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ABSTRACT

In this paper, a robust and more accurate trajectory tracking control method for a mobile robot is proposed using
WIPDC(Weighted Integral Parallel Distributed Compensation) and T-S Fuzzy disturbance observer. WIPDC reduces
the steady state error by adding weighted integral term to PDC. And, T-S Fuzzy disturbance observer makes it possible
to estimate and cancel disturbances for a T-S fuzzy model system. As a result, the trajectory tracking controller based
on T-S Fuzzy disturbance observer shows robust tracking performance. When the initial postures of a mobile robot and
the reference trajectory are different, the initial control inputs to the mobile robot become too large to apply them
practically. In this study, also, the problem is solved by designing an initial approach path using a path planning
method which employs Bézier curve with acceleration limits. Performances of the proposed method are proved from
the simulation results.
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Fig. 1 Posture of two wheeled mobile robot
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Table. 1 Simulation conditions and parameters

Simulation conditions and parameters

reference
trajectory

v, = 100+ 500e 2lmm/s]
w, = 10sin (0.01¢)[rad/s]

initial ¢(0)” = (= 100[mm], —100[mm], 0[°])

posture | ,(0)” = (0lmmJofmm], 5]
disturbance | d(t) = 100sin (27ft)[mm/s], f = 0.8[ Hz]
2 2 (1]
LPF St mfe fo=5LHz
Bézier Curve | Py =q(0), P, = ¢.(0),d, = dy = 80[mm]
1 1 :
Neg Pos Min Max
0 0
-10 —10 2w, =10 10 100 100 = F, £ 700 700

0 0
—200 —200<e,<200 200 —200 —200<e,=200 200

Fig. 7 Membership functions of premise variables

Rulel: If w,is neg and F,ismin and e,is neg and e, isneg
then e(t) = Ae(t)+ Bul(t)

Rule2: If w,isnegand F ismin and e,isneg and e, is pos
thene(t)= Aqe (t)+ Byu (t)

Ruleld: If w, is pos and F,ismax and e, is pos and e, is neg
thene(t) = Alr,e(t) + Bjsu (¢)

Rulel6: If w,is pos and F,is max and e, is pos and e, is neg
then e(t) = Alﬁe(t) + Bygu (t)

Fig. 8 Rules of the T-S fuzzy model
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Fig. 9 4, and B, of local linear models
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Fig. 10 Tracking result of PDC controller
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Fig. 11 Tracking result of PDC+T-S DOB controller
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Fig. 12 Tracking errors for PDC+T-S DOB and PDC
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Fig. 13 Control inputs of PDC+T-S DOB and PDC
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Fig. 15 Control inputs of PDC+T-S Fuzzy Disturbance
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Fig. 17 Tracking errors for PDC+T-S DOB+Bezier Curve
and WIPDC+T-S DOB+Bezier Curve

274



35 %

1% 15= PDC+T-S DOB 7|¥{1} PDC+T-S DOB
+Bezier curve 7|5 9] 7-2-9] Alo] Y v]aL TEjzo]
ok AARE 27] AT ARE ARSI 2 M 27] Ao
U =0l Aotx= Ae el T 4 o, 75
o1y zro] nf$ Zolx|= AL &l & 4=k 18 16

2 PDC+T-S DOB+Bezier curve 7]¥ 2] 74 -2-of 4 PDC
tjAlofl WIPDC & A}8-3F WIPDC + T-S DOB + Bezier
curve 7| 0] 790 tfet A= 4 el (e A
K) olt}. 1% 159 A9A 712 AR AL
Z w2kl & 4 Qo) 2ejar 917 PDCH
T-S DOB+Bezier curve 7|¥ ¥} WIPDC + T-S DOB +
Bezier curve 7]Ho| i3t A= =38 5L Y=
z,y, 0 thet 2 @2} Zefjszojck 7} 7]rof &fgt
z,y,09] F2 @A}o] AlFo| Btk 27t 1.9122
[mm], 3.1405[mm], 5.2347>x10"""[rad/s]©} 0.0015
[mm], 0.0024[mm], 43363x107 1 [rad/s] 2 PDCS

