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TOM TAT

Céc thuat todn méy hoc dugc st dung dé giai quyét cac bai toan phan loai la d€ danh gia hiéu suat
clia cac gidi thuat mang tinh thai sy nhat. Muc dich la c6 gang cai thién két qua ctia mot phuong
phap dé dugc st dung trong mot nghién clu tuong ty nhu phuong phdp dugc st dung trong
nghién cliu nay. Bai bdo trinh bay viéc xay dung bd dir liéu da trang thai lién quan dén cac hoat
déng clia mat va biéu hién ctia khudn mat. Tin hiéu dugc ghi va luu trl béi su két ndi clia thiét bi
di dong it kénh. DT lieu dugc t8i uu béng cac ky thuat chudn hoa z-score, max-min. Ky thuat kiém
ching chéo ing dung phuong phap phan tang 1ap lai dugc si dung dé phan chia di liéu thanh
cac doan hudn luyén/kiém tra. Cac dac trung cua tin hiéu dién ndo gom cac dai tan delta, theta,
alpha va beta dugc phan tach bang phuong phéap bién déi Wavelet ho Daubechies. Cac tinh nang
trén mién thdi gian va tan s6 dugc trich xudt tinh toan nang lugng téng cdng, nang lugng thanh
phan chi tiét, nang lugng thanh phan xdp xi, nang lugng tuong doi. Ba thuat toan, may véc-ta hd
trg, k-1ang giéng gan nhat va thuét toan téng hop, dugc sit dung dé phét trién thanh 17 mé hinh
phan loai, nham t6i uu hda hiéu sudt phan loai clia cac thuat toan méy hoc. Cac mo hinh nay dugc
strdung qua d6 cac tham sé dugc khao sat va téi uu hda, nham co thé dé xuat duge mot mo hinh
phan loai tét nhat cho bo di liéu Data-021. Mé hinh Subspace ensemble dugc dé nghj vi hiéu suét

mo hinh dat 87,7%.

Tur khoa: biéu hién khudn mat, dién ndo d6, may hoc, phan loai, x ly tin hiéu

GIGI THIEU

Thong tin trang thai ctia ndo dugc ghi lai bdng cac tin
hiéu dién ndo d6 sinh ly (EEG), dugc st dung rong
rdi d€ nghién ctiu cac hoat dong khac nhau ctia nio.
Mot y nghia dién hinh trong viéc hé trg chdn dodn cac
loai bénh nhu dong kinh 1, cdcloai bénh lién quan dén
than kinh vin dong nhu bénh parkinsonz, hay bénh

Alzheimer?

. Bén canh dé, phan loai cac trang thai
ctia tin hiéu dién nao d6 van 1a bai todn dugc cac nha
nghién ctiu quan tdm vi tinh nén tang va kha ning
ung dung cao. Cu thé nhu cac bai todn phan loai dit
liéu ghi nhén cac trang thai cam xuc?, nhan dang va
mo6 phong lai céc trang thdi cdm xtic, nhan dang nét
mit dya trén dién nio d6°, nhan dang céc hanh vi
khi dang l4i xe bing tin hiéu EEG’, c4c trang thai tin
hiéu tudng tugng ct dong tay, chin, hay diéu khién
cim, nim vat®’. Phan loai tin hiéu EEG vé tu duy,
suy nghi '%, hay tinh bao mat xc thyc ctia séng nio '
Dii liéu vé séng nao la da dang va khong gi6i han linh
vic, day van 1a hop den rong 16n déy bi 4n d€ kham
pha. Mot trong nhiing phuong thic ho trg t6i uu dé
gidi dap cdc bai toan phén loai, dy doén tin hiéu dién
ndo do chinh la cac thuat toan may hoc.

Gan day, cac phuong phap téng hgp dé€ phan loai tin
hiéu EEG da thu hat sy cht y ngay cang tang trong

gi6i hoc thuét. Sun va cong su da danh gia hiéu suat
ctia ba phuong phép téng hop phé bién, dé 1a bag-
ging, boosting va random subspace. Ho bédo cdo ring
khé néng cta cac phuong thiic tong hgp phu thudc
vao cac bo phén loai co s&, ddc biét 1a cac cai dit va
tham s6 dugc st dung cho tting bd phan loai riéng
1812, Dehuri va cong su 13 43 trinh bay tap hop cac
phuong phap mang thin kinh chtic nang co s& xuyén
tam (RBFNs) dé xac dinh cdc con co giat dong kinh.
Phuong phap nay dua trén phuong phap bagging va
stt dung cdc RBFN tién hda khac biét (DE) lam bd
phén loai co s§. Dién ndo d6 dugc phan tach véi
su bién d6i Wavelet thanh cdc dai con khéc nhau va
mot s6 thong tin thong ké dugce trich xudt tu cac hé
s6 Wavelet d€ cung cép lam dau vao cho mot tip hop
cac DE-RBFN. Két qué phén loai x4c nhén raing nhém
DE-RBFN dugc d€ xudt c6 tiém nang 16n hon dé xac
dinh céc r6i loan dong kinh. Nhén biét cam xuc tu
cdc tin hiéu dién nao d6 bing cach st dung thuat toan
phan tich dang kinh nghiém (Empirical Mode De-
composition, EMD) dugc Degirmenci va cac tac gia
trinh bay. Ho st dung EMD trong giai doan xt ly
bdi nhiing vu di€ém nhu phén tich dugc nhiing tin
hiéu khéng tuyén tinh va khong c6 dinh. Nhém tac
gid st dung mot s6 thuét todn hoc mdy d€ phan loai

Trich dan bai bao nay: Tién VH T, Quynh N T N, Phuéc N T, Tu&n H V. S& dung bién ddi Wavelet va cac
thuat toan hoc may dé€ phan loai cac trang thai biéu cdm khuén mat théng qua tin hiéu dién nao do.
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tin hiéu nhu mdy véc-to hé trg (Support Vector Ma-
chine, SVM), tich biét thtc tuyén tinh (Linear Dis-
criminant Analysis, LDA) va Naive Bayes. Thuét toan
mady véc-to ho trg cho két qua t6t nhét v6i do chinh
x4c, do nhay va d¢ dic hiéu ung véi cic gia trj 1an
lugt 12 87%, 86% va 97% 4. Nhom téc gia st dung tin
hiéu EEG d€ phuc vu cho viéc phan loai bénh dong
kinh. Bai bdo dua ra mdt mo hinh nhdm nang cao
d0 chinh x4c trong phan loai cdc tin hiéu nhiéu trong
khi van gitt dugc lugng thong tin phtic tap. Phuong
phép bién d6i Wavelet r6i rac dugc st dung dé trich
xudt tinh nidng va dua vao khao sat véi cac thuét toan
phén loai nhu mdy véc-to hé trg (Support Vector Ma-
chine), mang than kinh nhan tao (Artificial Neural
Network), Naive Bayes cung v6i bd phéan loai t6 hgp
tin hiéu nhan biét nhiéu (NSC) nay két hgp bén mé
hinh phén loai dya trén hiéu suét riéng 1é ctia ching.
NSC cho cdc két qua phan loai tét nhat v6i cac tin hidu
c6 ty 1é tin hiéu trén nhiéu (SNR) vé6i 1dB, 5dB, 10dB
lan luot 1a 0,80 0,84 va 0,88. Dic biét dd chinh xac
véi tin hiéu “sach” 1én dén 0,9 va cao hon so véi cic
thuat toan phan loai khac '°. Yu Chen va cong su '© st
dung céc tinh nang 6 mién thadi gian, mién thoi gian-
tan s6 va cac tinh ning phi tuyén do chung c6 nhiing
diac diém mang tinh toan dién va thich hgp. Ngoai
ra, phuong phép LDA con dugc st dung d€ lya chon
tinh ning nhdm cai thién két qua phan loai. Thuit
toan Ensemble v6i mé hinh Adaboost dugc st dung
va dat dugc do chinh xdc trung binh & chiéu domi-
nance la 88,70%. Bo phan loai c6 thé tip trung tét hon
vao cac miu phén loai sai, nho d6 cai thién duge kha
néang tdng quat hoéa, tranh tinh trang qua muic (overfit-
ting) va cai thién hiéu suat phin loai cdm xdc. Zhuang
va cac cong sy da st dung bo dii liéu DEAP va xti ly
tin hiéu dién nio boi thuat toan EMD. Uu diém cta
EMD lalgi thé st dung nhiing thong tin dao dong hon
nhiing phuong phap khac. Ngoai ra, khi so sanh véi
phép bién d6i Wavelet thi EMD con ¢6 thé phén tich
tin hiéu ty dong va bo qua viéc lya chon ctia s6. Tin
hiéu EEG sé dugc phén tich thanh nhiing ham ban
chat (Intrinsic Mode Function, IMF). Cac thong tin
ctua IMF dugc chon lam céc tinh nang nhu su khéc
nhau vé€ thai gian, sy khac nhau vé pha va nang lugng
dugc chuén héa. Thanh phin IMF1 cho két qua t&t
nhat, do chinh xac & chiéu valence va arousal lan luot
1270,41% va 72,10% 7.

