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Ung dung wavelet loai bé anh huéng ciia nhip thé trong tin hi¢éu ECG
nham nang cao chit hrong nhan dang tin hiéu ECG
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Tém tit

Bai bao nay trinh bay mot gidi phap tng dung wavelet
loai bo anh hudng cua nhip thd gy ra trong tin hi¢u
ECG nham néng cao chit lwong nhén dang tin hi¢u
ECG. Giai phap thuc hién bao gom hai budc: 1. loai
b6 anh hudng ciia nhip thé trong tin hiéu ECG bang
wavelet Coiflet bac 4, 2. st dung mang no-ron TSK
nhan dang tin hi¢u ECG. Cac thtr nghiém duogc thyc
hién trén tin hiéu ECG dugc 13y tir bo co s¢ dit liéu
MGH/MF dé kiém chimg hiéu qua cua giai phap dugc
dé xuét.

Tir khéa: Tin hi¢u dién tim d (7in hiéu ECG), mang
TSK, phép bién d6i wavelet, wavelet coiflet bac 4.

Abstract:

This paper presents a solutions application wavelet
removing the effects of breathing in ECG signal to
improve the accuracy in the recognition the ECG
signals. Solutions implementation consists of two
steps: 1. removing the effects of breathing in the ECG
signal by wavelet Coiflet level 4, 2. using neural TSK
network recognition ECG signal. The test was
performed on the ECG signal is taken from the
MGH/MF database to verify the effectiveness of the
proposed solution.

Keywords: Electrocardiograph signal (ECG signal),
TSK network, wavelet transform, wavelet coiflet 4.

1. Phin mé dau

Bai toan nhan dang tin hiéu ECG c6 nhu cau thuc tién
cao van dang dugc tiép tuc quan tdm, ddu tu nghién
ctru hién nay do day 1a mot vin dé kho, yéu cau do
chinh x4c va d¢ tin cay ngay cang cao hon. Mot trong
nhiing nguyén nhan gay kho khan cho nhén dang tin
hiéu ECG 1a sy anh hudng boi qua trinh chuyén dong
clia CAC hoat dong ho hap gdy ra. Di c6 nhiéu nghién
clru dé xuét loai bo anh hudng nhip thd trong tin higu
ECG [2,3,4,5,6]. Tuy nhién cac phuong phap nay da
lam anh hudng dén dac tinh va hinh dang cua tin hiéu
ECG anh huong dén két qua nhan dang tin hiéu ECG.

Bai bao nay dé& xudt mot giai phap s dung wavelet
phu hop loai bé anh hudng cia nhip the gay ra trong
tin hi€u ECG lam anh hudng nho dén dac tinh cua tin
hi¢u ECG dé nang cao d¢ tin cdy va d¢ chinh xac két
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qua nhan dang tin hiéu ECG hd trg cho cac bac si
trong cong tac chan doan, xac dinh bénh, diéu tri va
theo ddi dién bién cua bénh tim mach. Viéc sir dung
wavelet dé loai bo anh huong cia nhip thd trong tin
hiéu ECG vi wavelet 1a cong cu dugc st dung phé
bién dé loai bo cic loai nhidu nodi chung trong tin
hiéu. Pac biét, voi cac tin hiéu ECG thi cac ho
wavelet c6 hinh dang kha trong dong nén kha ning
loai bo nhiéu cang duoc cai thién.

Dé kiém ching hiéu qua cua giai phap dé xuét, trong
bai bao sur dung cdc mau tin hi¢u ECG chudn duoc lay
tlr co s6 dir liéu MGH/MF[12]. Cac mau tin hiéu ECG
trude va sau khi loai bo anh hudng cua nhip thé dugc
phan tich, trich chon dic tinh bang ham khai trién
Hermite va st dung mang no-ron logic mo TSK
(Takaga - Sugeno - Kang) nhéan dang tin hiéu ECG.