AFg3 79Tk WIPDCE AHg3 97 ol ke )
£ 24 45 RS & 4 e

=]
N
T

Oll

e
p

S
=2

1= 2 PDC(WIPDC) A|of 7] %3}
712 olgste] ZJelshEiAlE Mtk
—4 A= 24 Ao WE ARtk
t, Bézier —l,—/}joﬂ o3t TH&EE ABHE 2= AR A
bo] ela) 27] M ARE AATORA, ofF
o 27] 97 71% A 27 9132k oS )
o] S A7 Bl BAIE stk
At ol mato] 2 A% ko] 23}
JAALS I3 B T-S HA] mddgsigion
RRgatol A 222 it Aol e 4
2laL ozto] 7hsf wj o] 9] FFE A
T-S ##| et =715 A8t 23t
SEAL 71 g Alo] Aol HalaEie: 1
o] 27] 9JXe} 7% A= 27 -?471]7}4
7] 2455 f=lo] -9 A XA A1
38l 7HEE AISHS 2h= Bézier 34 4=
]RéH/\ﬂ 27| FA B=E A 1
%= 52 A|ojE $18iA PDC 7]l
A3slsE WIPDC 7|HH-& ARE-51o] Ao

.1 fr

-
o
,
rS.‘i_u

Hoox

ro{t JX‘% 95}
EE =
.9

OH o

.I[)l'

o
by

]

>
e
]

oL N
N

H

:
v
o N, JE l‘N'

o]
J

o)
v
oZ

o oX ol
o ﬁﬁ‘;s?c\(
b o &

M%HMO

HU it
H« >hI

2

—

Ok o)

o

i)
2 1
o ot o

ook o ml dor e 2
ML oL i Ho off &
%

o 0o
o flo

=

ol
BN
)
2

2 PDCe} T-S HA| 22t #&7|E 0|2

30l 2Rl 22l A= =5 o

oz Aggolde 3t
5= LE=RollA A3l o]F ZEo]
£ 27 Ao} W] ZRISHIAE K} Hete 2w
Z]

ACKNOWLEDGMENTS

“This
Changwon National University in 2015~2016.”

research is financially supported by

REFERENCES

[ 1] Y. Kanayama, Y. Kimura, F. Miyazaki and T. Noguchi, “A
stable tracking control method for an autonomous mobile
robot,” 1990 IEEE International Conference on Robotics

and Automation, vol. 1, Cincinnati, pp. 384-389, 1990.

[2] G. Klan¢ar and I. Skrjané, “Tracking-error model-based
predictive control for mobile robots in real time,” Robotics
and autonomous Systems, vol. 55, pp. 460-469, Jun. 2007.

[31 E. H. Guechi, J. Lauber, M. Dambrine, S. Blazi¢ and G.
Klancar, “Tracking-error model-based PDC control for
mobile robots with acceleration limits,” FUZZ-IEEE 2009,
Korea, pp. 197-202, Aug. 2009.

[41 E. H. Guechi, J. Lauber, M. Dambrine, G. Klan¢ar and S.
Blazi¢, “PDC control design for non-holonomic wheeled
mobile robots with delayed outputs,” Journal of Intelligent
& Robotic Systems, vol. 60, pp. 395-414, Apr. 2010.

[5] T. Takagi and M. Sugeno, “Fuzzy identification of systems
and its applications to modeling and control,” IEEE
Transactions on Systems, Man, and Cybernetics, vol. 15,
no. 1, pp. 116-132, Jan.-Feb. 1985.

[ 6] K. Tanaka and H. O. Wang, Fuzzy Control Systems Design
and Analysis : A Linear Matrix Inequality Approach, John
Wiley & Sons, Inc., New York, 2001.

[7]1 G. Feng, “A survey on analysis and design of model-based
fuzzy control,” IEEE Transactions on Fuzzy Systems, vol.
14, no.5, pp. 676-697, Oct. 2006.

