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Tém tit. Tin hiéu dién tim dd (ECG) c6 thé bj trdn 1an voi rét nhiéu loai 6n khi do va thu thap di¥
ligu. Mqt vai giai thuit dua trén bién ddi séng con da dugc phat trién dé loai dn cac tin hiéu ECG.
Nhim dé loai bo hi¢n trong Pseudo-Gibbs voi cac dang song Q, Skhi bién déi séng con rdi rac
(DWT) va thiét ké mach trén day cbng kha 1ap trinh (FPGA) dé loai én tin hiéu ECG, trong bai
bao ndy, mjt kiéu loai 6n khac dugc dua ra dya trén DWT theo m6 hinh cua h¢ thong thinh giac
Céc tham s6 DWT dugc thay ddi dé t6i wu hoa gi4 tri ngudmg va két qua loai 6n dugc so sanh
gita cac phép bién ddi song con. Cac dir liéu tin hiéu ECG sir dung dé kiém tra ing dung DWT

loai 6n dugc tai tir co so dir liéu MIT-BIH.

1. Giéi thigu

Tin hiéu dién tim tam d6 (ECG) la mét
trong cac tin hiéu y sinh da dugc nghién ciru
rong rdi va uang dung trong cdc phong kham.
Mot dang song ECG thong thuong thuong la sy
to hop cua song P, song QRS va song T (Hinh
1). Sy phan tach chinh xac cac dang song nay la
rat quan trong khi phan tich tin hiéu ECG. Tuy
nhién do tin hiéu ECG la rat yéu va khéng rd
rang, dién ap chénh léch gitra 2 dién cuc phia
tay trai va phia tay phai ¢& 1-3mV va tan s cua
cac tin hiéu ECG nam trong khoang giira
0.02Hz cho t&i 150Hz. Chit lugng cia cac
sensor cam nhdn tin hiéu ECG tuy thudc vao
bing thdéng cua no. Cac sensor ECG trén thi
truomg gia ré cd bang thong toi 30Hz. Con cac
sensor ECG chuyén dung cua cac phong cap
ctru ¢ bang thong t6i 1KHz. Vi phd tén sé d6
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va tin hiéu ECG rat yéu nhu vay thi né rat dé by
can nhiéu bai cac dn khac, do vay triét 6n mot
cach hiéu qua la van dé quan trong trong viéc
phén tach tin hi¢u ECG.

Vao nhirng niam 60 cua thé ki trudc, viéc
phén tach cac dang song P, song QRS va song
T ¢b dién trudc diy thuong sir dung cac bo loc
trong tr bang cao, by loc bang thép va by loc
Notch .. Dén thap ky 70, xir li tin hiéu so thich
nghi dugec dé xuat boi Bernard Widrow va
Samuel D. Stearns di dua linh vure xir li tin hiéu
y sinh sang huéng méi. Ban ddu Widrow tap
trung vao viéc loc cac nhiéu SOHz - 60Hz tuvong
ang voi tan s ngudn dién ludi thanh pho va dat
ra cac tiéu chi chinh cho xu li tin hi¢u y sinh la:
loc nhi€u, sira dang soéng, nhan dang va tién
doan. Cac tiéu chi ndy la vo cung quan trong
cho cac bac si trong chuan doan lam sang va
cho cac hé thong ty dong chudn doan bénh sau
nay. Nhimg nam gan day, cung véi sy phat trién
cuia khoa hoc va cong nghé, cac ki thuat xur li
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tin hiéu y sinh (dién tam do, dién ndo dd ..) da
ap dung cac ki thuat hién dai nhu:

- Loai nhiéu theo ngudng sau khi thuc hi¢n
bien ddi séng con roi rac (DWT)

- S& dung cac giai thuit cho loc sb nhu:
Thay df)i bac thuat toan LMS, RLS theo hudng
thay doi kich thudc budc thich nghi,

- Nhan dang tin hi¢u mu dé tach tin hiéu
FECG...
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Hinh 1 Céac tham sé chinh cua tin hidu dién tim

