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) . ABSTRACT

Z\T/Zy”i’: h’;’; Zﬁl"”f;/m 12022 This paper ir_ltro_duces an experimenta_l controlled model of a low-cost
Neay nh Gn bai sira: 01/08/2022 magnetic IeV|tat|on_ system for edu<_:at|on and research. The hard_vvare
Ngdy duyéz ding: 03/08/2022 model has_ been byll_t for |mplement|_ng the theory of control algorlthms
’ into real-time. This is to solve the circumstance of inadequate physical

Title: devices for testing principles and control theories. According to that, an
A trial design of a low cost LOR conFroIIer (Linear Quad_ratic Regulator) and _the Kalman_f!lter have
magnetic levitation system for been designed to control an iron ball stably at different positions. The
education and research Kalman filter is used to estimate state variables supporting the LQR
controller for controlling the object to the desired positions. The results

Tir khéa: have been app_roached with the effective da_ta transft_erence of a I_oyv-(_:ost
Nang vat trong tir trieong, bo ha_rdware dewc_e that can control the o_bject at different equ_ll_lbrlum
diéu khién LQR, bg loc | points; the maximum steady-state error is around 4%. In addition, by
Kalman, bién tr ang thai adding noise to the system with the object’s mass changed, the position

of the object is still controlled stably. The noise from the data of the
sensors also influenced the quality of the designed controller LQG

Keywords: . . .

Magnetic levitation, linear (Linear Quadratic Gaussian).

quadratic regulator (LQR), TOM TAT

Kalman filter, state variable Bai bdo nham gidi thiéu mé hinh thyc nghiém diéu khién hé thong ning

vdt trong tur truong voi gia ré phuc vu cho nghién ciru va giang day. Mo
hinh phan cimg da dwoc xdy dung dé dp dung cdc gidi thudt diéu khién
tir Iy thuyét mé phong vao trong thuc tién. Viéc nay gidi quyét dwoc tinh
trang thiéu thiét bi var Iy d@é kiem chimng cac nguyén Iy, Iy thuyét diéu
khién. Theo dé, bé diéu khién LOR (Linear Quadratic Regulator) va bo
loc Kalman dwoc thiét ké nham diéu khién én dinh dwoc vién bi sdit 6 cdc
Vi tri khdc nhau. Bé loc Kalman dwoc sir dung dé wée lwong cac bién
trang thdi cua hé thong givip hé tro bg diéu khién LOR néng giiv Vit tai
cde vi tri mong muon. Két qua dat diege la mé hinh phan cimg gia ré
nhung hoat déng truyen nhan diz liéu hiéu qud, cé khd nang diéu khién
giir duwroc Vat on dinh tai cdc vi tri can bang khdc nhau véi sai sé xdc lgp
I6n nhat chi khodng 4%. Ngodi ra, véi nhiéu tdc dong la sy thay doi khoi
leong Vat thi vi tri vat van duwoc diéu khién giit can bang én dinh. Nhiéu
do dat tir cdc cam bién ciing ¢é anh hwéng dén chat lwong cua bé dieu
khién LOG (Linear Quadratic Gaussian) da thiét ké.
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1. GIOI THIEU

Hé nang vat trong tur treong da va dang duoc ing
dung rong rai trong nhiéu linh vuc nhu: hé théng
treo trong xe, 6 lin khong ma sat, xe dém tur truong
toc do cao. Cac hé thong nay da va dang dugc quan
tam va tré nén noi tleng do ddc tinh dong hoc khong
ma sat va khong tiép xuc trong hé thong (Dolga et
al., 2007). Nhiing dic tinh nay giup tranh duoc ton
that, hu hai hé thong do tranh dwoc ma sat va chuyén
dong co hoc gitta cac chi tiét, tir d6 lam tang hi¢u
sut hoat dong, giam hao mon, tiét kiém chi phi bao
tri va hé thong tiéu hao it nang lwong hon.

