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Abstract—This paper proposes a method that aligns a
polyphonic audio recording of music to its correspoding
symbolic score.

. INTRODUCTION

The goal of audio-to-score alignment is to find apping
between an audio performance and its symbolic ralsimore
[1, 2]. In other words, the alignment analyzes tbatent of
input audio at some time point and maps it to aesmponding
time point on its score with similar music strueturThe
standard approach to audio-to-score alignment wegthree
steps, including feature extraction, distance/sirty
computation, and alignment. Note that the tempoawodio
performance may deviate from the tempo of its sddesides,
there may be minor inconsistence of notes betwastioa
performance and score. For example, musician dgdsifses
notes inadvertently or add ornaments intentiondllya result,
a good alignment algorithm should take these issnas
consideration.

.  ALGORITHM

The algorithm involves 4 steps, including onseedtbn,
constant Q transform around onsets, similarity camspn
between onsets in audio and note-on in score, gndndc
program to find the optimum mapping path.
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bands, as there is 12 frequency bins in an octasiétgen each
frequency bin directly corresponds to a musica¢not

Similarity measure: After obtaining the onsets, we have to
determine which note-on event triggers an onsetrdany to
the spectrum of constant Q transform. We use aimggor
function to evaluate the similarity of how the ‘aion of
spectrums near an onset is correlated with a nothe score.
We define that a pitch is matched if its frequebuy is a local
maximum in the constant Q vector, or unmatched af. n
Because we deal with polyphonic music, there nighseveral
notes played at the same time. If there are mene ¢time notes
with the same onset time, we just sum output of theoring
functions.

Dynamic programming: According the above scoring
function, we can build a similarity matrix S. Eachkll in a
matrix is the output of scoring function. We usenayic
programming (DP) to find the best path that has dherall
maximum similarity. The recursive formula of DPais follows:

D(i—1,))
D(i,j) = max{ D(i,j—1) } (1)
D(i—1,j—1)+5S3G,))

The alignment path is a sequence of adjacent celisye
each cell indicates a correspondence betweeronset in

Onset detection Onset detection is commonly used as a_ o performance and a note-on event in the mssice

basic step for further music analysis tasks, sgdbeat tracking
and music transcription. The general procedure n$eb
detection is to compute an onset strength fund@®F) from
the input audio, and then pick local maxima fromFO&s
onsets. In our implementation, we use spectraldsour onset
strength function, as proposed by Dixon [3]. Spcftux
captures onsets with changes in the magnitude repeadf
short-time Fourier transform. To pick reliable pgakwe need
to apply a median filter as threshold to removerispis peaks,
and then pick the maximum in a sliding window.

Constant Q transform: For each onset, we take the frames
immediately before and after the onset for constgnt
transform. We choose Q factor in a way such thatpich
range from Al (55 Hz) to A9 (14080 Hz) is dividettd 96

After computing the maximum similarity, we can derithe
best alignment path by back tracking the path with highest
accumulated value in matrix.
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