Xu hudng xdc dinh mét mé hinh t6t nhét da phd bién
tir1au, cho dit mé hinh d6 dya trén may hoc hay théng
ké thi d6 chinh x4c cho m¢t moé hinh ciing phan nao
hé trg manh mé trong céc phat trién ting dung phéan
loai EEG. Bén canh céc m6 hinh y nghia siu sic trong
linh vyc y té, dap ting su phat trién va nhu ciu st dung
cuia dai da s6 con ngudi ciing ngay cang tang. Cac ting

dung t6i uu héa cudc song con ngudi duge phat trién
va st dung cang ngay cang phd bién. D& déng gop
vao nguon dii liéu nghién ctiu, chiing toi tién hanh thi
nghiém thu thap di liéu, khao sat cdc ki thuat chudn
héa va phan tich di liéu huén luyén, kiém tra. Céc
thuat toan may hoc dugc st dung d€ phan loai cic
trang thai da liéu thu dugc.

DU LIEU VA PHUONG PHAP

Dii liéu phan loai

B¢ dit liéu data-021 1a san phidm ctia Khoa Vat ly-
Vit ly Ky thuat, Trudng Pai hoc Khoa hoc Ty nhién,
DPHQG-HCM. Dii liéu ghi lai cac hoat ddng thay d6i
dién thé ¢ bé mit vo nao bang ky thuat dién nao do.
Céc tin hiéu song ndo thu dugc & dang tin hiéu s6
lién tuc theo thdi gian. Nghién ctiu st dung thiét
bi EMOTIV Insight v6i 5 kénh tin hiéu lan lugt 1a
AF3, AF4, T7, T8 va Pz. Thiét bi dugc két ndi khdong
day dén phan mém thu dii liéu EEG SURVEY. bay la
phdm mém dugc nhém nghién ctiu xay dung trén moi
truong 1ap trinh LabVIEW. Cong cu ghi tin hiéu cho
phép nguai st dung nhép cac thong tin khao sat dugc
ti ngudi tham gia thi nghiém, giao dién ting dung cho
phép quan sat cac d6i tugng nhu nhan/ trang théi tin
hiéu, s8 lugng mau da thu, d6 thi séng ctia ndm kénh
tin hiéu, chat lugng tiép xtc cua cic kénh tin hiéu,
thoi lugng pin cta thiét bi ciing nhu chét lugng két
noi khong day gitta mdy tinh va thiét bi thu tin hiéu
(Hinh 1).

Thiét ké thi nghiém gém mot mdy tinh da cai dit phan
mém EEG SURVEY, mot thiét bi ghi tin hiéu la EMO-
TIV Insight, mét man hinh hién thi cidc doan bing
ghi hinh dnh mo ta tiing trang thai d€ nguoi tham gia
thi nghiém thuc hién theo cac mo ta c6 trong doan
bang. Ky thuit vién lam viéc véi may tinh va thiét
bi thu. Ngudi tham gia thi nghiém dugc yéu cau git
stic khoe t6t, ngt du gidc vao dém trudc thi tham gia
thi nghiém, khong st dung chit kich thich, khéng cé
tién sti cdc bénh man tinh lién quan dén thén kinh.
Noi dién ra thi nghiém la khong gian kin, han ché t6i
da cac loai tiéng 6n tli moi trudng xung quanh cling
nhu céc tdc nhin gay dnh hudng dén sy tip trung cta
ngudi tham gia thi nghiém, tuy nhién tat ca chi nim
& miic tuong déi cho phép. Ngudi tham gia dugc yéu
cau ngoi thoai mai, tha 16ng, 6n dinh tinh than trong
sudt qua trinh ghi tin hiéu. B di liéu data-021 gom
€6 10 ngudi tham gia thi nghiém, méi ngudi sé dugc
thu bay trang thdi gém nhim mat, m& mat, liéc mat
sang trdi, liéc mat sang phai, nhuén may, cudi mim
va trang thai binh thuong (14n lugt tuong ting véi cac
nhan close eye, open eye, eye left, eye right, eye brown,
smile va normal nhu mo6 ta Hinh 2). Mbi nhan dugc
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Hinh 1: Thiét Iap phan mém va thiét bi thu tin hiéu s6ng nao

l4p lai 20 14n, mdi lan kéo dai 8 gidy. Tan s6 14y mau la
128 Hz. M6 ta cu thé ca tiing nhén/ trang thai nhu
sau:

« Trang thai binh thudng (normal): Do tugng
ngoi thoai mai trén ghé, m& mat, binh tinh va
tranh bat ky cong viéc suy nghi.

o Nhim mit (close eye): Tu trang thai binh
thudng, d6i tugng dang mé mét sau khi ghi tin
hiéu ti 2-4 gidy d6i tugng dugc yéu cdu nhim
mat nhan nh3, tranh dao dong va co mat co
manh trong phén con lai ctia ban ghi.

o M& mit (open eye): T trang thai binh thuong,
d6i tugng dang nhdm mat sau khi ghi tin hiéu
ti 2-4 giay d6i tugng dugc yéu cdu mé mit cho
dén hét 8 gidy.

o Liéc mit sang tréi (eye left): T trang thdi binh
thudng, 2-4 gidy sau khi bat dau ghi, d6i tugng
dugc yéu ciu liéc mét sang trai va git nguyén
trang thdi cho dén khi qud trinh ghi diing.

o Liéc mit sang phai (eye right): Tu trang thdi
binh thudng, 2-4 gidy sau khi bat dau ghi, d6i
tugng dugc yéu cdu liéc mat sang phai va tiép
tuc cho dén khi qua trinh ghi diing lai.

o Cudi mim (smile): Tu trang thai binh thudng,
2-4 gidy sau khi bat ddu ghi, d6i tugng dugc
yéu ciu cudi mim nhe nhang (khéng hé moi, hé
rang) va tiép tuc giti nguyén trang thai cho dén
khi qua trinh ghi diing lai.

o Nhuén may (eye brown): Tu trang thai binh
thudng, 2-4 gidy sau khi bit ddu ghi hinh, d6i
tugng dugc yéu cdu nhuén may nhu thé dang
ngac nhién.

Sau khi hoan tit méi ban ghi dugc luu tri lai nhu ciu
tric thu muc & Hinh 2 véi dinh dang .txt. Nhu mo
td Hinh 3, thong tin trong mbéi tép dit liéu gom c6
gid tri ciia ndm kénh tin hiéu tuong ting véi cac cot
IED-AF3, IED-T7, IED-O1, IED-T8 va IED-AF4,
cac thong s6 thoi gian va gid tri theo hai truc toa do
ctia con quay hoéi chuyén. Trong nghién ctiu nay tip
trung stt dung gid tri ndm kénh tin hiéu dién nao d6
dé phan loai bay nhan.

