CONG NGHE

DIEU KHIEN HE CON LAC NGUOC - XE

SU DUNG DAI SO GIATU

CONTROL OF AN INVERTED PENDULUM - CART SYSTEM USING HEDGE ALGEBRAS

TOM TAT

Co cAu con I&c nguoc dat trén xe & mot hé hut dan dong phi tuyén thuong
duoc ding nhy mét ddi trong nghién ciu tiéu chuan va dién hinh trong diéu
khién. Ly thuyét Dai so gia ti (Hedge Algebras - HA) dwoc phét trién tir ndm 1990
véi nhiéu uu diém va da duoc tng dung vao diéu khién tir nam 2008. Trong ho
diéu khién dua trén Pai s gia tlt (Hedge algebras based controller - HAC), cac gia
tri ngon ngi trong co s lut ¢ thé duroc thay thé trong dirong bang céc gia tri
anh xa ngit nghfa dinh lvgng (semantically quantifying mapping - SQM) va vi vay
0o s luat c6 thé dwoc biéu dién du6i dang mdt ludi s6 3 chiéu. Viee xac dinh bién
diéu khién tir cac bién trang thai duoc thuc hién dua trén lu6i so nay st dung cac
phép ndi suy tuyén tinh. Bay la mot vu diém ndi bt clia HAC so voi bd digu khién
mo truyén thong, s dung cac phép tinh tuong di réc réi vé thao tac. Trong bai
béo nay, bai toan diéu khién can bang hé con I&c nguoc - xe str dung ai s6 gia tir
duoc trinh bay, trong d6 cac két qua md phdng dugc so sanh véi két qua thu duoc
tlr bo diéu khién LQR.

Tir khoa: Bigu khién, con I&c nguo - xe, Dai s6 gia .

ABSTRACT

The inverted pendulum - cart mechanism is an under actuated and non-linear
system and it is usually used as a benchmark model in control. Hedge Algebras (HA)
theory has been developed since 1990 with many advantages. It has been applied
incontrol since 2008. In the Hedge algebras based controller (HAC), linguistic values
in rule base are represented by their ssmantically quantifying mappings (SQM) and
hence numerical representation of the rule base can be described in term of a grid
of nodes. Determination of control variable from given state variables is performed
based on this grid using linear interpolations. This is an advantage of HAC. In this
report, the problem of stable control of an inverted pendulum - cart system using
HA s presented, in which simulation results of the controller HAC are also compared
with those of the controller LQR.

Keywords: Control, inverted pendulum - cart, Hedge Algebras.
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1.GIOI THIEU

Cac hé con lac n6i chung va hé con Iac nguoc dat trén
xe nai riéng 1a cac md hinh phi tuyén mét can bang dién
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hinh va chiing thuong duwoc coi la cac doi twong chuén dé
kiém nghiém hiéu qua cla cac phuwong phap diéu khién.
Nhiéu nghién ctru vé diéu khién cac hé con lac nguwoc dat
trén xe da duoc cong bo.

BO dieu khién mo dé diéu khién can bang hé con lic
nguoc hut dan dong dat trén xe duoc trinh bay trong [1]
dva trén cac mo dun luat dau vao don SIRMs (Single Input
Rule Modules) két n6i véi moé hinh suy luan mo, trong dé
bo dieu khién mo cé 4 dau vao, mdi dau vao c6 mot SIRM
va mét trong so. Trong [2], b6 diéu khién mo véi 6 dau vao
va 1 dau ra duoc dé xuét dé diéu khién can bang hé 2 con
l&c nguoc song song dat trén xe. Mot céach tiép can dieu
khién mo clia cac hé thoi gian roi rac dya trén khong gian
trang thai st dung ham ti€p tuyén hyperbol dwgc dé xuat
trong [3] dé diéu khién can bang mot hé con lac nguoc - xe.
Trong [4] trinh bay vé bd diéu khién mo dé diéu khién hé
con l&c nguoc - xe st dung 1ap trinh Java. Bd diéu khién mo
gdm 3 thanh phan dé diéu khién gdc léch cla con l&c va vi
tri cGia xe clla mdt co cdu con lac ngwoc dit trén xe duoc dé
xuét trong [5]. B6 diéu khién mo thich nghi dé diéu khién
can bang va chuyén dong ctia mot hé con lc ngwoc co
banh xe véi cac tham s& khdng chéc chan dwoc nghién ciru
trong [6]. Trong [7], bd diéu khién bd phan bd song song
mo dugc dé xudt dé diéu khién can bang hé con lac nguoc
dat trén xe.

