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TOM TAT

Hién nay, s6 luong tré em mac hoi ching réi loan phé tu ky (Autism Spectrum Diagnostic — ASD)
ngay cang tang tré thanh van dé [én clia doi séng xa hoi. Tu ky la mot dang réi loan phat trién than
kinh gay nhiéu khiém khuyét vé kha ndng giao tiép va tuong tac xa hoi clia tré. Viéc chan doan
lam sang tré mac tu ky cht yéu dua trén chuyén dong mét cla tré va két hop nhing bai kiém tra
vé gido duc va tam ly. Chuyén dong mat dong mot vai trd quan trong trong nhan thic va sy chi
y clia c& nhan ddi vai cac hoat ddng xa hoi. Cac ki thuat phat hién va theo déi di chuyén clia mét
khong xam 1an dugc phat trién trong nhiéu thap ky gan day. Ngay nay, phuong phap Eye Tracking
cho phép do ludng va thu thap di liéu nhin ctia mat, n6 dugce ting dung cho nhiéu trong nghién
ctu vé diéu tra hanh vi khac. Trong do, iing dung phuong phap Eye Tracking nhéan biét nguai mac
ching r6i loan phd tu ky dugc nhiéu ngudi quan tdm va nghién cdu trong nhiéu ndm gan day.
Nghién ctu nay cung cap céai nhin téng quat vé su chd y thi gidc cla tré mac réi loan phd tu ky
(ASD) va tré phat trién binh thudng (Typical Development - TD) véi trong tam la tim hiéu su khac
biét trong hanh vi quan sat cla tré tu ky va tré binh thuong. Nghién clu st dung thuat todn phan
cum DBSCAN (Density - Based Spatial Clustering of Applications with Noise) d€ phan viing dit liéu
Eye Tracking dugc thu thap tU su chd y quan sat cla tré trén cac loai hinh anh. Cac thong sé dac
trung dugc rut ra tor budc phan tich dir liéu 1a co s& dé phan biét su khac nhau clia hanh vi quan
sat hinh anh gitta hai nhém tré. Bén canh do, mé hinh mang than kinh nhan tao Perceptron da I6p
(Multilayer Perceptron) trén co s& may hoc chuyén sau (Deep Learning) cling dugc Ung dung dé
phan loai va nhan dang dac trung d liéu gita hai nhom tré. B dir liéu vé chuyén dong mat clia
tré st dung cho nghién cliu nay dugc trich ti bai bdo "A dataset of eye movements for the children
with autism spectrum disorder" clia tac gia Huiyu Duan va cac cong su. Két qua dat dugc cho thay
trién vong trong viéc st dung dir liéu Eye Tracking d€ nhan dang tré tu ky t&r hanh vi quan sat hinh
anh cla tré, dac biét la d6i véi cac hinh anh véi chi dé vé con ngudi.
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T6NG QUAN Tré tu ky danh it thoi gian hon dé€ quan st khudén mit

R&i loan phé tu ky la tinh trang réi loan phat trién
dnh huéng nghiém trong dén giao ti€p ngon ngii, giao
tiép phi ngdn ngii va tuong tac xa hoi kéo dai dén sudt
dsi!. Mang luéi theo doi ngudi khuyét tat ctia t3 chiic
CDC tai My, nam 2020 ti1é1a 1/54 tré dugc chdn doan
madc chiting réi loan phé tu ky (ASD)2. Ty lé tré em
mac tu ky gia ting nhanh chong dat ra nhiing van dé
16n di v6i nhidu quéc gia. O Viét Nam giai doan 2000
-2007, Nghién ctiu M6 hinh tan tat & tré em ctia khoa
Phuc hoi Chtic nang Bénh vién Nhi Trung uong cho
biét s6 lugng tré dugc chdn dodn va diéu tri ty ky ngay
cang nhiéu. S6 lugng dén khdm nam 2007 ting gdp 50
lan so v6i ndm 2000; xu thé méc ty ky ting nhanh tu
122% dén 268% trong giai doan 2004 - 2007 so vdi
nim 20003, Vao 1/2019, Téng cuc Théng ké cong bs
két qua biéu tra Qudc gia vé€ ngudi khuyét tat tai Viét
Nam hién c6 khoang 1 triéu ngudi ty ky, ti 1¢ tré em
méc chiing ty kj udc tinh 1a 1% s tré em sinh ra*.

