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MO PAU
Phan tich tin hi¢u dién tim dd va dac biét 1a dién tam d0 gang stc 1a
mat trong s6 nhiing céng cu quan trong dé chan doan cac chimg bénh
lién quan téi tim mach - nguyén nhan chinh gay tir vong ¢ cac nudc phat
trién. Pung trén quan diém 1am sang, thong tin hiru ich thu nhan dwoc
tir tin hiéu dién tm dd bao gdm bién do song va cac diém quan trong
ctia tin hiéu ECG. Két qua ctia qua trinh xac dinh phtrc bd QRS va phan
dinh cac song thanh phan 1a mot tap cac gia tri md ta cac diém quan
trong cuda tin hi¢u dién tam dd. Bo gia tri nay sau d6 dugc sir dung bdi
cac phuong phép danh gia dién tim d6 tu dong. D6 tin cay cua két qua
danh gia dién tam dd tu dong phu thudc vao chét luong cua cac thuét
toan phan dinh trudc d6. Thanh phan quan trong khong thé thiéu cua
cac thuat toan phan dinh 1a bo do phic bd QRS chét luong cao ma do
tin c@y cua n6 s& anh hudng tdi do tin cdy cua viéc phat hién céac diém
quan trong khac cua tin hiéu dién tim dd. Hiéu suit cuia cac thuat toan
duogc danh gia va so sanh dya trén co sé két qua thu dwoc khi thir nghiém
trén co so dit liéu tin hiéu dién tdm do tiéu chuén. Hién nay van c6 mot
s6 lwong 16m cac bao c&o nghién ctru lién quan dwoc xut ban thi rd rang
vén dé ndy van 1a twong d6i hap din va kha ning cai thién cac thuat toan

hién c6 van chua duoc khai thac hét.
Muc tiéu nghién ciru:

- Phat trién b loc thich nghi cho tin hiéu ECG gang sirc.

- Pé xuét thudt toan tw dong x4c dinh vi tri phirc bd QRS va phén
dinh cac song thanh phﬁn ctia tin hiéu dién tdm do.

- Thir nghiém thuat toan trén co so dir liéu dién tam dd g:fmg suc

ciing nhu dién tam dd tinh va danh gia két qua dat duoc.



- Ung dung cac két qua dat dugc nhdm chan doan chimg bénh nhoi

mau co tim st dung tin hi¢u dién tdm do tan so cao.
Doi twgng va pham vi nghién ciru:

- Doi twong nghién ciru: Tu dong nhan dang vi tri phic bd QRS

va x4c dinh cac diém quan trong cua tin hiéu ECG.
- Pham vi nghién cuu:
e Nghién ctru cai tién phuong phap xir Iy tin hiéu nham giam
anh huong ctia nhidu téi chat lugng tin hiéu ECG géng strc.

e Phuong phép xac dinh vi tri phitc bd QRS, cac diém quan

trong cua tin hiéu ECG gang stc.
. Ung dung céc Kkét qua dat dugc vao chan doan bénh.
Y nghia khoa hoc va thue tién ciia ludn 4n:

- Ve ¥ nghia khoa hoc: Tai Viét Nam, hién chua c6 mét nghién
ctru tong thé va diy du vé viée nhan dang ty dong phirc bd QRS trong
hé thong dién tdm do6 ging stic va xac dinh cac diém quan trong ciia tin
hiéu ECG dé tir 46 gop phan hd tro chan doan cac bénh lién quan t6i
tim mach nham hudng téi viéc trién khai ing dung thuc té tai cac co s&
y té. Luan 4n nay thyc hién mét cach co hé théng tir dé xuét phuong an
loai bo anh hudng cuia nhiéu, nhan dang vi tri phitc bd QRS, phan dinh
cac song thanh phin cho t&i img dung két qua vao viéc chin doan chimg
bénh nhdi méu co tim st dung tin hiéu ECG.

- Vé ¥ nghia thuec tién: Xac dinh chinh xac vi tri ctia phirc bd QRS
va cac diém quan trong c6 anh hudng téi két qua chan doan tinh trang
strc khoe ciia nguoi bénh. Vi vy, dé xuit mot giai phap méi chit luong

nham nhan dang tu dong cum tin hi€u QRS cé y nghia quan trong trong
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thye tién, gop phan bd sung vao cac giai phap hd tro cho qua trinh chin

doan, xac dinh, di€u tri va theo ddi tinh trang bénh ctia cac bac si.
Bo cuc cia luin an:

- Phén Iy thuyét: Luan 4n trinh bay ngin gon cic phuong phap
tiép can quan trong nham giam anh hudng cta nhidu ddi véi tin hiéu
hitu ich, phat hién vi tri cac phic bo QRS, phan dinh cac song thanh

phén va cac ting dung cua tin hi¢u dién tam do.

- Phan thyc nghigm: D& xuat mot phuong phap méi nham ty dong
phat hién vi tri cac phitc bd QRS ciing nhu xac dinh cac diém quan trong
ctia cta tin hiéu ECG, nguyén 1y, két qua va so sanh véi mot s6 phuong
phap khéc.

- Phén két Iugn: Panh gia viéc hoan thanh cac muc ti€u dé ra va

mo ta cac dong gbép mai cua ludn an.
CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Tién xir Iy tin hi¢u
Céc tin hi¢u ECG thuong duoc loc bdi bo loc thong dai tir 0.1 dén 100
Hz trude khi duge phan tich. Mot s6 dai tan khéc ciing duoc sir dung
nhu 0.05-40 Hz, 0.4-40 Hz.... Pau ra cta bd loc thong tiép tuc duoc
dua qua mdt b loc trung binh dé 1am tron tin hiéu. Tiép theo, mot bo
loc thong thap dugc sir dung dé loai bo anh hudng cua nhiéu tan sd
cao va giir lai mot lwong dir liéu cho qué trinh xtr 1y tiép theo. Mot s6
bo loc thong thap voi cac tan sb cat khac nhau ciing dugc sir dung nhur
11 Hz, 90 Hz, 30 Hz, 35 Hz.... Bén canh d6, mot sb bd loc thong cao
véi tan s6 cét 0.5 Hz, 1 Hz, 2.2 Hz... lai duoc st dung dé loai bo nhiéu

