Hei nghi toan quéc lan thir 3 vé Piéu khién va T dng hod - VCCA-2015

Ung dung phwong phap phén tich pho trong do lwong tin hiéu y sinh cho
thiét bi chan doan ung thw

Applying spectral analysis method in measurement of biomedical signals
for the cancer diagnostic instrument

Poan Van Longa) Cao Xuan Hiru”
2 Trung tim Nghién ctru Dién tir, Tin hoc, Tu dong héa — Mién Trung
Email: dvlong2011@gmail.com

%) Khoa bién ttr Vién thong, Truong Pai hoc Bach Khoa — PH ba Nazlng
Email: cxhuu@dut.udn.vn

Tom tat

Viéc loai trir nhiéu tan sé thip va nhidu co hoc sir
dung phuong phép phan tich phd di dugc quan tim
nghién cru va ap dung trong do luong tin hiéu y sinh.
Bai bao nay trinh bay mot phwong phap cai tién két
hop gitra k¥ thudt Lock-in va k¥ thudt phan tich pho
thuc hién bang cong cu sin c¢6 trong phin mém
Labview véi phan ctng hing NI, 4p dung trong viéc
loai nhiéu tan sb thép khi do dac tin hiéu y sinh trong
mot thiét bi chan doan ung thu. Két qua phén tich trén
thiét bi cho thy sw uu viét cua phuong phap so voi
phuong phap truyen thong trong loai trir nhidu tan s6
thip, tin hiéu nén va nhidu co hoc. Két qua nghién
clru nay c6 thé duoc 4p dung trong nhiéu linh vyc
khac nhau, dic biét 1a trong do dac tin hiéu tan s thip
v6i bién do nho chim trong nhiéu 1én.

Tir khéa: bo khuyéch dai Lock-in, phén tich phd, tin
hiéu y sinh, tin hiéu nho, loc nhiéu, phuc hdi tin hiéu.

Abstract:

Cancelling low frequency noises and mechanical
noises using spectral analysis method has been
concerned deeply and applied in measurements of
biomedical signals. This paper presents a method of
combination of Lock-in technique with spectral
analysing implemented by toolkits of Labview and NI
DAQ hardware to dismiss low frequency noises in a
specific cancer diagnostic instrument. Obtained
results carried on the actual instrument showed the
advantage of the method in comparison with
traditional methods in the reduction of low frequency
noises, off-set signals and mechanical noises. The
result can be applied into various fields, especially in
measurements of a low frequency signal with tiny
amplitude sunk in huge noise levels.
Keywords: lock-in amplifier, spectral
biomedical signal, noise  filtering,
reconstruction.
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Chir viet tat

BPF Band pass filter

GMR Giant Magneto-Resistance
HPF High pass filter

LIA Lock-in amplifier
LNA Low noise amplifier
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LPF Low pass filter
PLL Phase locked loop
PSD Phase sensitive detection

1. Phan mé dau

Trong do luong y sinh, ngoai phuong phap sir dung
bo loc va khuyéch dai twong tu thong thuong [1], k¥
thuat khuyéch dai lock-in (LIA — Lock-in Amplifier)
thuong duoc 4p dung dé tach tin hiéu do chim sau
trong nhiéu. Phuong phdp LIA chi hiéu qua khi tin
hiéu do c6 mdt tan s co ban (séng chudn).

Tuy nhién, trén thuc té cac tin hiéu do y sinh vira co
bién do nho lai bao gdm nhiéu thanh phan song hai.
Khi d6 k¥ thuat LIA khé 4p dung vi khong thé phat
hién dugc pha cua tin hiéu tong hop, do do, k¥ thuat
LIA cén phai dugc cai tién. Trong bai bao nay, chling
t6i trinh bay mot k¥ thuat cai tién nhu vay bang cach
két hop gitra phén tich phd véi ki thuat lock-in, cho
phép phuc hdi tin hiéu do ludng c6 nhidu thanh phin
song hai, ddng thoi loai bo hoan toan cac nhidu tan sd
thap, trong d6 ¢ nhiéu co hoc va nhidu nén bt dinh.

