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Abstract: - Since the determination of room acoustic parameters are requesting the sound power of the 
sound source. Few trials to publish the way of calibration and uncertainty estimation in details for the 
reference sound source were performed.  So, it is very interesting to find a way to calibrate the reference 
sound source that can be used in different acoustic measurements. Also, there is a need to find the value 
uncertainty of due to the calibration of reference sound source. Sound power level of any sound source can 
be determined by means of sound pressure level measurements performed in accordance to relevant ISO 
standards. The calibration of reference sound source according to ISO 6926 may be implemented in a hemi-
anechoic or reverberation room. The method and way of sound power calculations which may depend on 
number of microphones, their positions and place of measurements stated. Measurements of sound pressure 
level, reverberation time and background noise level were performed using traceable instruments by direct 
method in ISO3741. Then the calculation of sound power level in 1/3 octave band frequency was carried 
out for the reference sound source side by side with uncertainty contributions resulting from measurements. 
The values of uncertainty R0 omc respectively are in order of magnitude of 0.4 and 0.07 dB. The total 
uncertainty lies within the range of 0.7-1.0dB in the 1/3 octave band frequency from 125Hz to 10000Hz.   
 
Keywords: - RSS, reverberation room, microphones, sound power, uncertainty 
 

 
1. INTRODUCTION  
 

Reference sound sources (RSS) can be used in 
various kind of acoustics measurement, particularly 
for the determination of sound power levels of 
machinery or for measuring equivalent sound 
absorption areas in room and building acoustics. 
Sound power measurements can be performed in 
diffuse or in free sound fields. The sound power level 
is used for quantitative evaluation of sound energy 
radiated from electrical and mechanical apparatus. 
Procedures for measuring the sound power level are 
categorized into the standard[1] on the basis of 
measurement principle, environment, and accuracy. 
Among them, the practical procedures involve the use 
of a reference sound source (RSS) with a 
predetermined sound power level, and an apparatus 
under test can be easily calibrated in comparison with 
RSS. The RSS has stable and broad-band sound 
power output. Requirements for its performance     
and calibration procedure are prescribed in the  
standard [2].  

Thus precise calibration of the RSS is essential for 
end-users to establish reliable sound power 
measurements. In [2], the RSS is calibrated in hemi-
anechoic rooms or in reverberation room. From the 
accuracy viewpoint and facilities, we decided to use 
reverberation room which is the accurate method. The 
sound power levels in the reverberation room require 
the determination of the average sound pressure 
levels in the reverberant field. Several studies were 

conducted with the goal of developing a calibration 
procedure for reference sound sources. In one of 
these, a series of 60 measurements was performed in 
the National Bureau of Standards reverberation room.  

These measurements emphasized the importance 
of source position and demonstrated that by averaging 
over three source positions, a transfer calibration can 
be performed with a precision of about 0.1 dB, for 
certain stable sources. In another series of tests, 
measurements performed in a free field over a 
reflecting plane were compared with reverberation 
room measurements.  

The free-field data are about 1 dB higher than the 
reverberation room data over the entire audible 
frequency spectrum. In 1979, P.A.Mansbach[3] 
developed calibration procedures for calibration of a 
RSS. He recommended that the measurements to be 
done at reverberation room. The environmental 
condition controlled and the precision was within 
more than 0.1dB. But there were higher deviations at 
low frequencies and many details about the 
uncertainty still absent. In 1995 , M.Vorländer and 
G.Raabe [4] performed the calibration of a RSS 
through an intercomparison among eight laboratories. 
The project was performed by Physikalisch 
Technische Bundesanstalt (PTB) institute and Brüel 
and Kjar (B&K) company where in the study, the 
RSS was calibrated while standing on a reflecting 
plane far away from the other reflecting surfaces. 
Also, the measurements compared with that obtained 
in hemi-anechoic room. No detailed description has 
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been found of the surface density of the floor and the 
influence of the surface density on the sound power 
level. In the present work, the calibration of RSS at a 
qualified reverberation room using the standards [1] 
and [2] with traceable calibration system and high 
stability was implemented. Calculations of sound 
power and uncertainty budget, where the uncertainty 
sources and contributions were identified in details. 
The obtained uncertainty is considered as smallest 
value and this is challenge. Thus precise calibration 
of the RSS is essential for end-users to establish 
reliable sound power measurement. 
 
