Tap chi Khoa hoc va Céng nghé 145 (2020) 021-026

So sanh md hinh hoc siu v6i cac phwong phap hoc tw dong khac dé

nhan dang gai dong kinh biéu hién trén d6i twong bénh nhin dong kinh
Comparison of Deep Learning Model with other Automatic Learning Models for Recognizing Spikes
Expressed from Epilepsy Patients

Lé Thanh Xuyén®, Nguyén Pirc Thudn
Truong Pai hoc Bach khoa Ha Noi — So 1, Dai Cé Viét, Hai Ba Trung, Ha N¢i, Viét Nam
Den Toa soan: 10-02-2020, chap nhdn dang: 25-9-2020

Tom tat

Trong chén doén lam sang bénh déng kinh bang di liéu dién ndo (EEG), khd néng tw déng phat hién va
phén loai mét cach chinh xéc céc gai déng kinh la hitu ich va rat cé y nghia vé y hoc. Bai bao gidi thiéu mot
céch tiép cén méi dé phat hién tr déng gai doéng kinh (sp/ke epilepsy). Hién nay phén loai gai dong kinh da
duoc thue hién dwa trén nhiéu phuong phap két hop cta cac mé hinh machine learning. Nghién ctru nay chi
ra mét mé hinh két hop méi ma cu thé Iay deep learning lam tap con clia machine learning dé thuc hién
phén loai cac gai dong kinh duwa trén ngudn div liéu chudn da c6. Nghién ctru ciing thuc hién mé hinh thuc
nghiém véi nhiéu cadc mé hinh hoc sau khac dé danh gia kha ndng (ing dung mé hinh trong viéc phat hién
gai déng kinh. Két qué thuc nghiém cho thdy mé hinh xdy dung cé do chinh xac cao (98,8%) so véi cac
nghién ctru khac.

Tt khda: Mang noron tich chap (CNN), hoc sau (deep learning), hoc may (machine learning), gai dong kinh,
cac dang song nhon, tin hiéu dién nado do (EEG).

Abstract

In the clinical diagnosis of epilepsy using EEG data, the ability to automatically detect and correctly classify
epilepsy spikes is helpful and significant for medicines. The article introduces a new approach for automatic
detection of spike. Currently, epilepsy classification has been progressed based on many combined
methods of machine learning models. This study investigates a new combined model that specifically takes
deep learning as a subset of machine learning to perform the classification of epilepsy based on existing
standard data sources. The study also implements experimental models in other deep learning models to
evaluate the applicability of the model in detecting epilepsy spikes. Experimental results show that the
proposed model has high accuracy (98.8%) compared to other studies.
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Electroencephalogram (EEG)

