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Tém tit: Bai bao nay trinh bay nghién ciru, thiét ké hé thong thu nhén tin hidu dién tam d6 (ECG)
trong thoi gian thyc dua trén giao tiép 4m thanh-soundcard tich hop sén trong may tinh. V&i muc
dich phat trién mot cong cu do tin hiéu ECG thuan tién trong viéc thu thap, xr 1y va phan tich,
phuc vu cho hoc tdp va nghién clru cia sinh vién va can bg nghién ctru trong linh vuc phan tich
chan doan bénh dya trén tin hiéu sinh hoc tir co' thé nguoi. Bén canh do6, dé ché tao mot thiét bi do
tin hiéu ECG véi chi phi thap, thiét ké nay di s dung phuong phap diéu ché tan sé cho tin higu
ECG dé twong thich véi tit ca cac loai soundcard tich hop trén may tinh. Dai tan s6 hoat dong ciia
hé théng nay cho phép thu nhan va xu 1y tin hiéu ECG c6 tin sé va bién do ndm trong khoang 0
dén 100Hz va 300uV dén 3mV twong tmg. Dé hién thi, luu trit va phan tich dir liéu tin hiéu ECG
trén may tinh, cac tac gia sir dung phan mém Matlab phién ban 2013. Hé thdng duoc thir nghiém
do tin hiéu dién tdm dd tir mot vai nguoi tinh nguyén st dung trinh 3 dién cuc.

Tir khéa: Thu nhan tin hiéu ECG; diéu ché; tin hiéu ECG; giao tiép am thanh; phﬁn mém Matlab.

1. Gi6i thiéu

Céc bénh 1y vé tim mach luén thu hut dugc
su quan tdm cua cic chuyén gia y té boi su
nguy hiém cta né téi tinh mang con ngudi.
Theo t6 chirc Y té Thé gigi (WHO), bénh tim 1a
mot trong nhimg nguyén nhan hang dau gay tir
vong & cac nudc dang phat trién [1]. Cac bénh
ly ciia tim mach hau hét dugc phan anh thong
qua tin hiéu dién tdm d6. Vi 1y do nay, cac thiét
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bi ghi do, theo doi va chan doan tin hiéu dién
tim da dugc nghién ctru va phat trién manh mé.
Kiém tra va phan tich dién tam d6 13 mot trong
nhitng thu tuc chan doan can ban dé xac dinh
bénh ly vé tim mach mét cach so bo chéng han
nhu loan nhip tim, thiéu méau cuc bo, tic dong
mach vanh vv...[2], tir d6 tién hanh nhiing
giam dinh 1am sang hinh anh dé cho két luan
chinh x4c va dua t6i giai phap diéu tri. Nhimg
tién bd mai vé cong nghé vi dién t& va sy phat
trién manh mé cta cong nghé thong tin da cho
phép tao ra nhiing thiét bi s6 hoéa ghi do tin
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hiéu dién tim va céac thiét bi theo ddi cac thong
sd sdng cua co thé nguoi nhu: dién tim do
(ECG), nhiét d6 co thé, nhip tim, huyét ap va
d6 bao hoa oxy...[3,4]. O Viét Nam, céac thiét
bi nay thuong phai nhap ngoai ma cong nghé
ché tao ciing nhu cac thong s k¥ thuét chi tiét
bi 4n ddu v&i muc dich bao vé ban quyén ché
tac. Hon nita, s6 liéu do dwoc thyuc hién thong
qua nhitng thiét bi nhu vy thudng bi ma hoa va
chi c¢6 thé dugc giai md voi nhitng phdn mém
duoc cung cép boi nha san xuét, do do, gay kho
khin trong viéc phan tich tin hiéu dién tam d6
trong thoi gian thuc. Dé khic phuc nhimng kho
khin nay, mot s6 hing san xuat cung cép nhiing
thiét bi, hé théng md dé cho phép ngudi sir
dung phat trién cac ung dung trén do, tuy nhién,
gia thanh cta nhitng hé thong d6 kha dit tién
[5,6]. Hat nhan cta nhiing hé théng s6 hoa cho
phép do va ghi lai dit liéu dién tim dd trén may
tinh thyc té chi nam trong nhitng mach khuyéch
dai dugc x@ ly tin hi€u phic hop dé loai t6i da
nhitng can nhiéu trong tin hiéu dién tim. Thong
qua chuyén d6i twong tu-sb, tin hiéu dién tim
dugc truyén téi may tinh duge diéu khién bang
nhitng phan mém do nha san xuit cung cip.
Viéc phat trién nhitng phan mém phan tich tin
hi¢u dién tdm d6 c6 thé dugc thuc hién boi
nguoi st dung thong qua nhitng thuat toan dugc
cai dat trén may tinh. Hién nay, hau hét cac may
tinh ca nhan hién nay déu dwoc tich hop
soundcard la mét bo chuyén doi tuong tu-sd
cho phép chuyén d6i 4m thanh trong giai nghe
théy thanh tin hiéu sd. Hon nita, cho dén nay,
cac giai thuat xtr 1y s tin hiéu cling da phat
trién twong d6i hoan chinh, du dé dap tmg yéu
cAu cho loc can nhiéu cua tin hiéu dién tdm dd.
Do d6, xuét phat tr nhitng diéu kién thuan loi
ctia cong nghé hién nay, bai bao nay d& xuit
mot ¥ tuong thiét ké hé théng thu nhan tin hiéu
dién tam do gia ré cho phép do, thu thap, va xir
ly tin hiéu dién tdm do trong thoi gian thyc dya
trén giao tiép 4m thanh — soundcard tich hop
san trong may tinh. Tuy nhién, béi vi muc dich

