Software for the simulation of the sound propagation in large rooms and outdoors, and for the auralization of the results of the numerical simulation





In the following a couple of MS-Windows based softwares, called RAMSETE and AURORA, are introduced: they are part of a project, which goal is to release a completely new computer based system, with the capability to accurately simulate the sound propagation in large rooms and outdoors, taking into account real-world source directivity and extension, specular and diffuse reflections, angle and frequency dependent absorption, excess attenuation, screen shielding. The results of the simulation can be used also for auralization, through a specific true convolutor (named AURORA), that doesn't require specialised hardware (DSPs) but only a standard PC audio board [1].


At the present the development of the project has led to the release of Ramsete 1.2 and Aurora 1.0. The sound simulation is actually monophonic, and diffuse reflections are not taken into account yet.


The Ramsete program employees a completely new pyramid tracer, that avoids the problems encountered with conical beam tracers (overlapping of cones, multiple detection of the same Image Source).


Besides the particularities of the pyramid tracer, that are quite involved, it must also be noted that the program comes with an innovative Source Manager [2]: it manages the source directivities and sound power data files, and make it possible to automatically define directivity balloons from experimental measurements conducted according to ISO codes 3744 and 3746, with direct reading of the most common R.T. analyzer file formats. This is particularly important for the noise sources, for which no directivity data are usually collected. However the program easily reads also the loudspeaker directivity data stored in the Bose Modeler (TM) or EASE (TM) format.


As Ramsete’s target is for industrial noise propagation indoors and outdoors, it is equipped with a large material properties data-base, including absorption coefficient and sound reduction index data: in fact the program takes into account not only the sound energy reflected from the surfaces, but also the quote passing through panels with finite sound reduction index. For the same reason, the program takes into account the energy diffracted from the free edges of each panel (that are automatically located), so that both indoor and outdoor screens can be studied.


The introduction of the geometry is simple, as Ramsete has its own Windows-based 3D CAD, that makes it possible to easily introduce also the sound sources, the receivers and the surface materials. However it is compatible with Autocad (TM), as it reads and writes DXF files.


A brief mention need to be made also for the post-processing tools: these include calculation of standard acoustic quantities (Sound Level, Reverberation Time, Center Time, Clarity, STI, LE, LF), with graphical and tabular representation, and a 3D rendering subprogram, that can be used to produce colour or contour maps of the calculated data.


Another post-processing program comes with Aurora, converting the calculated energy impulse responses in Pressure Responses; they are then convoluted with anechoic signals by a select-save frequency domain algorithm, to produce virtual acoustic listening samples of the calculation results, without the need of expensive hardware tools [1]. Aurora can handle also experimental impulse responses in MLSSA .TIM format, or in standard .WAV format, with a maximum lenght of 200.000 taps for each channel. The convolution can be applied to a mono signal with one or two impulse responses, yielding in the second case a true auralization. However actually the conversion process between Ramsete and Aurora produces only a single impulse response and not a couple of binaural responses. A binaural effect can still be obtained introducing in Ramsete a couple of properly spaced receivers, or convolving an already-stereo input signal.


The applications of the aforementioned software are the following:


Evaluation of acoustical parameters in auditoria and concert halls (speech transmission index, reverberation time, Clarity, EDT, center time, strenght, etc.) according to ISO/DIS 3382


Calculation of SPL maps in workplaces and other enclosed spaces


Prevision of the sound exposure levels of workers according to EEC regulations


Calculation of sound propagation outdoors, including multiple reflections between buildings and shielding effects caused by screens and other obstacles


Prevision of the environmental acoustic impact of new industrial plants 


Subjective listening test on different acoustic treatments inside rooms for music performances or speech


Subjective test on the “quality” of noise in different acoustic environments


Demonstration of the effects of screens and other sound reduction techniques to students and workers


 The hardware requirements to run the Ramsete program are the following:


486 DX-2 66 CPU or greater


8 Mbytes RAM minimum


20 Mbytes of free hard disk spaces


a 256-color SVGA card + color monitor


Windows for Workgroup 3.11 (tolerated also Windows 3.1)


In addition, Aurora requires a 16 bit stereo audio board (like Sound Blaster 16 or compatibles), capable of playing and recording 16bit, 44 kHz, stereo .WAV files. An high quality headphone is usually employed for the listening tests, also if a miniaturized anechoic chamber has also been used; the latter requires a proper power amplifier and loudspeakers, and a digital cross-talk cancellation and equalization unit (typically a SIGTEC processor).
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