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Figure 1: A loudspeaker array in a linear configuration with 64 loudspeakers.

Abstract

Scalable loudspeaker arrays for spatial audio research typically
require complex multichannel hardware, limiting the practical
deployment of high-density configurations. We introduce a mod-
ular loudspeaker array design that supports a wide range of ge-
ometries without hardware modification. The system integrates
an embedded FPGA system-on-module with compact 8-channel
loudspeaker printed circuit boards (PCBs) that can be easily daisy-
chained. Each module uses PCB-mounted drivers to maximize
spatial density and ensure consistent acoustic and mechanical
characteristics across the array. Controlling such a system with
hundreds of loudspeakers requires handling timing-critical oper-
ations and distributed, synchronized audio streams with minimal
I/O overhead. This is achieved using an embedded Xilinx Zynq-
7000 FPGA: the current prototype has been tested with 64 speak-
ers, and the architecture supports configurations of up to 768
channels. The modular PCB design enables rapid reconfiguration
into linear, circular, or two-dimensional layouts without modify-
ing the underlying signal-distribution or processing architecture.
This platform provides an accessible, open-source foundation for
evaluating spatial audio applications under high-channel-count
conditions.
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1 Introduction

While immersive audio was once the prerogative of academic
institutions, it is progressively becoming “the norm” in concert
halls, movie theaters, etc. [2, 6, 14] Some immersive audio tech-
niques such as Ambisonics [5] or Vector-Based Amplitude Pan-
ning (VBAP) [12] can be deployed using a limited number of
speakers (a few dozen, in general). Other techniques, such as
beamforming [8] or Wave Field Synthesis (WFS) [1] provide en-
hanced results [6], but require a greater number of speakers to
work. In this context, some venues are now hosting high-density
speaker arrays involving hundreds of speakers (not to say thou-
sands in some cases). The Las Vegas Sphere!, which hosts a total
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