1. Pit vin dé

Deep learning 1a mét linh vuc con cia hoc may
(Machine learning). Cac phuong phap hoc may truyén
thdng (decision tree, logistic regression, naive bayes,
support vector machine,...) [1] 1am viéc tét nhd c6 su
thiét ké cac dac trung, cac thudc tinh dau vao cua con
ngudi (Feature extraction). Machine learning s& t6i uu
cac trong so cua thudt toan dé dwoc két qua dy doan
cudi clng tot nhat. Cac phuong phap hoc may co ban
duoc trién khai dua trén sy mod ta dir liéu béng cac
thuoc tinh ma may tinh c6 thé hiéu dwoc, doi hoi
ngudi thiét ké phai ¢6 su hiéu biét nhit dinh trong linh
vuc cua bai toan do, sau d6 cac thudc tinh dugc dua
qua thuat toan hoc nhdm tdi wu cac trong s cua mo
hinh. Trai ngugc voi cac phuong phap hoc may truyen
thong, Deep learning nd lyc hoc cac biéu din t6t nhat,
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tim ra nhiing dic trung tot nhat cua dir liéu mot cach
tw dong. Diu vao cho céc thuat toan deep learning ¢
thé 1a dir liéu tho. Ly do dé deep learning tré' nén vuot
troi so v6i cac phuong phap truyén théng 1a cac thude
tinh duoc trich chon mét cach thu cong thuong dugc
xac dinh mot cach ro rang. Viéc hoc ra cac thudc tinh
duge thyc hién dé dang va nhanh chong hon, linh
hoat hon trong biéu dién thong tin. Deep learning c6
thé hoc khong giam sat (khong can dit liéu c¢6 nhan
san, tir chinh dit liéu tho) hodc hoc c6 giam sat (véi
cac nhan dic biét nhu positive/negative). Mot bd nao
hoat dong tt 1a nho vao cac tin hidu dién ma céc té
bao than kinh truyén cho nhau. Tuy nhién & bénh
nhan méic chung dong kinh, cic bd phan cua nio co
muec tin hiéu dién cao bat thucm;s, lam gian doan chtic
ning than kinh binh thuong. Ung dung phuong phap
hoc sau trong xur ly tin hiéu sinh hoc dé hiéu o hon
mdi quan hé giita gai (spike) va con co gidt (seizures)
[2, 3]. Deep learning xting dang 1a mot sang tao vuot
bac déy tiém nang cua linh vyc tri tué¢ nhan tao, hura
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hen s& 1am thay géi cach thuc hoat dong trong nganh
y té (phan loai mau trong cac xét nghiém,..).

Mo hinh hoc sau dac biét 1a mang no-ron tich
chap CNNs 1a mé hinh dugc st dung phd bién trong
cong dong hoc may cho hiéu qua trong cac bai toan
phéan loai hinh anh [4], phan loai vin ban va gan day
dd c6 nhiéu nghién ctu st dung mang no-ron tich
chap trong linh vyc tin hi€u sinh hoc [5] nhu phan tich
Protein Zacharaki [6], phan tich anh y khoa [7]. Uu
diém cua CNN la tan dung dugc tinh nang trich chon
dic trung cua 16p tich chap va bo phan 16p duoc huin
luyén dong thoi. Y tuéng hoc cing luc dic trung va
bd phan 16p c6 thé hd tro véi nhau trong qué trinh
huén luyén va qua trinh phan 16p tim ra cac tham sb
phu hop véi cac véc-to dac trung tim dugc tur 16p tich
chap va nguoc lai 16p tich chap diéu chinh cac tham s6
ctia 16p tich chap dé cho cac véc-to dic trung thu duge
la tuyén tinh phii hgp voi bo phan 16p cia 16p cudi
cung.

Nhitng gai va sébng nhon thudng gip trong ban
ghi EEG cua bénh nhan dong kinh. Cac gai 1a nhiing
song c6 nén (canh day) hep c6 bién do twong ddi cao
tao cho soéng cd hinh dang cao va hep voi 1 dinh
nhon. Séng nhon c6 day hoi rdng mot chut so véi cac
gai nhung ciing gidng hét, 1a diém co hoat dong nén
xay ra con kich phat (seizure activy) phong dién, hoat
dong dién dong bd cac dudi gai (dendrites) cua té bao
than kinh. Cac tiéu chuén xac dinh phéng dién dang
dong kinh: dién thé cao, hinh thai voi gai: thoi gian
xudt hién nhé hon 70ms, séng nhon: 70-200ms, nén
(background) bét thuong, vi tri va trang thai khong
giong nhu sy chuyen bién sinh 1y thong thuong [8].
Hinh thai ciia gai rit da dang va phurc tap phu thudc
vao bénh nhan khac nhau gilta cac ban ghi. Dang
phutc hop gai song (spikes and wave) va gai dic trung
nhit c6 bién dd cao, chiing c6 thé xuét hién ddng bd
(synchronously) va can dbi hai bén trong cac bénh
dong kinh toan thé hoa (generalized epilepsies) hoic
khu trdi trong bénh dong kinh cuc bg. Khong c6 mét
dinh nghia rd rang vé gai, hinh thai cta gai dong kinh
da dang va phuc tap thay d6i theo bénh nhan [9].
Nhom nghién ctru qua buéce tién xtr ly da dé xuit bo
dir liéu nhu hinh 1. Gai dong kinh c¢6 hinh dang cta
mot dinh tin hiéu, viéc tim tht ca cac dinh cua hé
thong rt quan trong dé tim cac gai dong kinh mot
cach chinh xac. Mot gia tri mau duge so sanh véi 2
dinh gin nhat, néu gi4 tri miu 1a 16n nhit dwoc dinh
nghia 1a dinh dwong, gi4 tri miu nho nhét 1a dinh 4m.
Sau khi chon dinh cac dinh nho chic chin khong phai
la gai dong kinh duoc loai bd dua trén cac ti€u chi
ngudng sau: khoang cach giira mot cap dinh lién ké
nho hon, khoang cach giita cip dinh lién ké trude va
sau d6 [10]. Budc xir Iy da gitp hé thong nhén biét
cac con dong kinh d& dang hon trong mét sb luong
16n cac dinh phat sinh tir nhiéu khong mong mudn
nhu nhiéu EMG (voi bién d6 nho) duoc loai bo. Mat
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s6 gai dong kinh thuc té trong tap dir liéu nghién ciru
dugc mo ta trong Hinh 1:
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Hinh 1. M6 ta bo dir 1iél} gai dong kinh cta 3 bénh
nhéan (danh dau cham: phan dinh, gitta, day) dugc st
dung trong nghién ctru