cua soundcard 1a thu tin hiéu am thanh, do do,
dé dam bao loai bé nhimg can nhidu ngoai
khoang tan s6 am thanh nghe dugc, mdt )
soundcard da thiét ké sin nhimg bo loc thong
dai trén mach cimg. Do d6, ¢ diéu kién nay,
soundcard s& loai tin hiéu dién tam d6 & dai tin
s6 tir 0 dén 20 Hz 1a dai tan s6 quan trong dé
quan sat nhirng thong s chinh cua tin hiéu dién
tim nhu séng phirc hop P-QRS-T-U [7]. Bé
khic phuc tré ngai nay, trong thiét ké nay, vé
co ban chung t6i img dung phwong phap diéu
ché tan sé cua tin hiéu ECG véi tan sb song
mang 1a 10KHz dé cho phép tin hiéu ECG do
dugc trong dai tan tr 20Hz dén 20KHz cua
soundcard. Dé cai dat cac giai thuat xir 1y sd tin
hiéu cling nhu hién thi va phan tich tin hiéu
dién tdm d6 thoi gian thyc, phin mém thuong
mai hd trg cong cu toan hoc manh 1a Matlab da
duoc st dung. Trén co sé do, tu cong trinh nay,
mot cong cu thu nhan tin hiéu ECG c6 dai tan
tir 0 dén 100Hz, bién d6 tir 3000V dén 3mV dé
phuc vu cho viéc hoc tap, nghién ctru cta sinh
vién va can bd nghién cuu trong linh vuc do
ludng tin hiéu sinh hoc tir co thé ngudi c6 thé
duogc phat trién. Hon nita, véi nhitng thuat toan
phan tich tin hiéu dién tdm dd cho phép trich
chon duoc cac dac trung cua cac bénh 1y vé tim
mach, hé théng nay co thé phat trién thanh mot
thiét bi do tin hi¢u dién tim ¢ gia thanh thap,
hd trg viéc chin doan va diéu tri bénh tim
mach.

2. Phuwong phap thue hién

Trén co s& muc dich nghién ctu, cac chi
tiéu thong s6 ky thudt co ban caa mach ghi do
tin hi¢u dién tim (dugc chi ra trong bang 1),
nhém tac gia dwa ra so d6 khéi ciia hé thng thu
nhén tin hiéu ECG trong thoi gian thyc dua
trén giao tiép 4m thanh-soundcard két ndi véi
may tinh (hinh 1).
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Béng 1. Céc chi tiéu thong sb k¥ thudt co ban cia

mach ghi do tin hiéu ECG
TT  Chi tiéu thong s6 Mb ta
ky thuét
01 G=30(db) Hé s6 khuéch dai cua
toan mach
02 Tuditho ciapinz  Mach dugc thiét ké
2,5gi0 dung ngl}én pin 9V, dé

giam thiéu nhicu

ngudn dién ludi 50Hz
03 Dong tiéu thy: Tinh cho mach khuéch

35mA dai do, loc thong thép,

khuéch dai chinh, Didu
ché tan sb.
Tinh tir mach khuéch
dai do cho dén mach
diéu ché tan sb.
Cong suat cyc dai cho
phép cua dién cuc
Tiéu chuan an toan
dién dbi voi thiét bi y
té ctia thé gidi va Viét
nam cho bénh nhan
Dung loai cap do 3
day ndi v6i 3 dién cuc,
do dao trinh cac chi
Heé thong c6 thé cho ra

