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Introduction to WinMLS 2000

WinMLS 2000 is software for performing and evaluating audio, acoustical and vibrational measurements. It was designed for MLS (maximum length sequence) measurements of acoustical systems, but other types of measurements are also supported. Measurements based on MLS allow measuring system impulse responses with high accuracy. Until recently, such measurements were impossible without custom hardware solutions. With WinMLS, however, impulse responses can be measured with great dynamic range and fine resolution on a PC with a standard (full duplex) sound card. Powerful and flexible post-processing capabilities are integrated in the software. In order to export the measurement data, several formats are supported. If further post-processing of the measurement data than the current version of WinMLS can offer is needed, MLSSA® (DRA Laboratories) and Matlab® (MathWorks Inc.) may be used. Software that can read text-files, such as Excel (Microsoft) may also be used. 

In the documentation, note that some parts may not be relevant for your type of sound card or the type of measurements you want to do. This text is written in a way that it should be understandable for persons having little experience with computers. Bold letters are used for items in the user interface, such as menus and buttons. 

1.1 Important features of the User Interface

Some important features of WinMLS is marked on the figure.
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1.2 Where to find the WinMLS documentation?

All of the WinMLS documentation is available in the help file. If you prefer to have it in the pdf-format the documentation is also found as follows:

For the installation procedure and a list of issues, please read the Readme file. 

For questions relating to sound cards, please read the Tested Sound Cards file.

For questions relating to the content of the menus and dialog boxes, please read the Menus and Dialog Boxes Documentation file.

For an answer to a wide range of questions, please read the Frequently Asked Questions file. If you have a problem, please see if you can find the solution in the Frequently Asked Questions file before contacting us. A very frequently asked question taken from this file is shown in the section below.
1.2.1 How to zoom the plot using the mouse?

If the mouse zooming is turned on (see below) this can be done. To zoom in, drag a rectangle from upper left to lower right. Note that this is the only way to zoom in if using the mouse. If you drag a rectangle any other way this does zooming out. 

Zooming can also be done very efficiently by the Plot Toolbar. Note that in certain cases, if the plot is to be zoomed out, the mouse zooming will not zoom enough. Then click on the Autoscale all button on the Plot Toolbar (View->Plot Toolbar).

2 System Requirements

The requirements for using the WinMLS software is a PC with a standard sound card/device running any of the Windows operative systems 95, 98, ME, NT, 2000 or XP.

2.1 PC

The minimum configuration recommended is a Pentium® processor, 16 Mb Ram, 30 MB of available disk space.

If WinMLS is to be used for post-processing measurements, at least a 400 MHz processor with 64 Mb RAM is recommended. This is because a slower PC will give bad performance on plotting long sequences (measurements of large rooms) and for computing room acoustics parameters. If your PC does not perform well enough to run WinMLS 2000, we recommend that you use the previous version of WinMLS, ver. 2, that can be downloaded from our homepage.

2.2 Sound card

A standard Windows compatible sound card is needed to perform measurements. There is a wide range of sound card available (we would have preferred to call it “sound device” instead of “sound card”, since USB devices can also be used, but the term “sound card” is so widely used that we continue to use it.). 

For performing measurements that require an output signal, such as loudspeaker measurements, the sound card must be full duplex. A full duplex sound card is able to record and play simultaneously. Most sound cards are full duplex, but a few sound cards are still not capable of performing MLS measurements with WinMLS. See the help section named “Tested Sound Cards” (or the pdf-file with the same name) for sound card recommendations, more information, and a list of tested sound cards.

2.3 Hardware

If you are using WinMLS for measuring electronic equipment only, such as amplifiers, cables for connecting to the sound card is in principle all the extra equipment needed.

In order to use WinMLS for other types of measurements than electrical measurements, transducers are needed. A transducer is device for transforming a quantity to another quantity. Two well-known transducers are the microphone and loudspeaker. A microphone transforms sound pressure to voltage and a loudspeaker transforms voltage to sound pressure. 

In addition to microphone and loudspeaker, which will be discussed in more detail below, WinMLS supports transducers for measuring the quantities displacement, velocity, acceleration and force.

2.3.1 Microphone

Connect the microphone to the left channel sound card line input (if you are to perform a 2-channel measurement, connect microphone channel 2 to the right input).

If you have a cheap multi-media microphone that comes with the sound card, it can be used for testing purposes and for comparison measurements not acquiring a flat frequency response. The frequency range is probably also limited. Such a microphone must usually be connected to the microphone input of the sound card, since it will provide the phantom power supply voltage needed.

For more information about microphones and for purchasing our low-cost microphone for performing loudspeaker frequency response measurements and amateur room acoustics measurements please visit our homepage or ask us.

For high-quality measurements we recommend dedicated microphones. However, the price may be high, and an external phantom power supply or a microphone amplifier is often needed.

2.3.1.1 Microphone amplifier/Phantom power supply

Most soundcards are equipped with a single channel microphone input containing an amplifier. This can be used, eliminating the need of an external amplifier. For most sound cards it is better to use the Line input than the Microphone input since it gives a better signal-to-noise ratio. But for most purposes the Microphone input is usually sufficient and gives a low voltage phantom power supply (~1 Volts) for the condenser microphone.

