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ABSTRACT

The article presents a methodto control an inverted pendulum in real time
usinga Fuzzy PD controller (Fuzzy Proportional-Derivative controller)
which combines two PD controllers and two Fuzzy controllers. The PD
controllers playthe role of improving thesystem’s response.The Fuzzy
controllersare used mainly to stabilize theinverted pendulum at the pre-
determinedposition. In addition, a classical PID controller (Proportional-
Integral-Derivative controller) is also designed and implementedto
compare the performance ofthe proposed controller. Experiments of
stabilizing the inverted pendulum showthat the Fuzzy PD controller
produces better response thanthe PID controller. The inverted pendulum
can be stabilized at the predetermined position using the Fuzzy PD
controller.Theinverted pendulum; however,fluctuates around the set point
usingthe classical PID controlalgorithm.A graphical user interface was
also developed to supervise the system during operation.

TOM TAT

Bai bao trinh bay phiwong phap diéu khién thoi gian thuc cho hé thong con
ldc nguoe véi bo diéu khién Fuzzy PD (Fuzzy Proportional-Derivative
Controller). Cau triic diéu khién thong minh Fuzzy PD dwgc t6 chirc dudi
dang hai bg diéu khién PD cé nhiém vu cdi thién dap ung cua hé théng va
hai bé diéu khién Fuzzy giit vai tro chinh trong viée diéu khién con ldc cdn
bang xung quanh mot vi tri xac dinh. Ngoai ra, gidi thudt diéu khién kinh
dién PID (Proportional-Integral-Derivative Controller) ciing dwoc xdy
dung va dp dung vio mé hinh thdt nham cé dwoc sw danh gid vé chat
lirong diéu khién hé thong véi hai bé diéu khién khdc nhau. Két qua thuc
nghiém trén mé hinh cho thdy, dap vmg cia hé thong véi bo dieu khién
Fuzzy PD cho két qua tot hon bg diéu khién PID. Véi gii thudt diéu khién
thong minh, con ldc ¢6 kha nang duoc diéu khién can bc%ng tai mot vi tri
xac dinh trong khi do hé con lic bi dao dong quanh diém dat voi giai thuat
diéu khién kinh dién. Bén canh do, nghién ciru ciing phdt trién mot hé giao
dién givp giam sat hé thong trong quda trinh hoat dong.

1 GIOI THIEU

Hé ‘Ehéng con lic nguoc 1a hé thong phirc tap,
khong 6n dinh, c6 tinh phi tuyén cao (Y. Liu, Z.
Chen, D. Xue, X. Xu, 2009; L.B. Prasad, H.O.

