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Toi wu diéu khién trwot véi ham trwot dang PID sir
dung gidi thuat bay dan

Huynh Minh Vi’ va Nguyén Dinh T&
Trwong Bai hoc Ky thudt - Céng nghé Can Tho
TOM TAT
Bé diéu khién trwot vdi ham truot dang PID (Proportional Integral Derivative) cé wu diém la cé tinh én dinh,
bén vitng bang cdch gidm thiéu hién twong dao déng quanh mét trurot. Tuy nhién, dé thiét ké duoc bé diéu
khién trurot véi ham trugt dang PID ngudi thiét ké céin chon cdc tham sé bdng phwong phdp thir-sai. Vivay,
viéc cdi thién mét gidi phdp giup tim kiém tham sé téi wu cua bd diéu khién trurot véi ham truot dang PID I
cdn thiét. Bai bdo trinh bay mét phwong phdp dé téi wu tham sé cua bé diéu khién trurgt véi ham truot dang
PID st¥ dung gidi thudt béy dan cho mé hinh tay mdy mét bdc tw do. Két qué mé phdng dua trén phdn mém
MATLAB cho thdy bo diéu khién én dinh va bén ving dwdi tdc ddng cla nhiéu va thanh phén dead-zone,
ddp trng cta hé théng khéng xudt hién vot 16 va sai s6 xdc Iap bj triét tiéu.

Tir khéa: Diéu khién trwot véi ham truot dang PID, Gidi thudt bay dan, Tay mdy mét béc tv do, dead-

zone, nhiéu

1.GIO1 THIEU

Diéu khién truot 13 phuwong phdp diéu khién cé
tinh 6n dinh cao va bén virng trong diéu kién hé
théng cé tham s6 thay d6i hay cé nhiéu tac dong
trbénngoai[1].

Tuy nhién, cach tiép can cta bé diéu khién truot
thuwdng xuat hién hién twong dao déng quanh
mat truot (chattering). Hién twgng nay thuwong
anh huwdng téi chat luvgng diéu khién cha hé
théng. D& khac phuc hién tugng nay, bd diéu
khién trwot (SMC-Sliding Mode Control) véi ham
truwot cd dang phwongtrinh cdia bd diéu khién PID
(PID-SMC) da dwoc dé xuat [2], nghién ctru cla
tac gid Nguyén Hoang Diing [3] xay dung bd diéu
khién trugt véi ham treot dang PID sao cho théa
man tiéu chudn Hurwitz cling mang lai hiéu qua
lam giam hién twong dao déng quanh mat truot.
Phwong phap diéu khién PID-SMC loai bé dang ké
hién tuvgng dao ddng quanh mat trwgt xuat hién
dbd didukhiéntrwgttruyénthéng. Hon nira, dac
tinh dead-zone thudng xuat hién trong cac hé
théng thuc té nhu déng co servo, van diéu khién
thdy lwc.v.v [4 - 5]. Dead-zone cé thé 3nh hudng
dang ké t&i hidu suat cia hé théng [5]. Hon nita,
dactinh nay thuwong it dugc xem xét dén khi thiét
k& bod diéu khién do chingthay d6itheo thdigian.
Do d96, viéc xem xét mdt thanh phan phi tuyén
nhu dead-zone trong viéc thiét k& bd diéu khién
lacanthiét.
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Hién nay, cac gidi thuat t6i wvu da duoc sir dung
rong rai cho muc dich t6i wu cac tham sé cta bd
diéukhién. Fatiha Loucif va Sihem Kechida d& xuat
viéc t6i wu bd diéu khién PID-SMC sir dung giai
thuat ALO [6] cho tay may. Nghién cru chi ra su
hiéu qua cdia ALO so véi GWO [7] trong viéc tdi wu
cacthdngsé clia PID-SMC [8]. Ngoaira, viéc t6i wu
cho bd diéu khién PID-SMC con duoc dé xuat
trong nghién clru cia Mokeddem va Draidi [9],
nghién ctru chi ra hiéu qua cta ALO so vd&i giai
thuat di truyén (GA) [10] va giai thuat bay dan
(PSO) [11] trong quad trinh t&i wu PID-SMC dé diéu
khién hé thdng phituyén. Tuy nhién, viéc khao sat
viéc t8i wu bo diéu khién PID-SMC trong trudong
hop hé théng cé nhiéu va su can thiép cla dead-
zonevan chwa dwocnhiéu sy quantam.

