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XAC DINH HEMATOCRIT SU DUNG MANG NEURAL
PUGC HUAN LUYEN ONLINE DUA TREN MAY HOC CUC DO

HUYNH TRUNG HIEU, HO DAC QUAN

Khoa Cong nghé Thong tin, Dai hoc Cong nghiép Tp. HCM

Tém tit. Hematocrit (HCT) la ti le phan tram vé thé tich cia hong cau so véi thé tich mau. Day
13 yéu t6 dnh hudng rat 16n dén qua trinh do glucose st dung céc thiét bi cam tay. Trong bai bdo
nay céc tac gia trinh bai mot cach tiép can méi dé do HCT tit cung dong dién dugce tao ra bdi phan
iing héa hoc trong qua trinh do glucose ciia cic thiét bi cam tay. Phuong phap dé xuat dua trén
mang neural nhan tao dudc huan luyén online dya trén may hoc cuc do (Extreme Learning Machine
- ELM). Nhitng két qua thyc nghiem cho thiy, phuong phap dé nghi cho két qua kha quan khi so
sanh véi cac phuong phap truée.

Tt khéa. Hematocrit; mang noron; méy hoc cuyc do; hudn luyén online; do glucose.

Abstract. Hematocrit (HCT) is the volume percentage of red blood cells in the whole blood. This is
the most highly influencing factor in glucose measurement using handheld devices. In this paper, we
present a new approach to estimate hematocrit from the transduced current curve which is produced
by chemical reaction on electrochemical biosensors used in glucose measurement. Our method utilizes
the single-hidden layer feedforward neural network trained by online sequential extreme learning
machine. The experimental results are given to show high level of accuracy of the proposed method.

Key words. Hematocrit; neural network, extreme learning machine; online sequential training; glu-
cose measurement.

1. GIOI THIEU

Hematocrit (HCT) la mot trong nhitng thong s6 quan trong trong y hoc chiang han nhu
phéu thuat va loc méu (hemodialysis) [1-2]. N6 cling duge xem 1a dau hiéu ctia bénh thiéu
méu (anemia, kha nang van chuyén Oxy trong méy sé giam) néu HCT ¢ mitc thap. HCT mic
cao la dau hiéu ctia bénh polycythaemia. Ngoai ra, day ciing 14 yéu t6 anh hudng 16n nhat
dén két qua do glucose bing céc thiét bi cam tay [3-5]. Gia tri glucose do duge c6 xu hudng
léch 16n hon gia tri ding tai HCT & mtc thap va léch thap hon gia tri dang tai HCT & miic
cao. Viéc xac dinh gié tri HCT c6 thé thye hién bing phuong phap ly tam, cac thiét bi phan
tich chuyén dung, dielectric spectroscopy [6], hodic 1 s6 k§ thuat khac. Tuy nhién hau hét céc
phuong phap trén kha phiic tap va/hodc yéu cau 1 thiét bi chuyen dung, dic biet 1a khong
thé ap dung dugc trong cac thiét bi cam tay.

*Bai bao dugc thuyc hién véi sy hd trg tir trudng Dai hoc Qudc gia Chonnam, Han Quéc, Vién nghién citu BiolT,

va Cong ty GlucoDr
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Viéc xac dinh gia tri HCT tit cung dong dién (Transduced Current Curve) sit dung mang
neural truyén thang da dugc dé xuat trong cic bai bao trude [7]. Mot mang neural truyén
thing tdng quat bao gom mot 16p nhap, cac 16p an va mot 16p xuat. Tuy nhién, nguoi ta da
chiing minh dugc ring, mang truyén thang véi 1 16p an (Single Hidden Layer Feedforward
Neural Network-SLFN) ¢6 thé xap xi 1 ham bat k¥ va bién quyét dinh v6i hinh dang bat ky
[8] néu ham kich hoat dugc chon 1 céch thich hgp. Do d6, trong nghién citu nay sé tap trung
vao mang neural truyen thang 1 16p an (SLFN).