Hé nang vat trong tir truong 13 mot hé théng co
tinh phi tuyén dac biét cao (Ahmad et al., 2010) nén
cac nha nghién ctiu can phai phét trién nhiing giai
thuat thich hop dé ¢6 thé diéu khién duoc chinh xac
vi tri cua vat dugc nang (Thanh va ctv., 2014). Theo
mo hinh thyc nghiém cuia nhoém tac gia nay, b thu
thap dir liéu dét tién PCI-1711U Advantech c¢6 san
da dugc chon dé xir Iy truyén nhan dit liéu do duoc.
V6i bo mach giao tiép bang cong PCI nay, thi do
phan giai analog 1a 12 bit nhung tan s hoat chi dén
10Mhz, gia thanh kha dét, va ciu tric cong kénh.
Mit khéc, cac nha nghién ciru di dé& xuat nhiéu
phwong phép va diéu khién thanh cong hé nay: Barie
and Chiasson (1996) da thiét ké bo diéu khién bang
phuong phép hoi tiép tuyén tinh héa; Kharaajoo et
al. (2003) véi bo diéu khién dy bao; Al-Muthairi and
Zribi (2004) va Ngon va ctv. (2011) da thiét ké bo
diéu khién bang phuong phap trugt c6 két hgp mang
no-ron nhén tao. Trong d6, phwong phap diéu khién
truot duoc sir dung dé diédu khién hé thong hiéu qua
(Al-Muthairi & Zribi, 2004) nhung doi hoi phai biét
duoc diy du cac thong sé trang thai va viée diéu
khién phu thuéc vao mé hinh toan cua dbi tuong.
Bing 1. So sanh cdu hinh cac bo diéu khién
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Ngoai ra, theo nghién ctiru cta Silva and Barbosa
(2021), giai phap str dung thiét bi gia ré nhu bo vi
diéu khién Arduino Mega 2560 ciing dd duoc thu
nghiém twong ddi hiéu qua két hgp mang no-ron
nhan tao. Tuy nhién, tan s6 hoat dong cua Arduino
Mega 2560 chi c6 thé 1én dén 16Mhz. Bén canh d6
cling c6 nghién ctru da xay dung hé nang vat trong
tir truong gia ré phuc vu trong nghién ctru va giang
day cac nganh k§y thuat (Pujol-Vazquez et al., 2021).
Ngoai ra, nhém tac gia Subrata et al. (2017) va nhém
Suraj et al. (2018) ciing da c6 nghién cttu chon bd vi
diéu khién Arduino Uno két hop Raspberry-Pi dé
truyén thong va xu 1y di liéu do duoc, ding bo diéu
khién PID. Vi nhirng nghién ctru trén, toc do xir Iy
dix lidu c6 phan bi han ché do cau hinh phan cing tir
nha san xuét.

Tir co s& dd néu trén, nghién ciu nham dé xuat
xdy dung mo hinh vat 1y thir nghiém hé nang vat
trong tr truong gia ré hop 1y dung vi diéu khién
STM32F407 Discovery cho myc dich nghién ciru va
giang day. Uu diém ndi bac cua bo vi diéu khién
duogc chon trong nghién ciru nay 1a két ndi don gian,
phan ctng nho gon, toe do xir ly dit liu diéu khién
cling nhu tan s6 hoat déng nhanh hon so véi viéc
dung bo PCI 1711U hay bo Arduino Mega 2560,
Arduino Uno. Bang 1 trinh bay s liéu so sanh
nhitng dic diém co ban giira cac bo vi diéu khién.
Giai phap diéu khién thir nghiém trén mé hinh phan
cing 1a thiét ké bo diéu khién LQG (Linear—
Quadratic- Gaussian) cho hé nang vat trong tu
truong. Sau khi thiét ké va mo phong bo diéu khién
trén phan mém MATLAB/Simulink, b diéu khién
nay dugc 4p dung trén hé thong thoi gian thuc dé
kiém nghiém tinh hiéu qua cua bo diéu khién da thiét
ké va phan tich tinh 6n dinh cua hé thong.

