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Piéu khién can bing con ném ngwec ding phwong phap noron mo

Balancing control of inverted wedge system using neuro fuzzy method
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Tom tat

Trong bai viét nay, tac gia da s dung ba phuong
phép diéu khién trén hé con ném nguoc la: phuong
phdp LQR (Linear Quadratic Regulator), phuong
phap diéu khién mod va phuong phép noron-mo
(ANFIS) Két qua m6 phong cho thiy ca ba phuong
phép diéu khién trén déu c6 kha ning cin bang on
dinh hé con ném ngugc. Bén canh d6, tac gia da xay
dung thanh cong mo hinh thyc nghiém hé con ném
nguoc thong qua giao tiép may tinh giita phan mém
Matlab véi card DSP TMS320F28335. Két qua thuc
nghiém cho thay phuong phap diéu khién noron mo
hoan toan c6 thé diéu khién can bang hé con ném
nguoc theo phuong thing dung. Gi tri goc nghiéng
va vi tri vat nang thu dugc ludn dao dong xung quanh
vi tri can bang mong mudn.

Tiur khoa: Can bang, con ném nguoc, diéu khién mo,
noron mo.

Abstract:

In this project, the authors have used three control
algorithms on the inverted wedge, including: LQR
control method, Fuzzy Control method and neuro-
fuzzy control method. Simulation results show that:
all methods are likely on balance stabilizing the
inverted wedge. Besides that, the authors have built
successfully the experimental inverted wedge model
associated with computer communication between
Matlab software with DSP TMS320F28335 card.
Experimental results show that neuro-fuzzy control
method can completely control the balance of inverted
wedge vertical. The values of angle and position loads
obtained fluctuated around the desired equilibrium
position.

Keywords: Balance, inverted wedge, fuzzy control,
neuro fuzzy.
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Kn Nm/A Hé s6 cam mg dong co
U Volt Dién ap cap cho dong co
F N Lyc tic dong vao vat nang
Chir viét tat

LOR Linear Quadratic Regulator

DSP Digital Signal Processor

DC Direct Current Motors

MISO Multi Input Single Output
ANFIS Adaptive Neuro Fuzzy Inference System
PWM Pulse Width Modulation

1. Phan mé dau

Ngay nay c6 rat nhiéu phuong phap duoc sir dung dé
diéu khién hé phi tuyén nhu: phuong phap tuyén tinh
hoa, diéu khién truot, diéu khién dung mang than kinh
nhan tao, diéu khién mo, diéu khién thich nghi hoic
cac thudt toan toi uu bay dan, giai thuat di truyeén,...
Viéc lya chon ra mot phuong phap didu khién phu
hop v&i mot dbi twong phi tuyén nhat dinh nao dé doi
hoi nhiéu thoi gian va thyc nghiém lau dai.

Xuét phat tir ¥ twong ap dung cac phuong phap diéu
khién hién dai vao diéu khién ddi tuwong that trong
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thue té va viée tiép can dugc mot s6 tai liéu vé hé con
ném ngugc - 14 mot hé thong phi tuyén, dugc img
dung trong can bang mo hinh chiéc tau trong linh vyc
hang hai - da thuc day tac gia thuc hién d¢é tai nay. Hé
thong dung trong luc cua vat néng thong qua lyc kéo
clia motor dé can bang trong tdm cua toan hé thong
con ném. Vi hé con ném ngugc co tinh chat phi tuyén
rit phuc tap nén rat kho xac dinh mé hinh toan hoc
mdt cach chinh xac, dong thoi cac thong s6 hé thong
phai c6 d6 chinh xac tuyét ddi va dap tmg phai nhanh.
Tuy nhién vén d& 1a can phai thiét ké mot bo dicu
khién phu hop dé diéu khién h¢ thdng can bang va
day ciing 1a muc dinh chinh cua dé tai.

