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Tom tat: Hé bong thanh truc Iéch 13 mot hé théng mot vao nhiéu ra (single input-muti
output — SIMO) thuong dugc st dung trong cac phong thi nghiém dé kiém chang giai
thuat diéu khién. Trong bai bao nay, ching tdi xay dung va khao sat mot bo diéu khién
LQR trén & md phong. Bo diéu khién ching minh kha nang diéu khién can bang hé thng
& céc vi tri dat khac nhau. Tiép dén, ching t6i tién hanh khao sat bo diéu khién trén ¢ ddi
tugng bong thanh truc léch thong qua board diéu khién STM32F4. Thong qua md phong
va thyc nghiém, by diéu khién LQR cua ching t6i da thanh cong diéu khién h¢ thong.
Ngoai ra, cac quy luat diéu chinh théng sé diéu khién ciing duoc kiém ching va tong két
lai.

Tir khod: bong thanh truc léch; can bang; déi nirong SIMO; diéu khién LQR; diéu khién;
STM32F4

Abstract: The Ball and Beam system with Deviated Axis is a single input-multi output
(SIMO) system commonly used in laboratories to test control algorithms. In this paper,
we build and investigate an LQR controller in simulation. The controller demonstrates the
ability to control the system balance in different placement positions. Next, we conduct a
survey of the above controller in the object of the deflection bar through the control board
STM32F4. Through simulation and experiment, our LQR controller has successfully
controlled the system. In addition, the control parameters adjustment rules are also
verified and summarized.
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1. Pit van dé

Hé bong thanh truc 1éch (BTTL) la mot hé
théng cin bing quen thudc va duogc sir
dung hau hét ¢ cac truong dai hoc. Hang
Quanser da ché tao mot mo hinh chuén cho

Nam nhung céc két qua da phan chi duoc
stt dung cho hé bong thanh truc gitra [4],
[7], [8]. Trong [4], mot s tac gia da ap
dung thanh coéng cac gidi thuit phic tap
nhu LQR [9] hay truot [10] cho hé BTTL
nhung cac tac gid trén st dung vi xu li
DSP TMS320F28335. Pay la mdt vi xu i

cac nghién ctru vé diéu khién ty dong
(PKTD) [1]. Nhiéu nghién ctru da dugc

thuc hién thanh coéng trén d6i twong nay
nhu LQR [2], truot [3],... Tuy nhién, md
hinh trén cé gia thanh qua cao. Do do,
trong tinh hinh phong thi nghiém (PTN) tai
Viét Nam, dé giam chi phi ché tao, mot )
nhom dd ché tao hé bong thanh & Viét
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rat méc tién (khoang 5 triéu VND/ board).
Dé giam thiéu chi phi cho mé hinh, nhém
str dung vi xir i STM32F4 véi gia thanh
thip hon (khoang 500.000 VND).

Trong bai bdo nay, voi mot dbi tuong
BTTL duoc tu ché tao trong PTN vdi
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mo phoéng va thwe nghiém

STM32F4, nhom st dung phuong phap
LQR duoc lya chon dé thuc hién can b::ing
vi tri cho vién bi tai mot diém cho trudc.
Bén canh d6, cac khao sat vé su thay doi
thong s6 diéu khién cling dugc nhom thyuc
hién dé kiém ching sy tinh chinh thong sb
diéu khién cua giai thuat LQR. Pong thoi
thong qua hé BTTL, chiing minh dugc tinh
hiéu qua cta giai thuat LQR va tir d6 co
thé 4p dung vao nhiing tmg dung khac nhu

xe can bang, duy tri quy dao tén lira,....
2. Phan tich hé bong thanh truc léch
2.1. M hinh toan hoc

Mo hinh h€ bong thanh truc 1éch c6 dang
nhu Hinh 1.

d
Hinh 1. Hé théng bong thanh truc 1éch
Nhu Hinh 1, hé bong thanh truc léch ¢o
vién bi kim loai dugc dat trén mot cdp
thanh song song dé vién bi c¢6 thé lin trén
d6 doc theo chiéu dai cua thanh. Mot canh
tay don duoc gin diém cubi cua cip thanh
va duoc gin vao banh ring cua dong co.
Khi banh rang dong co quay mot goc 6, nd
s& lam thay d6i goc cua cip thanh mot goc
o so voi phuong nam ngang. Khi do, trong
luc s€ lam vién bi lan doc theo thanh.
Phuong trinh dong lyc hoc cua hé bong

thanh truc 1éch c6 thé viét dudi dang:

