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Abstract

In this paper, we present a method for optimizing the parameters of a Sliding Mode Controller (SMC) using the Particle Swarm Optimization
(PSO) algorithm. The SMC is well-known for its robust performance in handling system uncertainties and external disturbances. However,
selecting the optimal parameters for the SMC plays a crucial role in achieving high performance in trajectory tracking tasks. Manual tuning
often leads to suboptimal solutions, especially for complex nonlinear systems. To address this issue, we apply the PSO algorithm, a powerful
parameter optimization technique inspired by the swarm behavior of birds or fish, to automatically search for the optimal control parameters.
The optimized SMC parameters are then applied to the trajectory tracking control of a planar parallel robot. Simulation results, verified using
Matlab Simulink, demonstrate high performance in trajectory tracking for the planar parallel robot.
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Tém tit

Trong bai bo nay, chiing tdi dé xuit mot phucng phap mdéi dé t6i uu
héa cic tham s6 ctia bo didu khién trugt bang cach sit dung thuét toan
t6i uu héa by dan. Bo diéu khién trugt dugc biét dén rong rai nho
kha niing bén viing véi nhiing yéu t6 bét dinh hé théng,do d6 dic biét
hiéu qua dbi véi cac dbi tuong phi tuyén. DE dat dugce hidu qua can
thiét, viéc Iva chon cac tham sd bd diéu khién sao cho ti uu la rat
quan trong. Cac phuong phép diéu chinh thi cong thutng kha mét
thai gian va khé c6 thé dat duge két qua t6i uu, dic biét dbi véi cac hé
thdng phi tuyén phic tap. D€ giai quyét vn dé nay, chiing t6i 4p dung
thuat toan PSO, mot cong cu manh mé duya trén hanh vi biy dan, dé tu
dong xéc dinh céc tham sb ctia by diéu khién trugt théa man mot ham
muc tiéu cho trudc. Phuong phép tiép cin nay dudce ap dung cho md
hinh robot song song phéng nhim dat dudc d6 chinh xac cao trong
bam quy dao. Tinh diing d4n va hiéu qua ciia phuong phap dé xuét
dudc kiém chiing thong qua mo6 phdéng.

1. Gidi thiéu

Robot cong nghiép 1a mot hé chuyén dong phiic hgp nhiéu bac
tu do c6 kha nang 1ap trinh dudgc, do d6 duge st dung rong rai
trong nhiéu ting dung khac nhau [1]. Viéc st dung hé thdng
robot cong nghiép da trd nén phd bién trong céc doanh nghiép
san xudt trén toan ciu. N6 dudc coi 1a gidi phap tu dong hoa
hiéu qua nhét hién nay, mang lai Igi thé canh tranh cho cic
doanh nghiép trong linh vuc san xuit. C6 mot sy nhin manh
ro rang vao viéc nang cao do chinh xdc vi tri trong qua trinh
phat trién ctia robot cong nghiép[2] [3].

Trong thuc té, robot dugc ché tao theo rit nhiéu cAu hinh khac
nhau dé phu hgp véi tiing tac vu nhat dinh. Cic robot nbi tiép
v6i tam hoat dong rong, dudc sit dung rong rii trong cong

nghiép san xuit 6 to, 1ap rap, phan loai san phim, cong nghé
han... Trong khi dé, robot song song phang véi nhiing wu diém
nhu do clng cao, quan tinh nho va ty 1€ tai trong trén trong
lugng 16n, phu hgp véi cac ing dung doi hdi do chinh xac va
tdc do cao, da thu hiit su chii y ctia nhiéu nghién citu gan day[4]
[5]. Tuy nhién, loai robot nay lai c6 cu triic ddng hoc va dong
luc hoc tuong d6i phiic tap, khong gian 1am viéc nhd va an
chiia nhiéu rang budc gy khé khin cho viéc xay dung hé diéu
khién [6].

DE€ giai quyét bai toan diéu khién chuyén dong robot song song
phéng, phuong 4n diéu khién kinh dién dua trén md hinh nhu
diéu khién dong hoc ngudgc [17] thudng gip khé khin do dnh
hudng ctia cic yéu t6 bit dinh nhu sai léch md hinh va su thay
d6i ctia tai trong. Cac phuong phap diéu khién thong minh nhu
mang nd-ron [18] va logic md [19] cling da dudc nghién cuu,
nhung yéu cau ning luc tinh toan cao va phu thudc vao dit liéu
huén luyén. Diéu khién trugt (SMC) 12 mot phuong phap hiéu
qua trong viéc xt ly cac dbi tuong phi tuyén an chia cac yéu tb
bét dinh. Va trong moi trudng hop, viéc t6i uu héa tham sb clia
bd diéu khién ludén déng vai trdo quyét dinh dbi v6i chit luong
ctia hé diéu khién. Do d6, cac nghién ctiu lién quan dén ti uu
héa tham s6 bo diéu khién ludn thu hiit s6 lugng 16n céc nha
nghién cdu.