Trong cac cong trinh nghién ciru trude, viée
quan trong khong thé thiéu 1a loc dir liéu. Tin hiéu
EEG gdm rit nhidu thanh phin bén trong no6, phu
thudc vao tinh trang stic khoe ctia ting bénh nhéan,
dién hinh 13 cac nhidu artifacts bao gdm: ECG, EOG,
EMG... lam sai Iéch va kho phat hién dugc gai dong
kinh nhu mong mudn. Vi thé, viéc dau tién cua ho 1a
loc nhiéu dé loai bo artifacts. Trong nghién ciru nay,
tac gia khong can bat ky mot phuong phap loc nao,
chi dung dit lidu tho (raw) dé tién hanh vao qua trinh
phan loai. Vi thé, co thé noi day 1a mot vu diém, va
loi thé hon khi khong can phai tim hiéu nhiing dic
diém, dic tinh cia cac loai nhidu dé tién hanh loai bo
chung. Diéu nay s& giup cho hé théng hoat dong mot
cach nhanh hon.

Ung dyng moé hinh hoc siu cac cong trinh
nghién ctru tir trude dén nay chu yéu chuyén séu dé
phat hién ra cic con dong kinh dua vao cac xung
dong kinh (epileptic seizures). Trong khi d6 gai ddng
kinh ¢ thé xuét hién trong ban ghi EEG liic bénh
nhan tinh tio, cic cong trinh nghién ciru vé gai dong
kinh con rét it. Nam 2016 Johansen va dong nghiép
st dung k¥ thuat méi la mang no ron tich chép
(CNN) dé phat hién cac dang gai dong kinh, gia tri
hiéu sudt AUC dat duoc cta hé théng 1a 0,947, tuy
nhién nghién ctru nay khong dua ra gia tri do nhay
Sensitivity (SEN)

Trong bai viét ndy, téc gia dé xudt huén luyén
mo hinh mang tich chap CNN d¢é nhan dang gai dong
kinh va so sanh hi¢u qua cia CNN voi cac gidi thuét
khac.

2. So sanh cic md hinh hgc siu gidi quyét bai toan
tim gai dong kinh

Trong cac cong trinh nghién ctru trudc tac gia da
so sanh cac thuat toan hoc méay phd bién dé tim ra
phuong phap t6t nhat cho bai toan phat hién gai dong
kinh. Bai bao nay van tiép tuc ¥ tuong dé bang cach
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thém phuong phap CNN vé6i nhiéu vu diém hon dé
danh gia va lya chon phuong phép t6i vu. M rong
dau vao biéu dién dudi dang don kénh trong phuong
phéap DBN thanh da kénh dudi dang ten-xo [11, 12]
trong CNN dé tinh toan cac thong so phat hién gai
dong kinh.

