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Tom tit: Cham néi la mot trong nhirng ddu hiéu quan trong cia roi logn phdt trién ngon ngit & tré nhé, cé thé anh
hwong dén kha néing hoc tdp va giao tiép sau nay. Viéc phdt hién sém nguy co chdm néi givip can thiép kip thoi, ndng cao
hiéu qua diéu tri. Nghién cieu ndy dp dung hoc mdy dé phan tich tin hiéu giong néi ciia tré nham xdy dwng mé hinh dw dodn
nguy co chdm néi. Dit liéu giong ndi cia tré tir 2-5 tuéi dwoe thu thdp va xir Iy thong qua cdc phirong phdp trich xudt ddc
trung dm thanh (MFCC, pitch, formant). Sau do, cac thudt toan hoc may nhw Random Forest, SVM, va Mang no-ron nhdn
tao (ANN) dwoc hudn luyén dé phan loai tré ¢é nguy co chdm néi. Két qua nghién ciru cho thdy mé hinh ¢é do chinh xdc
cao, hé tro hiéu qua trong viéc sang loc ban dau.

Tir khéa: Cham néi, hoc may, phan tich giong néi, phdt hién som, tré nhé, trich xudt déc trung am thanh
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Abstract: Speech delay is one of the important signs of language development disorders in young children, which can
affect their ability to learn and communicate later. Early detection of the risk of speech delay helps to intervene promptly
and improve treatment effectiveness. This study applies machine learning to analyze children’s speech signals to build a
model to predict the risk of speech delay. Speech data of children aged 2-5 years old was collected and processed through
audio feature extraction methods (MFCC, pitch, formant). Then, machine learning algorithms such as Random Forest,
SVM, and Artificial Neural Network (ANN) were trained to classify children at risk of speech delay. The results of the study

showed that the model had high accuracy, effectively supporting initial screening.
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I. PAT VAN PE

Cham ndi 12 mot trong nhitng dau hiéu phd
bién cta r6i loan phat trién ngdn ngit & tré nho,
c6 thé anh huong nghiém trong dén kha ning
giao tiép, hoc tdp va hoa nhap xi hoi cua tré
trong twong lai. Theo nghién clru cia American
Speech-Language-Hearing Association (ASHA,
2023), khoang 10-15% tré tir 2-5 tudi gip van dé
vé phat trién ngon ngir, trong d6 cham noi 1a mot
triéu chung dién hinh. O Viét Nam, theo théng
ké cua Bénh vién Nhi Trung wong, ty 1€ tré gap
kho khin trong phat trién ngon ngir chiém khoang
20% trong nhom tré dudi 5 tudi. Tuy nhién, thuc
té cho thay viéc phat hién va can thiép sém ¢ tré
c6 nguy co cham néi van con nhiéu han ché, do
thiéu hé thong sang loc khach quan va phy thudc
qua nhiéu vao danh gia chii quan caa phy huynh
va chuyén gia.

Hién nay, qué trinh chan doan chim noi chu
yéu dua vao quan sat 1am sang, danh gia hanh vi
ngon ngilt cda tré va thu thap thong tin tir gia dinh.

Phan bi¢n: 26/03/2025

Duyét déng: 28/03/2025

Mac du cach tiép can ndy mang lai cai nhin truc
quan vé su phat trién ngon ngir cua tre, nhung n6
c6 thé dan dén nhiéu han ché nhu phét hién mudn,
chan doan sai hoic chua diy du. Trong khi d6, cac
nghién ctru gan day chi ra rang hoc may (Machine
Learning - ML) c6 tiém niang 16n trong viéc tu
dong hoéa qua trinh phan tich giong noi, giup
phat hién sém nguy co cham ndéi véi dd chinh
xéac cao. Cac phuong phap trich xuat dic trung
am thanh nhu MFCC (Mel-Frequency Cepstral
Coefficients), pitch, formant dang dugc ung dung
rong rai trong nghién ctru vé nhan dang giong noi
va r6i loan ngdn ngir. Nhitng dic trung nay c6 thé
cung cip thong tin quan trong dé xac dinh sy khac
biét giita tré c6 nguy co chdm ndi va tré phat trién
binh thudng.