Viéc ti uu héa tham sb bd diéu khién thudng dudgc thuc hién
thong qua viéc gidi bai toan tbi thi€u héa mot ham chi phi cu
thé. Céc nghién ctiu trudc ddy da 4p dung céc phuong phép tbi
vu héa c6 dién nhu Gradient Descent hay Newton-Raphson,
tuy nhién, céc phuong phap nay gip kho khin véi dbi tuong
phi tuyén. Gan day, cac thuit todn tién héa da dudc st dung
rong rai d€ khic phuc nhitng han ché nay, nhd kha ning tim
kiém trong khong gian phiic tap va trdnh roi vao cuc tri dia
phuong. Thuat toan di truyén (Genetic Algorithm - GA) [20] 1a
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mot trong nhiing phuong phap dau tién dudc ap dung cho bai
toan t6i uu tham s6 diéu khién. GA da ching minh dugc hiéu
qua trong viéc tim kiém cdc tham s6 cho SMC, gitip giam hién
tugng chattering va nang cao do chinh xac [21]. Tuy nhién, GA
thudng yéu cau thi gian tinh todn 16n, diic biét v6i cac hé théng
phiic tap nhu robot song song. Ngoai GA, céac thuit toan tuong
tu khdc nhu t6i uu héa kiéu dan kién (Ant Colony Optimization
- ACO) [22], tién héa vi phan (Differential Evolution - DE)
[23] , tbi wu héa dan doi (Bat Algorithm) [24] ciing da dudc
4p dung d€ ti uu héa tham sb diéu khién. V6i ham chi phi an
chifa nhiéu muc tiéu diéu khién nhu chét lugng dong hoc [7]
[8], muc do ti€u thu nang lugng [9], dO ciing va khong glan
lam viéc [10], sai léch quy dao chuyén dong va md men xoin
[11], cling nhu dong thsi ca dong hoc va dong luc hoc [12]
[13]. Céc thuit todn tién héa da muc tiéu (MOEAs) thudng
dudc st dung theo cach tao ra mot tip hgp cac giai phap mang
tinh chit thda hiép, trong d6 viéc cai thién bét ky tiéu chi nao
trong ham chi phi sé din dén sy danh ddi véi it nhat mot tidu
chi khic. Cac ky thuat nhu t6i vu MOEAs [14], thuat giai di
truyén da muc tiéu (MOGA) [15], va céc thuit toan tién héa vi
phan (DE) [16] da dudc dp dung trong thiét ké t&i uu ctia robot
song song.

Mot trong nhitng phucng phap ndi bat nhit trong nhiing nim
gan day 1a t6i uu héa bay dan (Particle Swarm Optimization
- PSO), v6i co ché md phéng hanh vi xa hoi ctia bay dan, cho
phép tim kiém giai phap hiéu qu trong khdng gian tham sb
phiic tap. V6i nhiéu 1¢i thé nhu tinh don gian, dé trién khai,
PSO 1a mdt cong cu da niing dé€ giai quyét bai toan t6i wu trong
nhiéu linh vuc [25] [26]. Trong nghién ciu nay, PSO da dugc
ap dung dé t6i uu héa cac tham sb diéu khién ctia bo SMC cho
robot song song phéng 2 bac tu do, tit d6 cai thién dang ké chit
luong ciia hé théng diéu khién chuyén dong. Cu thé, cic déng
g6p chinh ciia bai bao bao gdm:

* Xay dung va phan tich day di mo hinh dong luc hoc ctia
hé robot, bao gom cdc phuong trinh chuyén dong, ma tran
Jacobian va céc yéu t6 anh huéng dén dong luc hoc nhu
momen quén tinh va luc tic ddong. M6 hinh nay tao nén
tang cho viéc thiét ké va ki€ém chiing cac thuit toan diéu
khién, d4m bo kha niing ting dung linh hoat trong céc bai
todn thuc té.

+ Ap dung PSO d¢ t6i uu héa cic tham s ciia b SMC
trong hé théng robot song song phing 2 bac tu do

 Cung cip mot giai phap diéu khién hiéu qua c6 thé ap
dung rong rai khong chi cho cic hé thong robot ma cé cac
hé thdng diéu khién khac

2. M6 hinh Robot

Robot song song phang 2 bac tu do (2DOF-PPR) véi ciu triic
dbi xiing, 1a d6i tuong chinh clia nghién ctfu nay, gan diy da
dudc phat trién thanh cong dudi dang nguyén mau [27], [28].
Céu triic chi tiét ctia 2DOF-PPR dugc minh hoa trong Hinh 1,
bao gdm hai chudi dong hoc giéng hét nhau, mdi chudi gdbm
khép chi dong (A va Ap), khép thu dong (A3 va Ay), cung véi
céc thanh lién két cing c6 do dai Ly, L,, L3, va Ly. DE phan
tich dong hoc cta 2DOF-PPR, mot hé toa d6 quan tinh Oxy
dudc dit tai trung diém clia hai khdp chi dong A va A,. Khi
d6, toa do clia cd cu tac dong cudi E dudc xac dinh tai diém
(Xe,Ye)-

E(x.;v.)

