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Abstract 
 

Regarding acoustic biometric measurements, various parameters like speech recognition or the 

detection of parameters, which are relevant for health / disease, literature indicate error ratios up to 

40%, depending on the use of different microphone systems. Because of the increasing use of voice 

analyses not only for speech recognition, but also for the evaluation of stress systems and emotional 

stress parameters as well as for the assessment of personality profiling the error ratio should not 

exceed a limit of 5%. 
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The objective of the study is to figure out whether it is achievable to wind down the very high 

deviation of 40% to 5% by using special developed calibration software. 

The aim of study is: The implementation of a special software for the calibration of different 

microphone systems effects a reduction of the deviation of acoustic biometric measurement, ranging 

below 5%. 

Based on standardized measuring conditions in a speech lab and a recording studio, the VFA 

according to Heinen was used with 5 different microphone systems. The error ratio in % of sound 

graphs was computed with and without the application of calibration software. 

As a result the study defined the error ratio of measurements with non-calibrated microphone 

systems was up to 40%. The calibration software reduced the ratio below 5%. 

The increasing importance of acoustic biometric measurement methods requires a calibration of 

microphone systems to reduce the error ratio of the measurement results below 5%. This was 

exemplified by the VFA according to Heinen. 
 

Background 

 

At the generation of acoustic biometric parameters for voice recognition with different 

microphone systems with one proband literature is demanding an error rate of no more than 5 

percent in order to provide the best possible record description. [1] 

Since voice analysis increasingly is used not only in voice recognition, but also for 

medical diagnostics of functional and emotional stress parameters    (FESP) of the human 

organism, e.g. acid-base-ratio, redox-system, anabolic-catabolic endocrine hormones and 

autonomous nervous system or for the assessment of personality traits (PT), such as type, 

aggression, fear and time-space-sensations. Thus the error rate in using different microphone 

systems should not exceed 5 % either. [2, 3, 4, 5, 6] 

The recordings of the vocal samples, the vocal frequency spectra (VFS) derives thereof 

and the results which present the voice frequency analysis (VFA*) according to Heinen 

depend on the used microphone system (see Figure 1). Accordingly it is necessary to define a 

reference system and a calibration of the applied microphone systems, in order to minimize 

the dependency of the results on the particular microphone and effectively to eliminate the 

influence.  

  

 

  
 

Figure 1: VFS of both vocal curves: green –ears kept open, yellow – ears kept shut 

Left: reference system, right: test system 
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The occurring difficulty when working with VFA, caused by different audio systems which in 

their transfer performance largely depend on the characteristic of the particular microphone 

will be considered and elaborated in this study. Since a “calibration” of the microphones, resp. 

the audio systems is regarded as a countermeasure to the technical question, the calibration 

the issue of this study. In the process 5 microphones of different construction type will be 

tested.    

Objective  

The objective of the study is to figure out whether it is achievable to wind down the 

very high deviation of 40% to 5% by using special developed calibration software. 

 

Thesis 

 

The implementation of a special software for the calibration of different microphone 

systems effects a reduction of the deviation of acoustic biometric measurement, ranging 

below 5%. 

 

Method of measurement 

The vocalyse®* method applied for the VFA calculates voice frequency spectra (VFS) 

from two voice samples. One voice sample is recorded with open kept ears, the second with 

ears kept shut (see Figure 2). Both samples are recorded by a plugged in microphone, which 

operates via the audio interface of a computer equipped with the vocalyse® software (Heinen 

2006). Thus two VFS are available (see Fig. 1). The ratio of both VFS curves may indicate 

personality traits, such as the basic or stress types as well as their characteristics (for instance 

aggression, fear and time-space sensation) and further statements on the constitution and 

physical condition of the proband (e.g. acid-base ratio, redox-system, catabolic-anabolic 

endocrine system) .  

 

 
 

Figure 2: Voice recording of proband using two identical microphones. 

 

 

* The VFA (sales designation vocalyse
®
) was provided by Annegret Heinen IFG, Germany, Zürnstrasse 5/1, D - 

88048 Friedrichshafen, aheinen@ah-ifg.de.  



 

17
th

 International Congress on Sound and Vibration (ICSV17), Cairo, Egypt, 18-22 July 2010 

 

 

4 

 

Study design  

 

The examination proceeded in two steps:  

 

1. Five so far not calibrated microphone systems of different construction types compared to 

a particular reference microphone.  

2. The five microphone systems then are calibrated for the reference microphone using a 

special developed software and again compared.  