Gupta, B. Tyagi, 2011). Viéc didu khlen gilr con
lic can bang tai mot vi tri xac dinh 1 van dé kinh
dién trong linh vuc diéu khién ty dong (Y. Liu, Z.
Chen, D. Xue, X. Xu, 2009; B.Xiao, C. Xu, L.Xu,
2009). Bén canh do6, néu hé théng duoc ché tao véi
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d6 chinh xac va tin cdy cao thi day 1a mo6 hinh ly
tuong dé thuc hién cac thi nghiém voi cac giai
thuat diéu khién ciing nhu nhan dang hé thong.
Hién nay, rat nhidu nha nghién ctru da str dung
céc thuat toan diéu khién khac nhau dé diéu khién
can béng hé théng con lic ngugc nhu thudt toan
PID, diéu khién t6i wu LQR, diéu khién truot, Va
diéu khién Logic mod (Fuzzy), da thu duge mot s6
thanh cong déng ké. Véi viéc thiét ké hai bo diéu
khién PID riéng bi¢t (M. Hamza, Zaka-ur-Rehman,
Q.Zahid, F. Tahir, Z. Khalid, 2011) da cho kha
nang diéu khién dugc can biang con lic nguoc, tuy
nhién con lic con bi dao dong dan dén vi trf cua xe
ciing khong 6n dinh. Thong qua viée sir dung giai
thuat diéu khién t6i vu LQR (M. Hamza, Zaka-ur-
Rehman, Q.Zahid, F. Tahir, Z. Khalid, 2011), h¢
con lic ngugc bi dao dong rat manh, vi tri xe gén
nhu khong thé diéu khién quanh diém dat. Ngoai
cac giai thuat kinh dién ké trén, mot sb nghién curu
dd ap dung cac giai thuat diéu khién thong minh
(Y. Liu, Z. Chen, D. Xue, X. Xu, 2009; M. Hamza,
Zaka-ur-Rehman, Q.Zahid, F. Tahir, Z. Khalid,
2011) vao viée diéu khién thoi gian thuc hé con lic
nguoc, va da thu dugc nhimng két qua dang ké. Cac
thong s6 dap tng ciia hé thdng voi giai thuat mo tdt
hon so v6i cac giai thuat diéu khién kinh dién khi
con lic khong con bi dao dong va vi tri xe dugc gilt
6n dinh. Véi cac by didu khién mo trong cac
nghién ctru trén da khac phuc duge van dé doi hoi
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vé sy chinh x4c cua cac thong sb trong md hinh
toan (C.M. Lin, Y.J. Mon, 2005; Y. Lin, G.A;
1995) gip phai trong viéc xdy dung cac bo dicu
khién v&i giai thuat PID hay LQR. Tuy nhién, cac
bo diéu khién mé trén don thuan 1a cac bo didu
khién tinh nén viéc tinh chinh dap Gng cta hé
thdng s& gip nhiéu khé khan, thong qua viéc két
hop bo dicu khién PD va bg diéu khién mo s& gitp
chung ta xtr 1y dugc van dé nay.

Bai bdo mo6 ta phuong phép tinh chinh dap ung
ctia hé théng véi giai thuat mo bang bo diéu khién
PD. B diéu khién mo giit vai tro 1a b diéu khién
chinh, tao tin hiéu diéu khién ddi tuong va bo diéu
khién PD déng vai trd 1a bo tién xir Iy, xir 1y cac tin
hiéu ngd vao vao cac khoang diéu khién tot nhat
ctia bd diéu khién mo. Hiéu qua cua bo diéu khién
PD mo dd dwoc kiém ching thong qua cac thuc
nghiém duoc tién hanh trén mé hinh co khi dugc
nhom tac gia thuc hién.

2 PHUONG TIEN VA PHUONG PHAP

Bo diéu khién PD mo trong nghién ctru
nay dugc xdy dung trén phin mém MATLAB/
Simulink, phién ban 2012a va cong cu logic mo
(The MathWorks, Inc, 2012). B diéu khién duoc
kiém nghiém trén hé thoi gian thuc s€ dugc trinh
bay trong phan két qua thuc nghiém, véi ciu tric
diéu khién dugc thiét lap nhu Hinh 1 va 2.

Hinh 1: M hinh téng quat ciia h¢ théng diéu khién véi thuit toan PD mo

2.1 M5 hinh toan hoc ciia hé thong con
lac nguge

Mo hinh hé thél}g con léc’ ngugc gém hai phan:
xe goong va con lac. Con lac khéng on dinh, n6
ludén ngd xuong tru khi c6 luc tac dong thich hop
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vao hé. Bai toan dat ra 1a diéu khién con lic can
bang tai mot vi tri xac dinh. Vi vay, can phai thlet
ké mot bo diéu khién thich hop dé giit con lic én
dinh. M6 hinh hé con lic nguoc do nhom thi cong
duoc trinh bay trong Hinh 3.
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Hinh 2: M hinh con lic ngwoc

Hé phuong trinh mé ta dic tinh dong phi tuyén vé hé thong, khong sir dung hé phuong trinh dong
ciia hé théng con lic dugc mé ta boi hé phuong hoc (1). Tinh 6n dinh cia hé thng thiét ké bang bo
trinh (Chen Wei Ji, Fang Lei & Lei Kang Kim, didu khién mo dugc danh gia bang két qua thuc
1997) (1). Tuy nhién, bd diéu khién md dwoc nhom nghiém thong qua phuong phép thir sai & muc 3:
tac gia d& xuat duoc thiét ké dua vao kinh nghiém