Hinh 1: Mo hinh cta robot song song hai bac tu do

2.1. M6 hinh ddng hoc cta robot song song ph:?mg 2 bac tu
do

GiastE=[ x. y. ]T 1a vi tri vecto tac dong cubi ctia robot
trén hé toa dd quan tinh Oxy trong d6 OA| = OA,. Vi tri cia
cac khép thu dong A; (v6ii=3,4) la:

Az = [ Ly COS((Xl) —L3 L sin(al) ]T
Ay =[Lycos(op)+Ls

ey

L, sin(az)]T

Trong d6, a; va op 1a cac géc quay cta cac khép chi dong.
Phép toan dong hoc ngudc dugc thiét 1ap bing cach xem xét
cac rang budc dong hoc sau:

|AZE| = L3, |A4E| = Ly; 2)
T (1) va (2) dén t6i:

—Lysin(ay))* =13 3)
— Lysin(op))* =13 %)

(xe — Ly cos (a1) + OA1)* + (ve
(xe — Ly cos(ap) — OA )2 + (e

Hai phu’dng trinh nay cho phép chung ta xac dinh céac goc o
va o can thiét dé€ dat dudc vi tri mong mudn clia co ciu tac
dong cubi.

2.2. Ma tran Jacobian

Ma tran Jacobian ciia robot dudc tim ra bing cach 1iy dao ham
theo thdi gian ctia cic phuong trinh (3) va (4), din dén:

Go =HE 3)

Gidi phuong trinh (5) dé€ dang thu dudgc:

J=G'H (6)
V6i:
: . T T
E=[t y] ,0=[0n )]
G |YeCon = (xe+ OA1)sq, 0
0 YeCa, + (OA1 —X¢)50, @)

H— Xe+OA1 —Licq;  Ye—Lisoy

—OA1 —Lyc, Ye—LoSq,

Trong dé cos(a;) = cq, va sin(e) = sq;, i = (1,2)
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2.3. Khong gian lam viéc

Khong gian 1am viéc ly thuyét cia 2DOF-PPR dudc dinh nghia
12 khu vic ma khau tic dong cudi c6 thé tiép can khi cac khdp
dong xoay goc 0 < o; < 27. Trong dinh nghia vé khong gian
lam viéc ly thuyét ndy, cdc va cham tiém tang giita cac lién két
va cac vi tri ky di, ndi ma tran Jacobian tré nén ky di, khong
dugc tinh dén. Do d6, khong gian 1am viéc 1y thuyét dugc gidi
han béi hai vong tron gidi han, dudc x4c dinh dua trén chiéu
dai ctia chudi dong hoc dau tién:

Lo : (x+O0A)* +y> = (L + L3)* 8)
[1iI(X+OA1)2+y2:(Ll_L3)2 (9)

Trong do6 I, va I}; dudc dinh nghia la cac vong tron gidi han
ngoai va trong.

Ngoai ra, khi xem xét chiéu dai cia chubi dong hoc thi hai,
khong gian 1am viéc 1y thuyét dudc bao quanh bédi cac vong
tron gidi han sau:

by (x—
IZi : (x— 0A1)2+y2 =

OA1)* +y* = (Ly+L)*

(Ly—Lp)?

(10)
)

Khu vuc dudc bao quanh bdi cac vong tron gidi han dugc xac
dinh béi cac phuong trinh (8), (9), (10), va (11) dai dién cho
khong gian lam viéc ly thuyét.

Ngudgc lai, khong gian lam viéc st dung dudc dinh nghia 1a
viing lién tuc 16n nhit trong khong gian lam viéc Iy thuyét ma
khong c6 bat ky vi tri ky di nao. Do d6, khong gian lam viéc
st dung dugc gidi han bdi cac vi tri ky di bén ngoai, nhu da
dugc mo ta trude d6 bai [29]. DE danh gid thém vé khong gian
lam viéc st dung, vong tron ti da bén trong (MIC) dudc coi
12 mdt chi s hitu ich. MIC 1a vong tron 16n nhit ¢6 thé duge
noi suy trong khong gian 1am viéc st dung va tiép xic vdi cac
vi tri ky di dudc mo ta béi I, [28]. Khong gian 1am viéc t6i da
bén trong (MIW) dudc dinh nghia 1a khu vuc bao quanh vong
tron MIC ndy. Vong tron MIC, dugc biéu dién nhu mot ham
clia cic chiéu dai lién két, dugc cho béi cong thiic sau:
# =+ (v=ymic)’ = Linc (12)

Trong d6 Lyyc 1a ban kinh va (xpic, ymic) 1a tAm ctia vong tron
MIC. Déi v6i cac trudng hgp ma L; + L; < OA; véii= 1;2 va
Jj =34, vong tron MIC dugc dinh nghia bdi:

Li+L,— |L1 sz‘

Ingre —
MIC )
xmic =0 (13)
Li+Ly+|Ly — Lo 2
yMIC = \/( 4| ) -13

D6i v6i cdc trudng hop ma L; +L; > OA; véii=1;2 va j =
3;4, ban kinh va tdm ctia vong tron MIC dudc dinh nghia bdi:

Lyic = [ymic| = Yeol

X =0
MIC L (14)
y . (Ll +L +ycol) _LS
MIC =
2 (Ll + L +YC01)
Trong do:
Yeol = \/ L} — (L — 0A1)? (15)

vai=1;2vaj=3;4.