biéu khién mo, dua trén ly thuyét tdp mo duoc Zadeh
gidi thiéu vao nam 1965, ¢é nhiéu vu diém nhv linh hoat va
don gian trong thiét ké, hiéu qua diéu khién cao, ddm bao
dé 6n dinh va bén vitng khi diéu khién cac hé phc tap, phi
tuyén va cé cac tham s8 khdng chac chan. Vi vay, n6 duoc
st dung réng réi cac hé diéu khién qua trinh véi nhiéu trng
dung khac nhau [8]. Tuy nhién, mot bd diéu khién mo
truyén théng (conventional fuzzy controller — FC) ciing cé
nhiéu diém han ché nhw: doi hdi thoi gian tinh toan lau, thiv
tw nglr nghia vén ¢6 cla cac gia tri ngdn ngli ctia mot bién
ngdn ngr khdng duwgc ddm bao chat ché va cac buéc mo
héa va giai mo kha rac réi vé mét thao tac [9, 10].

Ly thuyét HA dugc phat minh tir ndm 1990 [11] dé mo
hinh héa ngl* nghia dva trén thé ty clGa cac gia tri ngén
ngi¥ clia cac bién ngdbn ngit. MAi tap gia tri ngén ngi co thé
dwoc coi la mot cdu trac HA [12]. Mot trong nhitng dac
treng clia mot cau trdc HA la thir quan hé thi tv von c6 clia
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cac gia tri ngdn ngir ctia mdi bién ngdn ngir ludn duoc dam
bdo. Gia tri s6 dinh lugng nglt nghta clia clia nhitng gia tri
ngén ngl nay co thé dugc xac dinh bdi anh xa nglr nghia
dinh lvgng (semantically quantifying mapping - SQM) dya
trén mot vai tham s6 mo clia mdi bién ngdn nglr thay vi st
dung cac tap mo [13-16]. Vi vy, mot hé luat mo co thé
dwoc mod ta dudi dang mot hé luat s6 [17] hodc mot ludi s6
[10]. So d6 diéu khién clia HAC va FC la giéng nhau, va
ngoai ra, HAC don gian va thuan tién hon khi thiét Iap, tinh
cdu trac cao hon, twong minh hon trong thuc hién so véi FC
[10]. Nhu vay, HAC c6 thé dé dang (tng dung vao linh vuc
diéu khién qua trinh néi chung va trong diéu khién cac mo
hinh co hoc néi riéng, vi du trong diéu khién t6i wu con lac
ngugc [18], trong diéu khién chi déng nha cao tang chiu
tai dong dat [10, 19-21] hay trong diéu khién dién ap cla
may phat tir tv kich [12].

Trong bai bao nay, cac tac gia trinh bay vé diéu khién can
bang hé con l&c nguoc gan trén xe st dung bd diéu khién
duva trén dai so gia ttr, trong d6, géc léch/van toc géc clia con
lac va vi tri/van téc clia xe duoc didu khién ddng thoi.

2. MO HINH CON LAC NGU'QC GAN TREN XE

Xét md hinh con lac nguwoc gan trén xe chuyén déng
th&ng nhu hinh 1. Bé qua ma sat gitta xe va duong cting nhu
ma sét giita xe va con Iac. Cac thong s6 ctia hé gdm: m, - khoi
lvgng cla xe; m - kh6i lwgng cla thanh; | - chiéu dai cla
thanh; | - mé men quan tinh déi véi tdm cla thanh; @ - géc
hop béi thanh v6i mat phang thang ding; u(t) - luc didu
khién; I, - khoang céach tir O dén trong tdm C clia thanh.

