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Tém tat:

Bai bdo trinh bay vé phuong phap tdng hap hé diéu khién bdm quy dao cho mdy bay khdng ngudi
lai theo mét vong diéu khién thdng nhéat cd tinh dén ddng hoc clia vong diéu khién trong dua trén ky
thuét diéu khién trugt cudn chiéu (Backstepping Sliding Mode-BSM). Khéac véi phuong phap dé xuét
sir dung diéu khién trugt (Sliding Mode-SM) bd qua ddng hoc clia vong diéu khién trong, phucng
phap bai bdo dé xuét da khac phuc nhugc diém cua hé thdng do tinh todn khdng day di déng hoc
clia hé théng, nhd dé da nang cao chét lugng clia hé thdng diéu khién. S dung diéu khién ao cho
ca vong diéu khién quy dao va vong diéu khién &n dinh, hé thdng da hoat ddng 8n dinh va ¢ chét
lugng tdt hon so véi phuong phap bd qua dong hoc clia vong diéu khién trong. Piéu nay da dugc
chirng minh dua trén nguyén ly Lyapunov va hé théng dugc ki€ém chirng bang mé phdng.

T khoéa:
Hé diéu khién bam quy dao, mat truat, diéu khién cudn chiéu (backstepping), diéu khién trugt, may
bay khong ngudi lai.

Abstract:

This paper presents a method of synthesizing the trajectory tracking control system for Unmanned
Aerial Vehicle (UAV) under a unified control loop taking into account the kinematics of the inner
control loop based on Backstepping Sliding Mode technique. Different from the proposed method of
using Sliding Mode to ignore the kinematics of the inner control loop, the proposed method has
overcome the system's weaknesses due to incomplete calculation of the system's kinematics, thereby
improving the efficiency of the system. By using virtual control for both the trajectory control loop
and the stable control loop, the system has a stable operation and better quality compared to the
kinematic bypass method of the inner control loop. This has been proven based on the Lyapunov
theory and verified by simulation.

Keywords:

Path following, sliding surface control, backstepping control, sliding mode control, unmanned aerial
vehicle.
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1. GIOI THIEU CHUNG

Hién nay, UAV duoc tng dung rong rai
trong doi séng kinh té x3 hoi cling nhu
qudc phong an ninh. Mdi UAV khi thyc
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hién nhiém vu bay c6 thé duoc diéu khién
truc tiép hodc diéu khién theo chwong
trinh. So' dd cdu trac hé thong diéu khién
UAV trong ché d6 tu dong duoc thé hién
trén Hinh 1 [1].
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dao dat tinh |%eYel diéu
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qu¥ dao ngoai ¢
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Hinh 1. So d6 cu tric hé théng diéu khién bam quy dao UAV

Hinh 1 1a so dd ciu tric hé théng diéu
khién bam quy dao cia UAV theo kénh
ngang [1]. Trong d6: yq, Xq 12 toa 4o UAV
mong muén trong quy dao; ye, Ye 12 sai sd
goc huéng quy dao cua UAV; 1A sai s6
ngang cua UAV so véi duong quy dao;
¢, ¢q4: 12 goc lieng mong muon va goc
lieng thuc té cua UAV; ¥, x, y: goc hudng
quy dao cua UAV va toa do cua no.

Theo so dd céu trac trén, khdi diéu khién
bao gom hai vong diéu khién: vong diéu
khién ngoai 1a vong diéu khién quy dao
hay vong dan duong; vong diéu khién
trong 1a vong diéu khién 6n dinh. Dé tong
hop hé thong diéu khién bam quy dao cho
UAV, nhiéu thuat toan di dugc dé xuit,
trong d6 dang chu y 1a céac thuat toan su
dung SM dugc dé xuat trong [2], [3], [4],
[5], [6]. Trong cic cong trinh trén, xuit
phat tir thuc té 1a vong diéu khién trong ¢
hang s6 thoi gian rat nhoé so véi vong didu
khién ngoai; vong diéu khién trong duogc
coi 1a dap tmg tirc thoi va gia tri dau ra
ctiia vong diéu khién trong ludn bing gia

