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Abstract

In real life, when a noise problem occurs, it is important to identify the cause
and measure the noise of the source, since it may affect human beings or other
constructions due to vibration generated from noise, so it is necessary to de-
termine the noise related to a specific source like a machine in the presence of
other sources which is a very important approach in noise control engineer-
ing. In this article a full experiment was executed to measure the sound pres-
sure levels of various sources (stationary and non-stationary), in both an ane-
choic chamber and a non-ideal noisy environment. The sound pressure level
was extracted for different sources and compared for both ideal and non-ideal
environment. The results showed that acoustical free field of the space is the
best field to do measurements to avoid reflection, on the other hand the dif-
ference between the source and the background should be more than 3 dB to
get better results.
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1. Introduction

Acoustics is the science of sound [1], it is considered one of the most important
disciplines in mechanical engineering since it treats with many engineering
problems related to daily life like traffic noise, wind farms noise, industrial zones
noise, and many other sources, so industrial noise control becomes a branch of

interest for many researchers since it is related directly to human health [2]

Sound field may be excited by a number of sources, at a given point, the
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acoustic pressure p(), is the sum of all waveforms p(9), (s = 1, 2, 3, ...) [3],
caused by the individual sources. When only one source is of interest, all other
sources are considered as background noise [4]. Free field means propagation of
sound in space without reflections [5]. This condition can be achieved in anechoic
chamber in which all the walls including the floor and the ceiling are covered
with a highly absorptive material to avoid reflection [6]. Figure 1 shows a wall in
the anechoic chamber in which the design was made according to ISO 3745 [7],
to ensure free field conditions inside the chamber [8]. This paper provides an
overview of the main experimental techniques employed for measuring sound

pressure levels in ideal and non-ideal environments which was not done before.

2. Sound Pressure Level and Decibels

Sound pressure level (SPL) uses the decibel logarithmic unit of sound pressure
(dB) named after Alexander Graham Bell, to express the wide range of sound

pressures perceptible to humans in two or three digits [9] [10] [11]:
P = (Prer ) #1072 1)

SPL in decibels is 20 times (log,,) of the rms (square root of the mean square
pressure acoustic pressure) relative to a reference pressure, The commonly used
“zero” reference acoustic pressure in air is 20 yPa rms, which is usually consi-
dered the threshold of human hearing (at 1 kHz)which is a pressure of 0 dB.
Figure 2 shows how to measure SPL [9].

Figure 1. Side of the anechoic chamber in which the experiment took place.
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Figure 2. Measuring of Sound Pressure Levels [9].
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SPL can be calculated due to a given source (Z,) from measurements taken in
the presence of background noise (L), in which Z,,, is the combined SPL from

source and background, is given by the following equation [12]:
1010 = 10\em/ 10"/ o )

L, =10log (10L00mb/10 _10%/© ) o

The sound pressure level can be calculated using the following equation:

Lp =20 Log(P/Pr) in dB, and, Pr = 20 micro-Pascals (4)

where: L;: The source sound pressure level in dB. Z_,, The combined source
sound pressure level in dB. Z,: The background sound pressure level in dB.

The main objective from this experiment is to measure the sound pressure le-
vels of various sources (stationary and non-stationary), in an anechoic chamber
and in a noisy environment, then to extract sound pressure level for different
sources and compare the results between ideal and actual environments. Statio-
nary source as shown in Figure 3 means “Wave patterns created by a stationary
sound source S are symmetric in every direction” [13], in which the sound ve-
locity (c,, and the wave length A are shown), while non stationary sound signal
means that spectral content changes with time [14]. Background noise or am-

bient noise is defined as any sound other than the sound being monitored.

3. Experimental Setup

The major components used to execute the experiment were:
1) Sound source generated from a laptop them emitted through a loud speaker.
2) Anechoic chamber (ideal condition), and a room (which represents the real
environment) to carry out the measurements in both ideal and non-ideal envi-

ronments.

Figure 3. Stationary sound source [13].
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3) Bruel and Kjear (B & K) microphone, to measure the sound pressure level
from different sources ,the microphone was connected to two channel analyzer
and the signal was sent to a laptop in which the software is installed to execute
the calculations and get the results.

4) Different connections to connect the hardware parts.

5) A calibrator to calibrate the microphones before starting the measurements,
according to standards, this calibrator is a piston phone B & K type 4220, Serial
No.704798 [15].