2. MATERIALS AND METHOD  
 
2.1. Calculation of sound pressure level and 
sound power level 
 

For the level in each frequency band of interest, 
the average sound pressure level over the 
measurement surface given by equation (1)                                                  

 

𝐿௣
పതതത ൌ 10log ቂଵ

ே
∑ 10଴.ଵ௅೛೔

೔ே
௜ୀଵ ቃ 𝑑𝐵,          (1) 

 
𝐿௣

పതതത is the sound pressure level averaged over the 
measurement, in dB (This is calculated parameter_ 
logarithmic average); 

𝐿௣௜
௜  is the sound pressure level at the ith microphone 

position, in dB (This is measured parameter for each 
microphone position); 

N is the number of microphone positions 
 

2.1.1. Calculate one-third-octave band sound 
power levels using the equivalent absorption 
area of the room in accordance with the 
direct method of ISO 3741  
 

The sound power level of the noise source under 
test in each one-third-octave band, LW, under 
reference meteorological conditions, shall be 
calculated using Equation (2) 
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 𝐿௣ሺௌ்ሻതതതതതതതത is the mean corrected one-third-octave band 

time-averaged sound pressure level in the test room 
with the noise source under test in operation in dB;  

A is the equivalent absorption area of the room in 
m2. The equivalent sound absorption area A is 
obtained from application of the Sabine equation and 
a measurement of reverberation time (s) in the room 
using equation (3) 

 

A ൌ ହହ.ଶ଺

ୡ
ሺ ୚

୘లబ
ሻ,                            (3) 

 
where V is the internal volume of the room (m3) and 
the dimensional constant of 55.26 has the unit (s/m). 
T60 is the reverberation time of the reverberation test 
room at the mid band frequency of the 
measurement(s) in seconds; A0 =1m2. S is the total 
surface area, of the reverberation test room in m2. c is 
the speed of sound in m/s at the temperature θ of       
the air in the reverberation test room at the time of test 
in oC,  
 

c ൌ 20.05√273 ൅ θ,                      (4) 
 

V is the volume of the reverberation test room in m3. 
f is the mid-band frequency of the measurements in 
Hz.  
C1 (dB) is the reference quantity emendation to 
account for the different reference quantities utilized 
to calculate decibel SPL and decibel sound power 
level. 
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C2 (dB) is the radiation impedance emendation to 
modify the real sound power relevant for the 
meteorological conditions, the following equation is 
valid for a monopole source and is a mean value for 
other sources [5] 
 

   Cଶ ൌ -10log
୮౩

୮౩,బ
dB ൅ 15log ሺ

ଶ଻ଷ.ଵହା஘

஘భ
)dB,  (6) 

 
ps is the static pressure in the test room at the time of 
test in kPa. ps,0 is the reference static 
pressure=101,325 kPa. θ (oC) is the air temperature in 
the test room at the time of test. θ0=314 K, θ1=296 K.  

The value given for θ0 leads to a characteristic 
impedance of air of 400 Ns/m3 at the reference static 
pressure 101,325 kPa[6]. This value is not related to 
any real environmental condition; it is a consequence 
of the decibel reference values used for sound 
pressure and for sound power. 
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2.2. Instrumentation and measurement 
system 

 
Sound pressure levels (SPL) measurements were 

accomplished in Rev.room with volume of 157.16m3 
and total superficial area of 177.77 m2. The 
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reverberation chamber is almost a rectangle room. 
The room is built as a box and it has been isolated 
from the surrounding building. Access to the room is 
provided by double access doors made from wood. 
Figure 1 below shows the schematic section 
drawing/photo of the reverberation chamber. Before 
the experiment begins, the qualification of the room 
performed. Where, as mention in ISO 3741 for 
frequencies below f, the average sound absorption 
coefficient, α, of all the surfaces of the reverberation 
test room should not exceed 0,16 for frequencies 
above f or equal to f, the average sound absorption 
coefficient should not exceed 0,06.  

The volume of the sound source is less than 1 % 
of the total volume of the reverberation room. Also, 
according to ISO 3741, the room with the smallest 
dimension greater than 4m. In table 1, present details 
about the instruments used. 