Thong thuong, huan luyén mang neural dya trén tiép can gidm gradient, mot trong nhiing
thuat toan huan luyén phoé bién cho mang neural dua trén tiép can gidm gradient la thuat
todn lan truyen nguge (Backpropagation), trong d6 cac trong so6 clia mang duge cap nhat ti
16p xuat dén 16p nhap. Thuat toan nay thuong hoi tu cham, né ciing dé dang gip phai van dé
t61 wu cuc bo (Local Minima) hay qua khép (Overfitting). Mac du ¢6 nhiéu cai tién, nhung
dén thoi diém nay hau hét cac thuat toan huin luyén dua trén giam gradient déu khé cham
do yéu cau nhiéu bude lap. Mot thuat toan huan luyen hieu qua duge dé xuat gan day trong
huan luyen SLFN 1a may hoc cuc do (Extreme Learning Machine -ELM) [9-12]. Trong ELM,
cac trong s6 & 16p nhap va cac do dich ¢ 16p an dude gan cac gia tri ngdu nhién, sau do trong
s6 16p xuat duge xac dinh béi phép tinh ma tran don gidn dya trén nghich ddo clia ma tran
16p an. Thuat toan nay c6 thé khic phuc mot sé nhuge diém ctia thuat toan lan truyén ngudc
nhu t6i wu cuc bo, téc do hoc, epochs...

Trong cac nghién cttu trude, SLEN ding trong xac dinh HCT dugde huan luyén dang offline.
Trong bai béo nay nhém tac gia tiép tuc phat trién phuong phap xac dinh HCT tit cung dong
dien st dung SLFN dugc huan luyén dang online. Céc didc trung dau vao (Input Features) cho
mang neural dugc lay mau tit cung dong dién dude tao ra do sy di chuyén cac ion dén dién
cyc. Cac ion nay dudc tao ra do phan tng héa hoc véi enzyme trong qua trinh do glucose st
dung glucose sensor (Electrochemical Glucose Biosensor).

B6 cuc ctia bai bao duge t6 chiic: Muc 2 trinh bay thuat toan huan luyén online cho SLEN
dya trén may hoc cyc do (ELM). Phuong phap xac dinh HCT st dung ELM dugce huan luyén
online duge mo ta trong Muc 3, Muc 4 trinh bay cac két qua thiyc nghiém. Vi cudi cling 1
két luan.

2. HUAN LUYEN ONLINE CHO MAY HOC CUC DO

Mang neural da va dang dugc sit dung rat pho bién trong nhiéu ting dung khac nhau [13].
C6 nhiéu kién tric mang khac nhau da va dang dudc nghién citu va phét trién. Tuy nhién
ngudi ta da chiing minh duge ring mot mang neural truyen thang véi 16p an don cé thé tao
ra céc bien phan loai v6i hinh dang bat ky hodc né c6 thé xap xi ham bat ky néu ham kich
hoat duge chon mot cach thich hop [8]. Do d6, mang mot 16p an da va dang dudc tng dung
phd bién nhat. Kién tric tiéu biéu clia mang neural mot 16p an véi d nit & 16p nhap, N nit
§ 16p an va C nit & 16p xuat ¢ thé duge mo ta nhu trong Hinh 1.

Gid st Wy, = [Win1, Wm2, ..., Wing] 12 vector trong sd clia cac két noi tir 16p nhap dén nit
an thtt m, by, 1a do dich (bias) clia né va a; = [a;1, ao, ..., a;n]? 1a vector trong s6 clia cac két
néi tir 16p an dén nat xuadt thit ¢ thi vector ngd xuat o; tuong ting véi vector nhap z; dude
xac dinh bdi

N
0j; = Z aimf('wm -Z; + bm), xc IRd, (1)
m=1
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Hinh 1. Kién tric tiéu biéu ciia mang neural mot 16p an (SLFN)

trong d6 f(-) 1a ham kich hoat ctia cic nit an, w,, - £ =<< Wy, >> 1 tich vo hudéng gitta
2 vector w,, va .

