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Bai bao nghién ciru mdt cach tiép cin maéi vé phan tich tin hiéu dién tim trong khong gian pha, giiip tham
s6 hoa cac dic tinh cia anh pha tin hiéu 1am co sé cho viéc xAy dung hé tw dong chin doan bang anh pha
tin hiéu di¢n tim. Cac két qua khio sat, md phéng tin hiéu di¢n tim nhan tao trén mé hinh tong cic ham
Gaus di chirng minh dwgc hiéu qua ciia phwong phap dwge dé xuit.
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Analyzing the diagnostic
ability of heart diseases using
phase diagram
of artificial ECG signal model

Summary

The paper presents a new
approach in analyzing ECG
(Electrocardiogram) signal
in phase domain, which can
parameterize the features of signal
phase image. The selected features
will be used for building an ECG
diagnostic automation system.
The experimental results based on
Gaus function have shown that the
proposed method can be an useful
approach.
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pat van de

Cho dén nay, ghi dién tim do van 1a mot trong nhirng phurong phap
thong dung dé chan doan chtrc ning cac bénh 1y tim mach. Nhung
theo nhan dinh cua nhiéu chuyén gia tim mach thi cac cong cu may
tinh hién cé trong phéan tich va phién giai tin hi¢u dién tim khong
du dé dam bao do tin cay dat yéu cau cho két qua chan doan boi cac
nguyén nhan sau: Thit nhdt, trén cac ban ghi tin hiéu dién tim & mién
thoi gian khong c6 ranh gidi 10 rang giita cac phan doan mang thong
tin, gay kho khan trong viéc tuw dong nhan dang. Thir hai, cac tin hiéu
dién tim quan sat trong moi truong c6 nhidu dang nhidu loan khac
nhau ma khong thé chic chin dua vé dugc thanh nhiéu cong tinh.
Thir ba, khi st dung phuong phap 13y trung binh chudi cac chu trinh
tim (tin hiéu dién tim) & mién thoi glan dan dén cac phan doan mang
thong tin s& bi nhoé di do sy thay d6i khong déu do dai cac chu trinh
(tir chu trinh nay dén chu trinh khac), hau qué la dan dén sai s6 khi do
céc gia tri chan doan tap trung & cic phan doan nay.

Trong nhitng ndm gan day, dién tim s dugc st dung rong rai dé
chan doan cic bénh hé thong tim mach ciling nhu dé theo doi, giam
sat trang thai ciia hé thong nay. Tuy nhién, theo nhan dinh cta céc
chuyén gia y té thi cac phuwong phap phan tich va dién giai truyén
thong van chua dam béo tinh x4c thuc cac két qua chan doan. Vi vy,
cac chuyén gia khong ngirng hoan thién cac thuat toan, tap trung vao
céc phuong phép tach cac thong tin chan doan tir tin hiéu thuc trong
didu kién nhiéu loan. Mic du vay, trong y hoc, chimg ctr trude khi
khuyén nghi 4p dung mot phuong phap nao d6 vao thuc té can kiém
ching mot cach ki ludng trén tin hiéu test, ma doi khi rat it gip trong
thyc té. Mot trong nhimg cach kiém tra d6 1a thir nghiém trén tin hiéu
nhan tao, bang viéc tao gia cac tin hiéu dién tim binh thuong hay bénh
1y khéac nhau.
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No6i dung nghién citu

Anh pha tin higu dién tim va kha ning chin dodn
cdc bénh Iy tim mach bang dnh pha

Mot trong nhimng cach tiép can d6i nguoc lai cac
phuong phap truyén thong va da khang dinh dugc hi¢u
qua trong céc thi nghiém lam sang la phuong phap phéan
tich tin hiéu dién tim trong khong gian pha (mit phang
pha). Co sd cuia phuong phap la nghién ciru hé dong
hoc dugc mo ta be"mg tap hop x XXy, X, CAC tham sd
trang thai, khi phan tich dugc tién hanh trong khong
gian N chiéu vdi céc toa do x,x,x...x,. Khong gian
nhu thé goi 1a khong gian pha, céc toa do ctia n6 duge
g0i 12 toa d6 pha, con ho cac quy dao pha biéu dién su
thay doi trang thai cua hé goi 1a pha anh pha.

Dé khao sat cac tin hiéu phan anh trang thai cua
hé dong hoc, thong thuong nguoi ta st dung phuong
phap giit cham (phuong phép tré). Trong trudng hop
nay, toa do trén mat phang pha la bién d tin hiéu thoi
gian y(2) tai cac thoi diém 7 va y(t-t), trong d6 t 14 thoi
gian tré.

Mot cach tiép can khac khi phan tich tin hi¢u dién
tim trong mit phang pha d6 1a danh gia cac chi sb van
tdc tin hiéu tam thanh d6. Cach tiép can nay c6 ngudn
gbc xudt hién tir Jau. Amoxop va cic cong sy trong cac
nghién ctru cuia minh da chi ra kha nang khao sat chirc
nang co bop co tim trong khong gian pha ma toa do
cua chung la bién d6 y(?) va dao ham theo thoi gian cia
qué trinh dang quan sat y(z) [1].