2. Ky thuat, phwong phap va thuc nghiém
2.1 Ky thuit lock-in trong do luwdng tin hi¢u y sinh
Ky thuat LIA str dung b thu nhén nhay pha dé tach ra
thanh phan tin hiéu ¢ mét pha va tan $0 chuén xac
dinh. Nhiéu & cac tan sé khac v6i tin s chuin s& bi
loai bo va khong anh hudng téi phép do. Do do, ky
thuat nay cho phép thu nhan va do dac mét tin hi¢u
xoay chiéu c¢6 bién do vo cing nhé nim chim trong
nhiéu 16n t6i vai ngan 1an so voi d 16n tin hidu. Mo
hinh do luong tin ti€u y sinh (trong truong hop nay la
dang sin chuan) c6 bién do rat nho so véi nhidu ap
dung k¥ thuét LIA dugc mo ta trén hinh 1. Pau ra cia
bd LIA 1a bién d¢ va pha cta tin hi€u do da dugc tach
ra khoi nhiéu.

Stanal

TN
Amiplitude

— |

iﬂi_ﬁa\/\/ N —%

Referenc

H. 1 Mo hinh do tin hiéu nho sir dung ky thudt LIA.

—

Lock-m Atplitude

Phivse



mailto:dvlong2011@gmail.com
mailto:cxhuu@dut.udn.vn

Héi nghi toan quéc lan thir 3 vé Piéu khién va Tu déng hod - VCCA-2015

K§¥ thuat LIA thuong dugc ap dung trong do luong
cac tin hi¢u vo cung nho, dic biét 1a cac tin hi¢u y
sinh ¢ thé diéu ché theo tan s, do tinh dap tmg tot
céc dic trung vé tin hidu trong méi trudng nhiéu 16n.
Céu triic chung ciia by khuéch dai Lock-in dugc trinh
bay trén hinh 2.
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H. 2 So do khoi bé khuéch dai Lock-in.

Tuy nhién, nhugc diém cia ki thuat LIA 1a thiét b
thuc hién dit tién va chi ap dung khi tin hiéu do c6
dang song chuan (khong chtra song hai bic cao).
Trong khi do, tin hiéu y sinh ndi chung thudng co
bién d6 nho va chtra nhidu thanh phan séng hai. Bai
toan dit ra 1a 1am sao dé khai thac dugc wu diém cua
LIA ap dung cho viéc do dac tin hi¢u nho da hai.

2.2 Phuwong phap cai tién: két hop ky thuit lock-in
v6i phén tich pho tin hiéu.

Thay vi dua vao kiém tra d6 nhay pha cho mét tan sé
gbc nhat dinh cua tin hiéu, phuong phap nay thyc hién
cong viéc phat hién do nhay pha cua mot day tan so
Clia cac bac song hai va lan luot tach ting thanh phan
song hai cua tin hiéu do sau dé phuc hdi lai tin hiéu
gbc. K¥ thuat nay duge xem nhu 1a thuc hién cung lic
nhiéu cong viéc LIA cho mot tin hiéu ma trong do
mdi bo LIA chi lam nhiém vy tich mot thanh phﬁn
song hai cua tin hiéu gdc.

Dé giam chi phi thiét bi thyc hién va ting tinh mém
déo, cach thyc hién nay dya trén phén mém chuyén
dung két hop véi phan cing 1a card thu thap dir liéu
¢6 do chinh x4c cao. Qua trinh tach nhidu thanh phan
tin hiéu dugc thyc hién dya trén cong cu phan tich
phé tin hiéu nham xéac dinh tan sb, bién do va pha cua
mdi thanh phan song hai dé phuc vu cho viéc phuc hoi
lai tin hiéu do. Ky thudt nay 1a minh chung cho viéc
ng dung cong nghé thiét bi ao (V1) [2-4] voi phan
mém Labview dé ché tao thiét bi chan doan y khoa
chit lugng cao voi mot gia thanh hop 1y.

2.3 Ung dung trong bai toan do lwdng tin hiéu cho
may xét nghiém ung thw

May xét nghiém ung thu trong nghién ciru nay la mot
thiét bi sir dung cam bién GMR lam 13i thu nhan va
do dac tir truong cam g ctia cac hat nano tir c6 gan
két ddc hiéu v6i khang nguyén bénh [5]. Thiét bi si
dung co cdu quét mau sinh hoc qua cam bién theo chu
ky cb dinh dé ldy tin hiéu can do. Do dic trung cla
cam bién GMR (khong trinh bay ¢ day), mdi chu ky
quét mau qua cam bién s& cho hai cip dinh tin hiéu
am va dwong twong tng véi vi tri mu do gan nhét véi
cam bién. Dang tin hi€u thu dugc tai ngd ra cia cdm
bién dugc moé ta trén hinh 3. V6i tAn s quét miu
bang 3,0 Hz, c6 thé nhan thiy ring tin hiéu thu duoc
1a khong don tan vé6i cac hai bac cao (f, > 3 Hz). Hon
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nira, tin hleu can thu nhan va xtr 1y chu yéu tap trung
trong ving tan sd thap (f <10 Hz). Day la vung tan sO
ma d6 1éch ‘0’ DC, nhiéu 1/f va nhiéu co hoc (gay boi
rung lic co khi cta hé) co tac dong rat manh Ién gia
tri do.