  

 
Figure 1. a) room of measurements at NIS; b) sound 
source photo (RSS)under test of type B&K 4204; c) 
omnidirectional loud speaker B&K 4292used in the 
calibration d) Schematic diagram for measurement 
illustrating places of sound source and microphone 

positions 
 

𝑓 ൌ
ଶ଴଴଴

௏భ/య ,                                (8) 

 
 

2.3. Measurements method and specified 
conditions 

 
The SPL inside the room was executed with six 

microphone position(Nm=6) , all of them more than  
λ/2 apart from each other, from ( ceiling, floor, RSS 
and walls). The source was also moved in two 
different locations (Ns=2) inside the space SPL was 
executed in 1/3 octave band frequency domain from 
125 Hz to 10000Hz. Five repeated measurements of 
the time-average SPL of the RSS shall be taken at one 
fixed microphone in conformance with this 

International Standard with a pause of at least 5 
minutes between measurements. To every group of 
the spatially distributed SPL measurements, the 
energy-based mean and spatial standard deviation (se) 
for all the octave bands considered were deliberate 
using eq. (9), 

 

𝑠௘ ൌ ට
ଵ

ሺே೘ିଵሻ
∑ ሺ𝐿௣തതതே೘

௜ୀଵ െ 𝐿௣௜ሻଶ,             (9) 

 
where, Nm is the No. of microphone placed inside the 
rev.room , Lpi is the average SPL for each microphone 
position , and 𝐿௣തതത is the energy-base average sound 
pressure level for all the microphone position. 
Measurements of the reverberation time were in 
performed in three different locations within the 
octave band frequencies with 5 times of decay. The 
background noise was executed before every group of 
mensuration. A correction was not applied as for any 
octave bands where the background noise values 
within the octave bands was found to be in the 
accepted limit shown in table 1.  

As a portion of the particular condition, all 
equipment was switched off and on between each 
measuring series, and the same operator conducted all 
measurements. For each 1/3 octave band , the average 
standard deviations (𝑠௥ഥ ሻ were computed for all 
measurements in the research.  
The formula used to compute the average standard 
deviation presented in equation (10) 
 

𝑠௥ഥ ൌ
∑ ௦ೝ೔

ಿೞ೚ೠೝ೎೐
೔సభ

ேೞ೚ೠೝ೎೐
,                             (10) 

 
 

2.4. Atmospheric temperature, humidity and 
pressure 

 
The atmospheric conditions were recorded with 

data logger and barometer (see table2) Environmental 
conditions during the measurements were recorded 
on a data sheet and compared with the limits in       
table 1. 

The instruments set-up was calibrated before and 
after the measurement. All instruments are calibrated 
regularly and traceable to DFM and NIS. All the 
equipment used had been calibrated. It was preferable 
that before the first measurement, all the devices were 
left for 10 minute for electrical and room 
conditioning. It was important and useful to assess if 
the temp. and humid. variations during the 
experiment. It is recommended that during single 
mensuration the deviation were lower than 5oC in 
temp., 5% in rel. humid. and 1mbar in static pressure 
(see table 1). 
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2.5. Estimation of uncertainty  
 

The uncertainty in statement of the sound power 
level emerges from sundry factors which influence 
the results, some correlated with environmental 
conditions in the measurement laboratory and others 
with experimental techniques. ISO/IEC Guide 98-3 

shall be used to determine the measurement 
uncertainty. The uncertainty of sound power        
levels, u(LW) is estimated by the total standard 
deviation (eq. 11):  

uሺL୛ሻ ൌ σ୲୭୲.,                      (11) 
 

 

Table 1. 1-maximum and measured background noise, 2-recommended minimum volume of reverberation room, 3-
limits in atmospheric variations, 4-instrumentation used in measurements 

 
 

Table 2. Measurement environmental conditions in five measurements 

 
 
This total standard deviation is obtained using the 

modeling approach described in ISO/IEC Guide 98-
3[7]. This standard deviation is explicit by the 
standard deviation of reproducibility of the method 
(σR0) and the standard deviation (σomc) depict the 
uncertainty due to the instability of the operating and 
mounting conditions (omc) of the source under test in 
accordance with eq. (12): 

 

𝜎௧௢௧. ൌ ට𝜎ோబ
ଶ ൅ 𝜎ைெ஼.

ଶ ,              (12) 

 

Derived from σtot. the expanded measurement 
uncertainty, U, in dB, shall be enumerated from 
equation (13) 

 
𝑈 ൌ 𝑘𝜎௧௢௧.,                               (13) 

 
With respect to the main uncertainty quantity σtot., 

investigations on σomc have a higher priority 
compared to those on the other uncertainty 
components leading to σR0. This is because σomc may 
be significantly larger in practice than, for example, 
σR0 = 0,5 dB for accuracy grade 1 measurements (ISO 
3741). The expanded measurement uncertainty 
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depends on the degree of confidence that is desired. 
For a normal distribution of measured values, there is 
95 % confidence that the true value lies within the 
range (LW − U) to (LW + U). This corresponds to a 
coverage factor of k = 2. 