Mot sb cong trinh nghién ctru lién quan dén & tai
diéu khién cin bang con ném nguoc di duoc cong bd
nhu sau:

Dé tai “Thiét ké, thi cong diéu khién mo hé con ném
ngugc” (2012) cling dugc thuc hién trong ludn van
cao hoc cua tac gia Pang Hiru Phuc, Truong Pai hoc
Giao Thong Van Tai TP. H6 Chi Minh [1]. Trong dé
tai nay da sir dung phuwong phap didu khién truot-mo-
PID dé can bﬁng hé con ném ngugc. M6 hinh dwuoc
thuc hién bang cach cin bang hé théng dua vao stc
nang ctia con chay trén mat phang truot. Két qua mo
phong dat duoc can bang 6n dinh v6i goc nghiéng 16n
dén +n/2, thoi gian dap tmg khoang 2.5s.

Pé tai “Neuro-Sliding Mode Control With Its
Applications to Seesaw Systems” [3] cua nhom tac
gia Chun-Hsien Tsai, Hung-Yuan Chung, Fang-Ming
Yu, Jan (2004), dé tai sir dung phuong phap noron —
trugt mo phong hé thong can bang 6n dinh & tho’l gian
0,53s va goc nghiéng dao dong trong khoang 5°,

Nhom tac gia Jeng-Hann Li, Tzuu-Hseng S. Li, Ting-
Han Ou, July di nghién ctu d& tai “Design and
Implementation of Fuzzy Sliding-Mode Controller for
a Wedge Balancing System” [4] ndm 2003, dé tai su
dung phuong phap diéu khién mo - truot dé can bang
hé con ném ngugc. Mo hinh st dung vat ning di
chuyén trén mat phang ngang va /dung day dai kéo vat
nang. Két qua mo phong cho thiy hé thong cin bang
on dinh voi thoi gian xac 1ap khoang 7s.

Niam 2002, dé tai “Genetic Adaptive Control for an
Inverted Wedge: Experiments and Comparative
Analyses” [5] do cac tac gia Moore M.L, Musacchio
J.T, PassinoK.M nghién ctru. H¢ thdng sir dung day
xich nim & trung tdm dé kéo vat nang di chuyén trén
mit phing ngang. Giai thuat diéu khién da nghién ctru
trong dé tai 1a giai thuat di truyén. Két qua cho thiy
hé thong cén bang 6n dinh trong khoang thoi gian 3s
va d6 dao dong goc nghiéng 16n nhat 1a 50% so véi
trang thai cai dat ban déu.

Dé tai “Balancing Control of Sliding Inverted Wedge
System: classical-method-based compensation” [6] do
cac tac gia Shing-Jen Wu, Cheng-Tao Wu, Yung-Yi
chiou, Chin-Teng Lin, Yi-Nung Chung nghién ctru
vao nam 2006 sir dung hé thong day dai kéo hai vat
nang ¢ hai canh cta hé con ném nguogc giap hé thong
can bang Phuong phap dleu khién chinh cua dé tai la
thiét ké bo dicu khién téi wu tuyen tinh dang toan
phuong LQR ho két qua hé théng can bang 6n dinh
trong 2,5s vdi goc nghiéng nho.

2. N6i dung chinh
2.1 Khao sat mo hinh héa con ném ngugc
Khéo sat md hinh con ném ngugc nhu hinh (1):

H. 1

Mo hinh con ném nguoc [1]

Trong d6, cac ky hiéu va thong sé mo phong hé thong
dugc cho trong bang (1).

Bang 1. Thong s md phong hé con ném ngugc [1]

Ky hiéu | Y nghia Gia tri

M Khoi lugng hé con ném 3,0 kg

m Khoi lugng vat nang 0,65 kg

c Khoang cach giita tryc | 0,06 m
quay vai trong tam

d Khoang cach gitta truc | 0,12 m
quay voi mét truot

b, Hé s6 ma sat ¢ truc quay | 0,4 N/m/s

b, H¢é s6 ma sat & mat trwot | 10 N/m/s

g Gia toc trong truong 9,81 m/s’

K Hé s6 cam ing dong co | 5 Nm/A

Ap dung phuong phéap Euler — Lagrange ta co:
d #K 0 ﬂ K ﬂ P
dt gﬂeﬁ«a 19 99
Trong do: K 1a toqg dong ning; P 1a tong thé ning; T
12 mément; g 1a bién trang thai.

