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iz paper holds the first expeviences i the
wiant oy analysis oviesied to diagnosis

developed by fhe Groug of Spesch Processing of
Facidty of Electricsl Enginesring, Universidad

de  Orieple 1o closs  collaboration  with
physicians, lingpists and logopedians. It has been

postulated that the Bt orv iz 2 rellection of
somplex  newrophysiologie fimetions and

aatyzis of the infant cry can be milized fo asses
the wiant'z status. In order to tedt this hypothesis
a firsi experience was  cavied ot using a
compier-bazed sipnal proceszing system that
saabled the obsmver to relate the acoustic
properties of the oy to the anatomic and
physiologie  chwacteristics of  the  infhnt

produciag the ory.

fk«fﬁ'i‘“&.X 's‘ SEEE T Aw “l’f &
MOIEY, OF CRY PRODUCTIO

The mods] of ory production nzed iz concatmad
with the model deseribed by Golub (19793,
whsre fhere are fwo £ coduronents o the ﬂmdﬂ an
acomtical component that specifies how sound iz
seperated af tha larynx mnd in the awways above
the lwviox, md 2 physiclogie component that
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specities how the configration and movements
of the respiratory, laryagest, and supralavngea

strncliwes are condrolled.

Related to the acovstical pat of the model the
theory relevant to this dizonssion = the very
mown Theory of Adolt Speech Production
described by Stevenz (1964). ‘

Az well it iz known the science of aconstics can
be pzed to describe any somnd oulpan in teres of
meazmable parameters. Pertinent fo fhis papsr
are the fimdamental freguency (FO) and the fiest

formant (F13.

The fimdamoental frequency iz the lowest
fieguency component of a complex fone and i3
the determinant of the pitch that one hears. When
we zay that a ory iz high pitched that 1 ow
perception of the physical phenomenca thal the
vocal cords are oscillating st a higher frequency.
The formantz ave the cenfer foguencies of
regonances of the zomnd flter (the vocal tract).
The fiual somd {(cry) oviput iz the vesolt of the
sonund parameters created af fhe somnd sowrce
(tarynx) plus modifications that are caused by the
zomnd filter {vocal Trach).

The physiclogic component of the medel iz
concarned with the hypothesiz that aewboms
tend to control the tension in thew muscles in a
aon continmon: Fashion Upen of this we can
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axplain  the flwee oy iypes  desoribed
spectrographically by Lind: phonation-basic cry,
hyparphonation, and dysphonabion fiwbnlence.

MATHEMATICAL
EXPERIENCE

MOIFI., FOR THE

The LPC model (linear prediction) was used ia
arder fo exiract the fwo aconstical parameters:
findamental fegquency and the first formant For
fis purpose ihe asfocorvelafion meihod was

unplemented in order fo gef the linear prediciive

coeffictends (faking advaniages from the efficient
Dhebin's recwrsive algortibm. Then the SIFT
algoriiiwa was used fo compuie the pitch (FO}.

Using a fast peak-exiracior procedure the fiest
formant (F13} was  compuied from the LPC
specitma. The aconstical parametfers exfraciion
was done by BFVOZ  (soffware package for
signal processingla sysiem developed by fhe
authors. PCVOX and HYPERSIGNAL software
tools were used for a robust validation of the
vesultz. Thers was correspondence among the
respliz obtatned fom these sofl-packages.

RECORDING FROCEDURE

A high fidelity SONY CF5-210 tape recorder
with a flat feguency responese fom 40 fo
10000 bz was vsed fo record the cries. A hand
held PHILIPS SBC-3040 microphone was used
to allow recording of the cry al a distance of
approximately 17cms. The recording was done
by the researchers af th Easi Infand Hospital at
Sanfiago de Coba.

The infants were posttional supine and flal in
an open crib and were not arying af the fime of

ihe cry stiemdus. The cry sttmdus consteted of a

"heelstick”. Then fhe recorded cries were
digittzed by PCVOX and 12 seconds cry dafa
files were creaed (with 16-bif word length).
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ACOUSTICAL ARALYSES

5ix newbom cries were selected: 3 healfh
babies and 3 sick babies. The ;zﬁil:!dbd
pathologies  were:  hypoxia, bypoglicemy,
hyperbilitubinemia and respivatory disfress

From every daia file (a 12-seconds cry dafa
file) voiced regions were exivacted and a sef of
300 sarapies-data files (firae duration of each file
15 62,5 mzec. for a sampling frequency of 8 khz)
were generabed.

The meanserements of FO and F1 were done
for every 82.3 msec psing BPVOZ soft-package.
In addition, broadband and nmrowband soumd
specirograms wera obfatned in order fo make the
validationz of fhe results (using PCVOX and
HYPERSIGNAL Inc.}.

" HYPERESIGNAL : a complete ifegrated
DEP (Digital Signal Processing) eavivon-
went daveloped by HYPERCEPTION Ine
POVOX:a daia  adgusibon  sysier
developed by Dept Elecironics, UPM

RESULTE
The resnts are dizsplayed in Table 1:

Para baby baby baby baby baby baby
me- 1 a 3 4 3 &

ter (8) (g) (8) (W) () (k)
FO 712 746 o6d@ 34 337 536
FIo L1392 1197 2310 1002 806 925
Shaft 2600 1759 1120 997 1070 1303

Table 1. Average values of fmdamental
freguency FO, first formant ¥1 and the Shift (of
pitch valoes) for healthy (h) and zick (5)
aecnates. (all the woits in havtz)
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Shift: a rapid up or down movemend of
the fimdamental Frequency FO.

BABY 3 (s} BABY 6 ()

-
& “

i
M|

Fig.1 The FO contowrs (FO ve segments) for one
pathological case and for one healthy case.

The pitch contonrs of baby 3 and baby 6 are
drawn i figl The FO's were sampled
approximately every 62,5 msec. (500 samples).

As we can observe the behaviows for health
and sick cazes differe one from another. The FO
values for healthy cries are | in general lower
and more steady than sick cases. Comparisons of
aormal and pathological cries have found higher
piiches and greater variability in the cries of sick
children than of normals Within-viterance FO
variability was consisiently greater  for
pathological eries (see Fig 1).

Concerned with the first formant F1 | an
wmieresting frend 15 suggested: the vanability of
Fl for healthy is lightly lower than pathological
cries.

The FO and F1 values obtained are in general
agreement with values reported by other
investigators. Comparison between stadies is
made difficoit by diferences 1 reporting

measures, but the range of values reported

encompasses those obtamned here (Shepard and
Lanes (1968), Ostwald(1974), Tenol et al
(1974), Lester (1875)).

DISCUSSION AND CONCLUSIONS
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Thiz preluninary stdy was onderfaken fo fesi
the abtiity of the cry model fo predici specific
pathologic condilions based on analysiz of the
cry. Despiie the small size of thus sindy | owr data
siugpest that the aniysiz of the wfanf cry holds
promise for defecting a niubex of abnormalities
and may promise for defeciing a nueber of
abnormaiiiies and may prove psefol.

Alihough the concept thai the aconstic analysis
of ihe iofant cry woudd relate fo  lafer
developmental omicome (and 0 its ability as a
diagnostic tool ) has been supported by previous
empirical work and an tmproved mnderstanding
of the mechanizmos of cry produchion, a robust
test of thiz hypothesis has not previously been
reported.

The uext works shonld be led to determine the
relafionship  befween cry analysis  and
developmental onicome in infants with specific
medical problews.
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