Card Connections
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Appendix C
Standards

Three industry documents are particularly applicable to PC sound
devices and are referred to in PC Audio Tests: the Audio Engineering
Society’s AES6id information document, the AES17 standard and
WHQL pc99 from Microsoft Corporation’s Windows Hardware Quality
Labs (WHQL).

AESG6id, AES17 and AES3

The AES6id is subtitled “AES information document for digital
audio—Personal computer audio quality measurements.” AES6id
focuses on the measurement of audio quality specifications in a PC
environment. Each specification listed has a definition and an example
measurement technique. Also included is a detailed description of
example test setups to measure each specification.

As of this printing, AES6id is a DRAFT, which may be changed
and must not be used as a standard.

The AES17 standard is subtitled “AES standard method for digital
audio engineering—Measurement of digital audio equipment.” AES17
defines the terms and conditions of testing digital audio equipment and
then specifies a number of methods for measuring the characteristics of
the equipment under test.

AES3, subtitled “AES recommended practice for digital audio
engineering—Serial transmission format for two-channel linearly
represented digital audio data” may also be of interest.

Copies of AES3, AES6id and AES17can be obtained from

9

m The Audio Engineering Society, Inc.
60 East 42" Street
New York, New York 10165-2560, USA
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m Tel: +1-212-661-8528
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s Fax: +1-212-682-0477

= http://www.aes.org

or e-mail at:

= hg@aes.org

Microsoft WHQL pc99

WHQL pc99 is subtitled “Audio Quality Test Methods.” For more
information, contact Microsoft Corporation Windows Hardware Quality
Labs at

m http://www.microsoft.com/HWTEST/default.asp

= http://www.microsoft.com/HWTEST/sysdocsPC98/
or email WHQL Tech Support (audio) at

m acthelp@microsoft.com
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Figure 201 PC Audio Tests Installed Files

The following file types are used by PC Audio Tests:
APWIN Basic macros  *.apb

APWIN Basic macros

(supplemental uses) -apu

System Two test files ~ *.at2
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Appendix D

System Two data files
Sweep data files

Generator wave
stereo files

Generator wave mono
files

Images

Text files

MS Word documents
MS-DOS batch file
.wav File Names:

997-0_44 .wav

997-1_44.wav

997-3_44.wav

997-0_48.wav
997-1_48.wav
997-3_48.wav

997-6044.wav
997-6048.wav

is03144.wav

is03148.wav

dig_0_44.wav
dig_0_48.wav

*ada

*

.ads
*.ags

*

.agm

*.omp, *.jpg
* txt
* doc

* bat

997 Hz sine wave at 0 dB FS, 44.1 kHz sampling rate

997 Hz sine wave at -1 dB FS, 44.1 kHz sampling
rate

997 Hz sine wave at -3 dB FS, 44.1 kHz sampling
rate

997 Hz sine wave at 0 dB FS, 48 kHz sampling rate
997 Hz sine wave at -1 dB FS, 48 kHz sampling rate
997 Hz sine wave at -3 dB FS, 48 kHz sampling rate

997 Hz sine wave at -60 dB FS, 44.1 kHz sampling
rate

997 Hz sine wave at -60 dB FS, 48 kHz sampling rate

Multitone, 31 ISO tones 1/3 octave intervals, at
-3 dB FS, 44.1 kHz sampling rate

Multitone, 31 1ISO tones 1/3 octave intervals, at
-3 dB FS, 48 kHz sampling rate

Digital zero at 44.1 kHz sampling rate

Digital zero at 48 kHz sampling rate
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Appendix E
PC LevelCheck
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Figure 202 PC LevelCheck

PC LevelCheck (or LevelCheck) is a software PCM .wav file level
meter and monitor. LevelCheck is an OLE automation server and can
be controlled by APWIN Basic or run as a stand-alone application.

As a stand-alone program, LevelCheck can monitor the digital
audio signal in your computer’s sound card, displaying the level,
waveform and spectra of the audio in the card. Additionally, PC
LevelCheck has the ability to control the record and playback mixers,
and to record and play .wav files. When used in conjunction with
APWIN and the PC Audio Tests procedure, it provides features useful
for automated PC sound card audio analysis.

