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TOM TAT

Cdc tin hiéu y sinh cia con ngwoi dwoc do dong thoi Qi vai tro quan trong trong viéc
theo déi, phén tich va chan dodn. Trong bai bdo nay, danh gid vé méi quan hé giira tin hiéu
ECG va SpO2 dwoc dé xuat. Cu thé, tin hiéu ECG va SpO2 dwoc thu thap tir cde doi twong sir
dung thiét bj thu thdp da théng sé cing mét lic, trong dé méi doi twong thyec hién hai kich
ban, bao gom nhitng bai thoi gian nghi ngoi va sau khi chay bg trong nam phiit. Ngodi ra, tin
higu ECG va SpO2 dwoc xir Iy dé logi bé cdc tic déng xung quanh bang bg loc
Savitzky-Golay. Vdy thi, thudt todn Pan-Tompkins dwoc dp dung dé xdac dinh mite do phirc tap
QRS trong tin hiéu ECG va réi thi nhip tim dwoc tinh todn. Ngoai ra, gid tri trung binh cua
tin hiéu SpO2 duege xdc dinh. Bé danh gid moi quan hé giita tin hiéu ECG va SpO2, ty 1¢é giira
nhip tim va trung binh SpO2 duwoc tinh todn. Két quda thi nghiém cho thdy cdc gid tri giira nhip
tim va SpO2 tang vua phdi trong truong hop chay cdc kich ban nay. Hon nira, ty 1¢ nhip tim
va gida tri trung binh cia SpO2 dao dong nhe trong ca hai kich ban nghi ngoi va chay bg. Cac
két qua trong bai viét nay rat Witu ich cho viéc nghién ciru va chan dodn khi ching ta sit dung
Cd hai tin hi¢u ECG va SpO2 trén mot déi tiwong ciing mot lic va hiéu qud Ciia phwong phdp
kien ngh;.

Tar khoa: Tin hi¢u SpO2; tin hiéu ECG; bo loc Savitzky-Golay; thudt todn Pan-Tompkins;
méi quan hé giiza ECG va SpO?2.

ABSTRACT

Human biomedical signals measured at the same time play an important role in the
monitor, analysis, and diagnosis. In this paper, an estimation of the relationship between ECG
and SpO2 signals is proposed. In particular, the ECG and SpO2 signals are collected from
subjects using a multiparameter acquisition device at the same time, in which each subject
performs two scenarios, inlcunding rest and running tasks in five minutes. In addition, the
ECG and SpO2 are processed to remove artifacts using a Savitzky-Golay filter. Therefore, a
Pan-Tompkins algorithm is applied to determine the QRS complex in the ECG signal and then
its heart rate is calculated. In addition, the average of SpO2 values in the SpO2 signal is
obtained. For estimation of the relationship between ECG and SpO2 signals, a ratio between
the heart rate and the SpO2 average was calculaled. Experimental results show that values
between the heart rate and SpO2 climb moderately in case of running these scenarios.
Moreover, the ratio of heart rate and the mean of SpO2 fluctuate slightly in both of the rest
and running scenarios. The results in this paper are useful for researching and diagnosing
when we use both of the ECG and SpO2 signals on a subject at the same time and show the
effectiveness of the proposed method.

Keywords: SpO2 signal; ECG signal; Savitzky-Golay filter; Pan-Tompkins algorithm;
relationship of ECG and SpO2 signals.
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1. GIOI THIEU

Tin hiéu dién tim (Electrocardiogram -
ECG) thuong dugc thu thip bang cach do su
thay d6i dién rat nho thong qua qué trinh hoat
dong cua tim. Mot tin hiéu ECG bao gém
nhiéu nhip tim va mdi nhip tim trinh bay mot
chu ky hoat dong cua tim. Hon nira, céc dac
trung cua mot nhip tim thuong dugc trinh bay
duéi dang cau tric hinh hoc va ¢ sau thanh
phan chinh 1a séng P (P), song Q (Q), séng R
(R), séng S (S), song T (T) va song U (U)
[1-3]. Cu thé, nhip tim ciia mdi nguoi 6 thé
dugc tinh tir tin hiéu ECG bang cach xac dinh
s6 lugng phic bd QRS trong thdi gian mot
phut. Vi vay, dé xac dinh nhip tim cta mot
ngudi thi ta s& xac dinh sé phirc bd QRS trén
khoang thoi gian mot phut tu tin hi¢u ECG
cua nguoi do.