[8] S. K. Lee, S. K. Park, T. S. Yoon, K. P. Kwak and H. K.
Ahn, “Robustness improvement of T-S fuzzy H-infinity

control using weighted integral action,” Proceedings of

275



SR B EAISHS| =2 X|(J. Korea Inst, Inf. Commun, Eng) Vol, 21, No, 2 : 256~276 Feb, 2017

[9]

[10

=

[11]

[12]

[13]

CSECS '13, World Scientific and Engineering Academy
Society, Budapest, 71003-250, Dec. 2013.

W. H. Chen and L. Guo, “Analysis of disturbance observer
based control for nonlinear systems under disturbances
with bounded variation,” Proceedings of Control 2004,
UK, Sep. 2004.

H. Kobayashi, S. Katsura and K. Ohnishi, “An analysis of
parameter variations of disturbance observer for motion
control,” IEEE Transactions on Industrial Electronics, vol.
54, no. 6, pp. 3413-3421, Dec. 2007.

W. H. Chen, J. Yang, L. Guo and S. Li, “Disturbance
observer based control and related methods - an overview,”
IEEE Transactions on Industrial Electronics, vol. 63, no.
2, pp. 1083-1095, Feb. 2016.

M. C. Kim, X. K. Li, S. K. Park, G. P. Kwak, H. K. Ahn
and T. S. Yoon, “Robust control of IPMSM using T-S
fuzzy disturbance observer,” J. Korea Inst. Inf. Commun.
Eng., vol. 19, no. 4, pp. 973-983, Apr. 2015.

M. S. Park, S. K. Park, H. K. Ahn, G. P. Kwak and T. S.
Yoon, “Robust Trajectory Tracking Control of a Mobile
Robot Combining PDC and Integral Sliding Mode
Control,” J. Korea Inst. Inf. Commun. Eng., vol. 19, no. 7,

201361 RICSH 77|57} Zei@EHA)
20161 ZSlCketm 77 |2 5iz} BRBSAAY
xR0t MIMASHE|, XISH|0], O|SER
— RE}Ad(Tae-Sung Yoon)
(. 197814 SiMIChstul 7| Zetnt SRS
A 198041 QIMCHEHE 77| 25tn} SRZBHAN
= 198813 QIMCHSHD 717 S2tm} SelZ et

1989 ~54RY ERIChetn TV |Setnt wa
sphtEof: MEXE|, XISH0f, OlF=ER

276

[14]

[15]

[16]

[17

—

[18]

1994t4~19954 O|= VanderhbiltCH visiting professor

pp. 1694-1704, Jul. 2015.

C. J. Kim, J. W. Kwon and D. Chwa, “Polynomial fuzzy
modeling and tracking control of wheeled mobile robots
via sum of squares approach,” in Proceeding of ICIT 2009,
IEEE, Gippsland, pp. 973-977, Feb. 2009.

M. Lepetic, G. Klancer, 1. Skrjan¢, D. Matko and B.
Poto¢nik, “Time optimal path planning considering
acceleration limits,” Robotics and Autonomous Systems,
vol. 45, pp. 199-210, Dec. 2003.

E. H. Guechi, J. Lauber and M. Dambrine, “On-line
moving-obstacle avoidance using piecewise Bézier curves
with unknown obstacle trajectory,” 16th Mediterranean
Conference on Cotrol and Automation, Congress Centre,
Ajaccio, France, pp. 505-510, Jun. 2008.

K.G. Jolly, R. Sreerama Kumar and R. Vijayakumar, “A
Bézier curve based path planning in a multi-agent robot
soccer system without violating the acceleration limits,”
Robotics and Autonomous Systems, vol. 57, pp. 23-33, Jan.
20009.

R. Siegwart, I. R. Nourbakhsh and D. Scaramuzza,
Introduction to Autonomous Mobile Robots, 2nd. ed., The
MIT Press, Cambridge, 2011.



