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1: Measuring System Response

This addendum to the manual assumes that the installation is complete. All
components of the system should be in place and functioning before you
begin system measurements.

There are many different ways to think about the installation of a system in
a car. The most important consideration is what you want the end result to be.
Some people want to reproduce exactly what the mixing engineer heard in
the control room when the recording was made. Others want the car to
vibrate the pavement as much as possible. Some may try to achieve a happy
medium between these two extremes.

When your goal is to realistically reproduce the original recording, you will
want to spend most of your time working towards a flat frequency response
with good balance between the left and right channels.

When dynamic music is being played, such as classical or jazz, the noise floor
of the system becomes very critical. Special attention should be paid to road
noise and the electrical noise of the system with no music playing.

If you want to win a high SPL competition, you will want to create a curve with
most of it's energy in the low frequencies, because you can take advantage
of the low frequency pressurization effect that occurs in small acoustic spaces
to generate higher SPL scores.

Whether you want a ground-pounding bass generator or an audiophile's
dream vehicle, the measurement process includes the same basic steps. For
system measurements, the process is simple. Make noise with the system and
measure it with pcRTA.

With the real time measurements being displayed on the screen, you can

adjust the electrical components and/or the acoustic environment and watch
the changes appear as you make them.
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The most common noise source used is Pink Noise. You may be asking:

What is Pink Noise and Why Should | Use It? The simple answer is that
pink noise will produce a flat line on the pcRTA when averaged over time.

Pink noise is equal energy per octave (log frequency) and white noise is
equal energy per linear frequency. The pcRTA displays in octaves (log

frequency), so a pink noise signal produces a flat line, while a white noise
signal produces a line that rises with frequency at a rate of 3dB per octave.

Pink Noise
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You can use the internal generator in pcRTA, or an external source such as a
CD or tape with pink noise on it. Using the internal pink noise source is highly
recommended, because it is very precise (repeatable). Using any other pink
noise source can give misleading results. Test disks may not have true pink
noise on them, they may have just a close approximation.

If you want to verify the precision of any pink noise source, you can measure
it with pcRTA. To measure an external source, plug it into the Line Input. Set
the Input Source on the Control Panel to Line Input. Set the Detector on the
Control Panel to Leq with an averaging time of at least 5.00 Seconds. Longer
average times will yield more accurate results. When
you run a test with these settings, you should see a flat
line across the screen. The flatter the line, the more

= Amplitude Response Control Panel

Moise/Signal Generator Detector Type of Data
¥/ Automatic On/0ff | © Peak || dBm & sPL | precise the pink noise source.
E ~ Fast Dynamic Range [dBspl)
Gen Dutput Level - Slow “ Auto: -120to 20 . .
& @ Leals] | | Figed: B0to 20 If you must use an external pink noise source, you can
El + an  vims e a0 use the relative measurement mode to compensate for
e FullBand | Fited: 12010 40 any problems in the response of the source. To do this,
[Gretmput T3] <>;|::3| Testing Mode store the measurement of the pink noise source in one
BT “ Continuous . .
Bk elecl  Foea of the curve library entries. Go to the Control Panel and
v Enabis idic1 R1A Bands . . . .
V1 ¥nabis e “ Flat  EEelice set the Measurement Data to Relative. Click on the list
V| Enable Hici  ANSI . .
V1 Enstie tich Phivaniond box in the Measurement Data section of the Control
o e Myl ANSI Filt solute slative . .
vl [ Fink Moo 013 Panel and select the library entry that contains your
measurement of the external pink noise source. This
[0 | [ oo | | bew | ‘ curve becomes the reference for any measurements

taken while in the relative mode. Click OK.

The measurements taken under these conditions will respond as if the
external pink noise source is flat, even if it isn't. Keep in mind that these
measurements do not relate to absolute SPL values, but are related to the
original signal level of the external pink noise source.

An alternative to using the relative measurement mode is to divide the
measured curve that you want to correct by the stored measurement of the
external pink noise source. This will remove any variations in frequency
response that were present in the external pink noise source.
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Setting Up For Measurements

The first step is to connect a noise source to the system. If you are going
to use the internal pink noise source, you will need to find a place to 'patch’
into the system. Usually, you can just disconnect the head unit and plug
the pcRTA into the cable that leads to the rear of the car. Make sure that
the total cable length from the pcRTA to the first piece of electronics in
the system is no longer than 100 feet.

The next step is to set up the microphone(s). The MDF files for each
microphone must be loaded into the pcRTA software. If you have not
done this, refer to the pcRTA manual and load the MDF files. The
microphone(s) should be placed in the approximate position of the
driver's head. The mic stand should be a cylinder with the smallest
possible diameter. Any flat surface near the microphone will cause a
reflection at some high frequency.

When running cables into and out of the vehicle, you should use a part
of the window, door or trunk that has a rubber seal on it. This will provide
some measure of padding to prevent damage to the cables.

NOTE: Care should be taken to start with a low level of output from the

internal noise source, because it is very easy to send a full level signal into
the amplifier(s). This could be dangerous to loudspeakers and human ears.

pPcRTA - Car Audio Addendum
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2: Vehicle Acoustics

The goal of this discussion is to point out the major aspects of vehicle
acoustics. Later sections will show you how to measure them with the pcRTA.

The acoustic space inside a vehicle is one of the most difficult and demanding
environments in which to install a sound system. The small size of the space
and the varying reflective and absorptive surfaces within it create many
problems when optimizing a system for sound quality.

