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In medical diagnostics, epilepsy is recognized by observation of EEG.
Epilepsy is often highly correlated with a series of seizures that last
longer 3 seconds. Detection of these features is the most important
problem for automatic recognition purposes. In signal processing, the
recognition accuracy often depends on the feature extraction. Recently,
deep learning was a useful tool for the feature extraction of epileptic
seizures from EEG. Even though deep learning is the best method for
this issue, it requires strong hardware for its computing. This paper will
point out that the exponent function can extract the feature of seizures.
The exponent function is simple therefore this solution may setup on
any platform. The experimental results show that our method has the
advantage in case of complicated epileptic seizures. In EEG, the
exponent function indicates the location of seizures in a time series.
The detection model is extended for epilepsy recognization.
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Trong chan doan y khoa, bénh dong kinh dugc nhan biét bang quan
sat dién ndo d0. Bénh dong kinh thudng c6é mdi twong quan chit ché
v6oi mot loat con dong kinh kéo dai hon 3 gidy. Viéc phat hién cac dac
diém nay la van dé quan trong nhét cho muc dich nhan dang tu dong.
Trong xtr 1y tin hiéu, d6 chinh xac nhdn dang thuong phy thudc vao
viéc trich xuét dac trung. Gan day, hoc sau 1a mot cong cuy hiru ich dé
trich xuét dic diém cac con dong kinh tir dién ndo dd. Mic du hoc sau
1a phuwong phap t6t nhat cho van dé nay nhung né doi hoi phan clng
manh dé tinh toan. Bai bao nay s& chi ra ring ham sé mi ¢6 thé rit ra
dugc dic diém cua con dong kinh. Ham sé mil rat don gian nén giai
phap nay c6 thé thiét 1ap trén moi nén tang. Két qua thuc nghiém cho
thdy phuong phap ciia chiing t6i c6 uu diém trong truong hop cac con
dong kinh phirc tap. Trong EEG, ham s6 mil cho biét vi tri cua cac
con dong kinh theo chudi thdi gian. M6 hinh phat hién dugc mo rong
dé nhan biét bénh dong kinh.
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1. Gigi thiéu

Theo thng ké ctua To chirc Y té thé gigi (WHO), c6 khoang 1% dan sé thé gidi mic bénh
dong kinh, trong sb6 do nhitng ca bénh dugc phat hién mudn, gay kho khan cho cac budc diéu trj
sau nay [1]. Hién nay, phuong phap phat hién bénh ddng kinh 14 thong qua quan sat, nhan dang
dang song dong kinh trén dién ndo d6. Trong dit liéu dién ndo dd, song dong kinh thuong 1a to
hop cuia cac cdu trac bat thuong nhu cac song cd dang gai dong kinh va kéo dai hon 3 gidy (hinh
1). Cac cdu trac song bat thuong nay phan anh dic trung béi cac con dong kinh, trong dé hoat
dong dién bat thudng trong ndo giy ra tinh trang mit y thirc hodc co giat toan than [1], [2].

Fp2-F8 WWWW h--—-''\,\4'V\f\l’l)‘/‘f‘VV‘VV\fV\: N A NI A
Fe-T4 s (MNP W AN ~A
T4-T ot MUMAANNANNANY AN WIAAAAAAAAAA AR A e
T6-02 e NNNTVY YV e AmamSANVASVAAAAAA sl WS AN A\ s
7 e VWA WM e o
P13 e AWNVIYY e MWW YWY, WA S