Chuan héa di liéu

Mbi thuét toan c6 nhiing gid dinh vé di liéu khac
nhau nén di liéu cAn dugc chuén hoa trude khi phin
loai. C6 hai ky thuat chudn héa dit liéu 1a binh thudng
héa dii liéu (normalization) bang phuong phap chuin
héa max-min va chuin héa dit liéu (standardiza-
tion) bing phuong phap chudn héa z-score %1%, Binh
thuong hoa max-min la mot ky thuat don gian trong
d6 ky thuét nay c6 thé khép dit liéu mot cach cu thé
trong mot ranh gidi xac dinh trude véi mot ranh gidi
xdc dinh trudc. Déy 1a sy diéu chinh ty 1¢ sao cho dii
liéu ndm trong khodng [0; 1] hodc ciing c6 thé [-1; 1]
béng céch ap dung cong thic (1). Trong do, x 1a gid
tri dit liéu chua chuén hoa, X, la gid tri di liéu nho
nhdt, Xmay 12 gid tri di liéu 16n nhét, X, 12 di liéu
sau khi chu&n héa?’.

X — Xmin

1

Xnew = ———
Xmax — Xmin
Ky thuat chuén héa di liéu dugc st dung phd bién
nhét 1a z-score dugc tinh bang gid trj trung binh cong
(1) va dd léch chuén (o) cha dit liéu da cho dya vao
cdng thic (2). Pay 1a ky thuat ty 1¢ di liéu gitp cho
gid tri ctia moi dic trung hay quan sat co gid tri trung
binh bang 0 bang cich trit di p & tli s6 va phuong sai

ctia phan phéi bing 1 khi chia cho ¢ & mau s62!.

x—p
(e}

2

Xnew =

Trong nghién ctu nay, di liéu dugc chuin héa bing
céac ky thuat max-min, z-score trudc khi tién hanh cac
budc trich xuit dic trung cta di liéu. Nghién ctu
ciing trinh bay mot s6 két qua khao sat dugc khi dit
liéu chua dugc chudn hoéa d€ c6 nhiing nhan dinh
khéch quan vé tim quan trong ctia chudn hoa di liéu.

Kiém chiing chéo ditliéu

Phén tach dit liéu thanh cic tdp hudn luyén va kiém tra
la mot déc trung ctia cdc mo6 hinh hoc ¢6 gidm sat cua
cac thuat toan may hoc 22,23 Khi cho céc tham s6 vao
mot ham dy dodn va kiém tra trén cling mot tap di
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eye brown_5_0.txt
eye brown_5_1.txt
eye brown_5_2.txt

| eye brown 5 3.txt

eye brown_5_4.txt
eye brown_5_5.txt

| eye brown_5_6.txt
eye brown_5_7.txt
eye brown_5_8.txt
eye brown_5_9.txt
eye brown_5_10.txt

eye brown_5_11.txt

5 close eye
6 eye brown
7 eye left

8 eye right
9 normal
10 open eye
11 smile

12

13

14

15

| eye brown_5_12.txt

eye brown_5_13.txt

eye brown_5_14.txt
| eye brown_5_15.txt
eye brown_5_16.txt
eye brown_5_17.txt
eye brown_5_18.txt
eye brown_5_19.txt

Hinh 2: Cau tric thu muc cda data-021

Gia tri kénh tin hiéu

Gid trildy m3u| Ref. AF3,T7, 01, T8, AF4 GYRO ;'i"a‘: Gid tr| dénh d&u
|ED_COU IED_INTE IED_MAR
N;ER RPOLATE |ED_c|rW IED_AF3 | IED_T7 | IED_O1 | IED_T8 | IED_AF4 lEDa:YR 'ED63VR IES?I'E-:IANP'E IEDK_E’?‘AR lESDI_GSNv'A\‘If: KER_HAR| Mark
D = = DWAR

116 0| 450| 4203.077| 4157.436| 4121.026| 4133.846| 4165.641] 8190| 8212| 2351.389 [8) 0| [0 0|
117| 0| 450] 4209.231]| 4151.282| 4103.59| 4139.487| 4156.923| 8192 8214| 2351.397 0 0| 0l 0|
118 0| 450| 4182.051| 4127.692| 4066.667| 4116.41] 4140 8189 8216| 2351.404 0 0| 0l 0|
119| 0| 16197| 4173.333| 4131.795| 4068.718| 4110.769| 4146.667| 8195 8213| 2351.412 0 0| [0 0|
120)| 0| 450| 4178.462| 4131.795| 4072.821| 4104.103| 4153.333| 8197 8208| 2351.42 0 0| 0l 0|

Hinh 3: Cau trdc cia mot tép dir liéu

liéu, day la sailam vi mé hinh chi gdp cdc nhan ma mo
hinh vita kiém tra nén két qua thu dugc tuyét d6i ding
va két qua nay khong c6 y nghia. Day chinh la van dé
dugc goi 1a qua muc (overfitting) . Kiém chiting chéo
la gidi phap cho van d€ qua muic stt dung mét phuong
phap thong ké danh gid va so sanh cac thuét toan hoc
tap bang cach chia dii liéu thanh hai phan doan: mét
phén doan diing dé hoc hodc dao tao mé hinh va phéan
doan con lai dung d€ xac thuc mo hinh. Bén canh do,
kiém chiing chéo 1a ki thuét ldy mau d€ danh gid mo
hinh hoc may trong truong hop di liéu khong duge
doi dao?°. Dii lidu dugce chia thanh k doan (k-fold) va
1dp lai k14n. Trong d6, k dai dién cho s6 nhom dii liéu
dugc chia nhu mé ta Hinh 4. Gia tri ctia k dugc chon
sao cho moi tap dii liéu huan luyén/ kiém tra chita s6
lugng mau dii liéu dua 16n d€ dai dién vé mat thng ké
cho tép dit liéu rong hon. Kiém ching chéo c6 bén

bién thé gom:

o Train/ Test split: chi tao ra duy nhat mot tép
huén luyén va mot tip kiém tra d€ danh gia mo
hinh. Pay la truong hgp déc biét ctia CV khi
k=2%.

o Leave-one-out CV: day 1a trudng hop k bing véi
kich thuéc cua tap di liéu, tic tit ca d6i tugng
trong dii liéu déu c6 co hoi dugc dua ra khoi tap
dii lieu?’.

o Stratified: khi dii liéu dugc chia thanh k-fold,
mbi phén sé chiia cung mot ty 1é phan loai nhét
dinh?®. Tuong ung véi dii liéu trong nghién
ctiu, data-021 c6 kich thudc 1400 mau, dugc
chia thanh 10-fold, méi fold chita 220 mau bao
gom ddy du bay nhan.

o Repeated k-fold kiém chiing chéo 14n lugt dugc
13p lai n 14n, trong d6 quan trong 1a mau di liéu
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dugc x40 tron trudc mdi 14n 13p lai, dan dén sy
phan chia mau khac nhau?’.

Trong nghién ctu nay, cdc bién thé Stratified va Re-
peated dugc két hgp v6i nhau nham tao ra cac k-fold
v6i kich thude va s6 lugng mau tuong ing méi nhan
14 nhu nhau 6 méi doan (fold), qua trinh kiém ching
dugc 1dp lai 10 lan va di liéu dugc xdo trén mot cach
ngau nhién. Phuong phap nay dugc goi la kiém chiing
chéo k-fold Stratified Repeated hay goi tit 1a k-fold
SRCV. Budc dau st dung ky thuat 2-fold SRCV dé
khao sat tit ca cic mo hinh phén loai nhdm lya chon
mo hinh t6i vu trude khi khéo sat t6i uu héa cac tham
$0.

Trich xuat déc trung

Nghién cttu st dung phuong phap bién d6i Wavelet
r&irac (DWT) ho db4 d€ phan tach dit liéu thanh nim
muic>?. Tin hiéu d4u vao cé tn s6 14y méu la 128 Hz,
thu dugc céc gid trj tAn s6 & cdc muic sau mdi lan phan
tach tuong ing véi nhip séng nao dic trung (Bang 1).