On the other hand, the small size makes it possible to create Sound Pressure
Levels (SPL) at low frequencies that would require much more power and
many more speakers in a larger space.

Standing Waves

When designing a car audio system, you must take into consideration the
effect of standing waves. Sometimes known as 'modes/, they are a major
problem in car audio situations.

Whenever there is sound in an enclosed environment, there will be standing
waves within that environment. Standing waves occur at frequencies whose
wavelengths correspond to twice the distance between the walls of the space.
In cars, standing waves typically occur between 50Hz and 200Hz depending
on the size of the vehicle.

It is important to understand that there are several modes (standing waves)
in any car, and when these modes are combined they can cause large peaks
or dips in the frequency response curve. This is because the standing waves
will be at different phase angles. When two waves at the same frequency and
equal phase combine, they increase the SPL at that frequency. When two
waves at the same frequency and opposite phase combine, they decrease the
SPL at that frequency.

Standing waves are very apparent when measuring at a single point in space.
As the point of measurement is changed, the peaks and dips caused by the
standing waves will appear at different frequencies across the spectrum. For
this reason it is recommended that measurements be taken at several
different points in space and then averaged. This technique is called spatial
averaging, and is explained in greater detail in a later section.
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Low Frequency Pressurization (Cabin Gain)

Another major factor affecting low frequency response in vehicles is the
pressurization caused by the speakers being in an enclosed environment.
When a volume of air is sealed, it will have an effect on the low frequency
response of speakers in that space.

The effect of this sealed environment is a dramatic boost of sound at the
lowest frequencies. This rising response can be used to help flatten the
low frequency rolloff of a cabinet.

The extent of the effect depends on the size of the passenger compart-
ment and how much leakage there is. Leakage is the amount of pressure
which escapes to the outside, and is caused by the sheet metal of the body
flexing and other leaks such as open windows and holes.

The volume (cone area) of the speakers used to pressurize the space will
also have an effect on the amount of low frequency boost. A large cone
area will create more boost than a small one. This is true whether you are
using a single very large speaker or a number of smaller speakers.

This graph shows the response change caused by a 110ft* space with
20in? of leakage using a single 15" speaker. This curve does not include
any changes caused by standing waves.

dBspl Low Frequency Pressurization
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External Noise

Noise from outside the vehicle's compartment has a negative effect on the
listening experience. Road noise and engine noise can become a very
significant part of the sound inside the vehicle. This noise can be reduced
greatly by the use of dampening materials in the doors and on the surfaces
of the passenger compartment.

Electrical Noise

Noise from the ignition system and electromechanical devices such as heater
fans can be extremely annoying even at very low levels. These noises are
usually present only when some part of the system is improperly grounded.

Calculation vs. Measurement

While it is possible to estimate the effects of standing waves and closed-field
low frequency pressurization mathematically, the results would be only an
approximation. Accurate calculation of these effects would require so much
raw data about the vehicle that it would not be practical. Also, there is no way
to predict the amount of external noise and electrical noise you will observe.

The fastest, easiest and most accurate way to account for all factors in the
vehicle's environment is to measure them. Standing waves and closed-field
pressurization can be measured together as a single transfer function.
Troubleshooting noise problems is much easier when you can check your
progress against a reference measurement.

PcRTA - Car Audio Addendum 9
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3: Measuring Transfer Functions

What is Transfer Function?

Transfer function is the ratio of two measurements. It can be determined by
dividing one measurement by another. Commonly the transfer function of a
device is simply the output divided by the input. Crossovers, equalizers, amps,
speakers, wires, and acoustic environments all have transfer functions. Some
of these devices have transfer functions which can be ignored, such as large
gauge speaker wire and high quality amplifiers.

Measuring the transfer function of a passive crossover can be very useful
when designing a system. It will show you if your crossover is working
correctly, and what the crossover is doing to the signals fed to it.

Knowing the transfer function of the acoustic environment of the vehicle is
extremely helpful when designing woofer enclosures. With a measured curve
of a vehicle's transfer function, you can accurately predict the response of a
cabinet in a vehicle before you actually install it. This can save enormous
amounts of time and money.

If you know that the frequency response being fed to a device is flat, you can
just measure the output of the device to determine it's transfer function. The
difference that the device causes is then directly measured. If the response
being fed to a device is not flat, then that response must be saved for later use
in a division process to determine the transfer function through the device.

Transfer Function Transfer Function
of Equalizer of Crossover
—’ A.v '™
L4 \

Pink Noise Source Equalizer Crossover

Transfer Function
of Equalizer and
Crossover

Measurement at Input
of Equalizer Divided by
Measurement at Output
of Crossover
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Transfer Function of Acoustic Environments

To measure the transfer function of the acoustic environment inside the
vehicle, you will need a test cabinet and an amplifier. It is not necessary
for the test cabinet to have an extremely flat response, because it will be
used as a relative reference only. The test cabinet should, however, have
about the same volume of speakers as the final installation. It should also
have very close to the same air volume and port tuning as the final cabinet.
This will assure accuracy of the low frequency pressurization.

This technique will not provide much valuable information at the higher
frequencies, because you cannot place the midrange drivers and tweet-
ers where they will be in the final installation. For this reason, you may
elect to use just a woofer cabinet and concentrate on the frequencies
below 200Hz.