Ki thuat loai nhiéu thong qua ngudng sau
khi thuc hién DWT ngay nay di va dang phat
trién manh vi ki thuit nay c6 uu diém la do
phire tap vira phai chip nhan dugc, kha nang
triét on cao. Tuy nhién viéc lua chon giai thuat
cho viéc loai nhiéu tin hiéu ECG va chon cong
nghé img dung cho hé thng phan cimg sir dung
song con do rat da dang. Hon nira phuong phap
loai bo 6n thong qua ngudng sau khi thyc hién
bién doi séng con kinh dién gdy ra hién tugng
Pseudo-Gibbs tai dang séng Q va S cua tin hi¢u
ECG do DWT. Nham d¢ giam hi¢én tugng
Pseudo-Gibbs tai dang song Q va S, thi viéc lua
chon giai thudt ngudng thich nghi theo tung
bang con dugc dat ra trong bai bao nay. Cac két
qua thuc nghiém da chi ra rang, phuong phap
v&i giai thudt trong bai bao nay tot hon phuong
phap kinh dién trén day ma van giit dugc cic

dac tinh hinh hoc cua tin hiéu ECG va ty sb tin
hi¢u trén on (SNR) dugc ap dung trén cac hé
thong dya trén FPGA ket hgp DSP.

2. Loc nhi¢u st dung DWT

Bién dbi song con di dugc img dung rat
réng rai trong viéc xu li tin hi¢u va hinh anh.
Hién nay c6 hai phuong phap chinh loai 6n nh&
phép bién dbi séng con cho céc tin hi¢u ECG:
a) phuong phap t6i da modul bién dbi song con.
Tai phuong phap nay, co the loai bo on va luu
lai thong tin cia tin hiéu gdc tai cing thcn diém,
nhung s6 luong tin toan Iém va khong 6n dinh
[1]. b) phuong phap song con ngudmg loai on
sau khi bién d6i song con dugc dé xut boi
Donoho vao nam 1999 [2] va dugc ap dung cho
loai &n cac tin hiéu ECG [3,4]

Tin hiéu ECG chira 6n ngiu nhién khong
tuong quan v&i do dai hiru han co thé duge biéu
dién

s(t) = x(t)+n(1) (1)

trong d6 x(1) 1a tin hi¢u ECG nguyén goe khong
c6 nhiéu, n(2) 1a 6n !rang:> Gassian co trung binh
ceiv va phuong sai o

Cac h¢ sd séng con tai cic do phan giai
khac nhau cé thé nhin dugc b?lng cach lay
DWT cua tin hi¢u ECG c6 6n. Tin hiéu ECG
dugc bién d6i séng con roi rac (DWT) tré
thanh:

“-(") = Z Jont (”+sz l;f;"(f) 2

n n J=)
vdi d, 1a cic h¢ sO séng con tai do phan giai /.
¢j.n va Wj.n
con tai d§ phan giai ;.

la cac ham phan giai va ham song

Phuong phap ngudng loai n sau khi bién
dbi song con roi rac (DWT) la phan chia cac hé
sé séng con v&i mét ngudng duge chon 6n
dinh. Théng thudmg, cac hé s6 séng con nay cé
bién do nho hon ngudng on dugc dat lai bing
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zero va cac hé sb song con khac cd hé sb 16m
hon ngudng 6n sé dugc giir nguyén (goi la
ngudng cung) hodc la co lai chut it (ngudng
mém). Tin hiéu ECG loai bod 6n c6 thé duoc
khéi phuc tir cac hé sb song con nhd bién dbi
IDWT nhu chi ra trong hinh. 2.

an ti 5 Khai ph
s _4 Phin tich _4 Ngudng _‘i 10'5 Alc 43
w d w

Hinh 2. Loai bé dn dua trén bién ddi song con.

Phuong phap loai dn cac tin hiéu ECG dya
trén bién dbi song con don giin va dé dang sir
dung. Thé nhung phuong phap nay sir dung
ngudng cimg co thé dan dén sy giao dong cua
cac tin hi¢u khi khdi phuc, con ngudng mém co
thé lam suy giam tin hiéu ECG (dic biét suy
giam bién d¢ song R). Hon nira ngudi ta tin
réng, phuong thirc séng con lgai bo on kinh
dién dya trén DWT c6 thé dan toi hién tuong
Pseudo-Gibbs tai cac song Q va R khi khoi
phuc tin hiéu ECG [5].