Mang no-ron tich chap (CNNs) [13] la mdt md
hinh hoc sdu c6 thé xay dung dugc cac hé théng phan
loai v&i do chinh xac cao. Y trong cia CNNs duoc
ldy cam hing tir kha nang nhan biét thi giac cua bd
ndo ngudi. D& co thé nhan biét duoc cac hinh anh
trong v ndo ngudi ¢ hai loai t& bao 1a t& bao don
gian va t& bao phirc tap [14]. Cac t& bao don gian
phéan mg vé&i cac mau hinh dang co ban & cac ving
kich thich thi giac va cic té bao phuc tap tong hop
thong tin tir cac té bao don gian dé xac dinh cac mau
hinh dang phirc tap hon. Kha ning nhan biét cac hinh
anh ctia ndo ngudi 1 mot hé thong xir 1y hinh anh ty
nhién dG manh va ty nhién. CNNs dugc phat trién
dua trén ba ¥ tuong chinh: tinh két ndi cuc bd (Local
connectivity, —compositionality), tinh bit bién
(Location invariance) va tinh bat bién dbi v6i qua
trinh chuyén ddi cuc bo (Invariance to local
transition) [15]. CNNs 12 mdt dang mang no-ron
chuyén dung dé xir Iy cac dir liéu dang luéi 1 chiéu
nhu dit liéu 4m thanh, dit liéu MGE hodc nhiéu chiéu
nhu dit liéu hinh anh. Céc 16p co ban trong mdt mang
CNN bao gom: Ldp tich chap (Convolutional), Lép
kich hoat phi tuyén ReLU (Rectified Linear Unit),
Lé6p ldy mau (Pooling) va Lop ket n6i day du (F ully-
connected), dugc thay dbi vé sb lugng va cach sip
xép dé tao ra cac m6 hinh huén luyén phu hop cho
ting bai toan.

Lop tich chap (Convolution) Tich chép duoc st
dung trong xur ly s6 tin hiéu theo nguyén 1y bién dbi
thong tin, c¢6 thé 4p dung ki thuat nay vao xir Iy anh
va video sé. Trong 16p tich chap sir dung cac bd loc
¢6 kich thuéc nho hon v6i ma trdn du vao, ap lén
mot ving cua ma trn déu vao va tién hanh tinh tich
chép gitra bd loc (filter) va gia tri cia ma tran trong
ving cuc bd d6. Cac filter s& dich chuyén mot budc
truot (Stride) chay doc theo ma trén dAu vao va quét
toan by ma tran. Trong s6 cua filter ban dau s& duge
khoi tao ngau nhién va sé duoc hoc dan trong qua
trinh huan luyén mo hinh.

Lép phi tuyén Relu (Rectified linear unit) Gia st
mang CNNs ¢6 L 16p ¢6 16p input 14 16p thir 0. Mang
s& c6 L ma trin trong sO w dugc ky hidu la W'e

it ,/=12... trong d6 W !1a cac ket ndi tir 1op
thir /-1 dén 16p thtr /, phan tr wij [ the hién ket noi
cua no-ron thu i cua l6p (/-1) dén no-ron thur j cia 16p
. Céc bias thit (/) duoc ky hiéu 1a 4’ € R” . Dé thuc
hién phan 16p co6 két qua toi uu la qua trinh di tim bd
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tham s6 w va b. Mdi no-ron khong phai 16p input
dugc tinh bang cong thic:
V= o (M)
/1a mot ham kich hoat phi tuyén dugc dp dung
cho mgt ma tran. Trong kién trac mang CNNs thuong
sir dung ham kich hoat f{x) = max (0, x) chuyén toan
bo gia tri &m trong két qua lay tir 16p tich chap thanh
gia tri 0 dé tao tinh phi tuyén cho mo hinh goi la
Relu. Ngoai ra con ¢6 nhiéu ham kich hoat khac nhu
signmod, tang nhung ham relu dé cai dit tinh toan
nhanh va hiéu qua [16].