D0 bao hoa oxy trong mao mach ngoai vi
(blood-oxygen saturation - SpO2) thu duoc
bang cach do ty 16 hemoglobin bj oxy héa so
v6i tong luong hemoglogin trong mau. Nhiéu
cong trinh nghién ctru vé viéc thu thap va ung
dung tin hiéu SpO2 da dugc cac nha khoa hoc
cong bd [4-6]. Trong d6, tin hiéu SpO2
thuong duoc str dung dé khao sat chat lugng
ctia gidc ngi cac di tuong cling nhu thuc hién
nhiing chan doan 1dm sang vé tim mach cua
d6i trong. Thong s6 SpO2 thudng dugc biéu
dién dudi hai dang 1a phan traim hodc dang
xung. Mot nguoi binh thuong ¢ chi s6 SpO2
trong khoang gitra 94% va 100%.

Mot van dé rat can thiét 1a do dong thoi
cac thong sd sinh hoc cua con ngudi dé tir do
c6 thé chan doan bénh chinh x4c hon ciing
nhu phuc vu cho muc dich nghién ctru dé dang
hon. C6 nhiéu nghién ciru vé viéc xay dung
thiét bi thu thap dong thoi dir liu ECG va
Sp0O2 da duogc thuc hién [7-10]. Khi dir liéu
dugc thu thap dong thoi trén cing ddi twong
va cung thoi diém sé hitu ich trong viéc giam
b6t cac thanh phan nhidu khéng mong muébn
trén tin hiéu. Cac thanh phan nhiéu néu c6 tén

tai trong tin hiéu s& anh huéng dong thoi 1én
cac tin hi¢u d6. Nhu vay, khi xtr ly cung lac
cac tin hiéu thi ¢ thé loai bé duge cac anh
huong nay. Hon nita, viéc thu thap dong thoi
cac dir liéu s& thuén loi cho viée khao sat mdi
lién h¢ gitra cac tin hi¢u nay.

Tin hiéu dién tim thu thap thi ton tai rét
nhiéu thanh phan nhidu. Vi vy, dé qua trinh
xur ly dugce chinh xéc thi tin hi¢u phai duoc loc
nhidu t6t nhat c¢6 thé. C6 rat nhiéu phuong
phép loc nhiéu tin hiéu dién tim da duoc ap
dung trong thuc té. Cu thé, bd loc lam tron
Savitzky-Golay la b loc da dugc ap dung kha
phé bién [11, 12]. Trong phuong phap nay,
bang cach thay doi chiéu dai cia cira s6 va bac
ctia da thuc s& thay doi anh huong cua bd loc
1én tin hiéu. Vi vay, v6i chiéu dai ctra s6 va
bac cua da thirc dugce lya chon phu hgp véi tin
hiéu ECG cy thé s& lam cho tin hiéu ECG
duoc nhén hon, vi vay c6 thé phan tich tt hon
khi stir dung sau nay.

Trong xu 1y tin hi€u ECG, xéc dinh chinh
x4c phirc b QRS trong tin hiéu 1a rit quan
trong. Xac dinh dung vi tri cia phic bo QRS
trong tin hi€u gitp xac dinh chinh xac nhip
tim cta dbi twong. Hon nita, viéc xac dinh
dang vi tri ctia phirc bo QRS sé giup ich trong
viéc xac dinh vi tri cuia cac dac trung khac
chinh xac hon. Pd c6 nhiéu phuong phéap
dugc dé xuét cho viée xac dinh phic bo QRS
trong tin hiéu ECG [13-15]. Cu thé, Pan va
Tompkins da dé xuat phuong phap xac dinh vi
tri cua phtirc bd QRS trong tin hi€u dién tam
dd ECG st dung két hop gitra bd loc va
ngudng. Hon nita, thudt toan ma Pan and
Tompkins dé xuit cling thu dugc do chinh xac
rat cao va thuét toan da dugc st dung rat nhiéu
trong thuc té.

