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Introduction

Motivation

¥ in datection of
language delay and early ication disorders, ing
toring, or emotianal state assessmert.
 In order o design I such good
understanding of children's speech structure and its awslemnentnwr
time is necessary.

Objective

& Study of infant apeech production wiﬁll\l"e interval of 11 10 35 months of
e, sampled with a step of 4 man

& Analyzed parameters: vulmmemsl mwnc‘u'.mmalnbs. ol ract
length, average spectrum, spectal slope, duration of voiced segments,
number of voiced segments in conversational . are recently proposed
pitch micro-contour patierns.

& Design of a simple automalic age ciassifier.

Formants
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# Average F, duplays descending trend with age. Similer wars cbeerved also for F, and F,
{F: siope 221 Hzimonth. comefabion costoent RZ = 022 F; a, = -8.56
Hzimenth, B2 = 071 F; ay, = -5.80 Haimanth, A2 = 0.48}

& Comsiaticn costieiants of the F, and ¥, Tends are considerably highar than i F,

Volced Segment Durations

% In chidren (typically § years and cider), the duraticn of vowels, consonants,
sylables, and sentences bend to reduce with age and approach the one in adults

% In aur shudy, the duration of voiced speech segments is analyzed, Voiced
segments are formed by a nan-intesTupted sequence of vaiced frames,

# Ayerage number of per tm 5 al: ritad

18 24 21

& I can be seen thal uniike reponed for obder children, the durations tend 1o
increase for our subject. while the rumber of voiced segments per conversational
e aither remains steady or reduces,
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Dvu—vlew of LENA Corpus

# Children speech database acquied by the LENA Foundation,

# Maore than £5,000 hours of recarded data,

4 Subjects are recorded starting from 2 manths thraugh 38 monh of age

& Eath recording i canducted during an"crdinary’” day in the child’s natural
environment.

Data Subset Wilized in Present Study

# Long#udinal data fram a healhy female infant acquired within the interval of
11 to 35 manths of age, with a sampling step of & months. Anahzed data set
comprises T recordings acquired at the age of 11, 15, 1%, . ., 25 months.

@ For each age sample, segments containing child's uth selected,
yielding & minutes of spaech per age.

& Recordings are stored in 16 kHZIE bit farmat.
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Vocal Tract Length (VTL)

VTL - Literature Ovarview

@ Studies of VTL typically emplay resonance imaging (MRI).

@ New-bom babies: bypical values of vocal ract lenglh (VTL) ranging ~7 em

“ Birth to 18 months - accelerated VTL growth.

# Female/male adults: 13-18 cm in female and male adults.

# Location of higher formant frequencies is believed to be more comelated with
WTL compared 1o lowest farmant frequancies, which are strongly dependant an
the rate af the jaw opaning and vertical positon of the tangus.

# In the ariginal version of the vocal tract length narmaization (2 pepular
technigue used for i speaker vocal ract diff ta imgrave
automatic speech recognition). the warping parameter proportional to VTL
differences is estimated from the inverse of higher foemant frequencies

@ Inaur study, inverse of F, used for estimation of VTL ehanges.

& VTL varies with the production of distingt — averaging F, over longer speech
segmants (utterances) o estimate average, phane ndependant YTL

Pitch Micro-Contour Patterns

@ Recorly proposed pattern based approach fo pech contaur analysis and
madefing is utiized.

& Small et of elemandary pathems (9) i defined to it adjacend pitch sample:
vatlues in ceder Lo descibe the pilch contaur miso-stucure.

@ Frequency of of pattems is age sets.

@ in th debak ta the x,
in the histograms in the fallowing slides.

Fundamental Frequency - Literature Overview*

% Age 0—8 months: F, increases in both cry and non-cry itterances,

& Age 0=12 months: F, increases in unger cries,

# Age 3, 6, 9 months: F, sightly increases a1 & months, followed by slight
decrease at 8 months

& Age 8-26 months: not significant changes of F. in monceylables and bi-
sylisbles.