tr6i duong co sd. B loc triét dai thuong dugce sir dung dé loai bo nhiéu



do ludi dién gay ra tai cac tin s6 50 hay 60 Hz. Cac b loc thich nghi
c6 thé duoc sir dung dé cai thién hiéu suit so véi cac thiét ké loc thong
thuong. Trong thuc té, bd loc thich nghi tuyén tinh thudng dugc sir
dung. Tuy nhién, bd loc thich nghi phi tuyén ¢ kha ning xir 1y dit liéu
tdt hon. Cac thong s6 cua bo loc thich nghi s& dugc cdp nhat lién tuc

khi ludng dir lidu di qua no.
1.2. DPic trung P-QRS-T

Cac déc trung to hop P-QRS-T cia mot tin hi€u ECG vé co ban tuong
ung vdi céc vi tri, thoi lugng, bién dd va hinh dang cua cc séng hodc

d6 1éch cu thé bén trong tin hiéu.

Badng 1.1. Bdc trung co ban va gia tri voi nhip ddp 60 bpm ciia mot

nguoi dan ong khoe manh

Pac trung Gia tri binh thuwdong Gidi han cho phép
Do rong P 110 ms +20 ms
Khoang PR 160 ms +40 ms
Do rong QRS 100 ms +20 ms
Khoang QTc 400 ms +40 ms
Bién do P 0.15 mVv +0.05 mV
b0 cao QRS 1.5mV 0.5 mV
Mic ST 0 mV +0.1 mV
Bién do T 0.3mVv +0.2mV

Trich xuat ddc trung QRS doi hoi phai phat hién cac diém quan trong
nén cac thuat toan phat hién phuc bd QRS khéc nhau di dugc dé xuat
va ndi tiéng nhét 13 thut toan Pan-Tompkins. Ngoai ra con nhiéu
phuong phap khac phat trién theo cac hudng st dung cac b vi phan,

bo loc k¥ thuat s6, bién d6i wavelet, mang no ron va bién ddi pha dya.
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Phirc bo QRS 1a dang song quan trong nhit trong tin hidu dién tam do.
Tinh trang hién tai ciia tim c6 thé chan doan thong qua cac diém quan
trong va hinh thai cia QRS nhu viéc xac dinh ty dong nhip tim, phan
loai chu ky tim va thuat toan nén dir licu ECG. Bén canh QRS, céc
song P va T cling 1a céc tin hi€u dién tim quan trong. Rat kho phat hién
cac song nay do bién do thip, su chong 14n va sy thay doi vé hinh thai
tin hiéu. Mot s6 k¥ thuat khac nhau di dwoc dé xuét cho phat hién cac
song P va T nhu may vector hd trg (SVM), d6 dbc cia tin héu ECG,

mang Bayer (Bayesian Regularization Neural Network).
1.3. Cac linh vuc irng dung

- Phdn logi bénh: Hau hét cic nghién ctru da tap trung vao chimg
bénh rdi loan nhip tim, rung nhi, phat hién ngung tho khi nga, phan
loai murc d6 nghiém trong dbi v6i bénh Parkinson, phat hién thiéu mau
cuc b, phat hi¢n nhdi méau co tim, phat hién s¢o co tim, phat hién xac
dinh bénh co tim phi dai, phat hién nhdi méau co tim kém va phan loai

bénh dong mach vanh...

- Phdt hién logi nhip tim: Nham phén loai c4c loai nhip ECG
khéc nhau. Pay 1a mét phan trong nd luc cua phén tich dit liéu ECG.

- Nhdn dang sinh tric hoc: Nhan dang mot c4 nhan trong mot
nhom nguoi sir dung thong tin dic trung nhan dugc tu tin hiéu ECG

mot cach ty dong.

- Nhdn dang cdm xic: Nhan dang cam xuc dua trén ECG da

dugc dé cap nhung con han ché trong cac nghién ctru.
CHUONG 2. LQC NHIEU TiIN HIEU

2.1. Thuit toan EDNSS



Hinh 2.1 trinh bay so d6 khéi bo loc nhidu thich nghi sir dung thuét
toan EDNSS.

dmn) = s(n) + nyn) +>® e(n)>

x(n) = nyn) FIR y(m)

adaptive

/ Adaptation

algorithm

Hinh 2.1: B6 loc nhiéu thich nghi st dung thudt todin EDNSS

Tin hiéu dau vao d(n) 13 tong cta tin hiéu mong mudn s(n) va tin hiéu
nhiéu khong twong quan no(n). Tin hiéu ne(n) khong cé tuong quan
v6i s(n). Tin hiéu vao tham chiéu x(n) 1a mot ngudn nhidu khac ny(n)

6 su tuong quan voi Ng(n) va khong twong quan véi s(n).

Dau ra, sai s6 va phuong trinh trong sb cta bo loc,

y(n) = w(n)aT(n) 2.1)

e(n) = d(n) — y(n) (2:2)

w(n+1) =w(n) + K z(n)e(n) (2.3)
oferm)[*+ (1= o)zt

vdi w la vector trong so cua bd loc thich nghi va,

||T(n)| = T(H)TT(n.) (2.4)
L-1

flex@ll* =3 Jetn — o (2.5)
=0

trong do6 n la téng s6 mau tin hiéu va L 1a sb lugng mau c¢d dinh dugc



chon sao cho nhan dugc dap ing cia thuat toan la t8i wu. Céc tham sb
o Va W ciing duoc chon thu cong sao cho tée do hoi tu cua thuat toan
la nhanh nhét va sai s6 binh phuong trung binh 12 nho nhit c6 thé.

2.2. Thuit toan EDNSS sira doi

Luan &n dé xuat stra d6i thay thé sé lwong mau cb dinh L bang chiéu
dai cua tin hiéu n va |le,(n)|| 2 dugc thay boi |le(n)|| 2. Lic nay
phuong trinh trong s6 cuia thudt toan dugc cho béi biéu thic,

wn+1) =w(n)+ = 57(n)e(n) (2.6)
alletm) [+ (1 = ) Jam]”
2 A 2
letl]” = >_letn =] (2.7)
=0
uln) = . (28)

ol P+ @ =)t
vai W 1 gia tri khoi tao cua kich thudce bude.
2.3. Két qua va thao luan

Thuat toan dugc kiém tra boi nhiéu mé phong & cac mic phuong sai
khac nhau véi gia tri trung binh bang khong cho tin hiéu ECG. Sau d6
1a v&i cac tin hiéu nhidu thyc ¢ cac mirc SNR dau vao khac nhau. Két
qua cua thuat toan dugc do theo cac thudt ngit nhu sai s6 binh phuong
trung binh vugt qua (EMSE), sai s6 binh phuong trung binh vuot qua
trang thai 6n dinh va diéu chinh sai M).