If your microphone needs a greater voltage, a phantom power supply may be purchased or made using batteries.

If none of the above is sufficient, we recommend using a microphone amplifier. Note that a microphone amplifier may be optimized for certain types of microphones. For instance, a phantom power supply voltage may be provided for condenser microphones. Also, the frequency characteristic may be optimized for a maximally flat frequency response and the input impedance may have been optimized for maximum signal-to-noise ratio.

2.3.2 Loudspeaker

Several applications involve a loudspeaker, e.g. measuring the loudspeaker itself or the reverberation time of a room. For room acoustics measurements it is important that the loudspeaker gives enough power and has a flat frequency response at the range of interest. If you intend to perform room acoustics measurements according to the ISO 3382 standard, the loudspeaker should also be omni-directional. However, for reverberation time measurements the directivity of the loudspeaker is usually not that important (depends on the shape of the room).

Note that a long loudspeaker cable may cause a significant loss, therefore the cable should be a part of the configuration when calibrated measurements are to be performed.

2.3.2.1 Power amplifier

An amplifier is needed to supply enough power to the loudspeaker. The amplifier can either be an integrated part of the loudspeaker or external. Special functions, such as stereo enhancement, loudness or spatial sound must be switched off for measurement purposes. Filtering, such as bass, treble or equalization should be bypassed or set as neutral as possible.
The loudspeaker amplifier input is to be connected to the left channel sound card output.

3 Registering WinMLS

If you have purchased WinMLS please send an e-mail to register the software. The e-mail must contain the version of WinMLS that you have purchased and the serial number. The serial number is found in the upper part of the Register dialog box that is shown when an unregistered version of WinMLS is started. 
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When we receive the serial number, we will send an e-mail to you with the unlock code that will register the software when it is typed in the edit box shown in the figure below.
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Note that you must click the [image: image4.png]


 button, then click [image: image5.png]


.
3.1 Very important: Backup your license

When WinMLS 2000 is registered, a license backup file (.slx) will be is created in the folder where WinMLS 2000 is installed. Take a backup of this file on a floppy in case the hard drive should crash.
In the case of a PC's Windows installation requiring a reinstall, it is possible that the license details for a registered piece of software may be lost. In this event, the license backup file (.slx) that is created on registration, is used to restore the license details. 
Should the license need restoring, place the backup .slx file in the same directory as WinMLS and run the program, the .slx file will be read and the registration details restored. Once restored, the file does not have to remain in the directory as the registration details are written back into the program.
3.2 License Transfer

Once you have registered, you can transfer the license from one machine to another without key disks or transfer files. This is done from the Register dialog box displayed when running WinMLS, and is only possible to do after the software is registered. 

To open the Register dialog box after you have registered, go to Help->License Options.... 

On the license screen, the [image: image6.png]& Transfer the license ta anather PC



 option will be enabled. 
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 and enter the serial number of the unregistered copy of the software on the target pc.

Once the target serial number has been entered click on the 'Transfer' button, a message box will popup confirming the transfer (this is a good chance to double check the serial number is correct). WinMLS will then invalidate the license on the first machine (i.e. preventing the software from running), and generate the unlock code for the target pc. 

By entering the unlock code on the Register License screen of the evaluation version on the target pc, the license transfer process will be complete and the software fully functional. 

For example, this option allows your version of WinMLS to be used on both a laptop and desktop PC. This would be particularly useful for customers who are not based in any one location or office, the unlock code can simply be quoted over the phone or via email. This way the license can be transferred back and forth as necessary.

3.2.1 What if the new unlock code does not work?

If the license transfer operation fails, please contact us at support@winmls.com and send the following information (important):

Destination serial number

The new unlock code (obtained with the transfer license operation using the destination serial number).

4 The first measurements walk-through

The purpose of this chapter is to give a step-by-step description of how a measurement can be performed. The loop-back response of the sound card is first to be measured, then a simple measurement using a microphone and a loudspeaker. We recommend that you take the time to do this measurement because it is a good way of learning to use the software. It will also let you know if the sound card is suited and if the settings are correct. Finally, a loop-back sound card measurement may be used to detect the sound card input/output delay (because of the converters) and to correct the sound card’s influence on the measurements.

4.1 How to get a quick explanation of the buttons and menus?

If you are unsure of the meaning, place the mouse pointer on top of the button/list box or menu item you want to be explained. The explanation text will appear in the status bar at the bottom. For the toolbars, a short version of the explanation will appear as a tooltip just beside the mouse pointer.

4.2 Turning off Windows Notification Sounds

Before you begin your measurements, it is recommended that the Windows notification sounds are turned off or send to another sound card if you have several cards installed. By doing this you avoid disturbing the measurements. You can turn off the system sounds in the following way:

Find the Control Panel (click the Start button and choose settings). Then double-click on the folder Sounds. If you use Windows95: 

You see a dialog box Sound Settings. At the bottom of the dialog box, find Settings and choose No sounds. If you use Windows NT:

You see a dialog box Sound Properties. Click Windows under Events.

Then click on the list field under Schemes. When the list appears, choose No Sounds.

