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PIEU KHIEN HE PENDUBOT SU DUNG DANG TOAN PHUONG TUYEN TINH
DUA TREN LOGIC MO

e Nguyén Thanh Nguyén®, Nguyén Phong Luu™, Nguyén Van DPéng Hai"”

Tém tit

M6 hinh Pendubot la mé hinh ¢6 ngé vao diéu khién it hon sé bdc ti do, c6 dé phi tuyén cao va
rdt khé dé diéu khién. Pendubot véi cdu triic co khi khéng qud phire tap nén dwoc nhiéu nha nghién
civu sir dung dé kiém tra gidi thudt dléu khién trong cdc phong thi nghiém. Trong bai bdo nay, tdc gia
su dyng giai thudt toan phuwong tuyén tinh dwa trén logic mo (Fuzzy Linear Quadratic Regulator) dé
gidi quyét bdi todn can bang tai vi tri TOP ciia mé hinh Pendubot. Y twong chinh cua phwong phap
nay la su dung giai thudt mo két hop véi gidi thudt di truyén dé lua chon théng sé diéu khién cho bé
dieu khién tuyén tinh bdc hai (Linear Quadratic Regulator). Thong qua moé phong trén
Matlab/Simulink va thuc nghiém diéu khién tai vi tri TOP véi thanh 1 va thanh 2 lan luot tai 90 dé va
0do.

Tir khéa: Pendubot, mé hinh SIMO, gidi thudt LOR, gidi thudt mo, diéu khién cdn bang.

1. Giéi thi¢u

Pendubot duoc nghién ctu trong dé tai bao

2. Phwong trinh dgng luc hoc
Theo [6], ta c6 cau trac ciaa mé hinh

gom 2 thanh ddng chat, dau 1 dugc gan chit vao
dong co DC. Pau cubi thanh duoc gén vao dau
thanh 2 sao cho thanh 2 quay tu do xung quanh
thanh ndi voi thanh 1. M6 hinh Pendubot dugc
tng dung trong rat nhiéu phong Thi nghiém
nham nghién ctu cac giai thuét diéu khién théng
minh, diéu khién hién dai.

Tac gia Cao Vian Kién trong bai bao (nim
2016) [1] nghién ctiu giai thuat truot ¢& Swingup
va can bang hai thanh caa hé théng Pendubot tai
vi tri TOP. Tac gia Phan Viét Hung trong [5]
nghién ciru bo diéu khién Swingup va Balancing
sir dung phuong phap PID, LQR dé 6n dinh hé
théng Pendubot tai vi tri TOP. Tac gia mong
muén thiét ké giai thuat Fuzzy-LQR lén hé
Pendubot dé kiém chiing bo diéu khién.

O bai bao nay, nhom tac gia s& dé cap dén
phuong phap diéu khién Fuzzy-LQR dé diéu
khién vi tri TOP cho hé pendubot. Dau tién, tac
gia thiét ké moé hinh toan hoc cua hé thdng 1én
Matlab/ Simuthanh két hop véi bo diéu khién
LQR dé tim ra cac thong s6 K dé diéu khién
Pendubot 6n dinh. Sau d6, 13y thong sé K dé tinh
toan céc E (16i) va EC (ti Ié 15i) va tiép tuc dua
vao md phong Matlab/Simuthanh két hop giai
thuat di truyén (GA) [4] va giai thuat Fuzzy dé
tim ra céc théng s6 cua bo tién xur ly va hau xu ly
cho hé thdng.
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Hinh 1. CAu tric ciia md hinh pendubot
Dung phuong phap Euler-Lagrange [5], ta
c6 phuong trinh dong lyc hoc ctia hé thong
pendubot nhu sau:
M(a)g+B(a,4)a+G(q) =7 (1)
voi q=[q qZ]T, g, 1a goc gifra thanh 1 va truc
hoanh (Ox), g, la goc gitra thanh 1 va thanh 2,

T, - A Y -2 ~ R
r=[r, 0] latin hiéu diéu khién, m6-men cua

dong co dat vao thanh 1;

M(q) = |:ﬂl +Bo+2p5c08(0p) B+ s COS(Qz)} )
Bo + B3c0s(dy) B
o | ~Bssin(d2)by  —f3sin(d2)dp — B3 sin(dz)
P00 ‘[ Bysin(a)cy 0 } @)
Bagcos(dy) + Fs9 cos(ay +d)
G(a) = 4
(@ { Bs9cos(dy +dy) } “)

b= ml|(321 + m2|12 +15 By = m2|(:22 +1;
By =mylle,; By =mly +myl; S =m,l,.

