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Tém tat:

Bai bao nay dua ra bo diéu khién thich nghi PID phan s6 trén ca s& diéu khién ma (AFOF) cho robot nham
nang cao dd chinh xac trong diéu khién bam. Robot la déi tugng phi tuyén, cé cau tric bat dinh va trong
qua trinh lam viéc ludn chiu tac dong clia nhiéu. Bo diéu khién dé xuat la su két hap uu diém cha bo diéu
khién ma& thich nghi va bo diéu khién trugt gidp hé théng tac ddng nhanh va chinh xéac. Ngoai ra, chat
lugng clia bd diéu khién cling dugc kiém soat tét han nha viéc két hop tinh linh hoat ctia bd diéu khién
PID phan s6. Luat thich nghi dugc thiét ké bang viéc lua chon ham Lyapunov phu hop dé hé théng dat
duoc khd nang 6n dinh toan bé ctia bd diéu khién. Ngoai ra, tinh 6n dinh va bén vimng cling nhu hiéu qua
clia bé diéu khién dé xuat dugc ki€ém chiing théng qua két qua mé phong trén tay may robot 2 béc tu do.

Tu khoéa:
Diéu khién PID phan s6; diéu khién thich nghi; diéu khién trugt; diéu khi€én 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 controlleris 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.

Keywords:

Fractional Oder PID control; Adaptive control; Sliding mode control; Fuzzy logic controller; Robot
manipulators

1.GIGI THIEU viéc diéu khién cling déng vai trd quan trong trong
Robotla dbi tuong MIMO c¢6 tinh phi tuyén manh vige cai thi¢n hiéu suat lam viée. Vi vay, thict ke
céc tham sb bat dinh va trong qua trinh lam viéc
lubn c¢6 nhidu bén ngoai tac dong. Dé nang cao kho can giai quydt. B¢ giai quyét van dé nay, da
hiéu suat 1am viéc ctia robot, bén canh viéc nang co6 nhicu giai phap dugc nghién ciru va deé xuat

cao d6 chinh x4c trong cac budc 1dp rap co khi, trong [1-8], nhu bo diéu khién PID, diéu khién

dugc mot bo diéu khién phu hop 1a mot bai toan

S6 35 1



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

bén vitng, diéu khién thich nghi,... Bo diéu khién
thich nghi 1a phuong phap tong hop bo diéu khién
v6i muyc dich giit cho hé thong ludn duoc 6n dinh,
ngay ca khi trong qué trinh lam viéc c6 su thay
ddi céu trac, cac tham sb bat dinh hodc co su xuét
hién ctia nhiéu khong mong muén. Trong qua trinh
lam viéc, dbi twong c6 sy thay ddi, lap tirc bo didu
khién sé tu dong chinh dinh lai tham s6 va clu
tric sao cho chat lugng cua hé théng luén duoc
giit on dinh [7]. Diéu khién truot 1a phuong phap
diéu khién don gian cho dbi twong phi tuyén, dem
lai hiéu qua cao, c6 kha nang chéng nhiéu tt, tac
dong nhanh va it nhay véi su thay d6i cac thong s6
ctia hé théng trong qua trinh lam viéc. Tuy nhién,
kho khian trong viéc thiét ké bo diéu khién truot
can phai biét rd mo hinh toan hoc cta dbi tugng
cling nhu gi6i han chin trén cua cac thanh phan bat
dinh ciia md hinh. Bén canh do, quanh mat trugt
luén ton tai hién tugng dao dong tin sé cao [8].
Ngay nay, cac b diéu khién thong minh trén s&
ctia bo diéu khién mo duoc sir dung rong rai trong
tredng hop moé hinh bat dinh va nhidu khong biét
trude. Logic mo mang lai nhiing thuan lgi trong
qué trinh diéu khién nhirng hé théng co tham sd
bét dinh bang luat suy dién md. Cac luat suy dién
mé cua bo diéu khién duoc thiét lap béng viéc tan
dung kinh nghiém va hiéu biét ctia ngudi thiét ké
vé hé thong. Vi tinh nang noi bat do, logic mo da
duoc xem xét két hop véi diéu khién truot dé ting
hiéu suat cling nhu tinh bén viing trong qua trinh
diéu khién [9-11]. Pé chit lugng diéu khién ctia hé
théng duoc tdt hon, bai bao dé xuat bo diéu khién
thich nghi PID phan s trén co so logic mo. Khi do
b6 diéu khién s& lam viée linh hoat hon nh¢ diéu
chinh thém 2 tham sé @, S cta bo diéu khién PID
phan sb so voi bo diéu khién PID kinh dién [12].
Khi ap dung bd diéu khién nay cho tay méay robot
da dem lai hi€u qua bam tbt hon, téc d6 hoi tu cling
nhu chat luong diéu khién da dugc cai thién.

