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Abstract—With the appearance of audio databases novel 
information retrieval methods are required. A natural way of 
searching in a musical audio database is by humming 
or whistling the tune of a song as a query, which is the so-called 
“query by humming”. In this study five different techniques 
for effective and efficient querying by humming are described 
and compared. For this purpose, a system that allows 
searching for songs in a pre-prepared database using various 
pitch tracking methods was implemented. The system uses the 
hummed part of a song or recording of live singing as an input 
signal for which melodic contours are created. These contours 
are then compared with sample songs in the database. Five 
different algorithms were implemented to search the pitch of 
the input signals and tested in order to determine which of 
them is the most effective. Additionally, research has been 
made to set out influence of predefined parameters and the 
singer vocal skills on search results. 

Keywords—music recognition, query by humming,  
pitch tracking 

I. INTRODUCTION 
More and more audiovisual information such as sound, 

video, images or text is available on the Internet. They come 
from many sources from around the world. Therefore, in 
order for people to use them, it was necessary to find a 
solution that would allow for a quick and effective search for 
various types of multimedia material interesting for the user. 
The recipient expects these tools to allow making 
descriptions, indexes, and data compression [1]. 

The aim of this study is to examine the music recognition 
algorithms that use as a query a fragment of a song that is 
either hummed or whistled. Research may include algorithms 
related to query processing or recognition algorithms, e.g. for 
the use of descriptors or sound pitch tracking. 

II. QUERY BY HUMMING (QBH) 

The first Query by Humming system was introduced 
by Asif Ghias from Cornell University in Ithaca, USA 
in 1995 [2-3]. It was the first complete query by 
humming system, which included the processing of the 
input audio signal to extract information necessary for 
the query. It contained 183 songs in the database, 
obtained from MIDI files. According to the author, 
sequences with a length of 10-12 notes are sufficient to 

distinguish 90% of the songs in the database. 
However, the system proposed by Ghias was too simple 

to represent more complex melodies and methods of 
comparison. For the identification of the song, he only used 
information on three contour levels. More advanced QBH 
systems use melodic contour data to find the data about 
absolute pitch of the notes and their duration. 

In the QBH method, the song is recognized in the 
following steps: 

• Recording using microphone or a melody hummed 
or whistled by the user. 

• Transforming the melody into a string of information 
about changes in pitch, so-called “melodic contour”, 
using the sound pitch tracking algorithm. 

• Comparing the melodic contour with contours saved 
in the database. 

• Displaying the list of the most similar objects. 

III. SELECTED PITCH RECOGNIZING ALGORITHMS 
To detect the pitch of sounds, different types of 

algorithms are used, which can be divided into those working 
in the domains of: 

• time – based on the detection and counting of features 
related to the repeatability of the signal over time or 
on finding similarity between the signal and its 
delayed version, 

• frequency – based on the signal transformed to 
the spectral form, which allows one to determine the 
first harmonic, the largest common divider of all 
harmonics or other determinants of the period, 

• hybrid (combination of both methods at the same 
time). 

Most often Query by Humming systems are based on 
the following methods: autocorrelation, zero crossing 
counting, hidden Markov models, discrete Fourier transform. 

A. The YIN Algorithm  
The YIN algorithm is the algorithm based on author’s 

work by Alain de Cheveigne and Hideki Kawahara [4]. It 
allows finding the basic frequency f0 of the speech signal or 
musical sounds, assuming that the difference between the 
samples is the smallest when they are separated from each 
other by the value of the period of the signal. It is based on 
the classic method of autocorrelation with additional 
mechanisms (e.g. parabolic interpolation, differential 

This work was supported by a grant 504G/1034/0416 from the Warsaw 
University of Technology. 
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function calculation), which allow you to reduce the level of 
errors. According to the developers, the error rate is 3 times 
smaller than other competing methods. They also believe that 
it is relatively simple, so that it can be implemented 
effectively. What's more, this estimator is suitable for high-
pitched voices because there is no upper limit to the 
frequency search range. 