2. PHUONG PHAP LUAN
2.1 Thu dit liéu ECG va Sp0O2

Dt li¢u ECG va SpO2 dugc thu thap su
dung thiét bi thu thap dir liéu da thong s duoc
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trinh bay nhu hinh 1. Ba d6i twong (nam, do
tudi trung binh 1 21 va ning trung binh 57kg)
dugc moi tham gia nghién ctru ndy. Cac ddi
tuong da duogc gidi thiéu vé nghién ctru ndy va
hiéu r& phwong thirc thi nghiém nhu trinh bay
6 hinh 2 va hinh 3.

b) Thiét bi thu thap hai
thong s6 SpO2 va ECG

¢) béi tuong
chay b6

Hinh 1. Dt liéu ECG va SpO2 dugc thu thap
trong treong hop chay b va nghi ngoi

2.2 Phwong phap dé xuat

Dé chuan bi cho viéc ldy dir liéu ECG va
SpO2, trong nghién clru nay, ching toi xay
dung maot gian dd cho viéc thu thap dit liéu
nhu ¢ hinh 2. Trong do, ba ddi tuong dugc
tham gia lay dir liéu trong vong ba tuan, mdi
tuan lay dir liéu hai lan. Hon nira, truge khi
lay dit liéu, cac dbi twong dang & trang thai
thoai mai va khong thyc hién bat ky nhiém
vu gi. Tiép theo, dit liéu s& duoc thu thap cho
truong hop d6i tuong dang & trang thai nghi
ngoi. Sau khi thu dit liéu xong, dbi turong s&
thuc hién chay bo bang may chay bo nhu &
hinh 1c trong khoang thoi gian nam phut.
Sau d6, d6i tuong s& duoc tiép tuc lay di liéu
lai cho truong hop vwra thuc hién chay bo

xong. Qua trinh thuc hién Iéy dr liéu duoc
trinh bay chi tiét nhu & hinh 3.

Ngay|(Ngay| [Ngay|[Ngay| [Ngay||Ngay
1 2 1 2 1 2
Poi tuong Poi tuong Poi tuwong
1 2 3

Hinh 2. Gian d6 dugc dé xuat dé thu thap dir
liéu ECG va SpO2

Sau khi dir liéu ECG va SpO2 dugc thu
thap, chung t6i dé xuat qua trinh xir 1y dir liéu
cho viéc khao sat mdi quan hé giira tin hiéu
ECG va SpO2 nhu & hinh 4. O ddy, tin hi¢u
ECG gbc duoc tién xtr 1y dung thuét toan loc
1am tron Savitzky-Golay. Tiép theo, cac dinh
cua phuc bd QRS duogc xac dinh su dung thuat
toan Pan Tomskins va tir d6 xac dinh nhip tim
dua vao s6 dinh cua phirc bd QRS trong
khoang thoi gian mot phut. Hon nira, tin hiéu
SpO2 ciing dugc tinh bang gi4 tri trung binh
dé phuc vu qué trinh nghién ctu. Phuong
phap thdng ké két hop voi ty sb giira nhip tim
va gia tri SpO2 ciing dugc tinh ¢ khau cubi
cung cho viéc xéac dinh két qua nghién ctu.

Thu thap dir) |Chay bg 5 Thu thap dir
Trang * liéu ECG & - phit bing ‘ liéu ECG &
thai nghi trang thai may chay [°7 [trang thai vira
nghi bo lam viéc

Hinh 3. Cac budc thuc hién thu thap dir liu

Tin higu Tién xir ly
ECG Y
Két
qua
Tin hiéu SpO2 dang
Sp02 xung

Hinh 4. So d6 khoi dwoc dé xuét dé khao sat
moi quan hé gitra tin hiéu ECG va SpO2
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2.3 Ap dung bd loc Savitzky-Golay cho tin

higu ECG

Dit liéu ECG ctia mdi ddi twong bao gdbm
ca cac thanh phan nhiéu. Pé thu duoc dir liéu
ECG trung thyc hon, bd loc Savitzky-Golay da
duogc ap dung trong nghién ctru ndy. Hon nira,
b6 loc Savitzky-Golay dugc biét ¢én nhu 14 bo
loc 1am tron dang da thac [11]. Didu d6 c6
nghia 13 ¥ tuong cta bo loc 1a thay thé cac mau
ctia tin hiéu ECG bang cic gia tri nam trén
duong cong tron tru hon. Cuy thé, tin hiéu ECG
c6 dang duong cong va nhiéu lam cho tin hiéu
thay d6i gié tri dot ngot. Vi vay, dé thu duoc tin
hiéu ECG tron tru hon, bd loc Savitzky-Golay,
con duoc biét dén nhu 1a bo loc FIR, s& duge
ap dung trong nghién ctru nay.