You must first measure the reference cabinet in a free field environment.
The recommended method is to take a ground-plane measurement. This
means to place the reference cabinet on the ground and the microphone
on the ground 1 meter away. Using a low output level (about 1 Watt),
measure the speaker with pink noise. Save the response curve as a
reference.

Reference Cabinet

Microphone

Ground Plane Measurement
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Next, place the reference cabinet inside the vehicle (closed field) and measure
it again with the same pink noise signal at the same level. Save the response
curve for comparison.

e Bandpass in Free Field aml
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These graphs show the response curves of a bandpass cabinet in free field and
inside the car. Note the extreme SPL boost at 50Hz on the closed field
response. This is typical of bandpass cabinets in cars.
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Now, go to the Processing menu of the pcRTA software and select Divide.
Divide the comparison (closed field) curve by the reference (free field) curve.
The result is the transfer function of the vehicle. This is the change in response
that any speaker of the same volume as the reference will exhibit when placed
in this particular vehicle. It includes the closed field pressurization and the
standing waves that are present in the vehicle's acoustic environment.

Library: HIJAAK DB
Library Curve Entry: Operand A

| 1: Bandpass in Closed Field

B

Library Curve Entry: Operand B

| 2: Bandpass in Free Field

B

Library Curve Entry: Besult

3: Transfer Function of Car E

= Divide Curves: Result=A/B

This transfer function can be saved for
future reference when designing sys-
tems for the same type of vehicle. To
see the response of a woofer cabinet
with the same volume of speakers and
the same port tuning in this particular
vehicle, measure the cabinet in a free
field environment and then multiply
the measured curve by the previously
saved transfer function.

The graph below shows the transfer
function that resulted from the two

| J1]3 | Cancel | Help bandpass cabinet measurements
shown on the previous page.
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Transfer Function of Passive Crossovers
To measure the transfer function of a passive crossover, you need a
power amplifier and the speaker(s) that the crossover will be attached to.

Passive crossovers should be measured with the speaker load. The
speaker presents a reactive load, meaning that the impedance of the
speaker changes depending on frequency. When measured with a
resistive load, you will see the theorectically 'perfect' response from the

dBspl
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textbook as demonstrated in the
top graph. Because speakers are
not purely resistive loads, this
type of measurement is not very
useful. The bottom graph shows
the same crossover with an 8
Ohm speaker load.

NOTE: When measuring the out-
put of a power amplifier, be very
careful not to exceed the maxi-
mum input voltage of the pcRTA.
Voltages in excess of 5.8VRMS
will DESTROY the electronics.

Connect the Line Out of pcRTA
to the input of the amplifier. If
you are using an amplifier that is
known to have flat frequency
response, connect the Line In of
pcRTA to the speaker terminals.
The resulting measured curve
will be the transfer function of
the crossover. This is the voltage
input to the speaker after the
crossover.
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If you suspect that your power amplifier does not have a flat frequency
response, you should measure the transfer function of the amplifier. Set the
amplifier's gain control to a low setting. Connect the pcRTA's Line Out to the
amplifier's input and the Line In to the amplifier's output. The resulting curve
will be the transfer function of the amplifier. If you find that the amplifier does
not have a flat frequency response, divide the measured curve of the amp by
the measured curve of the crossover to correct for the error introduced by the
amplifier.

NOTE: It is important to observe the maximum input voltage of the pcRTA.

NEVER allow the voltage at the Line Input to exceed 5.8VRMS or severe damage
will result.

PcRTA - Car Audio Addendum 15
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4: Measuring Road Noise

16

Road noise is the background noise level caused by the tires against the
road, the air flowing over the car, and mechanical noises from the engine
and drive train. These noises must be measured while the vehicle is being
driven.

To measure road noise inside the vehicle you will need a portable
computer and the PAC3 (Portable Analyzer Chassis - 3 slot) from LinearX.
The PAC3 is a battery powered slot card holder which interfaces with the
serial port on PC compatible computers. It will run for several hours
without AC power.

Characterizing Road Noise

You can localize the source of various road noises by moving the
microphone to different locations in the vehicle while it is being driven.
If you save the measurements with a note about where each was taken,
you can compare them to measurements after adding dampening
materials to the passenger compartment.

With an RTA, you can get an idea not only of where the noise is, but what
is causing it. If you see a peak in the high frequencies, it might be wind
coming through a leak in the weather-stripping. A constant low frequency
peak is probably caused by the drive train and the tires moving on the
pavement. A mid-low peak that changes in frequency when you rev up
the engine is probably mechanical engine noise.

pPcRTA - Car Audio Addendum
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9: Measuring Electrical Noise

Electrical noise is the background noise level caused by the electrical
energy generated by the car's engine and other electrical devices. This
type of noise is only present while the engine is running or while one of
the other devices is running.

To measure electrical noise, connect the output of the power amplifier to
the Line Input of the pcRTA. Measure the system noise with the engine
off by turning the volume all the way up with no signal. Use a long
averaging time (at least 5 Seconds). This is the background noise or noise
floor of the electronic components in the system.

This type of measurement can be very dangerous, because power
amplifiers are capable of COMPLETE DESTRUCTION of the circuitry of
the pcRTA, and might damage your computer as well. If you are uncertain
of the need for this test, DO NOT ATTEMPT IT! Your warranty will not
cover repairs of this type of damage.

CAUTION: NEVER allow the voltage at the Line Input of the pcRTA to
exceed 5.8VRMS or severe damage will result.

