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ABSTRACT

IPC system stands as a widely employed model within the realm of automatic control. This
system embodies a complex Single-Input Multiple-Output (SIMO) model, necessitating
efficient control solutions to ensure stability and trajectory tracking capabilities. The usage
of a Linear Quadratic Regulator (LOR) and a nonlinear Sliding Mode Controller (SMC)
was suggested to experimentally stabilize the inverted pendulum on a cart model. Both
LOR and SMC methods were applied to design the controller for this system. The sliding
surface structure of the SMC controller had been reconfigured to suit trajectory tracking
requirements. Parameters for both LOR and SMC controllers were optimally selected using
GA. This paper furnishes a comprehensive assessment of the effectiveness of LOR and SMC
control methodologies in trajectory tracking for the inverted pendulum on cart system,
thereby aiding in the selection of appropriate methodologies for practical applications.

TOM TAT

Hé théong con ldc ngueoc trén xe (Inverted Pendulum on Cart - IPC) la mét mé hinh duwoc
s dung rong rdi trong linh viee diéu khién tw dong (DKTD) Hé thong nay la mo hinh
mot vao nhiéu ra (SIMO) phitc tap, doi héi gidi phap diéu khién hiéu qua dé dam bao do
on dinh va kha nang theo doi quy v dao mong muon. Ti rong nghlen cueu nay, tac gla dé xudt
sir dung bé diéu khién toi weu tuyén tinh (LOR) va bé diéu khién trueot phi tuyén (SMC) dé
diéu khién on dinh thwe nghiém 1én mé hinh con ldc nguoc trén xe. Ca hai phirong phdp
LOR va SMC déu duwoc ap dung dé thiét ké b diéu khién cho hé thong nay. Cau tric
mdt trieot ciia bé diéu khién (BPK) SMC dugc xdy dung lai dé phit hop véi bai todn bam
quy dao. Cdc théng s6 cho BDK LOR va SMC diege wa chon 161 wu bang gidi thudt di
truyén (genetic algorithm —GA). Bai bdo nay cung cdp ddanh gid chi tiét vé hiéu qua ciia
hai phirong phdp diéu khién LOR va SMC trong bam quy dao cho hé IPC, tir d6 gitip lua
chon phirong phép phit hop cho cdc iing dung thiec té.

1. Giéi thidu

ky thuat didu khién. Bing cach thuc hanh

IPC 14 mdt md hinh kinh dién trong trén md hinh ndy, cic phwong phap dé on
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dinh hé théng SIMO di duoc phat trién
(Bugeja, 2003; Mahapatra & Chauhan, 2017;
Nguyen, Nguyen, Nguyen, Le, et al., 2024;
Siradjuddin, Amalia, Setiawan, Wicaksono, &
Yudaningtyas, 2017). Trong s6 nhiing phuong
phap do, LQR 1a mdt phuong phéap hiéu
qua nho cdu tric don gian cia no. Viée giai
phuong trinh Ricatti bang cac 1énh MATLAB
duoc thiét ké dé don gian hoa qua trinh tim
ma tran diéu khién phan hdi ciia phwong phap
nay. Tuy nhién, LQR chi 12 mdt thuat toan
diéu khién tuyén tinh va thuong duoc sir dung
trong bai toan can béng (Nguyen, Nguyen,
Nguyen, Nguyen, et al.,, 2024; Nguyen,
Nguyen, Nguyen, Le, et al., 2024; Sonone &
Patel, 2013; Wang, Dong, He, Shi, & Zhang,
2010). Do d6, phuong phép nay chi dam bao
tinh 6n dinh cua hé thong néu diéu kién cua nd
gan diém can bang. Mot sb tac gia (Mahapatra
& Chauhan, 2017), (Vinodh Kumar & Jerome,
2013) da trinh bay cach diéu khién bam theo
quy dao - LQR cho IPC bang cach thay d6i
diém can bang dé budc xe di chuyén dé theo
diém can bang mdi. Nhung, cach nay khong
duoc dam bao bang toan hoc va néu "diém cin
béng mé6i" cach xa diém ban dau, hé théng
s& mat tinh 6n dinh. Dé giai quyét van dé
nay, trong bai bao nay, chung t6i dé xuat mot
phuong phap SMC - mét thuat toan diéu khién
phi tuyén - khong chi dé 6n dinh IPC ma con
diéu khién no theo cac quy dao sin va xung.
SMC di duoc st dung rong rii trong nhiéu
phong thi nghiém khong chi tai Viét Nam ma
con trén khép thé gigi (Le, Nguyen, & Duong,
2017; Zehar & Benmahammed, 2014). Diéu
nay cé nghia 1a SMC rat pho bién va c6 hiéu
qua cao trong linh vuc diéu khién - hoat dong
t6t v&i nhiéu hé thdng phi tuyén khic nhau.
Do dat tiéu chi Lyapunov, phuong phap nay
duoc chimg minh 1a diéu khién tot C&P ca
trong mo phong va thuc nghiém thuec.
2. M6 hinh toan hoc