Gia tri EMSE tai budc thir n duoc dinh nghia boi,

EMSE(n Z e1(n—j)| (2.9)



vé6i ex(n) = e(n) - s (n) 1a sai s6 du thira va L 13 hang sb duoc chon dira
trén co s& thu nhan dap mg tron tru. Sai s6 binh phuong trung binh
vuot qua trang thai on dinh (EMSESsS) dugc dinh nghia boi,
1 K-1
EMSEy = ——— > EMSE(n) (2.10)

K—-P
n=pF

trong d6 K 1a tong s6 lugng mau tin higu va P 1a sb luong mau sau khi
thuat toan dat dugc trang thai on dinh.
Su diéu chinh sai 1éch (M) dugc cho béi,
_ EMSE,,

1 = 2
MSEmin = 27— Z;j|s(n)| (2.12)

Hiéu suét cua thuat toan dugc danh gia bang cach thém nhidu Gausian
trang co gia tri trung binh bang khong va cac mic phuong sai khac
nhau 1a 0.001, 0.01, 0.1, 0.5 va 0.7 vé6i cac tham s6 bd loc chiéu dai
tin hiéu K = 5000, chiéu dai bd loc N =10, L =200, P =1, a. = 0.7 v
i = 0.1. Két qua chi ra ring, thut toan EDNSS d& xut co gid tri
EMSEss va M giam nhiéu so véi thuit toan gbc. Dic biét gia tri
EMSEss di giam khoang 6 dB d6i voi nhidu c6 gia tri phwong sai bang
0.7 va gi4 tri M da giam khoang 75%. Két qua nhan manh rang thuat

toan d¢€ xuat da cai thién duoc hi€u suat tai mirc nhicu cao hon.

Hiéu suét cua thudt toan cling duogc kiém tra trén tin hiéu ECG thudc
co so dir liéu MIT-BIH Noise Stress Test Database v4i cac mirc SNR
dau vao 1an lugt 1a -6, 0, 6, 12, 18 va 24 dB. Tin hiéu mau thir nghiém
duogc 14y tir mau thir 110000 t6i mau 125000 voi cac tham sb bd loc
K=15000, N=10 (chiéu dai b loc), L=200, P=1, a=0.7 va u=0.1.
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Bdng 2.1: So sdnh gid tri EMSEss va M déi vdi nhiéu Gaussian tring cé gid
tri trung binh bing 0

a? = 0.001 o2 =0.01 a?=0.1 a2 =05 ot =07
EMSEss EMSEss EMSEss EMSEss EMSEss
Thuit toin M M M M M
(dB) (dB) (dB) (dB) (dB)
EDNSS 0.0040 | -40.5265 | 0.0077 | -37.6946 | 0.0445 | -30.0834 | 0.0964 | -26.7244 |0.1346 | -25.2739
EDNSS sifa ddi | 0.0143 | -35.0024 | 0.0149 | -34.8458 | 0.0383 | -30.7316 |0.0418 | -30.3508 |0.0331 | -31.3673

Bang 2.3: Bang so sinh cic gid tri EMSEss va M cia hai thudt todin

SNR. diin vao EDNSS MEDNSS
Dit liéu vao (dB) M EMSEss M EMSEss
(dB) (dB)
118¢_6m -6 0.8353 | -10.2328 | 0.6902 | -11.0614
118e00m 0 0.7057 | -11.2688 | 0.4935 | -12.8218
118e06m 6 0.5056 | -12.5730 | 0.2484 | -15.6595
118e12m 12 0.3274 | -13.7758 | 0.0852 | -19.6211
118e18m 18 0.2307 | -14.4555 |0.0302 | -23.2890
118e24m 24 0.1990 | -14.6495 | 0.0240 | -23.8407
119¢_6m -6 0.8149 | -9.5472 | 0.6920 | -10.2573
119e00m 0 0.6478 | -10.6440 | 0.4979 | -11.7868
119e06m 6 0.4147 | -13.0674 | 0.2612 | -15.0748
119e12m 12 0.2315 | -15.4926 | 0.0968 | -19.2803
119e18m 18 0.1522 | -17.0176 | 0.0354 | -23.3502
119e24m 24 0.1324 | -17.5613 |0.0231 | -25.1391

CHUONG 3. XAC PINH PHUC BQ QRS

3.1. Thuét todn xac dinh vi tri phirc b QRS

Thuét toan d& xudt trong luan an dugc chia ra lam 3 giai doan: Giali

doan tién xu ly, giai doan xac dinh dinh trdi va giai doan loai bo cac
vi tri khong phai la phirc bd QRS thuc su.



Tin hi¢u ECG
Giai dogn tién xir Iy

» Tim cic diém cuc dai dia phuong

Tinh khoang cich va chiéu cao tir l
diém cure dai 16n nhat t&i céc «—{ Xéc dinh diém cuc dai 16n nhit

diém cye dai dia phuong khic

v
i A gde qumn sittin diény Xéc dinh cac diém cye dgi trdi tir
cyc dai lén nhat téi cac diém cyc g A A o
dai dia phirong khéic L OB AT )

Xéc dinh ngudmg {ars tir dir lié
gitra hai diém cuc dai tréi lién ké

Diém cuc dai khong
rdi ¢6 gid tri 16m hon hoic bang
ngudng (ors?

