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Abstract

Abstract: This paper presents an adaptive fuzzy sliding mode controller with Kalman predictive control
(AFSMCK) for the redundant robotic manipulator handling a variable payload to achieve a precise
trajectory tracking in the task space. This approach could be applied to solve the problems caused by the
variable payload and model uncertainties. A Kalman predictive controller using the recursive algorithm is
presented for an accurate prediction of a variable payload. The adaptive fuzzy logic algorithm is designed
to approximate the parameters of the sliding mode controller to avoid chattering in real time. Lyapunov
theory is applied to guarantee the stability of the proposed closed-loop robotic system. The effectiveness
of the proposed control approach and theoretical discussion are proved by comparative simulation on a
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Abstract: This paper presents an adaptive fuzzy sliding mode controller with Kalman predictive control
(AFSMCK) for the redundant robotic manipulator handling a variable payload to achieve a precise trajectory
tracking in the task space. This approach could be applied to solve the problems caused by the variable
payload and model uncertainties. A Kalman predictive controller using the recursive algorithm is presented
for an accurate prediction of a variable payload. The adaptive fuzzy logic algorithm is designed to
approximate the parameters of the sliding mode controller to avoid chattering in real time. Lyapunov theory
is applied to guarantee the stability of the proposed closed-loop robotic system. The effectiveness of the
proposed control approach and theoretical discussion are proved by comparative simulation on a seven-link
robot.

Keywords: robot control; fuzzy logic; adaptive control; redundant manipulators; Kalman predictive control

5= EHEHOR T AT ARFREL, TUR FENLAS A B
B PEAMARTCREENLE A LL, S5 R4 i mT
SEPEAN AT AR AR S RS £
SR 20160225 e 2016.04.06 RAESN J) 5 R G A T 2 AN E TR 32 84

HATH: FR H AR HE4(51405460), [ 5RHE P 2 25 Bl K FH R AR U U A AL A N I AR

H AR (2015BAK06B02) , VT 75 4 B Sz #1 & i A i 15 15] tel5lors R
(BE2013003); ;F[I%IJ = ]':TJ/_E)_\. o Zergel’ogl =F -I«XVI‘T | E“E,ja I‘i
fiatifhe 986). S0, B R B0 RS STIL T TUAR NG IR R R 4 5
Tl LS N SU RS R (19737), 3, % N . o o A

B M TS, BSUR, D150 HL L. [ RORS R . Tatlicioglu 25Tt T — ANk kAt

TUAR BEHLAS N2 FR HLas N R i 75 AT 55 2 1]

http: // www.china-simulation.com

- 994 «

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 3, Art. 28

30 &5 3 W \ol. 30 No. 3
2018 4E 3 PR S TUARBENLAS N AR AR T AROR 3 N AR Mar., 2018
F 5 3 SR T U4 L N x(t) = ¢(a) (1)

ARG ENE -

T A7 1) 8 (SMIC) L AT i 85 1 L S pR AR
I A A A BAR ) T ROk AL BEAR L R S
AT, BEELIARLED, LIRS RE
RRE P, BRI S 4% FRL AR 40 D T 3 4 A
By ARSI AL IR A% R R 2 A B
). SCHR[10-11]4 T AbBRIZAN ), X 14 5 24T
ESEIRYS RIS S HE Sz h R (S IR
B R 2 BRAR TS, (R AL AR R G b S BRI
gy B SR E AR, I T ORIE R SRR E
P, D) R R AR 2R K I RIS R R B
[ T2 I ASEHH) 322 A 47 T s A0 T A I A R 5 11 R
Hot HAT BT T R $hah >,

FERL &8 N SEBR N T AR, SEBALI & T LASKE I Al
AR R A A T LT R P R .
B T H RERI 18 (K 77 (A4 o 53— 7 i il
FENL & N IR A S 22 R G 3 N 1 sAR ik s, )
A B A SR S AR AL, D B N S 2
PEATFER Bt . AR T TS A T AR,
PRI MR AL AT — 7 HIREIN o R/R S UB B L ik
IR, ST PRSP AUV HE, R R SELLT
KPR P HIR T —ANIRES Al o, FERLE A%
A2 T2 N .

