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Tém tat:

Bai bao nay dua ra bo diéu khién thich nghi PID phan sé trén co sé diéu khién m& (AFOF) cho robot nham
nang cao do chinh xac trong diéu khién bam. Robot la d6i tugng phi tuyén, ¢ cau tric bat dinh va trong
qua trinh lam viéc luén chiu tac ddng cha nhiéu. Bo diéu khién dé xuat la su két hgp uu diém cla bo diéu
khién md thich nghi va bo diéu khién truot giup hé théng tac ddng nhanh va chinh xac. Ngoai ra, chat
lugng ctia bd diéu khién cing dugc kiém soét tot hon nhd viéc két hop tinh linh hoat cha bé diéu khién
PID phan s6. Luat thich nghi dugc thiét ké bang viéc lua chon ham Lyapunov phu hgp dé hé théng dat
dugc kha nang 6n dinh toan bé clia bd diéu khién. Ngoai ra, tinh 6n dinh va bén viing ciing nhu hiéu qua
cla bo diéu khién dé xuat dugc kiém ching thong qua két qua mé phéng trén tay may robot 2 bac tu do.

Tu khoa:
Diéu khién PID phan s8; diéu khién thich nghi; diéu khién trugt; diéu khién ma; tay may robot.

Abstract:

This paper presents an Adaptive Fractional Oder PID controller based on Fuzzy Logic (AFOF) for robot
manipulators to improve accuracy of the tracking control. Robots are nonlinear system with uncertain
model, and in the working process, they are always affected by noise. The proposed controller is combined
with the advantages of adaptive fuzzy logic and sliding mode control to control system effect fast, and
accurately. Furthermore, the quality of the control system is better controlled by combining the flexibility
of Factional Oder PID. The adaptive laws are designed based on selecting a suitable Lyapunov function
to the control system obtain the global stability. In addition, the stability and robustness as well as the
the rerformance of the proposed controller are proved through simulation results on two link robot
manipulators.
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1. GIGI THIEU viéc diéu khién ciing dong vai trd quan trong trong
Robot 13 dbi tur ong MIMO c6 tinh phi tuyén manh viéc cai thién hiéu suat lam viéc. Vi vay, thiét ké
cac tham sb bét dinh va trong qua trinh lam viéc duge mot bo dicu khién phu hop la mot bai toan
ludn c6 nhidu bén ngoai tac dong. Dé nang cao kho can giai quyét. B¢ giai quyét van dé nay, da
hiéu sudt 1am viéc cua robot, bén canh viéc nang ¢6 nhiéu giai phap dugc nghién ctru va deé xuat

cao do chinh xac trong cac budc lip rap co khi, trong [1-8], nhu bd diéu khién PID, diéu khién
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Bo diéu khién
thich nghi 1a phuong phéap téng hop bd diéu khién

bén vimng, diéu khién thich nghi.. ..

v6i muc dich gitt cho hé théng luén duoc on dinh,
ngay ca khi trong qua trinh lam viéc c6 su thay
ddi céu trac, cac tham sb bat dinh hodc co su xuit
hién ctia nhidu khong mong mudn. Trong qué trinh
lam viéc, doi tuong c6 su thay doi, 1ap tuc bo diéu
khién s& ty dong chinh dinh lai tham sé va cu
tric sao cho chét lugng cua hé théng luén duoc
giit 6n dinh [7]. Piéu khién truot 1a phuong phap
diéu khién don gian cho dbi tugng phi tuyén, dem
lai hi¢u qua cao, c6 kha nang chéng nhiéu tot, tac
dong nhanh va it nhay voi sy thay d6i cac thong s6
ctia hé thdng trong qua trinh 1am viéc. Tuy nhién,
khé khian trong viée thiét ké bo diéu khién trugt
can phai biét rd mo hinh toan hoc ciia ddi twong
cling nhu gidi han chén trén ctia cac thanh phan bat
dinh cia m6 hinh. Bén canh do, quanh mat trugt
ludn ton tai hién tugng dao dong tan sb cao [8].
Ngay nay, cc bo diéu khién thong minh trén so
ctia bo diéu khién mo dugc st dung rong rii trong
truong hop mé hinh bat dinh va nhidu khong biét
trude. Logic mo mang lai nhitng thuan loi trong
qué trinh diéu khién nhitng hé théng c6 tham s6
bat dinh bang luat suy dién mo. Cac luat suy dién
mo cua bd didu khién dugc thiét 1ap bang viée tan
dung kinh nghiém va hiéu biét ctia nguoi thiét ké
vé hé thdng. Vi tinh ning ndi bat do, logic mo da
dugc xem xét két hop voi diéu khién truot dé ting
hiéu sut ciing nhu tinh bén vimng trong qua trinh
diéu khién [9-11]. Dé chét luong diéu khién cta hé
thong dugc tét hon, bai bao d& xut bo diéu khién
thich nghi PID phan s trén co s logic mo. Khi d6
b6 diéu khién s& lam viéc linh hoat hon nho diéu
chinh thém 2 tham s6 @, cua bo diéu khién PID
phan sd so véi bo diéu khién PID kinh dién [12].
Khi 4p dung bd diéu khién nay cho tay may robot
dd dem lai hiéu qua bam t6t hon, tdc d6 hoi tu ciing
nhu chat lwong didu khién di duoc cai thién.

