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RESULTS  

  

VOICE LEVEL REDUCTION MEASUREMENT 
 
Standard 

ISO 23351-1: 2020 
 

Measurement date 
March 2024 

 
Material tested 

2024AU0490-S01 
 

Instrument used 

Bruel and Kjaer sound level meter type 2270. SN: 3011089 
Bruel & Kjaer micro ½”  type 4189. SN: 3180898 
Bruel & Kjaer preamplifier SN 28138 
Bruel & Kjaer micro ½”  type 4231. SN: 3019977 
Bruel & Kjaer dodecahedron source OmniPower 4296. SN: 2498653. 
Bruel & Kjaer Stage amplifier 2716. SN: 2551039. 

 
Aim of the test 

This study was carried out at the request of the company ACTIU and the acoustics of the Q150 booth were evaluated in the 
reverberation chamber of the Universitat Politècnica de Valencia’s Escuela Politècnica Superior de Gandia. 
 
The main aim of the study was to measure using the ISO 23351-1:2020 Standard. Acoustics — Measurement of speech 
level reduction of furniture ensembles and enclosures — Part 1: Laboratory method. 
 
The standard stipulates a laboratory method to facilitate the comparison of furniture and enclosure units with respect to their 
ability to reduce the speech level of the occupant speaking inside the product. In this method, the sound strength level is 
measured in two scenarios:  
1) without the product and  
2) with the product.  
During scenario 1), the test signal is reproduced by the sound source in an empty reverberation chamber without the product.  
During scenario 2), the test signal is reproduced by the sound source inside the product in the position of the occupant. 
 
Level reduction is the difference in the measured sound strength levels in the two scenarios in octave frequency bands from 
125 Hz to 8 000 Hz.  
Speech level reduction is a single number that expresses the corresponding reduction in the A-weighted sound strength 
level of standard speech over the entire frequency range from 125 Hz to 8 000 Hz. 
 
The method is applicable for complete furniture assemblies or enclosures which form a unit for the use of one or more 
occupants, and which are also used to provide greater speech privacy. 

 

The measurements were carried out on 8 March 2024 in the acoustics laboratories and chambers of the Universitat 

Politècnica de Valencia’s Escuela Politècnica Superior de Gandia.  A description of the reverberation chamber appears in 

Annex 3 of this report. 

 

Date of last report revision: 24 March 2024 
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Procedure 

 

This test was carried out in the reverberation chamber of the Escuela Politècnica Superior de Gandia (EPSG) of the 
Universitat Politècnica de Valencia on 8 March 2024. The environmental conditions were normal with no sudden changes 
in temperature or humidity. The tests with an empty chamber showed a temperature of 20.6º C and 39.6% relative humidity 
and the tests with the configuration showed a temperature of 19.6º C and 42.2% relative humidity.  

 

Figures 1 and 2 show details of the reverberation chamber set up with only the source and inside the booth.  

 

Figure 1: reverberation chamber assembly with source only 

 

 
Figure 2: booth configuration 1 assembly 
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The procedure that sets the standard is as follows:  

 

The test took place inside the reverberation chamber and two sound strength level measurements were taken, one without 
the booth and one with the booth. The sound strength level of the sound source LW,P,1 with the booth and LW,P,2 without the 
booth was measured, and the level reduction of booth Di was obtained. Using the above values, the reduction in speech 
level (DS,A) was calculated.  
 
To produce LW,P,1 and LW,P,2 a sound box generating pink noise from 125Hz to 8000Hz was used. An omnidirectional sound 
source can be used when testing closed spaces with high level reduction, as in these cases the background noise levels 
may not be exceeded using the sound box.  When testing open spaces, only the sound box should be used. The source 
should be placed where the occupant’s mouth is most likely to be (height of 1.2 m if the occupant is seated or 1.55 m if they 
are standing).  

 

The booth should be tested in at least two different locations within the chamber, at least 1.7 m apart and the booth should 
be at least 1 m away from the microphone positions and chamber enclosures.  The booth should be placed in its usual 
operating position. If the booth has doors or windows they should be opened and closed 5 times before taking the 
measurement. If it is intended that the booth has fixed accessories such as computers and computer screens, the test 
should be performed with these in place.  

 

It is important for the booth to have a power socket inside it to avoid having to run cables through the door, which would 
compromise the booth’s soundproofing. If the booth has internal noise sources (a fan for ventilation) these should be 
switched on both when measuring with the sound source on and when measuring background noise with the sound 
source off.   