Dwa trén nhirng két qua nghién ctru trén, bai bdo
nay dé xuat mot phuong phéap téi wu bd diéu
khién PID-SMC s dung giai thuat bay dan (PSO).
Cac ti€p can nay lam gidm dang ké sy dao déng
quanh mat trwot khi cé su can thiép clia dead-
zone va nhiéu trong hé thong. Bong thoi, viéc
danh gid chat lvong diéu khién trong nghién ctru
nay duoc thuc hién trén md phong diéu khién tay
may motbacty do vditaitrong thay déi.

Bai bdo dwoc t6 chirc gdm bén phan: Gidi thiéu |a
phan 1, mé hinh todn d&i tvong diéu khién dwoc
trinh bay & phan 2, phan 3 trinh bay phuwong phéap
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thiét ké bd diéu khién dwoc dé xuat va két luan 1a
néidungchaphan4.

2.MO HINH TOAN HOC TAY MAY
Khao sat mo hinh mdy mot bac ty do, duoc trinh
bay nhu Hinh 1.

Hinh 1. M6 hinh tay may mot bac tu do

Duwa trén viéc phan tich phuong trinh Euler-
Lagrange, phuong trinh dong luc hoc cla tay may
mot bactu do dugcthiétlap nhu (1) [12].

(J+m12)t'9'+B<9.+(ml+M/C)sin(l9):u (1)

Trong dd: J=MI? lamoment quén tinh cha canh tay,
cacthong s6 con lai ciia mé hinh dwgc mo ta chi tiét
nhutrong Bang 1.

Tay mady sé quay quanh truc nh& moment u, vi tri &
cla tay mdy duoc xdc dinh bang géc hop bdi
phuong thang dirng va phuong cta tay mdy. Nhu
vay, u s& la ngd vao diéu khién hé tay may va 9 la
ngd ra cUa hé théng. Gia s, thoi diém ban dau tay
mady chua gdp vat, sau khodng thoi gian t tay may
s& gap mdt vat ndng cé khéi lwvgng m.

Bang 1. Théng s& mé phong cho mé hinh tay may

Ki hiéu Y nghia Gia tri
M Kh&i lwvong cdnh tay 1kg
m Khoi lwvgng vat nang 0.1 kg
/ Chiéu dai tay may 0.4 m
L Kh?éngA,céch tlr trong 0.15 m
tam dén truc quay
B Hé s& ma sat nhat 0.2 kg.m?/s
Gia tdc trong truong | 9.81 m?/s

Ditx; = O(t) vax, = 0(t)

Phuong trinh (1) c6 thé biéu dién dudi dang phuong
trinh trang thai nhu (2).
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x,(1) = x,(1)
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i) - MO B M)

Vangdray(y) =0(t) =x,(1)

3. PIEU KHIEN MO HINH TAY MAY
3.1. Thiét ké bo diéu khién trwot véi ham trueot
kiéu PID
Dé loai bo hién twong dao déng quanh mat truot
khi bién dé cha luat diéu khién trugt thay déi lon,
trong bai bao nay tac gia chon ham truot theo kiéu
PID [2], dwgctrinh bay nhu sau:

13

$(1) = é(t)+ Aelt) + A [e(2)d (1) (3)

Trong do, e(?) = y(1) - y(1) |a sai s6 gilta dap ing
ngd ra y(z) va tin hiéu dat y,(z); 1, va 1,1a hai hang
s6 dwong dugc chon sao cho phuwong trinh dac
tinh S + 1,5 + 4, = 0 phai Hurwitz. Trong d6 S 1a
bi&n phirc va nghiém clia phuong trinh §° + 1,5 +
2, =0phaindm & nilra b& trai clla mét phang phirc.
Khido, phuongtrinh (3) dwocviét lainhu (4).

s()= (1) =y, () + 4 (1) =y, (1))
+4, [ (VD) =y, (D) ()

Theo ly thuyét én dinh Lyapunov, chon mét ham
xacdinhduong:

(4)

V(1) :%sz(t) S V(1) =s(1).5(¢) (5)
P&V (1)x4c dinh 4m, chon:
s(t) =—K.sign (s(t)) (6)

Thay (6) vao (5), suy ra (7). V&i K 1a hang s6 duong
chontruwoc.