Nhin chung, ta c¢6 thé danh gid mot da
thtre v6i bac | d¢ 1am tron dit ligu c6 chiéu dai
M trong diéu kién M > | + 1. Giai thuyét rang,
vector y 1a duoc biéu dién nhu sau:

1 Ym ]T 1)

yz[y-Ml"'!y_lyyo,yl,...

& day s6 miu M ciia vector y 1a dugc tinh boi
da thirc v6i bac | theo biéu thuc nhu sau:

y=c,+cMm+..+cm, —M<m<M (2)

Trong do Cy, Cy, ..., C dugc trinh bay cho
cac hé so cua da thirc va M 1a s6 diém trén moi
bén cua Yo.

Trong treong hop nay, bac ctia bd loc 1a |

+ 1 dva trén vector p;, i =0, 1, .. ., | theo moé ta
nhu sau:
p'=m’, —M<m<M (3)

Vi viy, ching ta c6 thé trinh bay vector P
nhu cong thire sau:

P=[po, pyors 1] (4)

0] day po, p1, - - -» P11a cac vector co ban cua da

thirc.

Céc gié tri trong phuong trinh (2) c6 thé
dugc bicu dién lai nhu sau:

Co
A~ I C
y:ZCi P =[po,p1,...,pl] :O = Pc (5)
i=0 :
C

Céac hé s6 cua bo loc duoc tinh toan theo
phuong trinh bén dudi:

H=PG" =GP' =PF P’

(6)
=[hy....h . 0 hy by ]
o day h—m, ... hq, ho, hy, ..., hy 1a tap hop cac
cdt ciia bo loc Savitzky-Golay.
F=P'P
) (7)
H = PF

Cudi cung, cac gia tri ECG duogc tao ra
tron tru hon s& thu dugc theo biéu thuc:

y.=h'y, m=-M,...,0,...,M (8)

O day h!1a chuyén vi ctia hy,

Trong nghién cou nay, bd loc
Savitzky-Golay s& duoc ap dung dé lam tron
tin hiéu ECG cho viéc xac dinh phtrc by QRS.
Tin hi¢u ECG sau khi loc s€ dugc cho phép ta
x4c dinh chinh x4c s6 phirc bd QRS trong
khoang thoi gian mot phtt chinh x4c. T d6
xéac dinh chinh x4c nhip tim cua dbi tuong.
2.4 Phat hién phuc by QRS dung thuat

toan Pan-Tompkins

C6 nhiéu phuong phap da dugc st dung
dé tim phtrc bd QRS trong tin hiéu dién tam d6
ECG. Mét trong nhitng phuong phap pho bién
nhit dé phat hién phirc bd QRS duoc dé xuat
bdi Pan va Tompkins [12]. Trong thuat toan
nay, cac thong sb trén tin hiéu ECG gbém do
dbc, bién do va do rong dugc phan tich dé chi
ra phic bd QRS. Cu thé, thut toan nay sir
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dung cac bd loc s6 ddc biét ma co thé giam tbi
thiéu sai sb trong viéc xac dinh phuc bd QRS
trén cac tin hiéu ECG c¢6 mang nhiéu nhidu.
Thuat toan Pan-Tompkins ty dong diéu chinh
cac tham s va ngudng dé phi hop véi moi tin
hiéu ECG & dau vao. Hinh 5 trinh bay cac budc
co ban trong thuat todn Pan-Tompkins cung
v6i tom tit tong quat duge mo ta nhu & dudi.

; Di chuyén Di¢u
Loc Lay dao Tinh binh .z R
iz s cira so chinh
nhiéu ham phuong . . N
tich phan ngung

Hinh 5. So d6 khoi cia thuat toan
Pan-Tompkins duoc sir dung cho phat hi¢n
phac bo QRS.

