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Thiét ké diéu khién Backstepping - Truot két hop b quan sat mé rong ESO cho
hé hai khau quan tinh
Design of Backstepping- Sliding mode control combination with extended state
observation (ESO) for two—mass systems
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Abstract

The paper presents the results of backstepping - sliding mode control based on control design for speed actual value of load motor match
speed reference for two-mass systems. This controller is combined with an extended state observer (ESO) for estimating the torque load sides
of two-mass systems. The effectiveness of the control systems (reduce vibration and eliminate mechanical resonance) is compared with
classical PI controllers commonly used in industry. The results of analysis and evaluation between the speed control methods for the two-
mass system were performed by Matlab simulation software.
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15)°¢ Diéu khién
Ky hi¢u ESO extended state observation-quan
sat trang thai mo rong
Ky hiéu Ponvi Y nghia
K Nm/rad  Hé sd cimg quy vé truc Tom tat
b, Nms/rad  Hé sé giam chén
T, Nm Moémen dong co Bai bao trinh bay két qua nghién ctru thi€t ké backstepping -
T, Nm Mbmen ti tr}r()rt giéu khiéAn th (T(f) téiA bé.rkn sat .txf)c d§ dong ca, tai theg
. . yéu cau cho h¢ hai vat. B dicu khién nay dugc két hop voi
T, Nm Momen xodn truc thuc bo . R . o R
X N 3 0 quan sat trang thai mé rong ude lugng moé-men tai cua hé
T Nm Mbmen xoan tryc dat thong nay. Hiéu qua cua giai phap diéu khién dé xuat (giam
J, Nm Mbmen quén tinh dong co dao dong va loai trir hién tugng cong huong co hoc) dugce so
Nm sanh v6i bo di€u khién kinh dién Pl hay s dung trong cong
J. Momen quan tinh tai nghiép. Céc két qua phan tich danh gia duoc thyc hién bang
o rad/s TéC d6 dong co thuc mo phdng Matlab/Simulink.
o rad/s Téc do tai thuc X oo
o rad/s Tée do tai dat 1. Phan mé dau
P o P i C?C thanh phan ctia ma Trong san xuat trong cong nghi¢p, dong co dién la thanh
tran L
f 13 A LA phén khong thé thiéu cho hé thong san xuat. Thong qua qua
C,,C,,C;,C, Cac hang so duong cia bo
A .z . trinh bién do6i dién néng thanh co nang, dé truyén mo men tur
dieu khién backstepping-
dong co dén co cAu san xuat phai st dung cac khép ndi. Cac
truot . K. s \ , ST ST Ly
khép noi nay thudng duoc st dung 1a cac hop so, day dai va
Chi vidt t5 cac tryc n6i. Tuy nhién sy khong cing viing cua cac thanh
U viet tat phan khép ndi nay co thé gay ra dao dong trong qua trinh van
s I hanh. Khi hé théng lam viéc dung tan sé cong hudng cb thé
PI Bo dlkeu kl:uen PIL. xdy ra hién tugng cong hudng co hoc gy ra cac rung dong
Feedforward Tlilyen thang 16m, tiéng 6n va c6 thé pha hong cac két cau co khi
Chattering Hién twong rung [1],[2]. Theo nghién ctu [2] nhan thay hé sO cing truc
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Ksn=0.28Nm/rad va hé sb giam chin bs=0.0015 Nm/rad thi
bién d9 cong hudng 16n, va ty 1¢ mé-men quan tinh dong co
va dong co tai nho thi bién d6 dao dong tde do dong co giam
di, 46 qua diéu chinh ciing giam, dong thoi tbe do dap ung
nhanh. Vi vy van dé can thiét giai quyét sao cho toc do thuc
cua tai va tbe do dong co bam sét gia tri dat véi d6 chinh xéac
cao, giam dao dong va loai trir hién tugng cdng hudng co hoc
cho h¢ hai vat.