va c6 xu hudng nhin vao cac muc tiéu khonglién quan
hodc thuong cé xu hudng quan sat chi tiét, bo qua buic
tranh tong quat so vé6i tré em phét trién binh thudng
(TD)>. Chinh vi thé, mét s6 thiét bi cong nghé da ra
doi dé bat dugc 4nh nhin ctia tré em nham muc dich
sang loc sém ngudi mac ty ky tit hai thang tudi trg 1én.
Hién nay, thiét bi dugc dua vao nghién ctiu va sti dung
tai mot s6 phong kham & nudc ngoai 1a moé hinh Eye
Tracking. Eye tracking la quy trinh cong nghé ghi lai
chuyén dong ctia anh mat va thudng dugc st dung
nhét trong viéc quan sat video hodc anh c6 khuon
mat ngudi. Nam 2002, Pelphrey va cac cdng su da
nghién ctiu ddu tién st dung Eye Tracking trong tu
ky. Ong da dua ra két luan ring, cac di tugng mic
chiing tu ky da danh it thoi gian hon so v6i ngusi binh
thudng dé kiém tra ¢ cac dic diém c6t 16i ctia khudn
mat (mat, mai va miéng)6. Nam 2002, Klin va céc
cong su cho rang, nhiing ngudi méc ching tu ky c6
su quan sat ¢ miéng nhiéu hon va ho dua vao miéng

Trich dan bai bao nay: H3i N N, Ngan T T, Tién N T T, Tin T T. Phan tich anh Eye Tracking dé nhan dang
tré réi loan phé tu ky. Sci. Tech. Dev. J. - Eng. Tech.; 4(4):1201-1211.
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dé xac dinh cam xdc clia ngudi khic?. Nim 2006,
Merin va cic cong su két luan, tré so sinh cé sy suy
gidm dnh nhin ¢ mét va nhin chdm cham vao miéng
clia cic ba me®. Nim 2007, Spezio va cac cong su da
sti dung Eye Tracking cung v6i m¢t phuong phap méi
dé thuc hién céc kich thich, nhim diéu tra vé khudn
mat ma d6i tugng dang quan sat d€ nhan ra bi€u cam
cadm xuc®. Nam 2018, nghién ctiu Yanera va cac cong
su da khing dinh nguoi tu ky tip trung vio miéng
clia mot ngudi hay cic dac diém khac hon 13 mit 10,
Nam 2016, Frazier va cong su di tuyén bé ring c6 su
khéc biét gitia hai nhom tré em vé thdi gian nhin tap
trung cho kich thich xa hoi va phi xa hoi ¢ Khu vuc
quan tam !, Nhiing nghién ctiu nay, di chiing minh
Eye Tracking la thudc do tiéu chudn vang vé viéc chin
dodn tu ky thong qua danh gia viéc quan sat dnh nhin.
Trong nghién ctiu nay, nhém tdc gia st dung bo di
liéu vé chuyén dong mit cha tré em dugc trich tu
bai bao “A dataset of eye movements for the chil-
dren with autism spectrum disorder” da dugc tac gia
Huiyu Duan (Harvard Medical School) va cac cong su
& truong dai hoc Shanghai Jiao Tong University cong
bd trén MMSys ’19: Proceedings of the 10th ACM
Multimedia Systems Conference vio thing 6/2019 12,
Bén canh d4, stic manh cta cong nghé tri tué nhan
tao (Artificial Intelligence) ngay cang phat trién nén
phuong phdp may hoc chuyén sau (Deep Learning)
dan didn dugc dua vao nghién ctiu nhan biét tu ky.
Mbt s6 nghién ctiu'®>716 chii yéu tap trung vao cach
chon céc déc trung v6i mong mudn rit ngdn thoi gian
chén dodn. Viéc trich xuft cac ddc trung lién quan
dén viéc quan sat clia tré tu ky va viéc ap dung cac
phuong phép thong qua mé hinh Deep Learning cu
thé 1a thuat todn Multilayer perceptron sé gitp ting
toc do thoi gian nhan biét, danh gia va cai thién do
chinh xdc khi nh4n dang va phan loai gitia hai nhém
tré.