Trong thuat toan loc nhiéu, bd loc thong
dai (két hop bai mot bo loc thong thap va mot
bd loc thong cao) dugc ap dung dé loai bo cac
loai nhidu gébm nhiéu co, nhidu dudng day
dién, va nhiéu baseline wander. Trong do, b
loc thong thap c6 ham truyén Hip(z) duge mo
ta nhu sau:

Hy(@) =2 ©

Ham nggd ra f(n) sau khi qua b loc thong
thip duoc tinh tir tin hiéu ngd vao $(n) cla bd
loc duogc trinh bay nhu sau:

f(n)=f(n-1)+y(n)-y(n-32) (10)

Tuong tu, bd loc thong cao c6 ham truyén
Hip(z) dugec mo ta nhu sau:
11-77%

th(z) = 2_16 T An

- c 11
R 1-z7 (1)

Tir ham chuyén ddi nay cua bo loc thong
cao, ngod ra cua ham f(n) dugc tinh theo cong
thurc:

f(n) = y(n-16) —312[f (n-2)+9(n)-y(n-32)1(12)

Sau khi di qua bd boc, tin hi¢u ECG dugc
léy dao ham dé xéac dinh do dbc theo cong
thire sau:

f(n)= ;[ZV(H) +9(n-1)-9(n-3)-2§(n-4)] (13)

Dé chuyén qua gia tri duong va ting bién
d6 cua tin hi¢u ECG cling nhu phtrc by QRS,
tin hiéu ECG duoc 1iy binh phuong theo cong
thirc sau:

f(n)=9y*(n) (14)

Hon nita, sau khi duoc ldy binh phuong,
tin hiéu lai dugc 1am tron bang cach truoc clra
sO tich phan c6 cong thire nhu sau:

1. .

f(n) :W[y(n—(w —D)+..+y(M)] (15)
trong d6 kich thudc cta cira s W ¢o gia tri
phu thudc vao tin s6 ldy mau cua bo loc.
Trong nghién ctru nay, ctra so trugc duoc
chon 1a W=30 tuong tmg véi trudng hop tan
s6 1y mau tai tan s6 200Hz.

Trong bai bao nay, diéu chinh ngudng dé
xac dinh dinh cua phtic bo QRS ciing dugc
thuc hién. Trong cong doan nay cé hai
ngudng dugc diéu chinh gdm ngudng trén va
ngudng dudi. Cu thé, ngudng trén dugc s
dung dé chi ra dinh cta phirc bd QRS khi bién
do cua dinh 16n hon ngudng trong vung thoi
gian chic chan c6 dinh. Ngudng duéi dugc st
dung dé tim lai nhitng dinh c6 thé bj bo 1& voi
ngudng trén. Khi dinh cua tin hiéu nhé hon
ngudng trén nhung 16n hon ngudng dudi thi
s&¢ duoc kiém tra lai cung voi khoang thoi
gian. Néu vi tri ciia dinh ndm trong ving duoc
xac dinh la dinh cua QRS thi s& phan loai la
dinh, néu khong thi dugc xac dinh khong phai
la dinh.

2.5 Tinh toin mdi twong quan giira tin
hi¢u ECG va SpO2

Sau khi xac dinh gia tri nhip tim va SpO2
cua cac dbi tuong duoc nghién ctru, ti 1€ gitra
nhip tim va SpO2 con duogc tinh dé khao sat
mbi quan hé ctia cac dai luong nay. Déi tugng
dugc do dir 1iu cung ltc ¢ trang thai nghi va
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sau khi chay b nim phit dé khao sat su thay
d6i cua nhip tim va SpO2 trude va sau khi
chay. Hon nira, ti sé giita nhip tim va SpO2
trude va sau khi chay bo con thé hién sy bién
d6i dong thoi ctia tin hiéu, khi 2 dai lvong nay
cung tang hodc cing giam thi ti s ndy sé& thay
d6i nho gitra trudc va sau khi van dong. Trong
khi do, néu mot dai lugng tang con dai lugng
con lai khong thay doi thi ti s nay sé thay doi
16n. Trudc tién, gia tri cua SpO2 (tinh theo
dang pulse) duoc tin theo cong thirc sau:

1 N
Spave = _Zspi (16)
N 3

trong do, sp 1a dir 1liéu SpO2 sau khi do duoc,
N 14 s6 lugng miu SpO2, va Spave 13 gi tri
SpO2 trung binh cua dbi tuong.

Tir @0, ti sd giita nhip tim cta tin hiéu
ECG va SpO2 trung binh cua ddi tuong duge
tinh theo cong thurc sau:

R=_T (17)

Spave
trong d6, R 1a ti sd gitta nhip tim va SpO2
trung binh, va Hr 13 gia tri nhip tim cua dbi
tuong.

