A low-cost PC-based tool for violin acoustics measurements
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Abstract

A flexible tool for measuring vibrational and acoustical properties of the violin is presented and suitable types of excitation and transducers are discussed. Examples of applications are detection of the A1 mode and a promising method for estimating normalized radiation power.

INTRODUCTION
The average violin maker would benefit from performing some of the measurements that can be found in the literature. This requires the availability of inexpensive and easy-to-use instrumentation. Most violin makers already own such instrumentation, namely a PC equipped with a sound card and a “multimedia” microphone. The software WinMLS® will turn a PC into a tool for measuring violin acoustics. Advantages of a PC-based tool over methods using devices such as blister cups, voltage meter and a signal generator, is that the data are obtained fast and can easily be visualized and stored.
measurement software

The software WinMLS is designed for general purpose acoustical and vibrational measurements and has a wide range of applications. Since all settings are saved in setup-files, customizing it for violin acoustics measurements is no problem. In Figure 1 a screenshot of WinMLS is displayed.

The data processing consists of the standard FFT, including window functions. Different types of smoothing are supported to make the readout easier. Several plot types are supported. Two plot-types may be viewed simultaneously, so one may change the windowing of the impulse response and immediately see how it affects the frequency response. Saving of the data and plots are supported in several formats, which is useful for sharing measurements with other violinmakers. Powerful charting capabilities are useful for presentations and publications, e.g. all figures in this article are made using WinMLS. Other features are no limit in the number of curves, cursor readout and powerful zooming.

Transducers

The frequency response of a system such as a violin is found by exciting it with a known (or measured) signal and measure the resulting vibration or sound pressure level. Several types of excitation signals may be used as long as the excitation signal contains enough power at all frequencies that are of interest. Mechanical transducers placed on the violin will change the frequency response of the measurement. While the software may correct for the influence of the transducer(s) in many cases, it is still preferred to use transducer(s) of low weight.

Methods for exciting the violin

The most intuitive method of excitation of the violin is to bow a string. The frequency response can be determined from recording the chromatic scale played by a violinist. A problem seems to be to play each tone at equal force since the violinist will tend to compensate for the weaker tones by playing them using a greater force. Also, only the response at the partials of the played tones will be determined. But playing a glissando at constant speed and using constant bow force on the G-string will excite all frequencies above 196 Hz. However, playing such a glissando is not so simple, which makes it hard to get reliable results. It should be noted that the mounting of the violin is a very important factor, and a small change will affect the measurements.

The traditional finger tapping method seems to be easier to control. A small hammer or the finger can be used to tap the violin. The resulting short pulse excitation will in most cases generate sufficient power over the desired frequency range and we have tested that not even a hard hit causes enough non-linearity to have a negative effect on the measurement. Figure 1 indicates the typical reproducibility of a finger tapping measurement. Exciting with a hammer mounted in a pendulum may give excellent reproducibility since the hammer hits in exactly the same position and in the same direction.
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Figure 1 Three measurements of a Stradivarius model violin tapped using the finger nail at the G-string side of the bridge normal to the top plate. The response was measured using a microphone ~7 cm in front of the right f-hole.
A loudspeaker can also be used to excite the violin. This method is not suitable for sound pressure measurements since the loudspeaker also radiates directly to the microphone, which cannot so easily be compensated for.
None of the excitation methods discussed above corrects for the force applied to the bridge. This is not always necessary, such as for finding the resonance frequencies, but it is needed in order to find the correct level and also the shape of the frequency response since the excitation signal’s spectrum is not flat. An impulse hammer, which has a small device built in for measuring the force may be used [1], but this is a rather expensive transducer.

	Excitation signal
	Repeatability
	Price
	Frequency range

	Played glissando
	Fair
	Zero
	>196 Hz

	Finger tapping
	Good
	Zero
	200 - 3000 Hz

	Impulse Hammer
	Very good
	High
	20 - 20000 Hz

	Magnet and coil
	Very good
	Low
	50 - 8000 Hz


Table 1 Comparison of excitation signals.