 
2.5.1. Determination of omc 

 
The standard deviation (omc) which describes the 

uncertainty associated with the instability of the 
operating and mounting conditions for the particular 
source can be determined separately from repeated 
measurements carried out on the same source at the 
same location by the same persons, using the same 
measuring instruments and the same measurement 
position(s). 

σ୭୫ୡ ൌ ටଵ

୒
∑ ሺL୮,୧-L୮,ୟ୴.

୒
୧ୀଵ ሻଶdB,         (14) 

 
Where, Lp,i is the sound pressure level measured at a 
prescribed position and corrected for background 
noise for the ith repetition of the prescribed operating 
and mounting conditions(N=5). 
Lp,av. is its arithmetic mean level calculated for all 
these repetitions. When the measurements averaged 
over all measurement positions Lp,i, Lp,av., are replaced 
in equation (14), by 𝐿௣,ప തതതതത, 𝐿௣,௔௩.തതതതതതത  respectively. 

 
2.5.1.1. Determination of σR0 

 
The standard deviation σR0 includes all uncertainty 

due to conditions and situations allowed by this 
international Standard (different radiation 
characteristics of the source under test, different 
instrumentation, different implementations of the 
measurement procedure), except that due to 
instability of the RSS. In the round robin test the 
round robin test for determining σR0 shall be carried 
out in accordance with ISO 5725, where the sound 
power level of the source under test is determined 
under reproducibility conditions, i.e. different 
persons carrying out measurements at different 
testing locations with different measuring 
instruments. This total standard deviation σtot , in 
decibels, of all results obtained with a round robin test 
includes the standard deviation σomc and allows σR0 to 
be determined by using (eq. 15) 

 

σୖబ
ൌ ඥσ୲୭୲.

ଶ -σ୭୫ୡ
ଶ ,                    (15) 

 
If no round robin test has been carried out, the 

existing knowledge about the noise emission from a 
particular family of machines may be used to estimate 
realistic values of σR0.The determination of σR0 using 
equation (16) is imprecise if σ tot is only slightly 
higher than σomc. In this case, equation (16) gives a 

small value of σR0, but with a low accuracy. To limit 
this inaccuracy, σomc should not exceed       σ tot / √2. 

 
 
2.6. Modeling approach for σR0 

 
Generally, σR0 is dependent upon several partial 

uncertainty components, ci ui (ci is the sensitivity 
coefficient &ui is stand. uncertainty) that associated 
with the different measurement parameters such as 
uncertainties of instruments, environmental 
corrections, and microphone positions. If these 
contributions are assumed to be uncorrelated, σR0 can 
be described by the modeling approach presented in 
ISO/IEC Guide 98-3, as follows: 

 
σୖబ ൌ ඥሺcଵuଵሻଶ ൅ ሺcଶuଶሻଶ ൅ ⋯ … … … ൅ ሺc୬u୬ሻଶ,  (16) 

 
2.6.1. Contributions to the uncertainty σR0 

 
The sound power level, LW, is a function of a 

number of parameters, indicated by the following 
equation, obtained with appropriate substitution in 
equation (2): 

 
L୛ ൌ δ୫ୣ୲୦୭ୢ ൅ δ୭୫ୡ ൅ L୮ሺୗ୘ሻ
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4.34 log
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dB ൅ 10 log ቀ1 ൅

ୗ ୡ

଼୚ ୤
ቁ dB-Kଵ ൅ Cଵ ൅

Cଶ-6dB ൅ δୱ୪୫ ൅ δୌ ,                                            (17) 
 

Where δmethod is an input quantity to allow for any 
uncertainty due to the measurement method applied 
including the derivation of results and associated 
uncertainties δomc is an input quantity to allow for any 
uncertainty due to operating and mounting 
conditions, — this quantity is not included in the 
calculation of σR0 (see eq. 15). 𝐿௣ሺௌ்ሻ