PC LevelCheck has five tabbed display panels. The first three,
labeled OScope, Spectrum, and Meter are signal displays. Mixer
offers mixer level control and mutes, and Options provides .wav file
record and playback controls and other options.
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PC LevelCheck

Appendix E

Common Controls

Source, Input Mode, Start and Stop are common controls in PC
LevelCheck that appear on several of the display panels and affect the
overall operation of the program.

Source: Input / Output

The Source switch box appears on the three signal display panels
and offers two choices: Input and Output. Drag the switch up or
down to change sources. With Input selected as the source, PC
LevelCheck monitors the input signal to the sound card after it has
been digitized in the card’s analog-to-digital converter (ADC) and
allows the option of recording the signal as a .wav file; Output selects
the .wav file playback function of the sound card. When Output is
selected, the name of the .wav file chosen for playback is displayed
beneath the Stop and Start buttons.

Figure 203 ApPClevelCheck = MEE
Recording a S T 7

3 kHz sine wave :
to a.wav file in
OScope mode

Left Channel = Right Channel e

[ FipLat bonitor [~ Auto Range
Cutput Record
Source Input Mode

05cope lﬁpectluml Meter l Mixer l Options

Input Mode

With Input selected, an additional switch labeled Input Mode is
visible on the three signal display panels. Input Mode allows you to
select whether LevelCheck merely monitors the incoming signal or to
direct the program to actually record a .wav file. Drag the switch up or
down to select Monitor or Record modes.
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When Input Mode switch is set to Record, a Save Wave File
window appears so you can choose the name and the folder for the file
you are about to record.

Stop and Start

The OScope, Spectrum and Meter panels each have a Stop and
Start button.

On any of these three panels, when Source is set to Input and
Input Mode is set to Monitor, click the Start button to acquire,
process and display the audio embedded in the digital signal, moments
after conversion from the analog inputs. During input signal monitoring
the indicator bar above the Start button will be green. Click the Stop
button to end acquisition.

With the Source switch is set to Input and the Input Mode switch
is set to Record, the Start button now begins recording a .wav file.
During recording the indicator bar above the Start button will be
lighted red. Stop ends the recording.
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When the Source switch is set to Output, clicking Start begins
playback of the selected .wav file. (Playback files are selected on the
Options panel.) During playback the indicator bar above the Start
button will be green. Click Stop to end the file playback.

Both Source nor Input Mode switches are unavailable while
PC LevelCheck is actually acquiring or playing a signal. If these
switches appear dimmed and will not drag, click the Stop
button and retry.

Control Panels

PC LevelCheck has five tabbed control panels. The first three,
labeled OScope, Spectrum, and Meter are primarily signal displays.
Mixer offers mixer volume controls and mutes, and Options provides
.wawv file record and playback controls and other options.
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The first panel simulates a dual-trace oscilloscope view of the
signal, with a default horizontal axis of about 3 milliseconds (showing
about 3 cycles of a 1 kHz waveform) and a vertical axis of 0 dB FS.

The X-Axis Zoom switch allows you to scroll through a number of

uncalibrated horizontal axis settings to adjust the simulated oscilloscope
view.
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Click Auto Range to view small signals at full vertical scale. With
Auto Range enabled, the actual range of the vertical axis is displayed
below the check box. Even though the Auto Range check box is only
shown on the OScope panel, its setting affects the readings displayed
on the Spectrum panel as well.

Below each oscilloscope screen is a small peak level indicator,
which lights red when the signal in that channel exceeds 0 dB FS.

In Auto Range with no input signal (or a very small input
signal) applied to the sound card, any offset of the OScope
trace indicates a DC offset at the input to the ADC.
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Spectrum

Fgre20s T _ (]
Playing back an

I1SO 1/3 octave

.wav file in

Spectrum mode

Left Channel Right Channel

[mpat = |in -
Output Log 2048 ] M i
Source FFT Length 103144 way (11]

0Scope Spectluml Meter l Mixer l Options

The second panel is a display of a dual channel spectrum analyzer.
Drag the Lin / Log switch up or down to alternate horizontal axis
display modes. In Lin mode the horizontal axis is set to a linear
frequency scale with a range of 0 Hz to %2 the sampling frequency. In
Log mode the horizontal axis is set to a logarithmic frequency scale
with the same range, DC to Nyquist.
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The graticule line below the top of the display represents the
maximum level, 0 dB FS. When Auto Range is selected on the
OScope panel, the vertical axis on the spectrum displayed is scaled by
the same factor.

