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Abstract 

The article presents the developed system for automated acoustic 
measurements taken in an anechoic chamber. Technical and functional 
parameters of the system fulfil specific work conditions in the anechoic chamber 
and meet the requirements for acoustic research. The automated programmed 
positioning of the measurement microphone in relation to the tested object is 
possible thanks to the special multi-axial manipulator. The developed 
construction of the system provides minimal influence on the acoustic properties 
of the anechoic chamber. The article also presents important issues of the 
introduction and the verification of the system. 

Introduction 

Usually the aims of acoustic measurements in the anechoic chamber are: 
noise source Sound Power Level estimation, electroacoustic transducer 
directional characteristics measurement, sound diffusing characteristics of 
structure measurement [1, 2]. The procedures of that kind of measurements 
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bring up the need of measurement microphone positioning in many points of the 
measurement space accordingly to relevant standards. In most cases during the 
tests it is necessary to position the microphone in certain points on the 
hemisphere around the test object. 

 
 

Half-sphere surface 
of measurement 

Measurement point 

Research object 
 

Fig. 1. Example of the measurement grid on the hemisphere 
Source: Authors. 

 
Provision of high precision and repeatability of measurement points 

positioning as well as the achievement of high speed of measurements require 
application of mechatronic systems for the positioning of measurement 
microphone. 

1. Case study 

The automation of measurement processes in acoustic research is an issue 
involving a number of non-typical, difficult and often mutually contrary 
requirements. The conditions of acoustic measurements require the application 
of solutions minimising distortions of acoustic field caused by construction 
elements of the measurement system placed in the chamber [3]. The automation 
of the process usually means the introduction of additional elements disturbing 
the free field in the anechoic chamber. 

The methods for research inside the anechoic chamber (Fig. 2) must also 
include safety requirements (especially fire safety) and monitoring of the 
research process. For the design of the measurement system, the limitations 
emerging from the construction of the chamber are also important. 

The anechoic chamber is a cubic reinforced concrete shell based on spring 
vibroinsulators. All inner surfaces are covered with sound absorbent wedge-
shaped materials 1.2 m in height. The working floor has the form of a steel cable 
grid 0.3 m above the wedges’ vertices. On top of the chamber there is a room 
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where the hoist and ventilation systems are placed. The outer dimensions of the 
chamber are: 10.4 (height) x 10.2 x 9.7 m, the inner dimensions are 6.9 (height) 
x 7.2 x 6.8 m measured to the vertices of the sound absorbing material, the 
volume is 821.5 m3 measured to inner walls. The total weight is about 600 tons 
and its natural frequency is about 5 Hz. The anechoic chamber is located at the 
Department of Mechanics and Vibroacoustics of AGH – University of Science 
and Technology. 

 

 
 

Fig. 2. View of the vertical section of the anechoic chamber 
Source: [7]. 

 
During the design stage of the system it was assumed that the developed 

system should provide automation of the measurement process, high accuracy 
and repeatability of the measurement points positioning, possibility of long time 
automatic measurements according to pre-defined programme without the need 
of permanent supervision. As a result, the developed system should allow the 
development of advanced acoustic research, impossible to be performed with 
other techniques.  

The system for acoustic measurement in the anechoic chamber must meet 
standard requirements [4] and preserve current functionality of the chamber, its 
insulation and diffusion parameters as well. There must be a possibility of tests 
for objects of large dimensions and weight. The following design assumptions 

Walls covered with sound-absorbent 
wedges 

Steel net floor 

Vibroinsulator under the chamber bottom 
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were made: the measurement microphone moves on the hemisphere with 
maximum radius of 1 or 2 m, transported object weight does not exceed 1 kg, 
positioning accuracy is 5 mm, and the maximum load is 1000 kg. 

2. Measurement method 

During the first stage of the research, a number of alternative concepts of 
construction of the manipulator were developed [5]. Main problems during the 
design development included provision of sufficient rigidity of the structure in 
the workspace, the number of degrees of freedom and minimisation of influence 
of construction elements on the measurement results. During the design stage, a 
modelling and computer simulation were conducted for the developed 
structures. For production, a concept, where the required hemispherical 
workspace was achieved by the use of the structure with serial kinematics was 
chosen (Fig. 3). The structure has three degrees of freedom of the form: rotation 
– translation – translation (RTT) with separated rotation axis. This solution 
assumes the use of chamber walls as the main frame of the manipulator. In such 
a manner a number of construction elements were reduced. 

 
 

 

Fig. 3. Diagram of the manipulator mechanism: 1x – translation axis, 1y – translation axis,  

y – rotation axis 

Source: Authors. 
 
