TAP CHI NGHIEN ClPU Y HOC
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Nghién ctru tng dung tri tué nhén tao (Al) trong nhén dang giong cta bénh nhén Parkinson (PD) so voéi
nguwoi khde manh, di liéu tiéng Viét. Nghién ctru cat ngang, thuwc hién tai Bénh vién Dai hoc Y Ha Noi tcr
nam 2024 dén 2025, véi 20 bénh nhén dwoc chdn doan PD va 60 nguoi dbi chiing khée manh. Giong néi
duoc ghi 4m: kéo dai nguyén ém /a/, /i/, /u/ (= 3 gidy, Idp lai 3 I14n), doc céu chudn 25 &m tiét va néi tw do
trong 30 gidy. Panh gi4 céc dac trung 4m hoc gbm jitter, shimmer, d6 hai thanh (HNR), tn sé co bén (F0)
trung binh/ dj léch chuédn va chi sé am hoc (MFCC). Huén luyén hai mé hinh Al: Méy vecto hé tro véi ham
nhéan co s& (SVM - RBF kernel) va Mang no-ron tich chép trén biéu phé Mel, dénh gia bang hé kiém dinh
chéo 5 phén. Két qua: M6 hinh CNN dat dé chinh xac véi AUC 0,91, d6 nhay 88% va do déc hiéu 84%.

Tir khéa: Parkinson, giong néi, tri tué nhan tao, CNN, MFCC, tiéng Viét.

. DAT VAN BE

Réi loan giong néi la biéu hién khong van
dong phd bién & bénh Parkinson (PD), &nh
hwéng dén khodng 60 - 90% nguoi bénh trong
tién trinh bénh, bao gébm céc triéu chirng nhw
don diéu cao d6 va cuwdng do, giam am lwong,
run giong, néi lap va rdi loan nhip diéu."® Nhirng
ri loan nay gay anh hwéng nghiém trong dén
kha nang giao tiép va chat lwong cudc séng clia
bénh nhan. Cac phwong phap danh gia truyén
théng dwa trén cdm quan chuyén gia ho&c cac
chi s6 am hoc don bién nhu jitter, shimmer va ty
sb tin hiéu trén nhiéu (HNR) thwdng phu thudc
nhiéu vao ngudi danh gia va cé do nhay thap
trong viéc phat hién nhirng thay déi sém & giai
doan dau bénh.45
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Sw phat trién ctia hoc may va tri tué nhan tao
(Al) da cho phép trich xuét va khai thac cac déc
trwng phé-thdi gian phi tuyén tir giong néi, gitp
phat hién sé&m va theo déi tién trién PD thong
qua cac dau 4n giong néi (voice biomarkers).61°
Céac nghién ctru rng dung mang no-ron tich
chap (CNN) va kién truc Transformer trén di
liéu biéu phd Mel (Mel-spectrogram) va hé sb
Mel-frequency cepstral coefficients (MFCC)
cho két quad phan loai PD vé&i d6 chinh xac
cao, dong thoi hd tro theo ddi dap rng diéu tri
levodopa va kich thich ndo sau."-'®* Tuy nhién,
hau hét cac nghién ctru nay tap trung vao di
liéu tiéng Anh hodc cac ngdn ngir phwong Tay,
trong khi dir liéu tiéng Viét van con rat han ché.

Bén canh do, tiéng Viét 1a ngdn nglr don
am nhwng mang hé théng thanh diéu phuc
tap, bao gébm 6 thanh diéu v&i sw bién thién
I&n vé& cao do, do dbc, thoi lwgng va cudng do.
Nhirng d&c diém nay tao ra dau 4n am hoc rét
khac so v&i cac ngdn ngir An - Au, khién qua

TCNCYH 198 (01) - 2026

521



TAP CHIi NGHIEN ClPU Y HOC

trinh nhan dang giong ndéi bénh ly tréd nén kho
hon. Ngoai ra, tiéng Viét con cé sy da dang
ving mién ré rét (Bac - Trung - Nam), tao nén
khac biét vé khau hinh, tbc do néi va nhip ngat,
anh hwéng tryc tiép dén cac déc trung nhw FO,
jitter, shimmer hay MFCC.®®