The spectrum analysis is performed digitally using fast Fourier
transform (FFT) techniques. The length of the acquired FFT sample is
selectable in the FFT Length box. Longer FFT lengths such as 1024 or
2048 give greater resolution, while shorter sample lengths offer faster
measurement.
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Meter

Figure 206
Monitoring a noise
signal in Meter
mode
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The third panel represents a stereo peak level meter with both
needle and bar graph displays. Full scale is 0 dB FS.

Display windows below the meters show the peak amplitude
reached by the digital signal, referenced to O dB FS.
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The Meter panel adds a Peak Mode switch to control the
numerical readout in the display windows.

When Peak Mode is set to Hold, the windows display and hold
the last maximum peak level acquired until the Reset button is clicked.

Free Run disables the Hold function, and the numerical displays
will continuously update the peak level values as they are acquired.

Decay is a compromise between these two. The numerical display
windows are updated periodically, and you can select a wide range of
periods between updates by scrolling the settings that appear in the
adjacent window. Lower numbers result in more frequent updates;
higher numbers set longer periods between updates.

Click Reset to clear the peak memory for these windows.
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Mixer
Figure 207 A PC LevelCheck [_[o]
Mixer settings Micln  CDIn  Lineln ‘wWave Master - A p
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The Mixer panel gives easy access to the Windows Mixer Control
application programming interface (API) providing a Master control
and volume control sliders for Mic In, CD In, Line In, and Wave.
Each channel can be muted by clicking the Mute check box below the
slider. The controls on this mixer should parallel the operation of the
native sound card mixer.
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Click Mic Boost to add 30 dB of gain to the Mic In channel for
microphone level inputs.

The information in the Meter panel Peak Amplitude windows is
repeated here, as is the Reset button.

All of the parameters of the mixer panel are accessible via OLE.
Click Mixer Info to view a mixer property sheet, which shows the
sound card driver’s available control names, the associated Windows
control I.D., and the maximum value for each control.
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The Options panel offers a number of miscellaneous functions.

The top two buttons in the upper left corner cause PC LevelCheck
to calibrate the sound card’s input and output analog levels to a
0 dB FS reference in recording and playing back .wav files. To do this,
however, you must be running APWIN on the computer and be
connected to System Two.

These calibration buttons are designed for use when PC
LevelCheck is not being used with the PC Audio Tests
procedure.

First select the APWIN Client box near the bottom of the panel.
This establishes an OLE Automation relationship between the
programs, with APWIN as the OLE server and PC LevelCheck as the
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client. Be sure that System Two is connected properly to your sound
card, and that the System Two inputs and outputs are correctly
configured.

When all this is ready, click Wave In 0 dB FS to perform the input
calibration. PC LevelCheck will measure the input level required to
produce 0 dB FS in the sound card’s ADC, and will enter that level
both in the window next to the button and in the References: dBr
window in the APWIN Analog Generator panel.

Next, click Wave Out 0 dB FS to perform the output calibration.
PC LevelCheck will measure the output levels produced by the sound
card when a 0 dB FS .wav file is played, and will enter that level both
in the window next to the button and in the References: dBr A and
dBr B boxes in the APWIN Analog Analyzer panel.

Wave In and Wave Out do not set stereo references within PC
LevelCheck but use the left channel only.

When LevelCheck is launched the file Default.wav is set as the
playback file. Click Load Wave File to choose an alternate .wav file
for playback. The Open Wave File dialog box will appear.
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Click Always on Top to keep the PC LevelCheck window in the
foreground on your computer screen.