In the developed model the positioning of the M point in the X-Y 

coordinates requires movement of linear modules in two axes. The measurement 
hemisphere around the tested object is achieved by the superposition of 
movement of the manipulator arm in the X-Y plane and the rotation of the 
object on the turntable around the Y axis. 
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For the developed model of the construction (Fig. 3) in the vertical plane 
the following equations are true: 
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The angular positioning of the translation axes allowed decreasing of the 

dimensions of the manipulator construction. 

3. The structure of the system 

The system provides a possibility of programming the measurement space. 
It was assumed that the control system provides synchronisation of all axes 
during the „on-line” measurement. The measurement process must be strictly 
synchronised with the positioning of the microphone. The structure of the 
system allows cooperation with the actuator up to four degrees of freedom. The 
actuators (linear modules, turntable, limit switches) are placed in the anechoic 
chamber; power circuits (motor power supply, external power connection) are 
placed in the power room and all control and measurement systems are placed in 
the measurement room (Fig. 4). 

One of the basic assumptions for the designed hardware structure of the 
system is minimising the generated acoustic distortions that influence the 
measurement process. 

The control system uses NI-Motion card as the main controller. The control 
card together with the software allows setting and monitoring the microphone 
position, thus synchronising the measurements during movement without 
stopping. The software allows any trajectory to be created within the available 
workspace. For the visual monitoring of the system, cameras were installed. 
Internet communication allows monitoring the measurement process from any 
place. 
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Fig. 4. Block diagram of a control system of the manipulator. Description in text 
Source: Authors. 

4. Computer model of the manipulator 

One of the main problems of the design of the manipulator was provision 
of proper mechanical strength and rigidity of the actuators and supports. 
The problem emerged from the need for decreasing the size of construction 
elements (especially their cross sections). The designed construction should 
ensure assumed accuracy of the positioning of the microphone. The project uses 
modular structure of the actuators adapted to the structure of the chamber. 

The manipulator uses: turntable module with vertical axis for the 
positioning of the test object and vertical scanning module for positioning 
measurement microphone in the XY plane (Fig. 5). 

The superposition of movements of the turntable and the XY module 
creates hemispheric measurement space. Geometrical dimensions of the module 
allow testing in the hemisphere of maximum radius of 2000 mm. Decreasing the 
radius is possible using a longer microphone holder. 
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The turntable module is fixed to the main frame of the anechoic chamber 
and is a mechanism for precise rotation of the tested object with ±0.01° 
accuracy. The load of the turntable with symmetrical distribution of the load is 
1000 kg maximum, allowed moment of inertia of positioned object is 500 kgm2 

maximum. The construction of the turntable uses electromechanical rotating 
ring powered by a servo drive. The applied vibroinsulators support the turntable 
on the crosswise beam, thus insulating the support structure from the vibrations 
of the drive and allowing the levelling of the module. The bituminous foam mat, 
sticked to the inner walls of the chassis, is used to damp the vibration. 

 

 
 

Fig. 5.  Computer model of the measuring manipulator: 1 – turntable, 2 – scanning XY module, 
3 – XY module suspension, 4 – XY module hanger, 5 – measurement microphone,  
6 – measurement hemisphere, 7 – support frame in the floor, 8 – the wall of the chamber 

Source: Authors. 
 
 
The scanning XY module (Fig. 5) is built with the use of compact linear 

modules. The positioning range is 3200 mm. The carriage of the module is 
positioned with a cog belt mechanism. The short axis is a 700 mm-long 
precision linear module. The positioning range is 615 mm. The carriage is 
positioned with a ball bearing screw drive. The microphone is fitted in the self-
centering spring holder equipped with the vibroinsulator for the vibration 
damping. The holder is swapped with a longer holder to fit the system for the 
required diameter of the hemisphere. Both ends of the XY module are fixed to 
the stiff support elements with the rotating joint with a bolt.  
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5. The implementation of the system 

The measurement manipulator was installed and verified in AGH – UST 
Vibroacoustic Laboratory in Krakow. The installation of the system in the 
anechoic chamber required adaptation works. They included: placing the 
turntable in the floor of the chamber and fixing the manipulator to the wall of 
the chamber (Fig. 6). 

 

a) 

 

b) 

 

c) 

 

Fig. 6.  Installation of the turntable: a) support structure with additional beams of the turntable, 
b) placement of the turntable on the beams, c) turntable with work surface 

Source: Authors. 
 