Do d6, khi ap dung mé hinh tri tué nhan tao
dé nhan dang giong néi bénh ly, viéc xay dung
va huan luyén mé hinh trén di liéu tiéng Viét
ban dia la dac biét quan trong. Cac mé hinh
dwoc huén luyén tir di liéu tiéng Anh hodc cac
ngbén nglr khdng thanh diéu thwong khéng hoc
duwoc day da cAu tric Am hoc déc hiru cla tiéng
Viét, dan dén suy gidm do chinh x&c. Pay chinh
la ly do viéc phat trién md hinh Al phu hop véi
ngdn ngir tiéng Viét - ¢ thanh diéu, bién thién
vung mién va dac diém phat am riéng - mang y
nghia khoa hoc va thyc tién sau séc, goép phan
nang cao kha nang phat hién s&m bét thuong
giong noéi & bénh nhan Parkinson tai Viét Nam.°
I. DOI TUQNG VA PHUONG PHAP
1. Péi twong

Nghién ctru duwgc thwec hién trén 20 bénh
nhan Parkinson (PD) dwoc chan doan theo tiéu
chuan MDS va 60 nguwoi dbi chirng khde manh
phu hop vé tudi va gi¢i. Nguwdi tham gia dwoc
thu am giong noéi theo bd nhiém vu chuan héa
gdm: kéo dai nguyén am /a/, /i/, lul = 3 giay (1ap
lai 3 14n), doc cau chuén 25 am tiét chira d 6
thanh diéu tiéng Viét va néi tw do 30 giay.

D6i voi bénh nhan PD, thoi diém thu am
dwoc ghi nhan theo trang thai dung thudc
(ON/OFF levodopa). Nhirng trwdong hop
giong néi thay ddi ré rét ngay sau dung thubc
hodc dang trong giai doan dao déng liéu
khéng &n dinh duwoc loai trlr d& gidm nhiéu
[én dac trwng am hoc.

Tiéu chuan loai trir

Bénh ly thanh quan, réi loan phat am bam
sinh, viém thanh quan cép, trdo ngwoc hong-

thanh quan nang, tién s& phau thuat viing dau-
cb, hodc bét ky tinh trang nao gay anh huéng
doc lap dén giong néi ngoai PD.

2. Phwong phap

Thiét ké nghién ciru

Nghién ctru ct ngang mé ta, danh gia kha
nang phan loai PD bdng mé hinh Al, tuan tha
hwéng dan STARD.

Thoi gian va dia diém

Nghién ctu duoc tién hanh tai Bénh vién
Pai hoc Y Ha Noi tir ndm 2024 dén 2025.

Thu thap va ghi am giong néi

Ghi am dwoc thyc hién trong phong yén
tinh (< 35dB), dung micro condenser dat cach
miéng 20cm, 44,1kHz - 16 bit - mono. D@ liéu
dwoc chudn héa RMS, loai bd khodng lang
béng voice activity detection va khir nhiéu bang
spectral gating:

+ Kéo dai nguyén am /al/, /i/, /ul trong = 3
giay, méi nguyén am lap lai 3 lan.

+ Doc cau chuan 25 am tiét bao gédm dua 6
thanh diéu tiéng Viét.

+ Noi ty do trong 30 giay.

X ly tin hiéu

Tin hiéu am thanh dwgc chudn hoa theo
Root Mean Square (RMS), loai bé doan lang va
kh(r nhiéu bang ky thuat spectral gating.

- Phén tich dac trweng am hoc: Cac dac trwng
gbm jitter, shimmer, HNR, FO trung binh/SD
duwoc trich xuat bang Praat; dac trung MFCC
(13 hé sb + delta & delta-delta) dwoc tinh ti
toan bd nhiém vu phat am.

Chia di¥ liéu huan luyén - kiém dinh

Dé tang tinh minh bach va gidm sai léch do
¢® mau nhd, nghién ctru chia di liéu theo hai
chién lwgec:

- Kiém dinh chéo phan tang 5 phan (5-fold
stratified cross-validation) cho quéa trinh huén
luyén - t&i wu siéu tham sb.
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- Gitr lai 20% d@Gr liéu doc lap (hold-
out test) dé& danh gida cudi cung.
Ty 1& phan bé mau PD/déi chirng duoc gilr
nguyén trong tirng tAp con nham tranh léch
phan 1&p.

Mé hinh Al

- Hai m6 hinh dwgc so sanh:

+ SVM (RBF kernel): mé hinh don gian, it
tham sd, dwoc téi wu bang grid search.

+ CNN: gdm 4 khéi convolution-batchnorm-
ReLU-max pooling, dropout 0,3; t6i wu bang
Adam, ap dung early stopping dwa trén tap
validation cua tirng fold.