Gia tri chan doan ctia phuong phap niam & chd sir
dung cac thong tin phu c6 trong dic trung van tdc
clia qua trinh khdo sat, da duoc khang dinh trong cac
nghién ctru cia cac chuyén gia tim mach. Nhu sé chira
dudi day, anh pha tin hi¢u dién tdm dd trong hé toa do
y(t), y(t) cho ra kha nang danh gia hinh dang cac trich
doan riéng 1€ tin hiéu dién tim v&i d6 chinh xac cao va
phat hién nhiing sai 1éch kich hoat, dan truyén ma cac
bac si khong thé tim ra véi phuong phap phéan tich
truyén thong trong mién thoi gian [2, 3].

Biéu dién tin hiéu dién tim trong hé toa 4o y(1), y (1)
1a phwong phéap phan tich db hoa khao sat hé¢ thong ma
trang thai cua né dugc mo ta boi cac phuong trinh vi
phan sau:
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X, =X,
X, = F(x,x,)

Trong do x, = y(?) 1a toa do dau ra cia hé thong
(bién do tin hi¢u dién tim tai thoi diem t), x, = (1)
la dao ham béc nhat cta n6, F (x,, x,) 1a mot ham phi
tuyén nao d6. Chia (2) cho (1) ta nhan dugc phuong
trinh khong con t & dang tudong minh:

dx, _ F(x,,x,)
dx

3

X,

1 2

Nghiém cua phuong trinh (3) la x, = v (x,) (4)

Véiky hiéu x, = (1), x, =y(t) ¢ thé biéu dién duéi
dang: y(t) = wy(t) vaxac dinh quy dao pha trong mat
phang y(1), y(1).

Anh pha ctia tin hiéu dién tim d6 trong mat phang
y(1), y(t) dugc xay dung nhu sau: tin hi€u dién tim ban
dau dugc s6 hod va dugce biéu dién boi chudi hitu han
céc gia tri y(t,) tai cac khodng thoi gian roi rac ¢, = t.A,
voik=0,1,2,3..., K-1; A la budc lay mau va dugc
xéc dinh boi tan sb léy mau F - Viduy, voi F,= 500 Hz
thi budc A =2 s. Tiép dén 1a thyc hi€n khir tréi duong
dang dién va loc s6 bang bo loc cat va k¥ thuat san
bang thich nghi. Sau do6, 1y vi phan tuong mg voi
viéc déu ddn hod tin hiéu dé nhan dugc gia tri dao ham
phu hop y(z) tai cac thoi diém roi rac L. Két qua 1a tao
duoc mot chuoi vecto 2 chiéu nam trén quy dao pha
trong mit phang y(z) y(1):

o).y (). vt ).y (t.,) 6]

Hién nay, voi sy phat trién nhanh cua cong nghé
thong tin, da giup khao sat cac thudt toan moi xu Iy
dir liéu y sinh trén cac ban ghi tin hiéu thyc dugc luu
trir trong cac co so dit liéu chuyén dung. Loi thé cua
cac nghién ctru nay 1a, véi cac ban ghi tin hiéu dién
tim khac nhau thi trong co sé dit liu con luu trit cac
file chuyén dung trong d6 c6 chira cac két qua phién
giai cua cac chuyén gia kinh nghiém (cac bac si, cac
chuyén gia tim mach).

Bang viéc sir dung cong cu Matlab dé xir Iy cac ban
ghi tin hiéu ECG trong céc co s& dit liéu chuan, ta thu
duoc tap cac anh pha ctua chiung [4].

Tin hi€u va anh pha ctia mét sb tin hiéu trong co sO
dwr liéu: ST-T va MIT-BIH.
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Két qua khao sat trén cac bd co sd dit liéu cho théy,
mdi doan mang thong tin (cac song P, Q, R, S, ST, T...)
cua tin hiéu dién tim sé& tao ra cac thanh phan tuong
ung trén anh pha ctia né dudi dang cac hinh ¢6 hinh
dang dic trung (cac nut, nhanh). Mdi thay ddi tham
s6 tin hiéu ECG ¢ mién thoi gian mang thong tin vé
bénh nay hay bénh khac hodc su bién loan nao dé sé
¢6 nhitng thay d6i cua nhanh trén anh pha tin hiéu.
Nhiing thay d6i nay dé dang quan sat hon & mién thoi
gian. Khi xuat hién nhitg bién ¢ (bénh 1y), cac duong
nhanh trén anh pha tin hidu ciing thay doi dong bo véi
céc thay ddi cac phan doan trong mién thoi gian.