Hinh 1. M6 hinh con I&c nguoc gan trén xe

Quan hé gitra vi tri, van tdc, gia téc clia thanh véi vi tri,
van téc, gia toc clia xe va goc @ nhu sau;

Xg =X+1.8INQ ; y, =I.cosQ ; X, =X +1,c05Q.¢ ;
Vo = Sin@.Q; X, =X—1_sin@.¢* +1,cos@.¢ ; 1)
Yo =, cos@.9” I sin@.¢
Phuong trinh chuyén déng theo phirong x clia xe va thanh:
u-N, =myX ;N =mX, 2

Thay X, & trén vao ta duoc:

u—N, =u—-m(X -1, sin@.¢p> +1, cos@.¢) =m,x

g urml, sing.@* —ml, cos@.¢ ©)
m, +m

Phuong trinh can bdng momen clia thanh:

l,® =-F,l. cos@ + mgl_ sing (4

Trong dé:

4
l, =1+ml? =§mlc2 ;

u+ml_sing.¢> —ml_cos@.¢ ©®)
F =mX=m ¢ - c i
m, +m
Thay X vao (5), suy ra:
. £2 .o
(|+m|02)ip=—mu+ml°sm(p'(p mlccoscp.q)lccos(p
m,+m (6)
+mgl, sing
Nhuw vay:

(M, +m)X+ml, cos@d =u(t)+ml ¢’ sing
ml, CoS®X + (mli + |)(‘p =ml, gsing
Suy ra:

) (u(t) +ml_¢? sin(p)(mli + I) —m?E gsin@cos@
X =

(my +m)(mE +1)—m? cos’

m, +m)ml_gsing —ml_cos@(u(t)+ml @*sing
0 c c c

(my +m)(mE +1)—m? cos’
Pat cac bién trung gian nhu sau:
X =X X =XX; =@, X, =]
Tl d6 ta c6 phwong trinh trang thai clia hé:
X, =X,

(u(t) +ml X sinx, )(mli + I) —m?l? gsinx, cosx,

2
(my +m)(mE +1)—m?; cos’ x,

9
Xy =X, ®)
~ (my +m)ml_ gsinx, —mi, cosx3(u(t)+mlcxf1 sinx3)
X, =

(m, +m)(ml§ +I)—m2I§ cos’ X,

Muc tiéu diéu khién can bang cta hé 1a dua cac bién
trang thai x, >0 khi mét sb cac bién trang thai khac
khong, i=1+4.
3.BODIEU KHIEN DUA TREN DAI SO GIA TU - HAC

Xét cdu trdc dai s6 gia t&r AX clla mot bién ngbn ngi X:

AX =(X,G,C,H,<) (10)
trong d6 G = {Negative,Positive} = {c‘,c*} |la tap cac nhan
g6c; C={0,W,1} v&i 0, W va 1 [an luot la cac hang s6
absolutely Negative, neutral va absolutely Positive;
H ={Very,Little} =H" UH" latap cac gia ti; va< la quan hé
th tv cia X.
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Céac dinh nghia, dinh ly va cac cong thirc co ban cla ly
thuyét HA trong [11, 13, 15, 16, 22-25] cho phép xac dinh
tdt cd anh xa ngl* nghia dinh lvgng (semantically
guantifying mapping — SQM) c6 thé cd clia cac gia tri ngon
ngl cla bién ngdn nglr X. Trong trwvong hop fm(c) va
#(h") = 0,5, cac gia tri ngbn ngit dién hinh véi cac SQM cua
X dugc thé hién trén bang 1, trong dé fm(c") la d6 do tinh
mo cliac va u(h) ladd dotinhmdciah vaN,P,Vvallan
lvot la cac ki hiéu clia Negative, Positive, Very va Little.