Sensor Output

Time

H. 3 Dang tin hiéu y sinh thu duoc trong mot chu ky quét
mau do ti-sinh hoc qua cam bién. TTL biéu dién xung
chuan cia 1 céng quang nham danh dau thoi diém
mau di qua cam bién.

Dé thuc thi phuong phap do, 1a su két hop giita k¥
thuat lock-in v&i phan tich phé tin hiéu, &p dung vao
viéc do dac tin hidu c6 dang néu trén hinh 3, hé¢ thong
thiét bi dwa vao: phan cimg, bao gdm cam bién GMR,
cac mach loc va khuyéch dai twong tyr, card DAQ NI
USB-6281 (c6 do chinh xac cao, dd phan giai 18 bit,
625kS/s) va phan mém Labview, bao gdm cac module
xir Iy manh nhu module phén tich phd [6], module xir
1y tin hiéu sé [7], module xtr 1y tin hiéu y sinh [8],
module lock-in start-up [9], v.v...

Phuong thire xir 1y tin hiéu va hién thi két qua:

+ Sir dung Labview két hop mé phong thoi gian thuc
khi chwa c6 tin hiéu vao thuc (thiét bi ao).

+ Thu thap dit liéu va xt ly thoi gian thuc dua trén
thu vién dac tinh két hop vai kién thic chuyén gia.
Hinh 4 trinh bay mo6 hinh thi nghiém cho mét hé
thdng thiét bi y sinh v&i viée thu thap va xir 1y tin hidu
theo ky thuat nay.

Chuwong trinh xir ly dwa trén cac
ly dung cong cong cu cia Labview
nghé ao (VI) (chi tiét mo ta trén Hinh 5)
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H. 4 Phuong thirc xit Iy tin hiéu, diéu khién trong xir Iy tin
hiéu do y sinh.

Céc cong cu chinh thyc hién bao gdm:



-Module “Lock-in start-up” ctia NI gom céc ham cong
cu cho phép thyc hién k§ thuét lock-in duva trén phan
mém vi vdy giam dugc chi phi va ting tinh mém déo.
+ LockinPLL.vi — bo khuéch dai khoa pha (PLL)

Order
Signal (in) Lockin - Signal (out)
fs "1 p [ =Reference Info
Param — _]_ Filter TC {(s) out
Filter TC (s) Lock errar
Data Column
Function

LockInPLL.vi

+ LockinDemodulatorSettings.vi — tinh toan céc thiét
1ap cho bd giai dieu

LP Filter Info
Signal (in) Tockin Signal (out)
Reference Info < Fiter |— = LP Filter Settings
Sett | ‘
TC (s)
Settle Time (s)

LockInDemodulatorSettings.vi

+ LockinDemodulator.vi — trich xuat thanh phan tan
sO tur tin hi€u 161 vao

Apply
Signal {in) - Tockin]— Signal {out)
LP Filter Settings =TS =Data (out)
Phase Shift — |; —===Filter Data (out)
Filter Data {in) =
Data Column

- Module do luong phd “Spectral Measurements” dira
trén FFT d thuc hién phan tich bién do, pha hoic
nang lugng cua tin hiéu.

Spectral Measurements
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Phase *p=m Phase

L7

Trén co s st dung cidc module ctua Labview, ching
t6i da tién hanh xay dung va thuc thi md hinh tinh
toan thong qua module phan mém do va xir 1y tin hiéu
y sinh thoi gian thuc theo phuong phap két hop k¥
thuat lock-in v6i phan tich phd tin hiéu nhu mé ta chi
tiét hinh 5 dudi day.

Thu thip data,
chon s0 méu

Tin hidu tr ngd
ra bd loc twong

Phan tich phd

{ )
[ )
{ )
tr Faolt) : can phin tich :
=z 3 h 4 )
| g Lys chon day tén | !
Tin s6 )
: rﬂ'&-—b 30, pha, bién 80 :
Tin higu diéu| Diéu song hii )
khién co ciufge= khién l )
quét | quét )
{ Két hop ki thudt | |
| LIA va tditao tin | |
( higs )
{ )
i + )
t )

Tin hidu do sau khi x17 IV Frecoms(1) | \

VCCA-2015

H.5 So dé khéi chi tiét module phan mém do va xir b tin
hiéu y sinh thoi gian thyc theo ghu"ong phap ket hop
ky thudt lock-in voi phan tich phé tin hiéu.

