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A REVIEW OF AUTISM DIAGNOSIS IN CHILDREN USING EEG
 SIGNALS

Laxini Raja’, M. Maht_maPn)M’

- ABSTRACT |

. Autism Spectium disorder (ASD) is one of the faste’st ,

growing developmental disorder worldwide.

o Recently, the number of people diagnoéed witbASD :

has increased’ tremendously ASD should be

. dlagnosed as early as p0831ble to provrde effective

intervention or atleast a way to live with. Even though

many neuro-imaging and diagnostic techniques are

A a\?ailable,"no such technique is accurate or practically

L "impleme_nted by medical practitioners. Thus, there

s ‘urgency for the development of an accurate and
. practically implementable autism diagnosis system.

' Unique EEG patterns are Wldely used to diﬁ'erentiate

an onset in early ehildliood .e]:iar"'aeterized by -

 impairment in language and social skills, Au_tisti_c

“behaviour also inctudes: rigidity of interests and

repetitive, stereotyprcal behavrours [1] ASD is .
generally considered a lrfe-long dlsabllrty of yet

undetermmed etlology, wrthout an -established

conﬁrmatory laboratory test, and as yet wrthout -

umversally established, curatlve pharmacologrcal or

+. - behavioural therapy [2-4]. In 2011, Manning etal.

[5] reported the incidence of autism around 1%

globally : and yet the attention given for this dlsorder

- is less as compared to other drsorders of same

- prevalence. The diagnosis of ASDs'is based on the

" 'aut:strc and normai chrldren This study focuses on _

o varlous aspects of EEG data processmg whreh will

assrst the development of an automated autrsm

. ‘dlagnosrs system

: Keywords Autrsm Spectrum Drsorder (ASD)-
Electroenoephalography (EEG)

I INTRODUCTION '

Autism, also referred as Autism Spectrum Disorder
' (ASD) was first described by Kanner and Asperger
. in 1945 as'an intriguing-disorder characteriied-by

“sociali interaction, unpanmentsmconunumcatron and . .

DSM-IV (Dlagnostlc and Statrstrcal ManuaI of - -

Mental Drsorders) crrterra whrch mclude the_

| followmg three conditions namely 1mpa1rment in

- Testricted repetrtrve and stereotyped patterns [6]

Accordmgly, Autism can be broadly classified as

Autlstrc Disorder, Asperger s Drsorder Pervasrve

| Developmental Disorder Not Otherwise Specrfied .

(PDD- NOS) Rett’s Dlsorder and Chrldhood_ i
Dlsmtegratlve Disorder (CDD) '

1IN Aurrsu IN-INDIA.

~the chrld s mabrllty to relate himself in an ordmary ,

N way to people and srtuatrons from the begmnmg of

Autism was first mentroned in Indran Journal of Y

APaedlatncs in-the year 1944 by Dr A Ronald a

" hislife. Autism s aneurodevelopment drsorder with

- ''Faculty of Engineering, Karpagam Umversrty, Cormbatore
INDIA, laxmirajaphd@gmail.com,
: zmohanaprryaasmthambr@gm_aal com

: the detectron, causes, types and. treatment of the o

Viennese paediatrician. In hls work, an overvrew of -

abnormal chrldren were grven Thrs was a year
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before Leo Kanner’s described Autism. The term

< Autism™ was first used i an Indian literature was in

inside brain due to action potentials and po'st'synaptic . o

_ 1959 Later many papers were published throughthe

l960’s. Emna I—lochfs 1967 Psychiatrist on an Indian
Playground provided a careful and comprehensive
portrait of sixteen children diagnosed by Hoch with
. autism andtreated th'_rough,parental Counsellmg and
. child psychotherapy.'Through the 1970s, not much

study was noticed However, by the late eighties a’

- .lot of initiatives had started to take place with regard :

to autlsm awareness And a few autrsm specrﬁc' ‘

) -organlsatrons-had also begt_l_n in different parts of the -

: coantry, as well as'a few schools. Till date, lots of

research artrcles, studies and books related to aut;sm

| are available in Indla BT

A_ccordi'r_rg‘to pr_evalence study done by various

websites and journals in 2012, India has an autism

' rate of 1 in 250 [38}. About 15 million people in -

. India have autism: Still autism is considered as'a

. *Western syndrome not prevalent in India. Very few

professronals are able to diagnose and categonze o

. chrldren with Autlsm Awareness of autrsm is lumted -

 to the_rich_ and e_ducat_ed people. Asa result, it is
mandatory to provide an easily accessible, economic