Start the engine and take another measurement. You can use the relative
mode, or divide the measured curve by the stored curve of the noise floor.
Any difference observed is the noise caused by the engine's electrical
systems.

It is usually very easy to determine which device is causing the noise,
because the noise will have a frequency which corresponds to the
frequency of the device. For instance, if the noise has a higher frequency
when you rev up the engine, it is probably ignition noise. If the noise
changes when you change the heater fan from low to high, it is noise from
the fan.

Electrical noises in cars are usually due to improper grounding schemes

in the stereo installation. The solutions for these problems is beyond the
scope of this manual.
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6: Adjusting With an Equalizer
Equalizers
The ideal equalizers for tuning with pcRTA will be stereo (or two separate
mono) 1/3 octave units, meaning that they have two sets of 31 adjustments.
Most equalizers of this type have their bands centered at the same frequen-
cies as pcRTA, which makes adjustment very easy. If your equalizer has less
than 31 bands you can still measure and adjust it with pcRTA.

Another feature to look for in an equalizer is the 'graphic' style of adjustment.
This simply means that the unit has linear sliders instead of rotary knobs. When
you make an adjustment on such a unit, it leaves a 'graphic' representation of
the frequency response change being added by the equalizer. This is much
more intuitive than several rows of round knobs.

Stereo 1/3 Octave Graphic Equalizer

Programmable Equalizers

In recent years, equalizers have been developed that can be adjusted by a
computer. These equalizers typically do not have any controls on the front
panel, with the occasional exception of a few buttons which allow for
adjustment if no computer is present. These equalizers can be automatically
programmed by pcRTA while measurements are being taken, so that pcRTA
actually adjusts the eq to achieve the operator's ideal target response. This
process is called optimization. For more information, see the help file in the
pcRTA software.

18 PcRTA - Car Audio Addendum
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Adjusting for Flatness

Set the volume of the system to a moderate level, around 90dB SPL on
the full range band of the pcRTA. Turn off the right channel of the system
by using the balance control or disconnecting the signal. Adjust the
equalizer on the left channel for a smooth, flat response from 20Hz on up
to 20kHz. Frequencies below 200Hz require special attention because of
the unique demands of the acoustic environment of vehicles, as discussed
in an earlier section. Save the curve now for use when tuning the right
channel of the system.

Turn off the left channel of the system and turn on the right channel . Using
the saved curve from the left channel as a reference, adjust the right
channel until the left and right channels are as close to identical as
possible. It will require different settings on the equalizer's left and right
channels to make the two channels match on the pcRTA display.

Now turn on the left and right channels together. Adjust the equalizer for
aflatresponse again, making the same relative changes on both channels.
For example, if you move the left channel's TkHz band down 3dB from
0dB to -3dB and the right channel's TkHz band is at -2dB, move the right
channel's TkHz band down 3dB also to -5dB. This will maintain the relative
flatness between the left and right channels.

It is best to keep the bands of the equalizer as close to 0dB as possible,
and not to have any drastic changes between one band and the next. If
your system requires drastic equalization, chances are that something in
the system needs to be reworked. Check for major problems in the
installation.

The one exception to this is in the frequencies from 50Hz to 200Hz.
Because of standing waves, you may see dramatic peaks and/or dips in
the response at these frequencies. For the most accuracy possible, you
should use spatial averaging to tune the system. The next section discusses
this technique.

PcRTA - Car Audio Addendum 19
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7: Spatial Averaging

What is Spatial Averaging?

When measuring acoustic environments, a single microphone will read
the sound pressure at only one tiny point in space. Errors in measurement
occur because of standing waves and combing, which create peaks and
dips in the response curve that vary with different mic positions. Spatial
Averaging is a method of reducing the error due to this effect.

This technique is quite simple. Take measurements at several points in
space with the same stimulus and average the measurements.

The pcRTA has the built-in capability to do spatial averaging in real time.
You must have at least two microphones to take advantage of this feature,
however. If you have only one microphone, you can manually perform
spatial averaging, but it is more time consuming.

Make your measurements in zones

around the listening position(s). Small

use long averaging times when you
are striving for high accuracy in your
measurements.

distances between the microphones
ﬂj w will provide averaging at high fre-
I quencies. For low frequencies, the

mics must be several feet apart to

20

provide averaging. Also, it is best to
Spatial Averaging - driver's seat

Mic Position 1

!IC Iosmon 2

Mic Position 3

llc Ioslllon 4

Spatial Averaging - both front seats
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The measurements shown here were taken at four positions across the car in
the front seat as shown in the lower diagram on the previous page. The mics
were placed at head level.

The following two graphs show four curves, one from each of the four
separate mic positions. These graphs illustrate what you would see with four
mics set to measure in the Multiplex mode. Each mic is displayed separately
and the data is saved separately in the first four curve entries. This can also be
done with a single microphone, by moving it to each position to take four
separate measurements, but it is a very tedious procedure.

The first graph was taken with
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These graphs illustrate what you would see with four mics set to measure
in the Average mode. The data from the four mics is averaged in real time
and displayed as a single curve.

The upper graph is the average with only the left channel of the sound
system turned on and the lower graph is the average with only the right
channel turned on.
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If you have only one microphone, you will need to average the measurements
manually after running the individual tests.

Before you take the first measurement, go to the Curve Library and give
names to the all of the curves you will use. This will simplify the process of
saving multiple data curves. Set the first curve number to be the data curve
by pressing the oval next to the curve name in the Curve Library. Run the test,
and then move the microphone to it's next position. Go to the Curve Library
to set the next curve as the data curve. Continue this procedure until you have
as many measurements as you want for your average.

