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This article describes the stage of work associated with the implementation of a 
program- controlled measuring stand for recording the acoustic signals. An attempt has 
been made for practical implementation of the stand that uses light from a semiconductor 
laser, modulated by acoustic wave to obtain the information transmitted by this wave. 
The authors decided to build the hardware construction of the stand with the use of: a PC 
which serves as the controller, a DAQ card, the light emitter set with a semiconductor 
laser and the light receiving set capable of processing the received signal into a form 
suitable for a DAQ card. Moreover, additional equipment used during the examination 
tests is also described. The software part of the stand includes: device drivers and an 
application written in LabVIEW environment. The functions of signal processing and 
analysis, graphical and numerical presentation of the data, recording to file and reading 
the stored data from a file are all implemented in the application. The achieved stage of a 
work has been confirmed by sample measurements. 
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1. Introduction 
 

Recording technique using the acoustic wave modulating laser light is an 
alternative to the solutions in which the traditional microphone is used. 
However, it is not used so widely. When considering the practical 
implementation of the measurement stand one should pay attention to a number 
of factors which are related to, i.e., the specificity of the measurement signal as a 
carrier of information and the optical properties of the examined measurement 
channel. These include: scattering and absorption of optical radiation in the 
measurement circuit, distance, angle of incidence, angle of reflection of the laser 
light between the transmitter, the sound source (reflective surface) and the 
receiver etc. These are the factors that are important for metrological reasons 
because they influence on the value and quality of the recorded signal. 

This article describes the first (initial) phase of work, which is associated 
with implementation of a stand as a virtual measuring instrument for recording 
and analyzing the acoustic signals. The carrier of these signals is the optical 
radiation reflected from the sound source (light from a semiconductor laser). 
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2. Design assumptions 

 
It was assumed that the constructed instrument is designed as a mobile 

measuring stand. For this reason, the devices used for construction should have 
its own power supply, for example from a battery or accumulator. Additionally, 
the possibility of them being supplied from a power grid is also taken under 
consideration. Control will be implemented with a PC and the best solution in 
this case is the use of a mobile unit (notebook) and the use of communication 
with peripherals based on the available buses. PC with a written control software 
will act as a controller, i.e. the unit overseeing the operation of the virtual 
instrument with the function of triggering the measurements. The peripherals, 
functionally, will create two blocks: one responsible for controlling the laser 
diode, or in other words the transmitter, and the other acting as the receiver. It is 
expected, that the hardware block of the optical radiation transmitter would be 
carried out with a laser diode equipped with a control-steering system. The 
system will be controlled (triggered) by an external signal. On the other hand, 
the signal receiver block will be formed with the use of: optical radiation 
detector, signal preamplifier, low-pass filter and measuring card. A block 
diagram of such a stand (virtual measuring instrument) is shown in Figure 1. 

 

 
 

Fig. 1. A block diagram of a measurement stand (virtual measuring instrument) 
 

At the current stage of starting up of the measuring instrument, certain 
elements of the construction will be simplified, i.e. the part of the broadcasting 
control-steering system with the laser diode will be omitted and a typical laser 
pointer will be used in its place. A speaker will be used as a source of acoustic 
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signal for the tests. Speaker control will be performed with the use of an 
amplifier. The input of the amplifier is fed with a sinusoidal signal from the 
functional generator. Sinusoidal signal parameters will be set remotely using the 
IEEE-488 bus (GPIB). 

It is assumed that the signal measurements will be performed for a relatively 
small distance of not more than 1 m between the transmitter and the sound 
source, and between the sound source and the photodetector. 

Controlling application of the stand should allow: 
 recording of "raw" measurement results to a file, i.e. signal samples, 
 recording music file with the wav extension, 
 reading the data from file with a tdms extension, 
 reading the data from music file with a wav extension. 

The results of the measurement using the DAQ card should be presented on 
the graphic display as a function of time. From all of the registered samples, the 
program should determine: 
 the value of maximum voltage, 
 the value of minimum voltage, 
 the value of RMS voltage, 
 the signal level in decibels. 

The additional features of the system include: signal analysis using Fourier 
Transform FFT, and determining the one-third octave and octave spectrums of 
the recorded signal. 
 