ᇱതതതതതതതത is the mean one-
third-octave band time-averaged sound pressure level 
of the noise source under test. A is the equivalent 
absorption area of the room(m2), A0=1 m2 S is the 
total surface area(m2) of the reverberation test room, 
V is the volume (m3) of the reverberation test room. 
In which T60 (sec)is the reverberation time of the 
reverberation test room at the mid-band frequency of 
the measurement(s) , f is the mid-band frequency(Hz) 
of the measurement band, c is the speed(m/s) of sound 
at the temperature, θ (oC) of the air in the 
reverberation test room at the time of test(see eq.4).K1 
is the background noise correction (dB), C1 (see 
eq.5)is the reference quantity emendation (dB) to 
account for the different reference quantities used to 
count decibel SPL and dB sound power level, and is 
a duty of the distinctive impedance of the air under 
the meteorological conditions at the time and place of 
the measurements. C2(see eq.6) (dB) is the radiation 
impedance correction to change the actual sound 
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power relevant for the meteorological conditions at 
the time and place of the measurement into the sound 
power, the value shall be gained from the convenient 
noise test code, but in the obscurity of a noise test 
code, the following equation is valid for a monopole 
source, and is a mean value for other sources [6]. 

Table 3 provides some information about current 
expectations concerning the values for the 
components, ci, ui, that are necessary to calculate 
σୖ଴ ൌ ඥ∑ ሺc୧u୧୧ୀଵ ሻଶ. 

 

 
Table 3. Uncertainty budget for determinations of σR0 for sound power level and sound energy level using direct 

method, valid for A-weighted measurements of a source with a relatively flat frequency spectrum 

 
 

1-Measurement method, δmethod: The uncertainty 
due to the measurement method applied, umethod, 
uncertainties. For frequencies above 100Hz, 
experience has shown that the approximate value of 
uncertainty due to the measurement method applied 
is umethod = 0,3 dB. Below 100 Hz, the wavelength 
reduces both the effective number of possible 
microphone positions and the number of room modes. 
This increases this parameter to umethod = 3 dB below 
100 Hz. The measurement method has a direct effect 
on the measurement result so the sensitivity 
coefficient, cmethod = 1. For measurements above 100 
Hz, the uncertainty contribution is 0,3 dB. 

 
2-Sound pressure level repeatability 𝐿௣ሺௌ்ሻ

ᇱതതതതതതതത: The 
uncertainty due to measurement repeatability, uL′p(ST)  
is the nearness of consent between results of 
consecutive mensuration; it may be obtained from the 
standard deviation of measured levels using the 
following equation: 

𝑢୐ᇱ୮ሺୗ୘ሻ ൌ
௨ైᇲ౦ሺ౏౐ሻౠ

ඥேಾேೄ
ൌ

ଵ

ඥேಾேೄ
ඨ∑ ∑

ቄሾ௅೛ഢሺೄ೅ሻ
ᇲതതതതതതതതതതሿೕି௅೛೘ሺೄ೅ሻ

ᇲ ሽమ

ேಾேೄିଵ
ேಾ
௜ୀଵ

ேೄ
௝ୀଵ                (18) 

where L′pm(ST) is the arithmetic mean value of the 
uncorrected time-averaged sound pressure levels with 
the noise source under test in operation, in decibels. 
The sensitivity coefficient, cL′p(ST) is influenced by 
background noise levels. It is obtained from the 
derivative of LW with respect to 𝐿௣ሺௌ்ሻ

ᇱതതതതതതതത . Using a 
derivation similar to that for cK1, the sensitivity 
coefficient due to repeatability is: 
 

c୐'୮ሺୗ୘ሻ ൌ 1 ൅
ଵ

ଵ଴బ.భ∆ై౦-ଵ
                 (19) 

 
This may be further simplified to 𝑐୐ᇱ୮ሺୗ୘ሻ ൌ 1 ൅ 𝑐௄ଵ 

(when 𝑐୐ᇱ୮ሺୗ୘ሻ ൌ 1.1ሻ 
For the A-weighted value, the summation across 

multiple frequency bands tends to make an 
uncertainty contribution of 0,2 dB more typical. The 
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uncertainty contribution can be reduced by increasing 
the reverberation time, reducing the variability of 
measurements in the room using diffusors, or 
increasing the number of source and microphone 
positions.  

3-Background noise correction K1: The 
uncertainty (uK1) due to the background noise 
correction K1 can be obtained from the standard 
deviation (sLp(B) ) of the decibel values from of 
repeated measurements of background noise at a 
single microphone position. The sensitivity 
coefficient (cK1 ) due to the background noise 𝐿௣ሺ஻ሻതതതതതതത  
is obtained from the derivative of LW with respect to 
𝐿௣ሺ஻ሻതതതതതതത . 