Tir trude dén nay cac giai phap diéu khién tuyen tinh,
phi thuyén di va dang 1 Ung dung dé giam va dap tat dao dong
cong huong tai truc ndi, va cai thién hiéu suit cta hé hai
khau quan tinh [4]. Theo nghién ctru tai liéu [5],[6] bo diéu
khién PI thuong duoc sir dung dé diéu khién téc d6 cho hé 2
hai vét. B diéu khién nay duoc thiét ké theo phuong phap
td1 wu d6i xtng v6i phan hdi toc d6 dua vé bo diéu khién, vi
vdy chua giai quyét duoc dap dao dong cong huong khi hé
thong ¢6 nhidu. Giai phap dé cai thién bo diéu khién toc do
PI cho h¢ hai vat, tai mach vong phan hdi nguoi thiét ké dua
thém céc bién trang thai nhu 1a hé s6 cung truc, giam chén,
mo-men tai... vé by diéu khién. Cac tin hiéu phan hoi nay
cho phép thiét lap gié tri dat mong mudn, tuy nhién khéng
thé dat dugc gia tri tu do ciia tan s6 cong huong [7]. Vi vay,
giai phap bd sung tin hiéu phan hoi mo- men truc nbi thong
qua bo udc lugng moé-men truc dugc dua vé b diéu khién
tdc do, da gop phan giam duogc dao dong cong huong [8].
Bén canh d6, mot nghién ctru khac [9], bai bao trinh bay bd
diéu khién tc do cho hé hai vat sir dung 1a bo didu khién
PID, PID-P. B¢ diéu khién PID c6 uu diém thiét ké don gian,
nhanh chéng dua ra by tham s6 diéu chinh Ky, Ki, Kp
(khuéch dai, tich phan va vi phan) phu hop. Bo diéu khién
tbc do PID-P, cho két qua kha quan hon bo diéu khién PID
véi dap tmg dong hoc qua diéu chinh tdc do, thoi gian xac
lap ¢ ché d6 tinh nho hon bo diéu khién PID. Tuy nhién bd
ca hai diéu khién ndy chua dap dugc hoan toan dao dong
cong hudng. Qua do nhan nhan thay rang, cac phuong phap
diéu khién tuyén chua giai quyet dugc van dé& giam hién
tuong cong huong. Véi uu diém cua cac phwong phép diéu
khién phi tuyén nhu backstepping, tua phang, truot....da gop
phén giam dao dong cong hudng, qua diéu chinh va thoi gian
xac lap tdc do thuc cua dong co tai voi dong co kha quan
hon so véi cac bo didu khién tuyén tinh. Phuong phap diéu
khién tua phang [10], v6i chuyén d6i mo hinh trang thai
thanh bd PK dudi dang dao ham dya bd diéu khién truyén
thang (feedforward). Cac mé hinh trang thai dugc dung dé
thiét 1ap quy dao dat. Cac diéu kién gidi han duoc dua vao
trong viéc thiét ké quy dao dat. Két qua cua phuong phap
PK nay cho két qua giam dao dong cong hudng, qua diéu
chinh va thoi gian xé4c lap t6t hon bo didu khién PI. Bén canh
do, phuong phap didu khién backstepping [11], cho thiy
thiét ke b diéu khién khong phirc tap, cho phép tinh dén qua
mot sb bude, bd didu khién phéan hdi lam hé kin én dinh theo
Lyapunov. (3 mdi budc tién hanh lwa chon bién dléu khién
40 va thiét ké cac luat diéu khién trung gian, nhiam on dinh
hé con cua hé ban dau Két qua cho thay kiém soat t6t dao
dong cong huong va tde do tai thuc bam sat voi toe do thuc
dong co. Tuy nhién khi hé thong bi anh hudng nhiéu (théng
s6 dong co, md men quén tinh...thay doi) thi phuong phap
diéu khién backstepping cho két qua dép tat dao dong cong
huong khong t6t bang phuong phap diéu khién tya phiang
[12]. Mit khac, bo diéu khién truot [13] voi ddc diém din hé
théng on dinh theo mot mit truot, khi sai 1éch gitra tde do

dat va thyc nho nhat. Day 1a mot phuong phap diéu khién
phi tuyén don gian, tuy nhién trong bo DK nay c6 dang ham
dau va co hién tugng rung (chattering) trong hé thong. bay
1a mot hiéu ing nguy hiém va 1a nguyén nhan lam giam tu01
tho nhiéu thiét bi trong h¢ thong. Tuy nhién nhirng ndm gan
déy da c6 nghién ctru giai phap chong rung, cling da thu dugc
két qua ing dung mang tinh thuc té.