Bang 1: Mdi lién hé giira cac hé s6 Wavelet véi cac
nhip EEG

Heé s6 Wavelet Téan s6 (Hz) Nhip EEG
D, > 63 Nhiéu

D, 32-63 Y

Ds 16 - 32 B

Dy 8-16 a

Ds 4-8 0

As 0-4 [

Pién nao d6 dugc phan tach thanh nam day séng dac

tring 12 delta, theta, alpha, beta va gamma®!

. Tuy
nhién, gamma 13 nhip séng chi c¢6 thé thu dugc néu st
dung ki thuét 14y mau xam 14n (ttic cdc phuong phap
cdy ghép dién nao tiép xdc véi nio hodc sau trong té
bao ndo). Nghién cttu nay ghi tin hiéu bang ky thuét
khong xam l4n (st dung dién cuc kho tiép xtc véi da
du) nén céc tan s6 tuong ting gamma va 16n hon sé
dugc xem 1a nhiéu va loai bo. Cac nhip séng con lai
dugc sti dung tuong ting véi cac hé s6 chi tiét Wavelet
12 D5, D4, D3 va hé s6 xdp xi1a A5 2.

ED, :Z?l:] ‘Dij|23 1237475 (3)
Ep, = ):]};1 |As;|? (4)

R oh)
Etotal = Zi:3 EDi + EA5 (5)

T cac thanh phén ddc trung trén, nghién ctiu dé xuit
mot dang ma trin dic trung lam d4u vao cho cic

thuét todn mdy hoc. Modi kénh tin hiéu dugc phan
tach thanh bon day nhip song déc trung ctia EEG,
trong d6 ba nhip theta, alpha, beta tuong ting hé s6
chi tiét D5, D4, D3, nhip delta tuong ting thanh phan
hé s6 xdp xi As. Néng lugng thanh phén x4p xi cua
nam kénh tin hiéu, E4 (5 x N) dugc tinh theo cong
thiic (4), trong d6 N la kich thudc di liéu. Nang
luong thanh phin chi ti€t cia nam kénh tin hiéu
Ep, ; (15 % N) tinh theo cong thtic (3), ning lugng
téng cOng E;yrq(1 X N) tinh theo cong thiic (5). Do
d6, mot ma trdn gom 21 tinh nang dugc xay dung dé
cai thién hiéu qué phan loai, trong d6 N tuong ting
v6i 1400 mau di lidu.

Thuat toan may hoc
Thudt todn téng hop - ensemble method

Bagging, boosting va random subspace la ba ky thuét
phé bién nhit cua thuit todn tdng hgp. Bagging 1a
mot ki thuat st dung phuong phép bo phiéu theo da
s6. Ky thuét quy tic biéu quyét da s6 (majority vot-
ing) thu thap cac phiéu bau cla tit ca cac bd phan
loai va diéu tra tén 16p ma hau hét dugc cic bo phan
loai bdo cdo. Sau d6, md hinh chon 16p dugc bdo cdo
nhiéu nhit nhu mot quyét dinh cusi cing>*. Boosting
la mot phuong phap dua ra két qua hoc tép cudi cung
bang cdch dya vao cic du dodn két qua ctia nhiing 14n
hoc trudc. Pdu tién tao ra md hinh phan loai yéu,
cdc md hinh cai tién sau ké thita va cic diém bi phan
loai sai tii cdc mo hinh trudc dugce danh trong s6 16n
hon trung binh va tiép tuc ldp lai, ké thiia, cai tién mo
hinh cho dén khi tao dugc mo hinh dugc xem 1a hoc
gi6i®*. Nhu vdy, cic mod hinh méi bi anh hudng bai
hiéu suét ctia nhitng mo6 hinh trude. Ky thuét ran-
dom subspace dugc st dung cho bién phan héi phin
loai dugc goi la phan loai va phan hdi lién tuc dugc
goi la hoi quy. Pay 1a mot phuong phap két hgp cac
mo hinh tuong d6i gan day. May hoc dugc huén luyén
trén khong gian con dugc chon ngau nhién ctia khong
gian d4u vao ban dau (tuc la tap hudn luyén dugc lay
mau trong khong gian déc trung). Két qua dau ra ctia
cac mo hinh sau d6 dugc két hgp véi nhau, thudng
la dung binh chon da s d€ dua ra quyét dinh phan
loai cudi cting**. Nghién ctu trinh bay nim mé hinh
dién hinh ctia thuit todn téng hgp. M6 hinh Bagged
Trees stt dung ky thuat bagging véi ki€u ra quyét dinh
la binh chon theo s6 dong. M6 hinh Boosted Trees,
RUSboosted trees sti dung ki thuat boosting cting véi
binh chon két qua theo s6 dong. M6 hinh Random
Subspace, Subspace Ensemble st dung ky thuat ran-

dom subspace.
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| All data I >

Hinh 4: Ky thuat xac thuc chéo k-lan

Bang 2: M6 ta cac mé hinh phan loai cia thuat toan SVM

Models Kernel function
Linear SVM linear
Quadratic SVM quadratic
Cubic SVM cubic

Fine Gaussian SVM gaussian
Medium Gaussian SVM gaussian
Coarse Gaussian SVM gaussian

Constraint Kernel scale Multiclass
method
1 1 one vs one
1 1 one vs one
1 1 one vs one
1 1.3 one vs one
1 5.2 one vs one
1 21 one vs one

Mdy véc-to hé trg - SVM

DPong luc chinh ding sau SVM la gidi quyét truc tiép
muc tiéu téng quat hoa tdt bing cach dong thai toi da
héa hiéu suit ctia mdy trong khi gidm thiéu do phic
tap ctia mo hinh da hoc. D6i véi dit liéu data-021
c6 bay nhan, déy la bai toan phén loai da I6p. Céach
thic d€ gidi quyét bai todn la gidm vin d€ phén loai
da 16p thanh mot tap hop cac bai todn con phén loai
nhi phén, v6i méi 14n hoc SVM sé gidi quyét 14n lugt
cac bai toan phan loai hai 16p. C6 hai phuong phap
chuyén hoéa phén loai da 16p thanh hai 16p, dugc goi
1a ky thuat mot - mot (one vs one) va mot — nhiéu (one
vs all). Khi mot nhan dugc xem 13 tich cuc va tit ca
cdc nhan con lai 1a tiéu cuc, s6 bai todn con ma mo
hinh phai hoc la k, trong d6 k la s6 nhan, dugc goi
14 phuong phap mot — nhiéu (one vs all) 36, Nhu vay,
data-021 c6 bay nhan thi cdc mo6 hinh phan loai phai
hoc va giai quyét bay bai toan con. Khi mét nhan 1a
tich cuc, nhan khac 1a tiéu cuc va phén con lai bi bo
qua. Thiét ké nay loai bo tét ca su két hgp ctia cac bai

tap cdp 16p. S& 14n SVM phai hoc va phan loai cac bai
toan con la (k(k-1))/2. Tuong tng di liéu data-021 1a
21 14n hoc va phén loai cia SVM. Ham hat nhén (ker-
nel) giup chuyén van dé khong phén tach dugc thanh
phén tach dugc, titc chuyén ddi bai todn da 16p sang
nhi phan. Quy trinh chuyén déi ctia ham hat nhan
khd phtic tap, yéu cdu 1a cin tim ra quy trinh tach di
liéu dya trén cdc nhan hodc cac két qua déu ra trude
do da xac dinh dugc?’. Céc ham hat nhan dugc st
dung 1a gaussian, cubic, quadratic, linear 3839 Khida
liéu khong phan loai dugc goi 13 phan loai sai, c6 hé
6 C goi 1a hé s6 rang budc (constraint)*’. Hé s6 C
la tham s6 kiém sodt sy can bang gitia hai diéu kién
12 khoang céch siéu mit phing dén diém di liéu phai
16n nhét nhung ty 1¢ huén luyén sai cta tdp hudn luyén
dat nho nhédt. Khi ting C lam ting trong s6 clia cic
phan loai sai giup phan loai dugc cai thién va chit
ché hon. Trong thuat todn SVM ¢6 sau mé hinh phén
loai dién hinh 1 Linear SVM, Quadratic SVM, Cubic
SVM, Fine Gaussian SVM, Medium Gaussian SVM,
Coarse Gaussian SVM dugc mo ta 6 Bang 2.
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K-ldng giéng gdn nhdt - k-NN