__________________________________ -
/ I
| I
I
I ang cach giir : R
| BKhoan g chchigii SN N | Loai bo diém cyc dai trdi lién sau,| |
| hai diém cyc dai trdi lién ké it lai did dai trucy |
| 1ém hon ngudng tors? gur T iem cue dut © I
I
|
I
|
I
|
I
|
\ b
iai n logi bo cic dinh

tréi khong phii la QRS

Phirc by QRS

Hinh 3.1. Quy trinh xac dinh vi tri phirc b6 QRS toan cuc
3.1.1. Giai dogn tién xir Iy

Mat d6 cong suat cua phirc bd QRS nam trong khoang tir 5 dén 20 Hz.
Luan 4n str dung bd loc thong dai [5 21] Hz dé 1am giam anh hudng

ctia cic thanh phan tin s6 thap (nhidu tan sb thp, song P va T). Tin
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hiéu nhan duoc sau bd loc thong dai X[n] s& duoc 14y vi phan bac nhét

dé thu nhan thong tin do dbc cua céac phuc bo QRS. Biéu thtrc thuc

hién phép lay vi phan bac nhit dugc biéu dién nhu sau :
dn]=z[n+1]—=z[n], n=1,2,3... (3.1)

Tiép theo 1a chuan hoa bién do tin hiéu nhan dugc dé cai thién do chinh
xéac tim kiém ddi véi phic bd QRS c¢6 bién do thap va giam két qua
am tinh gia do nhig séng T c6 bién do cao giy ra. Biéu thic toan hoc
thuc hién qué trinh chuin hoéa bién do duogc cho dudi day.
dln
aln] = S — (3.2)

max?_, |d[n]|

v6i a[n] 1a bién d6 duoc chudn hoa va N 1a s6 lwong mau tin hiéu.
Béi viéc xac dinh vi tri cac phirc bo QRS trong tin hi¢u ECG chinh 1a
bai toan xac dinh cac dinh cho nén chiing ta can phai chuyén tin hiéu
ludng cuc sau khi chuan héa sang tin hiéu don cuc théng qua phuwong
phap 1y nang lugng ctia phép bién d6i Shannon.

s[n] = —(d[n])? = log((d[n])?) (3.5)
Tin hi€u nhan dugc s€ dugc loc bdi b loc trung binh véi dd rong clra
56 1a 100 ms.

y[nT| = %[a(nT —(N=1)T)+a(nT — (N =2)T) + ... + a(nT)] (3.6)
3.1.2. Giai doan xdc dinh cdc dinh trji

Thong thuong dinh R cia phiic b QRS co do dbc va bién do troi hoi
so v6i cac thanh phan khac. Do d6, cic dinh trén duong bao ning
lugng tao ra do phtrc b QRS s€ cho bién d 16n hon so vdi cac thanh
phan khéc. Vi vy, luan 4n dé xut thuat toan xac dinh vi tri phtc bo

QRS dua trén nguyén ly xac dinh cac dinh troi nhu Hinh 3.5.
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Hinh 8.5: Nguyén lij tum kiém cdc dinh troi
Mot dinh bat ky dugc xac dinh 1a dinh troi néu bién d6 ciia no cao hon
bién d6 ctia hai dinh lién ké. Dé co6 thé xac dinh cac dinh troi, trudc
tién thuat toan s& xac dinh tit ca cac dinh cuc dai dia phuong tur dix
liéu nhéan duoc sau giai doan tién xu 1y theo diéu kién:

S5 > 855, 5

S > Sy

Ky hiéu M 14 téng sb cac diém cuc dai dia phuong tim duoc yi, k=1+M.

Tiép theo, thuat toan s& xac dinh diém quan sat tdt nhét va d6 chinh la
diém c6 bién do cao nhat PM* trong tap hop M.

PM* = max{y1,y2, ..., ym } (3.8)

Goc quan sat tir dinh PM* t6i cac dinh trong tdp M dugc xac dinh bai:

1 J*x —
o = IEM — Yk (3.9)
tpas — tk

véi t 1a vi tri cia dinh cuc dai dia phuong thtr k. Vi tri cta dinh troi
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thir j c6 thé dwoc dinh nghia nhu sau:
¢; = min{¢x_1, ck, Cpy1} (3.10)
voi k =2 + (M-1) va ¢j 1a gbc quan sat tir dinh PM* t6i dinh trdi thu .

Tuy nhién, c6 nhitng dinh 1a Gng vién cho phitc bd QRS nhung giai
doan xéc dinh dinh troi da bo qua. Dé giai quyét van dé nay, thuat toan
d3 bd sung thém mot quy trinh tim kiém nguoc. Dua trén vi tri cla tat
ca cac dinh trgi phat hién duoc, khoang thoi gian RR gitra hai dinh troi
lién k& va khoang thoi gian trung binh RRmean sé& duoc tinh. Néu cé
bat ky mot khoang RR nao 16n hon 1.66 1an RRmean thi cac dinh cuc
dai dia phuong c6 bién do 16n hon ngudng s NAM trong khoang
nay s& dugc thém vao danh séch cac diém cuc dai troi. Ngudng $ors
duoc xac dinh theo biéu thuc sau:

(3.11)

Giatri £yps bang o 1an do léch chuan dugc tinh tir tat ca gia tri tin hiéu
nam gitra hai diém cuc dai troi. Gia tri ngudng dugc xac dinh tur d§
1éch chuén 1a cach tiép can hiéu qua hon so v6i phuong phap dua trén
gia tri 10n nhat hodc gié tri sai 1éch giita gi4 tri 16n nhat va gia tri nho
nhit do cac dai luong nay c6 thé d& dang bi anh hudng boi cac nhidu.

3.1.3. Giai doan logi bo cdc dinh khong phdi la phirc b¢ QRS

Bén canh dinh R, két qua tim duogc ciing c6 thé bao gdm cac dinh duoc
tao ra boi cac thanh phan séng khac nhu séng P, song T, séng U hay
nhiéu. D¢ loai bo cac thanh phan khong phai 1 dinh R ciia phtic bd

QRS, giai doan thir ba dugc thuc hién voi hai budc sau:

- B4t ky mot khoang thoi gian RR nao nhé hon thoi ky tro 120
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ms thi thudt toan s€ gilr lai dinh trudc va loai bo dinh phia sau.