 

The number of microphone positions should comply with standard UNE-EN ISO 3741:2011. All the microphone positions 
should be located outside the testing booth. The minimum distance between the microphone position, the booth and the 
room boundary should comply with standard UNE-EN ISO 3741:2011. The testing method performed should comply with 
UNE-EN ISO 3741:2011. 
  
The sound power level of the sound source is measured with the test sample LW,P,1 and  without the test sample LW,P,2 
 
Booth Di's reduction level is determined by:  

 

𝐷𝑖= LW,P,1,i  − LW,P,2,i 
 
 
The 1/1 octave frequency band is indicated by i. P indicates broad-band steady state noise, such as pseudo-random pink 
noise produced by the sound source.  
LW,P,1,i  y LW,P,2,i  should be determined in compliance with the direct ISO 3741 method, including the background noise 
correction procedure.  
 

The DS,A calculation is based on a mathematical transformation in which the sound power level LW,P,1,i  is replaced by the 
speech standardised sound power level LW,S,1,i  shown in Table 1. In this case, the sound power level radiated by the test 
sample LW,S,2,i is determined by  
 

𝐿𝑊,𝑆,2,𝑖 𝐷𝑆,𝐴 = LW,S,1,i  −𝐷𝑖 

 

Octave band frequency 
Frequency (Hz) 

 

Table 1. Unweighted sound power level of genderless speech. 

__________________________________________________________________>>> 
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The A-weighted sound power level radiated by the test sample within the frequency range 125 Hz to 8 000 Hz is determined 
by:  
 

 
where Ai is the A-weighting for the 1/1 octave i frequency band.   
 
 
 
 
 
The speech reduction level is determined by:  

 

 
 
where LW,S,A,1 = 68.4 dB is the A-weighted sound power level of normalised speech over the entire frequency range from 
125 Hz to 8 000 Hz.   
 

__________________________________________________________________>>> 

  



  

  6 / 11  
  

2024AU0490  

    

Reverberation chamber set-up 
In order to obtain the power levels that meet the standard, the reverberation time and the background noise inside the 
reverberation chamber must also be measured.  Table 2 shows the background noise measurements in the reverberation 
chamber before the measurements.  

Frequency 
(Hz) 

Recorded 
background 
noise levels 

(db) 

 
Table 2. Background noise levels recorded during the tests versus maximum background noise levels. 

 
The average background noise value of the reverberation chamber in the defined frequency range is LPA =18.3 dBA.   

 
Table 3 below shows the reverberation time data.  

 

Frequency 
(Hz) 

Reverberation 
time (s) 

 
Table 3. Reverberation time recorded during tests 
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Sound strength measurement 

 
The sound power results are shown below. As specified in the procedure, the sound power must be determined WITHOUT 
A BOOTHE and WITH A BOOTH. The determination of sound strength was carried out according to standard UNE-EN ISO 
3741:2011. Acoustics. Determination of the sound strength levels and sound energy levels of noise sources from sound 
pressure. Laboratory methods in reverberation chambers. (ISO 3741:2010). 

 

The table shows the sound strength level results according to UNE-EN ISO 3741:2011 with or without booth, for 
configuration Q150. 

 

f (Hz) 
LW (dB) 

WITHOUT 
BOOTH 

LW (dB) 
WITH BOOTH 

100 95.2 72.4 

125 95.8 70.4 

160 96.5 74.2 

200 97.3 66.9 

250 96.8 73.9 

315 98.0 70.6 

400 97.6 70.9 

500 97.2 67.5 

630 97.3 64.7 

800 97.2 62.1 

1000 97.1 59.8 

1250 96.9 59.8 

1600 97.6 62.0 

2000 96.9 61.6 

2500 96.6 59.8 

3150 96.6 58.5 

4000 96.2 59.1 

5000 95.9 57.9 

6300 94.9 56.1 

8000 95.7 57.8 

10000 92.8 53.0 
 

Table 4. Sound strength levels (dB) for booth Q150 
 
 

__________________________________________________________________>>> 
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Rating according to ISO 23351-1:2020 
 

This section shows the results obtained from applying ISO 23351-1:2020 to the two configurations. Table 5 shows the 
calculations according to ANNEX A - the standard for the Q150 booth. 
 

