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Two tasks

* Audio Indexing * Robust to audio transformations/degradations
Find the “ref erence song " from a music catalog based on the signal time stretching, pitch shifting, noise addition, distortion, audio effects, and
content of a given audio excerpt different instruments (for alignment)

* Audio-to-audio Time Alignment * Relevant to the music content

Search the time mapping between two occurrences of the same music melodies, chords, rhythms and possibly the instrument timbres

— use of the same method for both tasks — computation of music distances based on audio codes

Method overview
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* Audio descriptors (inspired by audio classification) Learning of a linear transformation chain invariant to degradations
— relevant to the music content, and
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— robust by design to audio transformations / degradations Dimensions:
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* Manipulations of sub-spectrograms: ICCR >| OMPCA HT
— Log. scale of frequencies and time, frequency band splitting,
\

Amplitude transformation, Magnitude of 2D-DFT.

1) ICCR (Ill-Conditioned Component Rejection):
— Remove redundancies
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2) LDA (Linear Discriminant Analysis):
— Select robust dimensions
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3) ICA (Independent Component Analysis):
— For a uniform Ffilling of hash table because of independency

— 4) OMPCA (Orthogonal Mahalanobis PCA):
rime ndex (ogarthmia — Recover robustness, & preserves decorrelation

—— 5) HT (Hadamard Transform):
— uniform robustness, prepare for hashing, & preserves decorrelation.
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» Based on properties of: robust to transformations, and discriminant to the original signal.

— Log. function, Shift invariance of [DFT], Amplitude change, * Use of a Data Augmentation approach for training (LDA & OMPCA)

* The descriptors are robust by design to: — maximize distances for different original signals, and
— Pitch and time changes, and noise, filtering. — minimize distances for transformations of the same signal.

Experiment: /ndexing and alignment of “MIDI covers” |
Indexing results (full catalog: ~40 000 songs, ranks averaged over 238 tests)
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« Time variant tempo: Pitch Shift (1 tones) 0 +2 +6 +13 0 +2 +6 +13 0 +2 +6  +13
[-33, 33], [-66, 66] and [-100, 100] cents. Same STEPI: rank (full catalog): 1.0 1.2 43 17.9 1.0 1.3 57 227 1.0 1.4 5.9 29,
* Pitch Shifting instruments | GTEp): rank (over the 200 best): || 1.0 1.0 1.0 1.0 | 10 1.0 1.0 10 10 10 10 L1
+2 +6 + -
0, £2, 6, _h13 halFf tc()jnes. d Changed STEP1: rank (full catalog): 1323 1745 3101 3199 | 1287 1856 2430 3015 | 1295 1995 2746 302
[ ] *
Instrument change + drum remove Instruments | GTEP2: rank (over the 200 best): 2.2 5.0 15.3 17.9 2.6 6.3 16.8 20.5 4.3 10.2 249 303
> Remark: 33ct = x1.25, 66ct = x1.58, 100ct— x2. \_ ,
Alignment results (evaluation averaged over 238 tests, baseline = diagonal)
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