Trong nghién ctru gan ddy cua tac gia (D.-
P. Hoang et al., 2024), mo ta toan hoc cua IPC
duoc thé hién ¢ Hinh 1. Cac cong thirc toan hoc
mo ta hé thong dugc thé hién & (1)va (2).

Hinh 1. IPC. Vi tri Upward (trai). Vi
Downward (phai). (Saco, 2019)

X

(M +7it)x + (ml cos0)0 —ml6* sin@ = F —b_x (1)
(ml cosO)x + (I +ml*)0 —mglsin® =—-b,0 (2)

Céac tham sb duge st dung trong Hinh 1 duogc
mo ta theo cac thong so ky thuat dugc cung cap
trong Bang 1.

Bang 1. Thong s6 h¢ théng IPC
Mo ta
M Khéi lwong mé hinh xe (kg)

Théng s6

m Khéi lwong thanh con lic (kg)

Chiéu dai thanh con lc tir diém trong
! tam trong lyc (m)
Ban kinh rong roc (m)

p
B Ma sat nhét truc dong co (N.s/m)

b, Heé s6 ma sat giita xe va dudng ray

b, Hé s6 ma sat giita thanh con lac va xe
J M6 men quan tinh (kg.m?)

R bién tro dong co (2)

o Goc quay thanh con lic (rad)

X Vi tri xe so v6i phuong ngang (m)

g Gia toc trong truong ( m / s?)

Trong nghién ctru nay (D.-P. Hoang et
al., 2024), mot dong co DC tur truong khong
d6i duoc sir dung lam bd phan day cho chuyén
dong cua xe. Pong co dugc kich hoat béng dién
ap dau vao, ky hi€u Ia e, tai cuc armature. St
dung banh xe (ban kinh rong roc) cé ban kinh
r, dong co tao ra lyc kéo cho xe, dugc ky hi¢u
la F=7,/R. Trong d6, 7, dugc tinh tr mémen
quan tinh cua roto, ma sat nhot cia dong co B,
hang s6 mé men dong co K, dién phan tmg i.

Cong thirc quan hé gitra ngd vao dién ap
va moment:

r=ke—kx—kx A3)
K K} B J
sok=—5 k,=—+— k==
Trong do: % RPOT R ET R
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Bang cach st dung phuong trinh Euler-
Lagrange va 4p dung phan mém MATLAB, ta
¢6 thé xac dinh phuong trinh phi tuyén cua hé
thong.

—l2m[a16’2 +Xa, — e |—|—a3 (bgé—gal)
= R_] @)

2 2
'ma, —o,

]

—(13(919'—goc1 )a4 -a, {aﬂ'z +ia, - e
k)

0 = 12 2
mo, —a;
2

K
Trong do: o =misinf; a,= b+B+R =mleosd; o, = M+m+%

Phuong trinh hé théng (1) va (2) ¢6 thé viét
lai duoi dang:

X =X,
%= [(X)+ g (X)u ©
X, =X,
Xy = [(X)+ g, (X)u
Voi X=[x1,x2,x3,x4]T =[x,%,0,0]" 1a cac

vecto bién trang thai; £, (X), f5(X), g (X),g,(X)
13 cac ham phi tuyén.

Dé didu khién bam, cac bién trang thai
tham chiéu duoc thiét lap:

T
Xy :[xld Xaa Mg x4d]
3. Xay dung bd diéu khién

3.1 Giai thujt diéu khién LQR

Thuét toan LQR 1a mot phuong phap diéu
khién ¢6 dién (Kwakernaak & Sivan, 1972). Bing
cach giai phuong trinh Ricatti, chitng minh toan
hoc dam bao tinh 6n dinh xung quanh diém lam
viéc. Tuy nhién, khong thé xac dinh chinh xac
ving lam viéc cia hé thong. Trong mot sb md
hinh, viing nay rat nho va tinh 6n dinh cia BDK
LQR khong duoc dam bao khi diéu kién cua hé
thong hoi xa so véi can bang. Mot s nghién ciru
(Mahapatra & Chauhan, 2017), (Vinodh Kumar &
Jerome, 2013) ching minh hiéu qua ctia phuong
phap nay ca trong mo phong va thuc nghiém.

