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ABSTRACT

The submission presents an onset detector using constrained
linear reconstruction, as an extension to spectral flux meth-
ods. Instead of comparing only the spectral content of
every consecutive two frames, the proposed method takes
into account a wider temporal context to evaluate the dis-
similarity between a given frame and its previous frames.
The proposed method is efficient, easy to implement, and
is applicable to scenarios of online onset detection.

1. INTRODUCTION

The main idea of this submission is to extend the spec-
tral flux method by taking into account more temporal in-
formation while formulating the onset detection function
(ODF). Specifically, while the spectral flux method mea-
sures the “audio novelty” (i.e. value in the ODF) of a given
frame by comparing it with one of its previous frames, the
proposed method measures the audio novelty by the recon-
struction error while we use the linear combination of a
collection of the previous frames to approximate the given
frame. In other words, we assume that an onset event is
the time instance when the current frame cannot be easily
predicted by its previous frames. In this way, the computa-
tion of the ODF becomes a convex optimization problem,
where additional constraints, such as the sparsity or non-
negativity of the combination coefficients, can be added.
Detail information of this method can be found in [3].

2. GENERALIZED ONSET DETECTION
FUNCTION

Instead of merely comparing the spectral difference be-
tween two frames, the proposed method considers up to
τ previous frames [3] and with a temporal lag of µ frames
[1]. We formulate the calculation of the ODF as the fol-
lowing linear reconstruction problem:

{r∗n,α∗
n} = argmin

rn,αn

‖rn‖22 + λ · g(αn) ,

rn = x̄n − X̄nαn , (1)
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where αn ∈ Rτ denotes the combination coefficients
of the τ previous frames X̄n ∈ RK×τ to reconstruct the
current frame, ‖z‖22 =

∑K
k=1 z

2
k is the squared l2 norm,

and g(·) denotes the regularization term penalized by λ. To
solve (1), we require that all the input feature vectors to be
l2-normalized beforehand [2, 4]. More specifically, x̄n =
xn/‖xn‖2 and X̄n = [x̄n−µ, x̄n−µ−1, ... x̄n−µ−(τ−1)].
The parameter τ , referred to as the reconstruction length,
is a non-negative integer. Moreover, the residual ‖rn‖2 =
‖x̄n − X̄nαn‖2 is viewed as the reconstruction error and
is expected to be indicative of onset events.

3. NNLS ONSET DETECTION ALGORITHM

In both submission LSY1 and LSY2. we consider the im-
plementations of (1) with non-negative least square (NNLS),
by setting λ → ∞ and g(αn) =

∑τ
i=1(αni)−, where αni

denotes the i-th element of αn and the function (z)− re-
turns 1 if z < 0 and 0 otherwise. In other words, g(αn) =
0 if and only if all the elements in αn are non-negative.
With this constraint, we ensure that the reconstruction is
only additive. The ODF is formulated as below:

ODFLR(n) = ‖rn � (xn − xn−µ)+‖2 · ‖xn‖2 , (2)

where � denotes the element-wise product and + is
the rectification operation derived from the un-normolized
spectrum. Only the frequency bands with increased energy
from n−µ to n in the original, un-normalized feature vec-
tors are considered in calculating the reconstruction error.

For the input feature X̄n, we adopt the spectral fea-
ture designed in SuperFlux, which has been found effec-
tive in reducing the number of false positives originating
from vibrato, and has become the input feature of the state-
of-the-art onset detection algorithms in MIREX 2013 and
2014 [1]. Implementation details of the proposed method
can be found in [3].

To discriminate with the submission of LSY in MIREX
2015, LSY1 has an updated peak-picking threshold param-
eter and LSY2 has an updated τ with longer temporal con-
text for the linear reconstruction.

4. SOURCE CODE

The source code of the submission is available online https:
//github.com/cheyuanl/OnsetDetectorCLR
Our implementation is based on Superflux [1].
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