2.PONG LUCHOC CUA ROBOTN BACTU DO

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

Dy (8)0 +Cipyy (6,8)8 + Gy (8)

+Fp (8,6,0) + 20y =T 1oy

(1)

gday: 5 R™ 1a vi tri cac khop, 6 ™ 1a tée
d6 céc khop, & e R 1a gia toe goc cua céc khop.

c Rn><1

“ipm la m6 men tac dong 1én cac khop cua
robot. Dy (6)eR™ 1a ma trAn quan tinh.
Ciom (5,5 ) e R 13 ma trin mo ta thanh phan
ly tam va Coriolis. Gy () € R 1a véc to md
ta thanh phan trong luong. Fipy (6.8.6) € R™
la véc to luc ma sat.z,,, , e RnXl la véc to md
ta thanh phan nhidu tic dong 1én robot. Ma tran
Dipas (5) 1a ma tran duong d6i ximg, do d6 (1) co
thé duoc viét lai nhu sau:
5= Dipy (5)71 Tipm

Dy (5) C]DM (5» 5) 6
Dipy (6)_1 Gipm (5)
( -1

Dipu 5) T1DMd

()

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

(3)

trong d6, X, =0,x, =0
3. THIET KE BO PIEU KHIEN MO
Céu trac chung ctia bo diéu khién mod gdom 3 khau:

Khéau 1 (Mo hoéa): c6 nhiém vu chuyén gia tri rd
ctua bién ngdn nglr dau vao thanh vector p co so

phan tir bang so tap mo dau vao.
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Khau 2 (Thiét bi hop thanh): Trién khai luat hop
thanh R

Khau 3 (Giai mo): ¢ chiic nang chuyén tap mo
dau ra thanh gia tri 6 dé diéu khién déi tuong.

Luat hop thanh ciia b diéu khién mo duoc xay
dung theo ménh dé NEU-THI:

R:Néux,=Aj vax,= Aj va..vax = A, thiy =B,
[=12..N

Véix = (x, ... ,x )7 la dau vao cua bd diéu khién
mo, va y 1 du ra cta bo didu khién mo. Ham lién
thuoc cua A! 1a g4 (), va B! ¢6 ham lién thudce
(). N1a s6 ludt hop thanh.

B6 diéu khién md MIMO c¢6 dau ra duoc tinh toan

theo cong thure sau:

N n

ZH'LI(A})(xi))_}./I'
yj(x): 1;1 (=1n j’]-21,2,...,,71 (4)

2 TTa )

=1

’ T T
trong do x=[x,x,,--,x,] va y=[y.».0,] 1a
véc to dau vao va dau ra cua bd diéu khién mo.
Neéu ta coi HN(A;)(X,-)/Z(HHM/)(XJJ 1a ham co s&

I=1 1=1 I=1

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

nhu sau:
N
¥, =2 W, (x),j=12,-,m
=1
| B ZPNED)
W — =1

s ®
> T 0]

I=1

0 day  W(x)=[W,(x),W,(x). Wy (x)] er” 1a
vector co s6 mo. ¢, =[ 7.5, ]T eR" 1a vector
tham s0.

Pau ra cta bd dicu khién mo (4) dugce vict lai nhu
sau:
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y(x)=¢"W(x) (6)

4. THIET KE BO DIEU KHIEN MO PHAN SO

B6 diéu khién PID phan s6 dugc dinh nghia nhu
sau [12]:

, ©)

trong d6: k,,k,,k,1an luot twong tng 1a hing sb

poTio
ctia khau ti 18, tich phéan, vi phan. @, 8 1a cac hang

sO thuec.