kNN day la mot thuat toan ludi hoc hay dugc goi la
thuat toan hoc dua trén phién ban hay hoc dya trén
tri nhG. Thuat toan st dung ky thuat binh chon s6
dong d€ quyét dinh nhéin cta bé di liéu huén luyén,
cac b6 phén loai kNN thudng c6 do chinh xdc du doan
t6t & kich thuéc thap*!. Mot dit liéu khong dugc gén
nhén sau d6 dugc phén loai theo nhén cta cac di liéu
xung quanh va dugc gan nhén theo diém di liéu gin
nhét. Cac bién thé cta luge d6 nay bao gém bd phan
loai kNN, st dung phiéu bau ctia KNN dugc gan nhan
gan nhdt va b phén loai chon loc, Iuu trii va st dung
céc vi du dugc gan nhan mot cach chon loc 42, Nghién
ctiu nay st dung bo phan loai KNN véi cac nhan duge
quy dinh bang ky thuét st dung sd phiéu bau nhiéu
nhét. Cac moé hinh phan loai kNN dudc st dung gom
cdc mo hinh két hgp cong thiic tinh khodng cach Eu-
clidean: Fine kNN, Medium kNN, Coarse kNN; Co-
sine KNN; Cubic kNN; Weighted kKNN. Bén canh do,
cac ki thuit danh trong s6 ciing gitp cai thién hiéu
suét mo hinh hon. Trong k diém gin nhit, tit ca cac
diém di liéu dugc gdn nhan theo nhén c6 s6 lugng
diém di liéu nhiéu nhét trong k diém. Tuy nhién, khi
danh gid nhu vay thi vai tro ctia k diém la nhu nhau.
Trongk diém, ¢4 diém gan hon déng tin ciy hon, diém
& xa kém tin cay hon. Dé€ cai thién van dé, cic diém
dit liéu dugc danh trong s6 voi cac cong thiic w=1/d*
(trong s6 bing nghich dédo binh phuong khoang cich);
w=1/d (trong s6 bang nghich dédo khoang cach). Nho
vao viéc danh trong s6, dic tinh cta tiing diém di
liéu da dugc phéin dinh rd rang. Nghién ctiu nay st
dung phuong thic dénh trong s6 bang nghich dao
binh phuong khoang cach, day la phuong thiic thay
rd nhét khi diém cang tin cdy thi trong s6 cang 16n.

KET QUA VA THAO LUAN

DAu tién, dit liéu dugc chuén hda bang hai ky thuét
max-min, z-score va khong chuén héa dii liéu. Sau do,
DWT - db4 phan tich 5 miic dugc st dung dé trich
xudt 21 tinh ning va khoi tao ma trén 1400x21 dugc
goi 1a ma tran tinh nang lam d4u vao cho 17 m6 hinh
phén loai. Nghién ctiu st dung ky thuét 2-fold SRCV
dékiém chiing chéo diiliéu. DY chinh xdc va thaoi gian
xt 1y ctia cdc mo hinh dugc trinh bay chi tiét 6 Bang 3.
Hiéu sudt ctia cac ky thuét két hgp véi cic mo hinh
dugc danh gia thong qua do chinh xac va thoi gian xi
ly dii liéu. Dya vao két qua khdo sat, binh thudng héa
dii liéu bing ky thuat max-min cho két qua t6t hon so
véi chuén hoa dit liéu z-score va khong chuén héa di
liéu. Chudn hoéa dii liéu z-score 1a budc quan trong ddi
v6i cac tin hiéu khong cting don vi, vi cic bién dugc
do ludng & cac ty 1é khac nhau khong déng gop nhu

nhau vao phén tich va cu6i cling c6 thé tao ra mét rao
can. Tuy nhién, d6i véi di liéu data-021 1a kiéu tin
hiéu s6 lién tuc theo thdi gian (v6i don vi bién d6 1a
UV). Vi véy, chuén hoa z-score khong that sy néi bt
bang binh thudng héa max-min mic du so v6i khong
chudn héa dii liéu thi két qua phén loai dugc cai thién
hon.

Doi voi thuat todn tong hop, viéc st dung binh chon
theo s dong d€ dua ra nhén dinh cudila mét phuong
phép rat phd bién. Tuy nhién, khi ddnh gia nhu vay
thi vai tro ctia tat ca két qua bo phiéu déu la nhu nhau,
cac két qua dang tin cdy hon dugc danh gid ngang
v6i cac két qua khong dang tin cdy. Vi nhuge diém
nay, cac mo hinh st dung binh chon theo s6 dong sé
cho két qua khong t6t bing mo hinh st dung k¥ thuét
khéc, dién hinh 1a két hop ky thuét quyét dinh kNN.
Céc moé hinh nhu Boosted trees, RUSboosted trees,
Bagged trees c6 d0 chinh xdc lan lugt 51,5%, 45,5% va
74,6%. Ngoai ra, Random subspace la phdn mé& rong
y tudng ctia bagging va dugc phat trién nhu la mot d6i
thii canh tranh véi bagging. Random subspace da thé
hién 16 1gi thé khi két qua thu dugc la cao nhét véi
81,2%, hiéu qua hon so v6i Bagged trees, mac du day
ciing 1a mot trong nhiing mo hinh t6t nhét ctia thuat
toan téng hop.

Doi vé6i thuit todn SVM, duge st dung dé€ dnh xa
khong gian d4u vao cua thuét toan vao khong gian
tinh nidng c6 chiéu cao. Khi ham hat nhan la lin-
ear, cac dii liéu dugc xem la tuyén tinh, dit liéu trong
nghién ctiu la tin hiéu bién thién theo thoi gian nén
dan dén chong 14p cdc thong tin va tinh ning, hiéu
sudt phan loai cling giam di, két qua dat dugc 59,6%.
Ham hat nhan Gaussian st dung cac dudng cong
thoéng thuong xung quanh cic diém di liéu va tinh
téng cac diém di liéu sao cho ranh gidi quyét dinh
c6 thé dugc xdc dinh bdi mot loai diéu kién dé phan
tach dugc cac dic trung cua tiing nhan. Chinh vi vay,
két qua kha quan hon so v6i ham linear v6i d6 chinh
x4c 1a 78,1% cho mo hinh Fine Gaussian SVM. Fine
Gaussian SVM 1a mo6 hinh ¢6 tinh chat ctia mot da
thiic bac cao. Tich vd hudng gitia hai ham déc trung
dugc tinh bai su két hop gitia hai véc-to ma khong cdn
tim biéu dién cta dit liéu trudc khi dnh xa sang chiéu
khong gian cao. Diéu nay giup tiét kiém chi phi tinh
toan khi biét trudc dugc dinh dang ctia ham hat nhan.
Chinh vi vay, moé hinh cubic SVM cho két qua phin
loai 81,7% va thai gian xu ly dit liéu kh4 t6t so cdc mo
hinh con lai.