Béng 1. C4c gia tri ngdn ngt dién hinh

Bang 3. Co's6 luat mo HA

Gidtringdnnglt | WN N IN | W LP P VP

SOM 01251 025 1 0375 | 05 | 0,625 | 0,75 | 0,875

Tiép theo, bo diéu khién HAC gbm 4 bién trang thai (x;,
i=1+4) va 1 bién diéu khién (u), dugc trinh bay véi so do
diéu khién nhu trén Hinh 2. Gia thiét rang cac khoang xac
dinh cla cac bién trang thai va diéu khién duwoc cho nhu
sau: X, €[-a,a], i=1+4va ue[-bb]. Cac gia tri ngon
ngl véi SQM clia céc bién duoc Iwa chon nhu trén bang 2
(ky hiéu la “e”). So d6 chuén hoa cla cac bién trang théi,
chuyén d6i tir mién xac dinh sang mién SQM, thé hién trén
hinh 3a, trong do x; la gia tri SQM cla x, Co s& luat mo HA
g6m 81 luat dugc thé hién trén bang 3 [26].

X1 T T e

> ' CosyluatHA |
x2: b e e e e ! N u
x |Chudnhéa|—{ 1 ______ > Giai chuén >,
x4 ! SuyluinHA |

———

Hinh 2. So d6 diéu khién HAC
Bang 2. C&c gid tringdn nglr duoc lwa chon

TTUX | % [ X | X0 | U | TT [ X | %o | Xg [ X | U | TT | X | % [ X5 | %] U
TIN|{N[N|N|UN|28 W[ N|NIN|VN|5 [P|{N|N[N|N
2(N|IN{N[W|{UN|29 W/ N|N[W|N/|5 |P[NINW|LN
3IN|N|N[P| N |30 W/ N|N[P|LN|57|P|[NINIP|lW
A(N|IN{WIN|UN|3L | W/ N{W[N|N/|{58 |P[NWIN|LN
S5IN|IN|{WIW| N |32 W/ N{W[W|[LN|5 |P[NWW w
6 [N|N|{W[P|LN|33 W/ N{WP|W/|[60|P|[NWP|LP
TIN|IN|PIN| N |34 W N|PIN|LN|6L|P|[NIPIN|W
8(N|N|PW|LN|35 | W/ N|PW|W/|[62]|P[NP|W|LP
9 [N|N|P|P|VN|36 |WN|PIP|LP|6G3|P|N[P|P|P
10({N|WIN|IN|UN|37 |W/W[NIN| N/|{64|P|{WININ|LN
WIN|WINIW| N |38 |WW[NIW|LN|{65|P|WINW W
P2(N|WIN|P|IN|3 |[WW[NIP|W/|{66|P|W|NIP|LP
WBIN|WIWIN| N |4 |WW{WIN|LN|67|P|{WWN W
U(N|WIWIW|{LN|4 |WWWW W/{68/|P|W/WHW|LP
IN|WIWIP|W/|42|WW[WP|LP|6|P WIW[P|P
16(N|W[P|IN|LN |43 |W{W|[PIN|W/{70|P|W|P[N|LP
IN|W[PIW| W |44 |WW[PIW|/LP|T7L|P W|P|W|P
18(N|W|{P|P|LP |45 |W/W|P|P|LP|T72|P|W|P|P|VP
19(N|P[NIN| N |46 |[W/P|NIN|P |73 |P|PIN[N|VP
20{N|[P|{N[W|LN |47 (W|P|N|W|IN|74|P|P|N|W|LP
2L{N|P{N[P|W |48 (W|P|N[P|LP|75|P|PIN|P|P
22/N|P{W[N|LN |4 (W|P|W[N|W]|T76|P|P|W|N|LP
22|N|P{W{W|W/|5 (W|P|{WW|L|77|P|P[W/W|P
24/N|P|{W[P|LP |5 |WP|W[P|P |78 |P|P|W|P]|VP
25/N|P|{P{N|W|5 [W/P|PIN|L|T79|P|P[P|N|P
26|N|P|{P{W|LP |5 (W|P|P|W| P |8 |P|P|P|W|VP
21{N|P|{P[P| P |5 |W/P|P|P|VP|8L|P|P|P|P]|VP

khién u str dung phép nhan. Vi du vai luat 22 ta cé:

Suy luan HA dé tinh toan gia tri SQM u, cla bién diéu

NEéux, =N, X,=P, x;=Wvax,=Nthiu=LN

Khi st dung phép nhan trong mién SQM ta co:

Biénngon | VN: N: N | W | LR P: VP:
ngir 0125 | 025 | 0375 | 05 | 0625 | 0,75 | 0875
X1 L J [ °
X, ° ° Y
X3 ° ] °
X4 o ° °
u [ ] [ ] [ ] [ ] [ ] [ ] [ ]
b)
VP:0875m=====-====
W:0.5 ————————————
. VN:0.125 :; ) R
- a; 0 a; Xi -b 0 b u

Hinh 3. So do chuan héa clia céc bién trang théi (a) va gidi chuan clia bién
digu khién (b)
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NEU Xy X Xpo X Xg X X4 = 0,25%0,625%0,5%0,25 =
0,01953125 thi u,=0,375
So db suy luan HA sir dung phép nhan dugc thé hién
trén hinh 4.
1

0,8
0,6

< /
0,4 J.

0 .
0 0,1

0,2

T T
0,2 0,3
Xis X Xog X X35 X X4y

Hinh 4. So d6 suy luan HA st dung phép nhan

0,4
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Gia tri SQM u, thu duwoc phai dwoc chuyén déi sang gia
tri thuc clia bién diéu khién. Bwdc nay c6 thé sir dung lai
bwéc chudn héa, goi la budc giai chuan, xem hinh 3b.

4. KETQUA sO

Cac tham s6 clia mo hinh con l&c nguoc dat trén xe va
clia bd diéu khién dwoc cho nhu sau: m, = 1kg, m = 0,1kg,
g=981m/s? |, =1 m; a, = 3m, a, = 3m/s, a, = 0,3rad,
a, = 1rad/s va b = 40N.

KEt qua dap tng theo thoi gian ctia goc léch va van téc
goc clia con l&c va vi tri va van téc clia clia xe voi 2 bd diéu
khién HAC va LQR duwoc 1an lwot thé hién trén cac hinh 5-8.
Trong do, véc to hé s6 K clia bd diéu khién LQR duoc tinh
toan nhu sau:

K=[-1 -2,4644 -36,9505 -13,0522] (12)
0,25 3
02 x; (rad)
0,15
\
0,1 4
0,05 4
0 \ ) o= \- - EE—
W\ /"
-0,05 \ 7
\/
0,1 4
'0,15 T T T T
0 2 4 6 8 10
Thoi gian (s)
Hinh 5. Gc I&ch cdia con 1&c, nét lién: HAC, nét dit: LQR
0,2 "
0.1 _ X, (rad/s)
0 ‘Ig.m’
20,1 ,’
-0,2 -|
-0.3 it
'094 |
-0,5 1
-0,6
-0,7 T T T T
0 2 4 6 8 10
Thoi gian (s)
Hinh 6. Van t6c géc clia con Ic, nét lién: HAC, nét dirt: LQR
2
’l ~ N x3 (m)
L6 %
VAW
s \
y \ \
0,8 N
\ \
0,4 \\
~
-~ - L —
0 N———" =
_054 T T T T
0 2 4 6 8 10

Thoi gian (s)
Hinh 7. Vi tri clia xe, nét lign: HAC, nét dirt: LQR

1,2 ™

0,8 4O

\\
0,4 !

x4 (M/s)

0,4

-0,8

-1,2 T T T T

>

Thoi gian (s)

Hinh 8. Van tdc cla xe, nét lién: HAC, nét dirt; LQR

Thoi gian tinh toan (CPU time) cla cac bd diéu khién
dugc thé hién trén bang 4. Trong dd, cac mé phong duoc
thuc hién trén may tinh c6 vi xt ly Core i7-2640M, bd nhé
RAM 8GB voi thoi gian mé phéng 10s va buéc thoi gian
(timestep) 0,01s.