2.PONG LUCHOC CUA ROBOT N BACTU DO

Phuong trinh dong luc hoc ctia robot n bac c6 dang
nhu sau [13]:

Dy (8)0 +C s (8.8)8+ Gy ()

Fipu (4, 5, 5 )+ Tipma = Tipm

(1)

& day: 5 R 1a vi trf cac khép, & € R™ 1a téc
do cac khop, S e r™ 1a gia tde goc cua cac khop.
“on <R™ 13 mo men tac dong 1én cac khdp cua
robot.  Pppyy (5 )e R™"
Cipu (5 5)

ly tdm va Coriolis. Gpy (5 ) e R

la ma tran quan tinh.
' 1a ma tran mo ta thanh phan
la véc to mo
Fypy (8.6,0) € R™

\ , ’ X \ r A
la véc to lyc ma sat.z, . cR" 1la véc to mo

ta thanh phan trong luong.

ta thanh phén nhiéu tac dong lén robot. Ma tran
D,y ()12 ma tran duong déi ximg, do d6 (1) ¢6
thé dugc viét lai nhu sau:

5=D,, ()
~Dipy (5) Coom (5 5)5
Dipy (5) Gipm ( )

—Dpy (5) Tipmd

-1
Tipm
-1

(2)

Biéu dién (2) trong khong gian trang thai nhu sau:

(3)

trong do, X, =0,x, =0
3. THIET KE BO PIEU KHIEN MO
Céu trac chung cta bo diéu khién mo gdm 3 khau:

Khau 1 (M6 hoéa): c¢6 nhiém vu chuyeén gia tri 1
cua bién ngdn nglr dau vao thanh vector p c6 so
phan tu bang s6 tap mo dau vao.
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Khau 2 (Thiét bi hop thanh): Trién khai luat hop
thanh R

Khau 3 (Giai mo): c¢6 chirc ning chuyén tip mo
dau ra thanh gia trj rd dé didu khién ddi twong.

Luat hop thanh cta bo diéu khién mo duoc xay
dung theo ménh d¢& NEU-THI:

R Néux1=Af vax,= Al VA VAX = A, thiy =B
[=12.N

Voix = (x, .. ,x")T 1a dau vao cua bo diéu khién
mo, va y 1a dau ra cua bo didu khién mo. Ham lién
thuoc ciia A! 1a g4 (), va B’ ¢6 ham lién thudc
#(y) . N 1a s6 luat hop thanh.

B6 diéu khién m& MIMO c6 ddu ra duge tinh toan

theo cong thirc sau:

N

ZH/U(A;)(xi)J_/jI-

_ =1 =1

’]21,2’...’m (4)
H/U(A,.’)(xi)]

['va y=[nrn] 1
véc to dau vao va ddu ra cua bo diéu khién mo.
Néu ta coi ]i[ﬂw,(xi)/g(]fl[ﬂ(_4/)(xi)) la ham co so

mo va ! 1a tham s0. Khi d6 (4) c6 dugc viét lai

trong do x=[x1,x2,---,x

n

nhu sau:
N
v, =2 W (x),j =12, m
1=1
H H A (x)
Wl — =1

o ©)
> [Tae)

1=1

o day  W(x)=[W(x),W,(x), W, (x)] er” la
vector co sO mo. ¢, = [?}Jfr’s)‘@”]r e R" 1a vector

tham so.