 
𝐾ଵ௜ ൌ െ10 log൫1 െ 10ି଴.ଵ∆௅೛೔൯ 𝑑𝐵        (20) 

 
𝐿௣௜ሺௌ்ሻ ൌ 𝐿௣௜ሺௌ்ሻ

ᇱ െ 𝐾ଵ௜                     (21) 
 

Using equations a and b , 𝐿௣ሺௌ்ሻതതതതതതതത is given by 

𝐿௣ሺௌ்ሻതതതതതതതത ൌ 𝐿௣ሺௌ்ሻ
ᇱതതതതതതതത ൅ 10 log൫1 െ 10ି଴.ଵ∆௅೛൯ 𝑑𝐵, where 

∆𝐿௣ ൌ 𝐿௣ሺௌ்ሻ
ᇱതതതതതതതത െ 𝐿௣ሺ஻ሻതതതതതതത. The sign of the sensitivity 

coefficient is unimportant, and reduces to: 
 

|c୏ଵ| ൌ
ଵ

ଵ଴బ.భ∆ై౦-ଵ
  ,                      (22) 

 
For ΔLp ≤ 10 dB this may be further simplified 

to|𝑐௄ଵ| ൌ
ଷ.଺

∆௅೛
െ 0.24. In an extreme scenario low 

noise sources are assumed with background noise 
standard deviation of 3 dB. Lowering the fluctuations 
in background noise can reduce this uncertainty 
component. Significant reductions in the sensitivity 
coefficient are obtained by reducing background 
noise by systematically tracking down and blocking 
and/or absorbing noise from unwanted sources 
(through proper grounding, lead wrapping, vibration 
isolation, adding mass, adding absorptive materials, 
etc., as appropriate). Furthermore, the uncertainty, 
uK1, is typically halved each time the averaging time 
is increased by a factor of four. The worst case 𝐿௣஺

ᇱതതതതത െ
𝐿௣஺ሺ஻ሻ

ᇱതതതതതതതത  is 10 dB. This results in a sensitivity 
coefficient of cK1 = 0,11 and a total contribution to 
uncertainty of 0,3 dB. Typically, this contribution is 
0,03 dB due to better control of the background noise. 

4-Room volume to surface area ratio V/S: The 
uncertainty (uV/S) related to the estimate of the ratio 
of room volume to surface area is a ratio the two 
measured quantities are correlated. For a right cuboid 
room, the uncertainty (Δl) in the measurement of each 
room dimension (lx, ly, lz) should typically be less 
than 1 % of that dimension. The uncertainty in the 
resulting ratio V/S is then: 

 

u୚/ୗ ൌ 2∆lሺ
୚

ୗ
ሻଶටሺl୶

-ସ ൅ l୷
-ସ ൅ l୸

-ସሻ/3    (23) 

 
The sensitivity coefficient(cV/S) is obtained from 

the derivative of the sound power level LW Equation 
(17) with respect to V/S: 

 

c୚/ୗ ൌ
ଶସ଴

୘లబୡ
-

ସ.ଷୡ

ሺ
౒
౏

ሻሺ଼୤
౒
౏

ାୡሻ
                (24) 

 
The sensitivity coefficient is largest at low 

frequencies. Assuming a small room with V/ S ≈0,66 
and T60 = 1 s at 200 Hz the sensitivity coefficient is 
−0,9 and with a 0,4 % uncertainty in V/S the 
associated total uncertainty is −0,003 dB The 
sensitivity coefficient increases to 0,7 at 8 kHz. 

5-Room volume, V: The uncertainty related to the 
estimation of the room volume is (uV) For a right 
cuboid room, the uncertainty ( Δl)in the measurement 
of each room dimension, lx, ly, lz, should typically be 
less than 1 % of that dimension with a rectangular 
distribution giving a standard deviation of (∆l/√3). 
The room volume then has a standard uncertainty of: 

 

u୚ ൌ ∆lVටሺl୶
-ଶ ൅ l୷

-ଶ ൅ l୸
-ଶ/3        (25) 

 
The sensitivity coefficient (cV)is obtained by 

ignoring the V/S terms, which are accounted for 
separately and taking the derivative of the remaining 
terms in LW, equation 17 with respect to V: CV=4.3/V, 
assuming 1 % uncertainty for the room volume, the 
combined uncertainty would be 0,04 dB. 

