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Abstract 
Statutory and personal requirements on buildings concerning 
the noise inside a room and therefore on windows are 
growing. Various improvements were developed, in particular 
passive measures are taken. Nevertheless, an Active Noise 
Blocker (ANB) was developed for reducing the transmitted 
noise while airing a room trough the gap of a tilted window. 
Several papers showed a significant noise reduction by the use 
of an ANB.  However, the noise reduction strongly depends 
on the noise signal’s characteristics whereby most papers use 
white noise. For testing the ANB’s behavior under realistic 
conditions various considerations are necessary. Within this 
paper the evaluation of the reduction of road traffic noise 
regarding current standards and human health requirements is 
taken into account. 

As one of the simplest noise situations regarding road traffic 
noise the passage of a single car is considered. The occurring 
noise is analyzed at different distances to the road in time and 
in frequency domain. 

Common requirements 
Periodically, the WHO Regional Office for Europe publishes 
a report about the current noise pollution and guidelines to 
take actions against it.  
The latest report recommends maximum exposure levels 
which should not be exceeded. For road traffic noise the A-
weighted sound pressure levels (SPL)  and  are 
considered. Both parameters are averages calculated over a 
period of one year based on measurements outside a building 
on the most exposed façade. The parameter  represents 
the SPL for 24 hours of a day and should not exceed 53 dB(A). 
However,  considers the noise at night and shall be 
limited to 45 dB(A). [1] [2] [3] [4] 
Additionally, the A-weighted SPL for single noise events 

 is important to be considered. For avoiding sleep 
disturbances, the limit of 45 dB(A) should not be exceeded 
inside bedrooms. [5] 

Several requirements regarding the testing of the sound 
reduction of a window are defined within current standards. 
Two important parameters for evaluating a window’s sound 
insulation are the sound reduction index  and the spectrum 
adaption coefficient  in case the noise is caused by road 
traffic.  is calculated by shifting a reference curve (step is 
1 dB) as much as possible but the sum of the inconvenient 
deviations is lower or even than 32 dB. An inconvenient 
deviation per definition is the positive difference between the 
reference and the measurement value at a certain frequency. 

 is the reference value at a frequency of 500 Hz after 
shifting the curve. The measurement range is 100 Hz to 3150 
Hz for measurements in third-octave-bands but can be 
extended to a range from 50 Hz to 5000 Hz. Figure 1 shows 
fictive noise reduction indices  for the whole frequency 
range and represent a possible noise reduction by a tilted 
window. Additionally, the appropriate reference values are 
visualized after the curve was shifted. For achieving a better 
noise reduction index, the reference curve has to be shifted 
upwards. Therefore, in this case the noise reduction in the 
frequency bands with third octave mid-band frequencies from 
400 Hz up to 3150 Hz has to be improved. [6] 

 

 
Figure 1: fictive sound reduction indices and appropriate 
reference values [6] 

 
Regarding the sound pressure level of road traffic noise  
has to be considered additionally to . In distinction from 
the calculation of  the noise reduction in all frequency 
bands has an effect on . [6] 

Noise caused by a single car passage 
Especially during night the probability increases that the road 
traffic noise is caused by either a single car passage or a small 
number of cars. For that reason the noise emitted by a single 
car drive is considered in detail. 

For evaluating the emitted noise in time and frequency 
domain in an appropriate way, experiments are conducted. 
While the experiments a diesel-powered subcompact car 
passed the measurement microphones with a constant 
velocity. Consequently, the accelerating process is not taken 
into account. The measurement is conducted with two Brüel 
& Kjaer microphone units Type 4188-A-021 and a Brüel & 
Kjaer 1704 CCLD signal conditioner. As digital-analogue 
converter a PCB PIEZOTRONICS Digital USB Signal 
Conditioner Model 485B39 is used.  
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Figure 2 shows the experimental setup. Both microphones are 
positioned 1200 mm above the ground. Microphone  is 
positioned in a distance of 7.5 m to the road’s mid. The second 
microphone  is positioned in a distance of 15 m. The 
microphones index within this paper is . Since the measured 
SPL strongly depends on the speed of the car it passes the 
microphones with three different speeds: 30 km/h, 50 km/h 
and 70 km/h. 

