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Abstract
Several music information retrieval (MIR) systems have been
developed which retrieve musical pieces by the user’s singing
voice. All of these systems use only melody information for
retrieval, although lyrics information is also useful for re-
trieval. In this paper, we propose an MIR system that uses
both melody and lyrics information in the singing voice.

The MIR system verifies hypotheses output by a lyrics
recognizer from a melodic point of view. Each hypothesis
has time alignment information between the singing voice
and recognized text, and the boundaries of each note can
be estimated using the information. As a result, melody in-
formation is extracted from the singing voice. On the other
hand, the melody information can be calculated from the
musical score of the song because the recognized text must
be a part of the lyrics of the song. The hypothesis is veri-
fied by calculating the similarity between the two types of
melody information.

From the experimental results, the verification method
increased the retrieval accuracy. Especially, it was very ef-
fective when the number of words in the user’s singing voice
was small. The proposed method increased the retrieval ac-
curacy from 81.3% to 87.4% when the number of words was
only three.

Keywords: MIR from singing voice, verification of recog-
nized hypotheses, lyrics recognition.

1. Introduction
Recently, several music information retrieval (MIR) systems
that use a user’s singing voice as a retrieval key have been
researched (for example, MIRACLE[1], SoundCompass[2],
and our proposed method[3, 4]). These systems use melody
information in the user’s singing voice, however, the lyrics
information is not taken into consideration.

Lyrics information is very useful for MIR systems. In a
preliminary experiment, a retrieval key consisting of three
Japanese letters narrowed hypotheses into five songs on av-
erage, and the average number of retrieved songs was 1.3

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies
are not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page.
c© 2006 University of Victoria

when five Japanese letters were used as a retrieval key. Note
that 161 Japanese songs were used as the database, and a
part of the correct lyrics was used as the retrieval key in this
experiment.

In order to develop an MIR system that uses melody and
lyrics information, the lyrics recognition method from a singing
voice has been proposed[5]. This method uses a finite state
automaton as a language model. It gave 77.4% word accu-
racy, and the retrieval accuracy given by the system achieved
85.9%.

Conventional MIR systems cannot use a singing voice
as a retrieval key. One of the biggest problems is how to
split the input singing voice into musical notes. Traditional
MIR systems[6, 2, 7] assume that a user hums with plo-
sive phonemes, such as phonemes /ta/ or /da/, because the
hummed voice can be split into notes only using power in-
formation. On the other hand, recent MIR systems can split
the input singing voice into musical notes, however, they of-
ten give inaccurate information. It is difficult for them to
discriminate between one note with long duration and two
notes with the same pitch because these systems split the in-
put singing voice using pitch and power information. It is
very hard to split the singing voice into musical notes with-
out linguistic information.

The lyrics recognizer outputs several hypotheses as a recog-
nition result. Each hypothesis has time alignment informa-
tion between the singing voice and recognized text. A hy-
pothesis can be verified using the time alignment informa-
tion from a melodic point of view. In this paper, we pro-
pose a new MIR system using lyrics and melody informa-
tion based on verification of recognized hypotheses.

2. Verification Method of Recognized
Hypotheses
2.1. Overview of the System
Figure 1 shows an outline of the proposed MIR system.
First, a user’s singing voice is input to the lyrics recognizer,
and the top N hypotheses with higher recognition score are
output.

Each hypothesis h has the following information:

• Song name S(h)

• Recognized text W (h)
It must be a part of the lyrics of the song S(h).
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Figure 1. Outline of the MIR system using lyrics and melody

• Recognition score R(h)

• Time alignment information F (h)
For all phonemes in the recognized text, frame num-
bers of the start frame and the end frame are output.

For a hypothesis h, the tune corresponding to the recognized
text W (h) can be obtained from the database because W (h)
must be a part of the lyrics of S(h)[5]. The melody infor-
mation, which is defined as a relative pitch and relative IOI
(Inter-Onset Interval) of each note, can be calculated from
the tune. On the other hand, the melody information can be
extracted using the estimated pitch sequence of the singing
voice and F (h). If the hypothesis h is correct, the two types
of information should be similar. The verification score is
defined as the similarity between the two types of informa-
tion.