Hién nay, cac phuong phép diéu khién dé giam dao dong
cong huong cho hé hai vat da dang, tuy nhién mdi phuong
phap co6 dic diém riéng, van chua giai quyét triét dé dao dong
cong huong tai truc va diéu chinh tdc d6 theo yéu cu (nhanh,
chinh xé&c). Trong bai bao nay sé trinh bay thiét ké backsteping
- trugt diéu khién téc do két hop bd quan sat trang thdi mo
rong ESO cho mé-men tai cua hé hai vat. Boi vi moé men tai
la dai lwgng kho xac dinh chinh Xxac, vi vay trong nghién ctru
ndy mod - men tai dwoc coi la nhidu it nhiéu lam suy giam
chat lugng hé hai vat. Giai phap diéu khién nay s& duoc so
sanh vai bo diéu khién thong dung trong cong nghiép PI [7],
nham danh gia tinh dang dén cua giai phap diéu khién dé xuat.

Bai bao dugc chia ra cac phan nhu sau, trong d6 muyc 2
n6i vé mo hinh hé hai vét, myc 3 trinh bay thiét ké bo diéu
khién téc do backstepping- truot, muc 4 dua ra phan thiét ké
bd quan sat trang thai mo rong ESO cho md-men tai, cudi
cung la danh gia, phan tich két qua mo phong off-line
Matlab/Simulink. Day la mot két qua nghién ciru diéu khién
tdc do hé hai vat, sao cho giam dugc dao dong cong huong va
cai thién do bén virng cua hé théng.

2. Mo hinh hé¢ hai vat

M0 hinh h¢ hai vat dugc xay dung c6 dang cAu trac nhu

[51.[12]:

Toswus s I

Hinh 1: C4u tric cta hé hai vt.

M6 hinh toan hoc hé hai vat nhu sau:

T, =0, 0)-0.(5)
(&)=, T.) @
mS
o, (s) = 1 (-T +Tg)
J.s

M5 hinh toén hoc (1) c6 cac bién trang thi 12 o, e, , bién dau
vao la md men dong co T,, , bién dau vao co thé do duge 1a
toc do dong co w, .

Tir mé hinh toén (1), cAu triic m6 hinh toan h¢ hai vét dugc
thé hién tai hinh 2. )

M®& hinh toan hoc hé hai vat (1) s& dua vé dang md hinh
trang thai nhu céng thuc (2):
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X=AXx+BT +B,T, )
y=Cx )

Trong d6 cac tham sb dwoc xac dinh boi cac ma tran nhu

sau:
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Hinh 2: C4u triic mé hinh to4n hé hai vét.

3. Thiét ké Backstepping- trwgt diéu khién toc
ag

Phuong phép thiét ké backstepping thuong xem xét tinh
on dinh cia toan hé thdng theo Lyapunov. Phuong phap diéu
Kkhién nay yéu ciu mé hinh toan hoc hé hai vét chinh xéac va
dap tmg dong hoc hé thong phy thudc vao tac dong cta nhidu .
Vi vay bo diéu khién backstepping - trugt két hop bd quan
trang thai mo rdng ESO duogc dé xuét dé khic phuc han ché
ctia bo diéu khién backstepping. Thiét ké bo didu khién toc do
cua hé hai vat duoc thyc hién theo cac trinh ty nhu sau:
Bude 1: Xdc dinh mé-men xodn truc dit
Xuit phat tr phwong trinh (1) va van dung ly thuyét
Backstepping, sai 1éch goc tdc do goc thuce voi gia tri dat duoc
xac dinh theo cong thic (3):

e =w —aw, 3)
Theo tiéu chuén 6n dinh Lyapunov, can ton tai ham v, xac
dinh duong dé 3) 6n dinh tai géc toa d6. Vay ham V, duogc
lwa chon nhu sau:

1
V,=>¢
=2 @

Dao ham ham v, nhu cong thirc (5) :

p . ) ) 1 )
Vi=eé =e (o —o,)=¢ (J_(Ts _TL)_a)Ldj (5)
L

Trong cong thic (5), T,,1a bién diéu khién o, vdy mé men
xoan tryc dit dugce tinh toan theo (6) :

Ty =T = I (g +Cey) (6)
Trong d6: ¥, m6-men tdi udc luong qua bd quan sit mé
rong ESO, s€ duoc trinh bay chi tiét tai muc 4.
Buée 2: Xac dinh géc quay toc do ddit ciia tai
Sai s6 mé-men xodn truc ndi nhu