trj dau vao mong mudn. Nho dua gia thiét
nay vao ma cac hé thong diéu khién dugc
don gian hoa, UAV c6 thé bam theo cac
duong quy dao mong mudn nhu vong
diéu khién dan duong tao ra. Tuy nhién,
trong thyc té khi coi vong diéu khién
trong nhu mot khau dong hoc, chét luong
didu khién s& khong dwoc nhu mong
mudn, khi d6 hé théng s& c6 bac 1on hon.
Pé khic phuc nhitng sai s6 nay sinh do bo
qua khau dong hoc nay, can xay dung
thuat toén diéu khién méi, ddm bao chat
lwong cho hé thong didu khién chung. Dé
tong hop cac hé thdng dang nay, co thé st
dung mat trugt, khi tin hi¢u diéu khién 4o
duogc st dung [7], [8]. UAV céanh bing c6
cac bién trang thai kha vi bac cao, dé tong
hop hé thong diéu khién bam quy dao co
thé sir dung phuong phap mat truot cudn
chiéu [9]. Cac van d& nay s& duoc gidi
quyét trong bai bao nay.

Trudce tién xem xét md hinh dong hoc cia

UAV chuyén dong theo kénh ngang st
dung goc liéng dé thay d6i quy dao véi
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gia thiét 1a dap tng goc liéng 1a trc thoi
dé tong hop hé diéu khién. Xay dung mo
hinh déng hoc cua vong diéu khién goc
liéng va ap dung thuat toan da xay dung
cho hé thdng day du dé danh gia cac sai
s6 sinh ra khi tong hop hé diéu khién ma
b6 qua khau dong hoc diéu khién goc
liéng. Cudi cung bai bao s& dua ra thuét
toan tong hop hé thong diéu khién cho mo
hinh ddy du cia UAV chuyén dong theo
kénh ngang.

2. TONG HOP LENH PIEU KHIEN QUY
PAO CHO UAV BO QUA PONG HOC
CUA VONG PIEU KHIEN TRONG

A Lcos®

Lsin@®

Hinh 2. So’ dd céac lwe tac dong [én UAV

Trén Hinh 2 1a so dd xéc dinh céc luc tac
dong Ién UAV. Vei L 1a lyc néng khi
dong hoc; Lcosg la thanh phan lyc nang
khi dong hoc theo phuong thang ding;
Lsing la thanh phan lyc nang khi dong
hoc theo phuong nam ngang.

bé UAV  bay  ngang thi
Lcos@=P=mg hay L=mg/cosg.
Luc li tdm la Lsing dugc xac dinh
Lsing=mgtang. Tu cong thuc xac
dinh gia téc li tim @ = w’R = v.w; van
toc goc cua UAV:

)Z:a)zngtan¢ (1)
v-m L

Trén Hinh 3 14 so d6 x4c dinh dao ham sai
s6 ngang cua UAV theo quy dao cho
trudc.

Hinh 3. So’ d6 xac dinh dao ham sai sé ngang
cua UAV

Trong d6: P la toa do cua UAV; O la toa
do diém trén duong quy dao c6 khoang
cach tir UAV dén 1a nho nhat; e 1a sai s6
ngang cua UAV; y la goéc hudng cua
duong quy dao; y 1a goc hudéng cua UAV,
v, : van toc ciia UAV;
Xét tai diém P:
ye:uusin(;(—;(p)zuusin;(e )
Tu (1) va (2) nhan duoc:

Y, =u,sin z,

. . g

ze=l—zp=—zp+u—tan¢ 3)

u

{ye} osing,] | °
= U+ u
Hay i 7, 9 (4)

UU

Trong do: y,la sai s bam quy dao hay
khoang cach tir UAV dén duong quy dao,
z1a goc huéng ciia UAV, g, bién trang

thai sai s6 goc hudng quy dao, 7, 1a goc
huéng quy dao, x, =x—x,bién trang

thai sai s6 goc husng quy dao, 7, toc do
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goc hudng quy dao mong muén, khi bay
thang 7, =0, v,1a van toc cua UAV, g la
gia tc trong trudng, ¢ 1a goc liéng cua
UAV, u 1a 1énh diéu khién, dugc x4c dinh
nhu sau:

(5)

Néu coi ¢ 1a 1énh diéu khién cia UAV,
lac @6 (4) tré thanh:

. . 0

(yejz(l)u o lej+ g [tang (6)
Ze —Zp —
by

u=tang

Str dung ché @6 truot véi mat truot phi
tuyén dé tong hop 1énh diéu khién bam
quy dao [5]. Mat truot dugc chon nhu
sau:

s= y, +aarctan( By, )=0 ()

Véi 0<a <1,0< B; 1énh didu khién duoc

chon:

o ap
[ 91+/32ny"%j (®)