2. Phan tich tin hiéu str dung wavelet

Mot ho wavelet duge dinh nghia tr mgt ham co 5,6
duoc goi 1a ham co dan ¢(X)[8,9] v6i cac tinh chat
Sau:
= #(X) la ham tryc giao
= $(X)c6 thé dugc dinh nghia theo kiéu dé quy
phu thudc ¢(2x)

#(x) =2 z h#(2x )

Khi d6 cac hé sb h, sé& tao thanh mot bo loc thong
thip LD (Low pass filter for Decomposition) tuong
ung voi ho wavelet cia ham co dan ban dau. Tu cac
hé s nay, c6 thé dinh nghia dugc ham song me hay
con goi 1a ham “sinh” cta ho wavelet dang xét:

w(x) =2 z (-1 hy_ #(2x—K)

N 1
:Jigogmm—k) @

Trong d6 céc hé sb gy = (—1)k hy_k s€ tuong Umg véi
mot bd loc thong cao HD (High pass filter for
Decomposition). Vi vay khi st dung mot ho wavelet
dé phan tich mot tin hiéu thanh cac thanh phin “xap
xi” (@; —approximations) va thanh phan “chi tiét”
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(d; —details) nhu H. 1. Cac thanh phan xap xi la

thanh phﬁn tan sb thép cua tin hi€u duogc tao ra tir mot
bd loc thong thip, cac thanh phan chi tiét 1a thanh
phén tan s6 cao cua tin hidu duoc tao ra tir mot bo loc
théng cao.

Tin hiéu gc
x=al+dl

Thanh phan xap xi Thanh phan chi tiét
al =a2+d2 d1

Thanh phan xap xi Thanh phan chi tiét
a2 =a3+d3 d2

Thanh phan xép xi Thanh phan chi tiét
a(n) =a(n+1)+d(n+1) d(n)

H.1  Phdn tich tin hiéu thanh cdc thanh phdn “xdp xi” va
“chi tiet”
3. Mang No-ron logic m¢ TSK

M5 hinh mang TSK [10] ¢6 c4u triic nhu H. 2 va ¢6
thé dugc xem nhu mot ham xép xi y(x) :

K
W (x~A)- fi(x)

y(x) == 2)

trong d6 W (x = A) la kich thich cua quy tac suy luan
thir i va la ham Gauss mé rong [10].

W(szﬁ):H’j\l:Wj(xj ~ Aj) ©)

fi () 1a ham truyén dat tuyén tinh TSK, duoc tinh theo
biéu thirc (7):

N
fi (X){Pio + 2 pikxk:| 4

k=1

H.2  Cdu triic ciia mang TSK

Céc thong s ban dau cia cac quy tic suy ludn (cac
gia tri thanh vién W (X~ A)) va cac thong so pjj cua

céc ham tuyén tinh TSK dwoc huan luyén bang cach
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sir dung mot thudt toan lai 1dp cua 2 thong s6: hoc
tuyén tinh va hoc phi tuyén [1].

4. Phan tich va trich chon dic tinh

2.1. Trich chon dic tinh bing ham Hermite

Phén tich va trich chon déc tinh 1a budc quan trong
trong bai toan nhan dang, viéc lya chon cac ham phan
tich phu hop v6i dic tinh cua tin hi€u s€ cai thién
dugc chét luong nhén dang. DPdi véi bai toan nhan
dang tin hi¢u ECG st dung md hinh nhan dang TSK
da co nhiéu cong trinh d& xuét sir dung ham phan tich
tin hiéu ECG bang ham Hermite ECG [1] vi ham
phén tich tin hiéu Hermite c6 hinh dang kha tuong
ddng vdi tin hiéu ECG.

Ham Hermite dugc dinh nghia theo cong thirc sau:
1t
o) =(V7-2"n1) 2e 2H, @) O

voi H (t) 1a da thitc Hermite dugc dinh nghia ¢ dang
deé quy:
Hoa () =2tH, () -2nH, ;) (6)

cho n>1, véi Hy(t) =1 Hy(t) = 2t.

W / '

'
" o 0 W0 o

H.3  Ham Hermite voi cac bac khac nhau

Phirc bd QRS cua tin hiéu ECG duoc biéu thi boi
duong cong S(t) co6 thé biéu thi bang cac diém theo
thoi gian ty,t,... dugc phan tich thanh chudi céc
doan tin hiéu ctia ham Hermite theo biéu thue sau:

N-1
s(tj) = Z—:0 Cn v () )

& day c,la cic hé sd phan tich, ¢, (t)— 1a ham
Hermite co sé bac n [1].

Trén H. 4 biéu dién phtrc bd QRS cua tin hiéu ECG
cua 5, 10, 12 va 16 ham Hermite dAu tién va tor H. 4
cho thy tir bac 16 trd 1én di c6 thé biéu dién phirc bo
QRS cuia tin hiéu ECG cho sai s6 tai cac dinh Q, R va
S du nhd. Vi vay, trong bai bao nay lya chon 16 thanh
phéan phén tich dau tién ciia ham Hermite.