€rs :Ts _Tsd (7)
Thay thé phuong trinh (6) vao (5), phuong trinh (8) nhu sau:

; 1 )
Vi=¢ [J_(eTs +Ty _TL)_de]

®)
=—ce’ + e e + (TL—TL)
Theo tiéu chudn 6n dmh Lyapunov, V> dugc xac dinh nhu:
1.
Vo Vit 26, )
Pao ham V3:

V, =V, +ersérg

= _CleL ——€ €y +erserg
Ju
(10)
= _CleL +eTs( eL +T Tsd)
= _CleE + €5 (J_eL +K (wM _wL)_Tsd
L
Viy toc goc quay tde do dat duge thé hién qua (11) :
Oy = - +®, 11
Md K. 1K &+ (11)

Buéce 3: Xac dinh mé men thuc cia dong co
Tai budc thiét ké nay tién hanh lya chon mat trugt cd dang
nhu sau:

ey =a(wy —oy) (12)
Theo Lyapunov véi mat trugt thi ham V dugc lua chon nhu:

V:W+£§
2

(13)
Tién hanh dao ham ham V nhu (14) :
V =V, +eyéy
= —Ci8f —Cye7, + ey a(dy — Byg) (14)
= —cief —Cye7, +ey a(i(TM ~T5 )= g
Vay md-men thuc déng co dugc tinh toan nhu (15):
Tv =ImOug +Ts —“]7'\"(03 sgn(e;) +c,e;) (15)

4. Thiét ké bd quan sat trang thii mé rong
ESO

Theo tai liéu [14] thi bo quan sat trang thai véi mo hinh (16)
va cau tric bo quan sat hinh 3 :
R=AL+Bu+L(y-Y)
y=Cx
Trong do: ) . 7
A,B la ma tran cua bién trang thai va dieu khién.
L la ma tran d6 lgi quan sat can dugc lya chon phu hop.
C la ma tran dau ra. .
%, ¥ 1a udc lugng bien trang thai x va dauray.
(y—y) lasai s6 quan sét thé hién su khéc nhau giira ng6 ra
do duoc thuc té y(t) vangdra g =cx .

(16)
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Thanh phan thém vao L(y— y)cung cip mot su diéu chinh
cha dong ngay khi sai s6 cia su quan sat la khac 0. )

Vi vay bo quan sat trang thai duoc thict ke sao cho sai so uéc
lugng e(t) — 0 khi t — 00, bang cach tinh todn ma tran L
sao cho sai s6 uéc luogng e(t) 6n dinh tiém can khi tit ca cac
nghiém ciia phuong trinh dao ham sai s6 & nam bén trai mat
phang phtec. Sai s6 ude lwong e(t) dong vai trod 1a dap wng cua
b6 quan sét.

o

X
& F= AR+ ButLly—7)

X

Hinh 3: B§ quan sat trang thai.

Trong hinh 3, thay bd quan sét c6 hai tin hiéu vao la u, y va
mot tin hiéurala X. B quan sét 1a tao ra wdc lugng X sao cho
K(t) —> x(t) khi t — o0 . Sai s§ woc lwong cua bo quan sat
duogc dinh nghia:
(1) = x(t) — X(t) (17)
Bo quan sat dugc thiét ké sao cho x(t) —» 0. Néu h¢ quan sat
duoc gh‘l ma tran L dugc xac dinh, sao cho sai s6 u6c luong
%(t) on dinh tiém can. Sai s6 uéc luong x(t) dong vai tro 1a
dap ng cua b quan sat. )
Pao ham sai s6 udc lugng (16) céd két qua nhu (18)

K= A(Xx—R)—LC(x—X) = (A—LC)X (18)
Muc tiéu thiét ké bo quan sat 1a tim ma trén khuéch dai quan
sdt L sao cho tdt ca cac nghiém cua phuong trinh
|S| -(A- LC)| =0 nim bén trai mat phiang phtc. Vi viy ma
tran L dugc xac dinh nhu (19):
|sl —(A-LC)|=s* +S°B,+° B, +SB, + B, = (s+W,)" (19)
Trong d6 f, = 4W,, 5, = 6W20 By = 4W30 b= W40

la cac thanh ph?ln ) hang ctia ma tran L cua bd quan sat. Cac
thanh phan nay dwoc lya chon bing phuong phap gan diém
cuc voi tat ca cac diém cuc cua hé chung tai —w, nam bén
trai truc ao.