Dbi véi hé thdng con ném nguoc ta ¢6 q; =0 ; o =
Tir phuong trinh (1) va tuyén tinh hoa tai dlem can

bang (qo » 0,(§‘» 0;%, » 0;2&» O) ta duoc:

M
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Dit bién trang thai: x :[9 0 x )'(T =[x % % x4]T va lyc diéu khién dong co F=K,U
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Suy ra phuong trinh tuyén tinh hoé hé thong:

0 1 0 0 0
IRGECIRC IR HIR -
g c Mc? Mc? Mc? 0 ™ Mc? Y (3)
= +
X 0 0 0 1 X 0
X gd —hd —mgd b,d* b, X 2d* 1
9 |z 2 ez T Knl gz t o
c Mc Mc Mc® m | Mc®™ m )|
2.2 Phuwong phap LQR . i 7
LOR (Linear Quadratic Regulator) la thuat toan diéu 0
khién dugc xay dung dua trén co s¢ nguyén 1y phan 0 1 00 160
hoi trang tl}éi. ]?(} giéu lfhién nhf_in tin’ hié}l vao Alz‘i A=| 1962 -6.67 -7848 -720 |'B= :
trang thai cua h¢ thong va dugc tinh toan va chuyén 0
thanh tin hiéu diéu khién cho qu4 trinh. 0 0 0 1 27533
N o [ oua trim |2 13734 08 -94176 -1614]
Y .
Lo | 10 000
Gia jc g’dc 0100
11Iri Q — 1 R — 10
Vén toc 0 010
H.2  Cdu tric bj diéu khién LOR 0001
Xét hé thong c6 tac dong ngoai nhu sau: L L o
% = Ax +BuU @) Khi d6 ma tran toi vu K, c6 gié tri la:
A A \ 3 2 k. K, =[15.797 1.373 -55.214 -4.295]
Ta can tim ma tran K, ctia vector di€u khién toi wu:
u(t) = _Ku x(t) 6 23 Bj Qiéu khién mo true tiép )
Sao cho chi tiéu chit lugng J dat cuc tiéu: So dd cau trac b dicu khién mo tryc tiep:
J= I(XT Qx-+u'Ru)dt (6) %r—‘ O-—f P Lt ] sorrvone f—
0
Trong d6, Q la ma tran xac dinh duong (hodc ban xac - - e
dinh duong), R 1a ma tran xac dinh duong. H.3  Cau tric bg diéu khién mo tryc tiép

Ma tran tdi wu K, dugc xac dinh tir phuong trinh
Riccati ¢6 dang nhu phuong trinh (7):

K,=R'B'P ©)

Thé (7) vao (5) ta duogc luat didu khién nhu sau:
u(t) =—K,x(t) = R'B"Px(t) 8)
Khi d6, ma trén P phai thoa man phuong trinh Riccati:
PA+A'P+Q-PBR'B'P=P (9

Khi S khong thay déi theo thoi gian, tic P =0ta
duoc phuong trinh dai sb Riccati nhu sau:

PA+A'P+Q-PBR'B'P=0 (10)
Xét tai diém lam viée xéc 1ap ctia hé con ném nguogc
dd duoc tuyén tinh héa (0=0,0=0,x=0,x=0
va u=0), dya vao phﬁn mém Matlab ta tim duoc cac
ma trin trang thai A, B va chon ma trdn Q, R trong
ham muc tiéu J nhu sau:
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B6 diéu khién mo tryc tiép duogc thiét ké 1a bo didu
khién MISO véi 4 ngd vao la: goc nghiéng, gia toc
g6c nghiéng, vi tri vt nang, van toc vat nang va 1 ngd
ra 1a gié tri dién 4p cp cho dong co. Trong d6:

e  Vitri goc 1é&ch 6(2): [-pi/2,pi/2] (rad)

e Vantdc goc &) : [-1,1] (rad/s)

e  Vitri vat nang x(t): [-0.3,0.3] (m)

e Van tbc vat nang &) : [-1,1] (m/s)

e Dién ap cap cho dong co DC:[-24,24] (V)
Luat mo dugce xdy dung dua trén kinh nghiém va hoat
dong cia hé con ném ngugc. Ta chon ) tdp mo cho
mdi ngd vao 1a 3 dé co sé ludt mo vira phai 1a 3*=81
luat va s6 tap mo ngd ra l1a 7. Cac bién ngdn ngir va
ham lién thudc ngd vao/ra nhu hinh (4).