- Bat ky dinh nao trong danh sach cac dinh nhan duoc sau giai
doan thir hai c6 bién do nho hon B 1an gié tri trung binh cua tat ca dir
liéu nam gitra hai dinh lién ké& dugc loai bo. Céc gia tri a trong cong
thire (3.11) va B dugce chon duwa trén mot qua trinh dao tao sao cho
phuong phap d& xuat co thé thu nhan do chinh xac cao nhat d6i voi ca
hai co s& dit 1iéu khac nhau d6 13 co dit liéu dién tim d6 tinh MIT-BIH
Arrhythmia Database va co s& dit lidu dién tim dd ging stc Glasgow
University Database (GUDB) va luan an da chon cap gia tri a = 0.55

va B = 0.97 khi cho hiéu suit cao nhét d6i v6i ca hai co so dif liéu.
3.2. Thir nghiém va danh gia thuit toan
Cac tham s6 True Positive (TP), False Positive (FP), False Negative

(FN), Sesitivity (Se), Positive Predictability (P*), Accuracy (Acc) va
Detection Error Rate (DER) da duogc str dung :

TP

Se = e % 100% (3.12)

+ o Trﬂipm « 100% (3.13)

Ace = ﬁ % 100% (3.14)
DER = % x 100% (3.15)

3.2.1. Thir nghiém trén co so dir ligu MIT-BIH

Hiéu sut cua thuat toan phat hién vi tri phirc bd QRS duogc kiém tra
trén cac dang song ctia ngan hang dir liéu MIT-BIH. Két qua kiém tra
va so sanh vai cac thuat todn khac dugc trinh bay trong 3.7.
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Bdng 3.7: Danh gia hiéu sudt thudt toin trén co sd dii lieu MIT-BIH

Thuét toan Se [%] | Pt [%)] | DER [%] | Acc [%] | Nam
J. Pan and W. J. Tompkins [155] 99.76 99.57 0.675 99.325 | 1985
Y. Yun-Chi and W. Wen-June [213] | 99.95 99.85 0.204 99.80 2008
F. Zhang and Y. Lian [221] 99.81 99.80 0.0039 99.62 2009
M. S. Manikandan et al. [125] 99.93 99.86 0.205 99.79 2012
Hong-hai Zhu and Jun Dong [223] 99.92 99.92 0.168 99.83 2013
Z. Zidelmal et al. [225] 99.84 99.91 0.247 99.75 2014
L. D. Sharma et al. [182] 99.50 99.56 0.931 99.08 2016
M. Rakshit et al. [120] 99.95 99.88 0.164 99.84 2016
Jeong-Seon Park et al. [157] 99.93 99,91 0.163 99.84 2017
D. Pandit et al. [156] 99.65 99.66 0.698 99.31 2017
Zhongjie Hou et al. [79] 99.90 99.88 0.278 99.73 2017
H. Beyramienanlou et al. [21] 99.74 99.97 0.291 99.71 2018
X. Tang et al. [192] 99.17 99.55 1.294 08.72 2018
A. Sharma [181] 99.32 99.45 1.250 98.77 2018
S. Hamdi et al. [73] 99.74 99.86 0.514 99.49 2018
T. Sharma and K. Sharma [184] 99.91 09.88 0.216 09.79 2018
S. Yazdani et al. [212] 99.89 99.83 0.288 99.71 2019
B. Chandra et al. [28] 99.84 99.95 0.216 99.78 2019
S. K. Mukhopadhyay et al. [143] 99.94 99.88 0.183 09.82 2020
Luan an 99.91 99.89 0.199 99.80 2020

3.2.2. Thir nghiém trén co sé dit ligu dién tim do ging sirc GUDB

Luan an cling da thuc hién viéc kiém tra tinh chinh x4c cta thuat toan
trén 5 nhom dit lidu thude co s& dir liéu dién tim d6 ging sirc GUDB
ctia University of Glasgow Database. Két qua thyc hién dugc trinh bay

trong Bang 3.8.
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Bang 3.8: Keét qua thit nghiem thuat toan trén co s GUDB [80]

Ngbi yén Lam toan Di bo (2 kph) Hand-bike Chay bo (8 kph)
Chest | Einthoven | Chest | Einthoven | Chest | Einthoven | Chest | Einthoven | Chest | Einthoven
Strap 11 Strap 11 Strap 11 Strap 11 Strap 11
TP [-] 3911 3911 4320 4170 4476 4306 1181 4218 6332 2333
FN [ 0 0 0 1 2 4 5 7 59 23
FP [-] 1 2 0 1 2 11 7 15 74 38
Se [%] 100 100 100 99.98 99.96 99.91 99.86 99.83 99.07 97.01
P+[%) 99.97 99.95 100 99.98 99.96 99.74 99.83 99.65 98.83 98.38
Acc [%)] | 99.974 99.949 100 99.952 99.911 99.653 99.713 99.48 97.924 97.381
DER (%] | 0.026 | 0.051 0 0.048 | 0089 | 0348 | 0287 | 0.522 251 2,615

CHUONG 4. PO CAC THANH PHAN SONG
4.1. Nguyén ly chung

Céc diém quan trong gom thoi diém bat dau va két thuc ctia song P,
ctia phirc bd QRS va thoi diém két thic cia song T s& duge xac dinh.
Nguyén ly xac dinh dugc thuc hién theo so d6 Hinh 4.2.

Tin higu ECG
Y

Tién xir Iy

[
Bién dbi Hilbert

Xac dinh vj tri Xac dinh vi tri Xac dinh vj tri
phirc b QRS song T song P

Xac dinh bién phirc Xic dinh vij trf két Xac dinh bién
bd QRS thiic song T song P

l

ORS,, o ORS ., Tona Lonset, Poggset

Hinh 4.2: So do thuc hién thudt todn phin tich tin hi¢u BCG.
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Trudc tién, tin hiéu ECG s& duoc loc nhiéu. Tiép sau do6, thuat toan sé€
liy vi phan béc nhat, thuc hién phép bién d6i Hilbert. Pay 1a mot ham
1¢ va s& tao ra mot diém zero-crossing ing véi mdi diém udn cua tin
hiéu ECG gbc. Tiép theo 1a budc xac dinh vi tri, thoi diém bat dau
cling nhu thoi diém két thuc ctia phirc bd QRS. Pau ra ctia budce nay
chinh 1a vi tri khoi ddu va két thuc cta phirc bo QRS tim duge. Tir cc
két qua nhan duoc, vi tri va thoi diém két thiic cua song T cling duoc
xac dinh. Cudi cting, thuat toan s& xac dinh vj tri, thoi diém bat dau va
két thiic cta song P. Nhu vay dau vao cua thudt toan 14 tin hiéu ECG
tir cac chuyén dao riéng biét va dau ra 1a vi tri 5 diém quan trong cua

tat ca chu ky nhip tim tai cac chuyén dao riéng biét.