6) National instrument 2-channel data acquisition system type NI 9234.

Different photos were taken to illustrate the experiential setup, Figure 4
shows the sound source, the microphone, both inside the anechoic chamber, the
distance from source to microphone was (24 inches), finally the laptop and the
data acquisition system used in the experiment.

Figure 5 shows the arrangement inside the real room, in which two sources
were used, one as a background, and the other is the source, the distance be-
tween speakers and microphone was 24 inches.

The frequency band used in this experiment was a (1/3) octave band. To cla-
rify the concept of octave band, it should be mentioned here that linear fre-
quency scale (100 Hz, 200 Hz, 300 Hz, etc.) is inconvenient for assessing acous-
tical frequencies [13], which range from 20 Hz to 20,000 Hz, it is more conve-

nient to separate this audible frequency range into ten unequal segments called

spesaker#] as a source

laptop with a lab view software Microphone

spesaker#2as a background

Figure 4. Test setup including (the speakers, the microphone, and the software) in the
anechoic chamber.

Background Source

Figure 5. Measuring the distance between source and microphone (24 inches).
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octave bands, an octave higher means a doubling in frequency; e.g., 63 Hz, 125
Hz, 250 Hz, etc. [13]. On the other hand, one third octave band means that the
octave band is separated into three ranges, this band is mainly used in environ-
mental and noise control applications, since it provides a further in-depth out-
look on noise levels across the frequency composition [16]. The averaging time
was 30 seconds, and this is simply the time for calculating the average of data.
The laptop in which the software is installed was connected to the data acquisi-
tion system , then the data acquisition system was connected to both the speaker
and the microphone, the signal was generated from the laptop and the output
noise was emitted through the speaker, the signal was captured by the micro-
phone and then resent to the laptop through the data acquisition system , the
signal was analyzed by the software and the SPL for each frequency can be read,
the different values for different sources were utilized to extract any source noise
of interest. The first step of the experiment was to measure the SPL of the am-
bient environment and different sources inside the anechoic chamber (£, ;=
120 Hz), those measurements were considered as a bench mark measurements ,
the sound sources used in the experiment were (white noise, synthesized noise,
harp music, NPR news),in which the first two sources are stationary and the
other two are non-stationary, to avoid reflection of sound the speaker was laid
on the floor inside the anechoic chamber, then the microphone was laid on a pad
at a distance of 24 inches from the source, this distance is the distance in which

free field was detected inside the actual room space [5].

4. Results and Discussion

The experiment was started by measuring the ambient in the anechoic chamber,
then, four different sounds (Harp music, White noise, NPR news and Synthe-
sized sound) were measured in the anechoic chamber, the next step was mea-
suring mixed noises (Harp music and synthesized), (Harp music and white
noise) in the anechoic chamber. Moreover, synthesized sound and white noise
were measured as a background in the anechoic chamber. Same measurements
were repeated in the room.

The excel files exported from the software have two readings, the frequency,
and the SPL for the measured sound. The charts showed the SPL versus distance
for each direction and for the frequency band from (100 Hz- 20 kHz).

The first comparison was taken between ambient measurements in both
rooms as shown in Figure 6.

It can be seen that the data converge as the frequency increases; this may be
due to the fact that after the cut off frequency of the room (2000 Hz), the data
becomes more accurate.

The other comparison was made between Harp music inside anechoic cham-
ber; this was done by extracting harp music from:

1) Combined (Harp & ambient), background (ambient).

2) Combined (Harp & white,), background (white)
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Comparision between Ambient in both Rooms
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Figure 6. SPL as function of frequency (Anechoic and room).

3) Combined (harp & synthesized), background (synthesized)

As it can be seen from the Figure 7, the results were good in the frequency
range (160 - 1600 Hz), however below or above this range, there are some results
that can be ignored, because the background or ambient SPL exceeds the com-
bined noise SPL, in such a case the equation can’t be used. The source types ei-
ther stationary or non-stationary didn’t affect the extracted results.

Figure 8 shows the extracted Harp from different combinations in the real
environment, from the graph, the results were good in the frequency range (250
- 630 Hz), at different frequencies either below or above this range; some results
can’t be used because the background exceeds the combined SPL value.

H-A: Pure harp extracted from Harp & ambient.

