Transport and Communications Science Journal, Vol 70, Issue 1 (06/2019), 11-20

Transport and Communications Science Journal

ELECTROCARDIOGRAPHY SIGNAL DENOISING USING
TRANSLATION INVARIANT WAVELET THRESHOLD ALGORITHM

Do Xuan Thieu!

'Department of Electronic Engineering, Faculty of Electrical and Electronic Engineering,
University of Transport and Communications, No 3 Cau Giay Street, Hanoi, Vietnam

ARTICLE INFO

TYPE: Research Article

Received: 14/3/2019

Revised: 20/6/2019

Accepted: 28/6/2019

Published online: 16/9/2019
https://doi.org/10.25073/tcsj.70.1.39
“ Corresponding author

Email: xuanthieu@utc.edu.vn

Abstract. Electrocardiography (ECG) signal processing using wavelet transform has been
effectively performed in medical diagnostics. The electrocardiography signal
processing basically consists of noise reduction and separation of features to detect waves,
peaks, and heart rate calculations. Traditional signal processing methods often
use a discrete  wavelet transform  (DWT).  However, the DWT probably generates
artifacts, distorting the signal form. The paper proposes a translation invariant wavelet
threshold algorithm based on translation invariant discrete wavelet transform (TIDWT) to
reject the disturbance of ECG signals and to eliminate the generated noise caused by signal
transformation, improving noise reduction efficiency. The performance of the proposed
algorithm will be evaluated by simulation on the graph and calculating the signal to noise
ratio (SNR).
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Tom tat: Xu ly tin hiéu dién tim ECG sir dung bién d6i wavelet dd duoc thuc hién hiéu qua
trong chan doan y hoc. Viéc xir ly tin hidu dién tim co ban la khir nhiéu va tach cac diém dic
trung phat hién cac séng, dinh séng, tinh nhip tim. Cac phuong phap xir Iy tin higu truyén
thng thuong sir dung phép bién doi wavelet roi rac DWT. Tuy nhién, DWT c6 thé sinh ra
nhitng dao dong gia tao lam méo dang tin hiéu. Bai bao dé xuit mot giai thuat ngudng
wavalet dich bat bién dua trén co s& bién doi wavelet roi rac dich bt bién TIDWT dé khur
nhiéu tin hiéu dién tim, loai bo dwoc nhitng nhidu phéat sinh gay ra do qué trinh bién ddi tin
hiéu, nang cao hiéu qua khtr nhidu. Hiéu ning cua thuat toan dé xuat sé& dugc danh gia bang
md phong trén do thi va tinh toan ti s6 tin hiéu trén nhidu SNR.

Tir khoa: Khi nhiéu, dao dong gia tao, dich bat bién.

© 2019 Truong Dai hoc Giao théng vdn tdi

I. DAT VAN PE

Tin hiéu dién tim 1a tin hiéu c6 dang phtc tap véi cac tan sé khoang 0.05Hz-300 Hz. Qué
trinh tinh toan, phan tich, ké ca trudng hop bénh 1y, truong hop méo tin hiéu, nguoi ta xéac
dinh dwgc dai tan tiéu chuan bao dam thé hién trung thuc tin hiéu dién tim tir 0.05Hz-100 Hz.
Gidi han trén dé dam bao trung thuc séng P va T. O cac may dién tim hién dai nghién ctu
trong phong thi nghiém tiéu chuan nay cao hon tir 0.01Hz-200 Hz.
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Xeét vé dai rong cua tin hiéu thi bién do cac song P, Q, R, S, T, U rat khac nhau (hinh 1).
Bién d6 cac song ghi duoc trong cac chuyén dao mau 1a nho nhét (do dién truong tim & cac
chi 1a yéu nhét), bién d6 cac chuyén dao & 16ng nguc 1a 16n nhat.
Bién do c4c s6ng P, Q, S nho nhat ¢& 0.2 — 0.5 mV, bién d6 16n nhit 13 song R ¢ 1.5 —
2mV.

Hinh 1. Dang tin hi¢u dién tim co ban.

Nhiéu xen vao tin hiéu dién tim c6 mac do va tan s kha gan véi tin hiéu thyc c6 ich. O
dai tan sb thap 1a nhidu gay ra boi nhitng cir dong co hoc, phan ang hoéi hop, nhiéu ngudn
dién, ... O vlng tan s6 cao la nhidu cac tan s6 hai cua nguon dién, nhidu song dién ti,... Khi
dién cuc tiép xdc kém thi nhidu tac dong cang nhiéu, doi khi c6 thé gay 1an hét tin hiéu co ich
va rat khd c6 thé nhan biét dugc cac thanh phan cua séng dién tim (hinh 2).