ARTCHR T T I0AR ERL 2 AN AR 5B T A
T 3 AR T 25 (AFSMCK) i 42 1l FH 1<
LeMERGEIARBIR ], B30 N AU 4 R] S
AT DI R o ST ) AR SR R R AR
RRIETibuiy PN & T DS TN ik ik S A A
FDMAELAE Jh T B4 161 5 PR iy N 2 B0 mT 4 v 422 R R
JE o RS T — g Rl s T A RO e A A2 i
BLL AL A N3N T 2 BB AN E VER LA N R 5E
RS S 52 W RIRS ST ME RS WA ) 17 o 5 i S I
A7 R T 7 S P BRI

1 JURENESARGEE
BLA A GE B 0T Bl T

x(t) e R®, q(t) e R™ /M52 R RAFR R T
BUBE AL, e 1) h AN e L

#(q) e R® HIEFHESN 2R EL 3R (1)0FI sk
S, P BN I 2 R % A T

x(t) = (a)q )
ﬁ*J@=%§¥R“%ﬁﬂwﬁ%,ﬁm
SIS S, L A3 ke e

%(t) = 3 (@) + I (@) 3

R (1)~(3), KT 2 [ P AN 5 m LA )

G=J"%+(1-3"J) (4)

G=Jd"% +(1 -3 ) (5)

35 =37 (7)™ e R®T g FE WS LG AR BE J(q) 1Y
i, o &, =x—-J(q)g eR®, & v e R% Y
TR,

PLER AT 23 M) 8l ) S A n Rom i

M (9)§+C(a,d)d+G(q) =z - 3" (1) (6)
K dage RTASHIA IS RS, Mg, MVE,
M (q) e R™7 IE & i vE ;s C(a,9)g e R7 K
JIRATE IR R G(g) e R B 4, teR7 K
TN () eROAMIIHER. M () WA S
SRR IE EHEFE . M () — 2C(q, §) AR FRAERE[13],
JFHA X [M(@)-2C(q,9)Ix=0, Hr x&nx1k
FlnfE. G(g)2 KT q KA 7 4. M(g), C(q,q) -
G iS5 M, C, Go FFHBhJj2EH
T4y CL . XFERT LUE UM = M+ AM,
C=C+AC, G=G+AG, {5 (:) RmRAEH()T

(RICLEIERAY, 55 (A) R AL B (AN 52 34
B 1 2% (R AR AR 3 FUASH 52 0] o
f,=37f(t) )
f. = AMG + ACq + AG (8)
i :(8) 25 (6)
Mg§+Cq+G+f=r—f, 9)

ARofe fi,f, RO B )% A Hf 5 SRS )
2 BB RS F/RETM
P 2 DA BB SR e 5 S A 3

http: // www.china-simulation.com

* 995

https://dc-china-simulation.researchcommons.org/journal/vol30/iss3/28

DOI: 10.16182/j.issn1004731x.joss.201803028



o 30 4558 3 ]
2018 4 3 JJ

Jun et al.: Adaptive Fuzzy Sliding Mode Controller with Predictive Control fo

HA W, {3 R gum N 2RAH e B

DAAT o BN A A5 BT, 9 AN S I
R 2 IEP AR REW L — R ARSI H h —

Wa&s. FIA—

AN BHCIRAS Ty R AT fiid

X =A% +BU_; +Q (10)

{

Y = HX + Ry

Arbe kWSS kAN x ARGORE: ua AR
SN Y WIEA; Quar R WIIEME RS
AREMERT; H OWWIRERE . R /2K 2 98 Ll ME
TG 5 SEBRE 2 22 20 B b, il d5 /s — ek sk
AR R G715 W=7 R

Ky = PkaT(HPkaT +Qu)

