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Blind separation and identification of noise sources with management of the uncertainty of noise propagation using mixture models



Socioeconomics context: In transportation systems, the problem of noise has become a major issue. Due to the requirements expressed by the users (in terms of acoustic comfort) as well as the legislation set by the european community to limit noise pollution, acoustic quality is now accepted as a decisive criterion to judge the performance of a vehicle, as well as its safeness or its fuel consumption. However, the noise sources emitted by a vehicle are multiple and structurally complex. Moreover, technological issues such as reducing fuel consumption or using biofuels are often contradictory with improving acoustic comfort. Thus, the need for tools allowing visualization, quantification and identification of noise sources has become significant in the transportation industry. Acoustical holography is a technique that permits the visualization of sound by means of an antenna of microphones. The acoustical field (pressure, acoustical velocity or acoustical energy) is thus represented by a colormap image which provides considerable information to engineers who want to design low-noise products or to troubleshoot operating faults in existing systems – see Figure 1 below. Although holography enjoys the best spatial resolution capability among all current acoustical imaging techniques, there are many instances where it is still not enough to isolate noise sources originating from different phenomena, especially when they overlap in the time, frequency and spatial domains.



Example 1: hologram of the noise radiated through the door of a car



Example 2: hologram of the noise radiated in front of a car engine



Figure 1 Classical techniques consist in reconstructing the acoustical field by solving the inverse of the wave equation over a sample of measures (beamforming, holography). However, such techniques do not make it possible to decompose the measured signal into its elementary components, which is obviously necessary for applying efficient noise reduction strategies. The object of this PhD thesis is to propose a new method for acoustical holography that makes it possible to decompose the visualized acoustical field into contributions coming from physically independent noise sources. This is equivalent to separating the full hologram into a series of “partial holograms” that each results from a different noise source – i.e. each “partial hologram” is the hologram obtained as if all noise sources were switched off except one of them – see Figure 2 below. It may be seen as a variant of the blind source separation problem where the spatial dimension has now to be taken into account.



= Full hologram of the noise radiated in front of a car engine



+ Source hologram originating from the mechanical noise only



Source hologram originating from the combustion noise only



Figure 2



Scientific approach: This approach is founded on an interpretation of a noise source as a mixture of distributions of noise particles, which may be coined “sonons”. Hence, the problem of the separation of the sources may be addressed from the point of view of statistical learning. Sources with distinct physical origins then correspond to distinct classes, each of which is associated with a specific population of noise particles. We propose to estimate the distributions underlying these populations using mixtures of probability density functions. The problem of source separation can then be solved by unsupervised classification, using the estimated components of the mixture model. One of the challenging aspects of this work will be to integrate additional knowledge in the estimation process. For example, the knowledge of temporal aspects that stem from the dependency between two sources may be exploited, but also knowledge from the expected spatial localization of source distributions. Another issue results from the uncertainty on the operator characterizing the relationship between the true noise particles and the measures collected by the antenna of microphones. This uncertainty – liked to limitations of numerical models such as returned by the boundary element method -- is known to increase with the frequency of the noise signal. Thus, another stake of the work will be to study how the imperfection of the measures available may be taken into account in the estimation process, using formalisms such as the theory of belief function or fuzzy logic. PhD program: The scientific program includes many aspects oriented towards a comprehensive training of the PhD candidate in probabilistic modelling and inverse problems solving. Being essentially theoretical, the subject first requires a deep bibliographical work on: • mixture models and mathematical methods to solve them (e.g. EM algorithm), • blind source separation and state-of-the-art approaches in the domain making use of mixture models (e.g. Independent Factor Analysis, mixture of component analysers), • inverse problems in acoustics (acoustical holography) and their consideration from a Bayesian point of view to account for prior knowledge. Based on these premises, the next step will consist in modeling the acoustic source separation problem as a mixture problem, with explicit consideration of prior information (temporal and spatial) and uncertainty about the propagation operation. This will include the careful definition of a noise particle – a “sonon” – characterised by a probability amplitude as a function of space and time. In solving the mixture model, a crucial attention will be paid to the estimation of the number of noise sources, i.e. the number of components in the mixture.



In a third step, the above theoretical developments will be systematically validated on experimental data recorded with a microphone array. It is expected from the PhD candidate to work in close connection with other PhD students in the hosting Labs and to rapidly take part to scientific publications on related works. Moreover, the co-supervision by two professors pertaining to different Labs with complementary scientific skills (Benjamin Quost: non-supervised statistical learning, theories of uncertainty propagation; Jérôme Antoni: inverse problems in acoustics, source separation, signal processing) will be an obvious opportunity to learn the best from both sides and produce original scientific results.



Prerequisite for the PhD candidate: A strong background is required in probability (random variables, stochastic processes) and statistics (estimation theory). No prerequisite is required in acoustics, although the candidate should ideally demonstrate some interest in the field. The candidate should be fluent in English. An experience in programming is compulsory.



Presentation of the laboratories: The PhD project will be hosted jointly by two laboratories, Heudiasyc UMR 6599 and Roberval UMR 6253, at the University of Technology of Compiègne, both affiliated with the French National Center of Research (CNRS, http://www.cnrs.fr/index.php), which is the largest research institute in France. The Heudiasyc laboratory (www.hds.utc.fr) gathers four research teams in computer science, among which the “Decision and Image” (DI) team. It was ranked A+ during the last national inspection. The DI team conducts researchs in various academic fields, such as: statistical learning, uncertainty representation and propagation, data fusion, computer vision and image. Laboratory Roberval (www.utc.fr/lrm/) gathers 3 research teams in mechanics, including the "Acoustic and Vibration team", to which one of the supervisors pertains. It was ranked A during the last national inspection. The Lab is equipped with unique instrumentation capabilities in vibration and acoustics (64-channel data acquisition system, 60-microphone array, 3D laser-vibrometer). Supervisor’s details and contacts: Jérôme Antoni



Benjamin Quost



Université de Technologie de Compiègne Royallieu Research Center, Mechanical Engineering Department Roberval laboratory, UMR UTC-CNRS 6599 BP 20529, F60205 Compiègne Cedex tel. : +33 (0)3 44 23 49 68 fax : +33 (0)3 44 23 44 77 [email protected]



Université de Technologie de Compiègne Royallieu Research Center, Department of Computer Science HeuDiaSyC laboratory, UMR UTC-CNRS 6599 BP 20529, F60205 Compiègne Cedex tel. : +33 (0)3 44 23 49 68 fax : +33 (0)3 44 23 44 77 [email protected]
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