NB NM Ns [E PS PM PBH

Ji
sydlll ‘ ‘
-1

23 13 0 13 23 1

output

H. 4

Biéf;l ngon ngit va ham lién thudc vao/ra bo diéu
khién mo truc tiep

Trong d6, cac bién ngdn ngit ham lién thudc ngd
vao/ra dugc dinh nghia nhu sau: {NE (&m), ZE(zero)
va PO (duong)} va {NB (4m 16n), NM (4m vira), NS



(am nho), ZE (zero), PS (duong nho), PM (duong
vira), PB (duong l6n)} i
Ta xay dung céc ludt diéu khién mo theo:

e Phuong phép suy dién md MAX — MIN.

e Phuong phap giai mo tong co trong so.

2.4 Bé diéu khién noron-mé [2]
ANFIS (Adaptive Neuro Fuzzy Inference System) la
mang noron thich nghi dua trén co s& h¢ suy ludn mo.
Mang noron m& co ban gdm ¢ 5 16p, 2 ngd vao va 1
ngd ra nhu so d hinh (5), tuy nhién ta van c6 thé thiét
ké thém nhiéu dang mang noron mo khéc.
Laver ¢ Layer 2 Lger 4 Layer 4 Layer 3
v !
i, - ) . ¥4
e n 1 PGl
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e n D)ol
\ ' Y

H.5  Cdu triic mang noron mo 2 ngd vao, 1 ngd ra

i

e Lép 1: La 16p dau vao, mdi noron thir i ¢é tin
hiéu dau vao tuong ng. Diu ra cua cac nat
1a cac ham lién thudc bién ddi cung voi tap
mo.

e Lép 2: Mbi niit 1a gid tri dau ra ca luat mo.
Ching dugc gan nhan 1a IT vi tai mdi nat ta
c6 thé nhiéu phép toan t-norm khéac nhau.
Gia tri cac hé sb ra cua luat duge tinh nhu
sau:

a, = min{A,B, }a, = min{A,,B,} (11)

e Lop 3: Cac nut thir i duge tinh 1a ti 1€ gia tri
hé sb ra cua luat tai nat d6 trong tong gia tri
cac hé¢ s trudc do.

b= —1 _vab,= 2 (12)
a,+a, a,+a,

e Lop 4: Gia tri cia mdi noron duge tinh nhu

Sau:

2
f,=b,(P,+q Px)i=1.2 (13)
i=1
Trong d6, P; 1a cc thong sb diéu chinh.
Lop 5: Ngd ra ciia mang la tong céc gid tri
dau ra noron trude do.
2

201 aifi 2
f=2l—=3 bfii=12 (14
aa

i=1
Céc bude thiét ké bo diéu khién noron mo duwa trén hd
tro cua ANFIS trong Toolbox Matlab cho hé con ném
nguoc.

e Budc 1: Xay dung tap dir liéu huin luyén
cua mang dya trén co s& bd diéu khién mé
va thuc hién mot s thao tac gia cong dit lidu
khéac.

e Budc 2: Load tép dir liéu huén luyén va tap
dir liéu kiém tra vao giao dién ANFIS Editor.
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e Budc 3: Lya chon ham lién thudc ban dau 1a
ham Gauss, s6 lugng bién ngon ngit ngd vao
1a 4 nén ta chon s6 ham lién thudc vira phai
cho mdi bién dau vao 1a 3.

e Budc 4: Nhap sai s6 huan luyén mong mudn
va s 1an 1ap cho qua trinh huén luyén 1a 50,
thuat toan huan luyén 1a lan truyén nguoc lai
sai s6 binh phuong nho nhat.

e Budc 5: Kiém tra gia tri huén luyén sau khi
qua trinh huén luyén hoan tat va luu lai hé
suy luan mo vira huén luyén dugc.

e Budc 6: M6 phong, kiém tra két qua.

