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PIEU KHIEN TRUQT DUA TREN HAM TRUQT KIEU PID
Nguyén Hodng Diing’

ABSTRACT

Chattering phenomenon around sliding surface and sliding control law makes some
drawbacks for control problems while using sliding mode controller. In practice, some
actuators are unable to satisfy from the phenomenon. Therefore the paper presents a
method using sliding mode controller with type PID (Proportional integral derivative)
based sliding surface for controlling nonlinear system. The solution is proposed for
reducing chattering phenomenon surrounding sliding surface and sliding control law.
The algorithm is applied to control one degree of freedom robot manipulator. Simulation
results are implemented basing on Simulink software of MATLAB as following: the
response of one degree of freedom manipulator tracking desired signal with overshoot
0.02%, settling time 3.1s, steady-state error being not worth considering, the chattering
phenomenon round sliding surface and sliding control law being completely eliminated.
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Title: PID type sliding surface based sliding mode controller
TOM TAT

Hién twong dao dong quanh mdt truot ciing nhw trong ludt dieu khién truwot di gdy nhiéu
khé khan cho bai todn diéu khién khi si dung b diéu khién truot. Trong thiee té, hién
twong nay cé thé lam cho cdc thiét bi chap hanh khéng thé dap vmg dwoc. Do dé, bai bdo
trinh bay mot giai phap su dung bo diéu khién truot dé diéu khién doi twong phi tuyén véi
ham truot dwoc thiét ké dua trén PID. Gidi phap trén dwoc aé nghi nham giam thiéu hién
twong dao dong quanh mat truot va dao dong trong ludt diéu khién. Gidi thudt nay dwgc
dp dung dé diéu khién doi tuwong hé tay mdy mot bdc ty do. Két qud mo phong dya trén
phan mém Simulink ciia MATLAB cho thdy: Ddp vmg ciia hé tay mdy bam theo tin hiéu
mong muén véi dé vot 16 0.02%, thoi gian xdc ldp 3.1s, sai s6 xdc ldp khong dang ké, loai
bo dwoc hién twong dao dong quanh mdt trieot va trong ludt diéu khién truot.

Tir khéa: By diéu khién truwot, PID, hé tay mdy

1 GIOI THIEU

Uu diém ndi bac cua bd khién truot 1a tinh 6n dinh va bén viing ngay ca khi hé
théng c6 nhidu hodc khi théng sb cta dbi tuong thay dbi theo thoi gian. Tuy nhién,
néu bién do cua luat diéu khién thay ddi qua 16n c¢6 thé lam cho hé théng dao dong
(chattering) va khong 6n dinh. Dé khic phuc hién tuong trén, bai bao dé nghi st
dung bo diéu khién truot v6i ham truot cd dang phuong trinh cia cua bd diéu
khién PID. Va ham truot nay dugc goi la ham truot kiéu PID. Giai thuat nay loai
b6 duge hién twong dao dong khi bién do cta luat diéu khién truot ting. Va giai
thuat duoc ap dung dé diéu khién ddi tuong phi tuyén—hé tay may mot bac tu do.
D6i v6i hién tugng dao dong khi sir dung bo diéu khién truot, nhidu nha khoa hoc
da nghién ctru va dua ra nhiéu giai phap khic phuc khac nhau. Li Jian-jun (2010)
dé nghi str dung logic mo nhu mét ngd ra lién tuc ddi véi bd diéu khién truot va

! Khoa Cong Nghé, Truong Pai hoc Cén Tho

30



Tap chi Khoa hoc 2012:21a 30-36 Truong Dai hoc Can Tho

dung mang noron dé thay thé ham sign trong bo diéu khién nay. Véi giai thuat dé
nghi, Li Jian-jun dd minh ching dugc viéc loai béd dugc hién tugng dao dong
quanh mat trugt. Zhang Yuzeng (2010) su dung vung gidéi han cho qua trinh
chuyén dbi ciia mat trugt. Phuong phap nay da giam thiéu dugc dao dong quanh
mat truot. Tuy nhién ving gioi han nay khong phai 1a duy nhét cho tat ca cac déi
twong. Bén canh d6 ZhixiongHou (2003) da udc lugng cac thanh phan khong xac
dinh va bién do cua luat diéu khién truot dua trén hé mo. Giai thuat nay khong yéu
cau st dung vang gidi han cho cac thanh phan bit dinh. Va giai thuat di ching
minh tinh 6n dinh dya trén Lyapunov. Hon thé nita, Yangmin Li (2010) thiét 1ap
mit truot dya trén luat diéu khién PID. V&i phuong phap nay luat didu khién truot
kiéu PID da diéu khién tbt d6i tuong la tay may Piezo-Driven va loai bo dugc hién
tugng dao dong khong mong mudn. Tuy nhién, d6 vot 16 va thoi gian xac 1ap cua
dap ung 16n.

