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Tém tit: Hé can truc 2D hay “gantry crane” la hé mdt vao nhiéu ra (SIMO-single input
multi output) duoc str dung nhiéu trong ca thuc té va trong hoc thudt. Vi mot hé thng
khong c6 thong s6 md hinh cy thé nhu ddi twong ndy, nhom tac gia tién hanh xay dyng va
ap dung giai thuat diéu khién md nhu mot giai phap kha di cho déi twong chua rd thong s6
va 6 céu trac SIMO. Bén canh viéc phén tich vi sao bo diéu khién (BPK) m¢ 1a phu hop
cho dbi twong nay so véi cac BDK khéac, nhom téc gia cling chimg minh tinh kha thi cua
giai thut nay trén mé phong Matlab/ Simulink. Bén canh do6, chung téi tién hanh xay dung
mdt mo hinh thuc nghiém can truc 2D thong qua board diéu khién STM32F4. Két qua thuc
nghiém ciing cho thiy su hiéu qué cua giai thuat mo. Cac quy luét vé tinh chinh mé ciing
duoc nhom tac gia khao sat dua trén mo hinh nay.

Tir khéa : diéu khién mo; hé can truc 2D; hé thong SIMO; STM32F4

Abstract: 2D crane or gantry crane is a SIMO system which is commonly applied in both
reality and academy. With a model which has un-known system parameters, we build and
apply a fuzzy controller as a solution for this model, which has unknown system parameters
and SIMO structure. Beside analysis on the need of using fuzzy controller instead of other
controllers, we prove the ability of this algorithm on Matlab/Simulink. Moreover, we build
an experimental model of 2D crane through control board STM32F4. Experimental results

also show the effectiveness of fuzzy algorithm. Rules of calibration fuzzy controllers are
examined on this model.

Keywords: 2D-crane 2D, fuzzy control; SIMO system; STM32F4

cau trac SISO nén khi dwoc dem ap
dung cho h¢ MIMO under-actuated nhu

1. D3t vin dé

Can truc 2D duoc (mg dung trong thuc

té rat rong rai, dac biét la trong van
chuyén hang hoa ¢ cic bén tau cang
(Hinh 1). Do d6, bai toan diéu khién vi
tri va chéng dao dong tai cho dbi tuong
nay mang tinh han 1am va thuc té cao.
Giai thuat kinh dién PID da duoc thuc
hién thanh cong & mo hinh nay [1]. Tuy
vdy, viéc tinh chinh thong sé PID khi
diéu khién mo hinh nay 1a rat khé khan.
Diéu nay 1a do bo diéu khién PID vén cd
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hé can truc 2D thi dugc ghép nbi thanh
cac khdi PID khac nhau. Piéu nay lam
cho viéc tinh chinh PID tré nén kho
khan. O nghién ctru [2], cac giai thuat
LQR va trugt dugc thuc hién trén ddi
tuong can truc 2D. Tuy nhién, céc két
qua chi dugc thyc hién trén mo phdng.
Ngoai ra, cac gidi thuat LQR va truot 1a
nhirng giai thuat duoc thiét ké dua trén
phuong trinh toan hoc chinh xéc cta h¢
théng. Bén canh do, dé cac gidi thuat
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trén dugc thiét ké thanh cong, cac thong
s6 mo hinh hé théng ciing phai duoc xac
dinh chinh xac. Diéu nay 1a rat kho khan
trong vi¢c van hanh mo hinh thuc
nghiém.

Trong vi¢e diéu khién can truc thuc
té, kinh nghi¢ém cua nguoi van hanh
dong mot vai tro rat quan trong. Didu
nay phu hop véi viéc ap dung BDK mo
(fuzzy control — FC). Pay la giai thuat
diéu khién ap dung k¥ thuat thong minh
dé bat chude hoat dong ctia mot chuyén
gia. O tai liéu [3], [4], mot sb tac gia da
thuc hién viéc két ndi hai khéi diéu
khién mé& don gian dé tranh viéc tao ra
mot khéi md qua 16n. Nhom tac gia trén
da diéu khién thanh cong ddi tugng can
truc 2D trén mod phong nhung chua co
két qua thue nghiém nao duoc trinh bay
trong nghién ctru d6. Do d6, két qua bai
béo trén chi mang tinh 1y thuyét.