PHUONG PHAP NGHIEN CUU

Bo dirliéu

B¢ dii liéu vé chuyén dong mit cta tré em dugc trich
ti Nghién ctiu “A dataset of eye movements for the
children with autism spectrum disorder” da dugc tac
gia Huiyu Duani (Harvard Medical School) va cac
cdng sy & trudong dai hoc Shanghai Jiao Tong Uni-
versity cong bo trén MMSys ’19: Proceedings of the
10th ACM Multimedia Systems Conference vao thang
6/201912. D& phan tich cic dic diém va sy khac biét
ctia chuyén dong mit & tré nhom ASD va tré nhém
TD dudi cac kich thich thi gidc khac nhau, tac gia da
thu thép 300 hinh anh theo 7 chu d¢ da dang. Khi tién
hanh thi nghiém, tac gia da st dung Tobii T120 Eye
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Tracker d€ hién thi hinh anh va ghi lai chuyén dong
ctia mét ctia nhiing tré tham gia thi nghiém. Thiét bi
theo doi mat c6 man hinh 17 inch véi do phén giai
1280 x 1024 (rong x cao). Téc do 14y miu cta Eye
Tracker la 120 Hz va pham vi theo déi khoang 65 cm
tinh ti Eye Tracker. Tac gid da tuyén chon ra 14 tré
mac ching réi loan phd tu ky (ASD) di dugc chin
doan theo cac tiéu chi DSM-V vé chiing tu ky va 14 tré
em phat trién binh thuong (TD) dé€ d6i ching. Quy
trinh thi nghiém yéu ciu nhiing dia tré nhin ty do vao
hinh anh. Nhém nghién ctiu da st dung hét 300 hinh
anh s6 va dii liéu Eye Tracking ctia 28 tré khi quan sét
hinh anh. Di liéu ma téc gid cung cip bao gom: toa
do (x, y) va thoi lugng quan sét tai méi diém Fixation.
Quy trinh xt ly dit liéu dugc thé hién & so d6 khdi tai
Hinh 1.
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Phuong phap phan cum DBSCAN

T dii liéu ta dugc cac diém Fixation clia tré & ca hai
nhém (TD va ASD) dugc biéu dién dudi dang mot
ban d6 nhi phén, trong d6 gid tri 1 & nhiing vi tri c6
ghi nhan cic diém Fixation, gid tri 0 & nhiing vi tri
khong ghi nhin céc diém Fixation. Tiép theo, ban
d6 Fixation dugc 1am min vé6i bo loc Gaussian dé€ tao
ra ban d6 mét d¢ Fixation (con goi la ban d6 cha y
tryc quan). Ngoai ra, trong nghién ctiu nay, ban do
Fixation da dugc bd sung thém di liéu ghi nhén thoi
lugng quan sit clia tré tuong ing véi toa do diém Fix-
ation, khdc v6i FDM ma tac gid cung cidp. Diéu nay
cho phép anh grayscale trén FDM cang thé hién r6
rang hon mtic d6 chu y cta tré dugc tham gia khao
sat, nhiing di€ém Fixation c6 thoi lugng nhin cang lau
thi diém Fixation d6 va ving xdm dugc tao béi diém
Fixation d¢6 trén FDM cang sang.

Trén ban do Fixation Map, cdc diém Fixation dugc
phén cum dua trén mat d¢ cua chung trén anh béng
thuét todn phin cum DBSCAN (Density-Based Spa-
tial Clustering of Applications with Noise). T day,
anh sé dugc phan chia thanh nhiéu viing dua theo
cac vi tri dugc xdc dinh boi cac cum. Két hop véi
anh grayscale trén FDM, ta c6 nhiing viing grayscale
ciing dugc xac dinh béi cdc cum. Tinh téng céc gid
tri grayscale trén mdi vung, ta dugc biéu d6 gid tri
grayscale trén cac vung dugc xac dinh boi cac cum.
Khi d4, viing dugc chu y nhiéu hon thi cling sé c6 gid
tri grayscale 16n hon.

« eps (€): khodng cach chi dinh cic viing 1an can,
céc diém Fixation dugc xem 13 6 cling mot cum
néu khoang cach giiia ching c6 gia tri nho hon
hodc béng gid tri khoang cach eps.

o MinPts: s lugng cdc phan tt it nhit dé€ tao
thanh moét cum ddc 14p (Cluster). Trong nghién
ctiu nay, MinPts dugc quy udc c6 gia trila 2, cac
cum ¢6 s6 lugng phan tt it hon 2 dugc goi la cac
cum nhiéu (Noise).