‘and accurate diagnostic tool for autism in India.
E1IN ELECTROENCErmoGRAPHY

EEG isa neuro 1magmg system which studles the

brain signal and its functlonal behaviour by readmg :

" the scalp electrlcal actmty generated by brain
- structures whlch are recorded from the scalp surface .
: after bemg prcked up ‘by metal electrodes and

potentrals of neurons are responsrble for generation - '

of EEG at human scalp. Action potentials are

composed of a rapid series of electrochemical changes

that Tun from the beginning of the axon at'the cell |
body to the axon 'terminals: ‘where the
neurotransmitters are released. Postsynaptic
potentrals oceur when the neurotransmrtters bindto .

the receptors on the membrane of the postsynaptic

cell which causes the ion channels to open and close |
- and lead to graded change in the electrical potential

- across the ce]l membrane [8].

Moreover, EEG isa non—mvaswe and i mexpenswe '

method which can be used to quantrfy the o

psychological health of patrent [9): Currently, Autism -
is berng d1agnosed using DSM-IV criteria. But itis
a difficult job for the psychlatrrst fo quantify the
degree of disorder manually. As a result, currently

Tots of empha_sns is glven on-auhsm,dragnosrs using '

EEG.

iv. PROTOCOI.S FOR DATA ACQUISITION _

Uvais Qrdwal et al. has acqulred EEG data from

normal and autlstle chrldren in eye-open and eye- ‘ 7 Lo

closed condltrons [101. W. Bosl et al collected data

e from 79 d]ﬁ'erent infants among whom 46 were at o

hrgh nsk of ASD and 33 controls Data were oollected, .
when infants were seated on therr mother s lap and' -

research assrstant were blowmg bubbles to get the -

' chrld’s attentlon 1 1] Ehzabeth Mdne etal, acqulred

. whlch contamed Gabor patches Gabor patches were -

' conductwe medra [7] Electncal voItages generated_ ‘

-.data while the chlldren watched computer screen

created usmg Matlab and the psychophysrcs toolbox

81 .




- ‘Karpagam JCS Vol.10 issue 2 Jan. - Feb. 2016

o An additional Stiﬁlulus, a gray-scaled image of a

.zebra was presented. Pa.rﬁcipants were instructed to
~ respond by pressiug aresponse button with the index

- finger of their dominant hand as quickly as possible

whenever-they saw-the zebra [12]. Mohammed ‘J.-'

" The P300 (P3) wave is an Event Related Potential '

(ERP) elicited by infrequent, task-relevant stimuli.

It is considered to be an endogenous potential as its

occurrence links not to the physical attributes of a

stirnulus but to a person’s reeetion to the stimul_us.

 Alhaddad et al. [13] and Mahmoud 1. Kamel et al.

- [14] _coll_eetec_l data while children were in relaxed -

state. EEG data acquisition was taken by Ana -

. Catarino et al. while the children performed face and
 chair detection task [7]. M. Ahmadlon acquired data

More specifically, decrease of P300 componentsin =~ -

autistic individuals indicate that this population -

presents abnonnalmes on central aspeets of audltory

processing [1 9]

while children were in close-eye active condition [15]. .
- Sheikhani A. et al. acquired EEG from 10 autistic

ch11dren and 7 age matched controls while they werie

"seemgtheplcture ofﬂnelrmother[16] Ali Sheﬂcham '

etal. aoquirec_i data‘from I5 autistic and 11 nonnal

age riatched children while the children performed

Results focusmg on bottom -up and top down

attentlon in High funetionmg Autlsm Spectrum_ o

Disorder (HF~ASD) using P300 suggested that

- - -bottom-up involuntary attention is unaﬁ'ected in lngh -
. ﬁmctlomng autism spectrum disorder (HEF- ASD), S

- while lower level and top-down v1sual mfonnatzon'

. taskssuch aseye-elosed felaXed eye-opened, looking -

at 3 samples of puzzle shapes, looking at mother’s
‘ plcture uprlght and mverted looking ata stranger s
picture upright and mverted [17].