# *\qs & manths=3.5 years: difficull to rack any significant longitudingl rends in

& nga 5-17 yaars; males - signiicant F, drop starting fram 11 10 18 years, no
significant change kster; females - significant drop at T-12 years, no
significant charge kater,

# Age 8.5-11.5 years: F, in femakes decreases.

+Multiple sources -+ observations may be at times contradictory

Estinion of VTL Ghanges - itwersa of Fy

-

@ 1/F, displays fast increase between 11 and 15 manths, while later, till 27
manths, remains almast steady

& Despite he chyials accuracy limitaticn of this techrique compared o MRI the
obarved trend seems fo comelate well with the accelerated VTL growdh
teported for the earty montbe afer birth,

_: =

SPy

FaamCocsdngte Pafim Cooares
& While in the adult histogram the raddle - Nat’ - patiern dominates, the pattern
distribution in early infant speech is way mare uniform, With increasing age,
he flat’ patiern becomes gradually more and more propounced and the whole
distribution approaches the one ssen in adults.
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# F, extracted using cross-comelation RAPT akgorithm.

& Ayerage F, displays an increasing trend in the interval of 11-38 months {slope
= 1.68 Hzimonth, correlation coefficient &7 = 0.56),

@ Vestical bars represent 85% conflidence infervals.

@ Average spectra of the infant subject are compared with the average spectrum
etracted fram the spantaneous speech of 23 US native adull female subjects
from the UTScope datsbass (average ags j = 22 2 years, standard deviaticn
0= 3.6 yoars)

& Auerage spectrim is extracled from a 25ms window shifled with a sip rate of
10ms

# Complamaentary average spactral slopes are extracted on the rame bass by
fitting a straight fine inta the shart berm ampitude spectra in log frequency—log
amplituds damain by means of Enear regression

@ The observed production varasions can b sxpected 1o have a direct impact on
coding commanly used in spesch systems.

# To svakiate this hypothesis, we frain separate acoustic models for each age
=ample s, yielding 7 models representing 11-monthe spesch. 15-months
speech, .., 35-monthe speech.

& Wihe SDOM codnosan-seenenlua the modids will caplure age-depeandent
speach used for autamatic age
dassification.

4 Gaussian midure moduls (GRM) are ublized fo moded prababilty density
functions (pdf's Jof speech parameters.

& Task - pick a pair of most ey adacent age models cut of & possible neighbor
pairs.

& A GMM maximum a postencn chassiie linwar

{PLP) prowich accuracy of 70 %,

Formants

@ Age 0-5 months: F. increases in both cry and non-cry ulterances

# Age 4-80 months: F, decreases in femates, F, decraases In mates ill apprax,
30 months. F; decreases in both females and males in 4-18 months for some
vowels, increase in other vawels,

# Age §=18 months. F, decreases between 10-18 months in Canadian French
speakers, no chear tend in Canadian English; F, decreases in Canadian
English in 10-18 monthe, rather steady in Canadian French,

& Age 15-38 months: F., F, relatively unchanged ill 24 mants; significant
decrease in 24-35 mornths,

@ Age 5-16 years: F,. F., F, decrease in most of the anatyzed vowels,

# hgn 8.5-11.5 years: F, mastly decranses betwaen 10 and 1145 years,

F, mostly decreases between 8.5-10 years, F, consistenly decreases in 8.5-
1.5 years,

4 With increasng age, the rumber of iocal minima and masma in the spectral emvelope
decreases {armukps smoctting) and he contours slowly apgroach thase of adu
spshirs

ope than
around -6 to -10 cBioct), and s with age.
vahues.

&) Conclusions

& This study al anal
Tk i intant subget conductad on the longludiel data spanning 11-35
el o ags
& Tronds in B redk

o Foreraant I 3 wotrding wocsl tract ngth wih
2ge confirm cur imuition and obesrvations preserted in e IReratre.
% On e cther hand, the obzerved gradual increase of F, after the 12 menths of age,
gether of average voiced
SRR 1 COMIATENal 1T are Somawhat surpiising
1 s wikzing & codebeck of
pitch micro-contour pattems fas been presented and shown to capture addiional
aspects of specch producton matuing.
# Finaly. age hs n
tha design of a speaker-dependent autimat age classifier
@ Many of the obssrved difererces between the chikfs and adult speech producion can