.. L
2mrra+EgM cos(a) + @

+gmrcos(a)
mr?+Jb
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‘e mra® —mg sin(a) )

JB
m+ oz

sin(a) = dEsin(H) ®)

Trong do, a(t) la goc cua thanh so véi
phuong nam ngang (rad); r(t) 1a vi tri vién
bi (m); 6(t) 1a géc banh rang dong co (rad);
d 12 ban kinh cua dia quay (m); g la gia toc
trong trudong (mM/s?); m 1a khéi luong cua
vien bi (kg); M la khdi luong cua
thanhbeam (kg); L 1& chiéu dai cta thanh
(m); R 1a ban kinh vién bi (m); u la momen
dong co tao ra (Nm); Jb la moment quan
tinh cta thanh (kgm?); JB la moment quéan
tinh cta vién (kgm?).

2.2. Tuyén tinh héa hé bong thanh truc
léch

Gia st rang;
X" :[X1’X2’X3'X4]T (4)
=[r,t,a,al
Taco:
X =X,
‘= mx,a* —mg sin(e)
SR
R’ (5)
X, =X,

L
2mria +—gM cos(a) +
| amrtdces M oos(@)+ |

+gmr cos(a)
mr®+Jb

4

Pua hé phi tuyén vé dang tuyén tinh:
X = AX +BU (6)
Trong do:
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OX OX, OX; OX, ou
of, of, o of| &
Ae OX OX, OX; OX, ;B:E
| ef, of, of, of, ofy
o ax, axg Ox, ou
of, of, of, of, a,

3. Thiét ké bo diéu khién LQR

Chon vi tri xac 1ap dé vién bi can bang:
ML
X =0.3; X,=0;%=0; x, :g(7+mx1)

Tt phuong trinh (5), (7) va (8), ta co:

0 1 0 0 0 (9)
A 0 0 -70072 0/ _ | 0
o0 o o 1| | o

-8.5003 0 0 0 17.3298

Cén tinh toan ma tran K t6i uu cho hé
bong thanh truc l&ch:

u(t) = —Kx(t) (10)

Theo phuong trinh Riccati dé tinh toan
ma tran P chua biét dua vao ma tran ctiia hé
thong 12 A va B. Tir d6 ta c6 duge ma tran
K t6i wu cho hé boéng thanh truc léch:

~P=A"P+PA-PBR'B'P+Q (11)

0=A"P+PA-PBR'B'P+Q (12)

Trong d6 phuong trinh (11) la Riccati
Differential Equation (RDE) va phuong
trinh (12) Ia Algebraic Riccati Equation
(ARE). Q la ma trén chi phi trang thai va R
12 ma tran chi phi ddu vao.

4. Md phéng va thye nghiém diéu khién
tdi wu h¢ thong béng thanh truc léch
4.1. M6 phéng trén Matlab

Ta c6 thong s6 mé hinh:

m=0.05(kg); M=0.5(kg);
d=0.08(m); g=9.81(m/s?);
L=0.565(m); R=0.0125(m);
r(0)=0.565(m); #(0)=0;
%%)): -0.1419(rad); e(0)=0;

2 2
2R (kgm?): Jb :%(N/m)

(13)

JB=

5

010 0

Hinh 3. M6 phong bo diéu khién LQR

Chon ma tran Q va R:

21 0 0 O
:R=0.1
Q= : (14)

T (9) va (14), tinh ma tran K bang
Matlab:

K =lgr(A,B,Q,R)
K = [-5.0993 -7.1005
4.8560]

22.3627
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3]

2

g
|

&

Vi tri vién bi(cm) va goc léch thanh Beam(do)

o 5 10 15 25 30 35 40

Time (ssc0nds)
Hinh 4. Két qua 1 mé phong vi tri vién bi
va goc léch thanh
Thoi gian xac 1ap vi tri vién bi la 7.9s
Thoi gian xac 1ap goc thanh beam 1a 4.9s
Sai s6 xac 1ap vi tri vién bi 1a 2.2cm
Sai s6 xac 1ap goc thanh beam 14 0.05 d6