V. EEG Acoursirion UsinG EVOKED POTENTIALS -

o A EVC_)kEdrp-otentials i.saflleumphySiOIOgipe ,‘ aﬁ(m'

L that assess the role of the sensory system visual, -

.‘responses toa stlmulus known and standardlzed

proeessmg are impaired [20]. This explamed why

the individuals with HF-ASD often show superior

performance in sxmple visual tasks desplte‘ "

difficulties in the peroept:on of soelally important

mformatlon such as facial expressnon The neural

o ~and somatosensory pathways through evoked"_“

basis of visual perception abnormalities associated )

“with ‘HF-ASI:_) is currently unclear.

_ Raganetal, stoted that SSVEP is a direct response

in the primary visual cortex [21] while Silb_el‘steln et

&l [22] ob'sei'ved that indirect cortical responses via

: Some such evoked potentials include Related Evoked -

- Potentials (ERP) and Visual Evoked Potentlal (VEDP),

' Evoked Potentxal Acoustic (PEA), Motor Evoked |

Potentials (MRP), Steady State V1sual_Evoked
Responses (SSVEP) [18]. EEGs of autistic

 individuals have shown definite variations when

data.

P " evoke potentials are given to stimuli while acquiring

cortical-loops, from the penpheral retma, while a
co gmtwe task is performed causes SSVEP SSVEP
is caused when the retina is excited by a _vlsu_al' |
stimulus rsnging from 3.5 Hz to 75 Hz and
eor_respoudingly, the bram generates 'elech'iesl aotivity '

at the same (or nﬁultiples of) freciuen’ey ofthe visusl

stimulus. SSVEP-based BCI is- essentlally EEG 8 s

B 'based v1s1on-trackmg system wlnch canbe useful to

8
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. measure the aitistic ability to control eye movemeuts;

' Abnormal attention in autism is shown by SSVEP-

' which implied that lack of hemlsphencally,

_ ,mdependent modulation in autism may reflect the

~ operation of a non—specrﬁc mechanism of sensory _

gating [23].

VL EEG FraTvre EXTRACTION AND

- . CLasSIFICATION TECHIQUES

Uvais QidWai et al. presénted a study where Time

Elizabeth Milne provided the first empirical

‘demonstration of increased neural noisc in people

with ASD. ASD and neuro-typical group comparison

showed intra-participant variability of P1 latency and
Pl amplitude was greater in the participants with

, ASD. Also in inter-trial é-band, phase coherence was

 Difference of Arrival (TDOA) was used to 'quantify '

EEG signal to relatlve source-temporal features. Data

- was acqutred from 6 Autistic children and 6 typical _

N sub_;ects around 6-9 years Multi-layer perceptlon

(MLP) with back propagation was used for
; "classxfrcatron The results showed a high
dtscnmmation between eycs-open and eyes-closed for

. both groups of 90% class_lﬁcatron accuracy [10].

lower in the participants with ASD. Thus the theory
that individuals with ASD were less able to

synchronize the activity of stimulus-related cefl .

assemblies than neuro-typical individuais was

supported [12] Mohammed I Alhaddad et al. used

EEG: draguose Autlsm usmg various combmatlons

of p_reprocessmg techniques suc,h a5 raw, referenced,

filtered, Windsorized and non_haiized. Features were

extracted in both temporai and' frequency domains

i.e. as raw data and Fast FFT usmg FLD

Multiscale entropy of EEG signals is a vital measure

of signai' complexity associated with-he_alth_arid

" disease. W. Bosl etal [11] investigated about finding’

biomarker for autism in tnfants, by computing multi-

scaie entropy (mMSE) of EEG signals in rcstmg state

as a. feature vector and usmg multlclass Support

- Vector Machme (SVM) algorithm for classdicatlon._

, of cach age group from 6 to 24 months. Classification

) '.accuracy for boys was closc to 100%at age 9 months

~ For glrls, classrﬁcatron accuracy was the htghest at

classrﬁcauon The average accurac),r rate was 90%

.Wmdsor Filtered Data gave the best mean and the

lower standard deviation of ‘both_raw and FFT

features. Over all, FFT t'eatures had a better correct
rate of 88 14% and lower standard deviation 0.0404
than raw features {13]. In a similar study, Mahmoud :