béi véi kNN, khoang cach Euclidean dp dung dinh
ly Pitago d€ tinh khoang cach trong khéng gian hai
chiéu. Pay la cong thiic rit pho bién, dé thyc hién va
dat két qua tot trong nhiéu trudng hgp. Khoang cach
nay chi hiéu qua véi dit liéu c6 chiéu khong gian thdp
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Bang 3: Pé chinh xac va thai gian x{t ly ctia 17 mé hinh phan loai cta cac thuat toan téng hop, thuat toan SVM

va thuat toan kNN

M6 hinh phén loai max-min
ACC (%) Thoi  gian

(gidy)
Boosted trees 55,1 12,11
Bagged trees 74,6 6,14
Subspace discriminant 55,4 9,07
Subspace Ensemble 81,2 15,98
RUSboosted trees 45,5 21,44
Linear SVM 59,6 3,87
Quadratic SVM 67,5 7,53
Cubic SVM 81,7 5,63
Fine Gaussian SVM 78,1 4,60
Medium Gaussian SVM 74,9 8,94
Coarse Gaussian SVM 54,1 10,86
Fine kNN 80,1 1,61
Medium kNN 76,0 0,75
Coarse kNN 49,8 2,11
Cosine kNN 70,1 2,00
Cubic kKNN 73,4 8,39
Weighted kNN 79,3 1,82

zscore Khong chuén héa
ACC (%) Thoi gian ACC (%) Thoi gian
(gidy) (gidy)
54,6 15,84 54,9 12,85
74,8 8,62 73,6 6,20
55,1 11,62 54,6 9,57
80,2 18,99 81,4 16,03
44,1 31,15 45,1 21,89
60,0 3,44 60,3 3,36
66,7 6,99 68,0 6,05
81,9 5,59 81,9 5,10
794 4,94 78,4 4,42
75,4 7,89 76,6 6,89
53,9 8,79 53,7 7,65
77,5 1,98 78,2 1,92
74,7 0,84 75,9 0,81
49,8 2,80 50,5 2,44
70,2 2,60 71,0 2,31
72,6 8,85 73.2 8,36
77,9 2,07 78,6 2,03

va dé bi anh hudng bai cic tinh ning. Vi vay, can phai
¢ budc chuin héa di liéu trudce khi tinh todn. Mo
hinh Fine kNN két hgp chuén hoa dit liéu max-min
da chiing minh dugc nhiing nhan dinh trén bang d
chinh x4c t6t nhat 80,1%. Medium kNN va Coarse
kNN cung chung cong thiic khoang cach nhung viéc
l4y s6 diém k lan can qua 16n da lam ty 1é chong lin
gitia cdc trang thai bi ning cao din dén hiéu sudt phan
loai ctia hai m6 hinh khong dugc t6i uu.

Sau khi d3 xdc dinh dugc mo hinh t6t nhét ctia tiing
thuat toan tuong ting, nghién ctiu sé khao sat cac két
qualién quan dén ki thuatkiém chiing chéo. Can phai
lva chon tham s6 k phtt hgp d€ thoa du hai diéu kién
1a Stratified va Repeated. S6 lugng mau gitia céc k-
fold phéi bing nhau, méi k-fold phai chita bay nhan va
s6 lugng nhén trong méi k-fold phai bing nhau (thoa
Stratified). Di liéu data-021 c6 1400 mau, gom bay
nhéin, méi nhan ¢é 220 miu. Véy k phai 13 s6 ma ca
1400 va 220 déu chia hét cho k. D6i v6i méy hoc, khi
tang s lugng mau huén luyén thi hiéu suit moé hinh
sé dugc cai thién va di kem la thoi gian hudn luyén
cing tang. Cac gid tri k ¢4 thé nhan la [5, 10, 20, 25,

50, 100], méi gid tri k tuong tng sé dugc 1ap lai n=10
lan (thoa Repeated). Két qua cia mo hinh Subspace
Ensemble, Cubic SVM, Fine kNN lan lugt dugc thé
hién & cdc Bang 4 va Bang 5. Cac két qua sé dugc
déanh gid dya trén d§ chinh xdc va do léch chudn, vi
tinh chét ldp lai x40 tron ngau nhién cic mau di liéu
nén viéc ddnh gid mo hinh dya trén d6 1éch chudn sé
giup dé danh nhén biét muc d¢ 6n dinh ctia mo hinh.
Nhu mo ta & Bang 4 va Bang 5, Subspace Ensemble
v6i 50-fold SRCV cho hiéu sudt phan loai tét nhét véi
d06 chinh xdc trung binh 1a 86,8% va d¢ léch chuin
StD 0,06%. Mo hinh Fine kNN dat két qua 84,46%
va StD 0,04% véi ki thuét kiém chiing chéo la 100-
fold SRCV. Déi v6i Cubic SVM, phuong phap phin
loai m§t - mot véi s6 14n hoc va phén loai it hon x4p
xi mdt ndia da gidm thiéu chi phi tinh todn cho mo
hinh, thoi gian huén luyén va kiém tra nhanh hon.
Bén canh d4, s6 lugng nhin phan loai khd nhiéu (bay
nhan) nhung d¢ chinh xac phén loai 85,42% khi ap
dung phuong phép moét - mot. D¢ léch chuén & 100-
fold 6n dinh hon so véi 25-fold va 50-fold. Tuy nhién,
khi phan doan dii liéu cang nhiéu, s6 lugng mau huin
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Bang 4: Két qua khao sat SRCV ctia mé hinh Subspace Ensemble va Fine k-NN

k-fold Subspace Ensemble Fine k-NN

ACC (%) StD (%) ACC (%) StD (%)
5 85,8 0,19 83,46 0,12
10 86,2 0,12 84,29 0,09
25 86,7 0,11 84,21 0,05
50 86,8 0,06 84,45 0,05
100 86,7 0,07 84,46 0,04

Bang 5: Két qua khao sat SRCV ciia mé hinh phéan loai Cubic SVM

k-fold One - one One - all

ACC (%) StD (%) ACC (%) StD (%)
5 84,12 0,12 83,68 0,15
10 84,74 0,16 84,46 0,10
25 85,42 0,07 84,48 0,09
50 85,54 0,07 84,90 0,11
100 85,54 0,06 85,04 0,07

luyén cang ting giup cai thién hiéu sudt cia m6 hinh
phén loai trd nén tét hon, d 6n dinh cia m6 hinh
dugc thé hién qua phén tram d¢ 1éch chudn rét thap
nhung thoi gian huén luyén mé hinh cling ting theo
do chi phi tinh todn b thay d6i. Vivéy, m6 hinh mang
day du tinh chat hiéu suét cao, 6n dinh va hoat dong
nhanh khi ép dung 25-fold Cubic SVM.

Subspace Ensemble

Thuét toan tong hgp stt dung mo hinh phan loai Sub-
space Ensemble 50-fold SRCV dd chinh xac 86,8% la
két qua ghi nhén dugc sau cic khao sat. Tham s6 c6
thé t6i uu hoa thém cho mé hinh Subspace Ensemble
chinh 14 s6 1an hoc. Hinh 5 mo ta sy bién d6i ctia d6
chinh xdc theo s6 14n hoc cia mé hinh. Nghién ctu
khéo sét tham s§ nay tit 1-100 v6i budc nhay 1a 1. O
lan hoc thi 29, mo6 hinh ghi nhin dugc két qua phan
loai 87,7%. Nhu véy, sau 29 14n hoc mé hinh dat hiéu
sudt t6i uu va két qua phén loai tiing nhan dugc thé
hién ¢ ma tran nham 1an Hinh 6. T4t cd cdc nhan déu
dat két qua hon 80%, ty 1é nham lan gitta hai nhan
open eye va close eye tit 7% dén 9%. Hai nhan c6 ty 1é
phén loai sai 1én dén hon 10% 1a eye left va eye right.
Céc nhin lién quan dén biéu hién guong mat, kha doc
l4p va déc trung vé mat hinh anh nén két qua phan loai
réit t6t 14n lugt 96% va 96,5% tuong uing véi eye brown
va smile. Rajdeep va cong su® da stt dung ky thuat
Adaboost thudc phuong phap boosting ctia thuat toan
tong hgp d€ phan loai tin hiéu hanh dong diéu khién

dong co v6i bon nhan. Trich xudt dic trung tin hiéu
béng cach tinh ning lugng dai va nang lugng entropy.
Cac tac gid cac ki thuat trich xudt ddc trung ching han
nhu bién d6i Wavelet r&i rac (DWT) hodc cin bac hai
dua trén Wavelet (RMS) va ning lugng-entropy (En-
gEnt), mat do phé cong sudt, cong sudt dai (Bp) va cac
thong s6 tu dong phuc hdi thich ting (AAR). Phan loai
bang ky thuit Adaboost dat 83,57% khi stt dung tinh
nédng ning lugng-entropy. Chung t6i da cai thién hon
khodng 3% so véi cac két qua ctia Rajdeep nhd vao
viéc tap trung vao cac thanh phén chi tiét ctia bién
d6i Wavelet va két hgp ba tinh nang la nang lugng dai,
nang lugng téng cong va ning lugng thanh phan chi
tiét.