R =%+ Ky (Ve = HAy)

P =(1-KH)R’ (11)

¢ = ARy + By,

RS = ARLAT +Qc,
A KRR DI RHEIE | SO %0 T

D) kN2 AR 5

&

Ky-1

A k=1 NZIARES s BP A

T k BB T 225 peca A k=1 U P 7 22

L wea=[0s 1] A={

1 0.05

0 1 :|; H:[l; 0];

10
B=[0.0005; 0.05]; I= o
01

3

TR DL A KR AR
BLAS AP R SEHER Uk 1 BT %, AR

HI R g, SN BORNE HER S, DL

Published by

Fy(1)

Wiz s 5

ARG HAR
Journal of System Simulation

éﬁ’, = Sff}ﬁ (s,)j
o) g —

\ol. 30 No. 3
Mar., 2018

TR B o A T AL I 80 (1 S0 345 5 T R R 2 S
T2 e g N BT AR AR 8 IS AR A
PRSI IR S R R DD B0 2 o 27 Ao 0K
B LA N A i BIEAE (A7 B IF HATHLAS A s
Z R AR E

S S LTI
s=é+ce (12)

Rt c=diad ¢, 6, 6, G G G Gl AL IEH

o (@20 I [A] K 5
§=E+cé (13)
& XHUBE 2 2R F
{?r:(.]'._s.:?"_ce. (14)
0, =(0—-S=(y —cCe
MRIEA(6) 4 A0(T), (12)~(14) 43

M(q)s + f, +C(q,6)(q, +3) +G(q) + M (q)g, =7 (15)
] B L (15) 454 M =M +AM |, C=C + AC,
G =G+AG LA (7)(14)15 5

M(q)$ =7 —Mg, -Cq, -G —f, - f, —%Ms (16)
RPN R )

VlzésTMs 17
ATYR ISR A4

V, =s Ms$+ % s"Ms (18)
ity X(16)(18), W15

V, =S" (r—Mg, -Cg, -G° - f, - f,) (19)

FRPE(19), MR 2% (42 A e SR
r=Mg, +Cq, +G + f, — ,sgn(s;) (20)

R TI

J'

AR

1 JUARENLAS N HIHE ]

Fig. 1 The control block diagram of redundant manipulator

http: // www.china-simulation.com
+ 996 «

Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 3, Art. 28

55 30 &5 3 4]

2018 4 3 A BAE, G

FEHSRE R A I R n] RA 2 2 P Ak
Fe, —ASREITEEI, 55— MR, B
P DI R A T 130K A 3838 I T )
8] g PR TR AR T . I AURIB AR K, &R
G 2 TEINAR E AF 2 FR 58 B8 V-7 IR I ) K 2%
MR o ZRB AR /N, ZRGE AT LA 1) 23517 4
FGE RGRUE TR ZE o DRILRI ATBOR G 4R s W]
DAAE 2k SBT3 28 T BRI B AR e L 8)

3.1 HEMNERIEET

5 2 P e 00 25 45 4 L 5
(10 07 )3 FL 233 R PSRBT 14089 25

BRI R 3. Lyapunov BTSRRI E A
T N A R T ORE R e th. 454 K(9).
(14). (18), nI#4%|

Ms =—Cs+ f, —y,sgn(s;) (21)

& WL 2250

éﬂﬁ :Hyi _é}/i (22)
A éyi Xt o, MAGTHE, 6, AAhihizs Hek
& R(22) 155

7i(s;,0) = g;ifyi (s))= é;ifyi (s)+ é;ifyi (s)
Bt — BRI IS 7 (s, 0) Al v T Rz Y
VRS ERRA(Y)

(23)

7i(5,0)=0&, (s) (24)
& X Lyapunov Z@&z
2=—s Ms + = Z (25)
2 (25) % I ) 3K J%CHQ* K (1)l 152
V, =s"[Ds+Cs] S+Z_ 70,

=3 s [ fi-7isan(s) ]+

360, -151¢,(5) (26)
Wy T AR, <O, EIE N2 E b
6, 5,15, () 27)
g 5X(26). (27), W1
V=Y s [ fi-7ison(s) | (28)

TUAR PEN LA NAR G AH] [ 3 13 A7 1

\Vol. 30 No. 3
Mar., 2018

Vo=X s fi-rils s X (s 7).