3. Stand construction and its principle of operation 
 

Based on the adopted assumptions the stand has been constructed and the 
application has been written in order to control it. Computer equipped with the 
application controls the measurement card, which acts as a recording device of 
measuring signal. National Instruments card NI USB-6210 model was used [2]. 
The manufacturer has equipped the card with a 16-bit A/D converter with the 
maximum sampling rate of 250 kS/s, 16 multiplexed analog measurement 
channels, 2 analog outputs, 4 digital inputs, and 4 digital outputs. One of the card’s 
analog channels has been used for signal recording, and its number is important 
when modifying the connections in the system. Signal measurement can be 
performed in one of the four cards ranges: ±0.2 V, ±1 V, ±5 V, ±10 V. The 
inaccuracy of measurement, determined for the smallest full-scale measurement 
range, is Δ = ± 0.088 mV and for the largest one Δ = ± 2.69 mV [2]. 

Communication between the PC (controller) and the card is maintained with 
the use of USB 2. To support the communication bus, drivers from the 
development environment have been used. The configuration of processing 
settings and card performance parameters is executed in the software. 



Z. Krawiecki, D. Gloger / Design of a measurement stand with DAQ … 

 544 

A conventional laser pointer has been used as a source of optical radiation. It 
consists of a 1 mW semiconductor laser, which emits a red light of a 
wavelength range from 650 nm to 670 nm, and an optical system with the 
focusing lens (collimator). The BPW34 photodiode is a detector operating in the 
wavelength range of (430 – 1100) nm, with a maximum sensitivity at 900 nm. 

The standardized characteristic of the sensitivity of the photodiode is 
presented in Figure 2 [3]. The range of the light wave length given in the 
semiconductor laser’s specification is marked on the characteristic. 
 

 
 

Fig. 2. Standardized characteristic of the PIN BPW34 photodiode sensitivity [3] 
 

The radiant sensitive area of the photodiode is 7,5 mm2 and the detection 
angle φ = ± 65° [3]. Additionally, only for testing purposes, a reflecting surface 
called diaphragm has been prepared from polyvinyl chloride with a thickness of 
0.15 mm. It is colorless and has a glossy surface on both sides. The diaphragm 
has been mounted on a tripod and set in a circular aluminum frame with a 
diameter of 160 mm. 

The sound source, also for testing purposes, is M1Active MKII – a high-end 
speaker, made by Alesis company, used as a studio monitor, with bandwidth 
ranging from 40 Hz to 23.5 kHz [6]. 

The photodetector circuit (a photodiode in series connection with a resistor) 
converts incident optical radiation on the photosensitive surface of the 
photodiode into the electrical signal. A schematic diagram of the photodetector 
circuit is presented in Figure 3 [8]. 

For pre-treatment of the signal received by the photodetector, a low-pass 
filter and a preamplifier have been used. The device has been designed, 
constructed and tested experimentally [5]. The test results indicate that the 
preamplifier is characterized by very good signal transmission in a wide range 
of audible frequencies from 20 Hz to 20 kHz and little own noise at high gain. 
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Fig. 3. The photodetector circuit with the BPW34 photodiode [8] 
 

Capacitive coupling has been applied between the photodetector systems and 
the preamplifier, which results in the voltage constant component that is present 
on the R resistor (Fig. 3) not being amplified. 

Figure 4 presents the view of the constructed measuring stand. 
 

 
 

Fig. 4. The view of the constructed measuring stand, where: a) laser pointer, b) photodetector,  
c) diaphragm, d) sound source, e) signal preamplifier, f) measurement card, g) computer with 

application in LabVIEW 
 

The positions of the light source and optical radiation detector in relation to 
the built diaphragm has been adjusted on the basis of an experimental 
assessment. When the audio source is switched off, the laser light reflected from 
the diaphragm surface creates a spot on the light-sensitive surface of the 
photodiode. The relative position of the elements in the optical system is 
adjusted so that the spot covers the surface of the photodiode as much as 
possible. When the sound from the speaker reaches the additional diaphragm, 
which is placed in front of the speaker, it puts the diaphragm into vibrations. 
Reflected from the vibrating diaphragm, the laser beam begins to change its 
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location, at the same time changing the area of the illuminated surface of the 
photodiode. This causes a change in the current flowing through the photodiode 
and also a change in voltage value on the resistor connected in series. 
Subsequently, the signal becomes properly amplified in the preamplifier, 
filtered using a low-pass filter and applied to the analog input of the 
measurement card. With the use of the control application the recording of the 
signal is realized. It can be called the audio signal as it reproduces the sound and 
is situated within the audible frequency. This signal can be saved to a popular 
music format - wav - or a file with a tdms extension, which contains among 
other things, the data of the recorded samples. 

The tdms file format, that is used in LabVIEW, is a recording model of data 
collated on three hierarchy levels: sources, groups and channels. This model 
consists of descriptive and binary information about the registered data and is 
used in order to manage technical data (TDM - Technical Data Management) in 
National Instruments applications (Fig. 5) [9]. 
 