In the Input Sample Rate box, click 22 k, 44.1 k (the default)
or 48 k to set the sampling rate in the sound card ADC.
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File listing
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PC LevelCheck:
BN Explwing - PC SourdCand Testing
| B B Wew Go Favoles  Jook  Help | |
= . o= [ X W & = X & H .
Elack Forprd Lip it Cogy Pate: Linda Diedrtn Panperties | Miews
| Audeses [ 1 0\ Pregram Fiees\baisin PravisienPT Lveilhark =
Folders » | [T M 42 waw
7] Detkrop o | T
B My Compuis | rurdlherk par
=g ¥ 34 Floppy ] | P L wedCheck doe
0 = IC:1 .ﬂllnnﬂml
Q = Poogram Fise KL ]l A s
= =[] s Pracizion
(©) _i EEE
| .. B ) |
(1)) 4 byt [¢] 12 ME [k lise space 3 ETR) =] My Corgade =
- |
'8 Figure 210 PC LevelCheck Installed Files
o

Page 158 PC Audio Device Performance Tests — Application Note #4



Appendix F Distortion Analysis Techniques Compared

Appendix F

Distortion Analysis Techniques Compared

Distortion measurements for audio signals can be made using
conventional analog analysis techniques or by converting the signal
into its digital representation by means of a precision ADC, then
applying DSP analysis techniques.

Figure 211 FASTTEST FFT and | Ui Aneing
Analog Analyzer THD+N results DISTORTION

[S447 8 FastTes (D5F) [0 680 g8
[DiTeT b Andog Anekzer [ 04907 301

DYHAMIC RAMGE
I g Fastled [DSF) I DU o
872z & Sy Arsknn [55.576 den |

The Audio Precision System Two Dual Domain can operate in both
the analog and digital domains, and PC Audio Tests brings this
capability to bear to make distortion measurements using both analog
and digital techniques. The results of these two methods are slightly
different, with the DSP technique sometimes reporting more distortion
and noise, sometime less. Why is this?

4

N+ dHlL

There are several reasons, all related to subtle differences in the
methods applied. Let’s look closely at what’s going on.

Conventional THD+N Measurement

For clarity we will look at distortion analysis with only one stimulus
tone, although in practice swept tones (using analog analysis) or
multiple tones (using DSP analysis) can also be used.

Conventional THD+N methods apply a very pure (very low
distortion) sine wave to the input of the EUT at the frequency and level
of interest.

PC Audio Device Performance Tests — Application Note #4 Page 159



THD + N

=

Distortion Analysis Techniques Compared Appendix F

* NOTCH FILTER HP FILTER VOLTMETER *

: TRUE
GEN * EUT |—o— * \ RMS
. v DETECT,

0.081

Figure 212  Block Diagram: Conventional THD+N Analysis

In the analyzer, this fundamental is first removed from the output of
the EUT by means of a very narrow, very deep notch filter tuned to the
stimulus frequency. Then the signal is usually band-limited to reject
out-of-band signals. For PC Audio Tests applications we recommend
the 22 kHz low-pass filter as a minimum. Option filters, if used, are
applied next. After this filtering the remaining signal is measured with a
root-mean-square (rms) voltmeter. The result is expressed as a ratio to
the amplitude of the fundamental, in decibels or in percent.

DSP THD+N Measurement

In this example we will consider the EUT to be an analog device,
stimulated with a pure tone as in the previous measurement.

For DSP analysis, the signal from the EUT is first sampled by a
precision ADC and brought into the digital domain. Both the sampling
rate and the resolution (word length) of this conversion can have an
effect on the distortion analysis. For the THD+N tests in PC Audio
Tests, the System Two 20-bit ADC is set to a sampling rate of 48 kHz.

The converted signal is analyzed mathematically using the fast
Fourier transform (FFT) technique. FFT analysis by its nature
effectively band-limits the signal without applying a physical filter—the
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signal acquired will extend in frequency only to the Nyquist frequency
(one-half the sampling frequency). This band-limiting acts like a very
steep “brick wall” filter at the Nyquist frequency. The low-frequency
end of the spectrum, however, is unlimited—flat right to DC (within the
performance limits of the analog input circuitry, of course).