Vé viéc xdc dinh gid tri eps, ta goi 1a ban kinh cta
ving tron xdm dugc tao boi diém Fixation qua budc
lam min béng b loc Gaussian. Tuy nhién, su phan
bd cha cic diém Fixation trén hinh khong dong déu,
cac diém nhiéu c6 tinh phéan tdn va riéng 1é, trong khi
cac cum c6 mét d6 cang cao thi cac diém Fixation c6
khuynh huéng chéng chép lan nhau. Khi dé, khoang
cach chi dinh cac viing 1an cin ciing sé c6 gia tri khac
nhau. Do vy, nhém nghién ctiu da dé xudt khdi niém
khoang cach chi dinh trung binh dugc xdc dinh theo
cong thic:

V6i: A la téng dién tich cic vung tron xdm dugc tao
bdi cac diém Fixation qua budc lam min bing b loc
Gaussian va N 13 t6ng s6 diém Fixation trén moi anh.
Tu b dii liéu cua hai nhom tré (TD va ASD), ta thu
dugc hai tap hop diém Fixation ctia tiing nhom tré
dugc minh hoa & Hinh 2. Mau sic ctia diém Fixation
ctia hai nhém ¢é mau cang dam khi thoi lugng nhin
clia tré cang lau.

Hinh 2: Minh hoa di liéu diém Fixation cla hai
nhom tré. a) Anh géc b) Anh c6 cac diém Fixation

Tién hanh phan cum bang phuong phdp DBSCAN
cho toan bo cic diém Fixation trén anh ctia ca hai
nhém tré (TD va ASD), két qua thu dugc la cdc cum
(Cluster) ¢6 mat d6 phan bd céc diém Fixation khac
nhau, cdc cum dugc thé hién bing ky tu déc trung, c6
gén nhan s6 thi tu cum va c6 thé chita cung luc diém
Fixation cta cad hai nhéom tré. Thi tu cidc cum duoc
quy udc sip x€p ting dan theo s6 lugng diém Fixa-
tion thuc cum. Nhu véy, cic diém nhiéu sé dugc
xem la cdc cum mot phéan ti va c6 s6 thi tu thip, cac
cum nhiéu phén td thi sé 1a cic ving AOI (Area Of
Interest) c6 s6 thit tu cao (Hinh 3).

Tt két qua phan cum DBSCAN, ta xac dinh ving anh
bao quanh cum cho méi trudng hop. S6 lugng truong
hgp phan tich ving 4nh bao quanh cum bing ding s6
lugng cdc cum Hinh 4).

Tuong tu, ta ciing xac dinh dugc viing anh grayscale
bao quanh cum trén dnh FDM ctia hai nhém tré riéng
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Hinh 3: Két qua phan cum céc diém Fixation cla hai
nhém tré bang phuong phap DBSCAN

Hinh 4: a) Céc diém Fixation thuéc cing mét cum;
b) Vung anh bao quanh mét cum diém Fixation

biét (Hinh 5 va Hinh 6).

Ta c6 N vung anh grayscale sau qud trinh két hgp
dnh FDM ctia mbi nhom tré véi két qua phan cym
DBSCAN. Vung anh grayscale bao quanh cum c6
dién tich cang rong khi cum c¢ kich thuéc cang 16n.
Bén canh do, gia tri grayscale ctia viing cang 16n khi
tré nhin vao viing d6 cang lau. Trén moéi vung anh
grayscale, ta tinh tOng cic gid tri grayscale ciia mdi
pixel (SOG - Sum Of Grayscale). Nhu véy, ta c6 N gia
tri SOG cho méi nhém tré. Tl d6, ta thiét 1ap biéu d6
ty 1é grayscale ctia viing bao quanh cum (Chart Of the
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Hinh 5: Anh FDM cua tré phét trién binh thuong
(TD). a) Toan bé FDM; b) Vung grayscale cia FDM
bao quanh mot cum

Grayscale Ratio on the Area Surrounding Cluster) v6i
truc hoanh 1a thi ty cac cum, truc tung 13 ty 1¢ phan
tram grayscale cia viing bao quanh cum (Hinh 7).

Trich xuat dac trung

Tu biéu d6 ty 1é grayscale trén ving bao quanh cum
v6i quy ludt ting gidam kha phtc tap gilia cac ving,
biéu d6 ham tich lay ty 1é grayscale v6i ddc diém ham
la lu6n ludn ting dugc st dung nhu mét cong cu do
ludng t6c do tang trudng gia tri tich lay grayscale
(Hinh 8).