Thuec té hé thong dién tam dd thudng gdm 3 chuyén dao truc giao hodc
12 chuyén dao chudn. Vi viy dé ning cao hiéu suit phat hién ciing nhu
d6 chinh xac, luan an ciing da thyc hién viéc xac dinh cac vi tri toan
cuc cho cac diém quan trong trong tin hiéu ECG nhu Hinh 4.4,

ECG

Céc vi tri
cuc bd

ECG TP
25 Podonkénh L:jc‘t‘;(,:“

DPo don kénh

Céc vi tri
todn cuc

YYY

Phén tich nhém » Quy tic Iyra chon

ECG, . .
DL po don kénh (f;:t"’(:n

Hinh 4.4: So do phan tich tin hiéu ECG sit dung phuong phdp phan tich nhém.

Phuong phap phan tich nhom su dung trong nghién ctru 1a mot trong
nhiing phuong phap két tu phan cép (hierarchical agglomerative) dya
trén cac dbi twong riéng 1¢ va phan nhém lién tiép cta chung tao ra
cdu truc cdy phan cip két thuc bing mot nhom gom tit ca cac dbi

tuong. Viéc phan nhom cac ddi tuong trong cac nhom 16n hon dya
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trén viéc do luong sy trong dong hay khoang cach gitra cac dbi tugng.

Dir liéu vao 1 vi tri cac diém quan trong tim duoc tir cac chuyén dao
riéng biét. Phan cum céc vi tri dya trén phuong phap lan can g?m nhat.
Tham s6 phan nhom 1a khoang cach nho nhat giira hai d6i twong va
C4u triic cay duge hinh thanh tir tip hop cac nhém dap ting duoc cac

tiéu chi khoang cach giira hai nhém lién ké& nho nhat 1a 100 ms.

Dt liéu ra 1a mot nhom cac cum dai dién cho cac (mg vién vi tri toan
cuc. Cac nhom chura it vi tri hon mdt nira so vdi so lugng cac chuyén
dao cua tin hi¢u phéan tich s€ bi loai bé khoi nhom. Vi tri toan cuc dugce

xac dinh tir cdc vi tri trong cac cum con lai.
4.2. Xac dinh vi tri, thoi diém bat dau va két thic phirc bd QRS

Pau vao 14 tin hiéu nhan duoc sau phép bién doi Hilbert. Vi vi tri
QRS di xac dinh duoc trude do, thuat toan s& tim kiém vi tri cac diém
Zero-crossing nam trong mot cira sd (tqrs_on 461 voi QR Sonset VA tors_off
d6i v&i QR Sofrser). Thoi diém khoi dau phirc bd QRS 14 vi tri diém zero-
crossing dau tién nam trude vi tri phitc bd QRS va thoi diém két thuc
phuc bd QRS duoc chon 1a vi tri diém zero-crossing thi hai sau vi tri
phtrc bo QRS. Thuat toan c¢6 kha nang phan tich phirc bd QRS véi hinh
dang bét ky vi khong bi rang budc boi bat ky quy tic hinh thai nao.

Béng 4.1: Nquing st dung zdc dinh thoi diém bit dau va két thic phitc bo QRS

Ngudng Gia tri ngudng

QRS on QRSpos — 0,12 * fs + QRSpos

tQRS_off QRSpos + QRSpos + 0,12 % fs
QRSpos: vi tri cia phitc b QRS dang phan tich; f.: tan so liy mau tin hiéu.
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Hinh 4.6: Két qud xdc dinh thai diém bit dau va két thic phite b QRS
4.3. Xac dinh vi tri bit dau va két thic séng P

Song P nam trong khoang giira diém két thiic cuia mot phirc bd QRS
va diém bt dau cua phirc bo QRS tiép theo. Vi tri song P duoc tim
kiém trong mot ctra sd thoi gian (tey, tez). Trudc tién, thuat todn s& tim
tat ca cac diém zero-crossing va cac cap cuc tri trai diu nam hai bén
cuia zero-crossing. Tiép theo, thuat toan s& xac dinh diém zero-crossing
nam giira mot cap cuc tri trai du co gid tri tuyét di 16n hon ngudng
&p. Cac diém zero-crossing nay co thé dai dién cho vj tri ctia song P,
song U hoac song T. Pé xac dinh chinh xéc vi tri cia song P, thuat
toan s€ tim gia tri cuc dai cia tri tuyét ddi dit liéu tin hiéu ECG géc tai
cac vi tri diém zero-crossing tim duoc tai budc trudc. Vi tri song P
duoc chon chinh 14 vi tri diém zero-crossing co gia tri trong tin hiéu
ECG gdc 16n nhat dau tién sau vi tri ctia diém QR Sonset_s.

Budc tiép theo 1a xac dinh thoi diém khoit dau Ponset va két thuc
Poffset ctia song P. Dit liéu vao cho budc nay 1a tin hiéu ECG nhan
duoc sau bién ddi Hilbert va vi tri song P. Trudc tién, thuat toan s€ tim
cac diém zero-crossing bén trai (dé tim Ponset) va bén phai (dé tim
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Poffset) vi tri song P. Vi tri khéi ddu va két thuc cua song P duoc chon
1a vi tri diém zero-crossing dau tién nam trude (sau) vi tri song P.

Bang 4.2: Cac ngudng duge si dung cho thuat toan xzac dinh vi tri song P

Ngudng Gia tri ngudng
tp1 mean(QRSoffset_tr + QRSonset_s)
tp2 QRSonset_s
By 0,1% SOgg

QRSofsset_tr: vi tri két thiic ciia phitc b6 QRS ngay trude song P duge tim kiém; QRSonser_s: vi tri bit dau cia
phitc b QRS ngay sau; SOrr: do léch chuan tinh tit cdc gid tri cia tin hi¢u nam gita tpy va tp2; fs: tan sé lay
mau tin hiéu..