Cho tap mau S = {(z;,t;)|j = 1,2...,n}, muc dich chinh ctia qua trinh huén luyén mang

la tim ra céc trong sb, bao gom w, a va b dé t6i tu mot ham muc tiu nao d6. Thong thusng,
ham muc tiéu duge chon 1a bac 2 duge dinh nghia nhu sau

n n N
E=) lloj =t =Y I Y Gumf(Wm -z + bm) — ;]| (2)
j=1 j=1 m=1

Mot trong nhing thuat toan huan luyen hieu qua duge phat trién gan day 1a méy hoc cuc
d6 hay ELM (Extreme Learning Machine). N6 dya trén y tudng 1a thay vi xac dinh tat ca cic
trong s6 mang bing cac qua trinh lap lai, trong s6 16p nhap va do dich c6 thé dude chon ngau
nhién va trong s6 16p xuat duge xac dinh bang ciac buée don. R rang, mot mang v6i N nit
an c6 thé xap xi N mau véi 16i bang 0, nghia la ton tai céc trong s6 w, a va b sao cho

N
ti= ) Gunf(Wp T +by), j=1,2,..,N. (3)

m=1
Phuong trinh nay c6 thé dude viét lai nhu sau
HA=T, (4)
trong d6 H con duge goi 1 ma tran ngd xuat 16p an, T = [t1, s, ...,t,]T va A = [a1, a2, ...,aN].
Trong [9], cac tac gid da ching minh duge rang ma tran H 1a kha d4o néu s6 mau trong tap
huan luyén bang s6 nit an va ham kich hoat kha vi. Trong trudng hop s6 nit an nhé hon sé
mau huan luyén thi ma tran trong s6 xuat A sé dudce xac dinh bdéi ma tran gia ddo ctia H véi

sut chon Iya ngdu nhién clia trong s6 nhap va do dich. Cac két qua nay da duge ching minh
trong [9]. Nhu vay, thuat gidi ELM c6 thé duge tém tat nhu sau

- Gan cac gia tri ngdu nhién cho trong s6 nhap va do dich (bias) cac ntt an.
- Tinh ma tran ngd xuat 16p an H.

- Xéac dinh trong s6 xuat bang cach stt dung phuong trinh sau

A=H'T, (5)
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trong d6, H dugc goi 1a ma tran gia ddo cia H. Nhu vay, cic trong sé clia mang c¢6 thé duge
xac dinh béi nhitng bude don gidn va khong can sy tinh toan béi cac buée lap nhu cac thuat
toan giam gradient. N6 c¢6 thé khic phuc nhitng nhugce diém nhu chon lia hé s6 toc do hoc,
epochs, khdi dong gia tri ban dau,... Dac biét, thuat toan nay cho thoi gian huan luyen rat
nhanh.

3. XAC DINH HCT sU DUNG ONLINE ELM

3.1. Cac dac trung ngo nhap

Trong nghién citu nay, cac dic trung ngd vao cho mang neural la cac diém dit lieu duge lay
mau tu cung dong dién dudc tao ra do phan ting hoa hoc xay ra trong qué trinh do glucose
stt dung cam bién sinh hoc dién héa (Electrochemical Biosensor). Trong qué trinh do glucose
stt dung cadm bién sinh hoc dién hoéa (Electrochemical Biosensor - duge cac thiét bi cam tay
stt dung), glucose oxydase enzyme trong bo cam bién sinh hoc (GOD) xtic tadc phan ting oxy
hoa glucose tao ra gluconic axit va hydrogen peroxide (H2O3). Sau d6, n6é duge oxy hoa tré lai
trang thai ban dau va gidi phong electron. Electron di chuyén giita 2 dién cuyc ciia tao thanh
dong dién.

