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Challenge: Characterization of acoustic spaces (TUIL)

Create Digital Twins for Traditional o

(October 2025 to March 2029) m Organ as a large, extended sound source

— Sound source positions for acoustic measurements are placed at the
Technical objectives: prominent sound emitting places of the organ; at the horizontal and vertical
> cabinets of pipe stocks
S01 - Digital reproduction of the holistic sound production process i — Acoustic camera to estimate sound emitting positions

of cultural heritage mUSIEI i _ — Aim: Covering the main sound radiation pattern
S02 - Hierarchical risk mapping of material degradation and
environmental conditions, through an integrated methodology for
maintaining the structural integrity, sound production and acoustic

® High intra-room acoustic variance of rooms
— positionally dense and spatially high-resolution SRIR measurements using an

performance of cultural heritage musical instruments. autonomous mobile measurement robot and manually placed microphones
— Aim: precise reference dataset for tuning acoustic simulation and
S03 - Preventive maintenance, through the development of musical auralization

instruments, digital twins, virtual sensors and simulation tools.

® Recordings of organ sounds

S04 - Dynamic Acoustic Simulation and Binaural Rendering for — Placement of microphones at

Immersive Cultural Heritage Experiences relevant positions: in the organ,
close to relevant organ pipes,
next to the organ, at organist's
seat, at audience

— Aim: training dataset fir ML-
based sound synthesis

S05 - Al-Enhanced Analysis and Synthesis for Real-Time Musical
Performance Reproduction in XR Applications.

Challenge: Simulation of organ pipes (IDMT, IBP)

m Creation of a 3D pipe model suitable for CFD simulation
— New pipes are typically handcrafted and tuned by an Inntonator and
thus 3D models are not available
— Historical pipes may have irregular structures are material properties
must be measured
— Special set of pipes is crafted by organ builders, which are modelled
in detail and used for simulation and validation

Challenge: 6DoF Auralization (UMA)

m Real-time auralization system capable of rendering the simulated sound field
of the organ, within a virtual reconstruction of its church environment,
where the listener can freely move through the space (6DoF) [2].

= Simulation of Airflow, Turbulences, Vibrations and Sound radiation
— Consideration of different turbulence models (RANS, LES) to correctly
model turbulent and laminar flow within the pipe as well as outside
— Estimate effect of wall and labium vibration
— Model simplification for sound synthesis

® Integration of organ pipe simulations and room acoustic characterization to
produce perceptually plausible binaural audio using the Binaural Rendering
Toolbox [3]. The main technological challenges are:
— Real-time 6DoF binaural rendering of the sound field in a large space
— Dynamic update of spatial acoustic cues (direct sound, early reflections and
late reverberation) according to listener movement

= Validation of the simulation by comparison to measurements within : o ) A . )
— Computationally efficient rendering despite long impulse responses required

the organ lab of the Fraunhofer IBP
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