Dé udc lugng méi quan hé giita ECG va
Sp02 dugc do tai cung mot thoi dién trén
cung mot doi tugng, cac tham s Hr, SPave va
ti s6 R duoc sir dung. Vi vay, ta co thé so
sanh su thay doi cua gia tri ECG va SpO2 va
so sanh ti & thay d6i cia hai dai luong nay.

3. KET QUA VA THAO LUAN

Dé udc lugng mdi quan hé giira tin hiéu
ECG va SpO2, thi nghiém va cac két qua sur
dung phuong phap di duoc dé xuat thi duoc
trinh bay. Cu thé, bo loc Savitzky-Golay vai
bac va kich thudc ctra s6 phu hop duoc sir
dung dé loai bé nhidu trén tin hiéu do dugc tir
ba ddi tuong. Hon nira, Khi chon kich thudc
clra s0 va bac ciia bd loc nho thi cac thanh

101

phan nhidu s& khong duogc loai bo khoi tin
hiéu. Hon ntra, lya chon kich thudc va bac cua
bo loc 1a rat quan trong, boi vi khi chon kich
thude bo loc cung voi bac qua 16n thi cac
thanh phan nhidu duoc loai bo hét nhung ciing
lam mat thong tin cua tin hidu. Vi vay, trong
nghién ctru nay, sau nhiéu lan thir nghiém véi
cac két qua khac nhau, thi bac cua bg loc 1a 4
v6i kich thudc cira s6 bo loc 1a 27 thi phu hop
nhat véi tin hiéu dién tim ECG. Dang song tin
hiéu gbc va tin hiéu sau khi ap dung bo loc
Savitzky-Golay dugc trinh bay nhu ¢ hinh 6.

Smoothing signal using Savitzky-Golay
2108 w T

[— Original signal .

1k ==='Smooth signal

i

iS

o

Amplitude (mV)

-11.8

. .
0 500 1000 1500 2000
Time (sample)

Hinh 6. Tin hiéu gé¢ (mau xanh) va tin hiéu
sau khi loc (mau do6) st dung bo loc
Savitzky-Golay véi kich thudc cira s6 1a 27 va
bac cua b loc 1a 4

D6 thi ¢ hinh 6 thé hién rang cac thanh
phan tan sd cao ton tai trong tin hiéu gdc da
duoc loai bd. Tin hiéu sau khi loc dugc tron
hon va giam thanh phan tan sé cao trong tin
hiéu. Viéc loc nhiéu nay gitip cho viée xur Iy
tin hiéu ECG ¢ cac giai doan tiép theo duoc
chinh x4c va dé dang hon. Cu thé, tin hiéu sau
khi dugc lam tron s€ dugc st dung dé tim
phurc bo QRS dung thuat toan Pan-Tompkins.
Hinh 7 trinh bay két qua x4c dinh phic bd
QRS khi ap dung thuat toan Pan-Tompkins.

Trong qua trinh thu thap tin hiéu ECG,
ngoai thanh phan thong tin cta tin hiéu thi con
c6 rat nhiéu thanh phan nhiu. Mot s thanh
phan nhiéu trong co thé thudng xuit hién
trong tin hiéu dién tim dan dén viéc xac dinh
dinh cua phic bd QRS gap kho khan. Tuy
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nhién, thuat toan Pan-Tompkins van co thé
phat hién twong ddi chinh xac vi tri cta cac
dinh phirc b QRS. Hinh 8 trinh bay két qua
xac dinh dinh cia phuc bd QRS trong trudong
hop tdn tai nhidu trong tin hi€u sir dung thuat
toan Pan-Tompkins van chinh x4c.

QRS Peak detect using Pan Tompkins
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b. Vi tri cia dinh QRS trong mién thoi gian

Hinh 7. Phat hién phirc bo QRS cua tin hiéu
ECG str dung thuat toan Pan-Tompkins

Sau khi xac dinh vi tri cua cac dinh phuc
bo QRS, chi sb nhip tim dugc tinh cho cac ddi
tuong. Nhip tim ctia mot nguoi 1a s6 lugng
nhip dap trong thoi gian mot phat [16]. Piéu
d6 co nghia rang sb luong nhip dap 1a sé
luong phirc bd QRS. Vi vay, dé xac dinh nhip
tim cua 1 d6i tuong thi ta xac dinh ) luong
dinh cua phturc bd QRS trong thoi gian 1 phut.
Gia tri nhip tim cua cac ddi tuong duoc xac
dinh trong truong hop dbi twong nghi ngoi va
sau khi chay bd trong khoang thoi gian 5 phut.
Gia tri nhip tim cua cac ddi tuong duoc trinh
bay trong bang 1, bang 2 va bang 3.