Data Indicator —I
\ —

Library: Untitled.db

Graph | | Data | |CurveNﬁme1 |

1 [] ) CurveName 1 Py

2 |:| O CurveName 2

Move Curve 3 [] () CurveName 3
4[] () CurveName 4

Delete Curve | |5 [] () CurveName 5
6 [ (0 CurveName B

Copy Curve

il

Deleta All 7 |:| O CurveName 7
8 [] () CurveName 8
Edit Data 9 [] () CurveName 9
10[] () CurveNamell
Show Info 11[] () CurveNamel1l +
Ok Help
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24

Once you have several curves measured, go to the Processing menu and
select Averaging. Click on all the curves you want to average, and select
an empty entry for the result curve.

The results will be the same as the graphs on previous pages, however
with only one mic the average cannot be observed in real time without
post processing of the data.

= Curve Averaging

Library: Untitled.db

Select Curves to Average

- Car Curve 1
: Car Curve 2

[+]
- Car Curve 3 |
: Car Curve 4 I
[+

- Average of Curves 1 Thru 4
: CurveMame &
- CurveName 7

1
2
3
4
5
b:
i

Library Curve Entry for Besult

5. Average of Curves 1 Thru 4 E
| ok I ‘ Cancel ‘ Help |
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8: Measuring Impedance

There are two different types of impedance measurement available in the
pcRTA. They are 2-wire and 4-wire.

The 2-wire method uses only the Line Output of the pcRTA. It requires only
one cable with two leads connected to the device to be tested. The accuracy
of measurements taken with the 2-wire depend on the user subtracting the
short circuit impedance of the cable from the measured curve.

The 4-wire method uses the Line Qutput and the Line Input of the pcRTA. It
requires two cables with two leads each connected to the device to be tested.
The measurements that are taken with this method do not require any
processing. All examples in this section were measured with the 4-wire
method.

The impedance measurement capability can be used on individual speakers
as shown in these graphs. The first is an 8 Ohm woofer with an Fo (resonant
frequency) of about 30Hz. The general shape of the curve is the characteristic
one seen on nearly all loudspeakers, with a narrow peak or 'hump' at the low
end and an upward slope at the high end.

ohen Impedance Response ohen
100.0 - - —— - - - — 100.0
: ' 1= ' : H—
AT - g
sool—2 | % - = 0T
A Pl
f \ __..-""' ;
A1 L
M ___...--"‘"’f
=10 S0
2.0 20
1.0 1.0
20 Hz 100 2000 el 1k 2k 5k 10k 20k

Impedance Response of 8 Ohm Woofer
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o Impedance Response o
100D, - — - 10,00
500 . é 5.00
. Pl
e ——
200 2,00
1.00 1.00
20 Hz 100 200 500 1k 2k 5k 10k 201
Impedance Response of 4 Ohm Tweeter
This graph shows the impedance response of a 4 Ohm metal dome
tweeter. It has an Fo of about 2.3kHz. The resonant frequency 'hump' is
difficult to pick out because it's magnitude is only about 1/2 Ohm higher
than the nominal impedance. This is a very common type of curve seen
on tweeters.
26
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Impedance Response

Ohm Ohm
sn.ucl 50,00
L : : AN
‘\ . . / N /\ . .
20,00 20,00
\B . 10110 N .
o
\ \ el Y
10,00 A - —1= - — - - 1000
—
500 : =] : P : : : 500
2.00 2.00
1.00 - - — - - - 1,00
20 Hz 50 100 LI S} 1k 2K 5k 10k 20k

Impedance Response of Three-way System

This graph shows the impedance response of a three way system with a
passive crossover. It was measured at the input to the passive crossover
circuits. This type of measurement is useful for determining whether the
amplifier will see an impedance at any frequency that could cause it to go into
protection. It will also alert you to possible wrong connections and short or
open circuits.
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The graphs below show the impedance response of a 2nd order passive
lowpass circuit, first into an 8 Ohm resistor, and then into an 8 Ohm

woofer.

It was measured at the input to the passive crossover circuits. Again, this

type of measurement can alert you to possible wrong connections and

short or open circuits.

Impedance Response

e ke
Ly . . ‘_E . . ¥ ﬁim
: : =X : = = g |
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sanf R EREET i BE fea
f,.f" "
= .
F e o o
K - ¥ ' ' x
asf -t -t 1
! | | | | ATlj
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2nd Order Lowpass into 8 Ohm Resistor
= Impedance Response I
= = = = e E i
_'im.. = = 1 x o Ty
— % T f - =
-'1 JI' l‘ - )-8 — - -8
e i
" ? A i—
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He 5 13 ET) ) W FS) 1k FL

2nd Order Lowpass into 8 Ohm Woofer
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9: Scoring Routines
This section is a judge's guide to using the car audio competition scoring
routines. The IASCA routine will be used as an example, but you should be

able to use this guide with all of the scoring routines. There are routines for
CMAA, USAC, and dB Drag racing.

The scoring routines in the pcRTA are based on the current rules from each
of the sanctioning bodies. If the rules change, the software is changed to
reflect the new rules. Updates of the software are available from the LinearX
BBS and on the World Wide Web at the LinearX home page.