Dua trén tai liéu (Wang et al., 2010), bai toan
dit ra 1a tim tin hiéu diéu khién u() diéu chinh hé
thdng tir trang thai dau bat ki vé trang thai cudi véi
cong thie tong quat:

u(t)=—K(1)x(1) )

Trong do: x la vector trang thai cua h¢
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thdng; u 13 vector diéu khién dau ra; K 1a ma
tran diéu khién.

Véi: K(1)=R"'B"P(1) ®)

Giai thuat LQR sinh ra ma tran diéu khién
K bang cach giai phuong trinh vi phan Riccati:

A"P+PA+Q—-PBR'B"P=0 )

Trong d6: P 1a ma tran nghiém ctia phuong
trinh Riccati; O va R 1a cdc ma tran trong so xac
dinh duong; 4 va B la cac ma tran xac dinh tur
tuyén tinh hoa quanh diém lam viéc.

Do viéc giai phuong trinh Ricatti rat phirc
tap, MATLAB di ho tro cong cu dé tinh ra ma
tran K. Lénh tim hé s0 K cua tin hiéu di€u khién
trong MATLAB :

K=lqr(A,B,Q,R) (10)

Ciu tric cia BPK 6n dinh LQR duoc thé
hién trong Hinh 2. Ma tran diéu khién K dugc
tim thay bang cach chon ma tran diéu khién Q,
R va tinh toan bang cac 1énh MATLAB. Véi K
d6, cau trac cia BPK LQR theo ddi quy dao
duoc thé hién trong Hinh 3.

Hinh 2. Diéu khién 6n dinh LQR cho IPC

IPC system

m'

LGR
Controller

Hinh 3. Piéu khién bam quy dao - LQR cho IPC

Trajectory signal

=
She

IPC system

LQR
Controller

Trong diéu khién bam quy dao (Hinh 3),
tin hi¢u phan hoi ctia vi tri clia xe day bi sai léch
bang mot lugng bang gia tri cia tin hiéu tir khdi
“Trajectory signal”. Bang cach nay, sy cin bang
dugc thay doi theo quy dao ma dwoc dit ra va
khién xe day phai di chuyén theo quy dao dat. Bén
canh d6, phuong phéap niy vé mit toan hoc khong



duoc dam bao.

3.2. Giai thuit diéu khién SMC

Trong bai bdo nay, BDK trugt ISMC
(Incremental Sliding Mode Control) dugc thiét
ké cho cac hé théng “underactuated” (Yinxing,
Jiangiang, Dongbin, & Dianwei, 2008). ISMC
duoc tao ra b?ing cach lya chon cac bé mit truot
sao cho mdi bé mit truot va bién trang thai 1a cac
thanh phan cua bé mit trugt tiép theo. Bing cach
d6, ISMC kiém soat chit ché cc bién trang thai va
cung cap mot tin hiéu diéu khién phu hop. Do dé,
ISMC khac biét so vi SMC. Chi tiét ciia phuong
phap duge dé xut s&é dugc mo ta chi tiét sau day.

bau tién, ta chon hai bién trang thai (x.x,)
dé xay dung mat trugt 10p thir nhat:
s, =ae +a,e, (11)
Tiép d6, mit trugt 16p thir nhit s, dugc xem
nhu 13 bién trang thai tong quat Ta c6 thé su
dung n6é va mot trong cac bién con lai dé xay
dung mat truot 16p thir hai:

(12)
Tuong tu mat truot 16p cubi cung duogc xay

dung:
(13)

Véi a,,a,,a,,a, 14 cic tham sb ¢d dinh va
e, =x, —x, 12 sai sd gilra bién x, va tin hi¢u tham
chiéu x,. CAu tric cia cac bé mat trugt duge
trinh bay trong Hinh 4.