#(M +m) + bx — ml(sin8)02 + ml(cos0)d = F )
6(1 + ml?) + mglsind = —m#(cos6)l
¥
x

g

by

g

Y

Hinh 3: M hinh toan hé con lic ngwoc
Bang 1: Cac thong s ciia dbi twong diéu khién

Ky hiéu Y nghia Gia tri
M th:)i luong xe goong 1.6
m Khoi lugng con lac o ) 0.27
l Khoang céch tir tam con léc’ dén diém goc 0.25
1 Momen quan tinh cua con lac i 0.0034
0 Goc 1¢ch gitra con lac va phuong thang dimg -
F Luc tg’lc dong vao h¢ -
g Gia toc trong truong 9.81
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2.2 Bj diéu khién mo

H¢ thong con lic nguoc 1a mot vi du dién h1nh
cua hé thong dang under-actuated, trong do :
lugng co cau chap hanh (xe goong) nho hon 50 bac
tw do cua hé théng (chuyén dong cua xe goong va
chuyen dong quay cua con lac) Vi véy, dé co thé
dleu khién can bang con lic dong thoi ca vi tri xe,
ta can thiét k& hai bo diéu khién riéng biét (C.W.
Tao, J.S. Taur, C.M. Wang, 2008; Mohan Akole &
Barjeev Tyagi, 2008; Nidhi Patel, M.J. Nigam,
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2013). Tuy nhién, ching ta chi c6 mét dién ap didu
khién chung cho ca hai dbi tuong nay. Vi vdy, dién
ap diéu khién géc 1éch con lic Up va dién ap diéu
khién vi tri xe U, phai dugc két hop chung thanh
mdt dién ap diéu khién U cho ca hé théng. Thuc té
thdy rang, néu ta cip mot dién ap dé xe dich
chuyén vé phia trai s& lam con lic ngd vé phia
nguoc lai. Diéu nay chimg minh dién 4p diéu khién
hai d6i tugng nay sé trai dau trén cing mot hé quy
chiéu. Thong qua mdi quan hé nay, ta xdy dung
duoc so dd diéu khién cho hé théng nhu Hinh 5.

Gid tri tham chiéu -— Bodibukhidnvitri | Us
cua vi tri xe + Xe
Hé thong con lac >
nguee .
/8
Gia tri tham chiéu | a0 B6 diéu khién goe
cua goc léch +' d 1éch cua con lac

Hinh 4: So d6 diéu khién hé con lic ngwoc

V6i ca hai bo didu khién mo, ngd vao thir
nhit 1a e, dugc mo hoa boi 7 tap {NB, NM, NS, ZE,
PS, PM, PB} va ngd vao thir hai 1a é cling dugc mo
hoa boi 7 tap {NB, NM, NS, ZE, PS, PM, PB}. Ngb
ra cua bd diéu khién mo 1a U duogec md hoa boi 7
tdp {NB, NM, NS, ZE, PS, PM, PB}. Céc tap mo
cua ngd vao, ngod ra dugc ky hiéu nhu sau: NB 1a
Negative Big, NM la Negative Medium, NS la

B i NS i ] Pit

A

Negative Small, ZE 1a Zero, PS 1a Positive Small,
PM Ia Positive Medium, PB 1a Positive Big.

Mién x4c dinh cho ciia cac bién ngd vao va ngd
ra cua bo diéu khién mo duge xac dinh tuy thudc
vao timg d6i twong cu thé. Trong nghién ciru nay,
v6i md hinh co khi do nhom tac gia thiét ké, mién
xdc dinh ctia h¢ m& duoc thé hién & Hinh 6,7,8.

Hinh 5: Ngo vao e va é b dieu khién vi tri xe

18



Tap chi Khoa hoc Truong Bai hoc Can Tho Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 29 (2013): 15-22

B WK Z % M B B W K E % AW
] f
"3 1 | | |
Z 3 -2 8| 0 1 2 ]
Hinh 6: Ngé vao e va & bd diéu khién vi goc 1éch con lic
Hh NK NS Zt S P PB Hlﬂ N NS Zt S P FB
1 1
] lal 1 1 1 1 1 ! 1 ] bl 1 1 1 1 1 1 1
20 15 10 1 2 0 -5 A 1 1 2
Hinh 7: Ngé ra U cia hai bd diéu khién
Tig co so tri thirc V‘é‘ dac tiph dong hoc cua bé khién mo duoc thiét ké dua trén thuc nghiém va
con lac ngugc, luat diéu khién cia hai by dicu cho trong Bang 2.