Theo céu tric bd diéu khién trong Hinh 1, luat diéu
khién duge xéc dinh nhu sau:

2-IDM :DIDM (xl)TPID +DIDM (xl)TSMC (8)
+DIDM (xl ) z-F
& day, Tpp 1abo didu khién PID phan sb, Tsuc 1a b
di¢u khién truot, va 7r 1a bo diéu khién mo.
Bo diéu khién PID phan s6 duge xac dinh nhu sau:
d*a
Top =k, (t)+k, 7 e (1)
t 9
d’ (

Bo diéu khién truot duoc lua chon nhu sau:

TSMC = ksmcSign(S) (1 0)
B6 diéu khién m& duoc xac dinh nhu sau:
TF=¢TW(x1,x2,)'c2) (11)

Mat truot dugce lua chon nhu sau:
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Update Laws

Fuzzylogic
controller

X, =6

X2d —a-1 sm P Robot
< ez+kpfezdt+kiTez+kd 7 4" Dipum s>
TPIDT
R
kpez + kiWEZ + kdEeZJ
Xy = 6
d/dt
Hinh 1. Cau tric hé théng diéu khién robot
t . . . T .
s=e, (t)+k J'ez (t) 8§ =Xy —kgyesign(s) —¢ W(xpxzaxz)
p
-1
g 0 . (12) Dy (xl) Cipm (xl’xz )xz 15)
-1
+kz‘ dt ) (t) + kd d ) (t) +DIDM (xl) GIDM (xl)
-1
trong do: +Dipy (xl) TipMd
Luat cap nhéat dugc xac dinh nhu sau:
€ =Xy X (13) S ) . '
voi ) =[€21,€22,--',€2n ]T > Y24 :[lesxzzﬁ"'axzn]T sme = STX2d+STSign(S)
T , SMC
la gia tri dat cia x, = [x21> Xypsttts x2n] n sO bac .
5 —7—Dpuy (xl) 5 Crpy (x1=x2)x2
tu do cua robot. ksye
Pao ham 2 vé phuong trinh (13), st dung (3) va ——— Dy (%, )71 8" G (%) (16)
p g g

luat diéu khién (8) ta c6:

€ =Xou =Tppp ~Tsyuc ~Tr
1
+DIDM (xl) (xl,xz)x2

Dy (xl )71 G oy (xl)

CIDM

(14)

-1
Dy (xl ) TiDMa

Thay (9), (10), (11) vao (12) ta co:

kSMC

1

k_ Dipy (xl )_1 STTIDMd

SMC

b= ky'sW (x,,x,,%,)

bé chiing minh tinh 6n dinh cua hé théng, ham
Lyapunov dugc lya chon nhu sau:
L=5S S+EkSMC+Ek¢¢ ¢ (17)

Lay dao ham bac nhat ciia ham Lyapunov theo thoi
gian:
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L=s"5+kg,chge +h,0" 9 (18)
Thay (15) va (16) vao (18), ta co:
L<0 (19)

Hé théng 6n dinh khong phy thudc vao s
5. KET QUA MO PHONG
Pé kiém chung két qua bo diéu khién, chung ta

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

Hinh 2. Tay may Robot 2 bac tu do
Phuong trinh dong hoc cua robot nhu sau:
O day:

Dy = (my+ma) I+ mal3+ 2my Ll cos (8s)
2
Dy =Dy =myly +malyly cos(8 )
Dyy =myly
€y = -mylily sin(8, )4,
€y =-mylylysin(3, ) (8, +6,)
Cyy = mylyly sin(8, ),
Cyy =0
G, =(m, +m,)gl, cos(5,)
+m,gl, cos (8, ) (8, +6,)

G, = m,gl, cos(6,)(6,+6,)
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trong do, m, m, lan lwot 1a khéi lugng cua
thanh 1 va thanh 2 cua robot. Chiéu dai thanh
1 va thanh 2 lan luot 1a /, /. Gia toc trong
truong g =9,8(m/s). 5:[51 52] lan luot
la vi tri thanh 1 va thanh 2 cua robot. Chon
quy dao mau cho thanh 1 va thanh 2 nhu sau:

5, =6, 52d]T:[0,3sinm‘ 0,3sinm]T

Vi tri ban dau cia cac thanh &, =[—00]" , gia
tdc ban dau ciia cac thanh &, =[0,00,0]"

Khdi luong va chiéu dai cua céac thanh 1an luot 1a:
m, = 1(kg), m,= 2(kg);
[, =1(m), 1,=0,8(m)