QRS Peak detect using Pan Tompkins
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Position of QRS peak was detected
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b) Vi trf ctia dinh QRS trong mién thoi gian
trong truong hop c¢6 nhiéu nhiéu.
Hinh 8. Phat hién phac bo QRS cua tin hiéu
ECG su dung thuét toan Pan-Tompkins trong
truong hop ¢6 nhiéu nhiéu.

QRS Peak detect using Pan Tompkins
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Hinh 9. Tin hi¢u SpO2 (mau xanh) va
duong trung binh cua nd (mau do)
Nhu di duge dé cip trude day, dir lidu
thanh phan SpO2 ciing dugc do dong thoi véi
tin hi¢u nhip tim ECG. Dang song cua dit liéu
SpO2 (dang pulse) dugc trinh bay nhu & hinh
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9. Trong d6, duong mau xanh la dai lugng
Sp02 dugc do trong sudt khoang thoi gian thu
thap dir li¢u. Puong mau do 1a gia tri trung
binh cua tin hi¢u SpO2. Gia tri nay s€ duoc st
dung dé tinh ti sb voi nhip tim cho vi¢c khao
sat mbi quan hé giita ECG va Sp0O2. Gi4 tri
trung binh cua dit liéu SpO2 va ti sb gitra ECG
va SpO2 cling dugc trinh bay ¢ bang 1, bang 2
va bang 3.

Bdng 1. ECG SpO2 va ti s6 cua nhjp tim véi
SpO2 cuia doi tuwong 1

STT Trang thai nghi | Sau khi chay bo
Hr |Spae| R Hr [Spae| R
1 | 83| 65 [1.277|105| 93 | 1.129
2 |77 | 65 |1.185| 87 | 78 | 1.115
3 | 78| 67 |1.164| 85 | 78 |1.090
4 |82 69 |1.189| 89 | 79 |1.127
5 (75| 67 |1119| 77 | 69 | 1.116
6 |69 | 59 [1.169| 73 | 62 |1.177

Bdng 2. ECG SpO2 va ti s6 cua nhip tim véi
SpO2 cuia doi tuwong 2

STT Trang thai nghi | Sau khi chay bo
Hr |Spae| R Hr |Spae| R
1 |91 | 78 |1.167| 114 | 99 |1.152
2 | 73| 62 [1.177|102| 86 |1.186
3 |8 | 75 [1.147|104 | 89 |1.168
4 |89 | 78 |1.141)105| 91 |1.154
5 199 | 86 [1.151|121 | 102 |1.186
6 | 78 | 66 |1.164| 98 | 79 |1.240

Bdng 3. ECG SpO2 va ti s6 cua nhjp tim véi
SpO2 cua doi twong 3

STT Trang thai nghi | Sau khi chay bo
Hr [Spae| R Hr |Spae| R
1 |8 | 73 |1.178| 98 | 87 |1.126
2 | 88| 73 |1.205| 97 | 85 [1.141
3 |89 | 74 |1.203| 91 | 78 |1.167
4 |87 | 74 |1176| 95 | 84 |1.131
5 |89 | 72 |1.236|106 | 92 |1.152
6 |91 | 71 |1.281|100| 84 [1.190
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Dura vio bang thong sé nhip tim va SpO2
& bang 1 — dbi twong 1, bang 2 — dbi twong 2
va bang 3 — dbi twong 3 ta c6 nhan xét rang ca
nhip tim va chi sé SpO2 cia 3 dbi twong sau
khi chay bo déu ting hon so véi trudc khi
chay. Hon nita ti s6 giita nhip tim véi SpO2
ctia ca 3 d6i twong & trude va sau khi chay déu
c6 tinh 6n dinh cao. Ty sd nay thay doi khong
dang ké & ca khi 1dy dir liéu luc nghi ngoi va
khi 14y dir liéu sau khi chay. Diéu nay thé hién
rang mdi quan hé giita nhip tim va SpO2 1a
tuyén tinh va kha chat ché. Hinh 10 trinh bay
dang song cua ty 1€ R gitra nhip tim va SpO2.