 
 

Fig. 5. Data organization model in tdms file [9] 
 

4. Instrument control application 
 

The software has been written in LabVIEW environment, invented by 
National Instruments company [1, 7]. In the application algorithm four main 
modules have been distincted: a module controlling the measurement card, a 
module used for registering the results of the measurements, a module used for 
reading the results from file, and a module used for processing and analysis of 
the results. 

Measurement card controlling module uses the measuring task configuration 
wizard, which is available in the LabVIEW environment. The wizard supports 
the "family" of the DAQmx multifunction cards and allows to setup some of the 
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functioning parameters of the DAQ card. In its structure, it has implemented 
algorithms of measurements of various quantities, e.g. voltage, temperature, 
strain (stress), current, resistance, frequency, position, vibration, sound pressure 
etc. Wizard dialog box is shown in Figure 6. 
 

 
 

Fig. 6. Wizard dialog box of measuring task for multifunction DAQmx cards 
 

Taking into consideration the fact that the wizard has been designed to handle 
a large group of measuring cards, some of the displayed quantities are not 
supported by the used model of the card. In the presented solution of the virtual 
instrument, the measuring task is configured to measure the voltage, to which a 
virtual measuring channel has been "assigned". In the next dialog box there is a 
possibility of changing the sampling frequency (1), the number of collected 
samples (2), the range of the measured signal (3), the mode of the amplifier 
programmable in the card (4). These parameters are set in the control panel 
illustrated in Figure 7. The values of the parameters featured in the figure are 
standard settings set by the manufacturer of the equipment and it is possible to 
change them during the measurements. 
 Sampling frequency of a commonly used value in digital recording 
equipment, i.e. 44100 S/s has been assumed. However, depending on the time 
of registration the number of samples is going to change. 

In the wizard, one should set the virtual measurement channel, which 
configures the external output port of the card. This action is important because 
the measurement signal must be connected to adequate terminals of the port. 
Figure 8 presents a fragment of ”Connection Diagram” panel with marked 
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terminals that should be connected to the measurement signal. 

 
 

Fig. 7. Configuration panel of parameters processing and functioning of the DAQ card 
 

 
 

Fig. 8. A fragment of “Connection Diagram” panel with marked terminals that should be 
connected to the measurement signal 

 
Figure 9a shows the panel of the program that enables reading the data from a 

file with a graphical presentation of the results and Figure 9b presents a fragment 
of graphical code used to record data. 
 The results of an exemplary measurement is visible in Figure 9. It is a signal, 
recorded with the constructed virtual measuring instrument, at a time of a sine 
wave at a frequency of 1 kHz has been applied to a M1Active MKII speaker. 
The visible distortion of the signal envelope, which is confirmed by the 
presence of harmonics (FFT analysis), probably results feom the physical 
properties of the membrane used in the system, the degree of stress in the 
aluminum frame, and the acoustic properties of the environment. As a result of 
further work, it is presumed that the system can be modified in order to improve 
the metrological properties so that the impact of the elements causing signal 
distortion in measurement circuit will be reduced. 
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  a) 

 
 

  b) 

 
 

Fig. 9. Reading data from file panel (a) and a fragment of graphical code used to record data (b) 



Z. Krawiecki, D. Gloger / Design of a measurement stand with DAQ … 

 550 

In the further panels of the program, other measured and calculated parameters of 
the recorded signal such as: minimum value, maximum value, signal level in dB, 
and octave spectrum etc., are displayed. These parameters are calculated using the 
commonly employed formulas. For instance: determining the RMS voltage value is 
done using the following formula (1): 







1n

0i

2
iu

n
1U           (1) 

where: n is the number f the measurement sample of the actual value of the voltage ui. 
 

5. Summary 
 

The virtual measuring instrument described in the work is made with application 
of modern techniques, in which the hardware and software elements are used in 
construction of measuring stands. Its main purpose is to measure acoustic signals 
using laser light as a sound information carrier in set-up of laser- diaphragm-
photodetector. It is anticipated that its applications may be wider, such as e.g. 
detection of vibrations or spin speed of moving parts of a machinery. Application 
written in LabVIEW works properly and allows configuration of the measurement 
card, recording the measurement results to a file, reading the results from a file, and 
its processing and analysis. Sample measurements have been carried out in order to 
validate the operation of the instrument. 

The future stage of work will include: making a series of measurements for 
different diaphragms and different test signals, measuring the signal as a function of 
its frequency, and performing comparative tests using the XL2 acoustic signals 
analyzer made by NTI company. 
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