7315 ettt AR APDAANNPSANAA e AN AN INARARA, e W AV ANN AN I A
15-01

F4-.Ca ’,‘r" A YA A oy A A N\ ﬁ M

C4-P4 " AAA AANA i ATSAAAAAAAANA MW‘MWWW
P4-02 AAA rn A l ”1 A
F3-C3

P3-01

T4-Cz2

e N A AAAN N Y
- Wfi\r'r‘r‘r‘-r‘ﬁ‘r‘r*rwf e A AR A A A
memen AN VY

Bénh nhan 12 tuoi 5 thang Bénh nhan 16 tuoi 2 thang Bénh nhan 17 tudi 2 thing

Hinh 1. Dién ndo do va séng dong kinh

Phan tich dién ndo d6 dé phat hién tridu ching dong kinh theo cach thu cong s& khong dap
ung dugc yéu cau tu dong sang loc cac du hiéu ddng kinh trén di€n rong. Do do, van dé tu dong
phat hién sém cac dau hiéu ctia bénh dong kinh 1a dong luc cho cac nghién ctru phat trién cong cu
xtt 1y tin hiéu dién ndo d6 nham hd trg bac s§ trong chan doan, phat hién va theo ddi cac rdi loan
than kinh. Gan ddy di c6 rat nhidu gidi phap cho van dé ty dong phat hién hoat dong cua con
dong kinh trong dién ndo db. Trong do, theo hudng hoc sau tiéu biéu co nhom nghien cuu cua
Islam M.S. va cong su [4]. Céc tac gia Jaiswal A. K. va Banka H. [5] dé xuat giai phap sir dung
hoc may. Tuy cac két qua dat dugc voi do chinh xéc cao nhung lai ¢6 yéu ciu cai dit trén cac nén
tang co do phuc tap 16n.

Dé c6 thé phat hién sém bénh dong kinh trén dién rong, giai phap sang loc ddu hiéu dong kinh
con phai don gian dé c6 thé trién khai trén cac thiét bi thong thuong. Do vy, cac gidi phap phai
c6 do phuc tap thap nhét trong khi d¢ chinh xac phai cao nhat. Madhurima B. J. da trinh bay
trong [6] mot mo hinh dé giai quyét van dé nay theo cac budc nhur sau:

Tach dac trung Phan 16 dé x4
Thu nhan x song dong kinh an op ev ac
L | Loc nhiéu S N dinh ¢6 hogc
tin hiéu > bang thuat toan A L,
S o x- khong c6 song
dién ndo phan tich chuoi R .
. dong kinh
thoi gian

Hinh 2. M6 hinh phat hién séng dong kinh trén dién néo do [6]
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Trong [6], dya trén md hinh trong hinh 2, Madhurima B. J. di chi ra rang khéi tach dic trung
c6 thir ty ding truge khdi phan 16p, do vay khi tach dic trung c6 anh huong truc tiép dén do
chinh xac cua két qua phat hién song dong kinh tai budc phan 16p. Dé co thé trién khai mo hinh
don gian nhung van phat hién chinh x4c song dong kinh trén dién nido dd, phai giai quyét duoc
bai todn trich chon chinh xdc cac dac trung cua song dong kinh voi do phuc tap thap.

Theo tiép can giai quyét bai toan phat hi¢én dong kinh thong qua bai toan trich chon déc trung,
Guler va Ubeyli da sir dung s6 mii Lyapunov dé tham s6 hoa cac diém bat thuong trén song dong
kinh [7]. Tuy xay dung dugc co sé toan hoc cho cac dac trung nhung giai thuat thuc hién cé so
luong cac phép tinh qua 16n. Theo huéng moé ta song dong kinh nhu 13 mot chudi cac diém bat
dinh, Wang D va cong su nhu Miao D va Xie C di dat dwoc két qua tét vé do chinh xéac khi sir
dung entropy Shanon nhu 1a 6 do sy bét dinh [8]. nhung ciing nhu Guler, giai phap cua Wang D.
van chua dap tmg duoc yéu cau vé do don gian. Sharmila A. Shok da dat dugc budc tién bo cho
Viéc glam do phuc tap tinh toan khi dé& xuat ap dung bién d6i Wavelet dé tach dic trung [9]. Tuy
nhién, dé giai quyet bai toan nay, Sharmila A. Shok da chuyén d6i bai toan tach dic trung thanh
bai toan tach cac diém ky di ma S. Mallat da giai quyét tron ven tir nam 1992 [10]. Trong d6 phép
bién d6i Wavelet dong vai trd tinh xap xi dao ham nhu mé ta sau

W (s,t) = s:—t(f *q) () 1)
Trong do:
W £ (s,1): ky hiéu phép bién déi wavelet dbi véi ham f(x) tai thang s

q, (t) : Ham 1am tron

Cong thuc (1) cho phép tinh dao ham béac nhat dbi voi f(t) da dugc lam tron thong qua phép
bién d6i wavelet ddi voi f(t). Trong [10], S. Mallat cling dé xuat giai thuat phat hién cac diém bat
thuong dua trén cap diém cuc dai — cuc tiéu cuc bo nhu hinh 3 duéi day.