2.4. M6 hinh dong luc hoc cia 2DOF-PPR

Budc dau tién trong viéc xay dung cac phuong trinh chuyén
dong 1a lya chon "hé thong tu do."Trong kich ban nay, robot
dugc tudng tugng 12 bi cit rdi tai diém tac dong cudi, tao ra
hai robot ndi tiép, mdi robot c6 hai bac tu do nhu minh hoa
trong Hinh 2. Dit my; 1 khéi ludng, d; biéu thi khoang cich
dén trung tAm cta lién két, va L; cho biét chiéu dai ctia lién
két i. Momen quén tinh ctia lién két i d6i v6i duong thang di
qua tim khéi lugng song song véi truc quay dudc biéu thi bing
C;. Mic du cdc tham s cho lién két 1 va lién két 3 dudc dinh
nghia tuong ty nhu dbi véi lién két 2 va lién két 4, nhung chiing
khéng duge minh hoa trong hinh. Do d6, cac phuong trinh rang
budc phit sinh tit yéu cau rang diém C ring véi diém D, diéu
nay c6 thé dudc dién dat nhu sau:

o (o) [(P(Q) (16)
Trong dé:
(1) =Licos(a)+Lscos (ot + 03)

—Lycos (o) —Lycos (0 + o) (17
©(2) = Lysin (o) + Lz sin (o + 03)

—Lzsln((Xg) Lysin (o + o)

bita'=[ o o o o4 }T 12 vecto toa do téng quét clia
hé théng tu do. Luu y ring vi cac khép dudc kich hoat 1a khép
1 va 2 cho 2DOF-PPR, nén vectd toa dd tdng quét clia hé thong
bi rang budc dudc chon la:

a=[o o] (18)

Muc tiéu tiép theo 1a phét trién cic biéu thic cho tiing thuat ngi
xuét hién trong (16) cho 2DOF-PPR dé thu dudc cic phuong
trinh chuyén dong. Chiing toi bat dau v6i tham sb héa

a(d)=a (19)
Dén dén:
[0 7 8] eme

A 0 X

Hinh 2: Hé théng t do
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Bay gid, bing cach két hop cac phuong trinh (16) va (20) vavi  V6i
phén theo @', chiing t6i thu dugc bi€u thic sau cho Ny (') : .
p1 = —mypLidzsin(a3) 28)
le(Ll) T]oc/(laz) n(x/(173) T]a/(l,4) P2 = —mygLodysin ()
Ne (06/) _ n(x’(za 1) na/(zvz) na/(273) ﬂa/(2,4
o 1 0 0 0 Va:
0 1 0 0
1\
an Ml)=
i} (myydy 4-my3Ly) cos (o)) +mzlez cos (o + 03)
Trong do, (mypds +mysLs) cos (0n)) + myalea cos (0 + o) (29)
T]a/(L 1) =—-L sin(al) — 13 SiIl(OC] + 063) ml3j3 cos (061 + 063)
Nar(1,2) = Lysin(a) + Lasin(06 + ou) miada o8 (0 + 04)
Ner(1,3) = —Lssin(a; + a3) trong d6 g = 9.81 m/s? 1a gia toc trong trudng. O giai doan
Nas(1,4) = Lasin(op + o) nay, chiing t6i da thanh cong trong viéc thiét 1ap cic phucng
Ner(2,1) = Ly cos(0y) + Lz cos(ay + a3) (22)  tinh chuyén dong cho robot song song hai bic tur do theo a.
(2,2) = —L (@)~ L (0 + ) Nhiém vu duy nhét con lai 1a 1y tham s héa o’ = o(ax). Néi
Nor(2,2) = —Lacos(@2) = L4 oS0 + 04 chung, viéc thu dugc mét bidu thiic phan tich cho o(a),va né
Nar(2,3) = Lycos(ou + o3) phéi dugc tinh toan bing cic phuong phap s6. Tuy nhién, dbi
Now(2,4) = —Lycos(ap + 0y) v6i 2DOF-PPR, c6 thé giai quyét (16) d€ tao ra két qua sau:

Chiing ta c6 biéu thic sau cho 7 (o) :

(o) =1, () (23)