Phuong phap ngudng citng loai 6n dugc sir
dung [6] sao cho
. d Hr.r"t;,_" >
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d
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Véi £= /20 logN, N 1a s0 mau tin hi¢u

ECG trong mot khdi bién dbéi DWT, o’la
phuong sai d6i vi 6n tring phan b Gauss. Dé
don gian [7] xéc dinh o = (medid|d

Phuong phap ngudmg mém loai bo dn dugce
str dung [6]:
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Trong dé d,= lxm d dugce coi 1a cac

hé so séng con khi blen d6i DWT cua tin hi¢u
x(t) ECG goc khong c6 nhiéu. Con £;la

ngudng dugce dat truée tai d6 phan giai j sao
guong p giat y

cho £, =0+2logN /(logj+1), f21. Ta
c6 thé thay ring, tuy theo gia trj cia S dugc lya
chon ma phuong phap ngudémg mém co thé
dugc coi nhu la phuong phap ngudng cing. Dé
df.n - dj.n
vai tro quyét dinh va nhur viy né phan nao ciing
phu thuc vao viéc lua chon loai song con dugc
sir dung cho ham song con ;.

thi d¢ 16n cia d;, cang lon dong

Tin hi¢u §(¢) dugc khéi phyc tr d . va

a,, nhy bién doi nggc song con rdi rac
(IDWT) véi hy vong 5(t) — x(t).

Do 6n va cic anh hudng khic ma céc hé sb
song con c?j_n bi anh huong khac nhau tuy theo
loai séng con va tai do phan giai j cua no.
Trong bai bao ndy, chung ta dbi biéu thirc (4)
nguong mém thanh biéu thirc ngudmg mém
thich nghi cac bang con:

khi d in 2 E
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Vige lya chon ngudng ¢, thich nghi dya (5)

phai c6 gia trj cao hon gia trj £ = o {/2log N
sao cho §(f) phai gin véi x(¢), lién quan voi
d¢ sai l¢ch gitra 5(¢) vai s(t), cong suat on ciia
tin hiéu. DO sai léch nay phai co 16i binh
phuong trung binh nho, dugc xac djnh:
N
-~ S Efs, -5 =E[e2] ©
NS

Do phép bién ddi séng con la trie giao do
d6 biéu thiac (6) co th¢ dugc bieu dien duoi
dang céc h¢ so song con theo phién ban song con:

Ris.i) « Y¥(d, -d,f] O

Ching ta sir dung nguyén ly Stein [8] trong
bai bao nay dé tinh gia tri ngudng €, thoa man

gia trj t5i thiéu cia biéu thirc (8)
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3. Kién tric thiét ké FPGA

Cac tép chira 1000 mau tin hiéu dién tam dd
(ECG) thu nhan tir bénh nhan dugc lay tu tap
co so dir liéu c6 dia chi mang Internet
http://www physionet.org. Cac tin hi¢u ECG
yéu cau phan cung;

+ Tan sb lay mau tin hiéu : 200Hz

+ Kich thurée bo dém t6i thidu : N= 1024

+ Bg loc 1dpsong con: | =8

3.1. B nho dém

bé thl,rc hién dugc xa li vao ra thoi gian
thyc thi phan ctng phai xu li lién tuc cac chubi
mau vao va ra. Tuy nhién, diy mau dir liéu tin

hi¢éu ECG lién tyc phai dugc phin tach thanh
tirng khéi, dugc huu giir trong b nhé dém.

Ching ta sur dung tdi 3 bd nha dém, trong
khi bd nhd dém dau tién luwu trir cac miu 16i vao
dé thuc hién bién dbi DWT cia khi thir (n+1)
dir ligu 16i vao thi by nhd dém thir hai chira cac
dir liéu cua khéi thir n duge xir li. Bo nhd dém
thir 3 chira khéi dir lidu thir n 16i ra da dirgce
khoi phuc nho bién dbi IDWT. Kich thudce cia
bd nho dém tha nhat va thir ba ¢6 kich thudc
N=1024 chira s6 miu tin hiéu ECG cia mit
khéi 16i vao. Con by nhé dém thir hai c6 kich
thuoc (1+8)xN = 9216 (vai 4o phan giai j=8)
chira ca dir liéu trude va sau khi xur li. Nho coa
b dém thir hai ma phép xir li thuc hién dong
thoi, chdng 1ap theo thoi _gian do do6 thoi gian
tré do xtr i duqc giam xuong