4.3 Finding and Preparing the Volume Control

If your sound card supports the WinMLS mixer, you do not need to read the following chapter since you will not use the external mixer to be discussed here. If your sound card has a mixer, but does not support the WinMLS mixer, this chapter is important. If your sound card does not have a software mixer at all, an external mixer can be used to set the levels. If you are unsure if your sound card supports the WinMLS mixer, go to Measurement->Sound Card Settings and try to check Use the WinMLS mixer. If it is impossible to turn it on, then your sound card does not support the WinMLS mixer.

The first time you perform a measurement you will probably have to adjust the input or output volume levels. Then you have to find the Volume Control software that is supported by your sound card. Usually this is found in the Multimedia folder in Accessories, it may also be found in the Control Panel. Some sound cards only support their own volume control that is found in the specific sound card folder. A typical volume control is shown in the figure below.
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The volume control above shows the output volume. When using WinMLS you only use the Wave Output shown in the figure above. It is a good idea to mute the other possibilities as shown in the figure above. But do not mute the master Volume Control.

We also need to adjust the input volume. For this example it is found from the menu in the figure above. Choose options, then properties and Adjust volume for recording. Then the following window is displayed:
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Select the input you would like to use, either line-in or microphone. While you use WinMLS, you probably need to set both the input and output level. You should therefore have one of each open at the same time. To do this, just open a new volume control in addition to the one already open. 

4.4 Measurement 1: Loop-back measurement of the sound card

4.4.1 Preparation

For this measurement, we assume that no settings have been changed, WinMLS has its default configuration. If you are not sure, you can load the default configuration from the setups toolbar (View->Setups Toolbar). Chose the measurement setup named MasterSetup as shown in the figure below.
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4.4.1.1 Connections

Find the output and input of the sound card. If your sound card has a microphone input, this may be used, we will use the line input in this example. Connect the output to the input (only left channel will be used for the measurement, so you do not have to connect the right channel input and output).

4.4.1.2 Sound card settings

In Measurement->Sound Card Settings, make sure that the correct input and output device is chosen. In the figure below, the card VX222 is chosen as input and output device. If you have more than one sound card installed, it is strongly recommended to use the same sound card for input and output. This is because there is usually a small difference in sampling frequency and this may give a large measurement error for MLS measurements.
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While you still are in the Sound Card Settings dialog box, make sure [image: image13.png]¥ {iise the WinhiLs Mixer



 is checked. If it cannot be checked, this indicates that your sound card does not support the WinMLS Mixer. If this is the case, you will not be able to set the input and output line as described below. You should read the chapter Finding and Preparing the Volume Control for using the sound card mixer, if any.

If possible, select input line as shown in the figure below. Depending on the sound card, you may choose between only one or several lines. Usually the line input is called Line-in or Line, and the microphone input is called Mic or Microphone. But the VX pocket/VX222 cards have only one analog input that can be used as both line and microphone input, thus the input line is just called Analog Input. The output line has usually only one choice, and it is usually called Wave or Wave Output.
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Click OK to close the dialog box.

4.4.2 Measurement procedure

4.4.2.1 Set the input and output levels

Select Measurement->Test Current Levels to display the dialog box showing the input and output levels. If the WinMLS mixer is supported, sliders for setting the mixer levels will also be displayed. Use the sliders for adjusting the levels, if you see no sliders, please see the chapter Finding and Preparing the Volume Control on how to adjust the levels.
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The input level must be less than zero to avoid clipping, but as near zero as possible. In the figure, the input level is –4.16 dB, which tells how far it is from clipping (dB FS: how many dB it is from Full Scale input). If the level is lower than –40 dB, if or increasing the volume does not increase the level, the cables are probably not properly connected.

The level indicator lamp shown to the right in the figure above is colored red if there has been clipping during a measurement. If this is the case, the measurement is probably wrong.

4.4.2.2 Performing the measurement

When the levels are set, select Measurement->Start Measurement to start the measurement.

When the measurement is finished, it should look similar to the figure below.
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Figure 1 Screenshot after loop-back measuring the Digigram VX222 sound card.

The red curve in the upper plot displays the impulse response of the sound card and the lower plot displays the magnitude frequency response obtained from the impulse response. We see that the impulse response is very short and the frequency response is very flat in the range 20-20000 Hz.

4.4.2.3 Saving the measurement

Save the measurement by clicking the [image: image18.bmp] button or File->Save Active Measurement As…. The dialog box shown below will be displayed.
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Choose a name, title and comment, then click the Save button.

4.4.3 Changing plot settings

We will now find the delay in unit samples. First click in the upper plot window to set it as active, then type the F5 key or click the [image: image20.bmp] button. This will open the Time Data Settings dialog box. To the upper left select Time [samples] as axis unit for the x-axis:
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Zoom in on the x-axis of the upper plot. Do this by typing the number 100 in the edit box to the right of the [image: image22.bmp] button found at the lower left. Then the upper window will display the first 100 samples of the x-axis as seen in the figure below
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From this we see that the sound card has a delay of 41 samples. It is possible to correct for this delay, how to do this is explained in the measurement part of the FAQ.

Now restore the old x-axis unit Time [ms] from the Time Data Settings dialog box and restore also the maximum axis value by clicking the [image: image24.bmp] button. We will now plot the impulse response using dB as y-axis. To do this, first click in the plot window, then type the F5 key. This will open the Time Data Settings dialog box. To the upper left select dB as axis unit for the y-axis:
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Click OK to exit the dialog box, this will update the plot with the new settings. The result should look similar to the figure below.
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Figure 2 VX222 sound card measured loop-back, plotted using dB as y-axis.

