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Introduction 

Digital waveguide (DW) modelling is a finite difference time-domain (FDTD) numerical 

method of solving the wave equation, based on time and space discretisation. Excellent results 

have been achieved with this method, especially in sound synthesis and acoustic instrument 

simulation. The most efficient string and brass instrument synthesisers are currently based 

on 1-D DW models. Interconnecting 1-D models to form multi-dimensional DW meshes (DWM) 

is straightforward. For example, 2-D meshes are directly applicable to percussion instruments.  

This method’s popularity is due mainly to the following reasons: 

� The algorithm is extremely simple and intuitive. 

� In the 1-D case, it is much more efficient than any other FDTD formulations.  

� Its accuracy can be arbitrarily improved by increasing mesh density (at the expense of 

computation time). 

� DWM models can be easily interconnected with other linear systems, such as digital 

filters, which makes them very flexible. 

The 3-D case is especially relevant in room acoustic simulation1. 3D DW meshes can 

theoretically provide accurate room impulse response (RIR) measurements, since all wave 

propagation phenomena (reflection, absorption, diffraction, interference, etc.) are 

automatically taken into account. The main difficulty lies on the computational size of the 

problem; obtaining the impulse response of an average-sized room may take hundreds of 

thousands of iterations on billions of nodes. The development of high-performance parallel 

computing architectures based on application-specific hardware (ASH) units is a promising 

approach, considering the simplicity of the DWM algorithm and previous studies on the 

subject. The following hypothesis is put forward: 

“3D DWM acoustic models can be very efficiently parallelised through data 

partitioning on a network of specifically designed co-processors, allowing a dramatic 

reduction in RIR calculation time when compared to what is currently achievable on 

general-purpose computing platforms” 

                                                
1 Vide http://www.aes.org.pt/Encontros/Encontro8-Lisboa/Apresentacoes/Guilherme/apea_2006.ppt 
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Objectives 

The main objective is the development of a hardware prototype capable of implementing the 

3D DWM algorithm on a small (cubic) block forming part of a large 3D room model. It must be 

equipped with communication ports for initial configuration (from a host computer) and data 

transfer between blocks. This entails the following tasks (non-exhaustive list):  

� Familiarisation with the 3D DWM modelling technique. 

� Software implementation of the 3D rectilinear and tetrahedral mesh models. 

� Parallelisation on a workstation cluster (under MPI, for example). 

� Block specification: topology (both the rectilinear and tetrahedral structures should be 

considered), dimensions, word-length, etc. 

� Processor architecture design and optimisation for speed. 

� Hardware simulation and testing. 

� Performance evaluation (benchmarking). 

 

Some bibliography 

• J. O. Smith III,  “Physical Modeling Using Waveguides,” Computer Music Journal, vol. 16, 

no. 4, pp. 74-91, Winter 1992. 

• S. Van Duyne and J. O. Smith III, “Physical Modeling with the 2-D Digital Waveguide 

Mesh,” in Proc. Int. Computer Music Conf (ICMC’93), Tokyo, Sept. 1993, pp. 40-47. 

• F. Fontana and D. Rocchesso, “Physical Modelling of Membranes for Percussion 

Instruments,” Acustica – Acta Acustica, vol.84, pp. 529-542, May/June 1998. 

• S. Van Duyne and J. O. Smith III, “The 3-D Tetrahedral Digital Waveguide Mesh with 

Musical Applications,” in Proc. Int. Computer Music Conf. (ICMC’96), Hong-Kong, Aug. 1996, 

pp. 9-16. 

• J. O. Smith III, “Principles of Digital Waveguide Models of Musical Instruments,” in M 

Kahrs and K Brandenburg (eds.), Applications of Digital Signal Processing to Audio and 

Acoustics. Kluver Academic Publishers, 1998, pp. 417-466. 

• L. Savioja, M. Karjalainen and T. Takala, “DSP Formulation of a Finite Difference Method 

for Room Acoustics Simulation,” in Proc. IEEE Nordic Signal Processing Symp. (NORSIG’96), 

Espoo, Finland, 24-27 Sept. 1996, pp. 455-458. 

• G. Campos and D. M. Howard, “On the Computation Time of Three-Dimensional Digital 

Waveguide Acoustic Models,” in Proc. 26th Euromicro Conf., Maastricht, Holland, 5-7 Sept. 

2000, vol. II, pp. 332-339. 

• G. Campos and D. M. Howard, “A Parallel 3D Digital Waveguide Mesh Model with 

Tetrahedral Topology for Room Acoustic Simulation,” in Proc. COST G-6 Conf. on Digital Audio 

Effects (DAFx-00), Verona, Italy, 7-9 Dec. 2000, pp. 73-78. 

(http://profs.sci.univr.it/~dafx/). 

• G. Campos, D. M. Howard and S. Dobson, “Acoustic Reconstruction of Music Performance 

Spaces using Three-Dimensional Digital Waveguide Mesh Models,” in Proc. Int. Symp. on 

Musical Acoustics (ISMA’2001) – Musical Sounds from Past Millenia, Perugia, Italy, 10-14 Sept. 

2001, pp. 581-584. 

• G. Campos, ‘Three-Dimensional Digital Waveguide Mesh Modelling for Room Acoustic 

Simulation’. Ph.D. dissertation. University of York, 2003. 

• G. Campos and D. M. Howard, “On the Computational Efficiency of Different Waveguide 

Mesh Topologies for Room Acoustic Simulation,” IEEE Trans. Speech Audio Process.,  vol. 13, 

no. 5, pp. 1063-1072, Sept. 2005. 

• E. Motuk, R. Woods and S. Bilbao, “FPGA-based Hardware for Physical Modelling Sound 

Synthesis by Finite Difference Schemes,” in IEEE Int. Conf. Field-Programmable Technology 

(FPT’05), Singapore, 11-14 Dec. 2005, pp. 103-110. 

 