Tuy nhién, do s6 lugng cum gitia cac hinh anh la khac
nhau. D€ thuén tién cho viéc so sanh két qua ting
truéng ham tich lay ty 1é grayscale gitia cdc hinh, thd
ty cdc cum trén truc hoanh cuia biéu d6 sé dugc thay
thé bang gid tri tich lay ty 1é phan trdm s6 lugng cic
diém Fixation ctia cdc cum. Khi do, biéu dé6 tich lay
ty 1¢ grayscale clia cac anh ti bo dii liéu déu c6 truc
hoanh nhu nhau va lu6n bién thién tit 1% dén 100%.
Két qua thu dugc nhu Hinh 9, qua qué trinh khao
st dinh tinh, nhém nghién ctiu nhén thiy ring &
da s6 cac trudng hgp khao sat, tré phét trién binh
thuong hay nhin tap trung vao khu vyc trung tdm va
¢6 khuynh hudng hiing thu véi cc chi tiét ndi bat
trén anh (viing AOI). Trong khi do, tré tu ky lai hay
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Hinh 6: Anh FDM ctia tré ri loan phé tu ky. (ASD) a)
Toan bé FDM; b) Viing grayscale ctia FDM bao quanh
mot cum
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Hinh 9: Ham tich Iy ty Ié grayscale theo tich lay
phan trdm sé lugng diém Fixation

thiéu tap trung khi quan sat, c6 khuynh huéng nhin
vao céc chi tiét nho trén anh. Do d6, biéu dé6 tich lay
ty 1& grayscale cua tré tu ky cé khuynh huéng ting
sém & cadc cum thudc mién nhiéu va chdm dén & cac
vung AOI phin bé & mién bén phai cta truc hoanh.
Ngugc lai, tré phat trién binh thudng cé biéu d6 tich
lay grayscale ting chdm & mién nhiéu va taing nhanh
din & céc vung AOIL C¢ thé khéng dinh ring, bién
thién ting trudng cta biéu do6 tich lay ty 1é grayscale
chinh 14 d4u hiéu dac trung d€ nh4n biét va phan biét
gitia hai nhom tré. Tuy nhién, khi 4p dung mé hinh
nhan dang Neural Network thi doi hoi s6 lugng dit
liéu dau vao (inputs) ti két qua ham tich lay ty 1é
grayscale gitia cac anh 1a nhu nhau. Nhung thuc té
thi s6 lugng inputs gitia cac anh la khac nhau. Do d6,
két qua ham tich Iy ty 1¢ grayscale sé dugc 4p dung
thém phuong phdp noi suy cubic dé tao s6 lugng dit
liéu dac trung nhu nhau cho tét ca cac anh khdo sat.
Trong nghién ctiu nay, qua trinh néi suy cubic dugc
quy udc tao ra 100 dii liéu déc trung cho ca hai nhém
trén moi anh. Khi d6, di liéu ddu vao cho mo hinh
nhan dang Neural Network lu6n ¢6 s6 lugng c6 dinh
1a 100 inputs, d¢6 14 ty 1¢ phan tram tich liy grayscale
tuong ung véi ty 1& phan tram tich lay s6 lugng diém
Fixation tit 1% dén 100%, theo quy tic sdp xép tu trai
sang phai trén truc hoanh 13 cdc cym ¢6 s6 lugng diém
Fixation tii it dén nhiéu dan (Hinh 10).
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Hinh 10: Biéu d6 ham tich Iy ty lé grayscale qua
phép ndi suy cubic
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Phuong phap phan loai

Perceptron la mot thuat toan phén loai cho trudng
hop don gian nhiét: chi c6 hai class (hay con goi la bi-
nary classification) va hoat dong dugc trong mot s6
trudng hgp rét cu thé. Mang Perceptron 1a nén tang
cho mét mang 16n quan trong ctia Machine Learning
13 Neural Networks va sau nay 1 Deep Learning!”.
Trong nghién ctiu nay, mé6 hinh Multilayer Percep-
tron dugc ép dung d€ phan loai 100 dic trung tit két
qua cta ham tich lay ty 1 grayscale cho ca tré binh
thuong va tré tu ky. Qua qud trinh thi nghiém, nhom
nghién ctiu da st dung mé hinh mang Multi-layer
Perceptron c6 7 16p 4n véi s6 lugng neuron theo so
do6 Hinh 11. Lép ra ¢6 mét neuron v6i T = 0 la nhan
tuong tng véi di liéu cta tré binh thudng hoac T =
113 nhan tuong Ging véi tré rdi loan tu ky. Ham hoat
tinh dugc st dung 13 ham ReLU, dugc st dung kha
nhiéu trong nhiing ndm gin day khi huén luyén cac
mang neuron véi téc d6 tinh todn va xt Iy nhanh hon
cac ham sigmoid.
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Y100