Ngoai 16 thanh phan dugc phéan tich tir 16 Hermite
dau tién, véc-to dac tinh dau vao ciia md hinh nhan
dang TSK con st dung thém hai thanh phan do6 la:
khoang R-R tirc thoi va trung binh cta 10 khoang R-R
cudi cung [1]. Khi d6 vécto dic tinh s& gdm 18 thanh
phin va quy trinh tao vécto dic tinh nhu sau:
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Doc tuan tu cic vi tri dinh R lién tiép ciia phic b
QRS trong duong tin hiéu ECG.

Xac dinh khoang cua phirc b6 QRS va trich ra phie
bd nay ra bang cach cat cua s6 250ms xung quanh
dinh R (125ms trude va 125ms sau vi tri dinh R).

Khai trién phirc b QRS vira trich & trén theo cac da
thirc Hermite theo cong thire (3.19) dé xac dinh 16 hé
s0 khai trién dau tién lam dac tinh.

Xac dinh khoang cach R-R tur dinh R dang xét toi
dinh R lién truéc dé 1am dic tinh thir 17. Gid tri trung
binh cia 10 doan R-R cudi cung s€ la dac tinh tha 18
cua phtc bd QRS dang xét.

w N=5 w0 N=10

o | 0w
| |

H.4  Xap xi tin hiéu ECG bing N bdc dau tién ciia ham
Hermite

Pong thoi do mdi ban ghi c6 1 hodc nhidu chuyén dao
nén dé thuan tién cho viéc 1ap trinh, tinh toan va so
sanh két qua, trong bai viét nay tac gia s& chon sir
dung chuyén dao chung cua céc ban ghi 1a chuyén dao
Il.

4.2. Co s¢ dir liéu ECG

Dé kiém chung hiéu qua cua giai phap dé xuét ching
t6i sir dung 20 cac ban ghi dugc 1dy tir co so dit liéu
MGH/MF (http://physionet.org) duge danh sb la:
Mgh029, 030, 058, 105, 106, 107, 108, 110, 111, 114,
117, 119, 121, 123, 124, 125, 128, 131, 137 va 142
v6i tong s6 mau trich ra 1a 4500 mau cia 3 loai nhip
gom: nhip binh thuong (N - Normal sinus rhythm),
nhip ngoai tdm thu that (V - Premature ventricular
contraction) va loan nhip trén thit (S -
Supraventricular premature beat) do day la cic mau
bénh c6 thé xuét hién trong cing mot bénh nhan dong
thoi.

Tir tap hop tong cong 4500 mau 1y tir 20 ban ghi (20
bénh nhan) nhu trong bang 1, ta xay dung 4 bg s liéu
cho 4 truong hop thtr nghiém 1.1, 2.1, 1.2, 2.2 nhu da
néu ¢ bang 2. Trong do, cac thir nghiém 1.1 va 2.1
dugc thir nghiém véi tin hi¢u ECG trudc va sau khi
loai bo anh hudng cua nhip thd bang loc wavelet
Coiflet bac 4 theo dang MGH/15-5; céac thtr nghiém
1.2 va 2.2 dugc thur nghiém véi tin hiéu ECG trudce va
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sau khi loai bo anh huong cua nhip thé bang loc

wavelet Coiflet bac 4 theo dang MGH/19-1

Bang 1: Phén chia s6 lwong miu ciia 3 loai nhip

Loai nhip
STT Recoder
N S \%
1 Mgh029 150 50 1
2 Mgh030 150 50 12
3 Mgh058 150 65 0
4 Mgh105 150 1 65
5 Mgh106 150 45 50
6 Mgh107 150 9 65
7 Mgh108 150 1 65
8 Mgh110 150 0 50
9 Mgh111 150 75 45
10 Mgh114 150 60 28
11 Mgh117 150 0 65
12 Mgh119 150 0 50
13 Mgh121 150 4 50
14 Mgh123 150 50 55
15 Mgh124 150 0 65
16 Mgh125 150 65 65
17 Mgh128 150 75
18 Mgh131 150 50
19 Mgh137 150 75
20 Mgh142 150 75 17
Téng 3000 750 750
Bang 2: Cac trwong hop thir nghiém
MGH/15-5 | MGH/19-1
Khéng loc 1.1 1.2
Loc wavelet 2.1 2.2

Céc truong hop the nghiém 1.1 va 2.1 theo dang
MGH/15-5, ¢6 nghia 1a tap s6 liéu mau chi chira cac
mau ctia 15 bénh nhan va tap s6 liéu kiém tra chi chua
cic mau méi cta 5 bénh nhan con lai. Chung t6i méi
tam xét 4 truong hop con phan chia d6 1a tap hop
kiém tra gdm toan bé miu cdc bénh nhén (theo bang
1): 1. tir 1 dén 5, 2. tir 6 dén 10, 3. tir 11 dén 15 va 4.
tr 16 dén 20; tap hop hoc gdm mau cua cac bénh
nhan con lai.