S = O O
- o O O

Vi 7(a’) dugc biéu dién dudi dang ma tran nghich dao, nén
viéc 14y dao ham theo thdi gian clia n6 khong don gian. Do dé,
chiing ta sit dung biéu thic sau cho 7 (o, &’), c6 thé dé dang
thu dugc bing cach nhén trudc (23) véi Ny (a') va sau d6 lay
dao ham theo thdi gian:

t(o, o) =—n,t (&) na (o &) T (o) (24)
trong d6 7y (o',4') C6 thé thu dugc bang cach 14y dao ham
cua phuong trinh (21) theo thdi gian. Tham khéo [30], ching
ta s€ phat trién cdc bi€u thic cho: N (a'),M' (o', &), va
h' (o) . Céc biéu thiic sau day dugc suy ra bang phuong phap
Lagrangian:

ni 0 ni3 0
rron | O npy 0 npg
N' (o) = n31 0 nzz 0 |7

0 ngp 0 nggy

(25)

Véi:

ni1 = myd; +my3 (L3 +d3 +2L1d3 cos (03)) +Cy +C3
ni3 =my (d3 +Lidscos(03)) +Cs

nan = mpdy +mys (L3 + 124+ 2Lodscos (0u)) +Ca + Cy
ny4 =My (df +Lodscos ((X4)) +C

31 =ni3,n33 = mpli+

2
n4p =Ny 4,n44 = mudy +Cy

(26)
M (o) =
pP103 0 p1 (G +03) 0
0 P20y 0 P2 (062 + 064) (27)
—pP1 (09} 0 0 0
0 —pz(j(z 0 0

. ﬁ:\/a)(al,az)z +e(on,00)" — 1 (o0, 00)°

oy =tan
X (ar,00)
e[S
o(ar,o0)
(30)
Trong d6
o (ar,00) =2L4¢ (a1, 00)
€ (a1, 00) =2Lsm (a1, 00) (31)
x (0, 00) = L3 — L3 — ¢ (04,00)" — 1 (0, 2)°
Véi
¢ (ay,00) = Lycos(0) — Ly cos (ay) +¢ 32)
N (a,00) = Lysin(0p) — Ly sin (o)
Cudi cling ta c6:
Lisi
% = tan~! n(ai,00)+Lssin(m+as)] o (33)

() (OC] , 062) +L4cos (062 + 064)

Vi vy, (30) va (33) két hop lai dai dién cho tham sb héa
a' = o(a). Diéu nay két thiic viéc xay dung cic phuong trinh
chuyén dong ctia 2DOF-PPR. Tém lai, céc phuong trinh chuyén
dong clia robot song song hai bac tu do, dudc thé hién nhu sau:

N(o)a+M (¢ .a')a+h(a')=u (34)
Trong dé
N(d') =t (a’)T/N’ ()7 (a)
M &) :r(a’)T M (o) T (a)
+r(o) N ()t (o, &) (35)
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3. Toi uu tham s6 b diéu khién truot cho 2DOF-
PPR

3.1. Thiét ké bé diéu khién truot

co 9 Y T ;. ~ A ,
Giastraing E; = [ x4 ya | 12 quy dao mong mudn cta co
cAu tdc dong cudi va oy 12 quy dao mong mudn ciia hai géc
quay. Tir d6, sai léch bam e va mat trugt s dugc dinh nghia nhu
sau:

e—o—a (36)

s=¢ée+ce 37

Trong d6 o, oty € R? . Do d6, e ciing 1a mot vector ¢t 2 x 1
o | ecR2va c= {c“
ea, 0

dudng chéo xac dinh duong 2 x 2 va s € R?.

Mot ham Lyapunov V (s) dién hinh cho SMC ¢6 thé dugc dinh

nghia nhu sau:

0],. . A
e= la mot ma tran
€22

1
V(s)==s's

38
: (38)
DPao ham theo thdi gian ctia ham Lyapunov ta thu dudc:
V(s)=s's (39)

Dé dam bio tinh 6n dinh, diéu kién sau can dugc thoa man:
V(s) <0 Vs#0 (40)

Dé théa man (40), chiing ta can thiét ké luat diéu khién phu
hop. Trong bd SMC , mot luat diéu khién dién hinh c6 dang:
U= uteg — K -sign(s) (41)
Trong do:

* Ueq 12 diéu khién tuong duong, dai dién cho phan diéu
khién lién tuc gitip hé thdng duy tri trén bé mit truct.

* K -sign(s) la diéu khién khong lién tuc dé ddy hé thong
vé bé mit trugt.

K 1a mot hing s duong di 16n dé€ dam bao hé thong hoi
tu.

Su xuét hién ctia diéu khién khong lién tuc v6i ham sign(s)

dam bao rang:

' 2

V(s)=s"s=s"(—K-sign(s)) = —Ks' sign(s) = —K ¥ ||

i=1

(42)

ViK >0,tacé V(s) <0, tir d6 hé théng s& 6n dinh theo tiéu

chuin Lyapunov.

DE tinh u,,, ta dao ham phuong trinh (37) d€ ¢6 s va cho s =0

s=é—ce=0

(43)

Tu phuong trinh (34) , (36) va (43) c6:

§=—Cig—cé+N (') [ueg—M (&, 0) 6 —h(e')] =0

(44)
Suy ra :

tteg =N (&) (6t +c¢)+ M (&) &+ h()) (45)

Két hop phuong trinh (41) va (45) ta dugc bd diéu khién cho
robot song song 2 bac ty do nhu sau:

u=N (o) (ta+cé)+M (& o) +h(a')) — K -sign(s)
(46)

Tir phuong trinh (46), c6 thé két luan riang véi tin hidu diéu
khién u nhu trong (45), sai s6 bam e sé tién vé 0 tiém can, dong
thoi hé thong diéu khién dudc dam bio 6n dinh.