6-Reverberation time T60: The uncertainty in the 
determination of the reverberation time of the 
room(uT) is gained from the standard deviation(sT) of 
decay mensuration of the rev. time T60 and the 
following formula which is loosely based on ISO 
354-2003[8]  

u୘ ൌ ටଶ.ସଶ୘లబ

୤
൅

ୱ౐
మ

୒ౚ౛ౙ౗౯౩
,                (26) 

 
where Ndecays is the overall number of rev. time decay 
measurements. The sensitivity coefficient(cT) due to 
reverberation time is obtained from the derivative of 
LW with respect to reverberation time. For terms 
containing A, the equivalent absorption area of the 
room, derivatives were taken with respect to 
reverberation time after substitution for A: 
 

𝑐் ൌ
ିସ.ଷ

ల்బ
െ

ଶସ଴ ௏

ల்బ
మ  ௌ ௖

,                     (27) 

 
assuming a standard deviation sT = 0,2 s at 500 Hz 
(T60=1s), the sensitivity coefficient is −5dB/s and the 
worst case uncertainty contribution uT cT = 1 dB.  
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7-Temperature θ: The uncertainty due to changes 
in temperature (uθ) , assume that the temperature in 
degrees Celsius θ falls within a range ± Δθ, with a 

rectangular distribution:      uθ=∆θ/ √3 
The sensitivity coefficient due to the temperature 

(cθ) is obtained from a rough curve fit to the derivative 
of LW with respect to temperature. The C1 and C2 
terms were differentiated with respect to temperature. 
For terms containing A, the equivalent absorption 
area of the room, derivatives were taken with respect 
to a after substitution of A = a S. The required ∂a/∂θ 
was estimated from ISO 9613-1[9]. The amplitude of 
the pressure absorbed with each wall reflection a was 
estimated from the room absorption a room the 
absorption per meter in air, adBm, and the Sabine 
estimate (4 V/S) of the mean free path (approximately 
3,3 m for 70 m3 < V < 200 m3). 
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൅ 17.4

୚

ୗ
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౒
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଼.଻

ଶ଻ଷା஘
 ൅ 

ି଴.ହ଻ା଴.ଶହ ୪୭୥ሺଶ.଺୤ሻ

ଵା଴.଴଴ଵଵୌା଴.଴଴଻஘
, (28) 

 
Where H is the rel. humid., explicit as a %; f is the 
highest frequency significantly affecting levels Better 
control of temperature, allowing the room to come to 
temperature equilibrium, or shorter measurement 
times can reduce this uncertainty. Higher temperature 
and humidity are typically associated with a lower 
sensitivity coefficient per degree change in 
temperature. 

8-Static pressure ps: The uncertainty due to 
changes in static pressure (ups)in this example, 
assumes that the static pressure(ps) falls within a 
range, Δps = ± 4kPa, with a rectangular distribution 
and is given by: 

𝑢௣௦ ൌ
∆௣ೞ

√ଷ
                                (29) 

 
The sensitivity coefficient due to the static 

pressure (cps) is obtained from the derivative of LW 
with respect to static pressure ps. The C1 and C2 terms 
were differentiated with respect to static pressure 

c୮ୱ ൌ
-଼.଻ 

୮౩
                                (30) 

The uncertainty contribution is usually small ups 
cps ≈ 0,05 dB 

9-Sound level meter δslm: For sound power 
measurements the uncertainty in the measuring 
instrumentation(uslm)for a class 1 instrument is uslm = 
0,3 dB [10]. Uncertainties in the sound level meter 
directly affect measured levels, so that cslm = 1, and 
the uncertainty contribution is 0.3 dB.  

10-Relative humidity δH: The uncertainty due to 
changes in relative humidity(uH) assume that the 

relative humidity H falls within a range ± ΔH, with a 
rectangular distribution; it is given by 

 

uୌ ൌ
∆ୌ

√ଷ
,                               (31) 

 
The sensitivity coefficient due to the relative 

humidity ( cH) is obtained from a rough curve fit of 
the derivative of LW with respect to relative humidity 
in a similar manner to that used for cθ. 