1r . : —————— 1r r -
MOI1_009_03.X MO1_009_12.1
ECG sau bién dbi Hilbert ECG sau bién déi Hilbert
= = =Vjtri séng F, = = =Vjtrisdng P
= = = Ponset va Poffset = = = Ponset va Poffset

1
2600 2700 2800 2900 3000 2600 2700 2800 2900 3000

Hinh 4.8: Két qud xzdc dinh vi tri, thai diém bt dau va két thic séng P

Tuwong tu nhu thuat toan phén tich phtrc bd QRS, thuat toan phan tich
song P khong bi rang budc boi bat ky quy tic hinh thai nao va cho
phép tim kiém va phan tich song P c6 hinh dang bat ky.

4.4. Xac dinh vi tri két thic song T

Phat hién vi tri séng T dugc thyc hién tir vi tri két thuc ciia mot phuc
bd QRS cho tdi vi tri bt dau cua phirc bd QRS tiép theo. Trude tién,
thuat toan s& tim kiém song T trong cira s (tr1, tr2). Tiép theo, cac
diém zero-crossing nam giita mot cap cuc tri trai diu diu Ién hon
ngudng &7 s& dugc xac dinh. Cac diém zero-crossing ndy 1a ing vién
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tiém nang cho vi tri soéng T. Dé xac dinh chinh xac vi tri clia song T
trong tin hi¢u, thuat toan s€ tim gia tri cuc dai cia tri tuyét ddi dix liéu
tin hiéu ECG gdc tai cac vi tri diém zero-crossing. Vi tri song T duoc
chon 1a vi tri diém zero-crossing c6 gia tri trong tin hiéu ECG gbc 16n
nhat. Cac vi tri cua diém zero-crossing tiép theo c6 thé 1a vi tri két thiic
ctia song T, song U hodc tham tri 1a song P. Tiép theo, thuat toan s&
bét dau tim kiém tir diém zero-crossing tmg voi vi tri ctia song T va
tién sang phai. Vi tri diém két thuc ciia song T dwoc chon 1 diém zero-
crossing lién k& voi diém zero-crossing ting véi vi tri ciia song T.

Bang 4.3: Cic nguing duge si dung cho thudt toin xdc dinh vi tri séng T

Ngudng Gia tri ngudng
tr1 QRSuff.srl_!r
o QRSonxel_a — 0,12 % fg
Er 0,2% SOpp
(JR..':'(;]I,,'.g_g,-: vi tri kél thic cida phitc by QRS ngay trude séng T duge tim kiém; (JRSWM_}_,,: vi tri bit diu ciia

phite b5 QRS ngay sau; SOgg: dé léch chudn tinh tit cdc gid tri cia tin higu ndm gida t71 va tra; fo: tin s6 liy
mdu tin hiéu..

——— ECG sau bién ddi Hilbert —— ECG sau bién déi Hilbert

MOI_009_03.X MO1_009_12.1
= = =Vitrisong T - = =Vitriséng T
Vi tri Tend = = =\/jtri Tend

0.5

S

-1
2600 2700 2800 2900 3000 2600 2700 2800 2900 3000

Hinh 4.10: Két qud xdc dinh vi tri va thoi diém két thic séng T

Gidng nhu phan tich phirc bd QRS va song P, thuit toan phan tich
song T ciing khong bi gidi han bdi cac quy luat hinh thai cua tin hi¢u,

va vi vay cho phép tim kiém va phan tich song T véi moi hinh dang.
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45. Két qua dat dwogc

Thuat todn da duoc thir nghiém trén co sé dit liéu 12 chuyén dao chuan
va 3 chuyén dao truc giao. Két qua dat duoc da dap tmg dugc tiéu chi
dit ra ctia co so dir lidu cho 5 diém quan trong va c6 thé so sanh truc
tiép voi két qua nghién ciru khéc.

Phienbin | T'2"™ | Posec | Posst | QRS | QRSonset | Tote
Lagnuna al et. ?mi]s 'Oé}7i 0;31 -36+42| 0177 Sg;
2o om [ mas [ 08s 085 | orues | 1awna | 32
szominan [ wee | 503 0 | oasaa ases | 12

Tiéu chi [ms] | 102 | 127 6,5 11,6 30,6

CHUONG 5. CHAN POAN NHOI MAU CO TIM SU DUNG
TIN HIEU ECG TAN SO CAO

5.1. ECG tan sb cao

Mot s6 nghién ctru 1am sang da chi ra kha nang st dung ECG tan sb
cao dé chan doan ching bénh nhdi mau co tim. Phan tich ECG tan sb
cao nham phan tich cac thanh phan tan s6 trong khoang tir 150 ti 250
Hz va chu yéu dugc dung dé phan tich cac thanh phan phd tan sb cao
ctia phirc bd QRS (HFQRS). HFQRS cung cap thong tin vé sy ton tai
va mirc d6 nghiém trong ciia thiéu mau co tim. Thiéu mau co tim
khong thé dugc phat hién bang phan tich HFQRS ¢ nhing bénh nhan
¢6 phuc hop QRS rong (QRS > 120 ms), may tao nhip tim va bénh co
tim boi nhitng biéu hién nay c6 thé giy ra cac vét 1dm (notch) va doan

gdy (break) dic trung cua thiéu méau cuc bd.
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Hai tham s6 co ban dugc sir dung dé dinh lugng cac thay doi trong tin
hiéu HFQRS 1la RMS (Root Mean Square) va RAZ (Reduced
Amplitude Zone). Gia tri RMS twong tmg v&i tong s6 nang lugng duoc
Iuru trit trong cac thanh phén tan sb cao cia phtrc bd QRS. Gia tri RMS
& nhitng nguoi khée manh cao hon so v6i nhirg ngudi mic bénh nhoi
mau co tim hodc bénh nhan méc bénh thiéu mau co tim. RAZ 1a mot
chi s6 hinh thai ctia bénh 1y dugc phét hién boi Shimon Abboud et al.
vao nam 1987. N6 mo ta d I10m xay ra trén duong bao cia tin hi¢u

HFQRS ¢ bénh nhan thiéu mau cuc bo hodc nhdi mau co tim.
5.2.  Chan doan nhdi mau co tim sir dung ECG tin s6 cao

Luan an str dung tham s6 RAZ dé dinh luong su thay d6i hinh thai
trong tin hiéu HFQRS. Nhéi méau co tim duge dinh lugng bang HFMI
nham xac dinh kich thudc ciia RAZ trong duong bao cua tin hiéu
HFQRS. HFMI xéc dinh ty 1& phin trim cta phan 16m gitta hai cuc
dai 1ién ké (RAZ) so v6i ndi dung dudng bao cia tin hiéu HFQRS.