DSP

REMOVE ROOT
stmuLus| | sum
E

BIN SQUAR

GEN|—e EUT

0.078°%

Figure 213  Block Diagram: DSP THD+N Analysis

In FFT analysis the spectrum is divided into bins, all of equal
frequency width. The number of bins is equal to one-half the number
of samples acquired in the record. The width of the each bin is equal to
the Nyquist frequency divided by the number of bins. When using PC
Audio Tests (System Two sample rate set at 48 kHz, number of samples
8192), the bin width is 5.86 Hz.

For an FFT THD+N measurement, the bin centered on the
stimulus frequency is removed from consideration, a process analogous
to using a notch filter. The remaining signal is measured by performing
a root-sum-square (rss) computation on the data, and a THD+N
measurement results.

N+ dHlL
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Different Questions Produce Different Answers

As you can see, the two methods are similar but not exactly the
same. Most of the differences in measurements result from the different
shapes of the response curves of the physical filters in the analog
analyzer and the effective filtering in DSP. Look at these curves, with
the analog THD +N filter response overlaid on the effective FFT
response:

4“— —>
Area C Area A Area B

Conventional
Analysis

Effective Curve Regponse Curve
of <<=
FFT Analyjis
Typical
Signal
Post-EUT \
AN A )

Contrast of
Notch and Bin
Shapes

10 Hz 1 kHz 22 kHz 85 kHz

Figure 214  Effective Response Curves of Conventional and DSP THD+N
Analysis Compared

At the high end of the spectrum the two filter slopes cross. Below
the crossing (Area A) the analog filter offers more attenuation; above
the crossing (Area B) no signal at all is being measured by the DSP
technique. The analog filter, however, can pass signal (reduced, but still
measurable) up to 80 kHz and above. If the signal has a great deal of

energy in the range above 20 kHz, the analog analyzer will return a
higher THD +N reading.

Near the stimulus frequency a similar phenomenon takes place at
Area C. The broader shoulders and steep but finite slope of the analog
notch offer more rejection around the stimulus than the extremely
narrow FFT bin with its vertical sides.

However, as the magnifying circle at the bottom of the illustration

shows, the analog notch, at its extreme, is even narrower than the
5.86 Hz-wide FFT bin.
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It may be hard to imagine such a small difference having much
meaningful effect, but modulation noise can have strong components
near the modulating tone. Depending on the distance of the sidebands
from the fundamental, in some cases the analog notch technique may
read more THD+N while in other situations the FFT technique will
measure more.

Another source of difference between analog and DSP THD+N
analysis can be traced to the ADC used in converting the analog signal
into the digital domain for measurement. At low input levels near the
limit of the resolution of the ADC, quantization error will add distortion
(or noise, if the signal is dithered) and increase the THD+N measured
by the DSP technique.

However, since the PC sound card analog output signals measured
in PC Audio Tests are the result of 16-bit digital-to-analog conversion
in the sound card, the noise in the signal will always be above the
distortion and noise floor of the higher-resolution 20-bit ADC used in
System Two for DSP analysis of analog signals. In this case the DSP
conversion for analysis can be considered entirely transparent.

What's the final result of all of this? The numbers you get from
applying these two THD+N methods will always be slightly different,
depending on the characteristics of the signals being measured. Each
set of results is accurate, though, and each represents a valid means of
measuring the signal.

N+ dHlL
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ADC—see analog-to-digital converter.

AES3 interface—a digital interface standard for professional
audio equipment interconnection, defined in the AES3 standard.
Formerly known as the AES/EBU interface. The digital signal carried in
the AES3 interface is partially compatible with the digital signal carried
on the S/PDIF interface.

AES—the Audio Engineering Society, with headquarters in New
York City.

analog audio, analog signal—a representation of an audio
signal as a continuously variable quantity. An analog audio signal is
usually an electrical voltage varying in analogy to the sound waves it
represents.

analog-to-digital converter—a device for converting an analog
input signal into a series of digital values representing the instantaneous
amplitude of the signal at regular sampling intervals. Abbreviated ADC.
See digital recording or processing.

analog-to-digital—abbreviated A-to-D, A/D, A-D and so on. See
digital recording or processing and analog-to-digital converter.