Trong thuc té, thanh phan phi tuyén ug, = sign(S) 1a mot vin
dé chinh ctia SMC ¢ dién do tinh chit tin s6 cao ctia né. Mot
giai phap phd bién 1a thay thé uj,, bang mot tin hiéu diéu khién
tuong duong lién tuc, vi du nhu sat(s). K&t qua 1 tin hiéu diéu
khién cudi cling 1a:

u=~N (o) (0g+cé)+M(c',a') o+h(o') — K -sat(s) (47)

Trong do, sat(s) dugc biéu dién béi:

% néu |s;| < 8
sat(s;) = {5’ Jsif <

) 48
sign(s;), néuls;| > )

v6i & 14 s6 duong nho.
3.2. Tbi wu héa bay dan
3.2.1. CAu triic va nguyén ly hoat dong ctia PSO

Thuat toan PSO 12 mot phuong phdp t6i uu héa dua trén mod
phéng hanh vi xa hoi ctia cic loai dong vat, dic biét 1a cic bay
chim. Mo hinh PSO bt dau bing cach khdi tao mot quan thé
gdm N c4 thé, trong d6 mbi c4 thé dai dién cho mot giai phap
tiém ning trong khong gian tim kiém c6 D chiéu. Céc c4 thé
dudgc khdi tao ngiu nhién vdi vi tri X; va van tdc V;, dugc xac
dinh nhu sau:

X; =1b+ (ub—1b) -rand(1,D) 49)

Vi=0

Trong d6, Ib va ub 1an lugt 1 gi6i han dudi va gi6i han trén
clia cdc tham s can tdi uu héa. Mdi ca thé sé tinh toan gia tri
ham muc tiéu f cho vi tri hién tai cia né. Gid tri nay sau do
dudc so sanh véi gia tri tot nhét trudc d6 ma ca thé da tim thiy
(Pbest) va gid tri tot nhat toan cuc (Gbest) trong quan thé. Méi
c4 thé sé cap nhat van tc va vi tri ctia minh theo cong thic:

Vi(t+1) =w-Vi(t)+ by -r; - (Pbest ; — X;(t))
by-ry-(Gbest —X;(1))X;(t+1) =X;(t) + Vi(r + 1)

(50)

Trong do:

* w1a trong sb qudn tinh, diéu chinh anh hudng ctia van toc
trude do.

* by va by 1a cac hé sb hoc tap cd nhan va xi hoi, xac dinh
mifc d§ dnh hudng cia Pbest va Gbest.

* 11 va r; 1a cdc s6 ngau nhién trong khoang [0, 1].

Sau khi cp nhat van tdc, vi tri méi clia mdi cd thé sé& dugc
kiém tra va gidi han trong khoéng [/b, ub], nham dam béo rang
cdc gidi phap vin nam trong khong gian tim kiém hop 1€.
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3.2.2. Quy trinh cip nhit va tiéu chi ding B

Trong m&i vong Lip, gia tri ham muc tiéu dugc tinh toan cho '
vi tri mé6i ctia mdi ca thé. Néu gid tri nay t6t hon gi tri Pbest
truéc d6 clia cd thé, Pbest sé dudc cap nhat. Tuong tu, néu gia
tri ham muc tiéu ctia mot c4 thé tot hon gia tri Gbest, thi Gbest
ciing sé dugdc cap nhat. Qua trinh nay sé dudc lap di lap lai ”
cho dén khi dat dugc mot trong cdc tiéu chi ditng da dinh sin,
chang han nhu sb vong lip ti da hoidc khi khong c6 su cai -,
thién ndo trong gia tri Gbest trong mot sé vong lip lién tiép. >
Két qua cubi cung cta thuat todn 12 gia tri t6t nhit ctia ham
muc tiéu va vi tri tuong dng, tif d6 cung cip cac tham sb t6i vu
cho md hinh SMC (SMC). 2%
Thuat toan PSO dudi day dudc thiét ké d€ giam thiéu mot ham
muc tiéu tiry chinh, nham t8i vu héa cac tham sé ctia hé théng °
diéu khién. Nhiing thong s6 chinh ctia thuat todn bao gom:

+ Kich thudc quan thé: 30 c4 thé, cho phép tim kiém giai .,
phép hiéu qua trong khong gian tham s6.

* S6 lugng tham sd can tdi uu héa 1a 4 (tuong tng véi cac
tham s6 diéu khién ctia hé théng: 8,K,c¢11,c2). ‘

* S6 vong lap tdi da: 25, nhim ddm bao hoi tu trong thdi .
gian tinh toan hgp ly. 38

* Bién du6i va bién trén (Ib,ub): Cac tham sd dugc khéi *
tao trong khoang [0.01, 100] dya trén cac giGi han vat ly
va k§ thuat ctia hé théng diéu khién.