Bo mach STM32F407 PCI-1711U Mega 2560
Tan s6 hoat dong dén 26 Mhz 10 Mhz 16 Mhz

Do phan giai analog input 12 bit 12 bit 10 bit

Giao thuc USB UART Céng PCI USB

Xuét tin hiéu PWM Co Khéng Co

Gi4 thanh dwéi 800.000 dong trén 8.000.000 ddng dudi 200.000 dong

2. PHUONG PHAP NGHIEN CUU
2.1. M hinh toan hoc hé théng

Mo hinh dugc mé ta & Hinh 1 (Al-Muthairi &
Zribi, 2004) c6 dién ap u la ngd vao cua dbi tuong
diéu khién (nam chdm dién), dién ap nay thay ddi s&
diéu khién dugc vién bi sit nang ha mot khoang h
S0 voi nam cham dién. Khoang cach h nay 1a ngd ra
clia ddi twong diéu khién.

Theo nghién ctru cua Barie and Chiasson (1996),
hé phuong trinh (1) 1a mé ta dong hoc cua hé thong.

[ L
v Luc dién tir (Electromagnetic Force)

v -
o Luc hap dan (Gravitational Force)

'1 ™ Fo=mg

Hinh 1. Mé hinh h¢ ning vit bing tir trwong



Tap chi Khoa hoc Trirong Pai hoc Can Tho

( an _
at
e, ALD
u=Ri+ Y )
dv i\?
mé =me = C ()
Trong do:

h: Vi tri cua vat (m),

v: Van téc cua vat (m/s),

i: Dong dién qua cudn day (A),

u: Pién 4p cung cap cho cuon day (V),
R: Dién tré cua cudn day (Q),

L(h): bién cam cua cudn day (H),

C: Hang s6 luc tir (Nm2/A?),

m: Khéi lwong cua vién bi (kg),

gc: Gia toc trong truong (m/s?).

bién cam cua cudn day 1a mot ham phi tuyén phu
thudc vao vi tri cua vat dugce nang (Al-Muthairi &
Zribi, 2004):

L) =L+, ()

~ trong do Li 1a dién cam cta cudn day khi vat &
rat xa 161 thép.

Céc bién trang thai dugc chon nhu sau:
x1 = h
{xz =v (3
X3 = l
Véc-to trang thai hé thong x = [x; x, x3]7.

Phuong trinh trang thai ciia hé dugc viét lai tir
(1), (2), va (3) nhu sau:

J'Cl=x2
.o C x32
X2 =9c— x 4)
e Ry 420 (xaxs) 1
lx3— Lx3+L(x12)+Lu

Gia str diém can bang x, cua hé théng 1a nghiém
cua h¢ phuong trinh (5):

561:0
{X‘z=0 (5)
X3=0

Tu (4)va(S)suy ra: x, =[x, 0 x3.]7,
6)

VGi x5, théa man phuong trinh sau:
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gcm
X3¢ = X1e 2 (7
Goi xq = [x14 X2q X34]7 1a vec-to trang thai
mong muon.

Muc tiéu ciia nghién ciru nay la diéu khién dugc
trang thai x, cta hé thong veé trang thai mong muon
X14 da dat trudc.

2.2. Xiy dung mé hinh phin cirng

Céu triic phan cing tong quat hé thong nang vat
trong tu truong duoc xay dyng va mo ta ¢ Hinh 2.
Theo d6, may tinh (PC) duoc sir dung dé thuc thi
giai thuat diéu khién hoi tiép trang thai LQG. Bo
diéu khién LQG duoc thiét ké va trinh bay chi tiét &
muc 2.3. Bo mach vi diéu khién STM32F407 thong
qua module giao tiép USB/UART dugc dung dé xir
ly dit liéu truyén nhan véi may tinh va véi nam chdm
dién. Thong tin & Bang 1 cho thdy bo mach
STM32F407 co6 gia thanh ré phu hop trong nghién
ctru thir nghiém va giang day, nén né duoc chon dé
xdy dyng md hinh phan ctng két ndi d6i twong diéu
khién. Béi tuong diéu khién 1a nam cham dién két
hop cam bién vi tri va mach cam bién dong dién dé
diéu khién vi tri vién bi sat. Thong tin trang thai do
duogc tir cac cam bién 1a tin hiéu phan hdi vé bo diéu
khién nho su két ndi truyén thong véi bo vi diéu
khién STM32F407 dwa vé may tinh xir 1.