balanced—a term referring to an audio transmission line in which
the signal is applied differentially between two conductors, each of
which has equal impedances to a common reference or ground.
A balanced line is usually constructed with three conductors: an
internal twisted pair of wires, one carrying signal “+” or HIGH, the
other carrying signal “~” or LOW. These are surrounded by a third
conductor in the form of a braided or foil shield, which is connected to
the common or ground terminal at one or both ends of the cable.
Used with properly engineered equipment, balanced lines are superior
in performance to unbalanced connections, yielding better rejection of
common-mode interference caused by electrostatic and
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electromagnetic fields. Additionally, since the audio in a balanced
circuit is isolated from the ground conductor, ground-current-induced
noise is much more easily dealt with. Also called a symmetrical line.
See ground, unbalanced.

bandpass filter—a filter that passes a specific frequency band
(called the passband) essentially without attenuation while attenuating
frequencies both below and above the specified band.

bit depth—see word length.

bits of resolution—the number of bits of the binary word by
which signals are represented in a digital recording or transmission
system. Each bit adds approximately 6 dB to the theoretical dynamic
range available. Thus, a 16-bit digital system is capable of
approximately 96 dB dynamic range, etc.

bus—in electricity and electronics, a conductor common to three
or more circuits. In computers, the data bus is a set of conductors that
carry common data between three or more subunits of the computer.

clipping—the action of a system in flattening and squaring off
signal peaks when driven with a signal whose peak amplitude is
beyond its linear signal-handling capability.

crest factor—the ratio of a signal’s peak amplitude to its rms
amplitude.

DAC—see digital-to-analog converter.

dB—abbreviation for decibel, a ratio unit for expressing signal
amplitudes. If the amplitudes are expressed in voltage, dB = 20 log10
(V1/V2). If the amplitudes are expressed in power, dB = 10 log10
(P1/P2). Two important points to remember:
1. The dB, mimicking our hearing, is not a linear unit but a
measurement on a logarithmic scale.
2. decibels are relative units of measure, having no meaning in an
absolute sense. A dB must always be referenced to something to have
meaning. You can speak of a “4 dB change” or a “60 dB
signal-to-noise ratio” because these are both relative statements, but
describe a signal level as 39 dB means nothing. All absolute
measurements expressed as decibels must have an indication of
reference, such as dBu, dBV, dBr and so on. See dBu, dBV, dBr.
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dB FS—decibels referenced to digital Full Scale (FS), where
0 dB FS is the rms value of a sine wave whose positive peak just
reaches positive full scale.
For everyday use, 0 dB FS can be considered to be the maximum
digital amplitude available within a system. However, it should be
noted that because 0 dB FS has been defined for a sine wave,
waveforms with lower crest factors can exceed 0 dB FS by as much as
3.01 dB before incurring digital clipping. See crest factor and digital

clipping.

dBm—decibels relative to a reference value of 1 milliwatt. dBm is a
power unit and requires knowledge of power levels (voltage and
current, or voltage and impedance, or current and impedance) rather
than merely voltage. This term has historically been associated with a
measurement of audio levels in “professional” use, but it is rarely
correctly applied and should not be used except in certain very specific
circumstances. As a unit of power, the voltage value of a dBm will vary
with the circuit impedance.

Use the term dBu instead. See dBu.

dBr—decibels relative to an arbitrary reference value, r. The
reference value must be stated for this to be a meaningful unit. The dBr
can be a handy shortcut during tests, allowing you, for example, to
measure a specific voltage and note it as your reference, 0 dBr; and
then to express further measurements in dBr relative to this level.

dBu—decibels relative to a signal level of 0.7746 V rms. dBu now
is the common term for analog audio amplitude in “professional”
audio interfaces and circuits. 0 dBu (0.7746 V rms) equals O dBm, but
only in a 600 ohm load impedance. Unless you are clearly interested in
measuring power in a circuit of known impedance, use dBu, not dBm.
See dBm.

dBV— decibels relative to a signal level of 1 volt rms. dBV now is
the common term for analog audio levels in “consumer” audio
interfaces and circuits. 0 dBV equals +2.218 dBu.