Hinh 11: Mang Multi-layer Perceptron véi 7 I6p &n

KET QUA VA THAO LUAN

Sau khi tién hanh phan cum bang phuong phap DB-
SCAN va lap biéu d6 phan cum. Cu thé, hau hét tré
phét trién binh thudng hay c¢6 khuynh huéng quan
sat vao khu vuc gifia ctia anh, trong khi su quan sat
ctia nhom tré ty ky thi lai mang tinh phén tan rong
trén anh, thé hién sy thiéu tip trung. Bén canh do,
tré ty ky cing danh nhiéu thoi gian hon dé€ quan sat
nhiing chi tiét hinh nén (vi du nhu mit bién, sén co,
...) thay vi danh phén I6n thoi gian d€ quan sat cac
chi tiét chinh ndi bat trong anh nhu d6i véi tré binh
thudng. Diéu nay c6 thé ly gidi ring da s6 tré ty ky
c6 tinh cach thich kham phd, tim kiém céc doi tugng
nho nhdt, it n6i bat 6 xung quanh. Qua qua trinh phan
tich két qua dat dugc, nghién cttu rdt ra duge mot vai
nhan dinh nhu sau:

Déi v6i nhiing hinh anh c6 nguoi va do vat, tré tu ky
tuy van cha y dén khuon mit ngudi nhung it hon so
v6i tré binh thuong, va thich quan sit nhiing 46 vat
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khéc hodc cdc chi tiét nén xung quanh ngudi. Biéu d6
tich lay ty 1¢ grayscale & mién nhiéu ctia tré ty ky luén
tang nhanh hon nhiéu so véi tré binh thuong d6i véi
loai hinh anh nay. Trong khi dé, biéu d6 tich lay ty
1é grayscale ctia tré binh thudng thi lai ting nhanh &
cac viing AOI dugc phian bd & mién bén phai trén truc
hoanh (Hinh 12).

« Ddi v6i anh dong vat (Hinh 13), tré tu ky co
thé thoai mai quan sit hinh dnh khé giéng nhu
tré binh thuodng, cdc d6i tugng quan sat nhu
khuén mit, co thé dong vét va cac chi tiét xung
quanh ciing khong c6 su khac nhau nhiéu gitia
hai nhom tré.

Dai v6i hinh thién nhién, dang hinh anh chi c6 sy
vat ma khong cé ngudi cing tao su khéc biét gitia hai
nhoém tré. Tré binh thuong sé c6 khuynh huéng quan
sét tap trung vao khu vyc trung tAm hodc sy vat néi
bat, duong dic trung ctia nhém TD tang nhanh & cac
viung AOI, dic biét 1a & viing AOImax. Con déi véi
nhom tré tu ky, sy quan sat van c6 tinh tip trung vao
khu vyc trung tim hodc d6 vét n6i bat nhung véi thoi
lugng quan sat it hon. Véi thoi lugng con lai, tré tu
ky thuong nhin phéan tan xung quanh véi théi quen
la thich tim kiém, kham pha céc chi tiét nho nhit.
Do vay, duong ddc trung ctia nhém ASD lai ting kha
nhanh so v6i nhém TD & céc cum nhiéu (Hinh 14).
Khao sat tap dii liéu anh theo hai trudng hop:

« Total: bao gébm toan bo 300 hinh dnh cta tdp di
liéu vé6i day du cac chti @€ dong vat, thién nhién,
con nguoi, su vat, sy viéc, hién tugng, ...

o Human: 153 hinh anh chi c¢6 ngudi hodc con
ngudi la déi tugng chinh trong hinh véi cac
bi€u hién nhu guong mét véi nhiéu cam xdc,
hanh dong hodc vita hanh dong viia ¢6 biéu cam
khu6én mat, ...

Stt dung mang Multilayer Perceptron cho hai trudng
hop trén, két qua nhin dang thu dugc lan lugt 1a
71,85% va 70,26% nhu Hinh 15. Tuy su chénh léch
khong nhiéu nhung c6 thé thdy dugc sy tic dong cta
cht dé vé ngudi mang lai y nghia khéc biét déi véi di
liéu nhin cta tré binh thuong va tré tu ky.

