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Previous approaches in beat tracking
Signal-processing approaches  

(BeatRoot, by Simon Dixon) 

based on a prior estimation of tempo 

Deep learning approaches  

(Böck & Krebs) 

require training data



Beats of variable duration 

Beat does not correspond to 
clear accents

Challenges
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Proposed strategy

modeling processes that progressively infer beats while scanning the music 
sequence chronologically



Previous works

The next stage is to combine the information about
the clusters, by recognizing approximate integer relation-
ships between clusters. For example, in Figure 2, cluster
C2 is twice the duration of C1, and C4 is twice the
duration of C2. This information, along with the number
of IOIs in each cluster, is used to weight the clusters, and
a ranked list of tempo hypotheses is produced and passed
to the beat tracking subsystem. See Dixon (2001a) for
more details.

2.3 Beat tracking

The most complex part of BeatRoot is the beat tracking
subsystem, which uses a multiple agent architecture to
find sequences of events which match the various tempo
hypotheses, and rates each sequence to determine the
most likely sequence of beat times. The music is
processed sequentially from beginning to end, and at
any particular point in time, the agents represent the
various hypotheses about the rate and the timing of the
beats up to that time, and make predictions of the next
beats based on their current state.

Each agent is initialized with a tempo (rate) hypothesis
from the tempo induction subsystem and an onset time,
taken from the first few onsets, which defines the agent’s
first beat time (phase). The agent then predicts further
beats spaced according to the given tempo and first beat,
using tolerance windows to allow for deviations from
perfectly metrical time (see Figure 3). Onsets which
correspond with the inner window of predicted beat
times are taken as actual beat times, and are stored by

the agent and used to update its rate and phase. Onsets
falling in the outer window are taken to be possible beat
times, but the possibility that the onset is not on the beat
is also considered.

Figure 4 illustrates the operation of beat tracking
agents. A time line with 6 onsets (A to F) is shown, and
below the time line are horizontal lines marked with solid
and hollow circles, representing the behaviour of each
agent. The solid circles represent predicted beat times
which correspond to onsets, and the hollow circles
represent predicted beat times which do not correspond
to onsets. The circles of Agent1 are more closely spaced,
representing a faster tempo than that of the other agents.

Agent1 is initialized with onset A as its first beat. It
then predicts a beat according to its initial tempo
hypothesis from the tempo induction stage, and onset
B is within the inner window of this prediction, so it is
taken to be on the beat. Agent1’s next prediction lies
between onsets, so a further prediction, spaced two beats
from the last matching onset, is made. This matches
onset C, so the agent marks C as a beat time and
interpolates the missing beat between B and C. Then the
agent continues, matching further predictions to onsets E
and F, and interpolating missing beats as necessary.

Agent2 illustrates the case when an onset matches only
the outer prediction window, in this case at onset E.
Because there are two possibilities, a new agent
(Agent2a) is created to cater for the possibility that E
is not a beat, while Agent2 assumes that E corresponds to
a beat.

A special case is shown by Agent2 and Agent3 at onset
E, when it is found that two agents agree on the time and
rate of the beat. Rather than allowing the agents to
duplicate each others’ work for the remainder of the
piece, one of the agents is terminated. The choice of
agent to terminate is based on the evaluation function
described in the following paragraph. In this case,
Agent3 is terminated, as indicated by the arrow. A
further special case (not illustrated) is that an agent can
be terminated if it finds no events corresponding to its
beat predictions (it has lost track of the beat).

Fig. 2. Clustering of inter-onset intervals: each interval between
any pair of onsets is assigned to a cluster (C1, C2, C3, C4
or C5).

Fig. 3. Tolerance windows of a beat tracking agent predicting
beats around C and D after choosing beats at onsets A and B.

Fig. 4. Beat tracking by multiple agents (see text for
explanation).
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Use accent, tying as cues

Not available currently 

What if cue not played by musician, not perceived by listener? 

Music cognition investigation: 

What is the importance of accent, tying in beat detection? 

What can be understood about beat without those cues?
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Work in progress…

Designing the model, establishing rules 

Small-scale experimentation 

Testing on progressively larger corpus 

Generalising to other music genres?