Cac truong hop 1.2 va 2.2 ta thu nghiém theo dang
MGH/19-1, ¢ nghia 1a tap s6 liu mau chi chira cac
mau cia 19 bénh nhan va tap s6 liéu kiém tra chi chua
cac mau ctia bénh nhan con lai. Téng cong luan an da
xét 20 truong hop con 14 tap hop kiém tra gdm toan
bo cic mau cta 1 bénh nhéan tir 1 dén 20 (theo bang
1), tap hop hoc gém mau cac bénh nhan con lai.


http://physionet.org/
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5. Mt s6 két qua tinh toan

5.1. Két qua loai bo anh huwong ciia nhip thé

Di co cac cong trinh nghién ctru dé xuit st dung
wavelet dé loai bo anh huong cta nhip thé trong tin
hiéu ECG [7,8,9]. Tuy nhién cac dé xuit ho wavelet
va béc cua cac tac gia ciing rat khac nhau nhu trong
[8] d& xudt wavelet Daubechies bac 4; trong [7] dé
xuit wavelet Daubechies bac 3; trong [9] d& xuit
wavelet Biorthogonal bac 3.9... Vi vy trong bai bao
nay tién hanh khao sat nhiéu ho wavelet véi bac khac
nhau va tinh toan cac thong s6 SNR, CORR, PRD
theo cac cong thuce (2),(3) va (4).

= Ti s tin hiéu trén tap am (SNR - Signal to Noise

Ratio)

> [yIn])

SNR =10.log,, > 2
VN IXEn)-yin]]

* Do tuong quan (CORR - Percent of cross-
corelation coeffcient)

S dnlyl)]
VDTS [yl

=  Phan trdm trung binh binh phuong sai léch (PRD
- Percent Root mean square Difference).

I L R
PIRILIN

Céc két qua thyc nghiém trén cac tin hiéu ECG dugc
lay tir co s¢ dir lieu MGH/MF (bang 3) va trén co s
tinh toan cac thong s6 SNR, CORR va PRD cho thay
cac ho wavelet tir bac 4 tr& 1én da cho phép cai thién
duoc chét lwong nhan dang tin hiéu ECG va ho
wavelet Coiflet bac 4 (Coif4) cho két qua t6t nhat. Vi
vy trong bai bio nay dé xuat sir dung ho wavelet
Coiflet bac 4 loai bé anh huong ctia nhip tho trong tin
hiéu ECG va cac két qua loai bo anh hudng cua nhip
thé trong tin hi¢u ECG nhu sau.
Bang 3: Két qua tinh toan cAc thong s6 SNR,
CORR va PRD ciia cac ho wavelet

CORR =

®3)

PRD =

Ho wavelet | SNR[dB] | CORR[%] | PRD[%]
Db4 17.16 9251 40.73
Sym4 17.19 92.53 40.66
Bior2.4 17.72 93.00 39.23
Coif4 19.27 94.17 35.45

Trén H. 5 va H. 6 1a mot sé vi du vé két qua loai bo
anh huong tir nhip thd trong tin hiéu ECG khi str dung
ho wavelet Coiflet bac 4 lam bd loc.

Tr H. 5 va H. 6 cho thy tin hi¢u ECG bi troi dat
duong co s¢ va di€u ché bién do theo nhip tho da
duoc loai bd hoan toan bang ho wavelet Coiflet bac 4.
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- Troi dat duong co sd trong tin hi¢u ECG

Tie i EC 1 oh Sasang vas shin D

st " il | |

s T T T A
. J-M’W ‘J-‘*H'MLJ ” l-\LJ“‘, “‘Qﬂuu] d.'v\ldy""u I l"‘
“o ' ) i “ . al

TIn s ECS 1 bs anh tuong mea 2o tho bamg sodd

ULV
08, _ A - - - -
H.5  Tin hiéu ECG dnh hudéng cua nhip tho va tin hiéu
ECG duoc logi bo anh huong
- Diéu ché bién do tin hi¢u ECG

T dern 56 4 0 Yaaong 1am thip

s do (V)

I = & < &

H.6  Tin hiéu ECG dnh hudéng ciua nhip tho va tin hiéu
ECG duoc logi bo anh huong

5.2. Két qua nhan dang tin hiéu ECG

Mo hinh nhan dang TSK st dung nhan dang tin hiéu

ECG dugc xdy dung véi sb dau vao 1a 18 (twong tng

v6i 18 thanh phan cia tin hiéu ECG: 16 thanh phan

dau tién ctia ham Hermite va 1 dic tinh 1a khoang R-R

trc thoi va déc tinh 1a trung binh cta 10 khoang R-R

cubi cung); sd dau ra 1a 3 (twong ng véi 3 loai nhip).