Glucose+024+GO/FAD — Gluconic acid+H202+GO/FADH»
GO/FADHy+Ferricinium®™ — GO/FAD+Ferricinium

Ferricinium — Ferricinium™t + e~
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Hinh 2. Cung dong dién trong 14 giay dau tién

Mot cung dong dién dudc tao ra trong 14 giay dau tien dugc chi ra trong Hinh 2. R6 rang,
dit lieu trong 8 giay dau tien khong chita nhiéu thong tin cho viéc tinh HCT, né c6 thé xem
I3 “thoi gian 0" (Incubation Time) dé chd phan ting héa hoc thuc hién. Trong nghién citu nay,
ta sé tap trung vao phan thit 2 clia cung dong dién 6 6 giay sau. Trong doan thoi gian 6 giay
sau, cung dong dién dugce ldy mau vé6i tan s6 10Hz tao thanh cac diém di lieu nhu trinh bay
trong Hinh 3. Nhu vay, sé c6 59 diém dit lieu duge st dung la cac dac trung ngd vao cho mang
neural dé xéc dinh HCT. Goi méu tht j 1a &; = [zj1, 22, ..., T;59)-

St dung SLFN dé xac dinh HCT véi vector diic trung ngd vao x da duge dé nghi trong 1
s6 nghien ctiu trude clia ching to6i [7], tuy nhién 6 cdc bai bao trude, mang neural duge huan
luyen dang offline. Trong bai bdo nay tac gid phét trién tng dung mang neural huén luyén
dang online trong xac dinh HCT.
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Hinh 3. Cac diém dit lieu duge lay mau trén cung dong dién
3.2. Thuat giai huan luyén cho SLFN
Dua trén y tudng ctia ELM, mot tiép can huan luyén online duge goi 1a may hoc cic do
online (Online Sequential Extreme Learning Machine, OS-ELM) da dugc dua ra bdi Liang va
cac cong su [14], trong d6 gia thiét ring HT H la nonsingular, gia dio ctia H dugc xac dinh
béi
H = (HTH)"'HT. (6)

Thay vao (5), ta c6
A= (H"H)'H'T. (7)

Bay gig, ta bat dau tim luat hoc trong qua trinh huan luyén online. Bat dau vdi tap dit
lieu huan luyén Sy = {(z;,t;)|j = 1,...,no}, trong sO 16p xuat duge xac dinh béi

Ao = Ly'H{ T, (8)

trong d6 Lg = HgTO, Ty = [tl,tg, ...,tno]T va Hy = [hl,hg, ...,hno}T. Déi véi tap huan luyén
gom n; mau tiép theo, S1 = {(z;,t;)|j = no + 1,...,ng + n1}, trong s6 16p xuat sé dugc tinh

B N R

voi L1 /: L(] + H,{Hl,qu = [tn0+1tn0+2...tn0+n1]T va H1 = [hn0+1hn0+2...hn0+n1]T. Hai
s6 hang cubi ctia (9) c6 the duge viét lai la

Hol" [T
0 | = HITy+ H'T, = LyAy + HTT,.
H.| |T:

Khi d6 (9) c6 thé duge viét lai

A= LII(L()AO + H,{Tl) = Ay + LIIH{(Tl - Hle).

Trong trudng hop tdng quéat véi ny, mau huén luyen,

k—1 k
=0 =0
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trong so 16p xuat Ay, c6 thé dude cap nhat bai

L, =Ly, +H}H, (10)
A=A, +L1;1H£(Tk — HAp1), (11)
trong do
T = [th;ol ni+1t2§;01 ni+2...t ko m-]T
va
Hy = by, by, by nil

Nhu vay, thuat toan huén luyén online c6 thé duge moé ta nhu sau.
e Giai doan khéi tao:
Ung v6i tap huén luyen khéi tao So = {(z;,t;)[j = 1,2, ...,no} ta thuc hién cic bude sau:
- Gan cac gia tri ngau nhién cho trong s6 16p nhap w va do dich b.
- Xac dinh ma tran xudt 16p an Hy.
- Xac dinh ma tran Ly = HOTHO.
- Xéc dinh A st dung cong thic (8).

e Giai doan cap nhat trong so:

Ung v6i tap mau huén luyen Sy, = {(z;,t;)]j = Zm +1,. an} ta thuc hién céac
=0
buée sau:
- Xéac dinh ma tran Hy.
- Xéc dinh ma tran Ly st dung cong thic (10).
- Cap nhat ma tran trong s6 Ay, st dung cong thic (11).