4.4.4 Verifying the sound card measurement

If your loop-back sound card measurement performed in the chapter above looks suspicious, we recommend that you first compare it with the other measurements of sound cards. Click [image: image27.bmp] or File->Insert to insert a new file into the current window.
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Double-click on the Soundcards folder shown in the figure above to display the available measurements of sound cards.

Note that you can select several files by holding the Ctrl key when clicking. As shown in the figure below (some of these files may not be found in your installation, but they can be found at our homepage or by contacting us)
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Click [image: image30.png]Open




 to insert the files. The result will be similar to the figure below (some changes to the layout has been done, which will be explained later). From the figure we see the results from the different sound cards. The measurement in brown could probably be improved by optimizing the volume settings, but we see that the frequency response is smooth for all the measurements.
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4.4.5 Sound Card Troubleshooting

If the response of your sound card does not look at all like the other sound cards, you have checked that your settings are correct, the cables are properly connected and the sound card is not on the list of sound cards that does not work with WinMLS, please contact support from our homepage and attach your sound card measurement file.

If the response has spurious peaks, this is an indication of distortion. Try to reduce it by decreasing the input or output level of the sound card.

4.4.6 Saving the settings

WinMLS will always save the last used settings when the software is closed to temporary setup files. You may still want to save your settings. Do this by clicking [image: image32.bmp] on the Setups Toolbar.

4.5 Measurement 2: A simple loudspeaker measurement

This chapter assumes that the chapter above has been read. Note that for all sound cards, except for VXpocket and VX222, this measurement procedure will not measure the distance between the loudspeaker and microphone (initial time delay). In the examples we have used a typical low quality loudspeaker and microphone that comes with the sound card, thus showing how low quality equipment may influence the measurement.

4.5.1 Preparation

Connect a speaker to output left channel. Connect a microphone to input left channel, the microphone input can be used if any, then make sure that microphone is chosen as Input Line in Measurement->Sound Card Settings. 

Place the microphone in front of and near the loudspeaker.
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Figure 3 Schematics for one-channel measurement
4.5.2 Measurement procedure

Select Measurement->Test Current Levels to display the dialog box showing the input and output levels. Adjust the levels so no clipping occurs, -6 dB should be fine.

When the levels are set, select Measurement->Start Measurement to start the measurement.

When the measurement is finished, it should look similar to the figure below.

4.5.3 Post-processing the measurement

[image: image34.png]Spurious peaks
due to distortion|

Rectangular window - size 50 ms|

10000

1000

[ [rectanguiar

Time [ms]

50

il

T
100 110 120 130 140 150 160 170 160 190 200 210 220 230 240 250 260 270 260 290 300 30 %N

== 5

nilsoAEon ny s f

b [s¥ou] feaun; [sy0a] feaun

Frequency [Hz]





Figure 4 Multimedia microphone and loudspeaker measured on axis at a distance of ~20 cm. Time window 50 ms.
In the upper right part of the figure above, we see that there are several spurious peaks. These are due to distortion in the loudspeaker or microphone, reducing the volume did not reduce the magnitude of these peaks. These peaks do not, however, influence the frequency response shown in the lower part of the plot significantly. Note that a rectangular window is used on the impulse response of length 50 ms displayed in yellow in the figure. The limits can be changed by clicking and dragging, or from the Time Window Toolbar shown in the middle of the figure above.

Decreasing the window size will reduce the noise in the frequency response, but note that it will give a decreased frequency resolution and thus false results for very low frequencies. The “Frequency resolution indication line” shown in the figure above depends on the window size and is meant to warn the user where the results may not be trusted. At the thick part of the line, the results should not at all be trusted. At the thin part of the line (which is twice the size of the thick line), the result is not certain.

Note that if the frequency resolution is not sufficient, two resonance peaks may not be resolved, but shown as one peak.

4.6 Measurement 3: Measuring using loop-back

This chapter assumes that you have performed the measurements described above. The main purpose of the loop-back is to determine the correct initial time delay of the system being measured (e.g. the distance between the loudspeaker and the microphone). Most sound cards do not have a constant time difference in start of playback and record, it is different from one measurement to another. This makes it impossible to find the initial time delay with the usual measurement method, but this is easily detected if using the loop-back.

When using a loop-back it is also possible to detect errors in the measurement caused by non-continuous play or record. This is usually a problem only for slow PC’s, but can occur if you run other tasks on your PC while performing a measurement. If such an error is detected the measurement will be repeated and a warning is given in the status bar.

4.6.1 Preparing loop-back

A loop-back is a physical connection from the output to the input of the sound card as shown in the figure below. The MLS output signal is always played in the left channel and the loop-back output signal is played in the right channel. Connect the cables as shown in the figure below, 
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Figure 5 Schematics for one-channel measurement using loop-back
You might need to purchase extra cables to be able to connect the loop-back.

If the input you are using for the microphone signal is mono (the microphone input is usually mono), no right input channel exist. Then connect the loop-back input cable to the right channel input of the line input instead.