Lép ldy mau (Pooling) sir dung mot cira s6 truot
quét qua toan b ma trén dir li€u theo mot budce trugt
cho trudc dé tién hanh 1iy mau. Cac phuong thirc lay
phd bién trong 16p Pooling 1a MaxPooling (liy gia tri
16n nhét), MinPooling (liy gia tri nho nhat) va
AveragePooling (ldy gia tri trung binh). Cong dung
cua 16p Pooling dung dé giam kich thudc dir lidu, cac
tang trong CNNs chdng 1én nhau c6 16p Pooling &
cuoi moi tang gitp cho kich thudce dir liéu dugc co lai
nhung van giit duge cac dic trung dé 1y mau. Gidam
kich thudc dir litu s& giam sd luong tham sé cua
mang tang tinh hi¢u qua va kiém soat hién tugng hoc
vet (Overfiting).

Lop két noi day di (Fully connect layer) Lop
két noi day da 1a mot 16p giong nhu mang no-ron
truyén thing cac gia tri dugc tinh toan tir cac 16p
true s& duoc lién két day du vao trong no-ron ctia
16p tiép theo. Tai 16p két ndi ddy du s& tién hanh phan
lop dit ligu bang cach kich hoat ham softmax dé tinh
xéc suét ¢ 16p dau ra.

Mang hoc sdu cho nhan dang gai dong kinh,
mang bit ddu vdi 1 loat cac té bao than kinh
twong ung 28x28 pixel ciia anh dau vao, 784 té
bao than kinh, mdi té bao dai dién cho gi4 tri mau
x4m cua diém anh tuong ung, tir 0 (d6i véi pixel den)
dén 1 (dbi voi pixel trang), tat ca 784 cac té bao than
kinh tao nén 16p dau tlen cuia mang no-ron. Lop cubi
cung, 16p nay c¢6 10 té bao than kinh, mdi t& bao dai
dién cho mét sd tuong g tir (7-17), gia tri kich hoat
cua cac té bao than kinh 12 mot s6 0&1. M6 hinh thuc
nghiém v6i phuong phap hoc sau phan loai gai dong
kinh (hinh 1).

M6 hinh phan loai da 16p st dung ham sotfmax
[17], can c6 mot ham sao cho mdi gia tri dau vao x, a;
thé hién x4c sudt ma no roi vao phan 16p thir i véi
diéu kién:

kiP(kpc) _

néu z; = wl; x cang 16n thi xac suat roi vao lop
thtr i cang cao, nghia la can mét ham dong bién. z c6

2
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thé r}hén gi’é tri duwong hodc am, dé dam bao z‘duong
va dong bién ta cho exp(z) = €7 . St dung nhiéu ham
sigmoid cho bai toan phan loai da 16p, nhu vay:

K

ZP(k|x)¢ 1

k-2

3)

ta mudn dau ra ciia mang nhur 14 xac sudt dé dau ra 1a
cua mdt 16p, ta su dung mot ham kich hoat sum-to-
one: softmax
exp(z,
w=—PE) s

2@ (=)

Khi z; qua lon, viéc tinh exp(z;) thuong gap hién
tugng tran so. Ta co6 thé khac phuc nhu sau:

4)

exp(zi) _ exp(—c)exp(zl.)
X e(z) ew(-e) X ex(z)

exp(z, —¢)

==c )

v6i ¢ 1 mot hing s6 bét ky, thong thudng c=max(z)
3. Két qua md phéng va danh gia

M5 hinh thyc nghiém dé dénh gia két qua dua ra
CNN Ia t6t hon cac phuong phap truéc DBN do diu
vao da dugc da kénh hoa va nho viéc dung cac 16p
Convolutional dwa ra két qua chinh xac hon. Dé xuat
giao thic mo hinh Deep Learing cho phan loai gai
dong kinh trong cac ban ghi dién ndo d6 (EEG) nhu
hinh 2.