 Hé s6 quan tinh (w): 0.7, gitp can bang giita kha ning
thim do va khai thic trong khong gian tim kiém.

* Heé s6 ting tdc (b1, b>): 1.5, ddm bao anh hudng dong déu |,
gitfa vi tri tot nhét ctia ca thé (Pbest) va vi tri tot nhit toan
cuc (Gbest).

Diéu kién khdi tao : a4

* Vi tri ban dau (X): Céc ca thé dudc khdi tao ngau nhién *
trong pham vi [Ib, ub] cho tliing tham s6 diéu khién.
* Van t6c ban diu (V): Pugc khdi tao bang 0, dam bao cic .
c4 thé khong c6 chuyén dong ngay tir dau. %

Ham muc tiéu dudc theo tiéu chudn tich phan t6i uu IAE ctia
hé thdng diéu khién. Qua trinh tinh to4n nhu sau: ”

+ Sit dung md hinh Simulink bang céc cong thiic & phan 2 ™

63
V = zeros(num_particles, num_dimensions) ;
; Pbest = X;
Pbest_fitness = zeros(num_particles, 1);
s for i = 1l:num_particles
Pbest_fitness (i) = f(X(i, :));
end
[Gbest_fitness, idx] = min(Pbest_fitness);
Gbest = Pbest (idx, :);
for iter = 1l:max_iter
for i = 1:num_particles
x = X(i, :);
rl = rand(l, num_dimensions);
r2 = rand (1, num_dimensions);
V@i, :) = w *x V(i, :) + bl * r1 .x (
Pbest (i, :) - x) + b2 *x r2 .x (Gbest - x);
x = x + V(i, :);
x = max(min(x, ub), 1lb);
3 X(i, :) = x;
fitness = f(x);
if fitness < Pbest_fitness (i)
Pbest (i, :) = x;
Pbest_fitness (i) = fitness;
end
if Pbest_fitness(i) < Gbest_fitness
Gbest_fitness = Pbest_fitness(i);
Gbest = Pbest(i,: );
end
end
fprintf (’Iteration %d: Best fitness = %.6f\n
>, iter, Gbest_fitness);
0 fprintf (’Best solution found: %.6f at
position [%.4f, %.4f, %.4f, %.4f]1\n’,
Gbest_fitness, Gbest(1l), Gbest(2), Gbest(3),
Gbest (4));
end
fprintf (’Best solution found: J.6f at position
[%.4f, %.4f, %.4f, %.4f]1\n’, Gbest_fitness,
Gbest (1), Gbest(2), Gbest(3), Gbest(4));
s function F = object (k)
n = size(k, 1);
A = zeros(n, 1);
for i = 1:n
set_param(’toiuudbac/delta’, ’Value’,
num2str (k(i, 1)));
set_param(’toiuudbac/K’, ’Value’,
num2str (k(i, 2)));
set_param(’toiuudbac/c11’, ’Value’,
num2str (k(i, 3)));
set_param(’toiuudbac/c22’, ’Value’,

dé€ mo6 phong hé thdng véi cac tham sd diéu khién hién .,
tai.

* fey, fe, la sai léch diéu khién theo hai phuong va
IAEf.¢,IAE .y 1a tich phan gia tri tuyét dbi cua sai 1éch
diéu khién theo thdi gian.

» Ham muc tiéu téng quat dudc dinh nghia bdi: 58
f =IAEfo +IAE,,. (51) @

Poan chuong trinh sau day dudc st dung d€ do tim tham sb

theo phuong phap PSO trén Matlab 6

clear; clc; °
» f = @(x) object(x); T
» num_particles = 30;

num_dimensions = 4;

max_iter = 25;

w = 0.7;

bl = 1.5;

b2 = 1.5;

1b = 0.01;

ub = 100;

X = 1b + (ub - 1b) * rand(num_particles,

num_dimensions);

4)));
sim(’toiuudbac.slx’,
SrcWorkspace’, ’current’);

num2str (k (i,
simOut =

fex = simOut.get(’ex’);
fey = simOut.get(’ey’);
time = simOut.get(’time’);
IAE_fex = trapz(time, abs(fex));
IAE_fey = trapz(time, abs(fey));
f = IAE_fex + IAE_fey;
A(i) = abs(f);

end

F = A;

4. Két qua md phong

Pé kiém chiing gidi phap diéu khién dugc dé xuét, ching toi
da tién hanh mo phdng cho khau tic dong cubi ctia 2DOF-PPR
v6i quy dao hinh tron st dung bd diéu khién dudc dé xuit &
trén. Sau khi t6i wu tham s6 bang bd PSO, chiing t6i thiy cac
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0
0 100]
v6i két qua tot nhét. Céc thong sb clia robot ciing nhu bo diéu
khién t6i tu SMC dugc st dung trong cic mo phong dugc cung
cAp trong bang 1. C6 thé thiy tir hinh 3 , hinh 4 va hinh 5 riing
khau tic dong cubi bam theo quy dao tham chiéu mot cach
chinh xac.

gid tric= [1 , K =3.8503,6 = 0.01 sé cho robot chay

Bang 1: Thong sb ctia robot

Théng s6 cia robot | Giatri | Pon vi
m 0.2451 kg
my 0.2352 kg
m3 0.2611 kg
my 0.2611 kg
L 0.2794 m
Ly 0.2794 m
L3 0.3048 m
Ly 0.3048 m
Ci 0.002779 | kg m?
G 0.002607 | kg m?
G; 0.003476 | kg m?
Cy 0.003476 | kg m?