Do tin hiéu diéu khién cua hé théng
pendubot trong thyc té 1a dién 4p cp cho dong
co nén viéc tim mdi lién quan giita mé-men va
dién ap la can thiét. Theo [7] va qua mot s phép
bién d6i don gian, ta co dugc phuong trinh sau:

Kt Kt Kb 3 O
=—u—-| ——-—=2+C -J 5
Tm Rm ( Rm qu mql ( )
bat Klzﬁ; KZ:Kth+Cm; Ks=J;
Rm Rm
X, =05 X =05 X3 =0,; X, =0y;
Két hop véi (1), ta duoc:
¥ =X (6)
X, = f,(x) +b,(x)u (7)
X3 =X, (8)
%, = £,(x) +b,(x)u ©)
voi:
1
fi(x) = (10)

Ksfy + BB, — 1332 cos’ (%3) .
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Bo s sin(X3)(%, + X4)2 + ﬁe,z Sin(X3)COS(X3)X22
—3,3,9 €OS(X,) + B350 COS(X3) COS(X, + X3) — K, B, %,
£K
by (x) = (11)
KsfB, + BB, — :332 cos’ (%3)
1
(0= (12)

Kefy + By = B3 005°(%)

(=B sin(X;)(B, + B SIN(X)) (X, + X))

—B58IN(Xy)( B, + B COS(Xg)) X5

+3,8,9 €08(%, ) (B, + B C0S(X3))

—Bs9(Ks + B, + B €05(X3)) COS(X, + X3)

| +Ko (B, + By 008(%3)) X, — KafBX; sin(x,) |
b, (X) = —B,— B C05(2X3) K21 (13)

KBy + BB, — B €OS” (X%3)

link 2

)
link 1 link 1

link 2
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TOP POSITION MID POSITION
Hinh 2. Vi tri cin biang pendubot

Hai vi tri can bang pendubot [6] phé bién
trong viéc diéu khién hé pendubot 1a vi tri TOP
va vi tri MID nhu trong Hinh 2. Trong bai bao
nay, nhém tac gia diéu khién pendubot tai vi tri
TOP. Ta dat bién trang thai moi x=[x, x, x, x,J
déthay thé x=[x % % x] .Muc dichla
dé 1ai bién trang thai X vé 0 khi hé théng 6n
dinh. Theo hé truc toa @ nhu Hinh 1, X s& duoc

dat nhu sau: X1=x1—%; Xy =Xy, Xg=Xg;

Xy =X, Thay x = Xl+%; X, = Xy; X3 =Xg;
X, =X, vao f (x), b(x), f,(x), by,(x) ta dugc
f,(X), b(X), f,(X).

3. Giai thuat diéu khién

3.1. Giai thuat LQR

Phuong trinh trang thai:

Xx=Ax+Bu (14)

17 T T
J = E-([(X Qx+u’ Ru)dt (15)
u(t) =—Kx(t) (16)
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V6i K 12 ma tran thu hdi théng tin trang thai
duogc xac dinh bai cong thic:
K=R™B'S 17
Trong d6 S la nghiém cua phuong trinh
Riccati:
A'S +SA-SBR'B'S+Q=0
Trong bai bao nay, tac gia chon
Q=[1000;0100;0010;0001],R=1.

(18)

LQrR

Hinh 3. So d6 bd diéu khién LQR
3.2. B diéu khién Fuzzy-LQR
3.2.1. Két hgp céc bién
Y chinh 1a sir dung k¥ thuat két hop dé cac
bién cua hé thong thanh sai s6 (E) va ti 1¢ 16i
(EC)

K=
Kec

Fusion

Fuzzy
Function Controller
L j
[6 ¢ & 4]

Hinh 4. So d6 diéu khién Fuzzy
M0 ta cdu triic diéu khién Fuzzy-LQR trong
d6 KE, KEC, KU la cac hé sb tiéu chuan hoa.
Ham két hop duogc dinh nghia:

Self-balancing
| bicycle

KoK
kI, I,
F(X)= (19)
KK
K, I,

Trong d6, K =[K9 K, K, KA la ma
tran phan hoi trang thai duoc thu thap boi van dé
LQR ¢ trén.

2 2 2 2
||K||2:\/KH+K¢+K9+K¢ (20)
Thay thé Kk =[-133,2851 25,8212 -136,9267 15,5376

vao (21), ta duogc:
-0,6890 -0,1335 0 0
F(X)=

0 0 -0,7078 -0,0803
Loi E va ti 1¢ 16i EC duoc tinh:

) =F(X)XT 21
e @

E=K,0+K,p

Trong truong hop: ) .
& ghop {EC:K96’+K¢¢

3.2.2. Fuzzy-LQR

Bo diéu khién md c6 2 dau vao E va EC,
mot dau ra U. Cac ham thanh vién ddu vao va
dau ra 13 hinh tam giac va c6 7 ham lién thudc
nhu trong Hinh 5, Hinh 6 va Hinh 7.
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Hinh 6. Mdi quan h¢ ciia ham EC

plt points:
FIS Variables Membership function plots 181
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Hinh 7. Méi quan hé ngd ra U

