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The Sinusoidal and Harmonic Models
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Can fit any monophonic signal, we use it for speech
The sinusoids can be harmonic, quasi-harmonic, or adaptive ...
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Time-Frequency Representations

DFT s(t) = Y ppax - &%)
ou(t) =k-(2n/K) -t
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M. Kepesi and L. Weruaga, Adaptive Chirp-based time-frequency analysis of speech signals,

Speech communication, 2006.
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The Adaptive Quasi-Harmonic + Noise Model (aQHNM)?

@ We can adapt the frequency basis to follow the

frequency tracks M

= Adaptive Quasi-Harmonic Model (aQHM)! A
o o
oi(t) = 2 [y f(r)dT i~

@ For speech representation in the high frequencies
= Amplitude modulated noise (aQHNM)?

Y. Pantazis, O. Rosec and Y. Stylianou, Adaptive AM-FM Signal Decomposition With
Application to Speech Analysis, IEEE Trans. on Audio, Speech, and Language Processing, 2010.

2Y. Pantazis, G. Tzedakis, O. Rosec, Y. Stylianou, Analysis/Synthesis of Speech based on an
Adaptive Quasi-Harmonic plus Noise Model, |ICASSP, 2010.
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The new ideas

1) From FChT, harmonics exist in high frequencies
= Use a full-band representation
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The new ideas

1) From FChT, harmonics exist in high frequencies
= Use a full-band representation

2) Quasi-harmonicity can be useful for analysis but

maybe not necessary for encoding/decoding
= Use the strict harmonicity and I{eep the % :@
adaptivity [ [
aQHNM=-aHM
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The Adaptive Harmonic Model (aHM)

K
= . efok(t) M\
aHM s(t) k:Z_Kak(t) e m
oi(t) = k- 2T [ fo(r)dT A—

ak(t) Amplitude and phase (complex-valued function)
Interpolated from a; at time t;

fo(t) Fundamental frequency
Interpolated from £}’ at time t;

Parameters at a time t;: {fy’,a;} k€ {0,...,K;}
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The problem of estimation for full-band representation

A small fy error propagates by multiplication: f, = k- fy
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Question How to estimate harmonics up to Nyquist ?
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The Adaptive Iterative Refinement (AIR)

Assume first the fy error is small for low harmonics
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The Adaptive lterative Refinement (AIR)

Then the frequency correction mechanism of QHM? can be used
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LY. Pantazis, O. Rosec and Y. Stylianou, lterative Estimation of Sinusoidal Signal Parameters,

IEEE Signal Processing Letters, 2010.
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The Adaptive Iterative Refinement (AIR)

We can therefore increase the harmonic level
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The Adaptive Iterative Refinement (AIR)

Correct the frequencies
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The Adaptive Iterative Refinement (AIR)

Increase the harmonic level
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The Adaptive Iterative Refinement (AIR)

Correct the frequencies
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The Adaptive Iterative Refinement (AIR)

Increase the harmonic level
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The Adaptive Iterative Refinement (AIR)

Correct the frequencies
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Evaluation: Listening test

5l : I Total
[ Male voices
[___]Female voices

@ 6 languages to represent voice
variability

Impairment

@ Female and male voices for
each language = 12 sounds

@ 20 listeners answered

Original aHM-AIR aQHNM SM

Conclusions
+ Perceived quality aHM-AIR is almost perfect
o Compared to SM: stable frequency tracks in aHM

@ Compared to aQHNM: no noise model in aHM, also more stable
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Conclusions

Points to remember
e Adaptive Harmonic Model (aHM)

o Frequency tracks adapted to the fy curve
e Simple harmonicity

G. Degottex & Y. Stylianou (UOC/FORTH/SNSF) A Full-Band Adaptive HM of Speech November the 5th 2012 10 / 11



Conclusions

Points to remember
e Adaptive Harmonic Model (aHM)
o Frequency tracks adapted to the fy curve
e Simple harmonicity
@ Dedicated algorithm, Adaptive lterative Refinement (AIR),
to localize the harmonic structures in the high frequencies
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Conclusions