S, =5 +C¥3€3

s, =5, +ta,e,

Hinh 4. Ciu tric cic bé mit truot

1

— |

el ez e3 ed

Dua trén cong thure (6), cac gia tri dao ham
cua cac bé mat trugt trong (14) - (16) duoc liét
ké dudi day:

s =a,(x, —x,)+to, (f; + gu) (14)
8§, =8 tasx, (15)
$;=8,+a,(f,+gu) (16)

Trong do u(r) la ngd vao cua hé théng va
ludt diéu khién nay ton tai hai phan. Cong thirc
sau dugc xem la lya chon phu hop cho cau tric
cua BDK truot:

u=u, +u, =u,,—kxs—nxsgn(s)(17)

Tai day u,, (i=1,2,3) dugc goi la tin hiéu
diéu khién tuong duong duoc st dung khi cac
trang thai ciia h¢ thong hoat dong & ché d6 truot va
u,, dugc goi 1a diéu khién chuyén doi (switching
control) ding dé dua cac trang thai ciia hé thong vé
ché d¢ truot. Piéu khién chuyén d6i bao gdm mot
ham ddu va mot luat ham mil lam cho cac trang
thai cia hé théng dat dugc ché d6 truot nhanh hon.

Cho 5, =0 (i=1,2,3), tir (14)-(16) ta dugc:

U, = _al(xz u) a,/, (18)
0,8,
u = -, (x2 - xld)_azfl — 05X, (19)
v a8,
u = -, (xz _xld)_azﬁ —ax, 0 f, (20)
“ 4,8, 2,8,

Pé tim ra luat kiém soat SMC ma rang
budc chuyén dong cuia cac bién trang thai phai
theo bé mat trugt s = 0, mot ham Lyapunov xéac
dinh duong xac dinh la:

V(t)=5s>/2 21

Vi F(t) 1a ham bac hai theo bién trang thai
(V () > 0), dé dép tng tiéu chi Lyapunov thi //
nén dugc chon c6 gia tri am:

V=sx5<0 (22)
Vi s co gia tri la:
§s=8=a,(x,—x,)+a(f,+gu)
tayx,+o, (f,+gu)

(23)

Thay phuong trinh (17) vao phuong trinh
(23), ta duoc:

xld)+a |:f+gl( eq3
+a,x, +a, [fz +g, (%,3 +u,,, )]
-X,) ta,f+ax,+a,f,

+(a2gl +a4g2 )ueq3 +(a2gl + a4g2 )usw3

)] (@4)

S=o(x,—

s=a,(x,

25)

Thay phuong trinh (20) vao phuong trinh
(25) va két hop véi diéu kién ¢ phuong trinh
(17), ta duoc:

_ —kxs—nxsgn(s)
" a,8, +a,8,

Véi k va 171a bién c6 gid tri xac dinh duong
dé bién u ¢y thoa mén diéu kién & phuong trinh
(21) va (22).

u

(26)

15



Vay ta tong két duoc tin hiéu diéu khién u
cogiatrila:
u=u, +u
eq sw
_ —Q, (xz - xld)_azfl —ayx, —a,f,
a8+ a8,
N —kx s —nxsgn(s)
a,8 +a,8,
3.3 Giai thuit di truyén
Dua trén tai li¢u (P. H. T. Hoang, 2014),
cac thong so cau hinh cho GA duoc lya chon:
- S6 thé hé t6i da: 1000
- 86 cathé: 200
- Hé sb lai ghép: 0.6
- Heé sb dot bién: 0.4
- Loai ma hoéa: ma hoa nhi phan

27

Ham muc tiéu J (fitness function) duogc
tinh toan cho tirng ca thé con. Gia tri ham muc
tiéu danh giad mtrc d§ tot cia moi ca thé trong
vi€c giai quyet bai toan.

Ham muc tiéu dugc chon nhu sau:

J= z xlT X, +x3T X, (28)

1

Trong bai toan nay, bién x, dai dién cho vi
tri cﬁg mo hinh xe va x3qdai dién chor goc c@a
con lac so voi phuong thang dung. Bién n bicu
thi tong sb mau dit liéu thu thip dugc. Chuong
trinh mo phong dugc xay dung trén phan mém
MATLAB/SIMULINK, véi thoi gian mo6 phong
1a 100 gidy va thoi gian 1dy mau 1a 0.02 gidy,
dan dén tong s6 mau n = 5000.