(H+S)-S: Harp extracted from combined Harp & Synthesized (Synthesized as
background).

(H+W)—W: Harp extracted from combined Harp & White (White as back-
ground).

(H+NPR)-NPR: Harp extracted from combined Harp & NPR (NPR as back-
ground).

It should be noted here that word synthesize means to produce by combining
separate elements. Thus, synthesized sound is sound that a musician builds from
component elements, while sound synthesis means the electronic production of
sound where no acoustic source is used [17] [18].

Figure 9 shows the synthesized noise in room extracted from combined syn-
thesized and ambient, with ambient was used as background, the other case is
synthesized extracted from combined synthesized and white noise, with white
noise as a background.

Again from Figure 9, some results are good, others are not, the anechoic
chamber results can’t be calculated because the background SPL exceeded the
source SPL, this is may be due to the fact that background noise was louder than
the source noise.

Figure 10 shows the white noise in the room extracted from combined white
and ambient, with the ambient as background, the other case was white extracted

from combined synthesized and white, with synthesized as a background,
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Comparsion between Harp music extracted from different sources in the
Anechoic chamber
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Figure 7. Comparison between extracted Harp in Anechoic chamber.

Comparsion between Harp music extracted from different
sources inside the room
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Figure 8. Extracted harp from different combinations in real environment.

Comparsion between Synthasized music extracted from
different sources inside the room
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Figure 9. Extracted synthesized from different combinations in real environment.

Comparsion between White music extracted from different
sources inside the room

70
60
50

S 40 4

= 30 -

i 20 o (W-A)room
10 H (S+W)-S

16000
20000

Frequency (Hz)

Figure 10. Extracted white noise from different combinations in real environment.
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comparing Figure 9 and Figure 10, shows that the results here were more rea-
sonable, this is due to the fact that in the majority of measurements the sound
SPL exceeds the background SPL by more than 3dB. It should be noted that the
following abbrivations are related to Figure 10:

1) (W—A): Combined white and ambient (W), (A) is ambient as background

2) (S+W)-S: Combined synthesized and white noise, with synthesized as
background

From Figures 11-14, a comparison was made between the same sources in the
two environments. For all cases it is obvious that there is a difference between
the two environments, in real environment the SPL is higher, this is due to the
reflections in the room, and the noise emitted from other sources like air condi-
tioning unit, cars in the street, etc. It can be observed that the source type either
stationary or non-stationary doesn’t affect the results. Again some measure-
ments disappear from the figures due to the fact that background sound exceeds
source sound.

Figure 15 is a Harp extracted from different combinations in both environ-
ments, in this figure the results related to both environments (anechoic and real
room) coincide, which means the measurements were correct, however, there is
a difference in the results for the same frequency in both environments, it is
higher in the real room, again some results in each environments can’t be calcu-

lated as background noise exceeds source noise.

Comparsion between Synthasized in chamber and room
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Figure 11. Synthesized in both environments, where (S-A) Pure synthesized extracted
from synthesized & ambient.

Comparsion between White in chamber and room
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Figure 12. White in both environments.
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Comparsion between Harp in chamber and room
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Figure 13. Harp in both environments.
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Figure 14. NPR in both environments.

Comparsion between HARP extracted from differet
combinations in chamber and room

60

40 -

30 M ((H+W)-W)anechoic

SPL (dB)

N
o
]

| I I B ((H+S)-S)anechoic

M ((H+S)-S)room

1
+W)-

I ‘ . B ((H+W)-W)room
ONOO0OO0OWMOOO0O0O0O0O0O000000 000 Q00O
ONWVWOWN-TO0OO0OMOOWNMWOOONO OO0 OO0 o0 oo
A A N NN TN VOO NOOWN—HO0O0MO O W!no o

Frequency(Hz)

Figure 15. Comparison between Harp SPL extracted from different
sources in both environments.

5. Conclusions

This article deals with an important issue in noise control problems, and it gives
a scientific point of view on how to deal with problems in real life. It was shown
how to extract any noise source from a combination of sources if the back-
ground is known. An important conclusion is that if the source type is either sta-
tionary or non-stationary, it will not affect the results. The difference between
the source and the background should be more than 3 dB to be in the free field
zone to get better results and avoid reflection. Finally the background noise

shouldn’t be louder than the source to guarantee precise results.
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