Open Measurement->Sound Card Settings dialog box. Make sure ‘Yes, with loop-back and end-check’ is selected as shown in the figure below. 
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Now select the Loop-back Input Line you used for connecting the loop-back to, in the figure above Line-In is chosen. Make sure Loop-back input channel is set to Right.

The sound card delay must now be set in samples, this we already have found in the first measurement procedure we described. This number can vary from 10-80. After typing this number, click OK to exit the dialog box. 

4.6.2 Loop-back measurement procedure

Select Measurement->Test Current Levels to display the dialog box showing the input and output levels. If your sound card supports the WinMLS mixer, the volume controls Sync. Out and Sync. Input will be displayed as shown to the right in the figure below. Use these controls to set the volume of the loop-back synchronization signal.
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Select Measurement->Start Measurement to start the measurement. An error message will be given if the loop-back volume is too low or too high. 

The result of a successful measurement will now have almost the correct initial time delay. But as we have seen, the sound card has a delay of some samples, which is usually less than 1 millisecond. To subtract this delay a measurement system correction of the sound card must be performed as described in the FAQ.

4.6.3 This happens during a loop-back measurement 

1. When the measurement is started a synchronization signal is first sent through the right channel output to the loop-back. The synchronization signal is recorded and is later used to find the correct initial time delay. 

2. The MLS signal is now played on left channel output, through the speaker. The signal is recorded on the microphone. 

3. The synchronization signal is played once more on the right channel output. This synchronization signal is compared against the first synchronization signal and the time difference is computed. The purpose of this is to check that there has been no gaps in the playback or record. This check is not performed if [image: image38.png]Measure initial time delay’
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 is set in Measurement->Sound Card Settings....

4. If no error has occurred, the system impulse response is found using cross correlation. The sound card delay (pipeline delay in sigma-delta converters) is added in order to obtain the whole system response (the default is 40 samples, but should be measured for the sound card as shown above).

4.7 Performing a 2-channel measurement

The number of channels to be measured is set in the Measurement Settings toolbar. The figure shows the setting for performing a two-channel measurement.
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A 2-channel measurement is similar to a one-channel measurement. If you are measuring using the loop-back, special consideration must be taken as described below. The rest of the procedure is very similar to a one-channel measurement as described in the previous chapters.

4.7.1 Synchronization Loop Connection for 2-channel Measurement

To perform a 2-channel measurement in loop-back mode, the loop-back must be mixed with the measurement signal in one of the channels. How this is best done depends on if your sound card has one or two input lines.

2-channel loop-back for sound cards with one input only

If your sound card only has one input line, e.g. Line input, a device has to be used for summing the signals, see the figure below. An audio mixer or a passive device (consisting of 3 resistors) can be used, you may also contact us for purchasing such a device.
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Figure 6 Schematics for two-channel measurement using synchronization loop-back for one single input.
2-channel loop-back for sound cards with two physical inputs (e.g. line and microphone input)

If your sound card has two input lines, e.g. Line and Microphone input, no external device is needed to connect the loop-back. Choose different lines for Input Line and Loop-back Input Line found in the Measurement->Sound Card Settings dialog box. If your Loop-back Input Channel is mono, make sure the right channel is chosen as shown below. 
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Connect, using a cable, the output of the synchronization loop (which is on the right channel) to the line and channel you have chosen as input for the synchronization loop. Note that you may have to split the cable you are connecting to your output to access the output-signal that is on left channel.
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Figure 7 Schematics for two-channel measurement using synchronization loop-back for two physical inputs.
4.7.2 Synchronization Loop-back Connection for Mono Full Duplex Sound Cards

Read this chapter only if the sound card is only capable of one-channel simultaneous play and record. If you have such a card you cannot do 2-channel measurements. The card will support 1-channel measurements without using a synchronization loop. But if the card has both a microphone input and a line input and if it supports the WinMLS mixer, WinMLS also support 1-channel measurements using synchronization loop for such cards. To do this, you must choose different inputs for the Input Line and the Loop-back Input Line as described in the chapters above. Then make the synchronization loop by connecting a cable from the sound card output to the input you chose as Loop-back Input Line. Note that you need to split your output cable from the sound card. One part is for the synchronization loop that we just showed how to connect. The other part is for the output signal.

5 Room Acoustics Introduction

Room acoustics parameters can be calculated from measured impulse responses using the room acoustics post processing capability of WinMLS. The parameters are calculated according to the definitions, requirements and recommendations of the ISO 3382 standard (ISO 3382: 1997, Acoustics - Measurement of the reverberation time of rooms with reference to other acoustical parameters). Additional parameters like speech transmission indices are included as well. The results can be presented graphically, in a text window, or saved to a text file, with contents according to response type and calculation settings chosen by the user.

A detailed description of the room acoustics module is given in the help-file or you can find the same information in the “Menus and Dialog Boxes” or “Frequently Asked Questions” documentation files.

5.1 Practical information, tips and warnings

· When measuring room impulse responses using WinMLS, it is recommended that a room acoustics setup is loaded. Such a setup can be loaded and saved from the Setups Toolbar (can be turned on/off from the View menu), or from Measurement->Save/Load Measurement Setup. When the setup is loaded, the GO button on the standard toolbar can be used to start a measurement, or File->Insert can be chosen to insert an already existing response from a file. 