V(t)=—s(t).K.sign(s(1)) (7)
Khi d¢, luat diéu khién truot véi ham truot kiéu
PID dugctrinh bay nhu phuongtrinh (8).

u(t) = B.x,(1)+(ml+ M) g sin(x,(1))+
V(O + 4 (3,0 —x,(1))+
+(J+/n12) +2, (v, ()= x, (1)) +
+K sign(s(1))

(8)

Tir luat diéu khién & phwong trinh (8), thay rd rang
c6 ba tham s6 can chon la: 1,, A, va K. Théng
thuwong, cdc tham sé nay dwoc chon dya trén kinh
nghiém va kiém tra bang cach thit-sai. Do d6, trong
bai bao nay tac gid dé xuat st dung giai thuat bay
dan (PSO) dé t6i wu cadc tham s6 nay.

3.2. Hiéntwong Dead-zone
Hién twong dead-zone dugc md ta 13 mai lién hé
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gitta dau vao va dau ra, dau ra duwoc cho 1a bang
khéng khi dau vao vugt qua mét gid tri nao do.
Hién tuong nay xay ra trong nhiéu bd phan khac
nhau cGa hé théng diéu khién nhu & cac cdm bién,

V(1)

b6 khuéch dai va co ciu truyén déng. Ngoai ra,
hién tuwgng nay con gy ra mot sd anh hudng dén
cac hé diéu khién, lam gidm dd chinh xac cta diéu
khién, mat 8n dinh cha hé théng.

Ll([) y([)

— Dead zone

Tay may [—

Hinh 2. Hé théng cé dead zone [13]

Hinh 3. D6 thi biéu dién dead zone [13]

Trén Hinh 2, u(t) va y(t) 1a dau vao va dau ra cta doi
tuwong tay may, u(t) déng thoi la dau ra cta dead
zone, dau vao cta dead-zone la v(t).

mv(t)y—mb.,  v(t)>b oru(t)>0
u(t) = 0, =b, <v(t)<b, oru(t)=0  (9)
mv(t)+mb,,  v(t) <-=b, oru(t)<0

Dead-zone duwoc biéu dién cu thé nhu Hinh 3.
Trongdé b, b,, m,m,1a cdc hang s6 thuc duong.

3.3. Gidithuit bay dan (PSO)
Giaithuat bay dan (PSO) la mét phuwong phap téi vu
héa ngau nhién dya trén mot quan thé va sau dé
tim nghiém t8i wu bang cach cap nhat cac thé hé,
duoc phéat trién bdi Eberhart va Kennedy (1995)
[11]. Gidi thuat nay phdéng theo hanh vi cla cac bay
chim hay cac dan ca trong qua trinh tim kiém thirc
3n. Mi ca thé trong quan thé cap nhat vi tri ciia nd
theo vi tri t&t nhat cdia né va cla ca thé trong quan
thé tinh t&i thoi diém hién tai. Qua trinh cip nhat
cacphantlrdyatrén cac congthirc sau:
Vit =wxV' +en (Pbest,’f/ - X/, )

10
+c,r, (Gbestf —X,k‘j) (10)
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X=X v (11)

k 1\ . v Y ~n n ? A 2 2
Trong do, X vaVlila vitrivavantéccuaphantiro
lan13p thi k, wla hé sé trong lvong quéan tinh, ¢,
c,lahésdgiatdc,r,var,laséngiunhién.

3.4. Diéu chinh bo diéu khién truot-PID dua trén
gidithuatbay dan

Tronggidithuatbay danthimdiphantirséchira
3thams6 4, A,va K Diéu d6 c6 nghia la khéng
giantimkiémla3théngsénay. Tirdo, lvu doé gidi
thuat cta hé diéu khién PSO PID-SMC duoc
trinh bay nhu Hinh 4. Ham muc tiéu dwoc chon
nhwsau:

J= J: le(1)|dt (12)