-0.208 -
—quy dao thuc
--quy dao mong mudn
g -0.21
>
Q
E
= -0.212 -
-0.214
-0.1 -0.05 0 0.05 0.1 -0.1 -0.099

Tryc x (m)

Hinh 3: Quy dao vi tri ctia khau tdc dong cudi

Hinh 4 va Hinh 5 1an lugt cho thiy quy dao vi tri clia co ciu tic
dong cudi va cac khdp. C6 thé thiy cic co cau nay dugc diéu
khién bam theo quy dao tham chiéu mot cach hoan hao. Pic
biét 1a qud trinh qua do dién ra nhanh, khong c6 hién tugng
dao dong, cho thiy tinh hiéu qua ctia b tham sb t6i vu dugc
tim kiém béi thuét toan PSO.

Hinh 6 cho thiy sai 1éch bam ctia hé diéu khién chuyén dong
nhanh chéng tién vé 0. Diéu nay khang dinh su thanh cong ctia
hé théng diéu khién trong viéc bam quy dao mot cach chinh
x4c. Hinh 7 cung cép thong tin vé tin hiéu diéu khién, trong
thuc té chinh 12 m6 men dit vao cac khép chii dong. C6 thé
thay tin hiéu diéu khién nay c6 gia tri hop ly va khong cé su
thay d6i dot ngot trong tin higu. Piéu nay gitip gidm thiéu cing
thang cho cac bd truyén dong va cic thanh phan cd khi ciia
hé théng. Hién tugng "chattering"da dudc loai bé hoic gidm
thiéu ddng ké nho viéc st dung ham bao hoa thay thé cho ham
dong/cit.

5. Két Luan

Két qua mo6 phdng cho thiy hidu qua rd rét clia phuong phap dé
xudt, véi su cai thién dang ké trong viéc kiém soat quy dao clia
robot song song phang 2 bac tu do. Phuong phap nay khong

—quy dao thyuc

(S >4 z
uy dao mong muon|
6
~ 0.05
E
=
g 0 al
<
z
o
0.05 )
-0.1
0:
0 50 100 150 200 0
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- ---quy dao mon, mudn
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g
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g 0.2
L]
g -0.1006
“.025
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-0.3
-0.101
0 50 100 150 200 0
Thoi gian (s)

Hinh 4: Quy dao vi tri ctia khau tac dong cudi theo hé truc toa do
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Hinh 5: Quy dao géc ctia khdp didu khién robot
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Hinh 6: Sai s6 quj dao clia khau tic dong cubi
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Hinh 7: Tin hiéu diéu khién

chi gitip t6i uu héa tham sb cho bd SMC, ma con gidm thiéu
thdi gian tinh chinh thii céng, mang lai su tién 1¢i va hiéu suat
cao trong qud trinh diéu khién. Bo diéu khién t6i uu da dugc
kiém ching qua cac md phong trén hé thdng robot, khang dinh
tiém ning ting dung ctia phuong phap nay trong diéu khién thoi
gian thuc cdc hé thdng dong hoc phiic tap.

Miic du dat dugc cic két qua 4n tugng, nghién ctiu vin con mot
s6 han ché. Pau tién, phuong phap PSO dudc dp dung trong
moi trudng md phdng, va viéc trién khai thuc té trén cac hé
théng robot c¢é thé gip phéi cac yéu td khong chic chin, nhu
nhiéu dong tlf moi trudng hoic sai s6 trong cac md hinh dong
hoc. Thém vao d6, PSO c6 thé yéu cau thoi gian tinh todn 16n
khi xti ly céc bai todn c6 khdng gian tham s6 rong va phiic tap
hon.

Mot huéng mé rong tiém niing cho nghién ctiu nay 12 4p dung
phuong phdp tbi uu héa cho cac hé thdng robot c6 s6 bac tu
do cao hon hoic trong cdc moi truong thuc té c6 diéu kién 1am
viéc thay déi, nhu trong cdc ting dung cong nghiép véi do phiic
tap va bién dong 16n hon. Ciing c6 thé két hop phuong phap
t6i uu héa véi cac ky thuat diéu khién thich nghi d€ niang cao
kha ning thich wng vé6i cdc diéu kién khong chic chan trong
thdi gian thuc, tu d6 md rdng kha ning tng dung cia phuong
phép nay trong cac hé théng robot phic tap hon.
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