LinearX BBS: 1(503)598-9326

LinearX Web Address: http://www.linearx.com/~linearx

Figures are used extensively in this section, so that you will know what the
software should look like at each step.
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There are many graphic elements of the pcRTA software that can be
adjusted or manipulated by the user. To duplicate the look of a particular
graphics setup can be challenging. For this reason, we have incorporated
the Graph Display Set (GDS) files feature. GDS files keep track of all
colors, fonts, window locations and window sizes. Using these files, you
can recall the exact look that you saved previously, and there are some
generic files included with the software.

Edit
New
Open

L0dB

Save “8

Processing Utilities

The first step in this section
will be to load the GDS file

Yier

So called scoring.gds. To load

the GDS file, go to the File

Load Graph Display Set Savehs —
- ————— menu and select Load Graph
Save Graph Display S5et ——— .
Load Graph Display Set D|Splay Set.

Save Control Panel Set
Load Control Panel Set

Print “P

Exit “Q

[ —

The Load Graph Display Set File dialog box opens. Select the GDS file
scoring.gds by double clicking the file name.

= Load Graph Display Set File
File HName: Directories:
|scoling.gds | |c:\pclla |
hp600c.gds + [ et +
iascalsl.gds = nerta
internet.gds £ db
nal.gds
perychi2 gds 1 export
erycolr gds £ na
oring. qd £ peny
spldrags. gds * £t T
List Files of Type: Drives:
Graph Dizplay Set Files= *.gds [EI | = c: ap |£I
| Ok I ‘ Cancel |
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Tool Box

» Fized Right

Cursor Control

Bitmap Selection

! Window Update
> F!xed Top W—
" Fined Bottom " HMulti Mode

Blink Rate

|Talgel |£I | 05

[2]

Hide Tool Bar

Hide Curve Box

System Options
= System Options

Arntwork Yiew

“ Floating > Full Gr. ]
* Fized Left #+=Tata Area

| Right Mouse Button Analyzer Control

[ |
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Your screen will look some-
thing like this:

Next, hide the Curve Box and
the Tool Bar. Go to the View
menu and select Hide Curve
Box. Go to the View menu
again and selectHide Tool Bar.

| __—DataArea

| _— MultiMode

=[re] Run/Stop Test Del
= Gen OnfOff Ins

Curve Library F2 S

C Control Panel F3
Graph Setup F4

Notes/Comments

N | Micr Setup 3

p

Graph Design F9
System Options  F10
]

Now, select System Options from the Edit menu.
Set the Artwork View to
Window Update to Multi Mode. Click OK.

Data Area and the
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O R P CEE I EE N N R T M
RN - i

e A

VGA 640x480 Display

L

Super VGA 800x600 Display

If your screen resolution is
higher than VGA 640x480,
you will probably want to
drag the corners of the win-
dows out to fill the screen.
Once you have the screen
set up the way you like it,
save your settings in a GDS
file so that you can recall
them any time.

32

L

on

It is important to understand that the window loca-
tions and sizes in this file were set on a VGA screen
resolution of 640x480. If your computer is running in
a SuperVGA mode (800x600, 1024x768, or higher),
the graphs will use a smaller portion of the screen.
The figures on this page illustrate the same GDS file
at three different screen resolutions.

Super VGA 1024x768 Display
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When running the scoring routines in pcRTA, it is critical that there are no
screen saver programs running, and that the print spooling options are
disabled. These options tie up the CPU during tests and can cause invalid
readings from pcRTA.

In Windows 3.x, go to the Main window and openControl Panel. Double click
on the Desktop icon and click on the Screen Saver Name drop down list.

Control Panel icon Select (N0|'1e) and click OK: Now dogble click on the Printers icon. Turn off
the Use Print Manager option and click Close.

Desktop icon

-;chl lizip
i
Printers icon ~— . E ﬁ ul‘;j.. E uE.n
L. B2k o
i

Prymime
HE L Sl | HEE B i o LT

Use Print Manager Button

g

oaa——————— [ ]
o S
Hﬂ — [e==]
[ o ]
Screen Saver Name | [ Femi *A= Tk Sy |

drop down list ————.
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In Windows 95, use the Settings button on the Start bar to open Control
Panel. Double click on the Display icon. Click on the Screen Saver tab,
and then select (None) on the Screen Saver drop down list. Click OK.

Display icon

Screen Saver Drop Down List

Now double click on the Printers
folder. Double click on the printer
that you will be using. Click on
the Details tab. Select Print di-
rectly to the printer and then
click OK. Click OK again.

Details Tab

Printers
Folder
Print Directly to Printer
Button
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Go to the Utilities menu and select Scoring. A drop down menu appears.

Select IASCA.

e g - FRSAMTRF | 115

HOE W R H OB EE W R R R NS N
R E e i e e e e R B e i

E Eﬂ‘

The IASCA Scoring dialog box opens. Click on Start Testing.

Documentation

Testing Controls

__| Print Each Graph Lib Name= | IASCADD1 Level Setting Test
evel Setting Tes
Test NHumber= Lib Curve= d

Event Title= |My Contest

| RTA Response Test

Contestant= |John Tinnitus

| | SPL Max Test I

| | Produce 1ASCA Score H
4 Miel o Micd O Micd O Micd O Linste oo —

= IASCA Scoring

| _— Start Testing button

\

Restart Sequencel | Start Testing ﬂ Exit I ‘ Help |

IASCA Scoring Dialog Box

PcRTA - Car Audio Addendum
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Note that the Start Testing button now says Stop Testing.