After the installation a justification procedure was held for the provision of 
proper geometry of the system. The procedure included adjusting the angle of the 
linear modules and positioning the linear modules related to the turntable. The 
adjustment of the position of the manipulator is made by means of specialised 
insulators (Fig. 7a). The angles are adjusted by turnbuckles in the hanger (Fig. 7b). 
Mutual adjustment of the axes of turntable and microphone holder is made by 
means of an adjusting nut in the joints of the linear module (Fig. 7c). 

 
a) 

 

b) 

 

c) 

 

Fig. 7.  Points of adjustment of the manipulator: a) vibroinsulators, b) turnbuckles in the hanger, 
c) adjustment nuts in the joints 

Source: Authors. 
 
The developed construction (Fig. 8) allows the application of the 

manipulator in anechoic chambers of different sizes. The installation of the 
manipulator in the chamber requires fulfilling the following conditions: 
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– possibility of fixing the manipulator to the wall of the chamber, providing 
proper rigidity of the structure; 

– possibility of placing the turntable in the floor of the chamber; 
– provision of free space for the manipulator 

 

 
Fig. 8. The manipulator installed in the anechoic chamber 
Source: Authors. 

 
The construction allows placing the manipulator in folded position along 

the wall of the chamber.  

6. Verification 

The tests of the positioning accuracy were conducted for different axes of 
the manipulator [6]. The value of maximum and minimum speeds was assessed 
for all axes. The repeatability tests for positioning were conducted for both 
linear modules and the turntable. The verified accuracy of positioning the 
microphone is ±2 mm with repeatability of 0.2 mm. The positioning speed is 
0.25 m/s maximum for each axis of the scanning module. The allowed mass on 
the end of the manipulator is 0.5 kg maximum. 

The tests for effect of microphone positioning error on the measurement 
results were conducted. For each drive of the manipulator a position was set 
with defined error in the range of ±50 mm and ±100 mm. 

To measure the Sound Power Level three degrees of freedom were used to 
position the microphone on the hemisphere of radium of 2 m. The noise source 
was a fan specially made for acoustic measurements. The results of the tests 
confirm that the manipulator correctly performs the positioning on the 
hemisphere. In the case of Sound Power Measurement even a 10% random error 
barely influences the results of the measurement. The introduced error is about 
0.3 dB (Fig. 9). 
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Fig. 9. Effect of the positioning error on the results of measurement of Sound Power Level [7] 
Source: Authors. 

 
 
For strictly directional sources the effect is stronger. In such cases it would 

be beneficial to use one more degree of freedom. The fourth degree of freedom 
would allow positioning of the microphone related to the hemisphere. 

Conclusion 

The developed measurement system allows automated vibroacoustic 
research in the anechoic chamber. The number of degrees of freedom is limited 
to 3. The superposition of rotating movement with two-axial manipulator allows 
measurement on the hemisphere. The developed software allows control of the 
movement of the microphone along the defined trajectory. An important 
functional advantage of the system is its telemonitoring function. 

The results of experimental tests of the system confirmed the achievement 
of high quality functional and operational parameters of the system. The 
automation of the measurement process, with the provision of proper accuracy 
and repeatability of measurements, increases the reliability of received results of 
acoustic tests. 

The system allows research for objects of different shapes and weight up to 
1000 kg for the estimation of Sound Power Level of noise sources (PN-EN ISO 
3745:2005), determination of directional characteristics of sound sources and 
electroacoustic transducers (PN-EN 60268-5:2005) and determination of the 
directional characteristics of sound diffusion by the structures (ISO/CD 17497-2) 
according to the relevant standards. 

Further works include introduction of an additional degree of freedom for 
positioning the microphone related to the radius of the hemisphere. 
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System do automatycznych badań akustycznych w komorze bezechowej 

Słowa kluczowe 

Pomiary akustyczne, manipulator pomiarowy, komora bezechowa.  

Streszczenie 

Artykuł prezentuje opracowany system do zautomatyzowanych pomiarów 
akustycznych prowadzonych w komorze bezechowej. Parametry techniczne 
i funkcjonalne systemu odpowiadają specyficznym warunkom pracy w komorze 
bezechowej i wysokim wymaganiom dla badań akustycznych. Automatyczne 
zaprogramowane pozycjonowanie mikrofonu pomiarowego względem badanego 
obiektu umożliwia specjalny manipulator wieloosiowy. Opracowana kon-
strukcja systemu zapewnia minimalny wpływ na własności akustyczne komory 
bezechowej. W artykule przedstawiono także istotne problemy procesu wdro-
żenia i weryfikacji systemu. 