Do CNN c6 sb tham sb 1&n so véi ¢ mau
(80 ngu i), nguy co overfitting dwoc lwu y. Mac
du da dung dropout, cross-validation va early
stopping, mé hinh van c6 kha nang hoc thudc
div lieu khi sb lwong mau it. Sw vwot troi cla
CNN (AUC 0,91) so v&i SVM (AUC 0,82) can
dwoc dién gidi than trong va kiém chirng bang
tap dir liéu déc l1ap quy mé lén hon.

- Banh gid md hinh

+ Cac chi sb danh gia gém: AUC ROC, do
nhay, dé dac hiéu, F1-score. So sanh AUC gilra
moé hinh thwe hién béng kiém dinh DeLong. Déc
trung quan trong dwoc gidi thich bang SHAP
(SVM) va Grad-CAM (CNN).

Chién Iwoc chia di¥ liéu Train - Validation
- Test

Phan bién yéu cau lam rd chién lwoc chia
dir liéu; muc nay da duoc viét lai nhuw sau:

D@ lieu dwoc chia theo hai tAng danh gia
déc lap:

(1) Giai doan huén luyén va ti wu héa mé
hinh

St dung 5-fold stratified cross-validation
nhdm dam bdo ti 1&é PD/déi chirng dwoc gilr
nguyén trong ting fold. M&i vong gém:

- 4 phan cho huan luyén (training set).

- 1 phan cho hiéu chinh siéu tham sbé
(validation set).

Cac ky thuat dwgc ap dung trong giai doan
nay gém dropout, batch normalization, early
stopping, nham gidm nguy co overfitting.

(2) Giai doan danh gia cubi cuing

Sau khi t6i wu mo hinh, 20% di¥ lieu dwoc
gir lai hoan toan déc lap (independent hold-out
test set) d& danh gia hiéu nang cudi cung cla
tteng mo hinh.

Chién lwgc nay gitp giam thiéu sai léch do
c® méau nhé va tang tinh khach quan khi so
sanh gitra cac md hinh.

3. Bao dirc nghién ctru

Tét ca ngwdi tham gia déu ky cam két déng
y tham gia; nghién ctvu khdng xam lan va duoc
thwe hién theo dung quy trinh dao ddrc y sinh.

Ill. KET QUA

Bang 1. Pac diém mau nghién ctru

. Tuéi trung binh Gi®i tinh .
boi twong So lwong . Giai doan Hoehn-Yahr (PD)
(mean * SD) (Nam/Niv)
Benh nhan 20 65,4 +7,2 12/8 | (30%), Il (50%), Il (20%)
Parkinson T o o °
Ngudi déi chiing 60 64,1+6,8 36/24 -

Mau nghién ctru gébm 20 bénh nhan PD giai doan ti | dén Ill va 60 nguwoi dbi chirng khde manh,
duwoc can bang vé tudi va gidi tinh, d@m bao tinh dai dién cho nhém nghién ctu.
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Bang 2. Cac nhiém vu ghi am va dic trwng am hoc trich xuét

Giong noi Mo ta Pac trirng am hoc
Kéo dai nguyén am e s Jitter (local, RAP), Shimmer (local, APQ),
) = 3 giay, lap lai 3 1an
fal, lil, lul HNR, FO mean/SD
DPoc cau chuan Bao gdm du 6 thanh diéu MFCC (13 hé sé + delta, delta-delta),

25 am tiét tiéng Viét céac chi sb trén

Noi tw do i R L ex n 2

Tw do ndi chuyén Cac dac trwng am hoc tong hop

trong 30 gidy

Céc nhiém vu dwoc thiét ké da dang, bao phi tir nguyén am kéo dai dén cau chuén va noéi tw do,
nhdm khai thac tdi da cac dac trwng am hoc lién quan dén ri loan giong néi ctia PD.

Bang 3. Hiéu nang mé hinh phan loai Parkinson vs. ngw&i khée manh

M5 hinh AUC b6 nhay DO dac hiéu DPiém p-value
(95% CI) (%) (%) F1 (so sanh AUC véi CNN)
CNN 0,91 (0,85 - 0,96) 88 84 0,86 -
SVM (RBF) 0,82 (0,75 -0,89) 75 78 0,76 0,02

M6 hinh CNN thé hién hiéu suat vuot trdi so véi SVM trén tap dir liéu tiéng Viét, véi AUC cao, do
nhay va dé dac hiéu tbt, phu hop cho nhan dang giong néi bat thwerng & PD.