q(t)

t) H ' Diém zero crossing

Cap Cuc dai - Cuc ti€u
cuc bd

Hinh 3. Mdi lién quan gitta diém bat thuong va cap diém cuc dai — cuc tiéu cuc bo
trén ket qua tinh dao ham bdc 1

Giai phap phat hién séng dong kinh dua trén bién doi wavelet, voi do phirc tap tinh toan chap
nhan duoc, dong thoi ciing dat dugc do chinh xéac theo yéu ciu. Tuy nhién, két qua nay chi dat duoc
trong nhiing truong hop bénh 1y dong kinh thong thudng, ma chua giai quyét duge trudng hop séng
dong kinh, c6 dang phuc hop, gai dong kinh xen ké véi song dién nao nhu hinh 4.

Bién do
)

0

| 1 (gidy)

Hinh 4. Phirc hop gai dong kinh xen ké song dién ndo
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Phuong phap phat hién diém bat thuong dua trén bién ddi wavelet trén dién ndo dd sé tao ra
lién tiép cac cap diém cuc dai — cuc tiéu cuc bd. Do d6 khong thé phan biét dugc gai dong kinh
va séng dién ndo [11]. Do vay bai béo nay dé xuat‘ap dung ham e mil dé giai quyét bai toan trich
chon dac trung cia song dong kinh trén dién ndo do.

2. Giai phap dé xuat

Giai phép dé xuét dya trén phan tich su khéc biét vé phan bd do 16n giita bién do song dong

kinh va song dién nao [2], va dugc mo ta trong bang 1.

Bang 1. Sy khdc nhau gitta song dién ndo va song dong kinh

Thudc tinh Séng dién nao (LV) Séng dong kinh (uV)
Bién do <300 > 300
bo dai 3 gidy + 15 gidy
Dang song Kh(”?pg nhon ,Nh(_)n
: biéu hoa Bat thuong

Bién d¢ song dong kinh c6 dic tinh la bat thuong va bién do c6 phan b6 tai khu vue 16n hon
300 s& duoc sir dung dé phat hién song dong kinh. Dé khang dinh lai thong tin vé phan bd theo do
16n, soéng dong kinh duge khai thac tir bd dit liéu dién ndo dd tai http://physionet.org. Co s& dit
lidu nay duoc thu thap tai Bénh vién Nhi Boston, bao gdm cac ban ghi dién ndo tir 22 bénh nhan
(5 nam, do tudi 3-22; va 17 nit, do tudi 1,5-19) dé kiém tra lai thong tin trong bang 1. Phan bd
ctia bién do cua cac dién ndo do co song dong kinh duoc trinh bay trong hinh 5.

S6 luong ...
mau

Bién do
(uv)

0
-1000 -800 -600 400 -200 o 200 400 600 800 1000

Hinh 5. Phdn bé theo do I6m ciia bién dé song dién ndo dé cé song dong kinh

Hinh 6 mé ta phan bd theo dd 16m bién do cua dién ndo dd, truong hop khong ¢ song dong kinh.
S6 luong
mau

250

Bién do
(uv)

250 200 -150 -100 -50 o 50 100 150 200 250
Bien do

Hinh 6. Phan bo theo do lom ciia bién dj séng dién ndo do khéng c6 song dong kinh

Hinh 5 va 6 1a két qua thyuc nghiém gop phan khang dinh thong tin trong [1], [2] 14 song dong
kinh ¢6 bién d6 16n hon 300. Hon th¢ nita, con thu nhan dugc thong tin 1a d6 va thuong tap trung
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tai cac diém c()‘bién d6 +300, £400, +500, £700. Két luan nay ciing phu hop v6i quan sat, so
sanh dién ndo do trén hinh 1.

Do vy bai toan trich chon déc trung song dong kinh co thé chuyén doi thanh bai toan loc cac
diém c6 bién do tai 1an can xung quanh cac diém +300, 400, £500, £700. Ngoai ra, cac diém
nay phai keo dai trong khoang tur 3 gidy dén 15 gidy trén dién ndo do.

