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(1) Motivation

Leverage recently developed Deep Learning technologies to analyse real world SATB choral unison singing and

facilitate synthesis of Unison from A Capella Input and A Capella from Unison Input.
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Multiple singers simultaneously singing the same content. Unison Singing. A Capella Solo
Natural pitch and timing deviations. Timbral ensemble. Single Perceived Pitch [1] Singing
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(2) Unison Singing Analysis

Choral Singing Dataset (CSD) [2] Timing deviations are computed at Inter-singer FO deviations (AFQs)

- 3 SATB choir songs . . . . . .

- 16 singers the transition regions (voiced « computed for each pair of singers in

- 4 singers per section unvoiced), where singers are not the unison as the frame-wise

- Manually corrected FO entirely in sync. difference between the two FO

an nOtatlonS Contou 'S, Inter-singer FO deviations
: [ - aversge - Section Average Timing Deviation + - —

g | i 7 soprenot i i Standard Deviation T o T
2o | soerenes = Soprano 0.134 + 0.039 sec S 40
I= I Il == transition regions I |§ <"r
T o Alto 0.093 £ 0.0024 sec 5
LR B i Tenor 0.100 = 0.021 sec 0 I T e .
- I I T S 10+

S s ——— Bass 0.124 + 0.021 sec ol L 1 1 1

Time (sec) Soprenos Alfos Teﬁors Baeses

(3) Synthesis Methodology

Input Waveform

. Pitch . _ '
ch.:gzl;*::c ;T:Tzr o desilsiir:) ) Output Singing Voice ~ |0 €Xtracted by monophonic FO extractor 3]
| gﬂonop.hon[i;]FO crsTU  Synthesis | used for single pitch for UTS.
xtraction £ . .
[ \wa\lw\wj S— - Encoder-Decoder [4] trained on proprietary
dataset, no overlap with CSD.
Short Time Singer Independent - Singer independent linguistic features as
Fourier Continuous used in Voice Conversion algorithms [5].
Transform Representation of | |
) (STFT) Linguistic Features [5] - Gender specific timbre changes for STU.
| — - Pitch deviations sampled from normal
Encoder [4] Decoder [4]
P distribution.
- Timing deviations implemented using
Mixture Singer Identity (Learned for UTS or Spectral Eﬁvelope [6] circular shifts between regions of silence.
Spectrogram provided as one-hot vector for STU) - WORLD [6] vocoder features used for
(Magnitude) .
synthesis.
(4) Subjective Evaluation
Test R ol ot Ko - STU with Pitch (P), Timing (T) and Singer (S) variations.
Case Melody Perception  Quality - Adherence to melody shows FO extracted by CREPE [3] can be
UTS 3.6 £0.93 2.1+0.65 viewed as a representation of single perceived pitch of the unison.

STU_PS 3.3 £ 0.83 26 0.8 2.840.45
STU_PTS 29+1.14 3.2x096 3.1 +0.63

- Timing and pitch variations together are necessary for perception of

STU_TS 2.3+1.11 unison.
STU_PT 30+1.23 - Timbre variations do not make significant improvement to the
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https://pc2752.github.io/unison_analysis_synthesis_examples/
https://pc2752.github.io/unison_analysis_synthesis_examples/
https://github.com/MTG/content_choral_separation