= IASCA Scoring

Documentation Testing Controls
_| Print Each Graph  Lib Name= | IASCADD1 N
3 Level Setting Test
Test Mumber= Lib Curve=
Event Title= |My Contest | (RE G s Ve

Contestant= [John Tinnitus | | | sPLMaxTest |

| | Produce IASCA 5
Restagjg%ueg % Mic-1 > Mic-2 > Mic-3  Mic-4 > Lineln

Fﬂestalt Sequence | Stop Testing I ‘ Exit I ‘ Help |

When starting a new competition, you will want to use the Restart
Sequence button. This button should only be used once, before anyone
has been scored. If the sequence is restarted during a competition, some
of the scores of previous competitors will be erased and replaced with
new ones.

Click the Restart Sequence button.

=| IASCA Scoring
Documentation Testing Controls
_| Pringl — pcRTA Message Test
Test Nul
Yes button \ | Restart Sequence Count | E

Event )
\ Are You Sure ?
Cont

jest

) — Score
o wic1| veo | | mo | seue |
Resztart Sequence ‘ Stop Testing ‘ Exit ‘ Help I

A message box will pop up asking if you really want to restart the
sequence. Click the Yes button.

36 PcRTA - Car Audio Addendum



Car Audio Applications

Now, enter the name of the competition. To do this, click the mouse inside
the area that says Event Title. Erase the old name and type in the name of the
competition.

= IASCA Scoring

Documentation Testing Controls

Event Title field
_| Print Each Graph  Lib Mame= | IASCA001 N
3 Level Setting Test
~Cest Number- [T LibCurve- [T

Event Title= ]My Contest | (R0 (iteerpee Ve

Contestant= |John Tinnitus | | SPL Max Test I

Mic-1 Input button ———— |+ MWic-1 > Mic-2  Mic-3  Mic-4 - Lineln

Restart Sequencel ‘ Stop Testing | ‘ Exit I ‘ Help |

The pcRTA has the ability to use any of the four mic inputs or the Line Input
as sources for the scoring. This allows for multiple lanes to be measured with

one pcRTA. For single lane testing, the Mic-1 input should always be selected.
Verify that this is true.

You are now ready to start scoring. The preceding steps should only need to
be done once, at the beginning of a competition.

Click the Print Each Graph button if you want printouts of each competitor's

results.
Print Each Graph = IASCA Scoring
D kati Testing Control
button \ - v . o:iumeLr! ation S— eshing Controls
_Ih Weme= _ Level Setting Test
Test lIl Lib Curve= lIl

Event Title= |My Contest | RTA Response Test

Contestant= |John Tinnitus | | SPL Max Test I

| | Prod IASCA 5
4 Mic-1 > Mic-2 > Mic-3 > Mic-4 > Lineln

Restart Sequence | ‘ Stop Testing | ‘ Exit | ‘ Help I
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Enter the competitor's name in the area marked Contestant.

Contestantfield \

= IASCA Scoring

Documentation Testing Controls

Lib Name= | IASCADO1 5

} Level Setting Test
Test Number= lIl Lib Curve= lIl
WM” Contest | RTA Response Test

Contestant="|John Tinnitus | |

| | Prod IASCA 5
4 Mic-1 > Mic-2 > Mic-3  Mic-4 > Lineln

SPL Max Test |

‘ Restart 5equence | ‘ Stop Testing | ‘ Exit | ‘ Help |

Press

Test Number= [ 1 |

the Level Setting Test button.

= IASCA Scoring

Documentation Testing Controls

i ey | (AT, Level Setting Test g
Lib Curve= 1] =

Event Title= |M_v Contest | (I (el el

Contestant= |John Tinnitus | |

SPL Max Test I

“ Mic-1l > Mic2 - M

. . ) Produce IASCA Score
ic-3 > Mic-4 > Lineln

‘ Restart Sequence I

| Stop Testing I ‘ Exit | ‘ Help |
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The text inside the button changes to ...Push When Done.

= IASCA Scoring

Documentation Testing Controls
| Frint Each iraph Lib Name= | IASCADD1 Push when done
TestMumber= [ 1 | LibCurve=[ 1 |
Event Title= |My Contest | [ (s es

Contestant= |John Tinnitus | | SPL Max Test I
| Adjust your system for 90dB in Full Band |

Prod IASCA S
@ Mol he? D M3 D Micd O Linsdn

‘ Restart Sequence | ‘ Stop Testing | ‘ Exit I ‘ Help |

At this point, the pcRTA is measuring the pink noise in the car. Have the
competitor set their system for a 90dB (+ or - 1dB) indication on the Text Chart
in the upper left corner of the screen and then press ...Push When Done.

Text Chart
(Set for 90dB)
= pcRTA: Amplitude(dB) - SCORING.DB ME
File Edit Processing Utilities Yiew Window Help
=|Text Chi~ |~ ||l = Ha ap - |~
sorr: I *I) FullRng= 89.5dB t:
o050 Sound Pressure Level =
8 9 fm o oenl 9BSDl 45 ...Push When Done
' / button
= IASCA Scoring a0 |
- Documentation Testing Controls
V1 Print Each fieaph Lib Name= [ IASCADDT s
Test Number= II' Lib Curve= lIl 70
Event Title= |My Contest |
Contestant= [John Tinnitus || [ sPLMaxtest | ®

| Adjust your system for 90dB in Full Band ‘

60
Produce IASCA Score
* Mie-l o Me-Y O Mied D Mie-d D Linsdn

55
‘ Restart Sequence | | Stop Testing | | Exit | | Help | 50
45 45
Line Graph 25 40 63 100 160 250 400 630 1k k6 2k5 4k 6k3 10k 16k
20 35 50 80 125 200 315 500 800 1K25 2k JK15 5k 8k 12K5 20k +
- Ld

| _ | Cursor
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Have the competitor restart the pink noise track on the CD and press the
RTA Response Test button.