Dbi voi BPK LQR, ma tran diéu khién K
dong vai tro quan trong trong viéc xac dinh hiéu
suit hé théng. Tuy nhién, ma tran K lai phu thudc
vao hai ma tran trong s6 Q va R. Do do, viéc tdi
uu hoa cac hé s6 Q va R bang GA 1a can thiét dé
dat duoc hidu suat diéu khién mong mudn.

Doi véi BDK SMC, céc tham sé dieu khién
cAu thanh cac mat truot dong vai tro then chdt
trong viéc xac dinh dap ung dong cua hé théng.
Do d6, lua chon céac tham s6 diéu khién phu hop
1a yéu t6 quyét dinh hiéu qua diéu khién cua
BDBK SMC.

4. M6 phong
4.1. Diéu kién mé phéng

16

Dé danh gia hiéu qua cua viéc toi wu hoa cac
tham s6 sir dung cho giai thuat LQR va ISMC, ching
ta chuyén dén phan mém MATLAB/SIMULINK dé
mo phong (Pati, 2014). Thong qua viéc mé hinh toan
hoc ti mi, ching t6i ddm bao mot phan anh chinh xac
vé cac tinh hubng thuc té, tir &6 cho phép chiing toi
danh gia va so sanh sy thich ing cua cd hai thuat
toan mang lai thong qua cdc ham muc tiéu. Ngoai
ra, chung t6i tinh toan cac ham téi wu cho céc tham
s6 duoc diéu chinh tinh chinh, noi ma cac gia tri nhd
hon dé cap dén kha ning thich Gng va dang tin cdy
cao hon, diéu quan trong cho viéc mé phong mot
cach ty nhién (D.-P. Hoang et al., 2024). Cac md
phong dugc thuc hién trong 6 gidy, v6i thoi gian lay
mau ctia hé thong 14 0.02 gidy. Cac tham sd hé thong
dugc liét ké dudi day:

Bang 2. Cac tham so sir dung trong hé thong

Théng s6 Don vi
M =0.19008 (kg)
m=0.084 (kg)
1=0.082 (m)
R=0.31258 (Q)
r=0.00625 (m)

k, = 0.096843 (Nm/A)
J=0.00039884  (kg.m?)
B=0.0058983  (N.s/m)
b, =1.4867

by =1.3663¢ —06

Cac hé sd duoc trinh bay ¢ trén dugc do
dac va nhan dang gf?m v&i md hinh thye té da
duoc trinh bay trong myuc 5 — Thuwe nghiém.
Do d6, két qua mo phdong du kién s& gﬁn voi
két qua thuc nghiém. Vi LQR va SMC duoc
thiét ké trong Muc 3, cac thong s6 diéu khién
cua hai BDK nay dugc lga chon thong qua
GA (P. H. T. Hoang, 2014). Céc thong s diéu
khién LQR la:

2004865 0 0 0
oo 0 0 0 o

0 0 016 0 ’
0 0 0

K =[-84.4616 -64.1760 109.6722 15.8784]

0.001; (29)

166.90

BDK ISMC thong qua su dung giai thuat
GA da tinh toan ra hai by thong s6 mang lai



két qua khac nhau trong ca m6 phong lan thyc Gi4 tri ban dau cua cac bién ngd ra hé thong

nghiém: IPC duoc lua chon:
a,=—63.00; oa,=—41.60; a,=96.20,

(30) x=0.024x=0,0=7/6,6=0 (32)
~19.80;  k=86.80; -9.20 o :
e o 4.2 Didu khién cin bing
G =E00 G =LA ¢y =50.00 (31 Trude hét, hai bd nghiém cia giai thuat

a,=-4.30; k=84.09; n =9.05 SMC dugc tién hanh so sanh.

Hinh 5. So sanh vi tri xe ciia 2 bd thong s6 SMC

Phan héi tin hiéu ngd ra theta

0.6 I =
theta-Case1
0.4 theta-CaseZ2 |
E 8.2 .
£ o —
=
-0.2 .
-0.4 E
0 2 4 6 8 10
Time (seconds)
Hinh 6. So sanh géc con lac cia 2 bg thong s6 SMC
Phan héi tin hiéu ngd ra x
I
0.2 x-Case1 |+
01
E ’\
<
= o e
= —
-0.1 -
-0.2 -
0 2 4 6 8 10

Time (seconds)

Tt Hinh 5, B6 thong sé dau tién cho thdy kha ning dap ng vuot troi hon khi xac lap tai
khoang 2s trong khi bg thir hai xac 1ap sau 6s. B thong s6 1 twong tu cho thdy kha niang kiém
soat @ 6n dinh goc con lic hon bd con lai tai Hinh 6.