—o-sgn(s)+l%jgp

¢ =arctan

Véi o la hang sé dic trung cho tde do tién
vé mit truot cua bién truot s; o 1a hang sé
I6n hon 0 va duoc chon tuy theo mong
mudn téc do tién vé mit truot cua bién
trugt 5. Co thé thiy (6) véi 1énh diéu
khién (8) s& hoat dong trong ché do truot
trén mat truot (7) va trong ché do truot hé
théng s& 6n dinh tiém can. Dé chung
minh diéu nay, trudc tién chang minh voi
lénh diéu khién tong hop theo (8), hé (6)
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s& hoat dong trong ché do truot trén mat
truot (7), hay goi tit 1a ton tai ché do
truot. Dé kiém tra diéu kién ton tai ché do

trugt, chon ham Lyapunov v :%sz

V=53

gtan(g) . aff .
:S[—Uu — p+1+ﬁ2yezl)u3|n;{ej

(9)

V6i luat diéu khién dugc chon theo (8):

9y ap
v, g 1+ %y}
a.f

—O-S|gn(s)+1+—

V=s. (10)

—U,.Sin %,

Nhan duoc:

V =—sosign(s) < 0; khi s#0

V =—sosign(s) =0; khis =0

Nhu vay, ché do truot 6n dinh tiém can.
Trong ché do truot, theo (7), dé kiém tra

sy 0n dinh cua h¢, chon ham Lyapunov:

v =%(x§ ) (12)

Thay y, =—aarctan( By, )vao (11):

1
\ ZE(Zez_'_yez)

(12)
— %[(0{ arctan ( By, ))2 + yj}

Lay dao ham (12) nhan duoc:

V =-,y,sin(aarctan( 8y, ))
@by,
1+ 4%y,

(13)
arctan ( By, )sin(carctan( Ay, ))
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Ta co: —%Satan(ﬂ.ye)s%;véi o] <1

Taco : —%Satan(ﬂye)s

NS

Vi >0 nén sin(a.arctan(A.y,)) ciing
diu véi arctan(B.y,), néu B>0 thi
arctan(A.y,) cung dau véi Y,. Nhu vay
c6 thé viét lai nhu sau:
sin (carctan (By, ))
=k sgn (arctan (By,)) =k sgny,
arctan (By, ) =k, sgn y,

(14)

véi Ky ko 12 cac hé s6 phu hop, ki >0 k>0
Thay (14) vao (13), ta co:

V=-vky,san(y,)

azﬂuu (15)
L Byl ok, (san(y,))
v,k |Y.|san(y.)
Hay: v =_ a* o (16)
+— 5 KK
1+ B%y,

Trong (16) cac s6 hang bén phai biéu thic
trong ngodc déu 16n hon 0, suy ra: V <0.
Nhu vay khi ton tai ché do truot, hé théng
6n dinh theo Lyapunov

3. TONG HQP HE DIEU KHIEN BAM
QUY DAO KENH NGANG CHO UAV
THEO MOQT VONG DPIEU KHIEN THONG
NHAT

Khi coi vong diéu khién trong 13 mot hé
dong hoc, I¢nh diéu khién sé& 1a gbc may
lai liéng airleron, goéc liéng cua UAV sé
duogc didu khién boi goc clia may lai liéng

airleron. Theo [6], khi UAV bay bing,
dong hoc cia n6 dugc xac dinh nhu sau:
b= 1L (17)
Véi p 1a van toc goc cua kénh goc liéng,
Iy 1a mémen quan tinh cua UAV theo truc
Ox cua hé toa do gin lién, L 1a moémen
khi dong kénh liéng.

Momen khi dong theo truc Ox cua UAV,
hay con goi la kénh liéng L dugc tao ra
nho may lai aileron cia UAV va dugc xac
dinh nhu sau:

L=c, o

alr ~alr
Tu phuong trinh dong hoc cia UAV:

¢=p+(gsing+rcosg)tand (18)

V6i ¢ 1a goc liéng cia UAV, 6 1a goc
chuc ngoc cua UAV, qva r thir ty 1a van
tbe gf’)c th‘eo cac truc Oy va Oz cua hé toa
do gan lien cua UAV. Trong truong hop
UAV bay bing, 6=0, phuong trinh (18)
s€ co dang don gian hon, ¢f: P, két hop
véi(14)va L=c, o

1 Oa ta nhan dugc:

. C
¢:|L|r5alr

XX

(19)

