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Abstract

Children with autism spectrum disorder
(ASD) have difficulty in producing the
speech that is different from the speech
of normal children. Most children with
ASD have difficulty in proper communica-
tion of information, their thoughts or their
emotional state. Only a few studies have
been carried out towards acoustic analy-
sis of ASD speech. Objective of this study
is to characterize the speech signal of the
children affected with autism, by examin-
ing changes in the acoustic features. An
autism speech dataset has been collected
from the children affected with autism,
for over a year. Autism speech is ex-
amined mainly in English vowels regions
due to their relatively longer duration, and
quasi-periodic nature of the vocal folds
during pronunciation of the vowel sounds.
Changes in the characteristics of autism
speech are analyzed by examining changes
in the production features. The excitation
source characteristics are examined using
the feature FO, and the vocal tract filter,
i.e., system characteristics, by using dom-
inant frequencies features. The combined
characteristics of the source-system inter-
action are examined using features SoE,
ZCR and signal energy. Changes are ex-
amined in five English vowels regions.
Distinct patterns of changes observed in
the autism speech of male and female chil-
dren are discussed.
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1 Introduction

Autism spectrum disorder (ASD) is a pervasive
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Figure 1: Block diagram of the proposed plan.

serving abnormalities in three areas: communica-
tion, social reciprocity, and reduced or hyperfocus
behavioral flexibility (Chaspari et al., 2014; Kjel-
gaard and Tager-Flusberg, 2001). It is knows as
a spectrum disorder because of its heterogeneity
of symptomatology (Bone et al., 2012). Accord-
ing to (Black et al., 2011; Mower et al., 2011a),
1 in 110 children are with ASD. Disturbances of
prosody, communication impairments and abnor-
malities involving speech impairments are some of
the most common aspects among many individu-
als with ASD (Fusaroli et al., 2017). Also, indi-
viduals with autism carry some specific biomark-
ers connected with the disorder by birth, and these
biomarkers develop in such a way that can be
clearly identified by 36 months of life or later (Mc-
Cann and Peppé, 2003). However, there are no
fixed rules to define autism, also the biological and
genetic reasons behind the ASD are still unknown
(Herbert et al., 2005). Still, only a few researches
have been done on autism speech, i.e., the speech
of ASD affected children. The purpose of this re-
search is to analyze speech signal of the children
with autism in English vowels regions, by exam-
ining changes in the production features.

Sometimes the individuals with autism are as-
sociated with the difficulties in expressing their
emotions as well as understanding others’ emo-
tional states from speech, facial expression, etc

developmental disorder, defined clinically by ohftd (Marchi et al., 2012). The reason behind language
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Table 1: Datset details of the children with ASD.

Attributes Statistics
Total number of 13 (11 male,
the children 2 female)
Age (in years) 35t0 16
Native language Tamll: .12 and
Punjabi: 1
Beginner: 2
Reading skill (English) | Intermediate: 4
Fluent: 7
Total files 187
Duration of data 9350 sec

impairment in autism is the outcome of primary
linguistic disorder with a focus on pragmatic im-
pairments (Rutter, 1970; Baltaxe, 1977). In fact,
in many cases, a significant spoken language de-
lay and repetitive language could be encountered
in the children with ASD (Mower et al., 2011b).
In general, the children with typical development
start establishing their vocabularies at the age of
24 months, but the children with autism could be
unable to do the same (Short and Schopler, 1988).
Also, compared to the individuals with typical
speech, individuals with high-functioning autism
(HFA) have a large variation in pitch, and some of
them have the absence of terminal pitch contour
in their speech (Shriberg et al., 2001; Diehl et al.,
2009).

This paper discusses the analyzation of autism
speech in the vowel regions of five English vowels.
Speech dataset collection is one of the most chal-
lenging tasks in order to do the research on speech
signal of the children with autism. Although,
for this research purpose an English speech sig-
nal dataset has been collected by recording speech
samples of the children with ASD. Only the vow-
els regions of English language have been consid-
ered in this study because of their relatively longer
duration and the presence of sustained speech sig-
nal in vowel regions. The excitation source char-
acteristics are examined using the feature instan-
taneous fundamental frequency (F0O), and the sys-
tem characteristics are examined using the first
two dominant frequencies (FD1 and FD2). In ad-
dition, the combined characteristics are examined
using the features strength of excitation (SoE),
zero crossing rate (ZCR) and signal energy (E).
All these features have been extracted only form
the vowels parts of the speech signal. 146
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Figure 2: Average FO and ZCR for male and
female children with autism: (a) pgq, (b) pzor-

This study consists of four major steps, graphi-
cally represented in Figure 1. Firstly, a speech sig-
nal dataset was collected, by recording the sound
files of the children with ASD. Secondly, in pre-
processing step, unwanted signal parts were re-
moved, and the speech signal files were arranged
in a database. Thirdly, speech signal process-
ing methods were applied on the collected dataset
to extract the production features. Lastly, results
were made by observing changes in the extracted
features.