N THIEV, <0, ps RZKT%E, H24s|i

EARKIS, |7 | RAZ 88 K PRIEV, <0 . [F2E
LSRN, | 7 | RHERAZE B /N BT Vo(0)

Jho VA RAF T R AL B lim, L [T s
JEAT ). KL Barbalat 513, (01 6] 4k
e %
32 HHIEZBARA

HUHE R (28) 0BT, HEB R SEHO LRI T L1 %
BAUR, BOREZH T — MR GG, B
RGWE 1R,

Rl BHLZ A
Tab. 1 Fuzzy logic rules

ss NB NM NS ZE PS PM PB
% NB NM NS ZE PS PM PB
Rulei: IFsiisA™, THEN yis B

Forri=1, 2,0eeee07 s My 2300 A i AN T i S ) AR

o m KK . AT R BT #HE E Xk i

2
uA(si)=gaussian(si,a,a)=exp{—[8‘i] } (29)
o

At ARIBRE O R o S E R A R
B, H NB, NM, NS, Z, PS, PM, PB Jj 7
AMERIEE, ORI, v, U, 0, TE,
Ef, ER.

TR oR K0 A -

%=0/E (s) (30)

X or=[6,,6,.9 .0,%HZHE(@s)=
[@, (5), 20 (3)),..00L ()] AZH R HBLE.

7 *
M (%)
ﬁ@mzl}i“ - (31)
ZlnizlﬂAm )
4 HHRGETRE LT
Lyapunov e &l ~
V=Vi+V, (32)

http: // www.china-simulation.com

* 997

https://dc-china-simulation.researchcommons.org/journal/vol30/iss3/28
DOI: 10.16182/j.issn1004731x.joss.201803028



Jun et al.: Adaptive Fuzzy Sliding Mode Controller with Predictive Control fo

o 30 4558 3 ]
2018 4 3 JJ

b VoA, E SN AR . X (32) % i
fi) 3k
V=V, +V, (33)
WHER(26), V, <0, 4iaX(19)M(20)4 3]
Vi =s"(f, — f. = yison(s,)) = s (F, =i s0n(s))) (34)
B A TR ZE A S, DI 25 nT e R
7 = fe lbound (35)
44y X(34) (35), TR
Vy <Is" | f [=n 18T < =T | (-] f, ) < 0(36)
HTV <0, IR\ HBRRL, REER
SEN . TR RS, HIENIEHI RG0S TR E
RG:, PN NI RGEFEM .

5 MHESLE

W 2 Pz L NAAA R 7 15 H B R LAY
B, BN Y BER T . fEAR5E 6 [ hE HR Bk
HUBKRRE AR5t B3N T 1 ANIOAR A B, 35 T 5
R REEMThRE, RAGHERI A SEE . (7 2L
7F matlab2014 HL# N THA DT, KIEEICR
BUBE A iy H AT A SRR B0 T, R AR SR
HH 1184 1) SR S 8 oy WL XA i [ BRSO AR AR AIE
RGAGENE ARV LR AL NRERFE PR RE
40.005s, % 1, &£ 2 3 lICRENIE K2 8) %
SR I SH . FA RN ES R 1=100,
i,=100, i5=100, i,=100, is=160, is=160, i;=160.

K2 Ml A CAD #i 7z D-H
Fig. 2 The CAD mode and D-H mode of the manipulator

ARG HAR
Journal of System Simulation

\ol. 30 No. 3
Mar., 2018

#2 7 HHENWE D-H 2%
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Tab. 3 7-DOF manipulator dynamics parameters
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L5 1.7 33e-3 82.60e-4
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