Accuracy (%)]

Accuracy (%)
°
®
g

20 40 60 80 100
number of learners

Hinh 5: D6 chinh xdc cia mo hinh Subspace Ensem-
ble va sé lan hoc
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& x \g
K2 3 X 20 % et
2° & & & &L N &

e B\ & ¥ S g o
close eye 80.5 0.5 5.0 2.0 0.5 9.5 2.0
eye brown 0.5 96.0 1.0 0.5 0.5 0.0 15
eye left 3.5 1.0 81.0 11.0 15 1.0 1:0
eye right 15 0.0 10.0 82.0 3.5 1.0 2.0
normal 0.5 0.0 2.0 2.0 93.0 20 05
open eye 7.0 1.0 3.0 155 1.0 85.0 15
smile 0.5 0.5 1.0 0.5 1.0 0.0/ 96.5

Hinh 6: Ma tran nham lan cia mé hinh phan loai Subspace Ensemble

Cubic SVM (gém chén trai va chén phai). Tuy nhién, s6 lugng

D36i v6i mo hinh phén loai la Cubic SVM st dung ham
hat nhén 1 cubic (hay dugc goi tit 1a poly) nén tham
s6 t61 uu hda cho md hinh nay chinh la rang budc C.
Hinh 7 mé ta sy phu thuc ctia két qua phan loai véi
hé s6 rang budc. Tham s6 C dugc khao sat ti 10-200
v6i budc nhay 1a 10. Hiéu qué clia md hinh ghi nhan
dugc khi tham s C=60 d6 chinh xdc 1a 86,3%. Khi
tang rang budc, thoi gian xt ly di liéu ciia mo hinh
cang ting. Tuy nhién, C cang I6n thi bién ctia mat
phing phan loai cang nhé cho phép sai léch cang bé,
ty 1é phén loai sai gidm, chinh diéu nay lam cho két
qué phan loai ctia mé hinh dugc cai thién hon. Bén
canh d6, Hinh 8 ciing cho thdy két quéa phan loai ctia
cdc nhan va ty 1é nhdm 1an, phén loai sai gitta cic nhan
v6i nhau. C4c nhan vé biéu hién khudn mit cho két
qué phén loai t6t nhét 92,5% cho nhan eye brown va
90,5% cho nhan smile. Hai nhan eye left va eye right
c6 céi thién ty 1é nham 1an hon, chi con 6% dén 10%.
Déi v6i SVM, Rajdeep va cong su*? ciing thu dugc
két qua 76.7% khi stii dung ham hat nhan 13 RBF (ham
gaussian) khi st dung tinh ning trinh xuét déc trung
1a cong sudt dai. Ngoai ra, Chatterjee va cong su*!
ciing stt dung cac tinh ning tuong tu Rajdeep 14 ning
lugng dai va nang lugng entropy véi két qua lan lugt 1a
81,43% va 85% dé phan loai b6n nhén di liéu (tuéng
tugng cti dong tay, chén trai, phai). Khi trich xuit
béng ning lugng entropy thé hién rd dic tinh cua di
liéu nén két qua dugc cai thién hon khi trich xudt bang
ning lugng dai. Bén canh d6, Isa va cac tac gia *° ciing
st dung SVM d€ phan loai nhan dit liéu khi st dung
FFT dé€ trich xuit dic trung cta tin hiéu trén mién
tan s6. Dii liéu dugc kiém chiing chéo 10-fold va két
qua 1a 78,61% cho phén loai hai nhém dit liéu chuyén
dong tay (gom hai nhan tay trdi va tay phai) va chan
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nhan phén loai da dugc trinh bay ¢ day nhiéu hon véi
nghién ctiu ctia Chatterjee, Isa va két qua mo hinh Cu-
bic SVM SRCV la 86,3% cho thdy mo hinh dugc khao
sat va toi uu hda cac tham s6 t6t hon giup do chinh
xac dugc nang cao.

Accuarcy (%)’

o6

Accuarcy (%)

o84

20 40 60 80 100 120 140 160 180 200

Hinh 7: Su phu thudc ctia d6 chinh xac va hé s6 hop
rang budc

Fine k — Nearest Neighbor

MO hinh kNN gidm tinh linh hoat khi bat d4u cai dat
thong s6 k, tic khao st s6 diém lan can. Nhu Hinh 9,
k dugc khéo sat trong khoang tit 1 - 40 diém, do chinh
xdc chi tot khi s6 diém 1an can it, k 16n dan thi ty 1é
phén loai nhdm 1an cang 16n dan dén d¢ chinh xac
gidm lién tuc. Khi lya chon s6 diém xung quanh cang
16n, xac xudt chong 14n khi phan loai gitta cac nhan
dii liéu v6i nhau sé tang. Vi vay, dua vao khao sat &
Hinh 9 tham s6 k t6t nhat khi bing 1 t6i uu héa dugc
dd chinh xac 1én dén 84,4%. Isa va cac tic gia*® ciing
sti dung KNN d€ phén loai cac tin hiéu phén loai cac
hanh dong (b6én nhan). Ap dung kiém chiing chéo 10-
fold d€ hudn luyén va kiém tra di liéu, mo hinh phan
loai st dung 15 diém lan c4n va tinh khoéng cdch theo
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efe’\\? '0“5‘&\N & & 9 Q\w\e e
o’ ¥ & o ¢ &
C N 9
close eye 85.5 0.0 2.0 315 0.0 8.0 1.0
eye brown 0.0 92.5 1.0 1.5 1.5 1.0 2.5
eye left 3.0 0.0 80.5 10.5 3.0 15 1.5
eye right 2.0 1.5 6.5 81.0 4.5 25 20
normal 1.0 0.5 2.0 4.5 88.0 2’5 1.5
open eye 9.0 0.5 2.5 1.5 4.0 82.0 0.5
smile 0.5 0.5 2:5 3.5 2.0 0.5° 90.5

Hinh 8: Ma tran nham lan cia mé hinh phan loai Cubic SVM

cong thiic Euclidean thu dugc két qua 70,8%. M6 hinh
ctia chung t6i da dang vé s6 lugng nhan, mac du kich
thudc dit liéu chua 16n nhung van dugc cdi thién bing
ky thust SRCV da gitp cho mé hinh cé két qua troi
hon. Do nhay gitta cic trang thdi lién quan vé mit van
cao, c6 thé do chit lugng tap trung ctia ngudi tham
gia thi nghiém cling anh huéng dén chét lugng ctia dit
liéu. Vi méi truong dién ra thi nghiém chi nam & muic
tuong do6i chit khong hoan toan Iy tudng. Tuy nhién,
céc trang thai v€ biéu hién khudn mit ghi nhan két qua
94,5% va 94,9% (Hinh 10) lan lugt cho céc trang thai
eye brown va smile. Di€u nay md ra co hoi tién dén cac
ung dung thuc té st dung cac trang thai lién quan dén
biéu hién khuon mit d€ diéu khién hay cic ting dung
lién quan trong linh vuc giao tiép ngudi - mdy. Bén

canh thuat toan SVM, Tsa va cdc tac gia*®

cling trinh
bay cic két qua tu thuat todn k-NN. Két qua cua viéc
phén loai dit liéu EEG bang cach 4p dung trinh phan
loai k-NN véi cac gia tri khac nhau cta k va s6 liéu
khoang cach dugc da dugc Isa trinh bay. D¢ chinh
xéc 70,8% v6i s6 diém lan can k=15 va cong thiic tinh
khoang cach 1a Minkowski. Ngoai ra, Hindarto va cac
téc gia*® ciing dua ra két qua cai thién hon so véi Isa
khoéng 6% (d0 chinh xéc 76%) chi v6i s6 diém lan
can bang 3, d€ phén loai hoat ddng ctia ndo dé€ diéu
khién con tr6 trén man hinh mdy tinh. Nhu vay, mé6
hinh ctia chiing t6i (Euclidean 1-NN 84,4%) chi v6i s6
diém k=1 va dung ham tinh khoang cach Euclidean
da cai thién d6 phtic tap ctia mé hinh t6t hon so véi
khoang cach Minkowski ctia Isa va han ché su chong
chap dii liéu dan dén su phan loai sai dugc gidm thiéu
tot hon tit 8% dén 14% so véi két qua cua Hindarto
va Isa. Nhiing két qua déi sanh dugc trinh bay nhu
Bang 6.

