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Introduction

Real-Time Musical Score Following
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Score following is the real-time synchronization of a live musician playing a score with the score itself.
The area of research stands at the intersection of artificial intelligence, pattern recognition, signal

processing, and musicology.

Features Extraction

First thing, we extract suitable features that
capture relevant key aspects while suppressing
irrelevant details.

We apply The Short-time Fourier transform (STFT)
to our signals.

The procedure to divide a longer time signal into
shorter segments of equal length and fix a window
function (which is nonzero for only a short period
of time) then slid the window along the time axis
and compute the Fourier transform for each of the
resulting windowed signals. [1]
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Fig 1 : Application of STFT

This reveals the Fourier spectrum on each shorter
segment whose linear frequency axis (Hertz) is
converted into a logarithmic axis (heights).

Fig 2 : Spectrogram

We then derive a temporal chromatic
representation by appropriately combining the
pitch bands that correspond to the same pitch or
chroma class. [
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Fig 3 : Chromatic representation
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Fig 4 : Music synchronization
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Method

Musical synchronization is a procedure which,
for a given position in one representation of a
piece of music, determines the corresponding
position in another representation. [
Chromatic representation of the signal has
proven to be a powerful tool for analyzing
music as it shows a high degree of robustness
to variations in timbre and dynamics. [!]

After extracting chroma features, we apply
Dynamic Time Warping (DTW) to find optimal
temporal correspondences between the
elements of two given chroma sequences. [!]

Dynamic Time Warping

DTW aligns time series U = Uy, ..., U, and

V=v,, ..., V, by finding a minimum cost path

W =W, ...,W, where each W, is an ordered pair
(i Ji), such that (i, j) € W means that the points u;
and v; are aligned. (!

Several constraints are placed on W :

Bounds: Wy =(1,1)

w,! = (m!ﬂ‘)

ips1 > i forall k € [1m — 1]
Jer1 = g forall ke [1,n—1]
i1 < ip + 1 forall £ e[l,m—1]
Jer1 < g+ 1 forall k€ [1,n—1]

Monotonicity:

Continuity:
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Fig 5 : Sequences alignment

The resulting correspondences establish a musically meaningful linking structure between

the given music representations.

Using this method, different
approaches [2 can be employed to
achieve online synchronization
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where data streams have to be

processed in real time. The level of
acceptance of these techniques lies
in their efficiency and accuracy.

Fig 6 : Visualizing the warping path directly on time domain signal
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