04 Cong suét clia
mach: 260mW

05 Cong suat cua dién
cuc: 0,1W/cm [8]

06 Tiéu chuin an toan:
IEC 60601-1 class
2 va TCVN 7303-1

07  3-lead (3 dién cuc)

08 Bién dd cua tin

hiéu ECG: 3mV tin hiéu ECG c6 bién
(max) d0 16n nhat la 3mV
09 Chuyén d6i A/D Ung dung b6 ADC
24bit 24bit tich hop san trén
i soundcard
10 Dai tan dap tng: Day 1a dai tan s6 cua_
0,05 +100Hz tin hiéu ECG dung dé
) chan doan.
11 Hién thi trén may Keét ndi v6i may tinh
tinh qua giao tiép am thanh
f
.':'I/ =
M\
A
“0b
[9]

ECG signal: Tin hiéu ECG ghi lai nhimng
hoat dong mang tinh chét dién cta tim. Tin hiéu
ECG duogc goi 1a binh thuong (trang thai tim
hoat dong binh thuong) bao gdm nam dinh 16i,
10m duoc gan boi nam chir céi 1a P,Q,R,Sva T
[10]. Trong mot s6 trudng hop c6 thém dinh U .
Hinh dang cua tin hiéu ECG nay duogc chi ra
trong hinh 2, mot sé dic diém vé bién do va
khoang thoi gian tdn tai cia nod duoc thé hién
trong bang 2 va bang 3.
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Hinh 2. Tin hiéu ECG binh thuong [11].
Tin hiéu ECG binh thuong c6 dai tan s tir

0,05 dén 100Hz. Pay la dai tan sé dung cho tng

dung chan doan cac bénh vé tim mach [12].

Béng 2. Bién do cuia cac song thanh phan trong tin
hiéu ECG [12]

Song thanh phan trong Bién 6 (mV)
tin hiéu ECG
Song P 0,25
Séng R 1,6
Soéng Q 0,4
Séng T 0,1+0,5

Béng 3. Khoéang thoi gian gilra cac song trong tin
hi¢u ECG [12]

Hinh 1. So' d6 khoi hé théng thu nhn va xir 1y tin
hiéu ECG trong thoi gian thue ket ndi voi may tinh
qua giao ti€p am thanh-souncard.

Song thanh phan Khoang thoi gian giira
trong tin hi€u ECG cac song (S)
P-R 0,12+0,2
Q-T 0,35+0,44
S-T 0,05+0,15
Song P 0,05+0,11
Séng phire QRS 0,05+0,09
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Mach bao vé dau vao: Gom cac dién tro,
tu dién tao thanh mach loc béac 2 dé loc tin hiéu
¢6 tan s6 cao va han ché dong dién ro giy nguy
hiém cho bénh nhén.

Mach khuéch dai do: Chuyén tin hidu dién
ap vi sai thanh tin hiéu don va tién khuéch dai
v6i hé s6 G1 1a 10(db). Dé thuc hién cong viée
nay, tac gia st dung vi mach khuéch dai do
INA 333 cua hang Texas Instruments. Vi mach
nay c6 mot s6 uu diém hon so véi vi mach ciing
chtrc ning cta cac hing khac ching han nhu
can nhidu thap, sai s6 thdp, ti s6 nén mode
chung cao (100dB), c6 ché do tiét kiém ning
luong, hé s6 khuéch dai didu chinh duoc tir 1-
1000 lan [5].

Right leg drive: liy tin hiéu tr mach
khuéch dai do dua tré vé chan phai clia ngudi
tinh nguyén hodc bénh nhan lam tang khéa nang
loai bo nhiéu chung trong khi do tin hiéu ECG.

Loc théng thdp: St dung moé hinh loc
thong thp Butterworth bac 4 v6i tin s cit 1a
100Hz, hé s6 khuéch dai bang 1, dung vi mach
OP333 [5].