Bang 2: Luat diéu Khién

e
NB NM NS ZE PS PM PB
NB NB NB NB NB NB NM ZE
NM NB NB NB NB NM ZE PM
NS NB NB NB NM ZE PM PB
e ZE NB NB NM ZE PM PB PB
PS NB NM ZE PM PB PB PB
PM NM ZE PM PB PB PB PB
PB ZE PM PB PB PB PB PB
2.3 Tinh chinh PD b diéu khién mo Bang 3: Anh hwéng cia vigc ting cac thong )
Bo diéu khién PD dugc dwa vio ciu tric diéu d loi ciia by diéu khién PD
khién Hinh 1, nhim muc tiéu cung cg‘ip cap. gia tri D) Thoigian D) vot Thoi gian Sai sé
{e,€} da dugc tinh chinh cho bo dicu khién PD, loi _ ting 16 xdc lap xac 1ap
nham cai thién dap Gng cua h¢ thong t6t nhat co K, Giam Tang Thay ddiit Giam
thé. Phuong phap xac dinh thong so b diéu khién R B Thay
PD duoc nhém ap dung d6 1a phwong phép thir sai Kp Thay doi it Giam  Giam ddi it

thong qua anh hudng ciia cac thong s6 d6 loi dugc

thé hién & Bang 3 (Kanagaraj et al., 2008).
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2.4 Bj diéu khién PID

B diéu khién PID trong cau trac diéu khién &
Hinh 2 va so dd diéu khién & hinh 5, dugc xay
dung bang phuong phap thir sai thong qua viée tinh
chinh céc thong s6 dya trén dap tng thuc té cua hé
thong. Cac thong sé d6 loi Kp, K;, K, anh huong
dén thoi gian tang, d6 vot 16 va thoi gian xac lap
cua dap ung dugc cho trong Bang 4 (Kanagaraj et
al., 2008). Cac thong tin nay dugc xem la co s tri
thirc dé xac dinh cai thién hiéu qua diéu khién cua
giai thuat.

Bang 4: Anh hwéng ciia viée ting cac thong sb
dd lgi ciia bd diéu khién PID
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3 KET QUA THU'C NGHIEM

Thong qua thu vién hd trg cho viée 1ap trinh
nhing vé6i vi diéu khién C2000 trong mdi trudng
Matlab — Simulink, thyc hién qua trinh diéu khién
thoi gian thyc cho mo6 hinh co khi, ta thu duoc dap
ung & cac Hinh 10, 11, 12). Dé thuan loi cho viée
gidm sat qua trinh van hanh ciia hé théng ciing nhu
thu thap s6 liéu danh gia chat luong diéu khién cua
giai thuat, h¢ giao dién nguoi dung cling da duogc
nhém tac gia phat trién nhu Hinh 9.