Muc tiéu cta phuong phap diéu chinh PID-SMC
st dung giai thuat bay dan |a cuc tiéu héa ham
muc tiéu va tim duoc ddp ng tdi wu cho hé
théng trong diéu kién déitwong cé thanh phan
phituyéndead-zonevanhiéu.
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( Khéi tao céc gid tri vi tri va

van toc cua moi ca thé

\ 4

Danh gia ham muc tiéu cua
moi ca thé va lua chon Pbest,

Gbest

Cap nhat vi tri va van toc

|

ﬁ

v

-
banh gia ham muc ti¢u va
cap nhéat Pbest, Gbest

(A Ay K) i uu

Hinh 4. Lvu d6 giai thuat bay dan t6i wu théng s6 bd diéu khién PID-SMC

3.5.Két qua mo phong

D& thay rb kha nang diéu khién cta bd diéu khién
SMC (mat truwot kiéu PID) dugc t6i wu bang giai
thudt bay dan, két qua mé phong sé duwoc khao
sat vdi dead-zone trong khoang [0, 0.5] théng s&
héthéngbiénthiénva duwditdcdong chanhiéu.
Céc tham s6 dau vao cla giadi thuat bay dan
(PSO) duoc thé hién trong Bang 2. Kich thuéc
quan thé khéng dwgc nhé hon sd ca thé khéi
tao,néunhdhonségayraldidokhongdikhong
gian tim ki€m. SO lan 13p duva trén kinh nghiém
cliamdilantdiwu, n€uldp qua ldn s& mat nhiéu
th&igiantimki€ém vanguoclaido hditusdthap
dandéngidithuatchuwatsiuwu. Trongsé khditao
w duogc chon 13 0.5 va cac théng sé ¢,, ¢, duogc
chonbang2,hésér,var,dugcchonngiunhién
trongkhoang|0, 1].
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Bang2.Théngs6dauvaochogidithuatPSO

Théng sb thuat todn PSO Gia tri
Sé lan lap 60
Kich thudc quan thé 50
Trong s6 quan tinh w 0.5
Hé s6 (c1,¢2) (2,2)
Hé s6 ngau nhién ry, r [0, 1]
Gia tri ngudng dudi cta (A1, A2, K) (1,1,1)
Gia tri ngudng duwdi cta (A1, A2, K) | (100,100, 100)

Tién hanh kiém chirng ddp &ng cda bd diéu khién
duoc dé xudt, tac gid khai bao céc thong sé mé hinh
diéu khién nhu Bang 1 va céc gia tri dugc t8i vu bai
gidithuatbaydanlaAl=16,\2=88vaK=13.

Dua theo mat phang phtrc, ta cé thé thay, viéc tim
ki€m haithong s6A1=16,A2 =88 thoa diéu kién dé
hé théng 6n dinh.
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Hinh 5. Mt phang phurc

Dap trng clia hé thdng va tin hiéu diéu khién khi tin
hiéu dat 1a hinh nac duoc thé hién nhu Hinh 6 va
Hinh 7.

Hinh 6. Dap rng hé théng khi tin hiéu dat hinh nac

Hinh 7. Tin hiéu diéu khién khi tin hiéu dat hinh nac

Dé khao sat tinh bén virng cla bo diéu khién, tac
gid d3 gia sir dung khéi lvong vat gdp cla tay may
thay d6i theo thoi gian (duoc trinh bay nhu Hinh
8), cu thé |a ban dau tay may s& hoat dong khéng
tai, sau d6 s& gap mot vat ndng cé khéi lwvong m =
0.1kg. Két qud mo phdng dap (rng va tin hiéu diéu
khién khi khdi lvgng vat gap thay doéi duoc trinh
nay nhu Hinh 9va Hinh 10.
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Hinh 8. Khéi luwong cla vat gap thay déi theo thoi gian

Hinh 9. Dap &rng hé thong khi tai trong
thay déi theo thoi gian

Hinh 10. Tin hiéu diéu khién khi hé théng tai
trong thay d6i

DE kiém tra sw 6n dinh cda bd diéu khién dudi tac
déng cla nhiéu va thanh phan dead-zone, tac gia
d3 giad str hé théng chiu tac ddng bdi nhiéu trang cé
bién d6 dao dong duoc trinh bay nhu Hinh 11 va
thanh phan dead-zone. Két qud mé phong dép trng
va tin hiéu diéu khién khi dudi tac dong clia nhiéu
va thanh phan dead-zone tdc ddong dugc trinh nay
nhuw Hinh 12 vaHinh 13.

Hinh 11. Tin hiéu nhiéu trdng
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Hinh 12. D4p (rng hé théng khi ¢ nhiéu va thanh
phan dead-zone tac dong

Hinh 13. Tin hiéu diéu khién khi hé théng
duditac ddong cla nhiéu trdng va thanh phan
dead-zone

Nham khang dinh chat lwong cla bd diéu khién
duoc dé xuat tac gia da gia sir hé théng gan vdi
thuc té [ tdi trong s& thay d6i, dudi tac ddng cla
nhiéu va cé thanh phan dead-zone. K&t qua mod
phdng duoctrinh bay nhw Hinh 14 va Hinh 15.