· Calculation options and parameter settings for the room acoustics calculations can be modified from the Room Acoustics menu. These settings are saved with the post-processing setup file found on the Setups Toolbar.

· The room acoustics calculations have been developed with accuracy as the main goal. Optimization of calculation speed has not been allowed to compromise accuracy. The calculations have been tested against international benchmarks with excellent results. (Post-processing tests have been carried out on impulse responses described in a report by J.S. Bradley, “An international comparison of room acoustics measurement systems,” National Research Council of Canada (1996)).
· The room acoustical parameter results are given with a considerably higher accuracy than the typical measurement repeatability when repeating measurements in a given position in a normal room.

· To avoid time consuming calculations, do not permit excessive impulse response lengths and sampling rates.

· For the noise detection and truncation compensation algorithms to work optimally, the impulse response should be sufficiently long to have a late part with a stationary noise floor, also after filtering in the analysis bands.

· Observe normal caution required for high quality MLS measurements, like avoiding time wrapping, distortion and long averaging times in slowly time-varying systems.

· It can be worthwhile spending some time finding the right setup and level settings when measuring in a new room, to find the optimum trade-off between background noise (acoustical and electronic) and spurious components due to distortion. Loud is not always best in terms of resulting signal-to-noise ratio, due to loudspeaker distortion.

· Always control the measurement quality while there is still time to repeat the measurement. Check normalized, logarithmic impulse responses to check whether the response is sufficiently raised above the noise floor and distortion components. Check room acoustical parameters for sensibility. Check decay ranges. Check filtered Schroeder plots to pinpoint anomalies.

· The calculations will in general be meaningless if performed on non-impulsive sound records, even if results may be shown.

· The calculations might be inaccurate when performed on impulse responses with very short decay times, for instance electronic systems (amplifiers, filters, etc.). The decay curve formation is based on the assumption that decay times are on the order of at least a tenth of a second, like it will be in any room but an anechoic chamber.

· Examples of measured room impulse responses and corresponding parameters in text-file format are given in the WinMLS measurement examples folders.

· Further descriptions of sensible measurement procedures can be found in ISO 3382.

5.2 Specification of input impulse responses

The room acoustics calculations operate on a primary and an optional secondary impulse response. Most parameters are based on a single response, usually measured with an omni-directional microphone. These parameters are always calculated from the primary response. Some parameters, like lateral fractions and interaural crosscorrelations, are based on two responses. In these cases a secondary response must be provided as well, measured with an omni-directional or figure-of-8 microphone. The primary and secondary impulse responses must always have the same length and sampling frequency.

Specification of input responses to the room acoustics calculations is done by making the responses active in plot windows. The primary response is always taken as the active measurement in the upper plot, and the secondary response is taken as the active measurement in the lower plot. If only a single plot is displayed, its active measurement becomes the primary response. The secondary response is still the active measurement in the lower plot, and is specified in the Measurement Selection Toolbar (shown in the figure below) or in Plot->Select Plot Type(s) and Active Measurement. In any case, it is a good idea to check one of these to make sure that the correct impulse responses are specified before room acoustics calculation is initiated.
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After a measurement the resulting response becomes the active measurement in the current plot window. It is therefore automatically chosen for room acoustics calculations. Measurement channel two can be automatically sent to the lower plot by checking the appro​priate box in the bottom part of Measurement->Measurement Tasks.... If it is checked and a multi-channel measurement is performed, channel 1 will be plotted in the upper plot and channel 2 will be plotted in the lower plot. Make sure two plots are viewed, with only one plot channel two will not be displayed.

If several measurements are inserted using File->Insert…, the first measurement will be displayed in the upper plot, the second will be displayed in the lower plot, the third will be displayed in the upper plot, and the forth in the lower, and so on. Note that measurements may be selected in any order by clicking on the measurement files in the File->Insert… dialog.

Shortcut keys

	F2
	Measurement->Start Measurement

	ESCAPE
	Measurement->Cancel Measurement

	F3
	Measurement->Test Current Levels

	Ctrl+”F”
	Measurement->General Frequency Domain Settings…

	Ctrl+”W”
	Time data window settings for active measurement

	F1
	Help->Help Topics...

	F5
	Plot->Plot Type Settings for Active Plot...

	F6
	Plot->Chart Settings for Active Plot...

	F7
	Measurement->Measurement Information...

	F8
	Measurement->Sound Card Settings...

	F9
	Measuremetnt->Hardware Calibration...

	F10
	Measuremetnt->Measurement Settings Toolbar

	F11
	Measuremetnt->Measurement Tasks...

	F12
	Measuremetnt->Defaults for Saving...

	Ctrl+”A”
	File->Save Active Plot As…

	Ctrl+”I”
	File->Insert in Active Group...

	Ctrl+”N”
	File->New Group

	Ctrl+”O”
	File->Open...

	Ctrl+”P”
	File->Print Active Plot

	Ctrl+”S”
	File->Save Active Measurement As…

	Ctrl+”L”
	View->Volume and Input Level(s) Dialog

	Ctrl+INSERT
	Edit->Copy to clipboard…

	Ctrl+”C”
	Edit->Copy to clipboard…

	Ctrl+”M”
	File->Save Active Measurement->As Meas Sys Corr File…

	Ctrl+Alt+”C”
	File->Save Active Measurement->With Filename <_ActiveMeas_>…


Structure

This section gives an overview of the way the measurement system is structured.