The organization of this paper is as follows. De-
tails about the database collection of the children
with ASD are discussed in section 2. Next, the
signal processing methods and features used for
the purpose of analysis are discussed in section
3. Section 4 presents the key results, observa-
tions and discussion on results. Lastly, section 5
presents the conclusions along with the scope of
future work on this topic.

2 Speech Signal Dataset of ASD Children

A speech signal dataset of the children with ASD
was recorded for this research purpose. Dataset
details are tabulated in Table 1. Here, in this
study, the children with age less than 41 months
were not considered, because according to a study
ASD start in the first 36 months of life (McCann
and Peppé, 2003). Dataset was recorded in En-
glish. All the speakers who were selected for data
collection had a knowledge of English, and also
had some speaking related problems. It was made
sure by a certified doctor that the children consid-
ered for the data collection were diagnosed with
ASD. Also, before data collection it was made
sure that they met the DSM-IV diagnostic crite-
ria (Lord et al., 1994) and other diagnostic criteria
for autism.

Data was collected once or twice in a week for
a year period of time in a noise-free empty room.



Table 2: Mean (1) values of the acoustic features
of the male children with autism: (a) acoustic
features and (b)-(f) mean values in five English
vowels regions.

Table 3: Mean (u) values of the acoustic features
of the female children with autism: (a) acoustic
features and (b)-(f) mean values in five English

vowels regions.

(a) ® © @ @ ©® (a) ® © @ @@ O
Features /a/ lel h/ o/ a/ Features /a/ le/ h/ o/ a/
FO (Hz) 263.3 267.1 271.3 269.1 254.7 FO (Hz) 3264 343 3393 3399 334.6
Ex1000 36.53 31.41 43.18 41.25 54.29 Ex1000 395 353 4835 63.75 58.65
SoEx100 349 434 44 39.1 359 SoEx100 32 37.1 38.1 429 37.1
ZCRx100037.7 28.18 30.98 28.21 30.55 ZCRx100035.65 269 293 2995 32.1
FD1 (Hz) 1041.7 900.5 1043.4 863  951.8 FDI1 (Hz) 864.7 686.1 783.3 802.8 859.9
FD2 (Hz) 3294.6 3234.2 3281.5 3291.4 3316.1 FD2 (Hz) 3185 3285.9 3268.8 3057.6 3112.3
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Figure 3: Average E and SoE for male and female
children with autism: (a) pug, (b) psor-

The children were asked to pronounce a set of
twenty five especially selected consonant-vowel-
consonant (CVC) and consonant-vowel-vowel-
consonant (CVVC) English words and numbers.
These words and numbers were shown to them
with pictures and text on a laptop. A study shows
that children with autism have an early interest in
letters and numbers, and that is a big reason be-
hind showing them words and numbers (Volkmar
et al., 1997; Tager-Flusberg et al., 2005).

Each child with ASD was asked to pronounce
the same set of words, over the entire data col-
lection period. There were five English words se-
lected for each of the five English vowels. So,
in a single day by each speaker, total utterances
of 25 words were recorded for each of two such
sections. Roland R-26 audio recorder was used
for the recording purpose. In addition, data was
recorded at a sampling rate of 48 KHz and in .wav
format.