Bo dieu khien

Vi diéu khién
(STM32F407)

Nam cham dién
(co cam bien dong
va cam bien vi tri)

Hinh 2. Céu tric phan cirng h¢ thong

Céc thiét bi va linh kién chinh dwoc sir dung bao
gom: Nguon dién ap DC, May tinh PC, bo vi diéu
khién STM32F407 Discovery, cam bién do vi tri
bang hong ngoai RPR 220, nam cham dién va vién
bi sit, module truyén théng USB UART TTL
FT232RL. Nam cham dién duoc cAu tao tir cudn day
ddng c6 duong kinh 0,7 mm quan quanh 15i thép dé
tao ra hé sb tu cam 1a 1,38 H. Cac thong s chi tiét
cta nam cham dién duogc trinh bay trong Bang 2, véi
vi tri ban dau caa vién bi sit 1a 0,025 (m). Hinh 3 1a
mo hinh thuc nghiém cua hé théng da dwoc xdy
dung hoan chinh.
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Hinh 3. Mé hinh thuc nghiém h¢ théng

Bing 2. Thong sb thiét ké ciia nam cham dién

Théng s6 Gia tri Pon vi
S6 vong day quan 2136 Vong
Puong kinh day déng 0,7 mm
bién tro cudn day 29,1 Q
Dong dién tdi da 0,84 A

Do tir cam cudn day 1,38 H

2,6x10* Nm?/A2
45 x 25 x mm x mm
70 x mm
15 g
2.3. Thiét ké b diéu khién LQG
2.3.1. B¢ diéu khién LQR (Linear—Quadratic-
Regulator)

Hang s6 lyc dién tur
Kich thuéc nam cham dién

Khbi lugng vién bi sat

Mot cach tong quat, ddi tuong tuyén tinh bac n
dugce mo ta bai hé phuong trinh (Ogata, 2010):

x(t) = Ax(t) + Bu(t) €))
Trong d6:
x(t) = [x,(£), x5 (t), ..., x, ()" 12 véc-to trang
thai.
u(t) = [u; (), uz(®), ., un ()] 12 véc-to tin

hiéu diéu khién.
A 1a ma tran trang thai, va B 1a ma tran ngd vao.
Bo diéu khién LQR tinh toan tin hiéu diéu khién
u dé toi thiéu hoéa ham muc tiéu dang toan phuong:
©

Trong d6: Q 1a ma trdn ban xac dinh duong, va
R > 0 chtra cac hé s6 duoc chon trudc.

Tin hi¢u diéu khien u(t) = r(t) — Kx dugc
thiét ké theo nguyén Iy phan hoi trang thai nhu Hinh
4.

r(t) u(t) X(t) = Ax(t) + Bu(t) }_X(t) =
0,

<

J = [ (XTQX + Ru?)dt

Hinh 4. So d6 diéu khién phan hdi trang thai

15
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Két hop giita (8) va tin hiéu diéu khién u(t), gia
su r(t) =0, ta duoc:

x(t) = (A— BK)x(t), (10)
véi K dugc lay ra tir biéu thic:
J=K=R1B"P. (11)

Va P 1a nghiém cia phuong trinh dai s6 Riccati:

ATP + PA— PBR1BTP +Q = 0. (12)
Ham Hamilton dé tim 16 giai t6i wu:
H=: LT (0)Qx(t) + uT () Ru(t)] +
+AT () [Ax(t) + Bu(b)]. (13)

Diéu kién can dé co 101 giai téi wu 1a phuong
trinh dong trang thai:

A = —== = —Qx(t) — AA(t) (14)
c6 diém dung: E = Ru(t) + BTA(t) =0 (15)
= u(t) = —R1BTA(t). (16)
Thay (16) vao (8), ta dugc:
x(t) = Ax(t) — BR™1BTA(1). (17)
Két hop (17) va (14), ta duoc:
x(t)] A —-BR 1BT x(t)
A(t)] B [—Q ] [A(t) (18)

Giai phuong trinh vi phan trén ta tim qduqc x(t)
Va A(t). Sau do, ta thay A(t) vao (16) dé tim duoc

.....