Chat lvong nhan dang cia mo hinh nhan dang véi tin

hiéu ECG trudc va sau khi loai bo anh huong cua

nhip thé dugc danh theo ba ti€u chi:

=S4 truong hop mau bi nhan dang sai

= Sb trudong hop chuin doan 4m tinh gia (FN —
False Negative) 1a cac truong hop nhip bénh
nhung phat hién 1a binh thuong

= S truong hop chuin doan dwong tinh gia (FP —
False Positive) 1a cac truong hop binh thuong
nhung phat hién la bénh

* Thudt toan diéu chinh cac thong s6 ctia md hinh

nhan dang nhu sau:

*  Khao st sb ludt ciia md hinh tir 1 dén 20.

= Khdi tao cac gia trj ban ddu cua cac thong sd
tuyén tinh va phi tuyeén.
Str dung céc thudt toan lip dé t6i wu héa sai sd
chénh I¢nh gitra dau ra ciia mang TSK véi gia tri
ma loai bénh cua tin hiéu
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*  Kiém tra ham sai s6 muc tiéu, néu két qua da dat * Mang sau khi hoc s€ duoc danh gia dya trén sai
yéu cau thi dirng qua trinh hoc, ngugc lai thi quay 80 v6i b0 s0 liéu kiém tra.
lai budc 2.

Bing 4: Két qua tinh to4n chi s6 chit lwong ciia hai thir nghi¢m dang MGH/15-5

S6 mau Thir nghiém 1.1 Thir nghiém 2.1
Truong hop 2 — —
kiém tra Sai s0 FN FP Sai s0 FN FP
(15-5)_1 1089 456 49 383 430 36 366
(15-5)_2 1148 373 92 192 327 56 193
(15-5)_3 1089 642 68 473 640 51 483
(15-5) 4 1174 760 40 600 665 47 506
Trung binh 1125 558 62 412 516 48 387

Bang 5: Két qua tinh toan chi s6 chét lwgng ciia hai thir nghiém dang MGH/19-1

S6 mau Thir nghiém 2.1 Thir nghiém 2.2
Truong hop = — =
kiém tra Sai sO FP FN Sai sO FP FN
(19-1) 4 201 105 104 1 93 88 5
(19-1) , 212 56 0 56 53 0 49
(19-1) 5 215 27 6 18 31 7 21
(19-1) 4 216 74 60 6 79 61 13
(19-1) 5 245 56 1 39 43 0 31
(19-1) 6 224 137 127 1 55 47 6
(19-1) ; 216 77 74 2 72 68 3
(19-1) 5 200 49 0 0 48 0 0
(19-1) o 270 146 76 24 137 87 8
(19-1) 10 238 159 99 14 145 97 5
(19-1) 1 215 163 131 31 142 113 29
(19-1) 1 200 150 147 3 146 145 0
(19-1) 13 204 119 68 0 76 61
(19-1) 14 255 142 91 20 125 69 15
(19-1) 15 215 148 113 11 136 108 11
(19-1) 16 280 42 0 31 40 0 26
(19-1) 4 225 76 37 5 46 32
(19-1) 15 200 2 0 2 4 0
(19-1) 1 227 18 8 10 20 10 10
(19-1) 20 242 52 0 49 19 0 15
Trung binh 225 90 57 16 76 50 13
Béng 4 1a két qua thir nghiém céc truong hop 1.1 va *  Cac truong hop FN trung binh da giam 14 mau
2.1 theo dang MGH/15-5 cho thdy viéc loai bé anh (tir 62 mau xudng con 48 mau) tuong tmg voi:
hudng cua nhip thd trong tin hiéu ECG béng loc ElOO% ~14.58%

wavelet da gitp cai thién duogc chét luong nhén

dang, cu the la - *  Céac truong hop FP trung binh di giam 25 miu

*  Sai s6 kiém tra trung binh da giam 42 mdu (tir (tir 412 mau xudng con 387 miu) tuong Gng
558 mau xudng con 516 mau) twong Ung voi: 25
42 voi: yTE) -100% = 6,07%