The method for high quality measurements we found to be least expensive is to attach a small magnet with wax to the G-string side of the bridge and excite it using a coil. The output signal from the sound card is fed to the coil via an amplifier (e.g. a HiFi amplifier). This “exciter” can be calibrated, and WinMLS is capable of correcting for the frequency response.  A so-called MLS signal is used because of its robustness to background noise. A comparison of this “coil-magnet” MLS-method and the impulse hammer method showed good agreement [2]. Table 1 summarizes this discussion.

Measuring vibration and sound pressure

Vibration is measured either as displacement, velocity or acceleration. Using integration/differentiation any of these quantities can be found from the other. Note that displacement decays 40 dB per decade and velocity 20 dB per decade compared to acceleration, therefore transducers measuring displacement usually do not give sufficient noise immunity for high frequencies. A mechanical transducer can be waxed onto the violin body, while an optical transducer has the advantage that it is not in contact and thus will not add extra weight to the violin. We have not yet found such transducers at low prices, but finding an inexpensive microphone for measuring sound pressure is easy. The quality of low-cost microphones is good enough for most violin measurements.

Application 1: normalized radiation power estimation
Normalized radiation power relative to the excitation force squared tells how strong the acoustic radiation is. For all measurements, the violin was mounted with pieces of rubber at the bottom part of the body and the upper part at the neck. The magnet-coil system described in the chapter above was used to excite the violin on the G-string side of the bridge. For the reference normalized radiation power measurement, the violin radiation was measured at a distance of 1.05 meters and a resolution of 22.5 degrees over a sphere in an anechoic chamber. From this we computed the normalized radiation power [3]. It was then investigated if the normalized radiation power could be estimated using a method without an anechoic chamber and involving fewer measurements. We first measured the real part of the input mobility at the bridge. This quantity tells how much power is transferred from the bridge into the violin. However, since such a large part of the input power will not radiate due to mechanical losses in the violin, the agreement was not as good as expected [4]. 

16 measurements were then performed in the near field, where the direct sound is so strong that the influence from the room can be neglected. The measurement positions were equally spaced with a resolution of 22.5 degrees around a circle 15 cm from the center of the violin. The thin solid line in Figure 2 represents the reference normalized radiation power measurement. The thick solid line, representing the average of all 16 near field measurements, shows a very good agreement with the reference normalized radiation power curve below 3 kHz. The dotted line, representing an average of 4 measurements, also shows a good agreement. Note that the absolute levels of the estimation measurements are not correct. The near field measurements are performed along a circle, while the far field measurements are over an entire sphere. Using only the measurement at a circle in the far field for comparison gives very similar results.
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Figure 2 Normalized radiation power and averaged near field measurements on a Stradivarius copy. Thin solid line – reference radiation power measurement. Thick solid line – average over 16 microphone positions. Dotted line – average over 4 microphone positions.

application 2: Detecting the a1 mode

Methods for detecting violin modes are described in the literature, and an overview of mode shapes and methods is found in [5]. We will show an example of detecting the A1 mode using our tool. The excitation and violin mounting was done as described in the chapter above. Measuring the sound pressure inside the violin is important for determining the A1 resonance and a low-cost microphone so small that it could be placed through the f-holes was used for this purpose. 

Fig. 3 shows measurement results for the microphone inside (placed in the middle of the lower circle) and outside (placed 1 cm from left f-hole) the violin. We found that the detection was improved by damping the nearby resonances by holding a hand from the left side of the bridge to the back plate. The thin solid line represents the microphone placed just outside the right f-hole and with no damping applied. The thick solid line, representing the inside-microphone with the damping applied, shows a peak at 455 Hz, which is the A1 resonance. The dotted line, representing the inside-microphone with no damping applied has a weak indication of the same peak, but other modes nearby makes the 455 Hz peak less obvious. Note that the damping may shift the resonance frequency somewhat.
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Figure 3 Measurements on a  Stradivarius copy. Thin solid line – microphone placed outside violin, the body was not damped. Thick solid line – microphone placed inside violin, the body was damped. Dotted line – microphone placed inside violin, the body was not damped.

CONCLUSIONS

A low-cost tool has been presented for performing vibrational and acoustical measurements on violins in a workshop without the need for a special room or expensive equipment. Modes can be detected and averaging near-field measurements seems to give a very good estimate of the normalized radiation power. 
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