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ABSTRACT

This paper describes our method for the MIREX 2008 “Mul-
tiple Fundamental Frequency Estimation & Tracking” task
in which the goal is to identify the active F0s in each time
frame and to track notes and timbres continuously in a com-
plex music signal. The introduced method is based on sub-
harmonic summation pitch estimation met-hod and a spec-
trum cancelation algorithm. Our algorithm concentrates on
the frame-level transcription, so the submission is only for
“Task 1”.

1 INTRODUCTION

The MIREX (Music Information Retrieval Evaluation eX-
change) framework provides a common platform to com-
pare and evaluate a vast variety of MIR systems. And the
MIREX 2008 “Multiple Fundamental Frequency Estimation
& Tracking” task aims to evaluate state-of-the-art multiple
F0 estimation and tracking algorithms.

Musical signals are natural candidates for the problem of
multiple-F0 estimation since multiple instruments are played
simultaneously often and chords are very familiar in poly-
phonic music. However, it is not easy to estimate the in-
struments’ fundamental frequencies in the existence of other
simultaneous sounds.

The proposed multi-F0 estimation system is based on a
spectral cancelation mechanism with the subharmonic sum-
mation(SHS) pitch estimation method. For simplicity, we
extract five F0 candidates for every frame, followed by a
pitch verification algorithm. F0 candidates that are verified
non-valid will be removed from the candidates pool.

2 SYSTEM DESCRIPTION

2.1 Pitch Estimation Method

Subharmonic-summation algorithm used here is generally
based on Dik J.Hermes’ pitch-determination algorithm [1],
which can be basic concluded in the formula below:

H(f) =
N∑

n=1

hnP (nf) (1)

where, H(f) is the subharmonic-summation spectrum of
the hypothetic pitch value f , P (∗) is the STFT power spec-
trum and hn the compression factor (usually hn = hn−1).

Here in our method, we introduce a spectral normalized
factor in the form described below:

H(f0) =
N∑

n=1

hn−1Qf0(nf0) (2)

where,

Qf0(f) = P (f)
/( 1

2ρf0

∫ f+ρf0

f−ρf0

P (w)dw
)

(3)

where, ρ is the spectral normalized width factor which can
reduce octave errors effectively, compared to the original
one in (1). This modified version shows good performance
on a test set of about 300s speech data with pitch reference.
For convenience, we note SHS shortly for the spectral nor-
malized SHS in the following text.

2.2 Cancelation Mechanism

We use a spectrum cancelation mechanism to remove the
predominant harmonic structure and then iteratively esti-
mate the fundamental frequencies of the residual sound. The
algorithm can be concluded as procedures:

1. Calculate the SHS spectrum from the STFT spectrum.

2. Choose the F0 with the following constraints and then add
it into the candidates pool:

F0 = argmax
f

SHS(f) (4)

3. Terminate the circulation if enough F0 candidates have been
extracted, or else go to step4.

4. Cancelation the STFT spectrum with: STFT (f) = w(f)∗
STFT (f), for f = nF0 and n=1,2,3..., and then go to
step1.

nF0 in the step4 refers to the nth harmonic frequency of the
hypothetic fundamental frequency F0, and w(f) is a weight
function which is proportional to the distance between the



center frequency of the STFT bin and the cancelation fre-
quency nF0. In reality, for the spectral leak of STFT ana-
lyze, we not only change the value of STFT (nF0), but also
that of the STFT (f) with the f near nF0.

As referred above, we iteratively extract five F0 candi-
dates for every frame, and add them into the candidates pool.
Since the candidates simply stem from the SHS spectrum
maxima, a F0 verification procedure is needed.

2.3 Verification of F0 Candidates

We use a spectral-based method here for F0 verification.
Generally speaking, for a specific F0 candidate, we check
the existence of the spectral peak for all of its harmonics and
then assign a saliency score for this F0 candidate, which can
be concluded as follows:

SF0 =
∑

n

Wn, (5)

Wn =
{

0.9n−1, peak exists around nF0

0, else (6)

Then candidates with saliency small than θs is removed from
the pool and the final output multi-pitch stream is formed
with the surviving F0 values at every frame.

3 IMPLEMENTATION

The algorithm is implemented in C++ and is for Windows
platform. The execution time on a P4 3.2G CPU with 1GB
RAM is about 4 times of the real-time without any particular
optimizations.
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