——-100% = 7,53%
558

VCCA-2015
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Bang 5 1a két qua thir nghiém céc truong hop 2.1 va

2.2 theo dang MGH/19-1 cho théy viéc loai bo anh

hudng cta nhip thé trong tin hiéu ECG bang loc

wavelet dd gip cai thién dugc chat luong nhan

dang, cu thé la:

= Sai s6 kiém tra trung binh d4 giam 14 mau (tir
90 mau xudng con 76 mau) tuong Ung voi:

E~100% =15,56%
90

»  Cac truong hop FN trung binh da giam 3 miu
(tr 16 mau xuong con 13 mau) tuwong rng voi:

i~100% =18,75%
16

= Cic truong hop FP trung binh da giam 7 mau
(tr 57 mau xudng con 50 mau) tuong Ung:

s -100% =12,28%
57

6. Két luan va hwéng phat trién

Bai bao dd dé xuat mot giai phap loai bo anh huéng
cua nhip thé trong tin hi¢u ECG st dung ho
wavelet Coiflet bic 4 nham cai thién chat luong
nhan dang tin hiéu ECG. Cac két thuc nghiém trén
bd co so dir lidu MGH/MF cho thay két qua nhan
dang tin hiéu ECG véi 3 loai nhip (N, S va V) sau
khi loai bé anh huong ciia nhip tho bang ho wavelet
Coiflet bac 4 da duogc cai thiét so voi trude khi loai
bo anh hudng cua nhip thd: Véi cac thir nghiém
dang MGH(15-5) da cai thién duoc: sai sé kiém tra
(7,53%), sb truong hop FP (6,07%), s6 truong hop
FN (14,58%) va véi cac thir nghiém dang MGH(19-
1) da cai thién duoc: sai s6 kiém tra (15,56%), sb
truong hop FP (12,28%), sb truong hop FN
(18,75%). Tuy nhién cac thir nghiém cé thé tiép tuc
dugc thr nghiém voi cac trudong hgp do duge nhip
tho tre thoi véi tin hiéu ECG hoac khao sat cac mo
hinh nhan dang khac dé so sanh chat luwong nhan
dang tin hi¢u ECG.
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Hoi nghi toan qudc lan thir 3 vé Diéu khién va Ty dong hoa - VCCA-2015

' Trin Hoai Linh sinh nim 1974,
t6t nghiép PHBK Vac-sa-va nim
1997 chuyén nganh Tin hoc Uung
dung, nhan bang Tién sy chuyén

; nganh Ky thudt dién nam 2000

y (PHBK Véc-sa-va), bang Tién sy
khoa hoc chuyén nganh Ky thuét
dién va Tri tué nhan tao nam 2005

(PHBK Vac-sa-va). Tu nam 2007 dugc phong ham
Ph6 Gido su. Hién nay Tran Hoai Linh dang cong tc
tai Vién Dién, truong PHBK Ha Ni. Cac nghién ctru
chinh ctia 6ng 13 ing dung tri tué nhan tao trong cac
giai phap do luong, diéu khién va ty dong hoa, cic
thiét bi do thong minh, hé chuyén gia.

Pinh Vian Nhuwong Sinh nim
1963, t6t nghiép PHBK Ha noi
nam 2002 chuyén nganh K¥ thuait
Ty dong hda, nhin bﬁng Tién sy
chuyén nganh Po luong va Didu
khién nam 2010. Hién nay Dinh
Vian Nhugong dang cong tac tai
Truong Pai hoc Sao Do.

Céac nghién ctru chinh cua 6ng 1a Ky thuat Dién va
Dién tir, rng dung tri tu¢ nhan tao trong cac giai phap
do luong, didu khién va ty dong hoa, cac thiét bi do
théng minh.

Nguyén Pirc Thio sinh nam 1981,
tot nghiep PHBK Ha ndi nim
2004 chuyén nganh Pién tir vién
thong, nhan bang Thac sy chuyén
nganh Do ludng va cac hé thong
diéu khién nam 2009.Hién nay
Nguyén Ptc Thio dang cong tac
tai Khoa Dién tir - Tin hoc, Truong

Pai hoc Sao Po. Cac nghién ctru chinh cua ong la
ung dung tri tué nhan tao trong cac giai phap do
luong, diéu khién va tw dong hoa, cac thiét bi do
thong minh, hé chuyén gia.
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