Luc nay ta duoc luat didu khién téi vu:

u(t) = -K@®)x(@®) (19)

Trong d6, K(t) = R-1BTP(t), P(t) 1a nghiém
ban xac dinh duong cua phuong trinh Ricatti:

P=PA+A"P+ Q- PBR 'BTP. (20)

Tir Iy thuyét da néu & trén, bo diéu khién LQR
dugc thiét ké cho hé nang vt trong tir truong.

Tuyén tinh hoa hé thong nang vt trong tir truedng
¢ lan cén diém can bang x, = [x;. 0 x3.]7 Voi

gcm
Cc

X3, thoa man diéu kién X30 = Xqe

Tu hé phuong trinh phi tuyén (4), mo hinh khong
gian trang thai tuyén tinh hoa ctia hé dwoc viét 1a

{i=Ai+Bﬁ

y=Cx 1)
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X=x-—x,
Trong d6: {}7 =y—9,
U=u—u,
Céac ma tran trang thai ctia hé tuyén tinh hoa la
1 0
[2Cx§e ZCx3e] 0
3 0 - 2 0
A = | mxi, MmXie |; B—li
2Cx R -
23e o L
Lxi, L
c=[1 0 o]

Hé thong nang vat trong tir trudng co thé duoc
didu khién véi bo LQR da thiét ké (Benomair &
Tokhi, 2016). Tuy nhién, trong thuc nghiém hé
thdng co d6 phi tuyén cao nén can su phan hoi day
du trang thai, tc la co thé do duoc 3 bién trang thai
vi tri, van to¢ cia vat va cuong do dong dién cua hé
thdng. Do day 1a mot phuong phap diéu khién t6i wu
nén rat dé bi anh huong tir cac diéu kién ban dau
duoc thiét 1ap, sy sai léch trong cac gia tri tham sb
hé théng va nhidu. Do dé, bd loc Kalman dugc dé
XUt dé udc luong cac bién trang thai cua hé thong.

2.3.2. Bé loc Kalman cho bé diéu khién LQR

Bo loc Kalman 1a thuat toan sir dung chudi cac
gi4 tri do ludng ¢ nhiéu va sai s6 trong mot khoang
thoi gian xac dinh dé udc luong dy bao va hiéu
chinh bién trang thai dé tang d6 chinh xac (Brown
& Hwang, 1997), (Duy va ctv., 2018). B¢ loc
Kalman dwgc dé xuit tr nim 1960 boi gido su
Kalman, b9 loc nay thuc hién phuong phap truy hoi
doi voi chu01 cac gia tri dAu vao va dau ra c6 nhiéu,
nham tdi wu hoa gia tri wdc lwong trang thai cia hé
théng (Nguyen et al., 2018).

Xét hé phuong trinh trang thai co bao gdm nhidu:
{5( = Ax(t) + Bu(t) + w(t)
y(@) = Cx(t) + v(t)

Trong d6: w(t) 1a dai di¢n nhiéu h¢ thong, v(t)
la dai lvong nhiéu & ngo ra.

(22)

~ Giasu nhidu hé thong va nhiéu ngd ra co phén
bo Gauss, khong twong quan, co tri trung binh bang
0 va hi¢p phuong sai la

Elww'] = Qy; (23)

Phuong trinh trang thai va phuong trinh ngd ra
ude lugng dung bd loc Kalman dugc viét 1a

{i(t) = [42(0) + Bu(®)] + LIy(®) =3©O] (54
() = Cx(D)

Trong do, L 1a d6 lgi ctia bo loc Kalman:

E[vv"] = Ry.
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L=PC"R! (25)
Véi P 1a nghiém ctia phuong trinh Ricatti:
AP+PAT — PC"Ry'CP+Qy =0 (26)

Két hop bo diéu khién LQR véi bo loc Kalman
ta s& c6 duoc bo didu khién LQG. Hinh 5 1a mé ta
su két hop cua bo diéu khién LQR va bo loc Kalman,
trang thai ngd ra cua hé thong s& dwoc so sanh véi
b wdc lwong ding bo loc Kalman, sau d6 trong sé
K cua bo didu khién LQR sir dung cac thong sb trang
thai wdc lwong d6 dé dua vao diéu khién hé théng.