Trong bai bao nay, chung t61 dya vao
¥ tuong két ndi cac BPK mo & tai liéu
[3]. Tuy nhién, thay vi sit dung ham lién
thudc gdom 5 ham & mdi bién trang thai
thi ching t61 chi 4p dung 3 ham lién
thugc. Tur do, cac BDK mo duoc ap
dung cho can truc 2D ciing don gian
hon. Tir d6, bén canh viéc van thuc hién
dugc diéu khién ddi tuong trén & mo
phong, nhom cling ap dung thanh cong
trén mo hinh thuc dé tao két qua thuc
nghiém so véi chi & Iy thuyét & tai lidu
[3].

2. M6 hinh héa hé théng cin truc

M5 hinh gom 1 thiét bi di chuyén trén
thanh ngang. Trén thiét bi nay, mot day
treo tai dugc st dung dé nang/ha tai
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(Hinh 1). Thiét bi nay di chuyén qua lai
trén thanh dé van chuyén tai tir vi tri nay
sang vi tri khac. Nhu vay, tin hi¢u diéu
khién 14 tin hiéu dién 4p cdp cho dong
co dé thiét bi di chuyén. Ngd ra can diéu
khién 1a vi trf thiét bi d6 (cling 1a vi tri
tai). Néu viéc 6n dinh sao cho dao dong
tai 14 it nhat va khi tai dén dung vi tri can
nang/ha thi dao dong day treo hoic thiét
bi treo tré vé 0 thi h¢ trd thanh mot hé
SIMO. Nhu vay, ta c6 thé xap xi hé nhu
mot hé con lac [5]. Nhung, khac voi con
lic nguoc (inverted pendulum - IP) trén
xe, trong h¢ can truc 2D, day treo tai va
tai lai hudng xudng so véi con lic nguoc
hudéng 1én. Do do, cac giai thuat da ap
dung cho hé IP hoan toan c6 thé ap dung
duoc cho hé cin truc 2D.

Hinh 1. Can tryc 2D trong cong nghiép
O Hinh 2, hé can truc 2D 1a hé thong c6
xe (m1) duoc ndi véi tai (m2) théng qua
so day co chiéu dai (L). Xe duoc tac
dong luc F theo hudng bén phai dugc
ndi vao dong co. Khi dong co xoay s&
kéo hodc day xe (M1) 1am xe di chuyén
dot ngot tao ra sy chénh l¢ch goc 6 gitr
M2 so v6i phuong thing dung.
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Hinh 2. M5 hinh toén hé can truc 2D
Theo su chuyén d6i cua hé IP trén xe [5], hé phuong trinh dong luc hoc cua hé can
truc 2D dugce viét nhu sau :

. F—Bx—my(~Ilsin(0)8 + ¥ + lcos(0)F) (1)
x =

m; +m,

b —glm, sin(@) — lmy,¥cos(0) )
- [+ 1°m,

Trong d6: 6 1a gbc 1éch cua tai so véi phuong thiang dung (rad); x(t) 1a vi tri cta xe
(m); m1 1a khdi lwong cua xe (kg); m2 13 khéi lugng cua tai (kg); 11a d6 dai sg day
(m); g 1a gia toc trong trudng (m/s2); F 1a luc tic dong do dong co tao ra (Nm).