So dd cAu truc hudn luyén mang noron mo va dir liéu
sau khi huin luyén duoc hién thi trong hinh (6) va
hinh (7).
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H.6  Cdu triic mang noron mo da hudn luyén
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H.7  Diiliéu sau qud trinh hudn luyén

Trong d6, so dd céu triic huin luyén mang noron mo
dugc hién thi trong hinh (6), s6 lwong ham lién thudc
ngd vao 1a 3. Dir lidu sau khi huin luyén trong hinh
(7), sai s6 huén luyén 1a 1,17.107%, gia tri nay c6 thé
chap nhan dugc.

2.5 Két qua mé phéng
Sau day la két qua mo phong hé con ném ngugc voi
céc phuong phap diéu khién néu trén véi phan mém

Teme [nnc)

H.8  Két qua mé phong véi géc 6=30°, x=0,2m
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H.9 Kétgud mé phéng véi géc 0=60°, x=0,3m va c6
nhiéu tac dong

Két qua so sanh cho thdy ca ba b diéu khién déu co
kha nang diéu khién can béng hé con ném nguoc.
Trong d6, phuong phap diéu khién noron mo cho két
qué la tét nhat, ngo ra hé thong can bang 6n dinh, c6
kha niang diéu khién goc nghiéng ban dau 16n, thoi
gian xéc 1ap ngin.

2.6 Két qua thwe nghiém

So d6 khdi mo hinh thyc nghiém didu khién cin bang
con ném nguoc giao tiép may tinh:

MEAY TINH
'
CARD DEP
F: TS0 00
MACHLCAUH

MOTOR In

CAM BTEN DO
O QUAY

CAMBDIEX
POVITRI

H. 10 So dé khdi mé hinh thue nghiém can bang con ném
nguoc

May tinh c6 chirc ndng thu thdp, xur li cac thong tin
thu thap dwoc tir cac cam bién thong qua bo didu
khién 1a card DSP TMS320F28335. Trong do, thuat
toan va chuong trinh diéu khién dwoc lap trinh hoan
toan trén phan mém Matlab/Simulink va giao dién
Code Composer Studio v3.3. Tt cac tin hiéu thu thap
dugc thong qua hé théng nhing thoi gian thuc, may
tinh s& xur li va dua ra tin hidu didu khién dén hé
truyén dong 1a mot dong co DC thong qua card DSP
dé tao tin hiéu phat xung PWM dén mach cau H diéu
khién do6 rong xung va chidu quay cta dong co. Trong
do, tin hi€u phan hoi gia tri gbc nghiéng va vi tri vat
nang dugc thu thdp boi 2 Encoder do vi tri va goc
quay. Qua trinh cir dién ra lién tuc véi thoi gian lay
mau 1a 0,01 gidy véi muc tiéu chinh 1a giup hé con
ném giit can bang theo phuong thing ding (tic goc
quay con ném dao dong & vi tri 1 0°).

Hinh (11) 12 m6 hinh con niém ngugc da thi céng va
két qua thyc nghiém thu dugc bang phuong phéap diéu
khién noron md dwoc thé hién trong hinh (12), hinh
(13) va hinh (14).
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H.11 M6 hinh con ném nguwoc da thi cong
Trong do6, 1: Thanh trugt; 2: Ray truot; 3: Vit nang
(d6ng co va cam bién do vi tri); 4: Cam bién do goc
quay; 5: Truc quay; 6: Card DSP va cac mach dién.
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e

H—Hr—
'V } J.]"‘W, \}?’ \(( 'js \r_‘,'y )

»‘ "
, . “
Gl

H. 14 Gia tri dién ap ccfp cho dong co DC thuc nghiém

3. Kétluin

Két qua diéu khién cho thdy sir dung cac bo diéu
khién théng minh hién dai vao cac hé phi tuyén néi
chung va hé con ném ngugc noi riéng di mang lai két
qua rat kha quan. Trong d6, hé noron mo (dung
ANFIS) gitip hé thdng can bang 6n dinh theo phwong
thang dimg voi nhitng wru diém vuot troi. D6 1a sy thé
hién tri thire rat tedng minh, d& kiém tra, d& sira chira
va c6 kha nang hoc thong qua cac tap dir liéu cua hé.
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