Go6c bé canh 1ai liéng c6 van toc ti 1€
thuan vai tin hiéu di€u khién:

S, =ku (20)

Hang sb thoi gian ctia co cdu chap hanh
goc canh 1ai liéng rat nho so véi hang sd
thoi gian cia hé dong hoc theo kénh goc
lieng cia UAV nén c6 thé liy goc bé canh
1ai liéng 14 1énh diéu khién cho kénh dong
hoc goc liéng. Khi do (19) tré thanh:
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¢:(;é‘i5alr :kUU; u= 5alr’ ku - |

XX XX

(21)

Két hop hé phuong trinh dong hoc (4) v&i
(21) nhan duogc:

Y. =y, sIn z,

Zo=2tang- 7, (22)

d=ku
H¢ (22) 1a h¢ dong hoc bac 3 va mat truot
phi tuyén (7) s= g, +carctan(By,)=0
khong con phu hop vai hé nay.
Dé tong hop hé (22) str dung BSM.
Tir phuong trinh thir nhat ciia hé (22)

Ye =0,8IN %, V6i X, =X~ X, (23)

chon diéu khién 4o U =x.. bé Xe—Xp
khong vuot qua 7z /2, ciing nhu (7), chon
Zs = X, —aarctan( 8y, ) (24)
Nhiém vu thir nhét cta tong hop hé diéu
khién 13 1am cho y — y_, khi d6 (23) tr&
thanh:

Y, =v, sin(—aarctan( Ay, )) (25)

C6 nghia 13 hé (23) s& 6n dinh tiém can.
Pat & = 7 - 1, (26)

(2) Tu phuong trinh thir 2 ctia hé (22) co
tinh dén Xe=X—Xp> léy dao ham hai vé

cua (26) nhan duoc:
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_9 tan g, co gia

u

diéu khién ao thir 2 1a u,
tri la:
9 tang, = pav,

0 . =X +m3i”(l—lp)—4el

(28)
Nhiém vu ther hai cta téng hop hé diéu
khién 14 1am cho ¢ — ¢, , khi d6 (27) tré
thanh:
€& =-A48

C6 nghia 1a hé (27) s& 6n dinh tiém can.

(29)

bat:

e, :gtanqﬁ—ugtawC

u u

(30)

(3) Tir phuong trinh th 3 cua hé (22), 1iy
dao ham hai vé cua (30) nhan duoc:

c_ 9 59
"o na” 31)
= J 2 I(uu_ g 2 éc
v, (1+¢%) v,[1+4.7)
Chon diéu khién:
(L+¢°) Y, (1+¢)
ey )¢ B Ey— 3 e, (32)
voi A, >1; khi d6 (31) trd thanh:
€, =—48 (33)

C6 nghia 1a hé (31) s& 6n dinh tiém can.

Q=X Duéi diy s& kiém tra tinh 6n dinh cua
. av, . (27)  hé théng theo Lyapunov. Chon ham
=gtan¢—;(p—'8—“sm(;(—;(p) ; g yap ;
v, 1+ 5°y; Lyapunov dang:
Trong (27), tan¢ la diéu khién, chon :leg +1912 (34)
Oy 2 2
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Lay dao ham cua ham Lyapunov c6 tinh
dén (33) va (27) nhan duoc:

Ztgg-7,
V=-1e+e| ' Saw

1+ BV
Bién dbi (35) co tinh dén (30) va (28),
nhan duoc:
V =—4¢ +e (e, ~ A& )
=—A,€; — A& +e 8,
Str dung bat dang thirc Young:

(35)

sin(x - x,)

(36)

g6, < %ezz +%e12, lac d6 (36) trg thanh:

V <-1e— 1€ +%e§ +1e12

v s—(@—g)e:—(xi—gjef

Do trong Iénh didu khidn do 2-tang,
UU

trong (28) va trong 1énh diéu khién (30),
A >1 vai,>1 nén:

Y, s-(ﬂ,z —%jeg —(ﬂl—%jef <0

Do d6, hé (27) va (31) 6n dinh tiém can,
conghiala g >¢g.va y — 7,.