Bang 4. Thoi gian tinh ton (CPU time), s
HAC 4,23
LQR 32,71

Qua céc két qua mo phong s6, ¢o thé thay rang:

- B diéu khién HAC hoat déng don gian, twong minh vi
déu str dung cac phép ndi suy tuyén tinh (hinh 3 va 4). Co
ché suy luan HA trén hinh 4 cho phép xac dinh nhanh va dé
dang bién diéu khién tir cac bién trang thai dau vao.

- Hiéu qué diéu khién ctia HAC tuong dwong voi LQR.
Diém vot 16 cla vi tri va van toc xe ctia HAC thap hon so véi
LQR.

- Bac biét, thoi gian tinh toan (CPU time) ctia HAC nhanh
hon nhiéu so v&i LQR, mac du bién diéu khién u theo LQR la
mot biéu thic twong minh. Day la mot loi th§ clia HAC khi
(’ng dung vi trong thuc té diéu khién yéu to tré (trong d6 co
nguyén nhan do CPU time) la khdng thé tranh khoi.

- Hé luat diéu khién gom 81 luat ctia HAC trong bai bao
nay twong doi khé hinh dung va thiét 1ap néu chi dva vao
kinh nghiém chuyén gia nén can c6 su cai tién hé luat nay.
5. KET LUAN

Bai b&o nay trinh bay vé bai toan diéu khién can bang
clia hé con Iac nguoc dat trén xe st dung bo diéu khién duya
trén Dai s gia tir (HAC). Trong do, goc léch va van tée goc
cla con lac cling nhuw vi tri va van téc clia xe dugc diéu
khi€n déng thoi. Cac két qua mo phdng clia bo diéu khién
HAC ciing dugc so sanh voi bo diéu khién LQR.

Hwéng phat trién tiép theo la tdi vu hé luat va dé xuat
céac co ché suy luan HA ma@i dé cai thién hiéu qua diéu khién
cia md hinh cling nhuv so sanh két qua moé phang va CPU
time gira HAC va FC dé kiém ching cac wu diém ctia HAC
trong dang bai toan nay.
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S651.2019 e Tap chi KHOA HOC & CONG NGHE | 33



CONG NGHE

TAI LIEU THAM KHAO

[1]. Vi, J. and N. Yubazaki, 2000. Stabilization fuzzy control of inverted
pendulum systems. Artificial Intelligence in Engineering. 14(2), 153-163.

[2]. Vi, J, N. Yubazaki, and K. Hirota, 2002. A new fuzzy controller for
stabilization of parallel-type double inverted pendulum system. Fuzzy Sets and
Systems. 126(1), 105-119.

[3]. Margaliot, M. and G. Langholz, 2003. A new approach to fuzzy
modeling and control of discrete-time systems. IEEE Transactions on Fuzzy
Systems. 11(4), 486-494.

[4].  Becerikli, Y. and BK. Celik, 2007. Fuzzy control of inverted pendulum
and concept of stability using Java application. Mathematical and Computer
Modelling. 46(1-2), 24-37.

[6]. Tao, C-W., et al., 2008. Fuzzy hierarchical swing-up and sliding
position controller for the inverted pendulum—cart system. Fuzzy Sets and
Systems. 159(20), 2763-2784.

[6]. Li,Z and C. Xu, 2009. Adaptive fuzzy logic control of dynamic balance
and motion for wheeled inverted pendulums. Fuzzy Sets and Systems. 160(12),
1787-1803.

[7].  Roose, AL, S. Yahya, and H. Al-Rizzo, 2017. Fuzzy-logic control of an
inverted pendulum on a cart. Computers & Electrical Engineering. 61, 31-47.

[8]. Precup, R-E. and H. Hellendoorn, 2011. A survey on industrial
applications of fuzzy control. Computersin Industry. 62(3), 213-226.