 

In all tests a pink noise of 30 dB was made by a professional audio signal generator (NTI 

Minirator MR-1and the specific loudspeaker system Genelec 8040 of the SAE-München, see 

test set-up, Figure 3.    

 

 

 
 

 

Figure 3: Test set up 

 

Reference System 

 

A reference system may be established at least in two ways:  

 

1. An existing system is defined as “reference“. 

 

Distance: loudspeaker-microphone:30cm 
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2. Using an exact description of the characteristic features and qualities of the reference-

system.  

 

For the tests, presented in this study, a special electrets microphone, which in the 

comparison of several batches from this microphone had been proven itself as quasi-

calibrated, was defined as reference system. The attribute “quasi-calibrated” implies that no 

special calibration procedure was performed or necessary.  

It refers to the table microphone ECM 70 ST, Monacor, Germany. The evidence was 

provided by an open practice study with 320 probands suffering from pollen allergy, which 

were recorded twice in intervals of seconds [6]. In this study, which lasted three years, no 

significant difference in the PT and FESP has been established in the comparison of the 

double measurements. The probands in different seasons were examined up to 12 times a 

year. 

  

System Comparison  

 

As mentioned above, five systems were compared to the reference microphone ECM 70 

ST. 

1. IMG Stage Line ECM 290, made by Monacor, Germany 

2. Emotion AKG 550, made by AKG, Austrian 

3. Neumann HNI 54400, made by Neumann, Germany 

4. Pearl CR 57, made by Pearl, England 

5. Zoom H4N, made by Zoom, made in Japan.  

 

Audio-System 

 

The hardware configuration in all tests was the same. The employed device was the 

Asus Eee PC 1000H made by ASUSTeK Computer Inc, USA.  

 

Results  

 

 
 
Figure 4: comparison of the mean value and the +/- 10 dB-line of the VFS of Figure 1 of the reference 

microphone ECM 70 ST (red) and the not calibrated Pearl-microphone (blue). 
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Figure 4 shows as an example the overlaid mean value curves and the +/-10dB-lines of 

the different VFS from Figure 1 of a proband in comparison of the reference microphone 

ECM 70 ST with the not calibrated Pearl microphone. Both recordings were made 

simultaneously using an identical device of the Eee-PC 1000H by Asus. From the significant 

difference of the VFS derive the FEMSP and PM, as it is presented in Table 1. 

 

  
 

Figure 5:  comparison of the mean value and the +/- 10 dB – line of the VFS of Figure 1 of 

the reference microphone ECM 70 ST (red) before (left) and after (right) the calibration of the 

Pearl-microphone (blue). 

 

Figure 5 depicts the comparison of the reference microphone ECM 70 ST and the Pearl-

microphone as example before and after the calibration of the Pearl-microphone. After the 

calibration there is no significant difference in the VFS. The different FEMSP and PT as they 

are presented in Table 1, also do not differ significantly.  

 
Table 1: The table shows a quantitative change of the functional-emotional stress parameter (FESP) 

and personality traits (PT) before (v = vor) and after (n = nach) the calibration of the comparing 

microphones relating to the reference microphone. The calibration is depicted by arrows: → means 

normal, ↑ means slightly increased, ↑↑ means strikingly increased, ↓ slightly decreased and ↓↓ means 

strikingly decreased.  
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The FESP and PT from the pink noise VFS curves  of the not calibrated microphones 

differ considerably in comparison to the reference microphone ECM 70 ST up to significant 

40 %. After the calibration with an average deviation of less than 5 % the results are almost in 

accordance with the result of the reference microphone.  The pink noise VFS curve of the 

reference microphone thereby was defined as standard for all parameters.  

 

Discussion 

 

As a result the study defined the error ratio of measurements with non-calibrated 

microphone systems was up to 40%. It means that a functional-emotional medical diagnosis 

with freely selectable microphones may have results for the FESP and PT which could differ 

up to 40 %. This implies a high risk of considerable misdiagnosis on essential processes of the 

organism. Subsequently wrong therapeutically treatments may be used, which may lead to 

substantial dysfunction and impairments of the organism. To avoid such a chain of errors in 

medical diagnosis, one only should use calibrated microphones, when applying voice analysis 

in medical treatments. As shown by study the calibration software reduced the ratio to below 

5%. 

 

Summary 

 

In summary it can be said that the increasing importance of acoustic biometric 

measurement methods requires the calibration of microphone systems to reduce the error ratio 

of parameters to below 5%. This was exemplified by the VFA according to Heinen. 
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