Dé giai quyét bai toan néu trén, vi tri ciia dinh song dong kinh c6 thé duoc xac dinh thong qua
phép tinh tich chap trén dién ndo d6 [1], [2] nhu sau

L
s(n)*h(n) = § s(k)h(n - k), (2)
k=1

trong do:

s(n) : Tin hiéu dién ndo do
h(n): dap ung xung ctia b loc dic trung séng dong kinh trén dién nio d6

Phép tinh tich chép c6 d§ phurc tap tinh toan o(L"), tuy khong & mirc d6 phtrc tap cao nhung
néu 4p dung ham e mi, vin co thé giam d6 phirc tap xubng o(n)-

. Ham e mii duoc dé xuit ap dung dé loc cac diém dac trung cua song dong kinh trén dién ndo
d0 nhu sau:
_(s-p)’

e 2 (3)

o

Trong d6, khi s 2 =1, ham f (X) dong vai tro chon loc cic gia tri cta bién s = m. Néu dat

cac gia tri u 1a £300, £400, £500, £700 chinh 1a bién d6 cua dinh cac gai dong kinh, cac dic
trung cta song dong kinh s€ dugc phat hién boi ham e mii giir lai.

g T
4
‘f (‘S ) 06— /’\\ I
04— [ —
/
0.2~ —
0 1 1 1 1 1 1 L L L
250 300 350 400 450 500 550 600 650 700 750
b
f(s ) T T /I\ T T T T T T
06— —
/o
04|~ / \\ 4
0.2~ —
0 l 1 1 1 1 1 L L l
250 300 350 400 450 500 550 600 650 700 750
o c
f (-5 ) T T T T T T T T
06— /’\\\ —
04— \ —
02— —
0 l 1 l 1 1 1 L L l
250 300 350 400 450 500 550 600 650 700 750
d
T T T T T T T T /V\
fGs) ol —
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04— I —
/
02— —
| 1 | 1 1 1 | 1 |

Hinh 7. M6 td ham sé e mii tai m= 300 (a), m= 400 (b), m= 500(c), m= 700(d)
(s—p)?

Véi m= 300 (hinh 6 a), ham f(s) = e 2°° & giit nguyén déi véi cac bién do co

1
\270?
gia tri 1a 300, lam suy giam cac bién d6 co6 gia tri xung quanh 300 va lam triét tiéu cac bién do co
gia tri con lai.
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Tuong tu, vdi m= 400 (hinh b), m=500 (hinh ¢), m= 700 (hinh d), ham
(s-w)°

e 2 s gift nguyén d6i véi cac bién do co gia tri 1a 400, 500 va 700, lam suy

f(S) - #

\27o?

giam cac bién do c6 gia tri xung quanh cac gia tri do va lam triét ti€u cac bién do co gia tri con lai.
M6 ta két qua thong qua dién ndo dd, truong hop c6 song dong kinh nhu sau:

e €St View Insent Tools O
Ddde Q08 &

Bién d(\).ﬂ ‘mau: chb03-01, kenh 1 ( Co gai dong kfl'li. EEG truoc loc (hinh a)
V) 4

g s L (gidy)
Bién dé,ﬂ EEOnubcmn‘nb)
(W7) LWMWw” hwﬁmywn |

L L (gidy)
Bién do_ s
(W)

£ (gidy)

Hinh 8. MG td phat hién ddc trung song déng kinh thong qua ham sé e mii
(truong hop co chira song dong kinh)
Trong hinh 8, hinh a 14 mét doan dién nio d6 c6 chira séng dong kinh c6 bién do xap xi 500,
kéo dai tir diém 10° dén diém 6% 10°. Sau khi thyuc hién budc phat hién dic trung bing cach ap

(s-u)
1 =
dung ham f(s) = ﬁe 20°  véi m= 300, m= 400, m= 500, m= 700 cac bién do co
2no

gié trj < 300 déu bj triét tiéu, chi con lai céc bién df c6 gid tri tir 300 dén 500 (hinh b).
Truong hop doan dién ndo do khong chira song dong kinh:

Bién d6 I cH0.05 ko 1 (Khongco gl dong K EEG e o< (i)
(aC T A -t

o ™ } * . ‘

sl s , s , s , 7 " =Ry (gidy)
Biéndo ‘ 50 sau o (i ) )
(v)

= ; Z s 4 ; s 7 ,, e t (gidy)
Bién do | e .
(1?)