Vi dy néu thoi gian bién d6i DWT cho 1024
mau vdi tan sb mau 200Hz 1a khoang = 5.1 gidy
thi hé thdng xir Ii trinh ty co thoi gian tré
khoang (5.1+5.1)+1= 11.2 giay. Pay la thoi
gian tré du 1én cho viée kiém tra tin hiéu ECG
cho bénh nhén trong thai gian thuc. Néu hé xur
li chong lap (song song) 4.1 gidy th&i gian blen
d6i DWT va IDWT thi thai gian tré giam xubng
con khoang = 2.6 gidy. Khoang thoi gian nay
du d¢ dich chuyCn chu ki nhip tin hi¢u ECG vao
bé dém 16i vao thir nhit hay by dém 16i ra thir
ba va cho phép chi thi trén man hinh tin hig¢u
ECG.

3.2. Co ché tinh toan ngiuomg thich nghi

Biéu thirc (8) khi khai trién chiém rat nhiéu
dung lugng cong (gate) va thdi gian xir 1i kha
lén do hé thong lién tuc phai tinh (8) va xir li
trong thoi gian thuc. FPGA 12 hé thng c6 kha
ning tinh toan s hoc va giai tich thap, nhung
mot hé théng FPGA dya trén khéi xir 1i tin hiéu
s0 (DSP) s& cho phép giai cac bai toan xir li
phirc tap. Hé théng DSP tuan ty sau khoang
thai gian 2.6 gidy nhan dit lig¢u tai bd dém thir 2
ctia FPGA dé xir li, sau 100 miligidy tra lai két
quéa va nang cap dir liéu tai bd dém thir hai nay
va khai dong viéc khoi phyc tin hiéu.
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Gia trj cta cac bién trong (8) théng thuong
sir dung ddu phay déng vi cac phép bién dbi
DWT va xt li tin hiéu sb dua trén séng con co
dd chinh xac rit cao dé dam bao tinh truc giao
(cac hé sb song con cd tdi 14 con sb sau dau
phay). Tuy nhién phép loal on dya trén song
con lai khong can doi hoi d6 chinh xac nhu vay,
va lai gia tri cac bién hé thong FPGA khi sir
dyng dau phay tinh sé don gian hon nhiéu trong
bai bao nay

4. M6 phong thiét ké FPGA

Trong bai bao nay, ching té1 sir dung cong
cu thiét két FPGA la Xillinx™ System
Generator va MatLab™ phién ban R14, 2008.
Cong cu tdng hop FPGA da sir dung la Xillix™
ISE phién ban 8.0. System Generator tao cac
khéi ham mé phong FPGA theo SIMULINK
ciia MatLab va vi thé viéc thiét ké 1a kha thuan
lgi va tin cay.

Cac ma VHDL dugc tao ra ty dong khi s
dung System Generator dé dich cac tép
SIMULINK (.mdl), con Xillinx ISE té hop dé
nap vao kit Virtec-11 Pro XC2VP30. Bang | cho
thiy cac yéu cau oOng chi tiét, Tong b cong
duge dung l1a hon 1000K cong. Tan s6 nhip
FPGA 16i da la 100MHz. Gia thanh cua kit
FPGA rat thap (gia Virtec-11 Pro = 300 USD ).
Mot mach duge thiét ké dé loai dn duge chi ra
trong hinh 4.

Bang |. Yéu cdu cong FPGA cho thiét ké mach

loai 6n
S Slice cho Logic 422
Sé Slice cho Flip-Flop 507
S LUTs dugc dung 225
S6 BRAMs 4
S6 I0Bs 36

Sy
Owent

Hinh 4. Mach chi tiét dé loai on dua trén DWT.

Hién c6 nhiéu loai song con dugc biét dén
nhu Haar, Meyer, Daubechies .. Khong c6 mot
cach nao t6t nhit dé lya chon séng con nay cho
ing dung kia. Chang toi thay rang, lya chon
mét ham séng con phi hgp vén dang tin higu
duoc xir 1i 1a rat quan trong.