0

digital overflow—see digital clipping.

digital recording or processing—a technique in which the
original signal is periodically sampled and the amplitude value at each
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sampling instant is converted into a number represented by a binary
word.

digital-to-analog— Abbreviated D-to-A, D/A, D-A and so on. See
digital recording or processing and digital-to-analog converter.

digital-to-analog converter—a device that converts a stream of
digital numbers, each representing the amplitude of a signal at a
particular sampling time, into a corresponding analog signal.
Abbreviated DAC.

DSP—digital signal processing.
DUT—device under test. An alternate form for EUT. See EUT.

dynamic range—the difference, usually expressed in dB, between
the highest and lowest amplitude portions of a signal, or between the
highest amplitude signal that a device can linearly handle and the noise
level of the device.

EUT—a common abbreviation in the test and measurement field
for “equipment under test.”

FFT—fast Fourier transform, a technique to compute the amplitude
versus frequency and phase versus frequency information from a set of
amplitude versus time samples of a signal.

ground loop—an inadvertent signal path formed when
interconnecting the chassis of two or more pieces of equipment, each
possessing a safety ground. Ground loops can cause hum-related
interference.

ISO—International Organization for Standards, the largest of the
many international groups for technical and industrial cooperation.
The ISO is based in Geneva, Switzerland.

line level—a relatively high amplitude range suitable for
transmission of audio signals. Line level is typically in the 0 dBu to
+8 dBu range.

one-third octave—a bandwidth of 1/3 octave, or a frequency
ratio of 1.2599:1. Three successive frequency changes by this ratio
result in a total frequency change of 2:1 (one octave). Moderately
narrow bandpass filters are often set at a bandwidth of 1/3 octave;
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frequency response measurement techniques that use spot frequencies
(such as real-time spectrum analysis or multitone tests) often use
frequencies centered at 1/3 octave distances.

pulse code modulation—a form of data transmission in which
amplitude samples of an analog signal are represented by digital
numbers. Abbreviated PCM. Almost all digital audio schemes use
PCM.

resolution—the smallest change in a measured parameter to
which a measurement instrument can respond.

rms—see root mean square.

root mean square—the preferred form of ac signal detection that
measures amplitude in terms of its equivalent power content, regardless
of signal waveshape. Abbreviated rms.

sample frequency, sample rate—the frequency at which the
signal is sampled in a digital system. The sample rate must exceed
twice the highest analog frequency to be converted. Commonly used
sample rates are 48 kHz, 44.1 kHz, and 32 kHz.

signal-to-noise ratio—the difference in level between a reference
output signal (typically at the normal or maximum operating level of
the device) and the device output with no signal applied.
Signal-to-noise ratio is normally stated in dB. The device input
conditions for the noise measurement must be specified, such as “input
short circuited” or with a specific value of resistance connected at the
device input instead of a signal.

S/PDIF—Sony / Philips Digital Interface; a digital interface for
consumer audio equipment. Sometimes also referred to as the EIAJ
interface. The S/PDIF is similar to the professional AES3 interface, but
is normally an unbalanced coaxial signal of lower amplitude. Most of
the status byte definitions are different between S/PDIF and AES3.

0

THD + N—total harmonic distortion plus noise. Measured by
attenuating the fundamental signal with a narrow-band notch filter,
then measuring the remaining signal which consists of harmonics of
various order, wide-band noise, and possibly interfering signals. This is
the common harmonic distortion method implemented in most
analyzers.
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third octave—see one-third octave.
unbalanced—an audio connection in which the desired signal is
present as a voltage with respect to ground or common, rather than as
a differential signal across a pair of balanced conductors.
S
~
®
L]
1))
o
&)

G

Page 170 PC Audio Device Performance Tests — Application Note #4



Audio=E
precision®

Audio Precision

PO Box 2209

Beaverton, Oregon 97075-2209

Tel: (503) 627-0832 Fax: (503) 641-8906

US Toll Free: 1-800-231-7350

email: techsupport@audioprecision.com
Web: www.audioprecision.com




	Contents
	PC Audio Device Performance Tests 1
	Introduction
	The PC Sound Card 1
	Software Control of Sound Card Functions 2

	PC Audio Device Performance Tests 3
	Getting Started 5
	System Requirements 5
	Connections 6