5.3 Measurement System Structure

Below is a figure of the structure of a typical measurement system based on WinMLS software.
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Software File Structure

The files the the software is using is illustrated in the two combined figures below. The third figure lists the directory structure where these files can be found
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Figure 8 Software file structure for obtaining a measurement.
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Figure 9  Software file structure for post-processing and plotting a measurement.
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Figure 10 Listing of the WinMLS2000 Directory Structure.

5.3.1 Writing a program for reading the .wmb file format

An example of reading the recommended measurement file format .wmb is given in the file loadimp.m found in the folder where WinMLS is installed. It is written in the Matlab programming language, but is very similar to C. The file format is listed in the file format.h also found in the folder where WinMLS is installed.

6 Troubleshooting and Known Issues

6.1 Troubleshooting

6.1.1 WinMLS mixer and Windows XP

WinMLS mixer not working in Windows XP problem was solved. This is a problem only for the sound cards that can select between line input and mic input in the WinMLS mixer. This is not possible e.g. with the Digigram VXpocket. 

There is a bug in Windows XP that makes WinMLS select the wrong input line for the mixer. We have compensated for this, so it should work. Please note that the Windows XP bug may be fixed in future versions of the operative system. Please contact us if you have this problem with this.
6.1.2 My measurements look too good, why?

This may be because somehow the output signal may be directly connected to the input (the sound card may be defective or badly constructed). This has been reported for an early version of SoundBlaster 128, SB128PCT (CT4700). However, the SB128 PCI (CT4810) has been reported not to have this problem.

6.1.3 Changing preferred sound devices

When changing the preferred sound device in windows multimedia properties, WinMLS does not work properly, how to fix this? WinMLS uses a device number for identifying the sound devices. When changing the preferred device in multimedia settings this number will change, this will affect the WinMLS device settings. Therefore, make sure to first set the preferred device in multimedia settings. Then to go to Measurement->Sound Card Settings... and make sure the correct input device and output device is chosen.

6.1.4 I can hear feedback, how can it be turned off?

You may experience feedback when connecting speakers and microphones to your sound card. This is because the sound card may patch the signal present on the input to the output. If the WinMLS mixer is used (set in Measurement-> Sound Card Settings…), this should be avoided by making sure [image: image48.png][V Tum off unwanted feedback



 is checked under Advanced Settings in Measurement->Sound Card Settings…. 

If the WinMLS mixer is not used, the feedback is not just annoying but can affect the measurements as well, Feedback is detected as false echoes in the impulse response and as comb filtering in the frequency response. The unwanted feedback can be turned off using the Windows sound card mixer. The setting in the Windows sound card mixer that gives the feedback has different names depending on the sound card. If you mute all inputs and outputs that you are not using for the measurement signals the feedback should be damped. See the chapter If your Sound Card does not support the WinMLS Mixer in the WinMLS2000 User’s Guide for more information.

6.1.5 Why does a small change the in volume settings in WinMLS give no effect?

If the WinMLS mixer is calibrated (see Measurement->Hardware Calibration...), a change in the volume setting will always have an effect since the calibration procedure has detected the level steps. However, if the mixer is not calibrated, the sound card level steps have not been detected, and slight changes in volume may not be supported. There should be at least 16 different levels and maximally 65535 levels of volume to choose from. 

6.1.6 Trouble with WinMLS protection.

In very few cases there seems to be a problem with the protection software that causes the 20 days evaluation period to end before it is supposed to. If this happens, please contact us.
6.1.7 Problems with IBM TP 600X laptop running Windows 2000

This laptop had software that overrides the windows mixer. Therefore there were problems automatically adjusting the input level. Please contact us if you have similar problems.

6.1.8 The plot background colors look strange, why?

The gradient colors used as background in WinMLS may look strange. This is because your PC supports only 16 colors. It can easily be fixed by selecting more than 16 colors. From the Start button select Settings, then Control Panel. Select Display, in the Display dialog box select the Settings tab. Select at least 256 colors. Another way of solving this is to use the post-processing setup called “NoBackgroundColors” or “BlackNWhite”. This can be done e.g. in Save/Load Post-proc Setup... on the Plot menu.
6.1.9 An error message is given when trying to perform a measurement, why?

 If you have an old sound card, it may not support stereo full duplex. If you have a mono full duplex sound card (this is the case for some older sound cards, but very unlikely if your sound card is new), then go to Measurement->Sound Card Settings and make sure 1-ch mode is set according to the figure below: 
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6.2 Issues

6.2.1 Double-clicking in the plot will not open the plot type settings dialog

This feature had to be disabled because it has been reported to be unstable in some cases. This is to be fixed in a future version. The plot type settings can still easily be accessed typing F5, or from the rightmost button on the Plot Toolbar.
6.2.2 Opening/inserting .txt-files 

Opening/inserting .txt-files with first column x-axis and second column y-axis is not yet supported with first column x-axis and second column y-axis is not yet supported

Support for reading .mat-files (Matlab format) is not yet supported either.
6.2.2.1 The following applies only when importing text-data is implemented:

After opening txt-file using File->Open, the plot type “Imported Data…” is selected. This will become the active plot type, and must manually be changed to another plot type (e.g. frequency response) if a measurement is to be plotted.
6.2.3 Room Acoustics

When a room acoustics parameter is plotted with bandwidth Broadband, the style should be set to Value. If not, the x-axis labeling will not be correct. On how to do this, see the FAQ section “How to change the x-axis of the Room Ac. Parameters plot type when plotting octave band parameters”.
6.2.4 Toolbar positioning

Placing several toolbars together at the very top or bottom of WinMLS may not give same positioning on restart.