Ket qua phan tich phé dugce sir dung dé lya chon diy
tan s0, goc pha va bién d cia cac thanh phin séng
hai cua tin hiéu do va tir 6 thyc hién tai tao tin hi¢u
gbc dwa vao két hop phan tich pho va ky thuat lock-in
dua hoan toan vao phan mem Dé 6 két qua do chinh
xéc, khau phan tich phd can phai co du sb diém liy
mau cin thiét. Do d6, co cau quét can phai quét mau
do nhiéu 1an. Véi card DAQ d3 chon nhu trén hoan
toan c6 thé tién hanh do dac véi s6 diém lay mau rat
16n trong thoi gian ngan.

2.4 Céc két qua thye nghiém va ban luin
Tin hiéu tai ngd ra cua cam bién 6 dang trén hinh 6
v6i muce nhidu trong dbi 16n & moi tan sb.
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H. 6 Tin hiéu trude loc (dau ra sensor)

Néu st dung bo loc tuong ty va s6 cho tin hiéu nay,
két qua thu dugc c¢6 dang nhu trén hinh 7.
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H. 7 Tin hiéu sau khi loc bcfng bo loc twong tw (a) va s6
théng thwong (b). Bandpass c6 8 bdc véi fup = 33 Hz,
fup = 1.0 Hz tqi hai thoi diém khdac nhau va nhieu khac
nhau.

Céc két qua loc tuong ty va sb cho thdy van ton tai
thanh phan nhiéu khong thé loc hét, trong d6 thanh
phan nhleu tan s6 thap (vi du nhidu co do dao dong
clia co cdu quét gdy ra) hay nhidu hai cia nguon nuoi
xoay chiéu chua loai bo hoan toan. Thanh phan léch
khong do xu bat ddi xing cua khuyech dai gdy ra
cling tao ra su bat dinh cua nén. Di véi cac nhidu
nay, viéc xay dung mach tuong ty dé 1am giam va loc
14 ¢6 thé thuc hién dugc nhung doi hoéi linh kién chinh
xé4c dap ung do chinh xac cao nhu thiét ké. Cho du
cac mach loc twong ty c6 thé lam tét diéu do6, do léch
DC cua céc linh kién van luon tdn tai va kho loai bd
triét dé. Cu thé, xét mot vi du vé by khuéch dai
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AD524 — 1a op-amp c¢6 mic 1éch DC (offset) rat nho ~
10 pV st dung trong mach tuong tu. Voi offset nay,
mdt mach loc DC st dung ky thudt tuong tu khong
thé loai bo. Néu hé s6 khuéch dai bang 10° 1an s& cho
d6 1éch DC & 16i ra 1a ~1 V. Gi4 tri nay 16n dang ké va
ludn ton tai trong cac gia tri do duoc.

Tuy nhién, khi st dung phuong phép Lock-in cai tién,
kho khin néu trén duogc giai quyét triét dé. Viéc phan
tich phd co thé ch1 ra cic thanh phan tin hiéu dong
gop vao tin hi¢u can do dac. Qua cic phd phan tich
nay, c6 thé thiy rd nhidu co hoc gdy boi su rung lac
co khi, hodc cac thanh phin nhidu nén ¢ ving tan s6
thdp voi bién do thing giang bat ky. Chuong trinh
thyc thi do dac va xur 1y tin hi¢u da trich xuét duge tin
hiéu mong mudn va loai bo hoan toan nhimng thanh
phan nhiéu tan s thip nhu vay (xem hinh 8). Do dic
tinh ddi xtmg cua tin hiéu, chi ¢6 cac thanh phan hai
béc 1é duoc str dung dé tai tao tin hi¢u.

Spectral signal
LD -
o *Nhiéu co hoc do rung ddng

A
L
2 i
220
2390+

nn-)_‘ 'h-l'll Rk SN
[ AP ISR BRI BIANLE A BN B A0 20 S A% FI AW WAIR BFAN ]

FREQUENCY (M2}

Spectral recomtrucied signal
20~
tan
8300
s
g1 |
£ 20
0~

020
0000

i |
82 3 B MUSBUSHUS B DS BN H IS QU S U HULH

)

H. 8 Két quda phan tich phé tin hi¢u tir sensor (hinh trén) va
ket qua phan tich phé tin hiéu sau khi tdi tao (hinh
dudi).