Dua trén két qua nghién ctru cia Yangmin Li (2010), bai bao dé nghi thiét ké bo
diéu khién truot dwa trén ham truot kiéu PID. Trong do cac tham s6 ctia ham truot
dugc diéu chinh dya trén phuong phap thir sai. Dé minh ching kha niang lam giam
hién twong dao dong trén mat truot, giai thuat nay dugc ap dung dé diéu khién hé
tay may mot bac tu do.

2 MO HINH TOAN HE TAY MAY MQT BAC TU DO

Hé tay may mot bac ty do dwgc md ta nhu Hinh 1. Hé tay may nay c6 thé quay
quanh mét truc nhd vao moment u(t) tac dung 1€n truc. Vi tri ciia canh tay 0(t)
duogc xac dinh 1a goc hop bai truc thang ding va phuong cua canh tay. u(t) 1a tin
hiéu ngd vao va 0(t) 1a tin hiéu ngd ra. Gia st & thoi diém ban dau hé tay may chua
gip vat nang m. Sau khoang thoi gian t nao do, hé tay may s& gap vat ning m. Dya
trén viéc phan tich phuong trinh Eluer-Larange, phuong trinh dong hoc cua hé tay
may mdt bac tu do dugc thiét 1ap nhu sau:

(J +mP )@ + BO®) + (ml + M1 )gsin(0() = u(r) (1)

trong d6 J = MI> 13 moment quan tinh ctia canh tay, cac théng s6 con lai duge mo
ta chi tiét trong bang 1.
Dit x, = 0(r) va x, = 6(r)

Phuong trinh (1) c6 thé biéu dién duéi dang phuong trinh trang thai nhu sau:
%,(1) = x, (1)
. u(t) — Bx,(t) — (ml + M1, )g sin(x, (¢)) (2)
X, "= 2
J+ml
Va ngd ra y(t)=0(t)=x(t).
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Hinh 1: M6 hinh djng hoc hé tay may mét bac tu do

Bing 1: Cac thong sé dong hoc ciia hé tay may mdt bac tw do

Ky hiéu Y nghia Giatri  Ponyvi
M Khdi lwong ctia canh tay 1 Kg

m Khéi luong vat ning 0.1 Kg

1 Chiéu dai canh tay 0.4 m

L Khoang céch tir trong tim canh tay dén truc quay 0.15 m

B Hé sb ma sat nh6t 0.2 Kg.m?/s
g Gia tdc trong trudng 9.81 m/s’

3 THIET KE BQ DIEU KHIEN TRUQT BANG CACH CHON MAT
TRUQT KIEU PID

3.1 Thiét ké bd diéu khién truet kinh dién

Do phuong trinh (2) 1a hé bac 2 nén ham trugt dugc chon nhu sau:

s()=é(t) + % e(?) (3)
trong d6 e(t)=y(t)-r(t) 4
v6i 1(t) 1a tin hiéu mong mudn, y(t) 1a tin hiéu ngd ra, A 1a hiang sb dwong chon

trudec.
t

Khi ham trugt s(t)=0, nghiém cua phuong trinh (3) c¢6 dang e(¢) = exp(— /J . Do do
khi t - o0, e(t)—>0. Voi A dugc xem la thoi héng cua ham truot. A cang nho, hé¢
théng cang cham tién vé mat truot V;‘l nguoc lai.

Thay (4) vao (3), ham truot dugc viet lai:

. 1
$(0) = %0 = A0+ — (%0 -r() (5)
Theo 1y thuyét on dinh Lyapunov, chon m¢t ham xac dinh duong
V=350 6)

Tt (6) suy ra Vo= s(1).5(t)

Dé V(1) xéac dinh am, chon $(¢) = —k.sign(s(¢)) . Thay $(¢) = —k.sign(s(t)) vao V(r)sé
cho ham V(1) = —s.k.sign(s(t)) , voi k 1 hang s6 duong chon trudc.