Tu tip di liéu 300 énh, viéc phan loai chu dé anh
dugc tién hanh chi tiét hon. Cu thé trong nghién
ctiu nay da phén ra 7 loai dnh theo cic chu dé:
Pong vat (Animals), Toa nha va d6 vat (Buildings &
Objects), Phong canh thién nhién (Natural Scenes),
Nhiéu nguoi (Multiple People), Nhiéu ngudi va d6 vét
(Multiple People & Objects), Mot nguai (Single Per-
son), Mot ngudi va do vat (Single Person & Objects).
Két qua nhén dang, phan loai gitia hai nhém tré qua
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3 3

N
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Hinh 15: K&t qua nhan dang hai nhém tré trén toan
b6 anh (Total) va anh lién quan dén ngudi (Human)

mang Multi-layer Perceptron dugc trinh bay & biéu d6
cOt Hinh 16.

Phan tich két qua dat dugc, loai anh c6 ty1é nhan dang
thép la dnh cdc d6 vat, toa nha va dong vat; cao nhit
dai véi loai anh nhiéu ngudi. Két qua nhén dang thap
d6i vdi loai anh dong vat ta 6 thé du dodn trude vi
tit bi€u do dac trung tich lay ty 1é grayscale cho thay
khong c6 sy khac biét dang ké vé cach thic quan st
hinh anh cta hai nhom tré. Bén canh d6, cht dé vé
thién nhién ddc biét cho két qua nhan dang kha cao
trong nhom loai anh khéng c6 con ngudi, cho thdy

80 74.16%

70.3% 73.93%
.3%

66.67% 69.44%

Y
=)

51.47% 49,09

Accuracy (%)
8

N
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Animals Building Natural Multiple Multiple Single Single
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& Objects & Objects

Hinh 16: K&t qua nhan dang hai nhém tré trén 7 tap
anh vai cac cha dé

tiém nédng ctia loai anh nay khi st dung né lam kich
thich trong cac thi nghiém Eye Tracking. Cac diém
Fixation ctia nhom tré tu ky rat phén tan, ly do vi tré
tu ky gip kho khin trong viéc tip trung'®. Ngoai ra
con mdt nguyén nhan nia la tré tu ky thudng co cai
nhin cuc bg, c6 xu hudng quan sat chi tiét va bo qua
btic tranh téng thé>; dién hinh nhu: “tré tu ky thiy
céi cay trude khi thdy khu riing” 1. Trong khi dé, cic
loai anh lién quan dén con nguai thi déu dat d6 chinh

; P oA s - .
xdc cao va x4p xi gdn nhau. Vi vay, cdc loai anh c6
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chtia yéu t6 con ngudi la mot chu d€ c6 thé khai théc
dugc rat nhiéu ti cac khia canh khdc nhau. Cu thé, ti
nhom loai dnh vé ngudi lai dugc phan loai ra ba chu
dé: Emotion (Anh chi th& hién cdm xtc), Action (Anh
chi thé hién hanh dong), Emotion & Action (Anh via
thé hién cdm xuc 1an hanh dong). Két qua nhén dang
hai nhém tré qua mang Multilayers Perceptron dugc
trinh bay & Hinh 17.

80 75.55%
o
69.58% 67.09%
= 60 1
£
o)
€ 40
=1
o
o
<
204
o
Emotion Action Emotion
Action

Hinh 17: Két qua nhan dang hai nhém tré trén 3 tap
anh co lién quan dén ngudi

Phén tich két qua dat dugc cho thdy nhiing biic anh
vita ¢6 cdm xudc viia ¢6 hanh ddng mang lai két qua
phén loai tét nhat. Tré tu ky khong thich tiép xtc véi
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con ngudi cing nhu xa hoi nén sé danh thoi gian dé
quan sat vao cic d6 vat xung quanh. Trong mét s6
trudng hop, tré tu ky thich nhin tay hodc d6 vat dugc
ngudi d6 cdm. Ngoai ra, chi dé cam xuc ciing cho
két qua phén loai t6t, két qua nay sé cao hon néu kich
thich dugc st dung la anh ddng hodc video.