Hinh 14. Bap (ng cla hé thdng khi tai trong thay ddi,
nhiéu trang va thanh phan dead-zone tac dong

Hinh 15. Tin hiéu diéu khién khi hé théng tai trong thay
d6i nhiéu trang, va thanh phan dead-zone tac dong

Tl cdc Hinh 6, 9, 12, va 14 cho thay, khi tay may
chuyén tirtrang thai khdngtaisang cé tai hay chiu
tdc ddng cla nhiéu, thanh phan dead-zone hay bj
anh hudng cla ca ba yéu t6 trén thi tin hiéu diéu
khién s&bjanh hudng, tuy nhién tin hiéu thycvan
bam theo tin hiéu tham kh3o. Van dam bao cac
tiéu chi chat lvgng hé théng nhu d6 vot 18, thoi
giantang, thoigian xac lap va sai sd xac 1ap. Riéng
ddi v&i bd diéu khién truot véi mit truot dang
PID thi tin hiéu ddp &rng khong con bam so vdi tin
hiéu datkhicé thanh phan nhiéuvadead-zone.

Bang 3. K&t qua so sanh gitra bd diéu khién PID-SMC-PSO vdi bd diéu khién PID-SMC

Loai diéu khién Do vot 16 (%) Thei gian xac 1ap (s) Thei gian tang (s)
PID-SMC 0.02 3.2 1.7
PID-SMC-PSO 0 1.2 0.5
PID-SMC-PSO
khi c6 nhiéu va dead-zone 0 1.5 0.3
K&t qua duwocsosanh cuthétrén Bang3chothdy  4.KETLUAN

bd diéu khién PID-SMC-PSO hoat ddng tét, dép
rng cdithiéntdthon PID-SMCvéidévotld1a 0%,
dattrangthdixaclapsaul.2svathoigiantangla
0.5s. Hon nita, khicé tac ddng clia nhiéu va dead-
zone, bo diéu khién PID-SMC-PSO van hoat ddng
6n dinh v&i d6 vot 16 12 0%, thoi gian xéac 1ap 1a
1.5s,vathoigiantangla0.9s.
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Trong nghién cru nay, tac gid da dé xudt mot gidi
phap 1a st dung gidi thuat bay dan dé t&i wu cac tham
8 ctia bd diéu khién trugt véi ham truot dang PID.

Cac két qua mé phong cho thay tin hiéu thyc té
bdm t6t so vdi tin hiéu dat, khong cé d6 vot 16 va
sai sO xac lap gan nhu duoc triét tiéu. Song, hiéu
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qua cla bd didu khién dugc dé xuat con duoc
kiém chirng khi diéu khién géc khép cia mé hinh
tay mdy moétbactw dobdmtheotin hiéu dattrudc
ngay ca trong khi tai trong thay déi va dudi sy tac
dong cla nhiéu va thanh phan dead-zone. Ngoai

ra, nhitng két qud md phdng dat dwoc trong
nghién ctru nay con 1a co s& dé phat trién bd diéu
khién PID-SMC cho cdc mé hinh phirc tap nhu
robot ba banh da huwdng, tay mdy nhiéu bac ty do
trongtuonglai.
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An optimized sliding mode control with pid sliding
surface using partical swam optimization algorithm

ABSTRACT

Huynh Minh Vu and Nguyen Dinh Tu

The sliding mode controller with PID (Proportional Integral Derivative) sliding surface provides the
stability and robustness by decreasing chattering phenomenon. However, the traditional procedure
generally involves trial and error methods in designing the sliding mode controller with PID sliding
surface. Therefore, an improved selection procedure of parameters for sliding mode controller with
PID sliding surface is necessary to improve the system performance. This study proposes an approach
to optimize the sliding mode controller with PID sliding surface using the particle swarm optimization
forthe one degree of freedom manipulator. Simulations are performed using MATLAB to demonstrate
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the stability and robustness of the proposed controller by exhibiting no overshoot/steady-state error
indealing with dead-zone and unexpecteddisturbance.

Keywords: Sliding mode control with PID sliding surface, Particle swarm optimization, one degree of
freedom manipulator, Dead-zone, Disturbance
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