Ttr dit kién trén, ta tién hanh so sanh mé phong ctiia 2 BPK LQR va SMC thong s6 1 voi
gia tri ban dau ngo vao dugc chon ¢

Hinh 7. So sanh mo phong vi tri xe

Phan hdi tin hiéu Nngd ra x

T
0.2 »x-SMC1 |+
x-LQR
e, @1 .
E
E
= o ;?"“
=
-0.1
=02 &= -
@] 1 2 3 4 5
Offtaat=0 Time (seconds)
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Hinh 8. So sainh méd phéng géc con lic

Phan hdi tin hiéu Nngd ra theta

0.6 I 8
theta-SMC1
0.4 thetaLQR
0.2
ol %__
-0.2 - n
8] 1 2 3 4 5

Time (seconds)

Tt Hinh 7 va Hinh 8, ca hai BDK déu hoat dong tot. Thuét toan LQR thé hién su vuot troi hon
so voi thuat toan SMC vi c6 thoi gian xac 14p ngan hon va do vot 16 thap hon. Diéu nay chung minh
rang, khi hoat dong tuyén tinh xung quanh diém can bang, LQR mang lai két qua tot hon.

Néu thay doi goc ban dau cua thanh con lic trong (32) thanh gié tri 77 /3, phan hoi mé phong
dugc thé hién trong Hinh 9 va Hinh 10:

Hinh 9. Vi tri xe — x (m) cia 2 BDK véi géc

Phan héi tin hiéu ngd ra x

0.4F =
B Y50 ,.""P—‘\"‘.. |
P e ————
> -02 - — e —
:> _0:8 = U— ‘ -
0] 0.5 1 1.5 2 2.5
« 10152 Phan héi tin hiéu ngd ra x
£3 [—x-1aR].
-.:6 | X LQR .
e .
=0 i
0] 0.5 1 1.8 2 2.5
Offset=0 Time (seconds)
Hinh 10. Goc con lac — theta (rad) cia 2 BDK véi goc
Phan héi tin hiéu ngé ra theta
T
T 1 /\\ | Theta-SMC |
e
o O
g
= -1r .
0 .5 1 1.5 2 2.5
«10153 Phan hdi tin hiéu ngd ra theta
S 0 1 ]
g | —— Theta-LQR| |
s
|_
0 0.5 1 15 2 25
Offset=0 Time (seconds)

Trong Hinh 9, dudi su diéu khién cua thuat
toan SMC, xe can béng tai diém lam viéc sau 1.8s
con v6i LQR sau 0.5s, xe dd bi mat kiém soat va
khong thé can bang. Tuong tu trong Hinh 10,
goc con lic dung giai thuat LQR khong thé dat
trang thai on dinh sau 0.5s con SMC thi gitp
goc con lac on dinh sau 1.8s.
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Nhu vay, & moé phong, giai thuat SMC gitr
can bang tot cho con lic ngay ca khi gia tri ban
dau cuia nd xa khoi diém cén bang.

4.3. Piéu khién bam quy dao

Hinh 11 va Hinh 12, v6i chu ky bam quy

dao 6.2s, ca hai BDK LQR va SMC-bo thong s6



(30) déu hoat dong tot trong viée khién hé théng  thuat toan LQR lai bam t6t hon thé hién rd rang
bam theo tin hi¢u Sine. Tuy nhién, vi tri xe dung  v&i pha song sém hon giai thuat SMC.

Hinh 11. So sanh dap wng hai BDK véi tin hi¢u mong mudn la séng sine

Phan hdi tin hiéu ngd ra x

P
0.2 x-SMC —
x-LQR
— — -Sine Wave
0.1 1
£ -
>< - - . -~
= o ~s~ - *-~ ,
= -~ e -~ -
01 | |
-0.2
o 2 4 6 8 10 12
Offset=0 Time (seconds)

Hinh 12. So sanh dap ng hai BDK véi tin hiéu mong muén 12 séng sine phéng to dd thi

Phan héi tin hiéu ngd ra x

x-SMC
0.1 x-LQR ]
- = -Sine Wave
E o.0s
=<
= o
-0.05
6 6.5 7 7.5 8 8.5 9
Offset=0 Time (seconds)