: I Kamel et al. have used Regularlzed Frsher Lmear o
. Dlscrimmant (RFLD) with FFT for feature |

extraction. RFLD remedies the error caused in FLD

classafiers when data is hlgh-dlmenstonal with only

" few points given. As a result, with similar pre-

processmg combination of raw, referenced filtered

o and bietween 70% to 90% at ages 12and 18 months .

age 6 months, but ‘declines thereafter. Overall the

~ accuracy was 80% for both control and ASD children

in 9 months.

wmdsorrzed and normalized technrques an average

acéuracy of 92% was aclneved with best mean and

lower standard dev1atlon for winsorised ﬁltered data .

[14]. Another study proposed by Sudirman et al. |

' captured EEG sigrrals from.no'rmal.and spe_cial'
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children based ontheir visual response using Visual

_ Ev_oked Potential (VEP) method [24]. Fast Fourier

- Transform (FFT)'wds used to analysedate, where

' norr_na] and special chifdren were distinguished based -

" on alpha'(4) value. Result showed that alpha value

fornormal children at 10 Hz was higher than autism

- and Dowii syndrc'urre children.

Ali Sheikaui et al. used Lempel-Ziv classification

and STFT to diagnose Autism [25] using EEG

signals. The mean and variance values were

- computed within all bands and within limited bands

(STFT-BW) and using ANOVA with K-Nearest _

7 Neighbour _classiﬁcation. The approach gave aresult
. of 81% accuracy suggesting that it is difficult to
discriminate a significant marker for ASD in STFT

- between frequency bands.

o while there is discriminate in STFT-BW. As a'result, ,

abnormal connection between Parietal- temporal and
‘ c.entral iobe was found. Sheikhani A. et al analysed
- the EEG background activity inAutism [16]. Short
time Fourier transform was used to extract EEG
» features and classrﬁcatlon was done usmg k-nearest
neighbors (k-NN). This work was applied at beta
" band to find differentiation accuracy of 82.4%.
-' , Coher_ence values showed abnormal connectivity and
were present m parietal lobe and temporal lobe and

" connectivity between these lobes a.nd central lobe.

" . ASD and control chrldren of same age group were

-.-Classrficatlon was performed using Coherence and

' feature eXtractio_n was performed using Short time

individuals, decreased activity was found in left brain

hemisphere, in alpha band detected by spect'rogra_ru

criteria and that increased connectiuiry oftemporal
lobes was found with other lobes, in gamma band, “

- using coherence values [26].

Wavelet Trausfomr Coherence (WTC) performs a
time-frequency analysis of the 'signals by
transforming the original éignal using a wavelet
funcﬁon witha characteris_tic timet end, frequency f 7
[27]. Ana Catarino et ar["/j used WTC to show |

reduced mterhemispherlc coherence m people with
ASD. An expcrrment was performed using 15 ASD
and 15 control subjects. WTC analysis and Power '
analysis were performed to find the interaction -
. _Reduction ~in
interhemispheric coherence was observed and found
to be widely dispersed across the brain in people with
ASD. -

Further M. Ahmadlou et al investigated about

chlldren with ASD, by usmg wave]et chaos theory .

and Katz Fractal Dlmensron to extract EEG s:gnaI
features. The study focused on the drﬁ'erence betw_eeu .

autistic child and normal in 'cIose~eye active

- condition, reporting an accuracy of 90% in delta and '

gamma EEG sub-bands [15]

VIL CONCLUSION

- compared in this Quantltatrve EEG based approach. "

- Fourier transform (STFT). A distinction of 96.4% -

' was found in relaxed condition using 'spectrogram.

Two significant points inferred were that in ASD

Medical diagnosis of ASD based on behaviour of

- children can be confusing and tedious. Mauy,neuro-

ixuagiug tools such are MRI MEG, FMRI etc, are N

available; but they are not as effectwe and accurate

| as EEG forAutism dragnosrs Drstmct EEG pattems- o
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have predicted autism risk for children as young as

6 to 24 months. As a result, various studies ate

- performed to develop EEG based autism 'didguo_sis

system which car_l be both efficient, economic and -

user friendly.'-
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