Bang 1. Thong s6 cua hé thong

Ki hi¢u Gia tri Mo ta
m 1 Khéi lugng cua xe kg
m; 0.2 Khéi lugng tai kg
1 0.2 | Chiéu dai doan ndi tir xe dén vat | m
I 0.00072 | Moment quan tinh kg.m?
g 9.81 Gia toc trong trudng m/s’
B 0.63 | Hé s6 ma sit xe N/m/s

3. M6 hinh héa hé théng cén truc
CAu trac diéu khién mo ap dung cho hé thdng duoc thé hién ¢ Hinh 3.

goc dao dong cua tar |

|
w b e s
| 1 tin hiéu dieu

| “A n A
1  khién hé thong
‘ |
\

V1 tri xe |
! .
N o A 3
quy dao dat Bo dieu
—T - J khién mé&

Hinh 3.CAu trac diéu khién mo cho hé can truc 2D
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Thiét 1ap hai khdi Fuzzy dung dé diéu
khién goc va vi tri. Cac khdi fuzzy co
ngd vao va ngd ra tir -1 dén 1, trude do
s& dugc nhan v6i hé sd tién va hau xir ly
dé 1am cho hé thong 6n dinh. Céc khdi
tién xur 1i va hau xir 1i & Hinh 3 dugc
chon thong qua thir sai dé dugc bo thong

NE ZE PO

-1 08 06 04 02 0 02 04 0.6 0.8 1

Hinh 4. Ham lién thudc ngd vao (da dugc
chuin hoa)

Bang 2. Luat mo Fuzzy goc

s6 diéu khién phu hop. Viéc chon tién
xu li, hau xur 1i va cac luat mo tuong ung
v6i kinh nghiém chuyén gia trong viée
thiét ké BPK mo. Cach lua chon luét
mo dugc chung t6i lya chon dua vao
kinh nghiém diéu khién va thé hién &
Béng 2 va 3.

N B P

e

-1 0.8 06 04 0.2 0 02 04 06 08 1
output variable “output1”

Hinh 1. Ham lién thudc ngo ra (da duoc
chudn hoa

Bang 3 . Luat mo Fuzzy vi tri

STT 0 AB u STT X Ax u
1 NE NE P 1 NE NE B
2 ZE NE P 2 ZE NE B
3 PO NE B 3 PO NE P
4 NE ZE B 4 NE ZE N
5 ZE ZE B 5 ZE ZE B
6 PO ZE B 6 PO ZE P
7 NE PO B 7 NE PO N
8 ZE PO N 8 ZE PO B
9 PO PO N 9 PO PO B
4. Mo phong
Ta dat cac bién trang thai nhu sau:
xl=x;x2=x;x3=0;x4=0 (3)

O mé phong, tin hiéu diéu khién duoc chon 14 luc tic dong vao xe. Chung toi
chi 4p dung hé phuong trinh trang thai (1), (2) dé thé hién hé can truc 2D trén mé
phong. Ta c6 théng sé mo hinh duoc chon ¢ Bang 1.
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Hinh 6. M6 phong Fuzzy trén Matlab/Simulink hé cén truc 2D

Céc thong s6 tién xtr 1 va hau xir Ii duoc
chon thong qua phuong phap thtr sai
(trial-and-error tets) nhu sau:

K1=2.8; K2=10; K3=50; 4)

K4=20; K5=5; K6=8
Gia tri vi tri dat duoc chon l1a 30cm
Truong hop 1: Cho gi tri ban dau cua
bién trang thai hé thong 1a
x1=0;x2=0;x3=0;x4=0 (5)
Két qua mo phong duogc thé hién ¢ Hinh
7.

Vit i)

sai s6 xac lap 14 0.4 cm) sau tam 8 gidy.
Goc dao dong cua tai cling dugc triét
tiéu sau tAm 8 gidy.

Trudng hop 2: Néu chon gia tri bién
trang thai ban du khac di va tai léch di
SO VOi vi tri thrfmg ding, ta chon

x1=0;x2=0;x3=pi/18;x4=0 (5)

Két qua mé phong duoc thé hién ¢ Hinh
8.

a

Hinh 7. Két qua mé ppéng v6i bién trang
thai ban dau ¢ (5)

Thoi gian xac lap cuaxe : 7.5 s

Thoi gian xac lap cua tai : 8.2 s

Sai sb xac 1ap cua xe : 0.4 cm

Sai s6 x4c 1ap cua tai : 0.00002 rad
Nhan xét: ta nhan thiy BDK mo di diéu
khién thanh cong hé can truc voi vi tri
xe da di chuyén dén gia tri mong muon
(nhuung van con khuyét diém la ton tai

i

Hinh 8. Két qua mo phong véi bién trang
thai ban dau & (6)