Nhan xét: néu s(t)>0 thi V() <0. Néu s(t)<0 thi ¥ (r)<0. Néu s(t)=0 thi V' (r)=0.

Ttr nhén xét trén cho théy, hé théng s& 6n dinh theo ti€u chuan Lyapunov.

Tt (2), (5) luat diéu khién truot u(t) dugc thiét ké nhu sau:
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u(t) = B.x, () + (ml + Ml g sin(x, (1)) +

+(J+m? {r'(t) + %(f(t) —x, (1) + k.sign(s(t))}

Két qua mo phong cho thy, néu sir dung bo diéu khién truot kinh dién thi dép tng
cua hé tay may bam theo tin hiéu mong muon voi do vot 10 1a 3.5% va thoi gian
xac lap 1a 5.8s, sai s0 xac 1ap khong dang ké (xem Hinh 2).

3.2 Thiét ké b diéu khién trugt dua trén ham trugt kiéu PID

Lut diéu khién trugt dugc t’hiét ké dua trén ham trugt. Ham trugt duge xay dung
dya trén bac cua m6 hinh doi tugng. D61 v6i do1 twgng hé tay may mot béc tu do,
ham truot dugc chon nhu phuong trinh (3). Tuy nhién dé loai bq hién twong dao
dong gquanh mat truot khi bién d6 cia luat diéu khién truot thay doi 16n, ham truot
¢6 thé dugc chon nhu sau (Yangmin Li, 2010):

s(t) = (1) + Ae(t) + /%je(f)d(f) ®)

(M

trong do e(t) 1a sai sb gitra dap (mg ngd ra va tin hiéu mong mudn duoc thiét lap
nhu (4). A, va A, 1a hai hing s6 dwong. Hai gia trj nay dugc chon sao cho phuong
trinh dic tinh s* + A5+ 4, =0 phai Hurwitz. Trong do s 1a bién phirc va nghiém cua
phuong trinh s? + As +4, =0 phai nam ¢ nira b trai ciia mat phang phic.

Phuong trinh (8) c6 thé dugc viét lai nhu sau:

s(6) = 3(0) = (O)+ 4 (90 = (D) + 25 [ ((0) = r(2))d () ©)
0

Theo 1y thuyét on dinh Lyapunov, chon m¢t ham xac dinh duong

V=350 (10)

Phuong trinh (10) ¢6 thé dugc viétlai V' = s(2).5 (1) (11)

Dé V(r) xac dinh 4m, chon $(¢) = —k.sign(s(¢)) . Thay §(¢) = —k.sign(s(t)) vao V(f)s&
cho ham: V(1) = —s.k.sign(s(r)), v6i k 1a hang sb duong chon trude. Do d6 luat diéu
khién truot dya trén ham truot kiéu PID dugc thiét ké nhu sau:

u(t) = B.x, (t) + (ml + Ml )g sin(x, (1)) +

+ (J +ml? i) + A, (7(0) = x, () + A, (r(2) = x, (£)) + k.sign(s(2)] (12)

So sanh gitra luat diéu khién trugt ¢ biéu thirc (7) va luat diéu khién truot dua trén
ham trugt kiéu PID (12) cho thay: luat diéu khién truot dya trén ham truot kiéu
PID dugc thém vao mot thanh phan 1 L,e(t).

Két qua md phong khi sir dung bo diéu khién truot voi ham truot kiéu PID cho dap
g ctia hé tay may bam theo tin hiéu mong mudn véi d6 vot 16 14 0.02%, thoi gian
xac 1ap 1a 3.1s, sai s0 xac lap khong dang ké (xem Hinh 2).