II. NOI DUNG NGHIEN CUU

2.1. Mt s6 van dé 1y ludn vé cham néi

Khdi niém vé chgm néi: Cham néi & tré nho
1a tinh trang tré c¢6 su cham tré dang ké trong
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viéc phat trién k¥ nang ngén ngir so vdi cac cot
mdc phat trién binh thudng. Theo Hiép hoi Ngon
nglt - Lo1 no61 - Thinh gidc Hoa Ky (American
Speech-Language-Hearing Association - ASHA,
2023), tré dugc coi la cham ndi khi kha nang
giao tiép bang 10i néi cua tré kém hon dang ké
s0 voi tré cing do tudi, bao gom viéc hiéu ngdn
ngir (receptive language) va kha ning biéu dat
(expressive language). BO Gido duc va Pao tao
Viét Nam di dua ra mot s tiéu chi danh gia sy
phat trién ngdn ngir cla tré, bao gom:

Kha nang hiéu ngén ngiv: Tré c6 thé hiéu cac
ménh 1énh don gian, nhan biét d6 vat va phan tng
v6i1 101 ndi cua nguoi 16n.

Kha néng biéu dat: Tré st dung tir ngit dé dién
dat y mudn, ghép tir thanh cau c6 nghia, str dung
ciu phu hop véi d6 tudi.

Khda nang sur dung ngon ngit phu hop ngit canh:
Tré co thé giao tiép voi nguoi khac, tra 10i cau hoi
don gian, tham gia vao cudc tro chuyén.

Thong thuong, tré tir 18 thang tudi c6 thé néi it
nhat 10 tir don, tré 2 tudi ¢ thé nodi khoang 50 tir
va bt ddu ghép hai tir thanh cau don gian. Dén 3
tudi, tré co thé néi cau dai 4-5 tir va st dung ngdn
ngit d¢ dién dat nhu ciu mot cach rd rang hon.
Néu tré khong dat dugc cac mdc nay, co thé nghi
ngd tré ¢6 dau hiéu cham noéi. Tuy nhién, danh
gia cham noi khong chi dua vao s luong tir vung
ma con dua trén su phat trién toan dién cua cac
k¥ nang ngdn ngit, bao gom kha ning hiéu, biéu
dat, phat &m va giao tiép x4 hoi. Viéc chan doan
cham noi can dugce thuc hién boi chuyén gia ngon
ngtr tri liéu hodc bac si nhi khoa thong qua céac
bai kiém tra chuyén sdu nhu MacArthur-Bates
Communicative Development Inventories (CDI)
hodc Preschool Language Scale (PLS-5).

Nguyén nhan cua chdm noi

Nguyén nhan sinh hoc:

+ Rdi loan thinh giac: Tré bi mét thinh luc hodc
suy giam thinh luc ¢ thé gip kho khin trong viée
tiép nhan va hoc ngdn ngi.

+ R&i loan than kinh: Mot b tré co bat thuong
vé ndo b9, chéng han nhu bai ndo, dong kinh hodc
t6n thuong ving ngdn ngit ctia nio.

+ Rbi loan phd tu ky (ASD): Nhiéu tré mac tur
ky c6 biéu hién cham néi hodc mat kha niang ngon
ngit sau mot thoi gian phat trién binh thuong.

+ Cham phat trién tri tué: Tré c6 chi s6 1Q thap
c6 thé gap kho khin trong viée tiép thu va sir dung
ngdn ngir.

Nguyén nhan moi truong:

+ Thiéu tuong tac ngdn ngit: Tré khong duoc
giao tiép thuong xuyén véi cha me hodc ngudi
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cham soc s€ ¢6 nguy co cham ndi cao hon.

+ Lam dung thiét bi dién tir: Tré tiép xtc qua
nhiéu vai tivi, dién thoai, may tinh bang c6 thé bi
giam kha nang giao tiép truc tiép.

+ Moi truong song ngit khong hd trg dung cach:
Mot sb tré trong gia dinh song ngit c6 thé gap kho
khan khi tiép nhan ca hai ngon ngir clng lc.