(37)

(38)

Xét dang thirc (25), nhan ca 2 vé véi Ye
nhan duoc:

Y.Y. =0,Y, sin(-carctan( By, ))
=v,Y, sin (—aSign(Ye) arctan (3| ye|))

(39)
Do arctan (x) = arctan (|x|) sign(x) va

sin(—x) = —sin(x) nén (39) dugc viét lai la:

TRUGNG PAI HOC BIEN LUC

YeVe =
—sign(y,)y,u, sin (a arctan (,8|ye|)) <0

(40)
Tir (40) va tir (26), (24), khi & —> 0 nhén
duoc:
x —x,=—aarctan(f4y,)—>0

Nhu vay, bang cach chon diéu khién ao
theo (24), (28) va lénh diéu khién (32) hé
(22) 6n dinh tiém can. Piéu nay s€ dugc

(41)

kiém ching qua két qua mo phong dudi
day:

Piéu kién ban dau:

UAYV bam theo duong cong:

x =40cos(0,01-t); y =40sin(0,01-t)

Van téc cua UAV 1a 40m/s; vi tri ban dau
ctia UAV 1a (0, —500); goc hudng ban dau
cia UAV 1a y =0. Diéu kién md phong
do tac gia tu chon dé co duoc mot duong
cong vai quy dao dat la y = x.tan(0,01.t).
Tuy nhién, trong céac tai liéu, cac quy dao
duoc chon dé mo phong la quy dao duong
thang va quy dao duong tron. Chon quy
dao duong thang theo [1] dé md phong va
7 =0 so sanh; véi v, =40m/s, toa do
cua UAV tai thoi diém to 1a (0,~500); goc
hudng ciia UAV tai thoi diém to 1ay =0,
khong mat tinh tong quat liy goc hudng
cua duong quy dao la =0, duong quy
dao c6 phuong trinh 1a y=0 (trong truong
hop khéc, sir dung phép quay va dich
chuyén gdc toa d6 ta s& c6 quy dao nhu
trén trong hé toa do mai).

Tu (40), (26) va (24), khi y, — 0 ta nhan
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dugc: y -y, =—aarctan(By,) —0.

Nhu vay, hé (22) véi 1énh diéu khién (32)
s& 6n dinh tiém can. Diéu nay s& duoc
kiém chung qua két qua md phong dudi
day, diéu kién mé phong theo [1].

Truong hop 1:

UAV c6 van téc v, =40 m/s tai thoi diém
to c6 toa do la (0, —500) va c6 goc hudng
ctia dudng quy dao mong mubn la y =0,
phuong trinh cua duong quy dao mong
mubn 12 y=0; str dung BSM va sir dung
SM bo qua dong hoc vong trong.

Truong hop 2:

UAV c6 van toc v, =40 m/s tai thoi diém
to €6 toa do la (0, —500) va c¢6 goc hudng
cua duong quy dao la y =0; duong quy
dao mong muén 1a duong tron béan kinh
800m c6 tdm ¢ toa do (0,—800); sur dung
BSM va sir dung SM bo qua dong hoc
vong trong.

Két qua mo phong thé hién trong cac do
thi trén Hinh 4, 5, 6.

Trén Hinh 4 14 sai s6 bam theo dudng quy
dao, tai vi tri ban dau sai s6 bam 1a —500;
Sai s6 bam kénh ngang cua bo diéu khién
BSM trong ché d6 duong thing o thoi
diém 28 s tién vé 0 va hoi tu. Sai sb bam
kénh ngang cua bo diéu khién BSM trong
ché d6 duong thang ¢ thoi diém 30 s tién
vé 0 va hoi ty, thoi gian qua d6 dai hon do
bo diéu khién dd bo qua dong hoc vong
trong caa kénh diéu khién bam quy dao.
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Sai s6 bam kénh ngang trong ché dé SM
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Sai s6 bam kénh ngang trong ché do BSM
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d. Quy dao 13 dwdng tron trong ché dd BSM

Hinh 4. Sai s6 bam theo kénh ngang

Trong ché d6 bam theo duong tron ciing
twong ty nhu trong ché d6 bam theo
duong thang, bo diéu khién BSM cho chat
luong diéu khién tét hon bo diéu khién
SM bo qua déng hoc vong trong. Thoi
gian qua do6 khi sa dung bo diéu khién
BSM la 30 s, d6ng thoi khong co qua diéu
khién. Khi s dung bo diéu khién SM,
thoi gian qua d6 la 37,5 s va xay ra hién
tugng qua diéu khién. Qua md phong trén
cho thay bo diéu khién BSM hiéu qua hon
bo diéu khién SM.
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a. Quydaola duongthing

Gia tri géc Phi, PhiC
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b. Quy dao la duong tron