LQG controller

Hinh 5. So d6 mé ta bd diéu khién LQG
3. KET QUA VA THAO LUAN

Mo hinh thyc nghiém da dugc hoan thién nhu
trinh bay & Hinh 3, bo diéu khién LQG duoc tich
hop trong MATLAB\Simulink tir may tinh dé xir Iy
s6 liéu va tinh toan xuét tin hiéu diéu khién.

Khi cap nguon DC thich hgp cho hé thong va két
ndi véi may tinh chira by didu khién trén phan mém
MATLAB, bé vi diéu khién doc thong s6 cam bién
dé dua vé& tinh toan trén may tinh, va may tinh s&
tinh toan tin hiéu diéu khién 1a muc dién ap truyén
qua nam cham dién dé diéu khién dong dién qua
cuodn déy tao lyc dién tir hat vat 1a vién bi sat 6n dinh
& Vi tri cn bang mong mudn.

3.1. Két qua mé phéng

H¢ nang bi trong tir truong da dugc xay dung va
mo phong thir nghiém trén MATLAB\Simulink véi
bo diéu khién da thiét ké. Vi tri can bang mong
mudn cta vién bi da duoc dat tai 0,015 (m) va cac
thong s6 md phong dugc chon nhur ¢ Bang 2 da thiét
ké cho mé hinh thyc nghiém. Luc nay véc-to trang
thai coa hé théng mong muén 1a x, =
[0,015 0 0,356].

Dap (g ngd ra 1a vi tri ctia vién bi sat dugc diéu
khién (position) & Hinh 6 cho thay hé théng mo
phong dap tng tot vai bo diéu khién LQG va sai s6
xéc 14p gan nhu bang 0 khi c6 tin higu nhidu & ngd
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ra vi tri vat duoc diéu khién. Thoi gian xéc 14p cia
hé thong khoang 0,7 (gidy). Hinh 7 la tin hi¢u dién
ap tir ngd ra cua bo diéu khién.

0.026

0.024
== == Desire

—— Pasition

Vitri (m)

0.018

0.016

0.014

0 1 2 3 4 5 6 7 8 9 10

Offset=0 Thoi gian (s)

Hinh 6. Pap &ng vi tri cia vt dwoe diéu khién

25 | |

Dien ap

o

Izien ap (V)
%7

5
Offset=0 Thai gian (s)

Hinh 7. Tin hi¢u dién ap diéu khién ciia h¢
3.2. Két qua thuc nghiém

Tir két qua mo phong trén, bo diéu khién LQG
da duogc thir nghiém trén mé hinh thyc nghiém dé
kiém chiing thong s6 bo diéu khién da thiét ké. Voi
vi tri c4n bang dwoc dat tai 0,015 (m), két qua dap
tmg nhu Hinh 8. Hinh 9 1a tin hiéu dién ap diéu
khién trén thuc nghiém hé thdng tai vi tri can bang
0,015 (m).

Pap ung ngd ra cua hé théng c6 thoi gian xac 1p
vao khoang 0,9 (gidy), sai s0 xac 1ap gan nhu khong
¢6 va vi tri mong mudn ciia vién bi duoc giir 6n dinh.
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Position
= == :Desire |

0.02

0.015 =

Vi tri (m)

0.01

0.005

0 2 4 6 8 10
Thoi gian (s)

Hinh 8. Vi tri cia vat dwoe diéu khién trong
thuc nghiém tai 0,015 m

Dien ap (V)

0 2 . 5 5 0

Thoi gian (s)
Hinh 9. Tin hiéu diéu khién cia hé théng trong
thwc nghiém

Ngoaira, h¢ thong cling da duoc khao sat tinh on
dinh thém tai mot s6 vi tri mong mudn khac ciia vat
trong tir truong dé kiém tra dap ung cua bo diéu
khién da thiét ké. Két qua ¢ Hinh 10 (vi tri vat 1a
0,023 m) va & Hinh 11 (vi tri vat 14 0,01 m) cho thdy
dap ung hé thdng van duoc gitr 6n dinh.