Hdu qud ciia chdm néi: Néu khong dugc can
thiép sém, cham néi c6 thé dan dén nhiéu hau qua
nghiém trong: anh huéng dén kha nang giao tiép
va tuong tac xa hoi cua tré; tré c6 thé gip kho
khan trong viéc hoc tap, dac biét la ky nang doc,
viét sau nay; anh hudng den tam ly, gy ra sy tur ti,
lo 4u, din dén cac van dé vé hanh vi nhu cau gat
budng binh hodc thu minh; lam tdng nguy co roi
loan ngon ngi kéo dai dén giai doan trudng thanh.

2.2. Phwong phap chin doan va can thi¢p
truyén thong

2.2.1. Phuong phép chin doan

Chan doan cham noi thuong dua vao:

Quan sat lam sang: Chuyén gia danh gia kha
nang ngdn nglr thong qua quan sat hanh vi va
phan tmg giao tiép ciia tré.

Bang kiém danh gid phat trién ngdén ngi:
Céc cong cu nhu MacArthur-Bates CDI, Denver
Developmental Screening Test II (DDST-II) hoac
Bayley Scales of Infant Development (BSID)
thuong dugc str dung dé do ludng sy phat trién
ngon ngir.

Panh gia thinh giac va than kinh: Kiém tra
chirc nang nghe dé loai trir cic nguyén nhan do
mat thinh luc.

2.2.2. Phwong phép can thiép truyén thong

Liéu phap ngdn ngir: Tré dugc chuyén gia ngon
ngit tri liéu hudng dan cac bai tap gitip ting cuong
k¥ ning phat am, xay dung vbn tir vung va cai
thién kha nang giao tiép.

Tu van va hd trg gia dinh: Cha me dugc hudng
dan cach giao tiép hiu qua vdi tré, nhu khuyén
khich tré dat cau hoi, mé rdng cau tra 101 cua tré,
doc séach cung tré.

Ung dung cong nghé hd tro: Mot s6 tré co thé sir
dung cac tmg dung ho trg giao tiép hodc cac chuong
trinh gido duc ngon ngtr trén may tinh bang.

2.3 Cong ngh¢ hoc may trong xir ly giong noi

Hoc may (Machine Learning - ML) la mdt
linh vyc quan trong cua tri tu¢ nhan tao (Artificial
Intelligence - Al), trong d6 cac thuat toan duogc
thiét ké d€ hoc tir dit liéu va dua ra du dodn ma
khong can lap trinh cu thé cho timg truong hop.
Trong nhiing nim gan day, hoc may di dugc
ung dung rong rai trong xtr Iy ngdn ngtr tu nhién
(Natural Language Processing - NLP) va phan
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tich giong néi, mg ra nhidu huéng tiép can mai
trong viéc phat hién va chan doan cac van dé lién
quan dén ngdn ngit va giao tiép, bao gdbm cham
nodi ¢ tré nho.

Giong ndi 1a mot dang tin hiéu thoi gian lién
tuc chira nhidu thong tin phure tap vé tan s, cuong
dd va su bién d6i am thanh theo thoi gian. Viéc
phan tich tin hiéu giong noi khong chi giip nhan
dién 101 n6i ma con cung cap thong tin quan trong
vé dic diém phat am, cau trac 4m vi va tham chi
la tinh trang strc khoe ciia ngudi noi. Cac moé hinh
hoc méy cé thé ty dong hoc cic mau giong ndi,
phat hién cac bt thuong trong cach phat am, tur
d6 hd tro phat hién s6m cac roi loan ngon nglr nhu
cham néi, noi lap hay rdi loan phd tu ky (Autism
Spectrum Disorder - ASD).

Ung dung ciia hoc may trong phén tich giong
néi bao gom:

Nhan dién giong ndi ty dong (Automatic
Speech Recognition - ASR): Hd tro chuyén dbi
giong noi thanh van ban, tng dung rdng rai trong
cac hé théng trg 1y 4o nhu Siri, Google Assistant.

Phan tich cam xuc trong giong ndi (Speech
Emotion Recognition - SER): Nhan dién cam xtc
dua trén dic diém am thanh, hd tro trong cac linh
vuc tam 1y hoc va cham soc strc khoe.