= IASCA Scoring

umentation Testing Controls button
i = | IASCADDI
L_|I:| Hame: _ Level Setting Test /
TestMumber= [ 1 | LibCurve=[ 1 |
Event Title= |My Contest | (B2 (Y e U

Contestant= |John Tinnitus | |

| | Produce IASCA S
4 Mie-l > Mic-2  Mic-3 > Mic-4 > Lineln

RTA Response Test

N\

SPL Max Test |

FRestart Sequencel ‘ Stop Testing I ‘ Exit I | Help |

The pcRTA now takes a 10 second average of the pink noise in the car.
At first, the Bar Graph will update quickly, and then it will freeze for 2
seconds while the pcRTA is taking measurements. The graph will be
updated 4 more times, 2 seconds apart. After ten seconds, the test is
finished. The RTA score appears in the text box below the Contestant

field. If desired, the test can be run again by pressing the RTA Response
Test button again.

Now, if you are doing Sound Q+ on this competitor, press the SPL Max
Test button.

= IASCA Scoring

D ocumentation Testing Controls

v| Print Each Graph i = | IASCADD]

v Print Each Grap L_Ih e _ Level Setting Test

TestMumber= [ 1 | LibCurve=[ 1 | SPL Max Test button
Event Title= |My Contest | Gilahesponschlicey /

Contestant= |John Tinnitus | | SPL Max Test 'r
| RTA Score= 37.1 |

Prod IASCA S
4 Mic-1 > Mic-2  Mic-3 > Mic-4 > Lineln

N

Restart Sequencel ‘ Stop Testing I ‘ Exit I | Help |
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The competitor now has 30 seconds to achieve the highest reading that they
can. The pcRTA will capture the loudest signal and continue to hold that level
until a louder level is measured, or 30 seconds elapses. The SPL score appears
in the text box below the Contestant field. If desired, the test can be run again
by pressing the SPL Max Test button again.

NOTE: The competitor should not be allowed to open the doors of the vehicle
while the test is running. This can sometimes result in higher SPL levels than
would be possible with the doors closed.

After the 30 second SPL Max test, press the button labeled Produce IASCA
Score.

= IASCA Scoring

Documentation Testing Controls

+| Print Each Graph L_|h Mame= | IASCADDT Lovel Sotting Test
TestMNumber= [ 1 | LibCurve=[ 1 |
Produce IASCA Score
Event Title= |My Contest | S e=nonsehllEs!

button
Contestant= [John Tinnitus | [ sPLMaxTest |

| SPL Score=0 7]

| Produce IASCA Score
% Mic-1 > Mic-2 > Mic-3 > Mic-4  Lineln \;

HRestart Sequence ‘ Stop Testing | ‘ Exit | ‘ Help |

This button will cause the pcRTA to score the RTA curve (and SQ+ value) and
place the score in memory. This is the last step in the procedure.

To score the next competitor, follow the procedure again starting from page
38.

If you need to print someone's score after the car has left the lane, follow the
procedure on the next page.
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To retrieve a previous score, go to the Edit menu and open the Curve
Library.

Run/Stop Test Del
Gen OnfOff Ins

Curve Library F2 SO”]
Control Panel F3 I
Graph Setup F4
Notes/Comments

Microphone Setup »

Graph Design F9
System Options F10 ————

| V=

The Curve Library dialog box opens. Click on the Data button on the
curve that you need.

Curve Library\

= Curve Library Editing
Library: IASCADD1.DB
Databutton [Graph | [Data | [John Competitor |
\ B e I 1 O O Charles Lamarca +
2 [0 O Matt Billmeier
3 0 O Troy Babcock
4 [0 O Stuart Allum
5 0 O EalWills
- |6 O & Kuk Pemy
Delete All O & Troy Milner
N T Mark Eldridge
[0 ) John Competitor
Show Info button —_ ] o0 O Jim Adams
5 Show Info I 11 [0 O William Winkler +
(o] [

Click on the Show Info button.
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The Curve Information dialog box opens. This is the IASCA score that is saved
in memory for this competitor.

Transfer to Notes
button

Curve Information

Library: IASCADOT.DB

Curve Name= [John Competitor |

|x IASCA Scoring Utility = Ewent: My Contest

|SPL Test: 0.0dBzpl Score= 0.0 Points

|RTA Test: Score= 37.2 Points

|RTA Major Eror= 2.8dB  Band-A/B: 500/630

|RTA Minor Error= 0 Bands...
=
[B-
|Total SPL & RTA Results: Score= 37.2 Points

‘ Ok | | LCancel I | Help |

Click on the Transfer to Notes button. Click OK. Click OK again. The
competitor's score is now displayed in the Notes and Comments field of
the graphs. To print, go to the File menu and select Print.

If you need to continue scoring, simply start the scoring routine again. The
software will automatically start at the last curve entry and will not over-
write any of the previous scores (unless the Restart Sequence button is
used).
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