 

 
Figure 2: experimental setup for measurements of noise 
emitted during a single car passage, all measurements in mm 

 
The experiments are conducted on a little used road. 
Therefore, the influence of noise caused by other cars can be 
excluded during the measurements. However, the velocity of 
wind is not constant and amounts up to 10 km/h. Figure 3 
shows the measured background noise. The energy-
equivalent A-weighted SPL  fluctuates between 38 and 46 
dB(A). Since the measured SPL is not strongly influenced by 
other single noise sources (e.g. cars or machines) the random 
fluctuation is caused in particular by wind. 

 
Figure 3: background noise 

The test results in time domain are plotted in Figure 4. Again, 
the energy equivalent SPL is shown. The time range is -10 s 
to 10 s, whereby 0 s marks the point of time when the cars’ 
center passes the microphones. 

The test results are shown independently for each car passage 
with different speeds. In all cases the signals measured by 

both microphones are shown. As the distance between both 
microphones is 7.5 m the environmental influence on both 
microphones are not the same at a certain point of time. 
Therefore, the measured SPL on both microphone positions 
can differ while measuring background noise only and the 
relation between the measured SPL and the noise exposed by 
the test car is the smaller the greater the distance between the 
car and the microphones is. 

 

 
Figure 4: energy-equivalent SPL in time domain, speed of 
car: a) 30 km/h, b) 50 km/h and c) 70 km/h 

 
In Figure 4a, the results for a passage with a speed of 30 km/h 
are shown. An increasing SPL as the result of the car passage 
can be seen in the signals of both microphones. The SPL at 
microphone 1 is increased to 64 dB(A) and the SPL at 
microphone 2 to 57 dB(A). During the car passes the 
microphones with a speed of 50 km/h the SPL increases faster 
and up to 72 dB(A) at microphone 1 and up to 66 dB(A) at 
microphone 2 (see Figure 4b). Similar effects are ascertained 
when the speed of the test car is increased to 70 km/h. The 
results are presented in Figure 4c. Again, the SPL increases 
faster than at both former car passages. The SPL at 
microphone 1 reaches a maximum of 76 dB(A) and at 
microphone 2 70 dB(A). 

Figure 5 shows the spectral compound of the signal  during 
the car passages. 

a) 

b) 

c) 
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The maximum SPL increases with growing speed of the car 
while its passage which could be seen in time domain already. 
Additionally, the SPL’s speed of growth before the car passes 
the microphones increase the faster the higher the speed of the 
car is. The highest SPL is reached in frequency bands with 
mid frequencies of 800 Hz to 2500 Hz which is visualized 
most clearly in Figure 5c. Besides, the noise signal dies away 
faster both in lower and higher frequency bands after the car 
passage. Furthermore, the decrease of the SPL after the car 
passes the microphones in general ensues slower than the 
increase before. 

 
Figure 5: spectrograms for car passages, speed of car: 
 a) 30 km/h, b) 50 km/h and c) 70 km/h 

 
A more detailed view on the microphone signals at the point 
of time with the biggest measured SPL in time domain each 
is provided by Figure 6. The energy equivalent SPL for both 
microphone signals is shown. Additionally, the audio signals 
recorded during the background noise measurement and 
shown in Figure 3 are visualized. The SPL is shown for each 
third-octave band to enable conclusions regarding the 
requirements according to [6]. 

Again, the measured signals for car passages with different 
speeds are visualized. The SPL increases in all relevant 
frequency bands while the car passage. During all tests the 

maximum SPL is reached in the frequency bands with third-
octave mid-band frequencies of 1000 Hz and 1250 Hz 
respectively.  