Bang 5: Chét lwong diéu khién géc 1éch ciia hai
gidi thuit

Tiéu chuan Fuzzy PD PID
Do Thoi bo Thoi gian  Sai so Thoi gian ting 0.0652s  H¢ bi dao dong
loi gian ting votlo xac lap xac lap Thoi gian xac 0.18s voi sai 1éch nam
Kp Giam Tang  Thaydoiit Giam lap ’ trong khoang
- < Triét Sai s0 xac 14 0 [-0.11;0.11
K, Giam Tang  Tang i P [ e ] .
tiéu o £ o, (rad)so vdivi
2. Do vot 16 0.556% ;oA 13
Thay doi . . Thay tri can bang.
Kp | Giam  Giam 2.7
it doi it
B PanelFuzzyPD HiewChinh o | e
REAL TIME DATAPLOTTING b , : Current Angle Value
INVERTED PENDULUM SYSTEM ' ’
2 LR
— COM Port Configurati : ' '
Choose CON Port | cOM1 v Ang\e{D) 160 = ' ‘ ‘
Disconnect \ Clear ’ Plot ‘ LU ‘ """""" ' """""" f """"" [ T
_ “ A A R
Edit Controller Parameters 0 100 200 300 400 500 500
Total Sample
— G Information. :
S , , , Current Position Value
Instructor Van Khanh Nguyen H H 1
Team Wemeber 1 Phong Ngo Nguyen - 1091277 -
Posifion(m) gl SR LIS N LR O
Team Memeber 2 Hai Dang Dang - 1081242 ! | |
Project Name Real Time Stabiizing Inverted Pendulum System 7 — I [ [ —
i I I i I
— Project Information 0 100 200 300 400 500 600
Project Vision Total Samp\e
- Stabliizing inverted pendulum at reguired postion Curent VOltage Value
- Designing a GUI for real time interacting with system.
Scope of Work
- Designing a real system and two controller.
) Voltage(V)
- Creating a GUI for testing algorithm, colaborating in real system.
Project Organization
- Analyzing : Van Khanh Nguyen
- Algorithm, Programming : Ngo Phang Nauyen 0 10 0 0 I 50 500
- Mechanic, Electronic : Hai Dang Dang Total Samp\e

Hinh 8: Giao dién giam sat hé thong
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Response of Pendulum Angle

(peu) a|fuy wnjnpuad

Time(s)

ap ing goc léch

3

b

Response of Cart Position

Hinh 9

w) uojisod yen

Time(s)

i tri xe

3

Ap &rng v

b

Hinh 10

Response of Voltage Controlled

(n) abejion

Time(s)

d

diéu khién

r

ap ung dién ap

I3

b

Hinh 11
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Bang 6: Chit hrgng diéu khién vi tri xe ciia hai

giai thuit
Tiéu chuin Fuzzy PD PID
Thoi gian tang 0.363s  H¢ bi dao dong
Thoi gian xac trong khoang
lap 39455 10.22:0.57] (m)
Sai s0 xép lap 0.004 so véi vi tri dat
Do vot 16 44.57% 0.35 (m).

V6i yéu cau dit ra diéu khién con lic can bing
tai vi tri cach vi tri ban ddu 0.35 m, két qua thuc
nghiém trén mé hinh that di chimg minh ring bo
didu khién Fuzzy PD duoc dé xuat trong nghién
ctru cho két qua diéu khién rét tot - V&i thoi gian
taing va thoi gian xdc lap c6 gid tri lan luot 13
0.0652 s va 0.18 s; sai sb xac lap duoc triét tiéu; do
vot 16 12 0.556% cho viéc diéu khién can béng con
lac; d6i véi viée diéu khién vi tri xe cho sai s rat
nho 0.004(m) so vdi vi tri dat. Cac thong s6 vé chat
luong diéu khién ¢ bang 5,6 cho thay rang hé con
lic nguoc hoan toan c6 kha niang didu khién can
bang tai vi tri x4c dinh thong qua bo diéu khién PD
mo, con voi bd diéu khién PID hé bi dao dong
trong khoang quanh vi tri dat.

4 KET LUAN

Bai bao m6 ta phuong phap xay dung giai thudt
PD m¢ diéu khién can bang con lic nguoc tai mot
vi tri x4c dinh. Uu diém coa phuong phép nay la
thiét ké rat don gian ma khong can quan tam dén
mo hinh toan hoc ciing nhu ciu tric ciia ddi tuong
didu khidn. Chét lugng dép tmg cua hé théng duoc
tinh chinh théng qua bo diéu khién PD duoc xac
dinh bing phuong phéap thir sai. Két qua kiém
nghiém trén md hinh thuc té cho thiy b diéu
khién duoc d& xuét trong nghién ctru ndy to ra hiéu
qua. Ngoai ra bo diéu khién con dap tmg dugc yéu
cau ve thoi gian thyc, cling nhu sy 6n dinh trude
tac dong nhidu vao hé thong.
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