[9]. Anh, N.D., et al., 2013. Application of hedge algebra-hased fuzzy
controller to active control of a structure against earthquake. Structural Control
and Health Monitoring. 20(4), 483-495.

[10]. Bui, H-L., et al., 2015. General design method of hedge-algebras-
based fuzzy controllers and an application for structural active control. Applied
Intelligence. 43(2), 251-275.

[11]. Ho, N.C. and W. Wechler, 1990. Hedge algebras: an algebraic
approach to structure of sets of linguistic truth values. Fuzzy sets and systems.
35(3), 281-293.

[12]. Vukadinovi¢, D., et al., 2014. Hedge-algebra-based voltage controller
for a self-excited induction generator. Control Engineering Practice. 30, 78-90.

[13]. Ho, N.C. and W. Wechler, 1992. Extended hedge algebras and their
application to fuzzy logic. Fuzzy sets and systems. 52(3), 259-281.

[14]. Ho, N.and H.Nam, 2002. Towards an algebraic foundation for a Zadeh
fuzzy logic. Fuzzy Set and System. 129, 229-254.

[15]. Ho, N.C.,2007. A topological completion of refined hedge algebras and
a model of fuzziness of linguistic terms and hedges. Fuzzy Sets and Systems.
158(4), 436-451.

[16]. Ho,N.C.and N. Van Long, 2007. Fuzziness measure on complete hedge
algebras and quantifying semantics of terms in linear hedge algebras. Fuzzy Sets
and Systems. 158(4), 452-471.

[17]. Ho,N.C.,V.N. Lan, and L.X. Viet, 2008. Optimal hedge-algebras-based
controller: Design and application. Fuzzy Sets and Systems. 159(8), 968-989.

[18]. Bui, H.-L., D.-T. Tran, and N.-L. Vu, 2012. Optimal fuzzy control of an
inverted pendulum. Journal of vibration and control. 18(14), 2097-2110.

[19]. Duc, N.D., etal., 2012. A study on the application of hedge algebras to

active fuzzy control of a seism-excited structure. Journal of Vibration and Control.
18(14), 2186-2200.

34 | Tap chi KHOAHOC & CONG NGHE @ S6 51.2019

[20]. Anh, N.D., et al., 2013. Application of hedge algebra-hased fuzzy
controller to active control of a structure against earthquake. Structural Control
and Health Monitoring. 20(4), 483-495.

[21]. Bui, H.-L., et al., 2015. Vibration control of uncertain structures with
actuator saturation using hedge-algebras-based fuzzy controller. Journal of
Vibration and Control, 1077546315606601.

[22]. NGUYEN, C.H., et al., 1999. Hedge algebras, linguistic-value logic and
their application to fuzzy reasoning. International Journal of Uncertainty,
Fuzziness and Knowledge-Based Systems. 7(04), 347-361.

[23]. Nguyen, C.H.,etal., 2013. A genetic design of linguistic terms for fuzzy
rule based classifiers. International Journal of Approximate Reasoning. 54(1), 1-
21,

[24]. Nguyen,C.H., T.S. Tran, and D.P. Pham, 2014. Modeling of a semantics
core of linguistic terms based on an extension of hedge algebra semantics and its
application. Knowledge-Based Systems. 67, 244-262.

[25]. Nguyen, C.-H.and W. Pedrycz, 2014. A construction of sound semantic
linguistic scales using 4-tuple representation of term semantics. International
Journal of Approximate Reasoning. 55(3), 763-786.

[26]. Varsek, A., T. Urbancic, and B. Filipic, 1993. Genetic algorithms in
controller design and tuning. IEEE transactions on Systems, Man, and Cybernetics.
23(5), 1330-1339.

AUTHORS INFORMATION

Bui Hai Le*, Pham Minh Nam', Bui Thanh Lam?

1School of Mechanical Engineering, Hanoi University of Science and Technology
%Faculty of Mechanical Engineering, Hanoi University of Industry