Céc nghién ctru khao sat da chi ra rang, anh pha cta
tin hiéu ECG rét da dang va sy khac biét gitta chung
thé hién rd rang hon ¢ mién thoi gian. Hon nita, khi
xuat hién cac bién loan c6 y nghia chan doan ¢ mién
thoi gian thi trén anh pha ciing xudt hién nhitng thay
doi, chiing dé dang quan sat hodc phat hién bang cac
thudt toan xu 1y.

Ngoai ra, khi xtr 1y tin hi¢u dién tim trong khong
gian pha c6 thé sir dung cac ddu hiéu chan doan phu
ma céac dau hiéu dy khong thé nhan biét néu sir dung
phuong phap phan tich trong mién thoi gian: cac
d4u hiéu do 1a goc dinh hudng anh pha o, chi sb
chan doan B,

Mo hinh tao tin hi¢u dién tim nhdn tao

C6 nhiéu cach tiép can khac nhau khi xay dyng mé
hinh dé tao tin hiéu dién tim. C6 thé ding mo hinh ma
trong d6 cac thanh phan dién tim dd dugc mé ta bang
cic ham tuyén tinh va ham bac 2. Song cac mé hinh
nay khong cho phép tong hop dugc tin hiéu dién tim
¢6 hinh dang gidng tin hiéu dién tim thuc va mé phong
trén d6 cac biéu hién bénh 1y ciia hé thong tim mach.
Mo hinh duéi dang tong cdc ham Gaus cho hinh dang
chu trinh tim gan giéng tin hiéu thyc hon, tuy nhién
v6i mo hinh nay ciing khong thé tao ra tinh chu ky ciia
cac chu trinh tim nén cling it dugc st dung. M6 hinh
dua trén tai tao toan hoc hé dong hoc phi myén cling
dugc ding dé tao tin hi¢u dién tim, tuy nhién dé mo
phong cac biéu hién bénh 1y thi mé hinh sé& phtc tap
hon dang ké do phai thém vao cac tham sb. Mot mo
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hinh twong doi thong dung d6 12 mo hinh dong hoc Tin hiéu dién tim binh thuong
dya trén viéc gidi hé 3 phuong trinh vi phan trong hé Tin hicu Anh pha
toa do khong gian 3 chicu (X, y, z). Tinh chu ky duogc 1 ‘
mo ta bdi chuyén dong cua chat diém trong mat phang 5 | S -
~. 8 ‘ 8 g
(X, y), con cac phan doan mang thong tin cua moi chu i ‘\\ : ]
trinh thi mo ta bang chuyén dong cua diém anh xa theo ol b Dt /
P ? N ,/
huéng z [5, 6]. : <
M6 hinh Generative tao tin hiéu dién tim nhan tao: et
V&imd hinh nay, tin hiéu dién tim mau dugc tao ra ‘ n I - N
5 Lo, z i 7
dudi dang tong cac ham Gauss khong doi xting. “ / !
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Trong do, A, la cac tham s6 xac dinh bién do va Tin hiéu Anh pha
thoi gian khi phan doan nao do dat cuc dai (4, > 0) hay ST chénh lén
cuc tiéu (4,<0) ‘ ;
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Két qua mo phong cho thay, mé hinh tin hiéu dugc
dé cap 1a hop 1y va sat thuc. Tin hiéu dién tim mo
phong theo mo6 hinh cho hinh dang cac séng va cac
tham sb gan gidng vai tin hiéu dién tim thuc té; bang
cach thay ddi cac tham s6 md hinh ta ¢6 thé nhan duge
cac tin hiéu dac trung cho cac truong hop bénh 1y; anh
pha cua tin hi€u dién tim nhan tao (tin hi¢u mé phong)
cling ¢6 hinh dang nhu tin hi€u dién tim that.

Nhu vay, dua trén két qua mo phéng tin hi¢u dién
tim, v€ quy dao anh pha va xac dinh cac dAu hiéu chan
doan phu ta ¢ thé xay dung duoc mo hinh va thuat
toan ty dong chan doan céac bénh tim mach.

Két luan

Bai bao da dé cap dén mot hudng nghién ciru méi
biéu dién tin hiéu dién tim trong khong gian pha. Anh
pha tin hiéu dién tim cho ta dé dang quan sat duoc
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nhimg bién loan trong cac chu trinh tim ma néu ¢ mién
thoi gian bang cac phuong phap phan tich truyén thong
ta kho hodc khong thé phat hién dugc. Dé khao sat tinh
trung thuc ctia cach tiép can biéu dién tin hiéu trong
khong gian pha, bai bdo da tap trung nghién ctru mo
phong tin hiéu dién tim trén mo hinh téng cac ham
Gaus thanh phan. Két qua mé phong cho thiy, tin hiéu
dién tim nhan tao va anh pha hoan toan gidng véi tin
hiéu thuc. Hudng nghién ctru tiép theo 1a s& mé phong
nhiéu va tham s hoa cac chi s chan doan bénh trén
cac tham sb anh pha, tng dung trong nghién ctru bénh
nhoi méau co tim, xay dung hé thong tu dong chan doan
dua trén cac tham sb anh pha.
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