Hinh 5. Két qua md phéng cac gia tri géc @, &,
Trén Hinh 5 1a két qua md phong céc gia
tri goc ¢, 4,, trong Hinh 5a sau thoi gian
28 s gia tri ¢ tién téi ¢, va tién téi 0 do
quy dao 1a duong thang. Ddi véi truong
hop quy dao la duong tron trong Hinh 5b,
sau thoi gian 32 s gia tri ¢ tién t6i ¢, va
tién toi 0,2 va 6n dinh & gia tri nay, diéu
nay dam bao cho UAV bay vong tron vai
toc do goc 1a 0,05 rad/s; co nghia 1a UAV
da bay theo dudng tron mong mudn mot
cach 6n dinh.

Gia tri géc Pxi, PxiC,PxiP
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Gia tri goc Pxi, PxiC,PxiP
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b. Quydaola duwong tron

Hinh 6. Két qua mo6 phéng cac gia tri géc

Trong truong hop quy dao la dudng thang
& Hinh 6a, goc hudng thuc té 12 0. Goc
hudng mong muén bat dau tir gia tri 0,9
rad dé nhanh chong dua UAV bam theo
quy dao va sau d6 s& hoi tu vé 0. Goc
huéng thuc té bit dau tir gia tri 0 va bam
theo goc huéng mong mudn, sau thoi gian
27 s goc hudng mong muén triing véi goc
huéng thuc t& va goc huéng cua dudng
quy dao (bang 0), UAV bam sat theo
duong quy dao.

Trong truong hop quy dao la duong tron
¢ Hinh 6b, ciing twong ty nhu trong

(ISSN: 1859 - 4557)

truong hop duong thang, cac gia tri goc
huéng quy dao, goc hudng diéu khién ao
va goc huéng thuc té déu tién dén goc
huéng quy dao, sau 31 s sai s6 bang 0.

Nhu vay, bing cach thiét 1ap diéu khién
a0 cho hé sir dung BSM, hé théng diéu
khién bam quy dao theo kénh ngang di
dugc tong hop trong mot vong diéu khién
thdng nhat, khic phuc duoc nhuge diém
cua phuong phap dé xuat trong [1] khi bo
qua dong hoc cua vong diéu khién trong.
Sai s6 bam theo 2 phuong phap thé hién
trén Hinh 4 da minh chung hiéu qua cua
phuong phap dé xuit.

4. KET LUAN

Bing phuong phap Backstepping, bai bao
da dé xuét va thuc hién téng hop mdt bd
diéu khién bam quy dao theo kénh ngang
trong mot vong diéu khién duy nhat. Tinh
on dinh cta hé théng da duoc kiém ching
bang phuong phap Lyapunov. Cac két qua
nay co6 thé ap dung trong viéc diéu khién
quy dao cho cac loai UAV nho thuc hién
nhiém vu. Py la phuong phap don gian,
dé thyc hién va tinh hiéu qua cta né da
duoc minh ching bang md phong.
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Gidi thiéu tac gia:

Téc gid DS Quang Hung tdt nghiép dai hoc nganh hé théng dién tai Pai hoc Bach
khoa Ha NG6i ndm 2004; nhan bang Thac si nganh ky thuét diéu khién va tu déng hda
ndm 2020 tai Hoc vién Ky thuat quan su. Hién nay tac gia la nghién clru vién cua Vién
Tu ddng hda Ky thudt quan su, Vién Khoa hoc va cdng nghé quén su, B6 Téng tham
muu.

Hudéng nghién ctu chinh: tdng hgp hé théng diéu khién bam quy dao cho UAV, thiét

k& cac hé thdng nhing (ng dung trong diéu khién va tu déng hda.

Tac gia Bui Thi Duyén t6t nghiép dai hoc nganh ky thuat do va tin hoc cdng nghiép
ndm 2004, nhan bang Thac si nganh tu dong héa ndm 2007, nhan bang Tién si

%. nganh ky thuét diéu khién va tu déng héa ndm 2020 tai Pai hoc Bach khoa Ha Nbi.

Hién nay tac gia la giang vién Khoa Diéu khién va Ty ddng héa, Trudng Dai hoc
bién luc.

Hudéng nghién ctiu chinh: hé théng do ludng didu khién, thiét k& cac hé théng nhing

(rng dung trong diéu khién va tu ddng héa, mang cam bién khdng day, anten va mach cao tan.
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