Thoi gian x4c 1ap ciaxe : 9.8 s

Thoi gian xac lap cua tdi: 3.2 s

Sai sb xac 1ap cua xe : 0.38 cm

Sai sb xéc 1ap cua tai : 0.0001 rad
Nhan xét: Ta thdy, v6i gia tri ban dau
khac di nhiéu, BDK mo van cho két qua
diéu khién 6n dinh duoc hé théng. Tuy
nhién, sai s6 xac l1ap cua xe van chua
duoc cai thién.
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5. Thwe nghi¢m
5.1. M6 hinh thuc nghiém
Trong nghién ctru [6], mdt khdo sat so
sanh gitra 2 giai thuat PID va fuzzy da
duogc thyc hién trén cd mo phdng va thuc
nghiém va déu cho két qua diéu khién
thanh cong trén md hinh can tryc 2D.
Tuy nhién, BDK dugc xay dung trong
cac mo hinh nay déu dya trén DSP
TMS320F28335 c6 gid thanh cao (trén
5 tricu VND) va khong con duogc
Windows h tro (do vi xtr li nay phai sir
dung trén chip 32 bit trong khi hién nay,
chi c6 chip 64 bit hoat dong). Do do,
viéc khdo sat cac giai thuat trén ¢ cac vi
xtr 1i ré tién hon, thong dung cho hoc
duong hon 14 can thiét va can dugc phat
trién. Do do, & phﬁn thuc nghi¢m nay,
ching t6i sir dung board STM32F4 dé
vira tan dung dugc su hd tro ciia Matlab/
Simulink, vira dat dugc tde d6 xt 1i cao
O muc chép nhén duoc

Pé kiém chung két qua mo phong,
ching t61 xdy dung md hinh thuc
nghi¢m nhu & Hinh 9 va Hinh 10. Tin
hiéu diéu khién duoc chon 1a dién ap cép
cho dong co vi théng s6 md hinh 1a
khong xac dinh chinh xac dugc.

Hinh 9. Phin co khi ctia mo hinh
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= e |
Hinh 10. Phin di¢n ctia m6 hinh

Giai thich cac khdi trong Hinh 9 va Hinh

10.

1. Thanh phan xe cua hé

2. Thanh phan tai cua hé va rotary
encoder

DPong co NISCA

Rotary encoder 1

Vi diéu khién STM32F4
Cong két ndi Encoderl
Cong két ndi Encoder?
CP2102

. Céu H arduino IBT-2
10. Ngudn t6 ong 12V

© © N o v kW

5.2. Két qua thuc nghiém
Thi nghiém (TN) 1: Cac thong sb tién
xu i va hau xu li dugc lya chon thong
qua phuong phap thir sai nhu sau:
K1=0.35; K2=0.01; K3=0.4; (6)
K4=0.01; K5=60; K6=40
va vi tri dat 30cm
Vi thong sb diéu khién ¢ (7), cac két
qua thuc nghiém dugc thé hién & Hinh
11 va Hinh 12.




Hoang Lé B¢ Minh va cdng sw

35

30 e m—

o5 L / position(cm)
/ angle (degree)

20

position & angle

o 100 200 300 400 500 600 700 800
sample

Hinh 11. Két qua TN1

Thoi gian xac 1ap cua xe: 3 s
Thoi gian xac 1ap cua tai: 4.8 s
Sai sb xac lap cua xe: 0.04 cm
Sai sb xac lap cua tai: 0.09 do

Nhén xét: BPK mo véi thong sb tién/
hau xir 1i & (7) da diéu khién thanh cong
ddi tuong can truc trén thuc nghi¢m.
Nhu vay, budc dau, viéc ap dung giai
thuat trén ¢ thyc nghiém 1a phu hop dé
thuc hién cac khao sat ké tiép

TN 2: thong sé diéu khién & (7) van
duoc st dung nhung ta chon vi tri ban
dau -39 cm va vj tri ddt 30cm.