The toolbars may not be positioned exactly the same way when the post-processing setup is loaded.
6.2.5 Abnormal termination on shutdown

It has been reported that WinMLS causes an abnormal termination when shutting down the PC if the operative system Windows Millennium is used.

6.2.6 Loading chart files 

Loading chart files from Plot->Advanced Settings... works only if Save current chart file when saving post-processing setup is checked.

Documentation must be updated as well.
6.2.7 Setups toolbar

The post-processing save icon turns red if the post-processing setup is changed. It also turns red if settings in the chart files (all the settings in Plot->Chart Settings for Active Plot) are changed, but there are cases where this will not happen, e.g. on File->New… and when loading WinMLS. Also when moving toolbars or turning them on/off, the post processing setup file toolbar does not give indication that the setup is changed (red icon).
6.2.8 Exiting WinMLS when it is not maximized
If WinMLS is exited while it is not maximized, the toolbars will not be situated in the same positions when it is opened again. If you have problems with this, try to load a plot setup to restore old toolbar settings.
Note that an extra gridline is added at 20 kHz.
6.2.9 Measurement->Set Automatic Input Level(s) is slow

It works for one and two channels input, but it is slow. The user can increase the speed by manually moving the volume sliders. We plan on increase the speed if the mixer correction is used (the mixer levels are known).
The same applies for setting the output level automatically.
6.2.10 Plot settings toolbar supports up to 4 decimals.

If you are plotting signals with very small levels (~0.0001), the plot settings toolbar will not work very well.
6.2.11 Auto-scaling of y-axis maximum value

Auto-scaling y-axis maximum value is set to zero if the value is less than zero.
If you are plotting more than one curve and the plot type is time data, and the time-data-window is displayed, then auto-zooming will not work when removing a curve that has larger y-values than the other curves.
To activate the auto-zooming, click twice on the Auto-scale All button on the Plot settings toolbar.
6.2.12 A tip that will avoid WinMLS to crash

If you get an error message with the title Matrix<LIB> as shown below, do not click the OK button. Just continue using the software and ignore this message. If you click the OK button, this will cause WinMLS to crash. 
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6.2.13 Special case: If two plots are displayed showing the same plot type.

If two plots are displayed showing the same plot type (e.g. frequency response in both upper and lower plot), File->New… will only restore the settings for only one of these. This is because a single file is used for saving the plot-type chart settings *.tee-files.
6.2.14 Opening/inserting 24 bits .wav-files is not possible in this version

It is recommended to use the .wmb-format for saving 24 bits files.
6.2.15 Refresh All

Plot->Refresh All will not update the colors correctly if there exists several curves of the same measurement.

6.2.16 Plotting Guidelines 

If several curves are in the plot, it may happen that an error will occur in plotting Guidelines.

6.2.17 Measurement Settings toolbar

When the number of pre-sequences is changed, the total measurement time readout is not updated.
6.2.18 Disabling emphasis and system correction buttons 

They will not be disabled when WinMLS is started if the temporary setup is different than the master setup.
6.2.19 Real part and imaginary part of frequency response/spectrum

It is not available yet, but is planned to be included.
The shortcut keys shown below are supported. 

6.2.20 Volume and Input Level(s) Dialog button in Standard Toolbar

When using this button to toggle the Volume and Input Level(s) Dialog, the first time the dialog is shown, when the main window of WinMLS gets the focus, the toggle is turned off even though it should not. This happens only the first time the dialog box is opened and is easily solved by clicking two times on the button.
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Auto-scale in one direction
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Data Processing and Plotting







WinMLS Post Processing settings made in the program







Microphone Compensation File



.txt



(Microphone Compensation dir)







Upper Plot .tee 



(Chart dir)







Lower Plot .tee 



(Chart dir)











Post Processing Set-up .wmp 



(SetupsPostProcessing dir)
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Signal Proc. (   Measurement Data







WinMLS Measurement settings made in the program







WinMLS Mixer Files



.mxi & .mxo 



(Mixer dir)







Filter Files



.emp 



(Filters dir)







Measurement System Correction Files



_ch_sampfreq.wmb 



(Measurement System Correction dir)







Measurement Set-up .wms(SetupsMeasure�ment dir)







Save Measurement



.wmb



(any dir)
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Right	  Left�   Output







Output



signal







Left	Right�   Input







loop-back signal







Sound Card
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Recorded signal







Microphone 



as Input







Playback signal







Right   Left



 Output







Left    Right



   Input







Sound Card











Loadspeaker 



as Output
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Recorded signal







Microphone 



as Input







Playback signal







Right   Left



    Output







Left    Right



    Input







Sync. Loop-back







Sound Card







Loadspeaker 



as Output
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