Khuéch dai chinh: St dung vi mach
OPA333 dé khuéch dai mot 1an nita v6i hé sd
khuéch dai G2 1a 20(db) trude khi dua vao khdi
diéu ché tan sb. Nhu vay, bién d0 cua tin hiéu
ECG do tir ngudi sé duge khuéch dai voi hé sd
khuéch dai:

G(db) = G1+G2 = 10(dB)+20(dB) = 30(dB)

Diéu ché tin sé: Thuc hién diéu ché tin
hiéu ECG & dau ra cua by khuéch dai chinh c6
tan sb tir 0,05Hz + 100Hz (dai tan sb can diéu
ché) thanh tin hiéu c6 tn s 10KHz (tin s6
song mang) — ddy 1a tan s6 nam & khoang gitra
clia dai tan sb am thanh nghe thay cua ngudi
(20Hz + 20KHz). Dé thyc hién diéu ché, trong
nghién ctu nay tac gid st dung vi mach
XR2206 cua hing EXAR[13]. Tin hiéu ECG
sau khi diéu ché duge dua vao soundcard.

Soundcard: Nhan tin hi¢u ra tir khéi diéu
ché dé giai didu ché va chuyén ddi sang tin hiéu
s6 thong qua bd ADC 24bit ciing dugc tich hop
trén soundcard. Soundcard 1a giao tiép 4m
thanh va ciing 13 mot trong nhitng chuin dau
vao cuia may tinh. Dit liéu dudi dang sb cua tin
hiéu ECG duoc luwu trit, hién thi va phan tich
thong qua cac phan mém Matlab hay Labview.
Dé danh gia sy hoat dong tin cay cua hé théng,
chung t61 st dung ti€u chi binh phuong trung
binh cuia 16i (Mean Square Error — MSE), tiéu
chi nay dugc xac dinh boi cong thac (1).

MSE - %z G-} ()

trong do, N 1a gia trj tAn sb, x(i) 1a tin hiéu ra,
x(7) 1a tin hiéu vao.

3. Két qua va thao luin

Truéc hét, nhom tac gia tién hanh thu
nghi¢m hé théng voi tin hiéu hinh sin mo
phdéng. Béi vi, chiing t6i coi tin hi€u hinh sin
nay la tin hi¢u chuén, tién dinh, dé kiém tra sy
hoat dong, do chinh xac cua hé théng. Két qua
thu dugc nhu hinh 3.
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Hinh 3. a) Tin hi€u ra cta bo giai diéu che;
b) Tin hiéu vao ctia bd diéu ché.
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Pé xac dinh d6 chinh xac cia phép didu
ché, chung t6i di thay doi tan s, giit ¢b dinh
bién d6 cua tin hiéu dau vao. Sai sb twong ddi
ctia phép diéu ché dugc tinh theo cong thirc (2).

A(%)Z I/out(f);l/z;«(f)l(x): AVV(f) 100

2

Trong d6: A 14 sai sb tuong d6i cta bién do
tin hiéu ra so voi bién d6 cua tin hiéu vao;
Voul(f) va Vi (f) 1a bién dd cua tin hiéu ra va
bi€n dd cua tin hiéu vao phu thudc vao tan sb
diéu ché; V 1a bién d¢ cta tin hiéu mau duoc
dit o gia tri 1V. Két qua trong hinh 4 cho thy
gia tri sai s6 16n nhit (AV(f)) 1a xép xi 0,01
tuong duong véi A = 1%.Véi sai s6 nay 1a chap
nhan dugc. Boi vi trong thuc té, voi kinh
nghiém ctia cac bac sy thi sai s6 bién do cua tin
hiéu ECG dén 5% rat kho dé phan biét dugc khi
tin hiéu ECG dugc hién thi trén man hinh cua
thiét bj theo ddi bénh nhan hodc trén man hinh
may tinh.

Bién db (V)
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Hinh 4. Giir nguyén bién do, thay doi tan s ciia tin
hiéu vao di€u che.
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Hinh 5. Pic tuyén tan sb diéu ché.

Két qua trén hinh 5 thé hién su tuyén tinh
giita tan s6 ctia tin hiéu vao diéu ché va tin higu
sau diéu ché véi hé sb xdp xi bang 1 (sai sd
tuong ddi khoang 2%). Diéu nay cho thiy, hau
nhu khong ¢ su thay dbi dang ké cua tan sb
trude va sau diéu ché. Hinh 6 thé hién gia tri
MSE. Gi4 tri MSE rat thdp (1,5.10°) va kha 6n
dinh ¢ dai tan s tir 0 dén 48Hz. Trong dai tan
sO tir 50Hz dén khoang 100Hz thi MSE c6 thay
doi trong pham vi tur 0,7. 10° dén 2,2.10°.
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2.00E-05

1.50E-05

—MSE

1.00E-05

5.00E-06

0.00E +00 T T T T T 1
0 20 40 60 80 100 120

Tén s (Hz)
Hinh 6. Gia tri cia MSE khi so sanh tin hiéu vao
dicu che va tin hiéu ra giai diéu che thong qua
tan so.