Chang t6i di tai vé 30 tép dir li¢u tin hi¢u
ECG khac nhau tr dia chi mang internet
http://www physionet.org d¢ tinh toan va tha
nghi¢m giai thuat. Khi thuc hién tinh toan moé
phong, ching tdi da sir dung cac ham song con
khac nhau nhu: song con Daubechies (bac tur 2
cho tgi 20), song con Meyer (béc tir 1.3 cho tdi
3'9) va kiém tra hoat dong cua mach. Chiing toi
nhan théy rimg: cung loai song con dugc chon,
voi ham song con c6 bac cao hon thi hi¢u qua
loai 6n sé& tot hon, nhung d¢ phuc tap sé tang
lén dang ké. Cac song con Daubechies c6 dang
gin giéng nhat vai dang song QRS cua tin hiéu
ECG. Phé nang lugng cuia séng con Daubechies
tap trung xung quanh ving tan s6 thap tir 2Hz
toi 40Hz .
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Hinh 5(a). Tin hiéu ECG c6 6n va cac hé s6 ham
song con.

Hinh 5(a) biéu dién tin hi¢u ECG chira én
va cac hé sd sdng con Daubechies (d4) tai cac
d6 phan giai twong (mg va hinh 5(b) cho két
qua dang tin hi¢u ECG da dugc loai bn trén co
s& ciac hé so song con di duge ning cap.
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Hinh 5(b}. Céc h¢ s6 ham séng con dd dugc nang
cap va tin hiéu ECG ¢4 loai 6n.

On Gaussian v&i cac d0 léch chuin khac
nhau di dugc cong thém vao tin hiéu ECG goc
dé kiém tra hiéu nang SNR loai 6n va duge xdc
dinh:

Origin Ecg - 11D

SNR(dB) = 20log
| Origin Ecg — Noise Ecg

R4 rang rang, tir hinh 5(a) so v&i hinh 5(b),
hiéu ning ngudng mém thich nghi theo timg
bang con ciia mé hinh dua ra trong bai bao nay
la rat tot. Bang 2 cho két qua loai on tin hiéu
ECG tép /12.dat theo cic bac khac nhau cua
song con Daubechies

Bang 2. Két qua loai 6n

Bic 4 Béc 8

SRNi(dB) SRN,,(dB) SRNi(dB) SRN,.(dB)
10.0 16.2 10.0 16.6

12.0 18.5 12.0 18.7

14.0 20.6 14.0 20.8

16.0 22.1 16.0 227

18.0 24.0 18.0 243
20.0 254 20.0 25.6

5. Két luan

Trong bai bao nay, chung t6i giéi thi§u mdt
thiét ké FPGA dé thyc hién loai on dya trén
DWT theo giai thuat ngudmg on thich nghi timg
bing con, gia thanh ha. Tin hiéu loai nhiéu thu
dugc dam bao dang cua tin hi¢u ECG gdc, theo
thoi gian thyc. Thiét ké FPGA két hgp ciing
gidi phap DSP cho phép xir ly bai toan phirc tap
hon, cho két qua c6 d tin cdy cao, lam vigc
trong thdi gian thyc.

Loai 6n dya trén DWT véi giai phap xur li
tin hiéu mién tan so s& la mé hinh co hé s6 song
con phi tuyén ddng ting bang con s& cho hiéu
ndng SNR cao hon.
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Design of FPGA hardware for ECG signal de-noising
by wavelet transform
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The electrocardiogram (ECG) signal may mix various kinds of noises while gathering and
recording. Some algorithms based on wavelet transform has been devecloped for de-noising of ECG
signals. In order to suppress Pseudo-Gibbs phenomena in Q and S waves and design of Field
Programmable Gate Array (FPGA) hardware for de-noising ECG signal, in this paper, a new ECG de-
noising scheme is proposed using discrete wavelet transform (DWT) has been devecloped based on a
model of the active auditory system. Besides by optimizing the DWT parameters parallel to modifying
the new thresold value, one can handle ECG de-noising with results comparing to those of wavelet
transform. Prelimitary tests of DWT application to ECG de-noising were constructed on the signals
MIT-BIH database.