40

30

20
position(cm)
angle(degree)

position & angle

0 100 200 300 400 500 600 700 80O

sample

Hinh 12. Két qua TN2

Thoi gian xac 1ap cua xe: 3.8 s

900 1000

Thoi gian xac 1ap cua tai: 5.6 s
Sai s6 x4c 1ap cta xe: 0.4 cm
Sai s6 xéc lap cta tai: 0.09 rad

Nhan xét: Khi chon vi tri ban dau rat
xa gia tri dat, BDK mo van dam bao vi¢c
dicu khién thanh cong. Thoi gian xac 1ap

la dai hon so véi & thi nghiém 1. Nhu
vay, khoang hoat dong cua BPK mo
dugc xéac dinh 1a rong, phu hop cho céc
thi nghiém tiép theo vé kiém chimg
thong sb diéu khién.

TN 3: Ta tién hanh ting thong s6 K1
so voi thi nghiém 1, cac thong sé diéu
khién khac duoc giit nguyén

K1=0.4; K2=0.01; K3=0.4;
K4=0.01; K5=60; K6=40

va vi tri dat 30cm nhu ¢ thi nghiém 1.
Ta c6 két qua thyc nghiém & Hinh 13.

(7)

position(em)
angle (degree)

posilion & angle

o 100 200 300 400 500 600 700 800 900 1000
sample

Hinh 13. Két qua TN3

Thoi gian xac 1ap cua xe: 3.5 s
Thoi gian xac 1ap cua tai: 5.2 s
Sai sb xéc 1ap cua xe: 0.04 cm
Sai s6 xéc lap cua tai: 0.27 do

Nhan xét: Voi K1 ting quéd muc,
tuong tng vaéi viée chu trong qua muc
vao vi tri xe thi da gy ra dao dong dbi
v6i hé thong. Thoi gian xac 1ap & TN3
1a 16n hon dang ké so v6i TN1. Sai sd
xac 1ap vi tri xe 1a khong d6i nhung sai
sO xéc 1ap cua goc tai 1a 16n hon. Nhur
vay, vi¢c hi¢u chinh K1 tang 16n 1a kha
nhay cam, d& lam hé thdng kém chét
luong hon du chu dich 1a muén diéu
khién tét hon vi tri xe.
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TN 4: V6i thong s6 diéu khién c6 K3
giam so v6i thi nghiém 1, cic thong sb
khéac dugce gilt nguyén nhu sau

K1=0.35; K2=0.01; K3=0.45; (8)
K4=0.01; K5=60; K6=40
va vi tri dit 30cm nhu & TN 1, ta c6 két
qua thuc nghi¢m duogc thé hién & Hinh
14.

position(cm) |
angle(de; |

position & angle

-10
] 100 200 300 400 500 600
sample

700 800 900 1000

Hinh 14. Két qua TN 4

Thoi gian xac lap cua xe: 3 s
Thoi gian xac 1ap cua tdi: 5 s
Sai sb xéc 1ap cua xe: 0.64 cm
Sai sb xéc 1ap cua tai: 0.09 d6

Nhéan xét: voi viée giam K3, tuong
g voi viée it quan tim dén dao dong
cla tai, két qua cho thiy thoi gian xéac
1ap cua vi tri khong thay d6i so voi TNI.
Tuy nhién, thoi gian xéc 1ap cua tai cod
dai hon. Nhu vay, viéc it quan tam dén
dao dong cua tai c6 gdy anh huong xu
la 1am thoi gian x4c 1ap tai co dai hon.