O vi tri can bang mong mudn 14 0,023 m (truong
hop 2), hé thong cho dép tmg ngd ra cling gan nhu
khong c6 sai s6 xdc 1ap va co phan tt hon & vi tri
can bang 0,015 m (trwong hop 1) Véi thoi gian xac
1ap & truong hop 2 1a khoang 0,35 gidy.
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nghiém tai 0,023 m
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0.01

0.005 |

o . ‘ . ‘
o] 2 4 6 8 1
Thoi gian (s)
Hinh 11. Pap &ng vi tri cia vat trong thuc
nghiém tai 0,01 m

Thong qua tin hiéu ngd ra ¢ hai truong hop trén,
két qua cho thiy duoc bién do nhiéu caa cam bién &
truong hop 2 dugc giam dang ké so véi truong hop
1 (bién do nhiéu giam gan 20%). Nguyén nhan cua
két qua nay 1a do viéc bd tri cam bién cua hé thong,
khi khoang cach gitra nam cham dién va vat cang xa
thi dong nghia v6i viéc vat duoc diéu khién lic nay
nam cang gan cam bién. Tuc 1a cam bién doc duoc
vi trf vat én dinh hon tir d6 viéc diéu khién tré nén
chinh x4c hon.

Két qua didu khién hé thong ddi véi vi tri can
bang mong mudn 12 0,01 (m) ciing bi anh huong boi
sai s do dat vi tri vat (Hinh 11). Liic nay sai s6 xac
1ap khoang 4%, thoi gian xac 1ap khoang 1 gidy.

Ngoai ra, dé7 khao sat tinh bén vimg va 6n dinh
cua bo diéu khién, hé thong cling dugc thir nghiém
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v6i su tang thém dén 10% khéi luong vat dugc nang.
Vi tri can bang mong muén duoc dat tai 0,015 m.
Két qua thuc nghiém & Hinh 12 cho thay bg diéu
khién c6 thé giir cho vat on dinh va khong ¢6 dao
dong, tuy nhién Iuc nay vi tri vat co sai s6 xéac 1ap
vao khoang 13%.

0.035 |

Position
= = rDesire

0.03

0.025

0.02

Vitri (m)

0.015

0.01 -

0.005

% 2 y s o 10
Thoi gian (s)
Hinh 12. Dép wng ngd ra cia hé théng thuc té
khi khoi lwgng vién bi ting 10%

4. KET LUAN VA KIEN NGHI
4.1. Kétluan

Véi viéc st dung bo vi diéu khién STM32F407
gi4 thanh tuong dbi ré hop 1y va tc do xir ly dit liéu
nhanh, két qua thyc nghiém cho thay hé thng dap
g dwoc muc tiéu diéu khién. Hé théng hoan toan
str dung duogc cho muc dich nghién ctru va giang day
cac hoc phan diéu khién, gén két Iy thuyét vao trong
mo hinh thyc nghiém. Két qua mé phong diéu khién
trén MATLAB\Simulink cho thiy dap tng cua hé
thdng 6n dinh dudi tac dong cia nhidu ¢ ngd ra (vi
tri vat). Phuong phap diéu khién LQG duoc thiét ké
da gilr dugc vat ¢ vi tri mong mudn dit trudc trong
thuc nghiém. O phuong phap nay, bo loc Kalman
dugc ding dé udc luong cac bién trang thai hé thong
(vi tri, van téc cua vat, cudng do dong dién di qua
nam cham dién) trong khi thuc nghiém chi c6 thé do
dugc mot bién trang thai 1a vi tri cia vat. Do do, do
chinh xéc ctia cam bién vi tri vat ciing phan nao anh
huéng tryuc tiép dén dap tng cua hé thong.

Tuy nhién, khi ting nhiéu tir bén ngoai béi viéc
thay doi tir 10% khdi lwong bi st tré 1én thi sai sb
xac 14p van con trén 10%, chua dwoc giam thiéu.

4.2. Kién nghi

Tir nhitng két qua va han ché cia nghién ctu
nay, hudng phat trién tiép theo duogc dé xuat la:

— Khiéc phuc sai s6 do luong tir cam bién dé
diéu khién chinh xac hon khi vat cach xa cam bién.
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— Tiép tuc nghién ctru va thir nghiém véi cac
b6 diéu khién khac co cac bién trang thai dugc wdc
lwong bang b loc Kalman da thiét ké cho hé thong.
Dé xuit cu thé 1a co thé dp dung phuong phap diéu
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