Hinh 3(a) gai dong kinh biéu dién gai dong kinh
theo thoi gian. Hinh 3(b) gai dong kinh trong 10
thang ti 1& ctia phép bién doi song con, 3D wavelet &
céc scale tir 0 dén 10. Hinh 3(c), nang luong ciia mdi
hé s6 bién d6i séng con trong 10 thang ti 18, biéu dién
gia tri hinh anh.
Két qua chay thir nghiém trén cac mo hinh dua ra két
qua so sanh hiéu suét gitra CNN va cdc md hinh hoc
may khac nhu bang 1. Két qua cho thay ring SPE cua
CNN c6 d6 chinh x4c cao nhét (98,89%).
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Bang 1. Bang so sanh hiéu sudt model CNN va cac
model hoc khac

Model SEN SPE AUC
CNN 88.45% 98.89% 0.9798
DBN 87.35% 97.89% 0.9597
ANN 65.74% 91.72% 0.8918
SVM 58.64% 92.53% 0.8815
kNN 28.40% 95.42% 0.8058

Bénh dong kinh kha nguy hiém nhung xac suat
mic bénh cua loai bénh nay dbi voi ty 1€ dan s6 1a rat
thdp chang han 1:10000. Mot ngudi c6 cac biéu hién
bénh dong kinh va thyc hién cac xét nghiém. Sau khi
xem két qua s& c6 gia dinh rang bac si két luan sai.
Khi d6 co6 2 kha nang xay ra: Loai I: Ban than bénh
nhan hoan toan binh thudng, khi do EEG bac si két
luan bénh nhan bi dong kinh, Loai II: Bénh nhan bi
dong kinh trong ban ghi EEG khéng c6 nhung bac si
két luan hoan toan binh thuong. RS rang sai 1am loai
IT gay ra hau qua 16n hon vi bénh nhan khong phat
hién sém bénh cua minh dé diéu trj kip thoi s& dan
dén bénh phat trién x4u di. Sai 1am loai I c6 anh
hudng tdi chi phi kham chita bénh nhung khong anh
huong dén stc khoe va hau qua 1a it nghiém trong
hon. Mot sb phuong phap xu ly tin hiéu hd tro nhan
biét gai dong kinh bang ki thuat xir li tin hi¢u tién tién
nhim tang tinh khach quan va d6 chinh x4c vé mat tin
hiéu. Piéu d6 cho phép biét bénh nhan c6 bi dong
kinh hay khong, giam t6i thiéu tinh trang canh bao gia
nhu loai II. Tac gia da dua ra tiém ning méi cua hé
thdng hoc sdu, ing dung cong nghé méi cho bai toan
nhan dang gai dong kinh xuét hién trong cac ban ghi
EEG. C6 nhiéu tiéu chi dugc sir dung dé dénh gia
hiéu sudt cia mot hé théng phén loai gai dong kinh,
cic tham sb danh gia sau: Accuracy (ACC),
Sensitivity (SEN), Specificity (SPE), Selectivity
(SEL) dwoc dung mot cach phd bién dua ra nhimng

Best Training Performance is 1.4521¢-07 at epoch 130
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nhan xét kha téng quan va chi tiét [4,15-117]. Su
dung b tham s danh gia nay dé kiém tra chat luong
clia h¢ théng phan loai tin hi¢u gai dong kinh. Panh
gid mot mo hinh phan loai theo cc tham sé sau: tinh
toan do nhay (SEN), d6 chon loc (SEL), d6 dac hi¢u
(SPE), hiéu sut cta hé thong (ACC) ciia CNN 1a tot
hon. Cac mé hinh hoc may di dugc danh gia chi tiét
6 Bang 1.