:
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Hinh 2. Nhiéu séng ECG.

Hinh 2 1a d6 thi thoi gian cua tin hiéu dién tim ECG khi c6 nhidu xen I13n. C&c nguén
nhiéu chinh tac dong Ién tin hiéu dién tim bao gém:

- Nhiéu tir mang cung cép dién 50Hz nam trong dai tin hiéu c6 ich tir 0.05Hz-100 Hz, tac
d6ng vao bénh nhan thdng qua hiéu tmg tich dién trén bé mat co thé bénh nhan.

- Nhiéu song co do bénh nhan mat binh tinh gy ra. Khi bénh nhan cing thang lo au, co
cing ciing tao thanh nhiu song co lam tréi duong dang tri caa tin hiéu ECG. Nhidu nay nam
trong dai tir 20- 30Hz.

- Nhiéu do tiép xtc khong tét gitra dién cuc va bénh nhan. Do da khong phang, 16p biéu
bi c6 ca cac té bao gia, té bao chét, bui,... va ca nhiing soi 16ng moc tir dudi da. Mo hoi lubn
tiét ra tir 15 chan 16ng c6 thanh phan phirc tap bao gém ca céc ion K*, Na*, CI. L6p tiép xic
nay c6 thé tao ra dién thé tiép xdc gay nhiéu. Ngoai ra, d6 dan dién cua cac té chac dudi da
cling gay ra hién twong qué thé khi c6 dong dién chay qua.

- Nhidu tan sé thap phét sinh tir céc thiét bj dién gia dung cd thé xam nhap vao co thé
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theo hiéu (g cam Gng tir truong, tan s6 cang thap thi xam nhap cang sau. Nhidu nay c6 thé
1am tr6i duong nén tin hiéu.

- Nhiéu tan sé cao gay bai cac thiét bj thu phat dién tir nhu tivi, radio, dién thoai,...Nhiéu
nay xen vao nén cac song dién tim co ban gay méo tin hiéu.

Viéc khir nhidu tin hiéu dién tim dé dwa ra duoc tin hiéu trung thuc, gilp béac sy chan
doan chinh x4c cac bénh 1y theo dién tdm dd ludn dugc thuc hién trong cac thiét bj va trén cac
phuong tién phan tich dién tim d6. Bién ddi wavelet 12 mot phuong phép toan hoc dwoc nhiéu
nha khoa hoc, cac nha chuyé&n mon nghién ctu va thuc hién. Céac bién phap kha nhiéu sir
dung bién doi wavelet roi rac DWT [2] [3] ¢6 hiéu qua khir nhidu kha tét, nhung trong mét sé
truong hop c6 thé sinh ra mot sé dao dong gia tao do qué trinh bién doi. Mot sé nghién ciu
phuong phap khir nhiéu sir dung bién d6i wavelet dich bat bién TIDWT (Translation-Invariant
Discrete Wavelet transforms) [4] dd cong bd str dung ngudng phd dung (ngudng déu), tin hiéu
khoi phuc tron hon DWT (Discrete Wavelet transforms), nhung chi @ng dung tét trong cac
moi trudng chuan, nhidu trang. Giai thuat khir nhidu dé xuat trong bai bao cé thé ang dung
trong mdi truong nhidu phic tap hon. Giai thuat thuc hién trén co s¢ TIDWT, udc luong tat
ca cac dich cua tin hiéu va lay trung binh sau mdi lan dich nguoc. Do khdng thuc hién budc
phan chia khi bién d6i nén TIDWT gitr lai dugc nhiéu thanh phan tin hiéu, tin hiéu khdi phuc
s& trung thuc hon. Dich bat bién nén khi u6c luong khir nhiéu, ngoai nhidu khong twong quan,
giai thuat mai cé thé loai bo duoc ca cac loai nhidu twong quan [1].

IL. BIEN POI WAVELET DICH BAT BIEN TIDWT
1. Bién do6i wavelet roi rac dich bat bién TIDWT

Bién doi wavelet roi rac DWT vec to xeRN théng qua phép bién doi hinh chép cho ma
tran vudng W truc giao N x N, bién d6i ngugc cho ma tran W', Giai thuat hinh chép bao gom
ca ldy mau xudng ¢ tung ty 1&. Bién ddi wavelet roi rac dich bat bién TIDWT khong thuc hién
ldy mau xudng & mdi ty 16 ma tinh toan tat ca cac hé sb dich vi vay giir lai tat ca cac hé sb
wavelet va c4c hé s ty 1& & céc ty 1¢ tho.