Chon ma trdn Q va R:

10 0 0 O

0|0 10 0 0l;R=01 (15)
0 0 10 O
0 0 0 10

T (9) va (15), tinh ma trdin K bang
Matlab:

K =1gr(A,B,Q,R)
K = [-10.5025 -15.4056 48.0579
10.2736]
gﬂ\
RN
0 5 10 15 Time (icu“ds) 25 30 35 40

Hinh 5. Két qua 2 m6 phong vi tri vién bi
va goc 1éch thanh
Thoi gian xéc 1ap vi tri vién bi la 7.35s
Thoi gian xac lap goc thanh beam la
3.178s

150

Sai s6 xéc 1ap vi tri vién bi 1a 15.98cm
Sai s6 x4c 1ap goc thanh beam 1a 1.9 d6
Chon ma tran Q va R:

21 0 0 O

0 21 0 O

- 16

=0 0 21 o (16)
0 0 0 21

R=0.01

T (9) va (16), tinh ma tran K béng
Matlab:

K =Igr(A,B,Q,R)

K = [-14.9902
14.7650]

-22.2948 69.3624

60

B
A
\
\

Vi tri vién bi(cm) va goc léch thanh Beam(do)

0 5 10 15 25 30 35 40

Time (seconds)

Hinh 6. Két qua 3 md phong vi tri vién bi
va goc 1éch thanh

Thoi gian xac 1ap vi tri vién bi la 7.19s

Thoi gian xéc 1ap goéc thanh beam la 4.88s

Sai s6 xac lap vi tri vién bi 1a 20.54cm

Sai s6 xéc lap goc thanh beam 1a 0.059 do

4.2. M6 hinh thyec té

Hinh 7. Tong quan hé bong thanh truc 1éch
thuc té
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...... Vi tri vién bl

@
S

n
=]

Vi tri vién bi(cm) va goc thanh Beam(dg)
@
8
]

Hinh 8. Chi tiét hé bong thanh truc 1éch 1 __/
0 2000 4000 6000 8000 10000 12000
t(ms)

Hinh 10. Két qua 1 mé hinh thyc hé bong
thanh truc 1éch

Thoi gian xac 1ap vi tri vién bi la 5.82s

Thoi gian xac 1ap goc thanh beam 14 3.72s

Sai s6 xac 1ap vi tri vién bi 1a 0.6cm

Hinh 9. Chi tiét hé bong thanh tryc 1éch 2 Sai s xac 1ap goc thanh beam 1a 0.05 d¢

(1) Thanh Beam Chon ma tran Q va R:

(2) Level arm 20 0 0 0

(3) Mot?r o- g ; 2o0 g ;R=2.75 (19)
(4) Nguon 12V o 0 0 150

(5) Driver

T (9) va (19), tinh ma tran K bang
Matlab:

K =1[-9.4666 -8.7055 30.7262 7.5861]

(6) Stm32f407

Chon ma tran Q va R

Q 0 0 0 Diém dat vién bir =30 cm
0 0 0
o-| 0 @ (17) o
0 0 Q ©
0 0 0 Q £
ﬂ; 40 +
s 30
200 0 0 O §%
o- 0 1.0 O
o 020 0 s of S
0 0 0 150 ( 18 ) = 2000 4000 6000 8000 10000 12000
t{ms)
R=2.15

Hinh 11. Két qua 2 m6 hinh thyc hé bong
. thanh truc 1éch

T (9) va (18), tinh ma tran K bang
Matlab:

K =[-10.6078 -9.8339 34.6913 8.5532]

Piém dat vién bi r =30 cm

Thoi gian xac lap vi tri vién bi 1a 5.32s
Thoi gian xac 1ap goc thanh beam la 3.27s
Sai s6 x4c 1ap vi tri vién bi 1a 11.24cm

Sai s6 x4c 1ap goc thanh beam 12 0.04 do

Chon ma tran Q va R:
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20 0 0 0
0 1.0 0
= 20
=0 02 o (20)
0 0 0 250
R=25