 
Table 5. Calculations according to ISO 23351-1:2020 

 
 
The overall results are as follows: 
 

 
 
 

The sound strength level of the source without booth Lw,p,1 was 109.8 dB while with booth it was 81.1 dB, giving a booth D 
reduction level of 28.8 dB. The standardised speech strength level without booth was LW,S,1 and with booth LW,S,2 was 71.8 
dB and 44.0 dB respectively, giving a standardised speech reduction Ds of 27.8 dB. The A-weighted speech strength level 
without booth  LW,S,A,1 and with booth LW,S,A,2 is 68.4 dB and 38.3 dB giving a speech level reduction DS,A of 30.1 dB. 
 
ANNEX I shows the results sheets for the two configurations tested, according to the recommendations in ANNEX B of ISO 
23351-1:2020. 

 
 

__________________________________________________________________>>> 
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Summary 
 
For the application of ISO 23351-1:2020 the reference standard for sound power measurement in a reverberation chamber 
(UNE EN ISO 3741:2011) was followed, as set out in the standard. Booth Q150 was tested: 
 

Frequency Speech reduction level 

 
 

__________________________________________________________________>>> 
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APPENDIX 1. DATA SHEETS ACCORDING TO ISO STANDARD 23351-1: 2020 
 

 
 

__________________________________________________________________ /// 



 

 11 / 11  

2024AU0490  

 Ana Alarcon 
Leiter/in der Abteilung Automobile & Transporte  

Head of Automotive & Transports Division 

 

  

  
  

 

  

  
LIABILITY CLAUSES  

  
1.- AITEX is liable only for the results of the methods of analysis used, as expressed in the report and referring exclusively to the materials or samples indicated in 
the same which are in its possession, the professional and legal liability of the Centre being limited to these. Unless otherwise stated, the samples were freely 
chosen and sent by the applicant.  
2.- AITEX shall not be liable in any case of misuse of the test materials nor for undue interpretation or use of this document. AITEX laboratories do not carry out 

sampling.  
3.- The Offer and / or Order to which the applicant gives approval through signature and seal, constitutes the Legally Executable Agreement in which AITEX is 

responsible for safeguarding and guaranteeing the absolute confidentiality of the management of all the information obtained or created during the performance of the 

contracted activities.  
4.- In the eventuality of discrepancies between reports, a check to settle the same will be carried out in the head offices of AITEX. Also, the applicants undertake to 

notify AITEX of any complaint received by them as a result of the report, exempting this Centre from all liability if such is not done, the periods of conservation of the 

samples being taken into account.  
5.- AITEX will provide at the request of the person concerned, the treatment of complaints procedure. In the event that you want to make it, direct it to: calidad@aitex.es.  
6.- AITEX is not responsible for the information provided by customers, which is reflected in the Report, and may affect the validity of the results.  
7.- AITEX is not responsible for an inadequate state of the sample received that could compromise the validity of the results, expressing such circumstance, in the test 

reports.  
8.- AITEX may include in its reports, analyses, results, etc., any other evaluation which it considers necessary, even when it has not been specifically requested.  
9.- When a Declaration of Conformity is requested, if not indicated otherwise, the decision rule according to ILAC-G8: 2009 will be applied with a security zone of 1U 

and a Probability of False Acceptance <2.5%.  
10.- The uncertainties of tests, which are made explicit in the Results Report, have been estimated for a k = 2 (95% probability of coverage). If not informed, they are 

available to the client in AITEX.  
11. - The original materials and rests of samples, not subject to test, will be retained in AITEX during the twelve months following the issuance of the report, so that 

any check or claim which, in his case, wanted to make the applicant, should be exercised within the period indicated.  
12.- This report may only be sent or delivered by hand to the applicant or to a person duly authorised by the same.  
13.- The results of the tests and the statement of compliance with the specification in this report refer only to the test sample as it has been analyzed / tested and not 

the sample / item which has taken the test sample.  
14.- The client must attend at all times, to the dates of the realization of the tests.  
15.- According to Resolution EA (33) 31, the test reports must include the unique identification of the sample, and any brand or label of the manufacturer may be added. 

It is not allowed to re-issue test reports of untested sample names (references), they can only be re-issued for error correction or inclusion of omitted data that were 

already available at the time of the test. The laboratory can not assume responsibility for declaring that the product with the new trade name / trademark is strictly 

identical to the one originally tested; This responsibility belongs to the client.  
16.- This report may not be partially reproduced without the written approval of the issuing laboratory.  
17.- The tests have been carried out at the Alcoy plant with the address described on the first page of the report, unless another location is indicated in the results 

sheet of the specific test.  
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