Oty 18 j <logzN, céc hé sb ty 18 (hé s xap xi) 1a vec to:

¢ = (cf), ...,c,E,’)) (1)
. .
o = Sie, hic97), 2)

va cac hé sb wavelet (hé sé chi tiét) 1a cac vec to:

d? = (a7, ..,d) @3)
4 =Y, 0d7), (4)
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TIDWT cho ma tran My kich thudc (L+1)N x N, trong d6 L 13 muc khai trién cuc dai.
Goi ma tran R kich thude N x N 1a ma tran cac hé sé wavelet ¢ ty 18 thu j, nghia 1a Rj(X)
= d® va ma tran Si gém cac hé s6 ty 18 & ty 18 thu j, nghia 1a Si(x) = c¢¥ thi:
M, = (R{,..,R[,S[)T (%)

Nhu vdy, ma tran My khdng truc giao nhu bién d6i wavelet roi rac DWT. Theo Iy thuyét
ma tran, ton tai ma tran dao Moore-Penrose:

Mi = (M{M,)"*M[ (6)

théa man: MEM,, = 1.

ML gom tat ca cac dich ciia ma tran hé sb bién d6i wavelet roi rac W nén dang hién caa
ma tran Mf sg la:

1 1 1

Piéu nay ching to rang bién d6i nguoc wavelet roi rac dich bat bién Iy trung binh qua
tat ca cac dich cua bién d6i wavelet roi rac.

Cac ma tran Rj va Si cd thé tinh duogc tir cach tinh cac bo loc ty twong quan (bd loc &-
trous) a = {ax:keZ); ax = dok:

ax = Yy hihyy (8)
b = X1 9191+ 9)

Xac dinh cac ma tran ty 1€ Ti va ma tran Qi:

_ o—jcT
Ty =275 5; (10)
Q; =27/R[R; (11)
Trong d6, cac phan tir ma tran Ti(x) la:

tj,k (x) = Zml,...,mj aml amjxk+m1+...+2jmj, VoI X = {Xi} (12)

Bang cach nhan ma tran T véi tap dit liéu vao x ta dugc hinh chiéu dich bat bién cuaa x.
Céc hinh chiéu nay dong vai tro quan trong trong dic tinh tron ciia cac ham khir nhidu dich
bat bién.

Céctap avab la cac bo loc tu twrong quan cua cac bo loc wavelet h va g véi cac quan hé:
gk = (-I)*hik va b= (1) ax.

Céc bo loc wavelet thuc hién trong cac ham ty 1€ va wavelet con cac gia tri ax va bk la cac
hé s trong cac biéu thirc quan hé caa cac ham tu tuong quan @ va -
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&s) = [*7 p(x)p(x + 5)dx (13)
s) = [T7 PO (x + s)dx (14)
c6 céc quan hé:
D(x) = Yrez Ak D(2x — k) (15)
W(s) = Ykez(—1)*a, &(2x — k) (16)

Thue hién TIDWT théng qua cac bo loc thong thap va théng cao khi bién d6i thuan va
bién ddi nguoc.

2. Uéc lwgng nguwdng wavelet
Tin hiéu X sau bién d6i wavelet gém tin hiéu géc F va nhidu W:
X=F+W (17)
Giai thuat thuc hién wdc luong tat ca cac dich cua X va ldy trung binh sau mdi lan dich
nguoc.
Vé6i 0 < p < N, gia tri wéc lwong cua tin hiéu FPdugc tinh bang thuat ngudng dit liéu
dich XP[n] = X[n — p] trong tap co s& B = {gm}o<m<N, Xg[m] = (X, gm):
FP = Y56 por (XE[m]) gm (18)

Trong d6, pr(x) 1a ham ngudng, ¢ thé sir dung ngudng cing hoic ngudng mém [2] [3].
U6c luong dich bat bién co dugc bang cach dich nguoc va ldy trung binh cac ude luong:

Fln] = - ZN=3 FP[n + p] (19)

Gia tri ngudng tai ty 1& (muc bién d6i) thir j (1 < j < L) dugc xac dinh bao gom cac thanh
phan nhiéu khong twong quan va nhiéu tvong quan [1]:

U = 6j6,4/2(1 + ) log(L + DN (20)
Trong d6, L 1a muic bién d6i wavelet cuc dai, 8 1a gia tri xac dinh tir twong quan chéo hay

hop bién cac hé s bién doi wavelet dich xiva xm:
0 = max (cov(x;, X)) (21)

Gid tri oy tir dic tinh phan b nhidu khong twong quan, duogc tinh theo hé sé chi tiét tha k
&ty 18 thir j:

_ median(d(ik)h

n- 0.6745 (22)

Gia tri o;& mac bién doi thir j duoc xac dinh tir cc gid tri phuong sai nhi€u twong
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quanc? la cac thanh phan dudng chéo ma tran hop bién bién doi wavelet:
o = diag(M;M]) (23)
Cac budc chinh thuc hién giai thuat nhu sau:
- Bién d6i wavelet thuan tin hiéu bao gdm nhiéu dé c6 duogc cac hé s6 wavelet.
- Tinh toan ngudng theo cac cong thac (23), (22), (21), (20).
- Thuc hién udc lugng theo cong thac (18), (19).
- Bién d6i wavelet nguoc, khoi phuc tin hiéu.
III. KET QUA KHU NHIEU

Giai thuat da dugc mé phong trén Matlab, tinh toan ty s6 tin hiéu trén nhiéu SNR (Signal
to Noise Ratio) so sanh v&i giai thuat truyén théng st dung DWT trén tin hiéu c6 nhidu mé
phong. Giai thuét ciing duoc thyc hién véi mot sé ham wavelet khac nhau dé kiém chtng hiéu
qua khir nhiéu. Khtr nhiéu tin hiéu thyc ciing duoc thuc hién va dugc danh gia truc quan trén
do thi.

1. Khir nhiéu tin hi¢u ECG nhiéu mé phéng

Céc hinh 3a, 3b twong tng la cac tin hiéu ECG gdc, tin hiéu c6 nhiéu. Céc tin hiéu hinh
4a, 4b twong ung la tin hiéu kht nhidu bang DWT va tin hiéu khir nhidu bang TIDWT. Tin
hiéu c6 nhiéu Ia tin hiéu gbc duoc tron vai nhidu ngau nhién phan bé trong dai tan sé rat rong
(nhiéu trang). Nhidu nay c6 thé bao gdom tat ca cac loai nhidu gay ra nhu da phan tich & muyc I.
Tin hiéu c6 nhidu véi ty sb tin hiéu trén nhidu SNRy= 6.7563 dB. Cac két qua thyuc hién bién
d6i véi ham wavelet Db4. Tin hiéu khtr nhidu DWT xuat hién dao dong phat sinh sau cac dinh
s6ng, c6 thé cong vao tin hiéu nhu & cac mau tir 100-110 sau séng P, & cac mau khoang tir
150-160 sau song S, gay meo dang tin hi¢u. Phuong phap udc lugng ngudng TIDWT, tin hi¢u
tron hon, trung thuc hon va khong phat sinh dao dong nhiéu. Ty sé tin higu trén nhidu cua giai
thuat méi cao hon giai thuat DWT.

Tin hieu goc Tin hieu co nhieu
T T T T

1250 1250

1000} 1200

1150
1150~

1100
1100~

1050

bien do tin hieu (0,005 mV)
bien do tin hieu (0,005 mV)

1050 -
1000

1000 as0l-

950

r r r r c 900 e : e e :
0 50 100 150 200 250 300 0 50 100 150 200 250 300
n(mau) n(mau)

a) Tin hi¢u ECG sach b) Tin hiéu c6 nhiéu, SNRy = 6.7563 dB
Hinh 3. Tin hiéu sgch va tin hiéu cé nhiéu md phong.
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Tin hieu khu nhieu DWT Tin hieu khu nhieu TIDWT
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a) Tin hiéu khir nhiéu DWT, b) Tin hiéu khi nhiéu TIDWT,
SNR, = 12.5781dB SNR, = 19.2747dB

Hinh 4. Tin hiéu md phéng, khi nhiéu DWT va khi nhiéu TIDWT.

2. Khir nhiéu tin hiéu ECG sir dung cac ham wavelet khac nhau

Bang 1 1a cac két qua danh gia thong qua ty s6 SNR; va 18i trung binh binh phuong MSE
(Mean Squared Error) khi st dung vé1 mot s6 ham wavelet. Cac sb liéu trong bang 1 duoc
thuc hién véi cung mot tin hiéu vao co nhiéu véi ty s6 tin hiéu trén nhidu dau vao SNRy =
6.7563 dB (hinh 3b).

