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Robustness 

Efficiency Compactness 

Discriminability 

MASK == Masked Audio Spectral Keypoints 
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FFT 1024, bandwidth 
limited to 300-3KHz 

10ms, 100ms Hamming window 

18 or 34 MEL-spectrum bands 



Selection of salient spectral points 

1. Detect all maximas 

2. Trim to the desired 
number 

 

(“beautiful”, Timit-female) time 

Mel 
spectrum 

Fig. 1. Block diagram of the steps involved in the MASK fin-
gerprint extraction.

tering to equalize thefrequency bins to values that correspond

to the human perception of audio, and to reduce the number

of total frequency bins. From all possible alternatives, in this

work we use the MEL filter-bank with 18 bands. Note that

bigger bandwidths and a higher number of bands could be

used without any necessary other change to the algorithm.

2.2. Selection of Salient Spectral Points

Once the spectral representation of the signal has been ob-

tained, we need to select salient points in the spectral domain

where to center the computation of the proposed MASK fin-

gerprint. In our implementation we focus on the local max-

ima which, like [2, 3, 4], we found to be resilient to many

audio transformations. In general, a local spectral maxima or

spectral peak can bedefined as any point in frequency whose

energy is greater than the points adjacent to it, either in fre-

quency, time or in both.

In our current implementation thepeaks selection method

isquitesimple. A time-frequency position in thespectrogram

isselected asapeak if its energy isstrictly bigger than all en-

ergies in immediately adjacent band-time locations. Note that

we never place a peak in the top or bottom-most MEL bands,

leaving only 16 possible frequency peak positions when us-

ing 18 Mel bands(aside from slightly reducing thebandwidth

being used to obtain the information from the file, this does

not haveany implications on the way information isobtained

from the audio signal). Our observations indicate that agood

coverage of theaudio isobtained by extracting between 70 to

100 peaks per second. In order to limit the number of peaks

selected as salient points we apply a post-detection filtering

to select only those peaks whose energy stays above a given

temporal masking threshold, defined according to its distance

to thepreviously selected peak in thesameMEL band. Equa-

tion 1 shows the threshold weuse in our implementation.

Thr [n] = α∆ t E [n − 1] exp−
(∆ t)2

2 ∗ σ2
(1)

where ∆ t is the distance (in frames) between the previous

peak and the considered peak, E [n − 1] is the energy of the

previously selected peak and α, σ are two parameters used to

set the threshold falling rateand itswidth, respectively. In the

proposed implementation we set them to 0.98 and 40 follow-

ing a similar implementation used in the Shazam fingerpring

by Dan Ellis1.

2.3. Spectrogram Masking Around Salient Points

Once the salient points have been selected we apply a mask

centered at each of them. This defines regions of interest

around each point that are used for encoding the resulting bi-

nary fingerprint. The encoding is carried out by comparing

differences in average energies between certain defined re-

gion pairs. A region in the mask is defined as either a single

time-frequency value or a set of values that are considered to

contain similar characteristics (they areusually contiguous in

time and/or frequency). When a region is composed of sev-

eral values itsenergy is represented by its arithmetic average.

Note that theregionsdefined by themask areallowed to over-

lap with each other. The optimum location and size of each

region in themask, aswell as the total number of regions, can

vary depending on thekind of audio that isbeing analyzed and

the number of total bits we desire for the fingerprint. How to

automatically determine these remains as future work at the

time of writing this paper. The particular mask we used is

shown in Figure 2 (split into three diagrams for abetter visu-

alization). This mask covers 5 MEL frequency bands around

the peak (2 bands above and 2 bands below) and extends for

190ms (90ms. before and 90ms. after). Different regions

grouping together several spectral values are labeled using a

numeric value followed by a letter, used in the next section.

Note that when a salient peak is found either at band N-

1 or at band 2 (i.e. with only one band above or below it)

the mask in Figure 2 will either have the first or last rows

falling outside of the spectrogram limits. In such case we

duplicate the values of the first/last available bands to cover

the inexistent values for thefirst/last mask rows. Theway we

define thedifferent regionsallowsfor thesecasesnot to affect

much the properties of the resulting fingerprints. Note also

that although theenergy points in thefirst and last band of the

MEL spectrogram are not allowed as salient points, they are

used in thefingerprint encoding.

2.4. Fingerpr int Construction

In this step we construct the fingerprint as follows: first, a

block of 4 bits is inserted encoding the location of the salient

peak within the 16 MEL-filtered spectral bands where max-

ima can be located (excluding the first and last computed

1http://labrosa.ee.columbia.edu/matlab/fingerprint/

α=0.98 σ=40 



Spectral masking around salient points 
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Spectral Regions 
• Include one or several time-

frequency values 
• Overlaps are allowed 
• The number of comparisons 

defines the size of the fingerprint 
• Designed manually (for now) 

 
 



Current MASK regions 

19 frames = 190ms 

5 MEL bands 





Fingerprint encoding 

• 4-5 bits for the MEL band where the maxima is 
located 

• 22 Bits obtained from spectral regions comparison 



Indexing and retrieval 

011…00 
001…01 

… 
100…11 

(movie1, 10); (movie6, 4); (movie9, 1) ; (movie7, 34)  
(movie5, 35); (movie7, 80) 
… 
(movie9, 24); (movie3, 5); (movie8, 11) 

Reference inverted file index 

MASK FP Content 
ID 

Time 
offset 

DDBB 

QUERY MASK 
0->011…00 
1->100…11 

… 
13->111…01 
14->011…01 
15->000…10 

Exact 
matching 

-Nq                           0                           
Nq 

Matching  
Segment end 

Matching  
segment start 

Hamming > 4 -> 0 
Hamming < 4 -> 1 Final score 



Experimental section 



database 

NIST-TRECVID 2010-2011 data for video-copy detection 

– 400h reference videos 

– 1400 audio queries per year (201 unique videos X 7) 

– 7 audio transformations 

• original 

• MP3 compression 

• MP3 compression  + multiband companding 

• Bandwidth limit (500-3K) + single-band companding 

• Mixed with speech 

• Mixed with speech + multiband companding 

• Mixed with speech + bandwidth limit + monoband companding 



Metric & baseline 

• normalized detection cost rate (NDCR) in 
balanced profile 

 

 

 

• Compare results with a similar fingerprint to 
the Philips fingerprint 

 

 

NDCRBALANCED = PMISS +200RFA

Jaap Haitsma and Antonius Kalker, “A highly robust audio fingerprinting system,” in Proc. 
International Symposium on Music Information Retrieval (ISMIR), 2002. 



 





Comparison per transformation 



Scores histogram 



Conclusions 

• A novel binary fingerprint is proposed to 
improve on some shortcomings from well 
reputed prior art. 

• We show that we can extract the FP and use it 
for VCD with excellent results 