Pé tinh RAZ, trudc tién dudng cong phang xac dinh hinh dang cua
phan 16m dugc xac dinh bang hai dudng parabol voi gidi han phia trén
bai mot duong,
y; = ax? 4+ bx; + ¢ (5.2)
y=e (5.3)
v6i i=1+3 va yi, X; 13 toa do cua diém di cho.

Nbi dung ctia parabol bi giéi han béi duong thang dugc tinh theo,

Tmaz
S = ] (e — (ax® 4 bx + ¢))dx (5.4)
Emin
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Hinh 5.10: Tin hiéu tan s6 cao - RAZ.

Gia tri HEMI c6 thé duoc tinh bang cong thic sau:

HFMI = , rAZ * 100% (
Noi dung cia duong bao HFQRS

ot
]
S~

5.3. Két qua dat dwoc

Co sd dir liéu duoc sir dung 1a Physikalisch-Technische Bundesanstalt
(PTB) lay tir PhysioNet. Day la co s dit liéu v6i tong cong 549 ban
ghi va mdi ban ghi chira 15 tin hiéu (12 dao trinh chuin va 3 dao trinh
tryc giao Frank). Tan sd 1y mau cta cac tin hiéu 12 1 kHz. Hiéu suét
ctia thuat toan dugc danh gia trén cac tham sd nhu do nhay (Se), do
dac hiéu (Sp), gia tri tién doan duong (P*), gia tri tién doan am (P°) va
do chinh xac (Accuracy).
TP

— =4
Se = TP FN (5.6)
— TN =4
V= TN+ P (5.7)
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TP

- _ 5.
TP+ FP (5.8)
_ TN ]
P = TNTFN (5.9)
_ TP+ TN ]
Aceuracy = 4 TN+ FP+ FN (510)

trong d6, TP 1a s6 bénh nhan duoc chan doan chinh x4c bi nhdi mau
co tim, FN 14 s6 bénh nhan bi chan doan nham 1a khoe manh, TN 1a
s6 bénh nhan dugc chan doan chinh xac 14 khée manh va FP 14 s6 bénh
nhéan duoc chan doan nhAm mic bénh nhdi mau co tim. Hiéu suit cia

thuét toan duoc trinh bay thong qua ma tran nhan 14n tai Hinh 5.12.

Ma trian nhim lin

0 33 94 26.0%

7.7% 21.8% 74.0%
=
=
S
L=}

_g- | 45 259 85.2%

oy 10.4% 60.1% 14.8%
=
&)

42.3% 73.4% 67.7%

57.7% 26.6% 32.3%

0 1

Gis tri thye té
Hinh 5.12: Ma tran nham lan biéu dién két qud chan dodn
Thuét toan chi sir dung tham s6 HFMI dé chan doan ma chua sir dung
tham s6 RMS do do hién tai khéng c6 thong tin ndo chi ra rang ton tai
mot ngudng RMS gay ra nhdi mau co tim. Gia tri HFMI & bénh nhan

nhoi mau co tim cao hon mot chit so véi nhirng nguoi khoe manh. Sy
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khac biét nho nay thé hién su tuong déng vé hinh thai cua tin hiéu
HFQRS tan sb cao cua cac ddi tuong khée manh va bénh nhan nhdi

mau co tim.

0.01

|

0.008 ” ——Duong bao |
I

‘ J

g

=] =]
S =]
S ¥

b e T T e PO |

-0.002

Dién ap [mV]

|
-0.004 ’
-0.006 l

-0.008 l

001 i L L L L L L
0 50 100 150 200 250 300 350 400

Thoi gian [ms]

Hinh 5.13: HFQRS cung voi ducng bao cia mét bénh nhan khoe manh

KET LUAN CHUNG
Luan &n dat dugc nhitng két qua chinh nhu sau:

e D¢ xuét cai tién thanh cong bo loc thich nghi EDNSS nhim
giam anh huong ctia nhidu do su di chuyén ctia ngudi bénh toi chat

lwong tin hiéu trong hé théng ECG géng sirc.

e Mot phuong phép Voi céch tiép can madi nham phat hién vi tri
phtc bd QRS va 5 diém quan trong cua tin hiéu ECG da duoc thiét ké
va thuc hién. Trong khi phuong phap xac dinh vi tri cac phirc bo QRS
dwa trén cac dinh troi va 1ay ngudng thich nghi thi thuat toan xac dinh
5 diém quan trong cua tin hiéu ECG dua trén phép bién dbi Hilbert va
ldy ngudng. Dé han ché anh huong ctia hién tugng qua do nham ting

hiéu suét cua thuit toan, tin hiéu di dwgc mo rong tai hai dau. Cac
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thuat toan thiét ké cho mdi chuyén dao riéng biét da dugc mé rong nho
st dung phuong phap phan tich nhém va quy tic toan cuc thay cho cac
quy tic lwa chon riéng 1¢ phirc tap. Diéu nay cho phép xac dinh vi tri
phtic bo va 5 diém quan trong ddi v6i cac ban ghi nhiéu chuyén dao.
Quy tic toan cuc st dung trong luén an 1a gia tri trung vi va hoat dong
hiéu qua vé6i sd lugng chuyén dao tuy y. Cac thuat toan dé& xuét da
duogc thr nghiém trén co so dit li€u dién tam dd géng stre va dién tam
db tinh. Két qua dat duoc déu di dap tng dugc cac yéu cau dit ra. Do
do, thuat toan dé xuét c6 thé sir dung cho ca hé thong ECG ging sirc
va tinh.

e Ung dung két qua dat dugc cia thuat todn do cac song thanh
phan cua tin hiéu ECG vao chan doan ching bénh nhdi mau co tim

dua trén tin hiéu ECG tan so cao.
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