Céc thong sd danh gia két qua khir nhidu 1a ty sb tin hiéu trén nhidu dau vao SNRy, ty s6
tin hiéu trén nhiéu dau ra SNR va 13i trung binh binh phuong MSE.

_ Y F2(0)
SNR, = 10lg 5 = (24)
_ TaF2(n)
SNR, = 10lg S F-FG0) (25)
1 ~
MSE = =Y, (F(n) — F (n))? (26)

Trong d6: F(n) la tin hiéu ECG gdc, W (n) 1a nhidu, F(n) 14 tin hiéu udc luong sau khir
nhiéu.

Bing 1. H¢ s6 SNRy va MSE khi SNR, = 6.7563 dB.

TT  Wavelet SNR; (dB) MSE
1 Haar 11.1687 0.0065
2 Db4 19.2747 0.71x10*
3 Sym 8 20.0356 0.34x10*
4 Coif 4 19.3001 0.65x10"
5 Db8 18.1568 0.87x10*

Két qua khir nhiéu trong bang 1 cho thay hiéu qua khir nhidu cuia giai thuat méi thich tmg
véi tht ca cac ham wavelet va viée chon ham wavelet dé thuc hién bién ddi wavelet cling la
budc quan trong trong bai todn khir nhidu. Thong thudng, phan tich tin hi¢u trung thyc nhat,
hi€u qua khu nhiéu cao nhat khi wavelet duge chon c6 hé sb twong quan vdi tin hi¢u cao nhét.
Wavelet Haar sir dung dé khir nhiéu ECG c6 hiéu qua thap nhit, Sym 8 c6 SNR; cao va MSE

18



Transport and Communications Science Journal, Vol 70, Issue 1 (06/2019), 11-20
nhé nhét.
Thuc hién khtr nhiéu véi tin hiéu c6 nhiéu 16n hon SNR, = 2.2576 dB.

Két qua khir nhidu trong bang 2 tmg véi cac wavelet khac nhau cho giai thuat méi khi tin
hiéu c6 nhidu 16n hon cho thiy twong dwong nhu bang 1. Wavelet Harr ¢6 hiéu quéa khir nhiéu
thép nhét nén wavelet nay it dugc str dung cho thuat toan khir nhiéu tin hiéu dién tim.

Bing 2. Hé s6 SNRy va MSE khi SNR, = 2.2576 dB.

TT Wavelet SNR; (dB) MSE
1 Haar 6.1598 0.0132
2 Db4 14.0276 0.83x10*
3 Sym 8 16.1463 0.52x10*
4 Coif 4 15.4189 0.71x10*
5 Db8 14.7142 0.96x10*

3. Khir nhiéu tin hiéu ECG thuc

Tin hiéu ECG thuc duoc léy tr tin hi¢u luu trr trong may NIHON KOHDEN ECG-
9020K. Tin hiéu nay dugc ghi lai khi may st dung di dong trong méi truong khong chuan va
tat cac ché do loc trong may.

Tin hieu thuc co nhieu
1300 :
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8000
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Hinh 5. Tin hiéu ECG thuc c6 nhiéu.

Tin hieu khu nhieu DWT Tin hieu thuc khu nhieu TIWDT
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Hinh 6. Tin hiéu ECG thuc, khi nhiéu DWT va kher nhiéu TIDWT.
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Két qua khir nhidu tin hiéu thyc trén hinh 6a va hinh 6b cho thay tin hiéu khitr nhidu theo
giai thuat méi tron hon va khong xuét hién cac dao dong nhidu phat sinh.

IV. KET LUAN

Kht nhidu sir dung bién dbi wavelet dich bat bién TIDWT, giir lai tat ca cac hé sb
wavelet thd, wéc luong dich nguoc, dé& xuét trong noi dung bai bao da dat dugc mot sé cai
thién dac tinh khtr nhiéu tin hiéu. Phuong phap TIDWT khac phuc dugc dao dong phéat sinh
do qua trinh bién d6i gay ra. Thuat toan udc lwong dich bat bién trén tat ca cac hé s6 wavelet,
dam bao lam tron tin hiéu nhung van gitr lai duoc nhiéu chi tiét tin hiéu co ich hon, tin hiéu
sau khtr nhidu trung thuc hon. Ngudng dugc tinh dén cac thdng sé cua ca nhidu twong quan va
khong twong quan nén c6 thé tng dung dugc trong nhitng méi truong nhidu phic tap.
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