PO nhay, tinh chon loc, tinh ddc hiéu va do
chinh x4c, d6 13 bién phap théng ké dién hinh trong
hoc may va khoa hoc méay tinh, dugc tac gid st dung
dé danh gia chét luong cua hé thdng phat hién gai
dong kinh. Qua hai hudéng danh gia tryc quan va
thong ké, cho thdy mang CNN chuyén sang mo hinh
phan loai thuc sy c¢6 kha nang tim kiém gai dong kinh

rat dang mong doi.

Ngoai ra, dé truc quan hoa két qua danh gia, nhu
hinh 2.(a) (b) tac gia st dung duong cong ROC
(Receiver Operating Curve) dé mo ta chat lugng cua
hé théng khi sir dung cac ngudng phéan loai khac
nhau, biéu @6 MSE (mean square error) cho biét ti 18
sai léch. Két qua phan loai t6t hon khi hé s6 MSE cho
toan b tap testing rat nho khoang 107, trong khi d6
duong ROC ciing cho thdy phan dién tich (AUC)
duédi dudng cong tiém can tdi 1, hé théng chi phai tra
gia ti 1¢ dyu doan sai rat thip khi mudn tang ti 1¢ doan
dung 1én. Ldy y tudng tir bd ndo sinh hoc, cac mod
hinh hoc sau xdy dung cac thudt toan giup may suy
nghi va xir ly thong tin giéng nhu b ndo con nguoi
[18]. Nhod ¢6 nhiéu 16p than kinh nhén tao hon hoc
may, hoc sau s€ c6 kha nang ty hoc va nhan dién
nhiéu van dé co cép d6 phuc tao hon. Hoc sau cho
phép may tinh ty dong hiéu, xur 1y va hoc tir dir liéu
dé thuc thi nhiém vu duoc giao, cling nhu cach danh
gia, giup tang tinh hiéu qua [19].

Ung dung cac thudt toan cua phuong phap hoc
sdu dé giai quyét bai toan phat hién va phan loai gai
dong kinh, ddi tuong bénh nhan la nguoi Viét nam.

. ROC

oo
o8
o7

[T

5

Wow

]
o 0.2 o4 o8 o8
Falae Poative Rate

(b) ROC

Hinh 4. Danh gia chat luong hé thing CNN
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4. Két luan

Trong bai bao nay chiing t6i da ap dung mo hinh
hoc sau dé phan loai gai dong kinh ding thyc nghiém
theo trinh ty sau. Budc 1, xay dung co sd dir lidu
(CSDL) cho cac ban ghi EEG. Buéc 2, tién xir Iy anh
trong CSDL (loc nén) va gan nhin. Hai bugc dau tién
nay chi can thyc hién mot 1an khi xay dung bo CSDL
anh huin luyén cho phuong phap hoc may truyén
théng. Buéc 3, thuc hién cac bude tinh toan can thiét
dé tmg dung mo hinh CNN. Buéc 4, huan luyén mo
hinh nhan dang gai dong kinh tor CSDL anh da xay
dung. Budc 5, thong ké do chinh xac, két qua c6 thé
théy dd chinh xac dat duge 1a rit cao ~98.8%, vuot
trdi so voi véi d6 chinh xac cia mé hinh huin luyén
st dung phuong phap hoc may truyén thong.

Céc két qua nghién ciru tir thue nghiém da cho
thay tinh hi€éu qua cia mé hinh hoc sau trong viéc
phat hién gai dong kinh.

Loi cam on

Téc gia bai bao xin chan thanh cam on sy hd trg
khoa hoc tir nhém nghién ctru thude truong Pai hoc
cong nghé Pai hoc qudc gia Ha Noi ma s6 CN.16.07.
Gitp d& vé y tuong khoa hoc ciia PGS.TS. Nguyén
Linh Trung. B dit liéu EEG dung trong bai bao la
mot phin co s¢ dir liéu dong kinh EEG duoc xay
dung trong khuén khé du 4n QG 10.40 do Viét nam
tai trg truong Pai hoc quéc gia Ha Noi.
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