4 KET QUA MO PHONG VA THAO LUAN

Ba bg diéu khién khac nhau gdm bd diéu khién truot, b diéu khién trugt véi ham
truot kieu PID va bd dieu khién PID cung luc 4p dung dé dieu khién mot doi tuong
duy nhat 1a hé tay may mot bac ty do. Két qua mé phong trén Simulink cua
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MATLAB cho thay néu sir dung bd didu khién truot kinh dién thi thoi gian xac 1ap
(5.8s) va d6 vot 16 16n nhét (3.5%) trong sb dap ing cua ba bo diéu khién trén. Bén
canh d6 luat diéu khién va mit trugt déu co hién tuong dao dong. Mit truot dao
dong voi bién d6 0.14 (xem Hinh 3) va luat diéu khién truot dao dong voi bién do
1.28 (xem Hinh 2). Néu luat diéu khién dao dong nhu thé nay s& lam anh hudng
dén thoi gian dap mg cta d6i tugng duoc diéu khién (vi du nhu dong co mot chiéu
chéng han). Trong khi d6 bo diéu khién truot véi ham truot kiéu PID cho két qua
tdt hon v&i do vot 16 va thoi gian xac lap bé nhat. Do vot 16 13 0.02% va thoi gian
xac 1ap 1a 3.1s (xem Hinh 2). Pic biét mat truot va luat diéu khién khong c6 hién
tuong dao dong véi bién do 16n (xem Hinh 2 va Hinh 4). Két qua mo phong thuc
té cho théy néu st dung bd diéu khién truot voi ham truot kiéu PID thi mat truot it
¢6 hién tuong dao dong hon so véi bd diéu khién trugt kinh dién (xem Hinh 3).

Bén canh hai bo diéu khién néi trén, bo diéu khién PID ciing dugc didu khién dong
thoi voi cung mét ddi tugng 1a hé tay may mot bac ty do véi cac héng sb cua bd
diéu khién nay dugc chon theo phuong phap thir sai. Két qua mo phong ciing chi
ra rang dép ung c6 do vot 16 tuong ddi thip 1.8% (xem Hinh 2) va thoi gian xac
lap 1a 4.9s. T4t ca cac tiéu chudn chét lwong cua cac bo diéu khién duoc trinh bay
trong bang 2.

Response tracking desired signal

Amplitude
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Hinh 2: P4p ting nic ciia hé tay may va tin hiéu diéu khién (ref: tin hiéu mong mudn, SMC:
dap wng hé tay may khi diung b diéu khién trwot, PID: dap ng hé tay may khi dung b
diéu khién PID, PID-based SMC: d4p vng ciia hé tay may khi dung b diéu khién trwot véi
ham trwet kiéu PID, u-SMC: tin hiéu diéu khién trwet, u-PID: tin hiéu diéu khién PID, u-
PID-SMC: tin hi¢u diéu khién trwet véi ham truet kiéu PID )
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Sliding surface
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Hinh 3: Mt trwot ciia b didu khién trugt (SMC) va
mit truot ciia bd didu khién trwot dua trén ham truot kiéu PID (PID-SMC)

Biing 2: Chét lwgng ciia cc by diéu khién (SMC: B9 diéu khién trugt, PID: B) diéu khién
PID, PID-SMC: B¢ dieu khién trwgt véi ham trwgt kieu PID)

Loai diéu khién Do vot 16 (%)  Thoi gian xac 14p (s) Thoi gian ting (s)

SMC 35 5.8 1
PID 1.8 4.9 2.7
PID-SMC 0.02 3.1 1.7
5 KET LUAN

Bai bao ap dung luat didu khién truot voi ham truot duge thiét ké dya trén PID da
loai bo dugc hién tuong dao dong quanh mat trugt va luat diéu khién truot. Giai
thuat nay duoc ap dung dé didu khién hé tay may mot bac tu do. Két qua mo
phong trén MATLAB dd minh ching duoc rang: véi giai thuat nay, dép Gmg hé tay
may bam theo tin hiéu mong mudn v6i d6 vot 16 khong dang ké 0.02%, sai sd xéac
lap bang khong va thoi gian xac lap 1a 3.1s. Néu hé tay may duogc diéu khién bang
bd diéu khién truot truyén thdng thi két qua mo phong cho thdy do vot 16 ting 1én
3.5%, luat diéu khién c6 hién tuong dao dong voi bién do bﬁng 1.28 va mat truot
dao dong vai bién d6 0.14.

Dé két qua diéu khién t6i vu hon nita khi st dung bo diéu khién trugt véi ham
truot kiéu PID, bai bao duoc dé nghi nhu sau: cac tham sb cua ham truot va bién
do cua luat diéu khién truot duge udc luong truc tuyén dua trén mang noron
(Ming-guang et al., 2005), (Hui Peng et al., 2003), (Huang Yijun ef al., 2010) hoac
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logic m&. Vé6i cach 1am nay s& lam cho bd diéu khién s& thich nghi hon véi moi
do6i tugng cling nhu moi loai nhi€u can thi€p vao hé thong.
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