Points to remember
e Adaptive Harmonic Model (aHM)

o Frequency tracks adapted to the fy curve
e Simple harmonicity

@ Dedicated algorithm, Adaptive lterative Refinement (AIR),
to localize the harmonic structures in the high frequencies

@ Quasi-perfect perceived quality according to a listening test
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Conclusions

Points to remember
e Adaptive Harmonic Model (aHM)
o Frequency tracks adapted to the fy curve
e Simple harmonicity
@ Dedicated algorithm, Adaptive lterative Refinement (AIR),
to localize the harmonic structures in the high frequencies

@ Quasi-perfect perceived quality according to a listening test
@ Less parameters than aQHNM and SM
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Xpnuotodotnon

To Tapov ekmalSeUTIKO UAKO £xel avamtuxBei ota mAaiola Tou
ekmaldeutikol £pyou Tou Stédokovta.

To épyo «Avoikta Akadnuaikad Madnipata oto Naveniotipo Kptneg»
£XEL XPNHATOSOTAOEL LOVO T avadLlapopdwaon Tou eKmMAlSEUTIKOU UALKOU.

To £pyo uloroleital oto mAaiolo Tou Emixelpnotakol Mpoypaupotog
«Exmaideuon kat Al Biou MaBnon» kat ouyxpnuatodoteital oo tnv
Evpwnaikn Evwon (Eupwmaikd Kowvwvikd Tapeio) kat amod eBvikoug
ndépoug.
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YNOYPTEIO N KAl BPHEIKEY
EvpwnaikiBvwon  EATKH YITHPELIA ATAXELF L
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Znpeiwpa aderodotnone

« To r(apov UAWKO SlatiBetal pe ToUg 6poug TNG aéstaq xpnonq Creative Commons Avadopd, Mn
Epmopikn Xpnon, O)(L MNapdaywyo Epyo 4.0 [1] i petayevéatepn, AleBVAG EK600n EEaLpouvtaL
TOL AUTOTEAN €pya TpiTWV TL.X. Pwrtoypadieg, Staypaupata KA., Ta onoia EUNEPLEXOVTAL OF
QUTO KaL Ta omoia avadEépovtat Hadl e Toug 6POUG XPHONG TOUG 0TOo «Znueiwpa Xpriong Epywv
Tpitwv».

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/ @

* Q¢ Mn Epropukn opiletal n xprion:
— 1ou 8ev mepAapPAaveL AUECO 1) EUUECO OLKOVOULKO OdENOG QT TNV XProN TOU £pyOU, yLa TO Slavopéa
Tou épyou Kot adelodoxo
— mou Sev mepAapPavet otkovoptkr cuvaAlayr wg mpolndbeon yia tn xprion fi tpdopaacn oto £pyo
— Tou 8ev mpoomopilel oTo Slavopéa Tou £pyou Kal adelo80X0 EUUETO OLKOVOULKO OdeNOG (TT.X.
Sladnpioelg) anod tnv mpoPoAr Tou £pyou oe SLadKTUAKO TOTO

e O 8wkalolUyog Hrmopel va mapExet otov adelo80xo EexwpLotr dSeLa va XpNOLUOTIOLEL TO £pyO0 Yo
EUTOPLKA XPHoN, EpdooV auTo Tou INTnOEL.



Znueiwpa Avadopac

Copyright Mavenotuio Kprtng, Ztultavou lwavvng. «Wndlakn Enefepyaoia
Dwvng. Npocapuocipo Appovikdo Movtélo». Ekdoon: 1.0. HpdkAelo/
P£€Bupvo 2015. AtaBéoipo and tn diktuakn tevBuvon: http://
www.csd.uoc.gr/~hy578
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