Finally, the total score is calculated from the recognition
score and the verification score, and the hypothesis with the
highest total score is output as a retrieval result.

2.2. Extraction of Melody Information from a Singing
Voice
Relative pitch Δfn and relative IOI Δtn of a note n are
extracted from the singing voice. In order to extract this
information, boundaries between notes are estimated from
time alignment information F (h).

Figure 2 shows an example of the estimation procedure.
For each song in the database, a correspondence table is
made from the musical score of the song in advance. This ta-
ble describes all of the correspondences between phonemes
in the lyrics and notes in the musical score (for example, the
i-th note of the song corresponds to phonemes from j to k).

When the singing voice and the hypothesis h are given,
boundaries between notes are estimated from the time align-
ment information F (h) and the correspondence table. The
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Figure 2. Example of estimation of boundaries between notes

phoneme sequence corresponding to the note n can be ob-
tained from the correspondence table, and the start frame of
n is obtained as the start frame of the first phoneme from
F (h). In the same way, the end frame of n is obtained as
the end frame of the last phoneme.

After estimation of boundaries, pitch sequence is calcu-
lated by the praat[8] system frame-by-frame, and the pitch
of the note is defined as the median of the pitch sequence
corresponding to the note. IOI of the note is obtained as the
duration between boundaries.

Finally, the pitch and IOI of the note n are translated into
relative pitch Δfn and relative IOI Δtn using the two equa-
tions:

Δfn = log2

fn+1

fn
(1)

Δtn = log2

tn+1

tn
(2)

where, fn and tn are pitch and IOI of the n-th note respec-
tively.

Note that estimated boundaries using the hypothesis are
different from that using another hypothesis. Therefore, dif-
ferent melody information will be extracted using another
hypothesis from the same singing voice.

2.3. Calculation of Verification Score

The verification score V (h) corresponding to a hypothesis
h is defined as the similarity between melody information
extracted from the singing voice and the tune.

At first, relative pitch Δf̂n and relative IOI Δt̂n are cal-
culated from the tune corresponding to the recognized text
W (h), and the verification score V (h) is calculated by

V (h) =
1

N − 1

N−1∑
n=1

{
w1(|Δt̂n − Δtn|)

+(1 − w1)(|Δf̂n − Δfn|)
} (3)

where, N denotes the number of notes in the tune, and w 1

denotes a pre-defined weighting factor.



The total score T (h) is calculated by Eq. (4) for each
hypothesis h, and the final result H is selected by Eq. (5):

T (h) = w2R(h) − (1 − w2)V (h) (4)

H = argmax
h

T (h) (5)

3. Experiments
In order to investigate the effectiveness of the proposed MIR
system, several experiments were carried out.

HTK[9] was used as the recognizer, and a monophone
HMM was used as an acoustic model. Note that a “mono-
phone HMM” is a simple acoustic model, and it means that
a phoneme is modeled by an HMM. The HMM was trained
using a large amount of normally read speech, and the singing
voice adaptation method[5] was carried out using 127 singing
voice data sung by 6 male university students.

One hundred and ten singing voice data sung by another
6 male students were used as test data, and all of the test data
were automatically segmented into words using the Viterbi
algorithm[10]. It is assumed that a user sings a few words
when the MIR system is used. Therefore, the number of
words in a test sample can be controlled. There were 156
Japanese children’s songs in the database.

The average word accuracy of the test data was 81.0%,
and the lyrics recognizer output 1,000 hypotheses per test
sample. In this hypotheses list, some similar hypotheses
were output as another hypothesis. For example, both hy-
potheses h and h̄ are in the hypotheses list as another hy-
pothesis because W (h) is a slightly different from W (h̄),
even though S(h) is exactly the same as S(h̄). The correct
hypothesis was not included in the hypotheses list for 2.6%
of test samples. This means that the maximum retrieval ac-
curacy was limited to 97.4%.
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Figure 3. Retrieval accuracy using five words

Table 1. Relationship between the rank of the correct hypoth-
esis and verification method

After verification
Top 1 Others

Before Top 1 753 8
verification Others 37 52

3.1. Retrieval Accuracy for Fixed-length Input

In this section, the number of words in a test sample was
fixed to five, and weighting factors w1 and w2 were set to
optimum values a posteriori.