B. The FFT YIN Algorithm 
The FFT YIN algorithm [5] is similar to the above-

described YIN algorithm. It differs in that it uses a fast 
Fourier transform (FFT) to calculate the differential function. 
It was implemented by Dr. Matthias Munch of the University 
of London to improve the search performance of sound 
heights using YIN. It is about 3 times faster than the basic 
version. 

C. The McLeod Pitch Method 
The McLeod Pitch Method (MPM) [6] is a tone detection 

algorithm that was created by Phillip McLeod and Geoff 
Wyvill from the University of Otago in 2005. It has a good 
frequency resolution, so that frequency changes of +/–1% 
are detectable. Its big advantage is the accuracy of the 
analysis for small time windows. It uses a Fast Fourier 
Transform to quickly and efficiently calculate 
the autocorrelation function. 

D. The Dynamic Wavelet Algorithm  
Dynamic Wavelet (DW) algorithm [7] is used for real-

time search for pitch. It was implemented by the academic 
teachers Eric Larson and Ross Maddox from Michigan in 
the USA and it uses a fast discrete wavelet transform. In this 
way the approximations that are used to detect the apex are 
generated. According to the authors, this method has a low 
measurement error (high search accuracy) because it has 
a high frequency resolution for both low and high 
frequencies. What’s more, the analysis for short time 
windows allows for a good time resolution [8]. 

E. The Average Magnitude Differential Function Algorithm  
Average Magnitude Differential Function algorithm 

(AMDF) [9] was developed by R. L. Miller and E. S. 
Weibel. It is based on a differential function that examines 
the relation between the original signal and the delayed 
signal (it resembles the autocorrelation method). The basic 
frequency is determined by the position of the first minimum 
differential function that occurs after the minimum value for 
the zero delay. 

IV. CONTOUR-BASED TRACK SEARCHING ALGORITHM 
The music search algorithm is performed by comparing 

contours in the database with the contour generated for 
the user-provided recording. The melodic contour 
and the outlines of the melody and rhythm are stored in 
the form of a series of characters in which the relationships 
between successive sounds are written using letters of the 
alphabet or numbers. The modified algorithm of the longest 
common subsequence [10] is used to compare this 
information. It is used to find the longest substring of 
characters that appear in both compared chains in the same 
order, but not necessarily next to each other. It can be seen 
that the longer the input strings, the higher the probability 
that the length of NWP will reach a higher value. This type 
of algorithm did not meet expectations because it promoted 
finding a song in the database that consisted of the largest 
number of notes, and had to be modified to search for songs. 

In addition to the order of characters in both substrings, 
the new version also takes into account the position in which 
they are located when calculating the result. When the strings 
being compared are different, the longest similarity 
coefficient p is subtracted from the NWP value, which can be 
modified by the user. When the value of this constant 
decreases to zero, it becomes the basic NWP. If p is set to 
a large value (for example, the length of one of the strings), 
the algorithm will take the form of the longest common 
substring. The parameter p has been selected experimentally 
and its default value allows correct searching for the largest 
number of tracks currently in the database. 

V. RESEARCH ON RECOGNITION ALGORITHMS 
The research mainly consisted of comparing 

the algorithms used, in terms of the number of correctly 
found songs. The quality of the system was also tested in 
the case of changes in parameters, or the use of recordings 
hummed by people with various musical talents. 

One of the measures used to study the application’s 
operation is ANMRR (Averaged Normalized Modified 
Retrieval Rank) [11]. It is a measure developed by MPEG-7 
[1] to quantitatively  evaluate the matching efficiency of 
various descriptors.  The ANMRR measure combines 
the precision and recall measure to obtain a single objective 
value and therefore it is widely used in content search 
systems (such as face or image recognition). It takes the 
values [0, 1.0] and the closer to zero, the better the search 
queries are. ANMRR values in the range of [0, 0.1] results in  
excellent retrieval performance and values in the range of 
[0.1, 0.3] results in good, acceptable performance. 
The measure is calculated using the following formulas: 

 퐴푁푀푅푅 = 	 ∑ ( ) , ( ) ,
( ) , ( ) ,

 

where:  

N – number of queries 

Q – a set of all test queries 

K(q) – number of returned results for the test query q, q ϵ Q 

M(q) – the number of correct results for the data set and test 
query 

 푟푟(푞) = 	 ( )
∑ 휋(푚, 푞) 

where: 

π(m,q) – position of the m-th correct result from the data set 
for the q query,  

m ϵ [1, M(q)]. 