Chan doan rdi loan ngon ngir: Gitip phat hién
cac dau hiéu bat thudng trong giong noi, tir d6 hd
trg qua trinh chan doan va can thiép sém ddi voi
tré c6 nguy co cham noi.

Trong phat hién chdm noéi, hoc may cho phép
tu dong hoa qua trinh phan tich giong noi, giup
sang loc som nguy co ¢ tré em ma khong phu
thudc hoan toan vao danh gid chu quan cua cac
chuyén gia. Didu nay gop phan ting do chinh xac
trong chan doan va tao diéu kién thuan loi cho
viéc trién khai cac chuong trinh can thiép kip thoi.

Cac ddc trung giong noi quan trong: MFCC,
formant, pitch, dj dai nguyén am

MFCC (Mel-Frequency Cepstral Coefficients):
Day la ddc trung pho bién nhat trong xur 1y giong
n6i, dugc sir dung dé trich xuat thong tin vé cau
trac phd ctia 4m thanh theo thang do Mel, phan
anh cach tai ngudi cam nhan tan s6 am thanh.
MFCC gitip mo6 hinh hoc méay nhan dién dugc sy
khac bi¢t gitra cac am vi trong ngon ngit, tor do
hd tro phén loai giong noi va phat hién cic bat
thuong trong cach phat am cua tré.

Formant: La cac dinh phd tan s ctia giong noi,
ddc biét quan trong trong viéc xac dinh nguyén
am. Nhirng tré co van dé vé ngodn ngir thudng co
su thay d6i bat thuong trong formant, diéu nay c6
thé gitip phéan biét tré binh thuong va tré cd nguy

co cham noi.

Pitch (d¢ cao giong ndi): Phan anh tan sé co
ban ciia giong noi, lién quan dén cach mot nguoi
phat 4m va do on dinh trong giong néi. Tré cham
no6i thuong cé sy bién doi bat thuong vé pitch do
chua kiém soat tot cac co quan phat am.

Do dai nguyén dam (Vowel Duration): Nhiing
tré gap kho khin trong phat trién ngon ngit thuong
¢6 xu hudng kéo dai hodc riit ngan bat thuong cac
nguyén am trong 101 ndéi. Pay la mot dac trung
quan trong gitp nhan dién dau hiéu cham noi.

2.4. Cac phwong phap hoc may trong phan
loai giong noi

2.4.1. Pic diém

Support Vector Machine (SVM) 1a mét thuat
todn phan loai manh mé dya trén viéc tim si€u
phang t6i wu dé tach biét cac 16p dir liu. SVM
c6 thé ap dung cho ca phan loai tuyén tinh va phi
tuyén tinh bang cach sir dung cac ham kernel nhur
RBF, polynomial hoac sigmoid. M6 hinh nay hoat
dong tot v6i tap dir liéu nho va co do nhidu thap,
gip tranh overfitting. Tuy nhi€n, voi dir liéu lon
hodc ¢6 s6 chiéu cao, SVM thuong cham va kho
mo rong.

Random Forest 1a mot mo hinh hoc may dua
trén tap hop nhiéu cdy quyét dinh (Decision Trees)
dé tang cuong do chinh xic va giam nguy co
overfitting. Bang cach két hop nhiéu cdy con véi
dit liéu hun luyén ngflu nhién, Random Forest co6
kha nang xir 1y t6t dir liéu nhidu va cai thién hiéu
suat phan loai. Tuy nhién, nhuoc diém ciia mo
hinh nay 1a khé giai thich khi s6 luong cay qua
16n, khién viéc dién giai quyét dinh ctia mo hinh
tré nén phuec tap.

Convolutional Neural Network (CNN) la mot
mé hinh hoc sau dugc thiét ké chu yéu cho xu ly
dir 1iéu khong gian, dac bi¢t 1a hinh anh. Trong
phan tich giong n6i, CNN duoc st dung dé phan
loai tin hiéu 4m thanh dudi dang biéu d tan sb
(spectrogram). CNN ¢6 kha nang tu dong trich
xudt dic trung, giup giam thiéu cong doan tién
xtt 1y dir liéu. Tuy nhién, mé hinh ndy yéu cau tap
dir lidu 16n va tai nguyén tinh toan manh dé huén
luyén hiéu qua.