Truong hop 1: Chon cac tham sb ciia b diéu khién
khi mo6 phong

k, = diag[50, 50], k, = diag[0,3; 0,3];
k, = diag[80, 80]; @ =0,8; 8 = 0,02;
K= 0,10; k, = 0,02

Tiome = [0,2sin (1,5t); 0,2sin (1,5¢) ]
Ham lién thudéc mo dugc chon nhu sau:

2

T T
d&%—ﬁ—(li— 1)ﬁ
T

24

e () = exp|—

voil=1:3

Két qua mo phong quy dao bam, sai léch bam va
m6 men diéu khién duge thé hién trén Hinh 3.
Truong hop 2: Cac thong s6 md phong duoc chon
nhu truong hop 1. Khi hé thong dang lam viéc,
sau 1,5s thi nhiéu dot ngot tac dong vao hé théng,
nhiéu duogc chon cé dang:

Két qua mo phong quy dao bam, sai léch bam va
mo men diéu khién khi c6 nhiu tic dong thé hién
trén Hinh 4.
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Nhén xét: Thuc hién moé phong hoat dong cua bo
diéu khién thich nghi PID phan s trén co sd ciia
logic mo (AFOF) cho robot 2 béc ty va so sanh véi
b diéu khién mo thich nghi (AF) [15]. Tir két qua
mo phong trong 2 trudng hop khi khong c6 nhidu
bén ngoai tac dong va khi co nhiéu dot ngot tac
dong (Hinh 3,4), chung ta thdy rang bo diéu khién
AFOF va AF déu lam cho hé 6n dinh va hoi tu. Tuy
nhién bo diéu khién AFOF gitp hé théng bam tén
hon va hoi tu nhanh hon b diéu khién md thich
nghi boi bo diéu khién AFOF c6 sy két hop ctia bo
diéu khién PID phén s6 va bo diéu khién trugt giup
cai thién chét lugng diéu khién cta hé thong. Két
qua md phong ciing cho thay kha ning g dung
bo diéu khién AFOF cho robot n bac tu do c6 md
hinh bét dinh va chiu anh huéng cua nhiéu bén
ngoai tac dong.

6. KET LUAN

Bai bao dua ra bo diéu khién thich nghi PID phan
s6 diéu khién tay may robot 2 bac tu do trén co
so logic mo dd dam bao dugc kha ning 6n dinh
va bén vimg trong cic moi trudng lam viéc khac
nhau. Bang viéc sit dung thuyét 6n dinh Lyapunov,
nhém tac gia di chimg minh dugc hé théng ludn
on dinh trén toan vung lam viéc. Hon thé nira,
hiéu qua ctia bo diéu khién ciing dugce chirng minh
thong qua két qua mo phong va so sanh voi bd
diéu khién mo thich nghi. Két qua mé phong cho
théy tdc d6 hoi tu, kha nang bam va sai 1éch bam
ctia bd diéu khién AFOF tét hon bo diéu khién mo
thich nghi. Nhu vay c6 thé khang dinh kha ning
ung dung cua bd diéu khién AFOF cho robot n bac
tu do ¢c6 mo hinh bat dinh va chiu anh hudng cia
nhiéu tac dong.

= 05 S 05 ‘ ‘ : ‘
E AFQF === AF srarnes Tin hiéu dit S AFQF ==== AF sse1eees Tin hi¢u dt
=025 TN P Q025 TN 7T

. SN SN s |/ D \

1) N 4 \, 2 \ /
s 9 4 SN B \ / \
2 N / N \ 4 \,
g N N § \| N
2025 S 025 h -

S g
el
205 2 .05
3 0 2 4 6 8 0o o 2 6 8 10
5 Time Time

~ g

g0 ll < 0005 ¢

e} = = AFOF 5 :
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g sk p i

= H Q H

- - -

el g ol e

g ol g H R

i S ~ f:'}‘ E

o H : <

2|3 3
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Time Time
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= 60 2} |
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B ‘ 2 |
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g-30 ; : 220 .

E 0 1 2 3 4 £ 1 2 3 4
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Hinh 3.Dap Ung vi tri, sai léch bam va mé men diéu khién cia tay may robot

khi khéng chiu tac déng ctia nhiéu
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Hinh 4. Dap Ung vi tri, sai léch baAm va mé men diéu khién cia tay may robot
khi chiu tic ddong cta nhiéu
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