T (9) va (20), tinh ma tran K bang
Matlab:

K =[-9.8918 -9.9069 37.9788 10.1839]
Piém dat vién bi r =30 cm

60

Vi tri vién bi
Géc thanh Beam
= Bigm dt

40

30

20

10

Vi tri vién bi(cm) va goc thanh Beam(dd)

-10

0 2000 4000 6000 8000
t(ms)

Hinh 12. Két qua 3 mé hinh thyc hé bong
thanh truc 1éch

10000 12000

Thoi gian xéc 1ap vi tri vién bi 1a 2.8s
Thoi gian xéc 1ap goc thanh beam 1a 1.3s
Sai s6 x4c 1ap vi tri vién bi 1a 6.17cm
Sai s6 xac 1ap goc thanh beam 13 0.07 do

Chon ma tran Q va R:

2100 0 0 O
0 1 .0 O
= 21
Q 0 05 O (21)
0 0 0 150
R=25

T (9) va (21), tinh ma trdn K béng
Matlab:

K=[-9.8918 -9.1613 32.4546 7.9481]

Diém dit vién bir =30 cm
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60

Vi tri vién bi
Goc thanh Beam

g %0 Diém dat

40

30

20

s 10

Vi tri vién bi(cm) va géc thanh Beam(da)
’/ 5

-10

0 2000 4000 6000 8000
t(ms)

Hinh 2. Két qua 4 mé hinh thuc hé bong
thanh truc 1éch

10000 12000

Thoi gian xac 1ap vi tri vién bi la 7.57s
Thoi gian xac 1ap goc thanh beam 1a 2.23s
Sai s6 x4c 1ap vi tri vién bi 14 3.1cm

Sai s6 x4c 1ap goc thanh beam 13 0.04 do
Chon ma tran Q va R:

2100 0 0 O
0 70 0 O

_ 22

Q 0 0 20 O ( )
0 0 0 150

R=25

T (9) va (21), tinh ma tran K bang
Matlab:

K =[-9.8918 -10.8926 35.2211 7.9651]
Piém dat vién bi r =30 cm

60

Vi tri vién bi
Goc thanh Beam

=0 Diém dat

40

30

20

10

Vi tri vign bi(em) va géc thanh Beam(da)

-10

0 2000 4000 6000 8000
t(ms)

Hinh 14. Két qua 5 m6 hinh thyc hé bong
thanh truc 1éch

10000 12000 14000

Thoi gian xéc 1ap vi tri vién bi la 5.04s
Thoi gian xéc 1ap goc thanh beam la 2.24s

Sai s6 x4c 1ap vi tri vién bi 1a 0.73cm
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Sai s6 x4c 1ap goc thanh beam 13 0.06 do

Khi tang R, thoi gian xac lap vi tri vién
bi va thanh beam giam, nhung sai sd xéac
lap vi tri vién bi ting, sai sb xac lap cua
thanh beam thay d6i khong dang ke.

Khi tang Q4, thoi gian xac 1ap giam
manh chi con 2.8s, nhung sai sb xac lap vi
tri vién bi tang (6.17cm). Khi ting Q3,
thoi gian xac ldp vi tri vién bi tang
manh(7.57s), vi tri vién bi van chua dat
dugc tai diém dat(sai léch 3.1cm). Khi ting
Q3, thoi gian xac 1ap vi tri vién bi tuong
dbi nhanh(5.04s), sai s6 xac 1ap vi tri vién
bi nhd, chi 0.73cm. Nhin chung khi thay
doi cac thong sb Q(1,2,3,4), sai sb xac lap
goc cta thanh beam thay ddi khong déng
ké.

5. Két luan

Trong bai bao nay, hé thong béng thanh
truc léch dugc diéu khién bang phuong
phap LQR. Qua két qua mo phong va thuc
nghiém ta c6 thé thay duoc giai thuat LQR
dd mang lai mot hi€u qua nhét dinh, tuy
nhién téc d6 dap tng va thoi gian xac 1ap
van chua thuc sy tot nhat. Dé co duogc két
qua t6t hon, can phai thir thém nhiéu thong
s6 toi uvu K thong qua viéc lya chon ma
trdn Q va R.
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