Bén canh d6, voi cung chu ky bam quy dao, ca hai giai thuat déu thé hién tot trong viéc bam
quy dao voi cung thoi gian xéac 1ap. Nhung thuét toan SMC lai mang lai d§ vot 10 nhinh hon. Bicu
nay duoc thé hién rd rang qua Hinh 13 va Hinh 14

Hinh 13. Pap ing géc 1éch thanh con lic

Phan hdi tin hidu ngd ra theta

0.6 I 1
theta-SMC
0.4 thetalLQR
E, 0.2
=
'g ok —
-0.2 |-
(0] 1 2 3 4 5 <]

Time (seconds)

Hinh 14. Pap ng géc léch thanh con lic khi phong to do thi

Phan hdi tin hiéu ngd ra theta
I

I
0= theta-SMC]| |
saagil thetaLQR | |
E 0.01 1
fa=] . -
- 0.005
=
(o]
-0.005
-0.01 =
3.05 3.1 3.15 3.2 3.25 3.3 3.35 3.4

Time (seconds)
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Qua cac két qua so sanh trén, két luan duoc Hinh 16. Ng6 vao va ra cia SMC thong
1 trong dieéu khién can bang
Response of the input signal u

174
(=2

dua ra I3 giai thuat LQR mang lai két qua diéu

khién bam quy dao t6t hon trong mé phong. % ] !
5. Thwe nghiém -g L ] . L G T i
Hé théng IPC da duoc thiétkéky lusng @6~~~ = © = = .7 = = =~

trién khai thudt toan nghién ctru, nhu da phan _Response of the output signal x

tich dudi day:
Hinh 15. Hoan thién phin citg hé IPC

x position (m)
[=} I=]
-=4
——___\

— : Time
o = 5. Response of the output signal theta

- > B 0 b 1] Pl
e ! —
‘a ne 1 L 1 1 1 1 L 1 1
E‘ = 50 000 30 200 30 3000 k=11) 00 &0 3000

Time
Hinh 17. Ng6 vao va ra cia SMC thong

s0 2 trong dieéu khién cian bang

Response of the input signal u

0
L} L 1000 1500 200 2500 2000 3800 4000 450 5000

Voltage (V)

Time
E Response of the output signal x
5”‘; ' : ' ‘ —xSMCz2/
gl VN
. . & Time ‘ ' -
ac phan tron n om: — Response of the output signal theta
Céc pha g Hinh 15 g6 5 g
1. Mach cu H MKS H3615NS. X, i—WGZj
2. Mach giao tiép Uart CH340G. R T e
Time
3. Mach nap ST-LINK V2 STM8/STM32. . .
4. Ngudn chuyén di 220 VAC - 24 VDC. 3.2. So sanh dieu khién bam
o, Dudi day 1a do thi thuc nghiém bam quy
5. Vixu ly, STM32F407VETS6. dao cila BDK ISMC:
6. Cam bién Encoder vi tri 2500 xung. Hinh 18. Ngé vio va ra ciia SMC théong
7. Cam bién Encoder goc 2500 pulses. s6 1 trong diéu khién bam
8. Dong co NF5475 ~ Response of the input signal u
Tin hiéu két qua thu dugc trong phan thue ~ E° L)
nghiém dugc léy tr encoder ciia md hinh thue 5 ¢ = = = == Tg'i[ w m e W
3 5 A A ime
va su‘ ’dl_l‘ng.})h'aAn mfm M‘A‘TI:AE? / SIM}J L‘INK g Response of the output signal x
luu gia tri gitr liéu dong thoi ve€ thanh do thi. g !:f T ' i = x{.'sm _
5.1. So sanh dieu khién cin bang E LIRIAVAIRIE | U WS
Trong muc nay, cong viéc dugc tién hanh > ‘  Time
gdm so sanh phan hoi ngd ra va vao cia hai bd g, Response of the output signal theta
4 1 2 m
thong s6 SMC trong hai truong hop di€u khién = .
can bang va diéu khién bam quy dao tir Hinh 16 E e B )
va Hinh 17. Time
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Hinh 19. Ng6 vao va ra cua SMC thong

(=)}

s0 2 trong dieu khién bam

& Response of the input signal u

s

E 0 g i)

B_W I 1 I | I i I I 1

>0 50 1000 1500 2000 2500 3000 350 4000 4500 5000
Time

= Response of the output signal x

st ] T T T T T T T T

& ——XSMC2

= g - = sie
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3 0 50 100 150 200 290 300 300 4000 450 5000
Time