B0 qui tac luat mo duoc chon nhu Hinh 8.
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Hinh 8. Cic qui tic ludt m&
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So dd bo didu khién Fuzzy-LQR duoc hién
thi trong Hinh 9.
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Gaint3 Mﬂ‘ S
-
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Fuzzy Logic
Controller2
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e
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Hinh 9. So' d6 diéu khién Fuzzy-L QR Simuthanh

Pé tim thong sb tién xtr 1y, hau xir ly K1,
K2, K3 trong Hinh 9, ta sit dung GA [4]. Céc
thong $6 GA dugc lya chon nhu sau:

- S6 thé hé tdi da: 20000;

- S6 luong ca thé: 1000;

- Hé s6 lai ghép: 0,8;

- Hé sb dot bién: 0,2;

- Kiéu ma hda: ma héa nhi phan;

pendubor —

FUZZY-LQR

Tinh gia tri him

thich nghi

Tao ra ca the

Jmin =]
Luu Igi thong so diu khién

2]
Két thiic

Hinh 10. Luu db giai thuat di truyén
Sau khi két qua 1000 thé hé thu duoc:

- K1 =-9,0766;
- K2 =-8,0574;
- K8 =32,3458;

4. Két qua nghién ciru

4.1. M6 phéng Matlab/Simuthanh

M& phong dugc thuyc hién trén
Matlab/Simuthanh. Céc gia tri ban diu cua géc
thanh 1, van téc goc thanh 1, goc thanh 2, van
téc goc thanh 2 lan luot 12 0 (rad); 0,05 (rad/s); 0
(rad); 0,05 (rad/s).
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Géc link 1

Hinh 11. Két qua mé phéng thanh 1 trén
Matlab/Simuthanh

Hinh 12. Két qua mé phéng thanh 2

Két qua md phong Hinh 11, Hinh 12 nhéan
thdy dap ting h¢ thong kha t6t: thoi gian xac 1ap
cta thanh 1 va thanh 2 1an lugt 12 1,4s va 1,5s.
Hé théng ¢6 do vot 16 nho: do vot 16 thanh 1 va
thanh 2 lan luot 13 0,2 rad va 0,28 rad.

4.2. Két qua thuc nghiém

M6 hinh pendubot thyc té dugc xay dung
theo Hinh 13. Két qua thuc nghiém duoc thé hién
trong Hinh 14-16. Vi tri cta pendubot trudc khi
dugc diéu khién thang dung tai vi tri Top cua

khép 1 va khép 2 1an luot Ia (%;oj . Sau do, 4p
dung giai thudt d& nghi dé diéu khién pendubot
dung thang dung véi goc mong muon cua khap 1

va khop 2 lan luot 1a (%oj Pép ung thyc té

cho thdy hé théng on dinh véi goc léch tuong dbi
nho: géc thanh 1 trong khoang +2° géc thanh 2
trong khoang +3° va dién ap cip cho dong co
trong khoang +15V.

a) Trang thai nghi
b) Trang thai 6n dinh ¢ vi tri Top
Hinh 13. M6 hinh thuc té pendubot
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Goc link 1 thye té
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Hinh 16. Di¢n ap cip dong co (V)
oo gian e . 5. Két luin
Hinh 14. Goc thanh 1 thye té (degree) Str dung bd diéu khién toan phwong tuyén
o tinh str dung logic m¢ thong qua mo phong h¢
théng diéu khlen can bang tai vi tri Top, theo
thuc nghiém diéu khién bi léch cy thé thanh 1
léch dao dong trong khoang +2°va thanh 2 1éch
dao dong trong khoang +3° so v6i mong mudn
tai vi tri Top. Nguyén nhan phan lon bi 1éch ¢
thuc té 12 do nhidu moi truorng, phan co khi dac
3 biét a encoder c6 do sai sO lon dé dam bdo h¢
4 — — o thong diéu khién nhu mong mudn can phai chon
LT g 7 encoder c¢6 do chinh xac cuc ky cao khoang
Hinh 15. Géc thanh 2 thue té (degree) 1000 xung va md hinh hoat dong trong moi
truong 1y tuong./.

Géc link 2 thye té
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PENDUBOT CONTROLS USING LINEAR QUADRATIC REGULATOR COMBINED FUZZY

Summary

Pendubot is a model with control input smaller than the number of free levels and a high degree of
nonlinearity, which is difficult to control. Since Pendubot does not have a very complicated mechanical
structure, many researchers use it to test control algorithms in laboratories. In this paper, the authors use linear
algorithms based on Fuzzy Linear Quadratic Regulator to solve the equilibrium problem at the TOP position of
Pendubot model. The main idea of this method is to use fuzzy algorithms associated with genetic algorithms to
select control parameters for the Linear Quadratic Regulator. Simulations on Matlab Simulink and experiments
in TOP position yield linking 1 and 2 at 90 degrees and 0 degrees, respectively.

Keywords: Pendubot; SIMO model; LQR algorithm; fuzzy algorithm; balance control.
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