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MULTIPLE-FOESTIMATION FOR MIREX 2009

Chunghsin Yeh and Axel Roebel
IRCAM/CNRS-STMS Paris, France
Analysis-Synthesis team

ABSTRACT 2.1 Noiselevel estimation

pnder the assumption that the power spectrum of noise is
nearly flat within a narrow frequency band, the magnitude
distribution of narrow band noise is modeled by means
of Rayleigh distribution. Consequently, the noise level is
tr_nodeled as a succession of Rayleigh distributions, each of
which is a function of frequency. Similar to the method
proposed in [4], an adaptive noise level estimation algo-
rithm is developed to iteratively approximate the underly-
ing noise level. It is based on the magnitude distribution
1. INTRODUCTION of spectral bins instead of spectral peaks. According to
the estimated noise level, the spectral peaks are classified
into sinusoids (above the noise level) and noise (below the
noise level).

This extended abstract describes the system proposed fo
MIREX (Music Information Retrieval Evaluation eXchange)
2009 in theMultiple Fundamental Frequency Estima-

tion and Tracking contest. The system is based on a
frame-by-frame analysis with a tracking mechanism as pos
processing. It is submitted for the first two sub-tasks: (1)
frame-by-frame evaluation (2) note contour evaluation.

The proposed multiple-FO (fundamental frequency) esti-
mation system is composed of two parts: frame-based FO
estimation and source stream tracking. The number of
sources, opolyphony and the related FOs are first esti-
mated on a frame-by-frame basis [1]. The tracking mech- 2.2 FO candidate selection
anism then refines the estimation of the number of source
streams in a maximum likelihood manner [2]. Compared
to the version submitted last year, this version uses a dif-
ferent noise level estimation algorithm. Two versions are
submitted for the first sub-tagkame-by-frame evaluation

(i) frame-based estimatiomithouttracking and (ii) frame-
based estimatiowith tracking. For the second sub-task
note contour evaluatigrihe tracking results are reported.

This stage aims at select the FO candidates in a precise and
concise manner such that the number of their combinations
is reduced to a reasonable amount [1]. The NHRFOs (non-
harmonically related FOs) are first extracted in an iteeativ
estimation/suppression process. Each NHRFO represents
a harmonic group of partials which do not overlap com-
pletely with the partials of the other groups. Then, HRFOs
(harmonically related FOs) are detected within each har-
monic group by means of detecting partials disturbing the
2. FRAME-BASED MULTIPLE-FO ESTIMATION envelope smoothness. The related thresholds are coher-

) ) ) ently derived from musical instrument sound samples.
The frame-based FO estimation part is based on a score

function which evaluates the plausibility of a set of FO hy- ) )
potheses [3]. It evaluates all possible combinations among2-3 Joint evaluation of FO hypotheses

FO hypoth(_eses for the concurrent source number from OGiven a set of FO hypotheses, the hypothetical sources are
to the maximal polyphony hypothesis. Then, the best set

f FOS i lected velv b . teri constructed by partial selection and overlap treatmerg. Th
Of FUS IS Selected progressively by means of tWo Criteria ¢ 04 combination is evaluated by a score function com-
related to the residual and the spectral smoothness. It is L
. ) ; posed of four criteria:
composed of four stages. At first, the adaptive noise level
estimation distinguishes the sinusoidal components. FO
candidates are then iteratively extracted until no sigaific
sinusoidal components are left to explain. The score func- 2, Mean Bandwidth: envelope smoothness
tion joint evaluates all the combinations of FO candidates
and the best set is selected by a polyphony inference algo-

rithm.

1. Harmonicity: harmonic matching

3. Spectral centroid: energy concentration in lower par-
tials

4. Synchronicity: synchronous amplitude evolution within
Permission to make digital or hard copies of all or part of thiork for a single source
personal or classroom use is granted without fee providatdctipies are
not made or distributed for profit or commercial advantagéthat copies The linear combination of the four criteria forms the score

bear this notice and the full citation on the first page. function which evaluates the plausibility of a given combi-
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Figure 1. Overview of the frame-based multiple-FO estimation gyste

2.4 Estimation of the number of sources

The strategy is to progressively increase the polyphony
hypothesis and calculate the score of all possible combi-
nations of FO candidates [1]. The scoring of hypotheti-

ner. The integration of onset detection is left as a possible
improvement.
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3. SOURCE STREAM TRACKING

Source stream tracking aims at tracking the estimated FOs
into note contours. Instead of tracking threermediate

FO estimateqframe-based estimation), it is proposed to
connect the FO candidates across the frames to establish
candidate trajectorie$2]. The reason to establish candi-
date trajectories beforehand is that the connection of the
intermediate FO estimates usually form broken segments
of the underlying source streams. Candidate trajectories
are more complete, which provides a good initial estimate
of the source streams.

A note is described by a hidden Markov model (HMM)
having two states: the attack state and the sustain state.
Based on a high-order hidden Markov model, the track-
ing of FO candidates is carried out in a forward-backward
dynamic programming scheme. The propagated weights
are first calculated in the forward tracking stage, followed
by an iterative tracking of the most likely trajectories in
the backward tracking stage. Then, the estimation of the
underlying source streams is carried out by means of iter-
atively pruning the candidate trajectories according #® th
intermediate FO estimates in a maximum likelihood man-

ing in solo recordings of monodic instrument$20th
AES ConventiorParis, France, 2006.