T
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8

Q |

£ 005

=] 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Time

Duya vao Hinh 18 va Hinh 19 c6 thé thiy
tin hiéu dap Gmg cta goc 1éch con lic va vi tri
xe khi dao dong ciia d6 thi Hinh 19 c6 bién do
dao dong thap hon so v6i Hinh 18 tuy nhién
tin hiéu diéu khién cao hon gy ra viéc ton kém
nang lugng va bién d6 dao dong day dac hon.
Tuy nhién, ¢ day kha nang dap ting quy dao dao
dong dugc wu tién. Vi thé thong s BPK thir 2
dugc dé ctr dé so sanh v&i bo diéu khién LQR.

5.3. So sanh thuc nghiém LQR véi SMC
bo nghiém 2

Tu két luén & 0, ta tién hanh so sanh LQR
v6i SMC bd thong sb 2:

Hinh 20. Ngo vao va ra cia LQR trong
diéu khién can bang
Response of the input signal u

Em

g ~——y/LQR

E 0

B-IU

>0 50 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time

E Response of the output signal x

il 0 T T T T T T T T

E

~——x/LQR

oo

()]

0004 I 1 L I 1 I ! 1 L

2 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time

Response of the output signal theta

" 1 ! . ] 1 1 1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time

Dura vao Hinh 19 va Hinh 20, ta thiy dugc
rang BDK LQR la BBK dugc tuyén tinh hoa &

o
s
s

theta (rad)
sE.

tai diém 1am viéc nén co thé hoat dong tot nhat
trong khoang dugc tuyén tinh héa do thi ngd ra
bién d6 dao dong cua vi tri x khong cao bang so
v6i BDK ISMC tuy nhién tin hiéu diéu khién
¢6 phan day dic hon va kha ning can bang goc
theta hoat dong khong tét bang so véi BDK
ISMC.

Hinh 21. Ngd vao va ra cia LQR trong
diéu khién bam
Response of the input signal u

Voltage (V)

o 2500 3000 350 &0 4500 $000
Time

£ Response of the output signal x
5" | AA AN
g o - - sne |1
0415 L AR AE
a 1000 150 M0 20 %0 0 400 40 S
% Time

Response of the output signal theta

=

theta (rad)

2000 2800 3000 350 400 450 £000
Time

Vé diéu khién bam quy dao, BPK ISMC
duoc trinh bay trong Hinh 19 chi dam bao duoc
d tré cia mo hinh tuy nhién khi bAm quy dao con
bi 1éch kha nhiéu nhung van giit dugc thing bang
cho thanh con lc bién do dao dong tdt hon so voi
LQR & Hinh 21 diéu nay dung véi 1y thuyét do
khi bam quy dao, c6 thé hé s& bi léch ra diém lam
viéc ctia hé thdng con lic ngugc nén xay ra viée
bién do dao dong cua goc theta cao hon so véi
BDbKn ISMC.

6. Két luan

Trong bai bao nay, chung t6i da xay dung
phuong trinh todn cho hé SIMO cu thé 1a hé
IPC va ap dung hai BPK LQR va ISMC dé diéu
khién hé¢ thong. Chung t6i dd so sanh hidu suat
ctia hai phuong phap diéu khién nay thong qua
ca md phong va thuc nghiém. Két qua cho thay
rang, BDK LQR cung cip sy 6n dinh va hiéu
qua trong diéu khién hé théng IPC, dic biét 1a
trong diéu kién mo phong. Mt khac, ISMC cho
thdy kha ning tmg phé tét hon véi cac nhiéu
khong dong nhat va mo hinh khong chinh xac
hon trong méi trudng thuc té. Bai bao ciing dé
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cap dén cac wu diém va nhuoc diém cua timg LOI CAM ON

phuong phap dicu khién, cing nhing tmg dung Bai bao 1a san pham khoa luan tét nghiép
va han ché tiém an. Qua d6, két qua nghién ciru  HK2 2023/2024 cua téc gia Hoang Dai Phic
cuia chiing t6i cung cap thém thong tin hitu ich  dén tir Pai Hoc Su Pham Ky Thuat Thanh Phd
d¢ lya chon BDK phu hop véi cac timg dung cu  H Chi Minh véi su hd tro va giap d& cua TS.
thé trong diéu khién hé théng dong luc. Nguyén Vin Pong Hai.
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