 
𝑐ு ൌ

ିଶ.଺ାଵ.଺୪୭୥ ሺ଴.଻௙ሻ

ଵା଴.ହு
  if H>10% 

 
Combined standard uncertainty: the combined 

standard uncertainty of the determination of the sound 
power level, u(LW) in decibels, is given by Equation: 

 

uሺL୛ሻ ൌ σ୲୭୲. ൌ ටσୖబ
ଶ ൅ σ୭୫ୡ

ଶ dB        (32) 

 
3. RESULTS AND DISCUSSION 

 
Measurement precision assessment, as 

internationally defined [11] is a needful stride 
towards a full uncertainty reporting. Naturally, it 
relies on different factors, including instrumentation 
and operator’s and experience. Though, the results  
stated hither could be hired for any 2ndry lab. as a 
proof when they are civilizing their uncertainty 
budget. Of course, it is not the eventual result 
regarding the topic, but a productive source of 
information, instead. 
 
3.1. Sound pressure level & sound power 
level 
 

The results of averaged SPL are presented in the 
frequency range from 125 to 10000 Hz, because the 
frequency range below 125 Hz not presented due to 
the room volume. The values of the (average SPL and 
T60) are presented in figure (2-a, b).  

The measurements were performed in the 
frequency range from 125Hz up to 10000Hz due to 
the room volume. It is clear from the figure that the 
sound pressure level increases up to the frequency of 
1600Hz then decreases gradually up to 10000Hz. The 
standard deviation in the specified conditions for the 
RSS was approximately around 0.1dB for all the 
octave bands. From figure (2-b) we found that the 
values of the average reverberation time of all the 
measured positions lies in the range between 0.9-2.9 
sec, the higher values were at the lower frequencies. 
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Figure 2. a) Average sound pressure level versus 1/3 octave band frequency and  

b) reverberation time versus 1/3 octave band frequency 
 
It is clear from the figure (3) that the calculated 

values of the sound power levels lie within 72.9-
83.6dB and the higher values obtained in the middle 
of the frequency bands (1250-2000 Hz) while at the 
lower and higher frequencies the sound power levels 
have lower values than the middle frequencies. It is 
worth mention that the microphones have higher 
variations at the lower and higher frequencies. 

 

 
 

Figure 3. Sound power levels determined for each 
frequency band for the RSS at the reverberation room. 

 
 The total absorption area (S) deduced from the 

formula S=2*(L*W+L*H+W*H). 
In Table 4 we totalize the uncertainties implicated 

and that we have used for the calculations. It is clear 
from the table that the values of u(LW) lies within 
0.757 to1.0dB. Where at the low frequency range 
from 125Hz up to 160 Hz, the uncertainty values are 
1.00 and 0.959dB    respectively and this is due to the 
instabilities in the calibration of microphone 

especially to very low frequencies region. Also, the 
reverberation time values at low frequencies are 
higher than that at high frequencies due to the room 
conditions. It is worth mention that during the 
measurements we avoided the fluctuations that may 
occurs. This is the reason for the small value of 
uncertainty uomc ~0.074dB. Also the environmental 
conditions are well controlled in order to reduce the 
uncertainty. I t is important to concentrate that the rev. 
room utilized was qualified according to the 
international standards. The values of uncertainty 
u𝝈𝑹𝟎   which are the sum of different standard 
uncertainties.  
 
4. CONCLUSIONS 

 
In this article discussion of calibration method and 

uncertainty evaluation was studied in details. Due to 
the importance of RSS in many acoustic 
measurements, so it is necessary to give the readers 
information about the way of how the sound power 
determined and how to estimate the uncertainty of 
this type of calibration. From the results, advices for 
the measurements were discussed to avoid the errors 
that may appear during the measurements. The sound 
power of RSS B&K 4204 was ranging from 72 up to 
approximately 83 dB within the frequency range of 
interest. The qualification of our reverberation room 
is very important to perform this type of 
measurements. Also, it is recommended to carry out 
the measurements in a large reverberation room in the 
direct method. Due to the errors appears in calibration 
of microphones even at very low or very high 
frequencies, the uncertainty values may be higher in 
both very high and very low frequencies. In the 
calculations of uncertainty, it was found that 
controlling the environmental conditions and 
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fluctuations during the measurement may reduce the 
value of uncertainty. σR0 is dependent upon several 
partial uncertainty components that illustrated very 
well as well as omc depict the uncertainty related to 

the instability of the operating and mounting 
conditions. The total uncertainty lies within              
0.7-1.0 dB in the frequency range of interest.    

 

 
Table 4. The determined expanded uncertainty for sound power levels using direct method in 1/3 octave bands 

 from 125Hz to 10000Hz 
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