accuracy (%)|

accuracy (%)
3

5 10 15 20 25 30 35 40
number of neighbor

Hinh 9: Su phu thudc ctia d6 chinh xéac va s6 diém
lan can

KET LUAN

Nghién ctiu va phén tich céc tin hiéu dién nao béng
céc thuat toan phén loai dugc phat trién ngay cang
tang trong thé gidi khoa hoc. Nghién ctiu nay cung
cép mot b di liéu gobm bay nhén chua cac tin hiéu
khdc nhau lién quan dén hanh vi mét va biéu hién
khuén mdt. Mot ting dung ghi, luu va xudt di liéu
dugc dé xudt giup t6i gidn cac budc chuyén d6i di
liéu EEG hon so véi ting dung hé trg kém theo c6 san
ctia thiét bi ghi tin hiéu. Céc tinh nidng dugc x4y dung
thanh dang ma trdn hai chiéu giup cai thién lam viéc
phén loai dugc nhiéu méau di liéu hon so véi dau vao
1a cdc véc-to mot chiéu. DE xudt ky thuat kiém ching
dit liéu mai la SRCV gidi quyét dugc van dé qua mic
ma cic bo di liéu cd kich thudc nhé dé mac sai lam.
Khao sat da dang cac m6 hinh c¢6 dugc trong ba thuat
todn phén loai may véc-to ho trg, k-NN va thuit todn
téng hgp. Nghién ctiu nay dé xudt mé hinh Subspace
Ensemble 50-fold SRCV véi két qua phan loai 87,7%,
mo hinh Cubic SVM 25-SRCV véi két qua 86,3% va
mo hinh ¢6 hiéu suét phén loai la 84,4% Euclidean 1-
NN. Bén canh d6, cac thach thtic van con nhu di liéu
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& % &
62’%\2’ . E B & (‘3} (\e?\ %
P L R NS S
close eye 76.6 0.5 75 2.0 1.0 11.0 1.5
eye brown 0.1 94.5 1.6 1.5 0.5 0.0 2%
eye left 4.5 1.0 72.6 17.4 2:5 1.0 1.0
eye right 25 0.0 1355 78.1 2.5 1.5 2.0
normal 0.5 0.0 2.0 2.5 92.0 1.6 1.4
open eye 75 1.0 4.1 2.5 1.0 82.5 1.5
smile 0.5 0.5 0.6 0.5 2.1 1.0 94.9
Hinh 10: Ma tran nham Ian ctia mé hinh phan loai Fine k-NN
Bang 6: So sanh két qua véi cac cdng bé trudc
Tac gia/ tai liéu Phuong phap Két qua
4 Chatterjee va cong su Niéng luong dai + SVM 81,43%
Niéng lugng entropy Wavelet + SVM 85,00%
3 Rajdeep va cong su Ning lugng dai + SVM 76,70%
Niéng luong dai + Adaboost 83,57%
%5 Tsa va cac tc gia 15-NN 70,80%
SVM 78,61%
46 Hindarto va c4c tac gia 3-NN 76,00%
Két qua trinh bay trong bai bao Subspace Ensemble SRCV 87,70%
Cubic SVM SRCV 86,30%
Euclidean 1-NN 84,40%

can dugc chat lugng hda va ning cao kich thuéc, s6
lugng mau. Huéng dén phuong phap khao sit tdi uu
hoa tit ca tham s6 va d€ xudt mo hinh ty dong. Mo
hinh phan tich, xt 1y va phén loai dinh tinh theo thoi
gian thuc ciing la mot bai todn hudng dén giai quyét.
Trong tuong lai, nhi€u thuat toan sé dugc khao sat ky
luéng dé€ phéan loai dién nao doé.

LOI CAM ON

Nghién ctiu dugc tai trg bai Truong Pai hoc Khoa hoc
Ty nhién, PHQG-HCM trong khuon khé Dé tai ma
s6 T2021-01.

DANH MUC CAC TU VIET TAT

AAR Adaptive Autoregressive Thich nghi hoéi quy tu
dong

CV Cross-Validation Xéc thuc chéo

DE Differential Evolution Tién hoa khac biét
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EMD Empirical Mode Decomposition Phan tich dang
kinh nghiém

k-NN k-Nearest Neighbor K ling giéng gin nhit
LDA Linear Discriminant Analysis Tich biét thiic
tuyén tinh

NSC Noise-aware Signal Combination T8 hgp tin
hiéu nhan biét nhiéu

RBFNs Radial Basis Function Neural Networks Mang
théan kinh chtic ndng co s& xuyén tim

RBF Radial Basis Function Ham co s xuyén tam
RMS Root mean square Sai s6 toan phuong trung
binh

SVM Support Vector Machine Mdy véc-to ho trg
SRCV Stratified Repeated Cross-Validation Xéc thuc
chéo phan ting ldp lai

SNR Signal to Noise Ratio Ty 1é tin hiéu trén nhiéu
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XUNG POT LOI iCH

Céc tac gia dong y khong cé bét ki xung dot loi ich
nao lién quan dén cac két qua céng bo.

DONG GOP CUA CAC TACGIA
Tac gia V6 Hoang Thuy Tién viét chuong trinh, viét

va téng hgp ban thao.
Tac gid Nguyén Thi Nhu Quynh tham gia do dac va

xt ly tin hiéu.

Tac gid Nguyén Thanh Phudc tham gia do dac tin
hiéu.

Tac gia Huynh Van Tudn tham gia viét va chinh stia
ban thao.
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Using wavelet transform for features extraction and machine
learning algorithms to classify the facial expression by eeg signals

Hoang-Thuy-Tien Vo', Thi-Nhu-Quynh Nguyen'-2, Phuoc Thanh Nguyen'-2, Tuan Van Huynh'2”*

kg L]

; ABSTRACT

iy i, The goal was to evaluate the performance of the state-of-the-art algorithms. A secondary goal was

kN et to try to improve upon the result of a method that was used in a study similar to the one used in this
Use your smartphone to scan this work. This paper presented the building of multi-state datasets relating to eye behaviors and facial
QR code and download this article expressions. Signals were recorded and stored by the connection of a channel-less mobile device.

Z-score, max-min normalization techniques were used to optimize data. The cross-validation tech-
nique divided the data into training/testing segments. The features of the electrical brain signals
(delta, theta, alpha and beta band) were analyzed by the Daubechies wavelet transform method.
The extracted time and frequency domain features calculate total energy, detailed component en-
ergy, approximate component energy, relative energy. Three algorithms, support vector machine,
k-nearest neighbor, and ensemble algorithm, were used to develop into 17 models to optimize the
classification efficiency of the machine learning algorithms. Parameters of these models were sur-
veyed and optimized to propose a best classification one for the Data-021 dataset. The Subspace
ensemble model was proposed because its model efficiency was more than 87,7%.

Key words: classification, electroencephalogram, facial expression, machine learning, signal
processing
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	Thuật toán máy học
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