 휋(푚, 푞) = 	 푘																						푓표푟	푘 ≤ 퐾(푞)
퐾(푞) + 1						푓표푟	푘 > 퐾(푞)

� 

where:  

k – position of the correct result. 

MIR-QBSH [12] was used as a database of tracks for 
purpose of algorithms tests. This is a set of 48 songs used for 
testing QBH systems, good and commonly used for 
the following tasks: query by singing/humming, monophonic 
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pitch tracking and silence/unvoiced/voiced detection.  
The MIR-QBSH database corpus is comprised of 4431 
queries along with 48 ground-truth MIDI files. All queries 
are from the beginning of references. Manually labeled pitch 
for each recording is available. 

A. Examination of the Longest Similarity Coefficient 
The longest similarity coefficient p is used in the contour 

based search algorithm. The study of its outflow for 
the search of works was carried out on all test fragments 
from the MIR-QBSH database. For each algorithm, the 
p = [0, 3] value was changed with a step of 0.1. In a single 
iteration for each recording, the system determined the list of 
the 5 most-likely tracks. Based on this set, it was checked 
whether the song was found correctly and the value of π (1, 
q) of ANMRR was determined. After analyzing all the test 
recordings, the percentage of finding the tracks was 
calculated correctly (the ratio of correctly found songs to all) 
and the ANMRR measure. 

The best results are achieved for p = [0.7, 1], which is 
consistent with the previously chosen default value. 
For the majority of algorithms (except DW) forming the 
contours of the melody, the measure of system quality, 
depending on the longest similarity coefficient, behaves in 
a similar way (significant increase in the range [0, 0.4],  
gentle increase (0.4, 0.7), achievement maximum [0.7, 1], 
gentle decrease (1, 2], stabilization (2, 3]). 

B. Testing the System for the Operation of Algorithms 
Creating a Melodic Contour 
Five algorithms for creating a melodic contour were 

tested, all based on sound pitch tracking algorithms: FFT 
YIN, YIN, DW, MPM, AMDF. The Table 1 shows 
the effectiveness of searching for songs depending on 
the methods used. The tests were carried out for the default 
parameter values, and all test fragments from  
the MIR-QBSH database were used in them. The measure of 
the effectiveness of the system was the percentage of 
correctly found songs (the ratio of correctly found songs to 
the number of all songs in the database) and ANMRR. 

TABLE I.  COMPARISON OF ALGORITHMS FOR CREATING A CONTOUR  
IN TERMS OF SONG SEARCH EFFICIENCY 

FFT YIN YIN DW MPM AMDF 

Percentage  
of correctly  
found songs 

57.89% 58.21% 10.57% 54.05% 47.64% 

ANMRR 0.51 0.51 0.92 0.54 0.61 

The effectiveness of the search depends on the chosen 
method. The algorithms of creating a melodic contour based 
on the methods of pitch tracking (except for DW) are better 
in recognizing songs than the ones using descriptors. 
The best algorithm for finding  fundamental frequency is the 
YIN algorithm and its faster version – FFT YIN. The worst 
is DW, which significantly gives way to the other solutions. 

It can be observed that for most songs, the most effective 
search is done with FFT YIN, YIN and MPM. These 
algorithms find the basic frequency of sounds. The graphs of 
the pitch heights after median filtering for FFT YIN and YIN 
methods are almost identical, while MPM introduces some 
adulterations in the form of additional low frequencies. 

