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Abstract—We demonstrate the restoration of audio signals
corrupted by clicks and pops using techniques from sparse signal
recovery and compressive sensing. The demonstration features
real-time signal restoration using the approximate message pass-
ing algorithm on an FPGA prototyping board. To highlight the
restoration performance of our implementation, we remove clicks
and pops from old phonograph recordings in real time.

I. INTRODUCTION

Compressive sensing (CS) enables the acquisition and re-
covery of sparse signals using fewer measurements than the
Nyquist rate suggests [1]. The main idea of CS, i.e., the
recovery of sparse signals from a set of underdetermined linear
measurements, has recently been applied to the restoration of
sparsely corrupted signals, such as audio signals, images, and
videos [2]. However, the algorithms required to perform sparse
signal recovery typically exhibit very high computational com-
plexity, which necessitates the development of novel efficient
methods and the design of dedicated and high-performance
hardware implementations.

II. SPARSITY-BASED SIGNAL RESTORATION

The principles of CS can be used for the recovery of
sparsely corrupted signals [2]. Specifically, by modeling the
corrupted (and observed) signal z ∈ RM as z = Aa + Bb,
with the matrix A ∈ RM×Na used to sparsify the sig-
nal s = Aa to be restored, the matrix B ∈ RM×Nb used
to sparsify the (unwanted) corruptions, such as clicks, pops,
and saturation artifacts. In order to perform recovery of the
sparse representations x̂ = [â ; b̂] from z, an appropriate
pair of matrices A and B is required [2]. For audio-signal
restoration, we set A to the M ×M discrete cosine transform
(DCT) matrix to sparsify audio signals, and B to the identity
basis, which sparsifies clicks, pops, and saturation artifacts.
Audio-signal restoration now amounts to recovering the sparse
representations x̂ = [â ; b̂] from z with the aid of a sparse
signal recovery algorithm, followed by computing an estimate
of the uncorrupted signal via ŝ = Aâ.

The sparse signal recovery algorithm of choice is the
approximate message passing (AMP) algorithm [3], which ex-
hibits low computational complexity and enables the efficient
implementation in VLSI [4]. The proposed VLSI architecture
is capable to perform real-time audio restoration at low hard-
ware complexity, by using a high-throughput architecture of
the DCT relying on an efficient FFT implementation [4].

Fig. 1. Demonstration setup with the FPGA prototyping board.

III. LIVE DEMONSTRATION

The live demonstration highlights the restoration capabilities
of the proposed CS-based recovery framework for sparsely
corrupted 16 bit 44.1 kHz stereo audio signals. Restoration is
performed in real time on a Xilinx Spartan-6 XC6SLX45-3
FPGA residing on a Digilent Atlys prototyping board (see
Fig. 1) using an efficient implementation of the fast DCT-based
AMP architecture together with an AC’97 audio interface.

This live demonstration gives the audience an impression
of the performance of a sparsity-based signal restoration by
listening to a variety of corrupted audio signals, e.g., old
phonograph recordings. The proposed AMP implementation
performs real-time audio restoration on the FPGA prototyping
board and the involved algorithm parameters can be modified
at run-time, which enables one to explore the capabilities of
signal restoration using techniques from compressive sensing.
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