Position of QRS peak was detected Position of QRS peak was detected
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Position of QRS peak was detected

Hinh 10. So sanh ti
I¢ gitra nhip tim va
SpO2 trung binh
trong truong hop
nghi va sau nam
phut chay bo
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2

1
Subject 3

4
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Trong hinh 10, duong mau do 1a ti s6 R
giita nhip tim va SpO2 cua dbi tuong trudc
khi chay bo va duong may xanh 1a ti sd R cta
dbi twong sau khi chay bo nim phat. Tir két
qua & hinh 10 ta thy rang, ti s giita nhip tim
va SpO2 trung binh c6 khuynh huéng tdng 1én
hodc giam xudng dong thoi trong sudt qua
trinh do. Piéu d6 chi ra ring, c6 mot mdi quan
hé tuyén tinh giita nhip tim va SpO2 trung
binh, & day ca 3 dbi twong déu c6 khuynh
huéng giéng nhau.

Trong [10], Saito va cac cong su da
nghién ciru méi quan hé gitta SpO2 va tin hiéu
ECQG, trong d6 nhiing nguoi tham gia dugc do
trong subt qua trinh chay b véi trong luong
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khéc nhau. Cu thé, cac ddi tugng nay da chay
xe hoi cta ho dén do cao 2100 m va di bd voi
khoang cac 1356 m ma khong mang bét ky vat
dung gi. Hon nita, tat ca cac ddi twong tham
gia déu khong c6 bt ky tién sir vé bénh tim
nao va suc khoe ctua ho la binh thuong. Vi
vay, nghién ctru chi ra rang, gia tri SpO2 cua
cac d6i twong dugc do trong diéu kién binh
thuong va sau khi van dong la khong khac
nhau.

Trong nghién clru nay, ching téi tap
trung vao tinh ti sb giita nhip tim va gia tri
SpO2 trung binh dé wdc lwong mdi lién hé
giita hai dai luong nay trong diéu kién nghi va
sau khi chay bo nam phut. Cu thé, két qua thi
nghiém chi ra rang ti s6 gilta nhip tim va
SpO2 1a thay d6i giong nhau khi ddi twong
thuc hién thi nghiém. Hon nita, két qua con
thé hién rd rang moi quan hé giita nhip tim va
SpO2 trong sudt qué trinh van dong cua con
ngudi va két qua con co thé hd tro cho viée
chan doan mot s6 bénh lién quan dén tim
mach cia con nguoi.

4. KET LUAN

Do dir liéu ECG va SpO2 dugce thuc hién
song song tai cting thoi gian dé udc luong moi

quan h¢ cia hai dai lugng thi dugc thuc hién
trong bai bao nay. Cu thé, mot giao thuc da
dugc dé xuat dé thu thap dit liéu cho ba ddi
tuong véi truong hop nghi va sau khi chay bd
nam phut. To d6, b loc lam tron
Savitzky-Golay dd duoc 4p dung dé loai bo
nhiéu trén tin hiéu thu dugc. Hon nita, nhip
tim va SpO2 trung binh cua cac ddi tugng da
duoc tinh toan dé khao sat mdi quan h¢ cua
cac dai lwong nay. Két qua thi nghiém da chi
ra rang, mdi quan hé cua nhip tim dugc tinh tir
tin hi¢u ECG va dai lugng SpO2 trung binh 1a
tuyén tinh boi vi ¢6 su thay doi nho trong subt
qua trinh thyc hién thi nghiém. Diéu dé thé
hién rang phuong phap duoc dé xuét cho viée
khao sat mdi quan hé giira nhip tim cia tin
hiéu ECG va SpO2 1a hiéu qua.
LOI CAM ON
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Giao Duc va Pao Tao Viét Nam d3 ho trg cho
nghién ctru nay thong qua dé tai c6 ma sd
B2017.SPK.03 va truong Pai hoc Su Pham
K¥ Thuat Tp. HCM. Hon nira, chung t61 con
mudn gii 10i cam on dén céc sinh vién da
tham gia thu thap dir liéu cho nghién ctru nay.
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