Pau ra cia bg diéu khien mo (4) dugc vict lai nhu

sau:
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y(x)=¢"W(x) (6)

4. THIET KE BO PIEU KHIEN MO PHAN SO

Bo diéu khién PID phan s6 duoc dinh nghia nhu
sau [12]:

d*a
u(t)=k,e(t)+k——e(t)
dt
p (7
+k,—e(t
trong do: k,,k;,k, lan lugt tuong Gmg 1 hing sb
ctia khau ti 18, tich phan, vi phan. @, B 14 cic hing
s6 thuc.
Theo ciu tric bd diéu khién trong Hinh 1, luat diéu
khién dwogc x4ac dinh nhu sau:

2-IDM = DIDM (‘xl )TPID + DIDM (xl )z-SMC

+Dpy (‘xl ) T

(8)

& day, Tpp la bd dieu khién PID phén so, Zsuc 1a bo
diéu khién trugt, va Tr 1a bg dicu khién mo.

B diéu khién PID phan s6 dugc xac dinh nhu sau:
t
, ©)

B6 diéu khién truot duoc lua chon nhu sau:

TSMC = ksmcSign(S) (10)
Bo diéu khién mo duoc xac dinh nhu sau:
Tr :¢TW(x1,x2,5c2) (11)

Mat truot dugc Iwa chon nhu sau:
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?

I

Update Laws

Fuzzy logic
controller

iTF Tip % =90
Tsm, Robot
4"’ Dipu manipulator | 97
TPIDT

X2d d—a—l d[s’ 1
ez+kpfezdt+k T ——ey thkg—— T e,

ksmestgn(s.

d/dt

Hinh 1. Cau tric hé théng diéu khién robot

t . . . T .
_ § =Xy, —kgcsign(s)—¢ W(xpxzsxz)
s-eZ(t)+kae2(t) L
g 0 g5 (12) +Dpy (xl) Ciom (xlaxz )xz (15)
-1
+kz’ & (t) + kd ¢ € (t) +D[DM (xl) GIDM (xl)
, +Dpy (xl )_l TioMd
trong do:
Luat cap nhat dugc xac dinh nhu sau:
€ =Xy X (13)
e T T A L7, T.:
Vo e, =[ey,05,00,,] % =[x21,x22T,---,x2n] Ky = » 8 Xy, + 5" sign(s)
la gia tri dat cia x, = [x21,x22,---,x2n] n sb bac L, (%) Cy (33,) %
tu do cua robot. kge M o
\ £ . , \ 1 -ler (16)
Pao ham 2 vé phuong trinh (13), st dung (3) va k_DlDM (%) 5" Gy ()
3\ 9 SMC
luat dicu khién (8) ta co: 1 .
——Dpy (xl) S Tipma
&y =Xy, —Tpp —Toyye — T e
2 2d ~ “PID 1 smc T tF $=K"'sW (x,,%,,%,)
+Dipy (xl) Crou (xﬁ’ * )x 2 , . ;1 R . , A A \
» (14) bé chung minh tinh 6n dinh cua hé thong, ham
+D,p, (xl ) G (xl) Lyapunov dugc lya chon nhu sau:
-1
+D (x ) T 1 7 1., 1 T
v \*1)  Fipma LZES S+§kSMC+Ek¢¢ ¢ (17)

Thay (9), (10), (11) vao (12) ta cé: , , )
Lay dao ham bac nhat cia ham Lyapunov theo thoi

gian:
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L=5"$+kgchge +k,0" 9 (18)
Thay (15) va (16) vao (18), ta co:
L<0 (19)

Hé thdng 6n dinh khong phu thudc vao s
5. KET QUA MO PHONG
Pé kiém ching két qua bo diéu khién, ching ta

thuc hién mo phong bo diéu khién cho tay may
robot 2 bac tu do [14]:

Hinh 2. Tay may Robot 2 bac tu do
Phuong trinh dong hoc ciia robot nhu sau:
O day:
Dy = (my +my) I + mul3 + 2muli 1, cos (6)
Dyy = Dy; = myly +myhly cos(3)

Doy =myly

Cyy = myhyly sin(3,) )

Cpy =0

G, =(m, +m,)gl, cos(5,)
+m,gl, cos(5,) (5, +6,)

G, =m,gl, cos(5,)(5, +6,)
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trong do, m, m, lan luot 1a khoi lwong cua
thanh 1 va thanh 2 cta robot. Chiéu dai thanh

1 va thanh 2 lan luot 1a /, /. Gia téc trong

truong g =9,8(m/s). 5:[51 52]T1§n luot
la vi tri thanh 1 va thanh 2 cta robot. Chon

quy dao mau cho thanh 1 va thanh 2 nhu sau:
5, =[6, &,] =[0,3sinzr 0,3sinzt]

Vi tri ban dau cua cac thanh &, =[—00]" , gia
tdc ban du cua cac thanh 8, =[0,00,0]

Khdi lugng va chiéu dai ctia cac thanh lan luot 1a:
m, = 1(kg), m,= 2(kg);

[, =1(m), [,= 0,8(m)

Truong hop 1: Chon cac tham s6 cua bo diéu khién
khi m6 phong

kp = diag(50, 501, k, = diag{0,3; 0,3];

k,= diag[80, 80]; & =0,8; 8 = 0,02;

Koy 0,10; k£, = 0,02

Tiome = [0,25in(1,5¢); 0,2sin (1,5¢) ]

Ham lién thuoc mo dugc chon nhur sau:

12

T T F
() = exp 7

24

voil=1:3

Két qua md phong quy dao bam, sai 1éch bam va
md men diéu khién dugc thé hién trén Hinh 3.
Trudng hop 2: Céc thong sé mé phong duge chon
nhu truong hop 1. Khi hé théng dang lam viéc,
sau 1,5s thi nhiéu dot ngot tac dong vao hé théng,
nhiéu duoc chon co dang:

Két qua mod phong quy dao bam, sai 1éch bam va
mé men didu khién khi ¢6 nhidu tac dong thé hién
trén Hinh 4.
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Nhan xét: Thuc hi€én md phong hoat dong ctia bo
diéu khién thich nghi PID phén s trén co s& cua
logic mo (AFOF) cho robot 2 bac tu va so sanh voi
bd diéu khién mo thich nghi (AF) [15]. Tir két qua
mo phong trong 2 trudng hop khi khong ¢ nhiéu
bén ngoai tac dong va khi c6 nhidu dot ngot tac
dong (Hinh 3,4), chung ta thiy rang bo diéu khién
AFOF va AF déu 1am cho hé 6n dinh va hoi tu. Tuy
nhién bo diéu khién AFOF gitip hé thong bam tén
hon va hoi tu nhanh hon bo diéu khién mo thich
nghi boi b didu khién AFOF c6 su két hop ciia bo
diéu khién PID phan s6 va bo diéu khién trugt gitp
cai thién chat lugng diéu khién cua hé thong. Két
qua md phong ciing cho thiy kha ning ing dung
bo diéu khién AFOF cho robot n bac ty do c6 md
hinh bat dinh va chiu anh huong cua nhiéu bén
ngoai tac dong.

6. KET LUAN

Bai bao dwa ra by diéu khién thich nghi PID phan
s6 diéu khién tay may robot 2 bac ty do trén co
s¢ logic mo da dam bao dwoc kha ning 6n dinh
va bén vitng trong cac méi truong lam viée khac
nhau. Bang viéc sir dung thuyét 6n dinh Lyapunov,
nhom tac gia di chimg minh dwoc hé théng luon
6n dinh trén toan vung lam viéc. Hon thé nira,
hiéu qua ctia bo diéu khién ciing dugc chimg minh
thong qua két qua mé phong va so sanh véi bd
diéu khién mo thich nghi. Két qua mo phong cho
théy tdc do hoi tu, kha nang bam va sai I¢ch bam
cta bo diéu khién AFOF t6t hon bo diéu khién mo
thich nghi. Nhu vay c6 thé khiang dinh kha ning
ung dung cua bo diéu khién AFOF cho robot n bac
tu do c6 mo hinh bét dinh va chiu anh hudng cia
nhiéu tac dong.
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Khoa hoc va ky thuat diéu khién tai trudng Dai hoc H6 Nam Trung Quéc. Hién nay
tac gid dang cong tac tai Phong Pao tao - Trudng Pai hoc Cong nghiép Ha ndi.
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robot, vat liéu composite.




TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC
(ISSN: 1859 - 4557)

THIET KE DIEU KHIEN CHO XE TU HANH DUA TREN B UGC LUGNG NHIEU DAU VA0
DISTURBANCE OBSERVER-BASED CONTROLLER FOR WHEEL MOBILE ROBOTS WITH INPUT DISTURBANCES

Pham Thi Huong Sen
Trudng Pai hoc bién luc
Ngay nhan bai: 08/03/2024, Ngay chap nhan dang: 27/06/2024, Phan bién: TS. Dao Thi Mai Phuong
Tom tat:
Bai bao trinh bay mét phuong phap diéu khién xe tu hanh bam qui dao bang cach st dung cau trac hai
mach vong diéu khién phan hai vi tri va phan hoi téc do; mét co cdu uéc lugng nhiéu mach vong dong
lyc hoc. Phuong phap udc lugng nhiéu dua trén nguyén tac t6i uu sai léch véi mo hinh mau. Cac két qua

mo phdng trén Matlab cho thay hé én dinh, chat lugng diéu khién bam tét, loai bé dugc anh hudng cua
nhiéu dau vao va tham s6 bat dinh mé hinh.

Tu khoa:
Xe tu hanh, bam quy dao, 6n dinh Lyapunov, udc lugng nhiéu dau vao.

Abstract:

This paper present the trajectory tracking problem of wheel mobile robot, the control system is separated
into two feedback loops, for both kinematic and dynamics, using a disturbance observer based on
time receding optimal. The proposed control schema is simulated by Matlab, the results show that the
system is stable and the quality is good, ability to cancel the effect of the input disturbances and system
uncertainties.
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1. GIGI THIEU CHUNG quan tdm nghién ctru cia nhidu nha khoa hoc, cong
. nghé [1-3]. Mic khac, diéu kién lam viéc cta cac
Xe tu hanh (Wheel Mobile Robot -WMR) thudc ghe | . ] . o i o
160 d&i 1 hi tuvén, thid 5 chin hinh xe tu hanh thuong chiu anh hudng 16n boi cac yeu

0i tuon i tuy€n, thi€u co cau chap han P o L. . ]
op ’ g P Y ) ~ p’ . t0 ngoai canh nhu tham so bat dinh, mé hinh kho
nonhonolomic. WMR véi uu diém 1a ¢6 két cau , . , T n 2.
] . . L . xac dinh chinh xac, diéu ki¢n lam viéc thay doi,
don gidn, chac chan, hiu ?]“lat ning lugng cao ngoai lyc tir moi trudong tac dong. Khéc phuc anh
duoc ung dung ngay cefng nhiéu trong céc Iinh v huong cta cac yéu té trén théng thuong cd mot sd
nhu: thiét bi van chuyén hang hoa trong nha may, gidi phap nhu thiét ké bo didu khién c6 st dung

cong xuong, xe do duong, tim kiém vat li€u chdy 1340 ng ron dé xép xi cac yéu t6 bat dinh mé hinh,

n6 hay trong méi truong doc hai, nguy hiém. Do
d6 bai toan thiét ké diéu khién cho céc xe tw hanh
doéng vai tro quan trong trong viéc ddm bao d6 tin
cay va chinh xac cho hé thong. Piéu khién xe ty

hanh bam quy dao dat 1a d& tai thu hat duoc sy

didu khién thich nghi [4-6]; sir dung bd udc lugng
nhiéu dé bu khi thiét ké bo diéu khién. Viéc thiét ké
thuét toan diéu khién ciing nhu co cau udc lugng
cang don gian, khdi luong tinh toan it thi cang dé
thyc thi va dua vao tng dung trong thuc té.