3 Signal Processing Methods and
Features

The speech signal files of the children with ASD
were analyzed by observing the changes in the
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Figure 4: Average FD1 and FD2 for male and
female children with autism: (a) urpi, (b) Hrp2-

(dominant frequencies), and combined character-
istics (SoE, ZCR and signal energy). The FO
was derived using zero-frequency filtering (ZFF)
method with the sampling frequency 10 KHz
(Murty and Yegnanarayana, 2008; Yegnanarayana
and Murty, 2009). The ZFF method involves
computing the output of the cascade of two zero-
frequency resonators (ZFRs) (Murty and Yegna-
narayana, 2008; Yegnanarayana and Murty, 2009).
The zero-frequency filter signal output of ZFR is
given as:

2
yiln] = = appiln — K +zn] (D)
k=1

where, x[n] is pre-processed input signal, a; =
—2,and ay = 1. This operation is repeated twice,
for a cascade of ZFRs. The trend in this output is
removed by subtracting the moving average cor-
responding to the 10 ms window at each sample.
The resultant trend removed signal, called ZFF
signal is given by:
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where, 2N+1 is the window length in terms of
sample number. The resultant signal is called the
ZFF signal. Its positive giving zero crossings in-
dicate the glottal closure instants (GCIs), which
are used to estimate the FO (Murty and Yegna-
narayana, 2008). In addition, the slope of the ZFF
signal around the GClIs gives a measure of the SoE
(Murty and Yegnanarayana, 2008; Mittal and Yeg-
nanarayana, 2015a).

The FD1 and FD2 were derived using linear
prediction (LP) analysis (Makhoul, 1975). With
the LP order 5, the LP spectrum will have a max-
imum of two peaks. The frequencies correspond-
ing to these peaks are called the dominant frequen-
cies, denoted as FD1 and FD2, respectively (Mittal
and Yegnanarayana, 2015b).

The signal energy (E) (Rihaczek, 1968) was cal-
culated using the frame size 30 ms and frame shift
10 ms. Signal energy of a discrete-time signal z[n]

v e )

can be computed as: F,, = Zn:—w/Q

where, w is the window length.

4 Results and Observations

The o, 1E, LSoEs ZCRs LFD1, and pppo val-
ues for male and female children with autism are

represented in Table 2 and 3, respectively. From
Figure 2(a), it is observed that for each of the five
English vowels, the female children with autism
have the higher vocal fold vibration rate than the
male children with autism. Although, this state-
ment is also true in case of the individual with typ-
ical speech. Also, in case of both the male and
female children with autism, front vowels i.e., /e/
and /i/ give the highest u g values as compared to
other English vowels. Lastly, in case of the g
values of the rear vowels i.e., /o/ and /u/, a similar
pattern is observed for both the male and female
children with autism.

The 7o g values of the male and female speak-
ers are represented graphically in Figure 2(b). In
addition, pzcg values are multiplied by 1000 for
better understanding purpose. The 1z r values of
the front and mid vowels follow a similar trend for
both the male and female speakers, which could be
observed from Figure 2(b). Next, in case of front
and mid vowels, the male speakers have the higher
wzcor values as compared to female, but in case
of rear vowels the female speakers have the higher
wzcr values as compared to male speakers.

The pg values of male and female speakers are
represented graphically in Figure 3(a). In additiokftd

pg values are also multiplied by 1000 for better
understanding purpose. Here, it is observed that
the u g values of front and mid vowels for both the
male and female speakers follow a similar trend.
It could be observed from Figure 3(a).

All the pgog values are multiplied by 100 for
the purpose of better understanding. It is observed
that in case of the front and mid vowels, ug,r val-
ues follow a similar trend for both the male and fe-
male speakers. Also, in case of the front and mid
vowels, uso.r have the higher values for the male
speakers as compared to female speakers. These
statements could be observed from Figure 3(b).

The prpp1 and ppps values are represented in
Figure 4(a) and 4(b), respectively. In case of all
English vowels, pgp1 values are higher for male
children as compared to female children. Also, in
case of female vowel, /e/ gives the lowest urp1
value and the highest prp2 value as compared to
other English vowels. Next, in case of the female
children, prpo value of vowel /e/ is the highest as
compared to other vowels. On the other hand, in
case of the male children, yzpo value of vowel /e/
is the lowest as compared to other vowels.

5 Conclusions

The aim of this research is to analyze changes in
the various speech production features in English
vowel regions of children with ASD. An autism
speech dataset is recorded for this research pur-
pose. Changes are analyzed by observing the dif-
ferences in the source characteristics (FO), sys-
tem characteristics (FD1 and FD2), and combined
characteristics (SoE, ZCR and E). In the conclu-
sion, it could be stated that in case of the male and
female children with ASD, front and mid vowels
show the similar trend for FO, E, SoE and ZCR.
But, in case of the rear vowels such trends are
not present. These robust results could be used to
differentiate between the children with autism and
the typically developed individuals.

A small size of speech data for female children
with ASD is a limitation of this study. More acous-
tic features could be considered for future studies.
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