L(gidy)

Hinh 9. MG td phat hién ddic trung séng déng kinh thong qua ham sé e mii
(truong hop khong chira song dong kinh)

_ Trong hinh 9, hinh a la mdt doan dién néo d6 khong chira song dong kinh. Doan c6 dao dong
bét thuong kéo dai tir diém 4X10° dén diém 8,5X10° nhung chi c6 4 diém c6 bién df trong
khoang tir 400 dén 500. Do vay, sau khi thuc hién phat hién déc trung bang cach ap dung ham
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(s—p)
e 2 v6i m= 300, m= 400, m= 500, m= 700 cac bién do c6 gia tri <

1
f(s) =
\270? 4

300 déu bj triét tiéu, chi con lai 4 diém bién d6 c6 gié tri tir 400 dén 500 (hinh b).
3. Két qua thwe nghi¢m
3.1. M6 ta thwe nghiém

Céu hinh phan ctng va moi truong thuc nghiém: May tinh v61 bo vi xur ly 2.2 GHz, 2 161.
Thiét bi c6 8GB RAM. Mai truong phan mém la Matlab dé chay thir nghiém dé xuat.

Nguon dir liéu: Dir liéu dugc lay tir tap dir liéu chuén cua trang web http://physionet.org. Day
1a nguén dir liéu pho bién trong cac nghién ciru vé EEG. Dir li¢u thu thép tir 22 bénh nhan (5
nam, tudi tir 3-22; 17 pfr, tudi tur 1,5—19) tai Bénh vién Nhi Boston. Cac bénh nhan duogc theo doi
EEG trong vai ngay d€ xac dinh dac diém cua con co giét.

3.2. Mo ta dir liéu
M01 bénh nhén co tir 9-42 file ghi song, mdi file 23-26 kénh, thoi lugng ghi moi file khoang 1

gio, tan s6 1y mau 256 Hz, do phan giai 16 bit. Vi tri cac dién cuc EEG theo tiéu chuan qudc té
10-20. Céc file c¢6 con dong kinh dwoc ghi chu day du thoi diém bét dau va két thuc mdi con.

3.3. Xu ly dir liéu
Dir liéu duogc chia lam 2 nhan:
Nhén 0 - dién ndo d6 khong con dong kinh
Nhaén 1 - dién ndo d6 c6 con dong kinh
Qua trinh kiém thir dugc chon tur tap dir liéu da dugc gan nhan ctia Bénh vién Nhi Boston.
Gia tri o =5 dugc chon bang phuong phap Thir - Sai dé phan phéi hinh chuéng c6 dugc do
rong phu hop nhat.
Bang 2 mo ta tom tat két qua thuc nghiém trén 38 mau, tir chb03 01 dén chb03 38 nhu trén.
Bang 2. M6 ta dé chinh xdc khi dp dung ham e mii dé phat hién ddc trung séng dong kinh

~ Keét qua ~ Keét qua ~ Keét qua
STT Nhin o d‘llm STT Nhin dat d‘}rqc STT Nhin dat d?rt.rc
1 1 1 14 0 0 27 0 0
2 1 1 15 0 0 28 0 0
3 1 1 16 0 0 29 0 0
4 1 1 17 0 0 30 0 0
5 0 0 18 0 0 31 0 0
6 0 0 19 0 0 32 0 0
7 0 0 20 0 0 33 0 0
8 0 0 21 0 0 34 1 1
9 0 0 22 0 0 35 1 1
10 0 0 23 0 0 36 1 1
11 0 0 24 0 0 37 0 0
12 0 0 25 0 0 38 0 0
13 0 0 26 0 0

Qua bang 2 ta thay rang 38/38 miu dién ndo d6 da dugc nhan dang dung. Giai phap dé xuat ap
dung ham e mii 1a cé ¥ nghia cho bai toan phat hién dac trung song dong kinh.
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4. Két luan

Bai bao trinh bay két qua dat duoc 1a dé )guét phuong phap don gian va hiéu qua dé tach dic
trung gai dong kinh trén tin hiéu dién ndo d6. Thyc nghiém dé danh gia do chinh xac cua giai
phép dé xuat cho do chinh xac 100% trén 38 mau thuc nghiém.
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