Tin hiéu quan sat dugc cho cac mau do 16n (bién do
16n) tai thoi diém trudc va sau khi ap dung k¥ thuét
cai tién dugc trinh bay trén hinh 9. Sy bat d6i ximg ¢
dang tin hiéu tai 16i ra cam bién giy boi nhiu rung
dong va nhidu nén (hinh trén) dugc thay thé bang sy
dbi xtrng hoan toan sau khi trich xuét va xt 1y tin hiéu
(hinh duoi).

Real time signal
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H.9 Tin hiéu thoi gian thue tir dau ra bé loc twong tw
(hinh trén) va ket qua do tin hiéu sau khi tdi tao (hinh
duoi).

Ciing c6 thé nhan biét sy ton tai cta tin hiéu léch DC
(offset) hodc tin hi¢u tan sb rat thip khi do dac voi
méu do nho (co6 mire tin hidu nho). Viée trich xuit va
tai tao tin hiéu da tin s6 di loai bo triét dé duge cac
tin hiéu nén nay (hinh 10 va hinh 11).
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H. 10Cdc thanh phan trich xuat va tdi tao tai cdc hai tin
hiéu co bdc lé (hinh duoi) so voi tin hiéu tong (hinh
trén).
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H. 11 Dang tin hiéu thu dwoc sau khi dp dung ky thudt phdn
tich pho ket hop Lock-in (hinh dwdi) so véi tin hiéu
ban dau tai 10i ra cua bé loc tuwong tu.

Két qua tin hiéu do luong sau khi 4p dung ky thuat
phan tich phd két hop ky thuat lock-in di loai bo duoc
nhidu co va nhidu nén bat dinh. Viéc phuc hdi tin hiéu
do luong da tan s sau khi trich xuat da tai tao dugc
tin hiéu vat 1y khong mang nhleu phu hop véi dac
tinh ctia cam bién va nguyén tic thu nhan tin hiéu.

So v6i phuong phap str dung cac bd loc tuong tu,
phuong phap nay mang lai it nhit hai loi diém: (i)
khong can ding co cdu didu chinh offset (bing tay
hodc tu dong) gdy béi mirc nhidu nén cua linh kién
ban dan; (i1) hoan toan ty dong, nhanh chong véi do
tin cdy cao. Ngoai ra, do ddc tinh chon loc lock-in nén



k¥ thuat cai tién nay c6 thé ap dung cho hau hét cac
loai nhleu khac nhau theo cung nguyén tac néu trén dé
trich xuat cac tin hiéu can do mong mudn.

3. Két luin

Phuong phap két hop lock-in va phan tich phd sau do
phuc hdi lai tin hiéu da loai bé hoan toan nhiéu khéng
mong mudn, dic biét 1a nhidu tin sb th?ip nhu nhiéu
co VA triét tiéu hoan toan thanh phan léch DC va nhu
vy loai bo dugce thanh phan nhiéu nén bét dinh.

Két qua ing dung trong do luong tin hiéu y sinh cho
thiét bi chan doan ung thu nhu da phan tich trén day
cho thdy su uu viét cua phuong phap nay so voi cac
phuong phéap truyen thdng va c6 thé mo rong tng
dung trong nhiéu linh vuc khac nhau, dic biét 1a trong
do dac tin hiéu nho chim trong nhiéu l6n. Trong thoi
gian toi ching t6i s€ hoan thién phuong phap ndy dyua
trén thuc hién viéc t6i uu thoi gian phan tich dé giam
thiéu thoi gian tinh toan mot cach dang ké.
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anh 1a giang vién ctia B6 mén Ty
| dong-Do luong, Pai hoc BK ba

YA
VOUA-ZULD

Néng. Hién anh dang cong tic tai Vién VIELINA.
Hudng nghién ciru chinh 1a thiét ké va thuc hién cac
thiét bi do ludong cao cép, cac mo6 hinh dao tao dua
trén cong nghé thiét bi ao (VI).

Cao Xuin Hiru hién cong tac tai
truong Pai hoc Bach Khoa — Dai
hoc Pa Ning. Anh hoan thanh
luan 4n tién si tai Han Qudc vé
Cdm bién tir siéu nhay nam 2010
va da tham gia cc d¢ tai nghién
ctru phéat trién cac thiét bi do
luwong va nghién clru cac vat liu
tur tinh, vat liéu nanocomposite va
vat liéu vO dinh hinh. Huong nghién ctru chinh hién
nay tap trung ¢ linh vuc nghién ctru phat trién cac
thiét bi dién tor tién tién tng dung cong nghé
micro/nano phuc vu cong tac xét nghiém, tham kham
va do luong trong y sinh.