TNS5: Véi thong s6 K5 duoc giam so
v6i & TNI, cac théng so khac giita
nguyén, cac théng s didu khién duoc
chon la

K1=0.35; K2=0.01; K3=0.4; 9)
K4=0.01; K5=70; K6=40

va vi tri dat 30cm, két qua thuc nghi¢m
dugc thé hién ¢ Hinh 15.
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Hinh 15. Két qua TNS

Thoi gian xac 1ap cua xe: 3.4 s
Thoi gian xac 1ap cua tai: 5s
Sai sb xac lap cua xe: 0.24 cm
Sai sb xac lap cua tai: 0.09 rad

Nhan xét: Khi K5 bi gidm so véi
TN, twong tmg véi tin hiéu diéu khién
ctia dong co diéu khién xe it dugc quan
tam, ta nhan théy sai s xéac lap cua xe
1a nhiéu hon hin (so v6i TN1). Pong
thoi, thoi gian xac 1ap cua vi tri xe cling
dai hon. Do xe chua 6n dinh nén goc tai
cling khong duoc diéu khién tét v6i thoi
gian x4ac lap cua tai tuong ung ciing bi
kéo dai. Didu nay cho thiy viéc didu
khién xe 1a quan trong vuot trdi so voi
viéc didu khién dao dong tai. Khi diéu
khién, viéc 6n dinh vi tri xe nén duoc dat
trong tim cao hon viéc diéu khién dao
dong tai. Tuy nhién, vi mot bo thong
s6 FC phu hop cho vi tri xe thi thong sé
BDK mo cho tai nén dugc quan tam (khi
so sanh viéc chinh K3 & TN4).

TN6: Vo1 K6 dugc ting so voi &
TNI1, céac thong sé diéu khién duoc giir
nguyén nhu sau

K1=0.35; K2=0.01; K3=0.4;
K4=0.01; K5=60; K6=50

(10)

va vi tri dat 30cm (gidng TN1), ta c6 két
qua thuc nghiém duoc thé hién & Hinh
16.
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Hinh 16. Két qua TN6

Thoi gian x4c lap cuaxe : 3.8 s
Thoi gian xac 1ap cta tdi : 5.1's
Sai s6 x4c 1ap cua xe : 0.9 cm
Sai s6 xéc lap cua tai : 0.09 rad

Nhan xét: Khi K6 dugc tang so voi
TN1, twong tmg v&i viée hau xur li diéu
khién ngd ra chdng dao dong tai duoc
quan tam, thoi gian xac 14p va sai s6 xac
1ap cua vi tri xe bi kéo dai ra (so voi
TN1). Diéu nay la phu hop véi Iy thuyét
khi viéc ting cudong diéu khién bién
trang thai nay 1a viéc giam diéu khién
tuong bién trang thai khac. Tuy nhién,
viéc tang trong tim diéu khién tai cling
khong lam t6t hon thoi gian xéc 1ap cua
tai.
5.3. Nhan xét
Thong qua thuc nghiém, BDK md ma
nhom tac gia thiét ké da diéu khién
thanh cong mo hinh can truc 2D. Tuy
nhién, viéc lya chon thong s6 diéu khién
van con phai dya vao thir sai. Viéc hiéu
chinh thong s6 md van con chiu anh
huong qua lai 1An nhau giita cac bién
trang thai. Thong qua qua trinh thuc
nghiém, viéc hiéu chinh diéu khién vj tri
xe la quan trong hon so véi hiéu chinh
chat lugng cua goc tai.

6. Két luan

Thong qua bai bio, nhom tac gia da dé
nghi mot phuong phap diéu khién mo
két hop gébm hai by mo nho dé dicu
khién riéng biét goc dao dong cua tai va
vi tri xe thay vi dung 81 luat nhu & [6].
Két qua mé phong va thuc nghiém cho
thdy, BDK mo duoc str dung trong bai
bdo hoat dong thanh cong trong viéc
diéu khién vi tri xe va chéng dao dong
tai cho hé théng trén. Tuy nhién, vi¢c
hiéu chinh thong s diéu khién van con
gdp kho khéan cho viéc anh hudéng qua
lai giita cac bién trang thai nén phuong
phap thir sai van 1a phuong phap chinh
trong bai bao nay. Thong qua két qua
thuc nghiém, viéc diéu khién d6i tugng
can truc 2D, vj tri xe 1a quan trong hon
tai. Do d6, thong sé diéu khién mo nén
duoc cha tAm hon so véi diéu khién
chéng dao dong tai.
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