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AUDIO FINGERPRINTING

Audio fingerprinting generates
content-based summary of an audio
signal.

Allows efficient storage and retrieval of
similar audio in large audio database.

Includes audio segmentation, feature
extraction and indexing.



APPLICATIONS

Music Identification Broadcast monitoring Second screen applications



CHALLENGES

e Robustness against audio distortions such as noise and reverberation.
e High efficiency to expedite the retrieval process to enhance user experience.

o Less complexity for practical deployment.



PROBLEMS

e Conventional approaches rely on handcrafted audio features, which are not robust against
high distortion levels - Robustness X

e Recent deep learning based approaches generate compact audio fingerprints; however, their
performance degrade at high distortion levels. Also, it requires long queries to deliver reliable
results - Efficacy X

e Previous approaches do not perform fine-grained audio search - Efficacy X
e No prior work addresses the indexing performance - Efficiency X

e Need a solution that improves all aspects of the system.



SOLUTION

e Contrastive learning framework for robust audio embeddings -

e Transformer encoder that embeds contextual information to generate more discriminative
audio embeddings than CNNs -

e Performs fine-grained audio search -
e Adopt optimal transport framework to optimize the indexing performance -

e Ourindexing involves building a single hash table and lesser hash buckets probes for
retrieval. Moreover, our indexing is less memory consuming -



METHOD - AUDIO EMBEDDINGS
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Figure 1: An overview of the training framewo



METHOD - QUANTIZATION

e We propose quantizing q(x) as a clustering process.

e We consider all possible 2X K-bits hash codes _
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as fixed cluster centroids in space. hel-11]
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e We map q(x) to its nearest cluster centroid such that all
q(x) is uniformly assigned to the centroids.

e To achieve robust hash codes, we formulate clustering
process as:
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METHOD - BALANCED CLUSTERING
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METHOD - SUBSEQUENCE SEARCH
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Figure 3: Sequential storage of audio embeddings in the Figure 4: Generation of multiple candidate sequence for
database. fine-grained search.

e Generate multiple sequence candidates C, with their starting indice as /. =/ - m, where |_is
the retrieved index at m" position.

e Select| (time offset) with maximum agreement among candidates.



SYSTEM OVERVIEW
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Figure 5: An overview of the system for indexing reference database and audio identification.



RESULTS

Noise Noise + Reverb Reverb
Length 0 5 10 15 20 0 3 10 15 20 0.2 0.4 0.5 0.7 0.8 speedup
NAFP + LSH 50.7 69.7 737 760 769 | 208 439 555 585 589| 625 615 589 493 450 1x
1 FE + LSH 66.6 826 876 900 906 | 448 626 738 794 82.0| 838 838 T84 694 644 Ix

FE+HT (Ours) | 649 817 879 90.1 909 | 419 620 74.6 792 812 | 84.6 823 80.0 637 64.5 2.4x
NAFP + LSH 71.0 834 8.5 876 875|378 656 735 752 767 | 786 764 757 680 595 Ix
2 FE + LSH 804 882 91.6 932 948 | 634 782 846 86.0 854|904 864 850 748 67.8 1x
FE+HT(Ours) 80.2 894 931 941 949 | 614 808 850 875 883|924 877 864 773 70.7 2.4x
NAFP + LSH 7177 848 889 892 89.1 | 50.1 726 80.0 795 80.1 | 83.6 799 779 702 63.8 1x
3 FE + LSH 832 884 926 944 952 | 716 826 856 862 874|918 878 856 744 684 I1x
FE+HT(Ours) | 84.7 908 955 963 971 | 707 841 88.6 89.0 90.1 | 93.8 903 879 779 716 2.3x
NAFP + LSH 826 892 902 905 912 | 602 79.1 834 828 831 |8.6 834 793 741 657 1x
k] FE + LSH 856 900 928 942 958 | 80.0 870 871 876 872|938 888 866 750 69.0 1x
FE+HT(Ours) | 88.0 934 953 962 974 | 80.6 886 908 913 915 | %4 91.1 889 787 712 2.4x

e [Efficacy: Our system achieves “20% better hit-rate performance than baseline in adverse
distortion environments (noise + reverb) with shorter query lengths (1s or 2s).

e Efficiency: Our system is 2.4x faster than LSH in search process. X\
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SUMMARY

e An audio fingerprinting system robust against high noise and reverberation levels.
e Balanced hash codes using optimal transport framework.
e Improved the performance of the system in terms of efficiency and efficacy.

e Demonstrated better performance compared to baselines.
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