Bang 4. Hiéu nang phan loai theo tirng nhiém vu giong néi (AUC)

Nhiém vu giong néi AUC
Kéo dai nguyén am /a/ 0,90
Kéo dai nguyén am /i/ 0,85
Kéo dai nguyén am /u/ 0,83
Doc cau chuén 25 am tiét 0,89
Néi tw do 0,80

Téac vu kéo dai nguyén am /a/ va doc cau chuan cé hiéu qua phan loai cao nhét, chirng té day la
cac nhiém vu phu hop dé phat hién réi loan giong ndi do PD trong tiéng Viét.
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Bang 5. Cac dac trwng am hoc quan trong dwoc xac dinh qua giai thich mé hinh

Lop

Thm quan trong (chula hia)

0.2

- A

Dac trung am hoc

Biéu do 1. Cac dic trieng am hoc ctia nhém d6i twong nghién clru

Cac bién Jitter, HNR va hé s& MFCC delta
duwoc xac dinh & nhirng yéu t6 quyét dinh trong
viéc phan loai, phan anh ré sy khac biét trong
dac trwng giong ndéi cia bénh nhan PD so voi
nguwoi khde manh.

IV. BAN LUAN

Nghién ctru cho thdy mé hinh mang no-ron
tich chap (CNN) dat hiéu nang phéan loai giong
néi bénh nhan Parkinson cao, v&i gia tri AUC
0,91, vuwot trdi so véi mé hinh may vector hd
tro (SVM) cé AUC 0,82. Hiéu nang nay twong
ddng vo&i cac cong trinh quéc té (rng dung hoc
sau trong nhan dang giong noéi clia bénh nhan
Parkinson, v&i AUC thwong dao dong trong
khoang 0,85 - 0,93.'362 K&t qua clng cb giad
thuyét rang cac mé hinh hoc sau cé kha nang
tw dong hoc cac dac treng phé - th&i gian phire
tap tir tin hiéu giong néi, phan anh nhirng dao
dong khoéng déu ctia thanh mén va sw suy gidm
phdi hop than kinh - van déng trong qua trinh
phat am cla ngwdi bénh. Nguwoc lai, SVM dya
trén cac dac trweng am hoc tha cong nhw Jitter,
shimmer, HNR hay MFCC chi mé ta dwgc mot
phan sy bién thién cla tin hiéu, dan dén kha
nang nhan dang thap hon.

O cac tac vu ghi &m, viéc phat am kéo dai
nguyén am /a/ va doc cau chuan cho hiéu qua
phan loai cao nhét, trong khi néi tw do cé db
bién thién 1&6n hon nén cho AUC thap hon.
Diéu nay co thé ly giai béi cac tac vu co cau
trac 6n dinh giup gidm nhiéu ngén ng va én
dinh cao d6, cwong dg, thuan lgi cho viéc trich
xuat d&c trung am hoc. Két qua phu hop véi
nhiéu nghién ctu québc té chirng minh rang cac
bai phat am cé cAu truc rd rang, nhu kéo dai
nguyén dm hoac doc cau cd dinh, 1a cbng cu
hiéu qua dé phat hién sé&m réi loan giong ndi
trong Parkinson. 7101113

T gbéc nhin I1dm sang, mo hinh tri tué nhan
tao, dac biét CNN, co thé dwoc trng dung trong
sang loc va theo doi bénh nhan Parkinson tir xa
théng qua cac nén tang di dong, gép phan phat
hién sém va gidm ganh ndng kham tryc tiép.®'4
Hé thdng con cé thé hd tro danh gia dap ng
diéu tri bang cach theo ddi sy thay dbi cac chi sd
am hoc nhv jitter, HNR, hay MFCC-delta trong
qua trinh st dung levodopa hoac kich thich
ndo sau.?8" Ngoai ra, viéc ap dung mé hinh
nhan dang giong ndi c6 thé hé tro' bac si trong
viéc quyét dinh chi dinh cac liéu phap giong noi
chuyén sdu nhw LSVT LOUD, hoac danh gia
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hiéu qua phuc hdi giong sau can thiép.'®