C. Testing the System in Terms of User Vocal Skills and the 
Quality of Recordings 
The MIR-QBSH database has 8-second fragments 

hummed by volunteers with different vocal skills, which 
were recorded in different quality. From among 194 people, 
9 with the most diverse abilities were chosen, 
and the melodies sung by them were further analyzed. They 
were subjectively classified in terms of volume, noise, 
humming way, separating sounds, singing false sounds 
and tempo. 

For each of the selected artists (I), all their recordings 
were analyzed (recs. number – II), and based on them, 
the number of correctly found songs (III), the percentage of 
correctly found songs (IV), the average position of 
the accurately found song (V) were determined and the 
ANMRR measure (VI) was calculated. The research was 
carried out only for the FFT YIN algorithm. The results are 
summarized in the Table 2. 

The vocal skills of the user affect the effectiveness of 
song search. Some users sing too quickly or vaguely separate 
syllables, which means that the algorithms used to create 
a contour do not always correctly deal with the segmentation 
of notes. Too many sounds sung falsely also affect 
the system’s performance. According to the theory, 
the melodic contour should be resistant to adulteration, 
however when there are too many of them it is impossible to 
determine it (in line with the melodic contour of the model 
song).  

TABLE II.  RESULTS OF PERFORMANCE OF THE FFT YIN 
ALGORITHM IN TERMS OF VOCAL SKILLS OF SELECTED 

I II III IV V VI 

1 22 21 95.45% 1.14 0.07 

2 37 30 81.08% 1.36 0.24 

3 21 16 76.19% 2.00 0.39 

4 35 24 68.57% 1.62 0.40 

5 33 18 54.54% 2.11 0.57 

6 32 15 46.87% 2.2 0.64 

7 48 18 37.5% 1.66 0.67 

8 33 8 24.24% 2.25 0.81 

9 24 5 20.83% 2.8 0.86 

Analyzing the test results, it can be seen that singing 
in syllables increases the chance of correctly determining 
the fundamental frequency of the sound. This is because 
singing the text uses different consonants that introduce 
turbulent noise (f, s, s, sz, h) or pulse noise (p, t, k). 

The quality of the recording is of great importance 
in music search systems. Algorithms which determine 
the pitch of sounds give worse results, when the noise 
introduced by the microphone or the user’s surroundings is 
greater, and when the song is recorded too quietly. 

Results for the FFT YIN algorithm, presented in Table 2, 
show that depending on the quality of the recording 
and the way of humming or humming skills, the proportion 
of correctly recognized tracks and the ANMRR measure, 
have significant dispersion, from about 20-95% and from 0.1 
to 0.9, respectively. Therefore, further research for 
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the resistance of algorithms to poor quality of material 
should be clearly continued. 

VI. SUMMARY AND CONCLUSIONS 
The paper explores various algorithms that help to create 

a melodic contour with the use of music, to recognize music 
by QBH. The advantage of this method of melody extraction 
is its independence from tonality and pace, as well as 
resistance to minor adulterations. Comparison of contours 
with a set of reference compositions takes place by means of 
a modified algorithm of the longest common subsequence. 
Algorithms to find the height of sounds are worse to 
determine if the recording is noisy, or when the user 
inadequately divides subsequent notes. According to 
the research, pitch tracking is a better method for music 
search systems based on humming. 

Among its algorithms, the most satisfactory search results 
are achieved by FFT YIN and YIN. Both algorithms 
achieved in the tests almost 60% of correctly recognized 
songs and an ANMRR of about 0.5. The worst results were 
obtained for the algorithm that uses wavelet transformation 
(DW), about 10% of recognized songs, and ANMRR close to 
1. 

The length of the analyzed sample also matters. When it 
is too short, the chance of finding the song you are looking 
for is reduced, because the created melodic outline is too 
short, and many model songs correspond to it. 

Finally, the quality of the recordings is very important in 
terms of efficiency of the QBH algorithms. Achived results 
show that strong and natural dependency, and lead to further 
works in that area of reaserch. 
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