Long Short-Term Memory (LSTM) 1a mot bién
thé cia mang no-ron hoi tiép (Recurrent Neural
Network - RNN), duoc thiét ké dé xu 1y dir liéu
chudi dai. Nho vao cac cong diéu khién, LSTM c¢6
thé ghi nh¢ thong tin dai han, gitip mo hinh hoa
t6t cac tin hiéu am thanh c6 tinh tuan tu cao. Tuy
nhién, nhuoc diém ctia LSTM 1a thoi gian huén
luyén 1au va yéu cau tai ‘nguyén tinh toan 16n hon
50 v6i cac mo hinh truyén thong.
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2.4.2. So sanh cac mo hinh: SVM, Random
Forest, CNN, LSTM

Hién nay, nhiéu phuong phap hoc may khac
nhau da duoc 4p dung dé phan tich tin hiéu giong
no6i nham nhan dién cac bat thuong vé phat trién
ngdn ngir, trong d6 c6 chdm nodi. Cac mé hinh phd

bién bao gébm Support Vector Machine (SVM),
Random Forest, Convolutional Neural Network
(CNN) va Long Short-Term Memory (LSTM).
Mbi mé hinh ¢6 wu diém va han ché riéng, phu
hop véi ting loai dit liéu va muc dich nghién ctru
khéc nhau.

tugng qua khop (over-

M6 hinh Uu diém Nhuoc diém Ung dung
SVM (Support Vector | Hoat dong tot voi tap | Khé mé rong véi dix Phu hop khi tap dir liéu
Machine) di¥ liéu nho, tranh hién [li€u 16n, yéu cau nhiéu |nho hodc trung binh,

tai nguyén tinh toan phan loai giong noi voi

fitting). khi xtr Iy dit liéu c6 s6 | sb luong dic trung it.
chiéu cao.
Random Forest Manh mé, 6n dinh, d& [ Kho giai thich logic Tt cho cac bai toan
trién khai va it bi anh | bén trong mo hinh, d6i | phan loai giong ndi dua
huéng bdi nhiéu. khi chém khi c6 qua trén cac ddc trung trich

nhiéu cay quyét dinh. | xuat (MFCC, pitch,

Term Memory) thoi gian, ghi nho
thong tin dai han gitp
phén tich tin hi¢u
giong noi chinh xéc.

formant).
CNN (Convolutional | Xir Iy tét dir lidu dang | Yéu cau GPU manh, Phu hgp cho phén tich
Neural Network) hinh anh nhu spectro- | can tap dit liéu 16n dé | giong noi bang cach st
gram cua giong noi, dat hiéu suét cao. dung spectrogram hodc
kha nang ty dong trich cac ban do dic trung
xuét dic trung. am thanh.
LSTM (Long Short- Tét trong xir Iy chudi | Cham hon do d¢ phirc | Phu hop cho nhén dién

tap cao, yéu cau nhiéu
tai nguyén tinh toan.

giong noi dua trén div
liéu thoi gian lién tuc,
phan tich chudi tin hiéu
am thanh.

I1I. KET LUAN

Tom lai, trong nghién ctru nay viéc ung dung
hoc méy dé phan tich tin hiéu giong n6i nhdm nhan
dién nguy co cham noi khong chi gitp sang loc
sém ma con ho trg cac nha chuyén mon trong qua
trinh danh gia, tr d6 nang cao hi€u qua ctua qua
trinh can thiép. Mot hé théng nhan dién nguy co

cham n6i dua trén hoc may c6 thé gitip phat hién
nhitng dau hiéu bat thudng trong giong néi cua tré,
hd tro cha me va chuyén gia dua ra quyét dinh kip
thoi vé cac bién phap can thiép. Diéu nay dic biét
quan trong trong bdi canh hién nay khi ty 18 tré gip
van dé vé phat trién ngdn ngir ngay cang gia ting,
nhung ngudn luc chuyén mén van con han ché.
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