Figure 3 shows retrieval accuracy given by the before and
after verification. In this figure, the left side of each num-
ber of retrieved results denotes the retrieval accuracy given
by before verification, which is the same as the system pro-
posed in [5], and the right side denotes that given by the
proposed MIR system. The horizontal line denotes the up-
per limit of the retrieval accuracy.

This figure shows that the verification method was very
effective in increasing retrieval accuracy. Especially, the re-
trieval accuracy of top 1 increased by 3.4 points, from 89.5%
to 92.9%. However, the retrieval accuracy of top 10 was
slightly improved. This result means that the hypotheses
with higher (but not first-ranked) recognition score can be
corrected.

Table 1 shows the relationship between the rank of the
correct hypothesis and verification method. The numbers in
this table indicate a number of samples, and the total number
of test samples was 850.

In 753 test samples, which is 88.6% of the test samples,
the correct hypothesis was ranked first before and after veri-
fication. The correct hypothesis became the first-rank by the
verification in 37 samples. On the other hand, only 8 sam-
ples were corrupted by the verification method. This result
showed that the verification method does not decrease the
performance of lyrics recognition results for any samples,
and several samples can be improved by the method.

3.2. Retrieval Accuracy for Variable Length Input

In this section, we investigate the relationship between the
number of words in a singing voice and retrieval accuracy.
The number of words was increased from 3 to 10. In this ex-
periment, 152 singing voice data sung by 6 new males were
added to the test samples in order to increase the statistical
reliability of the experimental result. Other experimental
conditions were the same as in the previous experiments.

Figure 4 shows the relationship between the number of
words and retrieval accuracy. In this figure, the left side of
each number of words denotes the retrieval accuracy given
by before verification, and the right side denotes that given
by the proposed MIR system.
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Figure 4. Retrieval accuracy using various number of words

This figure shows that the proposed MIR system gave
higher accuracy for all conditions. Especially, the verifica-
tion method was very effective when the number of words
was small. There are many songs which have partially the
same lyrics. If the number of words in the retrieval key
is small, a lot of hypotheses are ranked at the same rank,
and cannot be distinguished only using lyrics information.
Melody information is very powerful in these situations. The
χ2-test showed that the difference between before and after
verification is statistically significant when the number of
words was set to 3 and 5.

3.3. Discussion: system performance when the lyrics are
only partially known by a user

The proposed system assumes that the input singing voice
consists of a part of the correct lyrics. If it includes a wrong
word, the retrieval may fail.

This issue need to be addressed in future work, however,
it is not fatal for the system. If a user knows several correct
words in the lyrics, retrieval can still succeed because the
proposed system gave about 87% retrieval accuracy with the
query consisting of only three words. Moreover, the lyrics
recognizer can correctly recognize a long query even if it
includes several wrong words because of the grammatical
restriction of FSA.

4. Conclusion
In this paper, we propose an MIR system that uses both
melody and lyrics information in the singing voice.

The MIR system verifies hypotheses output by a lyrics
recognizer from a melodic point of view. Each hypothesis
has time alignment information between the singing voice
and recognized text, and the boundaries of each note can
be estimated using the information. As a result, melody in-
formation is extracted from the singing voice. On the other
hand, the melody information can be calculated from the

musical score of the song because the recognized text must
be a part of the lyrics of the song. The hypothesis is veri-
fied by calculating the similarity between the two types of
melody information.

From the experimental results, the verification method
increased the retrieval accuracy. Especially, it was very ef-
fective when the number of words in the user’s singing voice
was small. The proposed method increased the retrieval ac-
curacy from 81.3% to 87.4% when the number of words was
only three.
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