	Installing PC Audio Device Performance Tests 7


	Running the Tests 9
	Launching PC Audio Tests 9
	Turn on System Two and launch APWIN. 9

	The Main Menu 11
	Saving, Retrieving and Resetting Test Data 13
	Test Reports 13

	What the tests do 14
	Set Reference Level 15
	Total Harmonic Distortion plus Noise (THD+N) 17
	Dynamic Range 20
	Frequency Response 22
	Interchannel Phase 24

	Test Modes 25
	PC LevelCheck 25
	Automated Mode Testing 26
	Manual Mode Testing 26
	Launching and configuring multimedia applications 26


	D-to-A Tests 33
	What the D-to-A tests do 33
	D-to-A Reference Level 34
	D-to-A Sampling Frequency Error 34
	D-to-A THD+N Distortion and Noise 35
	D-to-A Dynamic Range 36
	D-to-A Frequency Response 36
	D-to-A Interchannel Phase 37

	Running D-to-A Tests in AUTOMATED MODE 38
	D-to-A Test Report Comments 42
	Running D-to-A Tests in MANUAL MODE 43
	A-to-A Tests 55
	What the A-to-A tests do 55
	A-to-A Reference Level 56
	A-to-A THD+N Distortion and Noise 57
	A-to-A Dynamic Range 58
	A-to-A Frequency Response 58
	A-to-A Interchannel Phase 59

	Running A-to-A Tests in AUTOMATED MODE 60
	Set A-to-A Reference Level: Automated Mode 61
	Running A-to-A Tests in MANUAL MODE 66
	A-to-D Tests 75
	What the A-to-D tests do 75
	A-to-D Reference Level 76
	A-to-D THD+N Distortion and Noise 78
	A-to-D Dynamic Range 79
	A-to-D Frequency Response 80
	A-to-D Interchannel Phase 80

	Running A-to-D Tests in AUTOMATED MODE 81
	Running A-to-D Tests in MANUAL MODE 91
	Set A-to-D Reference Level: Manual Mode 92
	ADPCDA Tests 101
	What the ADPCDA tests do 101
	ADPCDA Reference Level 101
	ADPCDA THD+N Distortion 102
	ADPCDA Dynamic Range 103
	ADPCDA Frequency Response 104
	ADPCDA Interchannel Phase 104

	Running ADPCDA Tests in AUTOMATED MODE 105
	Set ADPCDA Reference Level: Automated Mode 106
	Running ADPCDA Tests in MANUAL MODE 111
	Set ADPCDA Reference Level: Manual Mode 112
	Creating Test Reports 123
	Saving Test Reports 123
	Viewing and Printing Test Reports 125

	Appendix A 127
	Setting Preferences in Configuration
	Configuration Panel 1: Connections 128
	Configuration Panel 2: System Two 129
	Selecting Units 129
	Selecting Filters 130
	Setting Distortion Test Stimulus Level 130

	Configuration Panel 3: Data 132
	Setting file paths 132
	Graph options 133

	Configuration Panel 4: EUT 134
	Configuration Panel 5: Switcher 136


	Appendix B 137
	PC Sound Cards and Audio Devices
	A Typical PC Sound Card 137
	Recording path 138
	Playback path  139

	Sound Card Driver Software 139
	Audio Connections 140

	ﬁProfessionalﬂ PC Sound Cards 141
	Multitrack capability 142
	Higher Sampling Rates 143
	Digital Interfaces 143
	Connections for Professional Sound Cards 143



	Appendix C 145
	Standards
	AES6id, AES17 and AES3 145
	Microsoft WHQL pc99 146


	Appendix D 147
	File Listings and Descriptions

	Appendix E 149
	PC LevelCheck
	Common Controls 150
	Source: Input / Output 150
	Input Mode 150
	Stop and Start 151

	Control Panels 151
	OScope 152
	Spectrum 153
	Meter 154
	Mixer 155
	Options 156

	File listing 158




	Appendix F 159
	Distortion Analysis Techniques Compared
	Conventional THD+N Measurement 159
	DSP THD+N Measurement 160
	Different Questions Produce Different Answers 162


	Appendix G 165
	Glossary