Bén canh d6 ddi vai hé hai vat dé udc luong nhiéu tai thong
qua ma tran chuyén doi T nhu cong thirc (20) :

1 0 0
T=[0 -J, O (20)
1 0 J,/K,

bat x* =T *x. Vay phuong trinh khong gian trang thai duoc
viét lai nhu cong thic (21).

X =% +T, /J,
X, = X,
X=X, —KT, /I3 (21)
X, =h
y=x
Trong d6: XI, X;, X; c4c bién trang thai
. o K. /J, K. . KT
Thanh phan nhidu X, = (-——%-—2)x, - ——+
‘]M JL ‘]M ‘]L

h Ia trang thai chua biét, c6 thé dwoc udc lugng bang bo quan
sat trang thai mé rong ESO.
Khi do, cac gia tri cta cac trang thai hé thong sé duoc tinh

toan lai la X = TX* va gia tri md men tai sé& duoc tinh theo (22) .
. . K. K «.J,J

T, =[x +(-——-—=2)x ] L=+
L 4 3, 3, 217

Vi vay mé hinh quan sat dugc dua vé dang cong thirc (23):

(22)

S

X =AX +Bu+Eh
. (23)

y=CX

Trong do:
0100 1/, 0

. 10 01 0] . 0 0

A = = ) E=
0 001 K13y 0
00O0O 0 1

sC'=[0 001

5. Két qua méd phong

CAu tric backstepping- truot didu khién téc do két hop bo
quan sat ESO cho hé hai vat nhu hinh 4. )
Két qua md phong dugc thuc hién theo théng s6 nhu Bang 1.

Bing 1. Bang thong sé diing trong cac md phong

Thong sb Ky hiéu Giatri
M&-men quén tinh IM v 1552 Kgm2
M®&-men quén tinh tai J 1542 Kgm2
Hé sb cung truc Ks 5.931*10°Nmrad?!
Hé sé giam chan Bs 0

Két qua md phong theo kich ban mé phong va noi dung phan
tich danh gia nhu sau:

+ Tai t=0. 1s ting toc dén gia tri dinh muc 10 rad/s
v6i gia thiét qua trinh tir hoa da hoan thanh.

+Tai t=1s dong tai dinh muc.
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- B§ quan sat
> ESO
s e
D4 Ied
—P?—r PK mo-men PK tbc do

J, .
a)rlld En L
Diéu khién truot - ':'.‘:C‘ E'.c‘:‘ T
sh

H& hai vat

Wy

Hinh 4: C4u tric Backstepping- truot diéu khién téc do két hop bd quan sat ESO cho hé hai vat.

5.2 Panh gia két qua b quan sat trang thai mé rong
ESO

Théng sé6 md phong va kich ban mé phong, bo diéu
khién téc do Backstepping-truot nhu bang B1. Cac tham sé
cua bo quan sat trang thadi mo rong ESO thu dugc nhu sau:

w, =1000

By = 4w, =4*10°
B, =6wW? =6*10°
B; = 4w’ =4*10°
B, =w' =10%

Bai bdo dua ra két qua m6 phong dép g sai s6
mc”)-meq tai, m6-men truc noi thuc véi gia tri uéc luong
dugc thé hién qua hinh 5 va hinh 6.

231@ : ‘
TLA
1.5
L 1 P [
20.': ]\ L
q 1 ’I\ [ B ot B e ol
0.8 \
By
1502 04 06 o8 12 14 16 18 2

. 1
Time[s]
Hinh 5. Dap tng toc md-men tai T, va sai so mé-meny _7

(16

f —,
3 ==TT
4
=5
z 1
|

c\ \ R A R
_]*

K | | | | | | 1 | |

0 02 04 06 08 1 12 14 16 18 2

Time[s]
Hinh 6. Dap tng toc md-men truc ndi . va sai s6 mo-men truc noi T, -1,

Tir két qua md phong hinh 5 va hinh 6 nhan thay ring
tai thoi diém ban dau (tai t=0s) dap ung udc lwong mo-men
tai va mo-men truc ndi xuét hién dao dong twong ddi lon
(35%), tuy nhién cac dap trng udc lwgng md-men nay sau 0.3s
nhanh chong badm sét vai gié tri thuc, bén canh d6 dap ung sai
léch wéc lwong mé-men ciing cho thay gid tri sai léch nhanh
chéng giam vé 0 sau 0.2s. Véi truong hop dong tai dinh muc
tai t=1s, két qua gié tri md-men udc lugng tuong tu nhu
dap ung wéc lugng mod-men tai va md-men xoan, tuy nhién
van ton tai sy dao dong nhung 1a gia tri nho va nhanh chéng
bam sat gia tri thuc. Qua d6 nhan thiy rang bo quan sat bién
trang thai ESO cho két qua dang tin cdy, thuc hién thiét ké
nhanh, don gian.