 

 
Figure 6: energy-equivalent SPL in frequency domain, 
speed of car: a) 30 km/h, b) 50 km/h and c) 70 km/h 

 
At the position of microphone 1 the SPL is increased to 58 
dB(A) at the car passage with 30 km/h, to 67 dB(A) while the 
car passes with 50 km/h and reaches a maximum of 72 dB(A) 
while the car passage with a speed of 70 km/h. At all three 
tests the maximum SPL measured at the position of 
microphone 2 was lower. During the passage with 30 km/h it 
amounts 49 dB(A), at a speed of 50 km/h 60 dB(A) and 65 
dB(A) while the car passes the microphones with 70 km/h. 

Effectiveness of noise reduction 
Regarding the requirements according to common standards  
( [6]) the frequency bands with mid frequencies from 400 Hz 
up to 3150 Hz can be influenced for improving the sound 
reduction index  if the noise reduction indices according to 
Figure 1 are assumed. However, the constraint to the two 
frequency bands within the highest SPL were measured 
during the tests is not sufficient. For achieving an increase of 

 by 1 dB an increase of the noise reduction indices in the 
single frequency bands of 9.8 dB is necessary in this case. 
Since an improvement is effective only if inconvenient 

a) 

b) 

c) 

a) 

b) 

c) 
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deviations are present an increase of noise reduction in several 
third-octave bands is necessary.  

Regarding lower frequency noise four frequency bands with 
mid frequencies from 400 Hz up to 800 Hz would have to be 
influenced for an improvement of . An improvement of 

 by 1 dB is achieved if  increases by 3 dB equally for all 
third-octave bands in the mentioned range. A further 
improvement has no effect since the deviations are not 
inconvenient any more. 

For evaluating a noise reduction in even lower frequency 
bands, the index  is considered. Assuming an equal 
increase of  for frequency bands with the mid frequencies 
100 Hz to 315 Hz  can only be slightly improved. Figure 7 
shows the results for this consideration: Even at an 
improvement of 20 dB in the mentioned frequency range the 
index  improves only by 1 dB. The index  marks the 
affected frequency range whereby the third-octave band mid 
frequencies are mentioned. 

 
Figure 7: spectrum adaption coefficient  for an equal 
increase of  by  for frequency bands with mid 
frequencies from 100 Hz to 315 Hz 

 
Since the spectral values defined in [6] for the calculation of 

 in higher frequency bands up to the band with a mid-
frequency of 1600 Hz do not grow, similar results follow for 
higher frequency areas. 
 

 
Figure 8: effects of the noise reduction in a limited 
frequency range  on the reduction of the overall SPL 

 

However, the reduction of the SPL in several frequency bands 
effects the overall SPL. Figure 8 shows the possible effect for 
a noise reduction in three different frequency areas. In all 
cases an equal reduction in the affected third-octave 
frequency bands is assumed.  represents the amount of 
noise reduction within the frequency range  and  is the 
overall SPL reduction. 
 
The test results in time domain show that a single car passage 
emits enough noise for causing a SPL of more than 45 dB(A) 
in a distance of up to 15 m.  

distance / m 
speed of car / km/h 

30 50 70 

7.5 19 27 31 

15 12 11 25 

Table 1: necessary noise reduction in dB 

Table 1 shows the necessary noise reduction which will have 
to be achieved if the limit of 45 dB(A) for  inside a 
room should not be exceeded.  

Conclusion 
An ANB can contribute to a sufficient sound reduction of a 
tilted window according to current standards and human 
health requirements. 

However, the reduction attributed to an ANB ensues within a 
limited frequency range. Even a significant noise reduction 
needn’t be represented neither by the sound reduction index 

 and spectrum adaption coefficient  nor by a clearly 
recognizable reduction of the overall SPL. This strongly 
depends on the chosen frequency range to be influenced, the 
frequency range of the disturbing signal and the energy 
distribution within this frequency range. Additionally, the 
window’s passive sound reduction must be regarded. 
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