Hiéu nang mé hinh trong nghién clu nay
nam trong khoang gié tri da cong bb quédc té, cho
thay tinh kha thi khi 4p dung trén dir liéu tiéng
Viét - mét ngdn nglr cé thanh diéu phirc tap va
d&c thu vang mién.3710 Tuy vay, nghién ctru van
con han ché vé ¢& mau nhd va tién hanh tai mot
trung tadm, cé thé &nh hwéng dén tinh dai dién
ctia két qua. Trang thai ON/OFF thuéc clia bénh
nhan chwa dwoc chuén hoa tai thoi diém ghi am,
trong khi yéu té nay da dwoc chirng minh cé thé
tac dong dén giong noi. Ngoai ra, sy khac biét
viing mién va tiéng 6n méi trwong thye té chua
duoc kiém soat chat ché, cé thé lam gidm tinh
6n dinh ctia mé hinh.413.15

Hwéng nghién ctu tiép theo can mé rong
quy md da trung tam, thu thap di lieu doc dé
danh gia sw bién dbi giong noi theo thei gian va
chuén héa bd cau doc nham bao phia day du
cac thanh diéu tiéng Viét. Viéc két hop cac ky
thuat domain adaptation va loc nhiéu nang cao
sé gilp cai thién tinh (*ng dung clia md hinh
trong diéu kién thuwc t& ngoai bénh vién 5912

Nghién ctru nay khadng dinh tiém nang cla
tri tué nhan tao, dac biét mang CNN, trong nhan
dang va theo dai rdi loan giong néi & bénh nhan
Parkinson, mé& ra hwéng tiép can méi cho chan
doan s&m va quan ly bénh bdng cong nghé
ngdn ngir tiéng Viét.

Mé&c du md hinh CNN cho két qua kha quan,
nghién ctu con han ché & viéc thiéu hinh minh
chirng SHAP/Grad-CAM, chuwa phéan tich sau
anh huwdng cda thanh diéu tiéng Viét dén dac
trung &m hoc va chwa mé réng thdo luan vé
kha nang trién khai thuc té trén thiét bj di dong.
Viéc bb sung cac ndi dung nay sé gitip mé hinh
c6 gia tri wng dung cao hon trong sang loc va
theo ddi bénh Parkinson tai Viét Nam.

Nghién ctru con mét sé han ché nhw c& mau
nhd dan dén nguy co overfitting cia mé hinh
CNN, thiéu kiém dinh trén dir liéu tiéng 6n va

céc tinh hudng ghi am thuc té, va chwa cé kiém
ching da vung - da giong trong tiéng Viét. Cac
nghién ctru tiép theo can mé rong div lieu da
trung tam, bé sung tap kiém dinh doc lap va
danh gia kha nang chéng nhiéu ctia md hinh.

V. KET LUAN

M6 hinh CNN dat do chinh xac cao véi AUC
0,91, d6 nhay 88% va dd dac hiéu 84%, vuwot
trdi hon so véi SVM, cho thay tiém nang manh
mé trong nhan dang réi loan giong néi ctia bénh
nhan Parkinson trén di¥ liéu tiéng Viét. Két qua
nay mé ra trién vong (rng dung Al trong sang
loc va theo doi lam sang bénh Parkinson hiéu
qua va thuan tién.

LO1 CAM ON

Chung téi xin chan thanh cam on tat ca
cac bénh nhan va nguoi ddi chirng da tham
gia nghién ctru. Céc tac gia tuyén bd khodng cod
xung dét loi ich lién quan dén ndi dung bai bao.
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Summary

APPLICATION OF ARTIFICIAL INTELLIGENCE IN VOICE
RECOGNITION FOR PARKINSON'’S DISEASE

This study applied artificial intelligence (Al) to recognize the voices of patients with Parkinson’s
disease (PD) compared with healthy controls using Vietnamese-language data. A cross-sectional
study was conducted at Hanoi Medical University Hospital from 2024 to 2025, involving 20 diagnosed
PD patients and 60 healthy controls. Voice samples were recorded, including sustained vowels /a/,
fil, lul (= 3 seconds, repeated three times), reading a standardized 25-syllable sentence, and 30
seconds of spontaneous speech. Acoustic features analyzed included jitter, shimmer, harmonic-
to-noise ratio (HNR), mean and standard deviation of the fundamental frequency (FO), and Mel-
frequency cepstral coefficients (MFCC). Two Al models were trained: a Support Vector Machine with
a radial basis function kernel (SVM-RBF) and a Convolutional Neural Network (CNN) applied to Mel
spectrograms. Performance was evaluated using 5-fold cross-validation. Results: The CNN model
achieved an accuracy with an AUC of 0.91, sensitivity of 88%, and specificity of 84%.

Keywords: Parkinson’s disease, voice, artificial intelligence, CNN, MFCC, Vietnamese.

528 TCNCYH 198 (01) - 2026