5.3 Panh gia két qua bd diéu khié Backstepping-truot két
hop ESO véi Pl

Bo diéu khién backstepping-truot véi cac hé sb
€1=15, €=60, c3=30, c4=25

Bo diéu khién P1 véi K,=20; K;=0.9.

Vi kich ban mé phong, két qua mé phong dap ing
téc do dong co va toe do tai cua bo diéu khién dugc thé hién
qua hinh 7. Tir két qua mé phong hinh 7 nhan thay dap ting
téc do dong co va tai ciia bo diéu khién backstepping-truot da
dap tit dao dong cong huong, tuy nhién van con dao dong nho
V6i d6 qua diéu chinh 10%, tai thoi diém khoi dong va 15%
tai thoi diém dong tai dinh muc va thoi gian xac 1ap 1a 0.22s
trong ca hai trueong hop khoi dong va dong tai dinh mac vao
hé hai vat.

12 T T T
10rad/s
10F f\f -
l

o f Ve
2 == \y-B-SMC
E 6 |- =

4 ] g
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Hinh 7. Pap ting tbc do dong co va phu tai b DK Backstepping-truot.
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Pé kiém chimg tinh dang dan cua ly thuyét, phwong phép diéu
khién dé xuét s& dugc so sanh vai bo didu khién PI [6]. Két
qua mod phong cua hai phuong phéap diéu khién duoc thé hién
qua hinh 8 va 9.
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Hinh 8: Pap tng tbc do dong co theo didu khién Backstepping-trugt va PI.
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Hinh 9: Pap ting téc d6 tai theo diéu khién Backstepping-truot va PI.

Qua hinh 8 va 9 nhan thiy dap ung téc d6 dong co-tai
cua bo didu khién backstepping-truot c6 két qua kha quan hon
bo diéu khién PI nhu qua didu chinh tdc d6 nho 10%, thoi gian
xéc 1ap 0.18s tai thoi diém khoi dong va déng tai dinh muc
vao hé thong, trong khi d6 b diéu khién PI c6 do qua diéu
chinh tai thoi diém khai dong lon (62,5%) va 13% khi tai dinh
muc, thoi gian xac lap 2,5s. Tuy nhién bo diéu khién
backstepping-truot két hop bd quan sat ESO vtai thoi diém
qua do dap ung tdc do van ton tai do qua diéu chinh tai qua
trinh va thoi gian 6n dinh con cham. Bén canh do, thiét ké bo
diéu khién téc do theo backstepping-truot phuc tap, nhiéu
diéu kién rang budc hon bo diéu kién Pl va chua giai quyét
bai toan chéng rung cho bo diéu khién truot.

6. Kétluan

Bo diéu khién backstepping-trugt két hop by quan sat
ESO la mot giai phap diéu khién h¢ hai vat da giai quyét van
dé toc do dong co tai bam sat toc dong dong co, khac phuc
hién twong dao dong cua khép mém va ting do bén vimng,
giam su cong kénh cuaa hé thong va chi phi thiét bi do luong
ma van dam bao thdng sé quan sat chinh xac. Tuy nhién dép
ing tbc d6 van ton tai do qua diéu chinh tai qua trinh qua do
va thoi gian 6n dinh cham. Pay s& la hudng giai quyét cua bai
bao tiép tuc cai thién b didu khién backstepping-truot két hop
bo quan sét trang thai mé rong ESO bing bd sung thém bo
diéu khién trugt chdng rung, hay diéu khién thich nghi mat
truot trong twong lai. Bai bdo nay 1a mot cong trinh nghién
ctu khoa hoc khac da gop phan thém vao viéc hoan thién cac
nghién ctru diéu khién téc do hé hai vat trong ly thuyét.
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