4. KET QUA THUC NGHIEM

Dit liéu trong thiyc nghiém ctia clia bai bao duge lay tit 199 mau méu ciia cac tinh nguyén
vien. Méi mau méau dudc chia lam 2 phan, phan dau duge diing dé xéac dinh gia tri hematocrit
chinh xéac bing phuong phap ly tam, phan thit 2 duge dung dé xac dinh cung dong dién nhu
Hinh 2. Trong phan 2 ciia cung dong dién sau “thsi gian 0", 59 diém dit lieu duge lay mau véi
tan s6 10Hz. Phan b6 gia tri hematocrit chinh xac c¢6 dang nhu Hinh 4, véi gia tri trung binh
12 36.02 va do lech 1a 6.39. Tap dit lieu sau d6 duge chia lam 2 phan gom 40% cho huan luyen
va 60% cho danh gia (testing). Céc diic trung ngd nhap duge chuan héa vé doan [0, 1]. Thuat
giai duge hién thyc trén moi truong Matlab 7.0.

Do chinh xac duge danh gia dua trén dai lugng RMSE (Root Mean Square Error) duge
dinh nghia bdéi

1 n
RMSE= | ~% (0; —t,)?
LS o (12)
J=1
trong do, o; 1a gid tri xuat duge xac dinh tit mang neural, ¢, 1a gia tri do chinh xac, va n la sb
mau danh gia. Két qua trung binh ctia 50 lan thit dugce trinh bay trong Bang 1. Tt Bang 1 ta
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Hinh 4. Phan bd ctia gia tri hematocrit thu thap duge

c6 thé thay rang sb6 ntut an trong huan luyén online bang sb6 ntt an trong truong hop offline,
tuy nhién do chinh x4c trong huan luyén online cao bang cac huan luyeén offline. Chu y rang,
truong hop huan luyén online cho phép ta tiép tuc huan luyén hé théng trong qua trinh st
dung dé nang cao hiéu qua.

Bdng 1. So sanh RMSE gitta phuong phap online va offline

Training Testing
Method # node
RMSE Mean RMSE Mean

ELM

4 -

(offline) 427 10 492 0.26 12
OS_.ELM 435 10+ 491 -0.27 12
(online)

5. KET LUAN

Hematocrit (HCT) 1a 1 yéu t6 déng vai tro quan trong trong y khoa, va diic biet l1a trong
qué trinh do glucose bing cac thiét bi cam tay. D6i véi cac thiét bi cam tay do tinh thuan tién
va nhd gon ciia né, ta khong thé do hematocrit bing cach sit dung céc phuong phap truyén
théng nhu ly tam, ma chi ¢6 thé do tit cung dong dien dudce tao ra trong qué trinh thuc hién
phan tng gitta glucose va enzyme dugc trang trén cac biosensor. Trong bai bao nay, tac gia
da tiép tuc phét trién nghién citu stt dung mang neural xac dinh HCT tit cung dong dién véi
mang neural duge huan luyén online. Két qua thic nghiém cho thay véi cting kién tric mang,
do chinh x4c clia huan luyén online xap xi cadch huan luyén offline. Va véi cach huan luyén
online cho phép ta tiép tuc huan luyén trong qua trinh sit dung tit d6 nang cao hiéu qua ctia
he thong. Budce tiép theo clia nghién citu nay 1a gidm anh hudng ciia HCT (duge x4c dinh ti
cung dong dién) trong qua trinh do glucose bang thiét bi cam tay.
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