KET LUAN

Viéc nhan dang tré mic r6i loan phé tu ky bing
phuong phap phan tich anh Eye Tracking cho thdy c6
nhiéu trién vong. Tl cic két qua dat dugc cho thdy
viéc 4p dung phuong phdp phan cum DBSCAN rit
pht hop véi déc tinh phan b6 cta cac diém Fixation
trén anh cta ca hai nhém tré. Bén canh d6, qua trinh
trich xudt ddc trung ctia ham tich lay ty 1é grayscale
ciing cho théy dugc tiém ning cho viéc nhén dang tré
tu ky thong qua thuat toan Deep Learning. Nghién
ctiu cling da trinh bay ra dugc mic d6 phu hgp ctia
cdc loai dnh khi st dung, nhdm tao sy thuén lgi cho
viéc lua chon t6i vu cht dé hinh dnh trong céc nghién
ctiu vé sau lién quan dén viéc nhan biét va chdn dodn
tré ty ky qua di liéu Eye Tracking. Tuy nhién, cin
nhiéu nghién ctiu sdu hon cing nhu quy mé 16n hon
vé tap dii liéu Eye Tracking d€ phuc vu cho viéc nhan
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dang chinh xdc va chdn dodn muc d¢ tu ky & tré véi
chi phi chép nhén dugc va quy trinh thi nghiém don
gian, c6 khuén méu va hé théng.

LOI CAM ON

Nghién ctiu nay dugc tai trg boi Truong Dai hoc Bach
Khoa - DPHQG TPHCM trong khuén khé dé€ tai ma
s6 T-KHUD-2020-71.

DANH MUC CAC TU VIET TAT

ASD: Réi loan phg Ty ky — Autism Spectrum Disor-
der

TD: Phat trién binh thuéng - Typical Development
FDM: Ban d6 mat d¢ Fixation - Fixation Density Map
DBSCAN: Thuit toan phan cum dua trén mat do -
Density-Based Spatial Clustering of Applications with
Noise

AOQI: Ving quan sat néi bat (c6 nhiéu diém Fixation)
— Area Of Interest

AOLyqy: Vung quan st cd s6 lugng diém Fixation
nhiéu nhat.

SOG: Téng céc gid tri grayscale - Sum Of Grayscale

XUNG POT LO1iCH

Nhém téc gia cam két rang khong c6 xung dot lgi ich
khi thuc hién nghién ctiu nay.

DONG GOP CUA CACTACGIA

Tét ca cac tdc gia dong gop vao viéc nghién ctiu va xu
ly dit liéu cling da danh gia két qua. Tat ca cac tac gia
déu tham gia giai thich dii liéu, bién tap va hoan thién
ban thao.
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Analysis of Eye Tracking images to identify children with Autism
Spectrum Disorder

Hai Nguyen Ngoc, Ngan Tang Tuyet, Tien Nguyen Thi Thuy, Tin Tran Trung”

e
\\%hﬂ ABSTRACT
. A number of children with Autism Spectrum Disorder (ASD) are growing to become a big prob-
e lem in society at the present time. Autism is the neurological disorder that makes the children feel
Use your smartphone to scan this inferior in social communication. Identifying individuals with early autism (under 3 years of age)
QR code and download this article is difficult and there is still not any medical test for rapid detection of autism. Currently, the clini-
cal diagnosis is mainly based on the observed behavior of the child, and besides, educational and
psychological tests are also applied. Eye movements have an important role in an individual's per-
ception and attention in social activities. Non-invasive detection and tracking techniques of the eye
movement have been developed over many decades. Nowadays, the Eye Tracking is a technolog-
ical process that enables the measurement of eye movements, eye positions, and points of gaze.
In other words, eye tracking identifies and collects a person's visual data of the eyes in terms of lo-
cation, objects and duration. It is applied for a variety of different research methods to investigate
human behavior. In particular, the Eye Tracking method makes an application for identifying peo-
ple with Autism Spectrum Disorder (ASD), it has been not only a wide study but also a great interest
in recent years. This article provided an overview of children's visual attention with Autism Spec-
trum Disorder and children with Typical Development (TD). The study has focused on exploring
the difference in observed behavior of ASD children and TD children. This study used the DBSCAN
(Density-Based Spatial Clustering of Applications with Noise) clustering algorithm for grouping a
set of Eye Tracking data, which were collected by the test of children's visual attention to a variety
of images. The classification of Eye Tracking data was based on the feature parameters, which were
extracted from analyzing data. Moreover, a model for classification and identification of Eye Track-
ing image data of children groups with ASD and TD was built on Deep Learning algorithms. In this
study, the chosen algorithm was Multilayer Perceptron. The children's eye movements dataset was
extracted from the paper "A dataset of eye movements for the children with autism spectrum disor-
der" by Huiyu Duan et al. The results showed that using the Eye Tracking data is highly promising in

Faculty of Applied Science, Ho Chi Minh identifying children with ASD by analyzing the observed behavior of children on images, especially
City University of Technology, on human images.
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