Sai s6 nay la rat thip khong dang ké. Sy tré
pha cua tin hiéu vao diéu ché va ra diéu ché
dugce thé hién & hinh 7. Nhu trén hinh 7 chi ra,
tré pha 16n nhét khoang 2% trong dai tan tir
50Hz dén 70Hz. Sy tré pha nay c6 thé do
nguyén nhin gy ra boi nhidu ngudn dién ludi
trong thiét bi do. Sau khi danh gid mot vai
thong sb ky thuat ciia mach do va didu ché,
chang t6i da tién hanh do thir nghiém trén mot
vai nguoi tinh nguyén nhu la mét phép thu
nghiém trén thuc té.

Tans& (Hz)
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-2 4 r\/_’_\/_\/\_/
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Tré pha (%)
PN
&

Hinh 7. Sy tré pha ciia tin hiéu sau diéu ché
¢ trong mién tan so.
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Hinh 8, hinh 9 va hinh 10 thé hién két qua
do tin hiéu ECG tur 3 nguoi tinh nguyén.
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Hinh 8. Dang tin hiéu dién tim ctia nguoi
tinh nguyén thar 1.
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Hinh 9. Dang tin hi¢u dién tim ctiia nguoi
tinh nguyén thu 2.
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Hinh 10. Dang tin hi¢u dién tim cia nguoi
tinh nguyén thir 3.
4. Két luin

Nhom tac gia da thiét ké dugc hé thong thu
nhan tin hiéu ECG trong thoi gian thyc dya trén

giao tiép 4m thanh-soundcard két ndi v6i may
tinh. Sy hoat dong, dd tin cdy cua hé théng da
duoc thtr nghiém va danh gia thong qua tin hiéu
mau c6 tan sd tir 0 dén 100Hz, bién do 1V. Qua
viéc danh gia mot vai thong sd, hé théng da dat
dugc cac chi tiéu thong s k¥ thuat nhu: Sai s6
vé bién d6 1a 1%, trong khi sai sb cia pha 1a
2%. Vi sai sb cho phép ciia cac thiét bi do tin
hi€u dién tim hién nay thi cac chi tiéu ky thuat
nay du dam bdo do tin cay cua phép do. H¢
thdng ciing duoc thir nghiém do tin hiéu ECG
tir ba nguoi tinh nguyén. Két qua cia phép do
cho thdy cac dang song thu dugc phan anh day
du cac thanh ph'?ln song cua tin hi€u dién tim.
Tuy nhién, céc tin hi¢u ECG thu duogc van con
¢6 cac thanh phan nhiéu tring. Loai nhiéu nay
c¢6 thé duoc loai bo bang phuong phép trung
binh hoa bién do trong mdt khoang thoi gian du
nho. Véan d& nay s& duoc phat trién trong tuong
lai. Két qua cia nghién ctru nay cho thiy hé
thdng nay hoan toan c6 thé dap ung duoc yéu
cau thu nhén, xt Iy va phan tich tin hi¢u ECG
dé gitp cho viéc theo ddi va chan doan bénh
tim mach cua cac bac sy.
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Design of the Electrocardiogram Signal Acquisition System
in Real-time Based on Soundcard Interface Integrated
on Personal Computer

Duong Trong Luong, Nguyén Puc Thuan, ~Nguy?:n Thai Ha,
Trinh Quang Ptrc, Phi Ngoc Tu, Nguyén Phan Kién

Hanoi University of Science and Technology, 1 Pai Co Viét, Hai Ba Trung, Hanoi, Vietnam

Abstract: This paper presents a study and design of the Electrocardiogram (ECG) signal acquisition
system in real-time, based on soundcard interface integrated on personal computer (PC). It’s aim is to
develop a convenient tool for acquiring, processing and analysing the ECG signals. This tool can be
used effectively also by students in learning and studying and by researchers in pathological analysis
and diagnosis based on biological signals from human body. Besides, to fabricate an ECG signals
measuring device with low cost, this design uses frequency modulation method for the ECG signal to

match with all soundcard built in PC. The range of operating frequency of this system allows receiving
and processing the ECG signals whose frequency ranged in 0 to 100Hz, and amplitude from 300 pV to
3mV. In order to display, store and analyse the ECG signals on the computer, the authors use Matlab
software versions 2013. The system was examined to through measurement of the ECG signals from
several volunteers using three leads.

Keywords: ECG acquisition; modulation; ECG signal; sound interface; Matlab software.



