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Accurate Robot Manipulator Control by Using a Model
Reference Adaptive Control Method
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Abstract: There are many physical factors such as geometric nonlinearities, strong couplings, and the
dependence on the inertia payload in the system dynamics of the robot manipulators which make it
difficult to achieve good control performance. Furthermore, the end-effector of the manipulators provided
by carrying various masses produces the undesirable motions in the all joints as well. Since it is
generally difficult to describe the model and identify time varying physical parameters exactly, the
conventional control methods cannot compensate the payload variation effect or uncertainties. In this
study, the model reference adaptive controller (MRAC) is applied to robot manipulator control problem.
In this study, the introduced control law does not require the exact system model. Despite its simplicity,
the proposed control method provides excellent control performance over a wide range of manipulator
motions and various payloads. Experiment results conducted on the 4-DOF robot manipulator
demonstrate the practicality and feasibility of the proposed control scheme.
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Table 1 Model and controllers’ parameters of the three control algorithms

Joint
1 2 3 4
Control
PID Kp=0.552, K,;=0, Kp=0.17, K;=0, Kp=0.15, K;=0, Kp=0.122, K;=0,
Kp=0.006 Kp=0.004 K, =10.0039 K, =0.0015
M= 4.2x10"" a=19 M=9.1x10"% a=21 M=9.7x10"% a=21, M=2.23x10"% a=9
TDE-NTSM |b= 15, ¢=0.1, b=19, ¢=0.08, b=19, ¢=0.08, b=17, ¢=0.95,
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Fig. 3 The 4-DOF robot used in the experiments

Table 2 RMS errors under low-speed commands
[deg]
Control Joint 1 Joint 2 Joint 3 Joint 4
PID 0.6125 0.4219 0.5584 0.5470
TDE-NTSM | 0.3408 0.1695 0.2592 0.5023
MRAC 0.1960 0.1458 0.1701 0.1687
Table 3 RMS errors under high-speed commands
[deg]
Control Joint 1 Joint 2 Joint 3 Joint 4
PID 1.2380 0.8374 1.1138 0.9630
TDE-NTSM | 0.9515 0.4391 0.5598 0.9557
MRAC 0.3156 0.1448 0.2724 0.2321
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Fig. 5 Experimental results under low speed
sinusoidal desired trajectory. (a), (b), (g), and
(h) are plots of desired trajectory (blue solid)
and positions of joints 1, 2, 3, and 4,
respectively. (c), (d), (i), and (j) Tracking
errors of joints 1, 2, 3, and 4, respectively.
(e), (), (k), and (1) are control inputs for
joints 1, 2, 3, and 4, respectively

AZIA T F718 JWERH, o] gkel 20 sec,
10 secq] 745 Ot AFAAE LIS

o
7HA AP Ao tHf& T’é‘?j_‘?j}%k% Table 29}
Table 3| AR

WA Fig. 55 7=20 sec?l A%, Fig. 6&
T=10 sec® AAstD, Al 712 Aoj&& 2 &3
APAAE A7 vep ok 2 2" A,
@1 ), ®E¥ ), (@GH &), (b

7} o] mEghe FF3 b

¢ £E42
mq‘qq”‘i%gﬂEzﬁ*@xmxo)ao)
o, 281 2+ & TEL AT AYY Ve (),

®, (=t (1)°ﬂ A=
Z

A@AANA, 53] 7 kel FFeAs YE
©, @, () 2 (HEHE & 5 ARl & &5l
NEE = ARl ddider 2 A7) Bt
Akt olFdlE 1 F=rt qAlddE AE F
AL F Stk oje B ATl At
MRAC #Aloi71W 9 vag7ts 98] =4 +
A A7 BFTE Ae7]e] o] 5L Fshe

g kel Alzte] B3y W&ot}



MRAC HM0o{7|&oi olst 2X o|LZ20|& HMojoll &tet AT

40 40 Fig. 6 Experimental results under high speed
%20 520 sinusoidal desired trajectory. (a), (b), (g), and
g 0 ? 0 (h) are plots of desired trajectory (blue solid)
§20 520 and positions of joints 1, 2, 3, and 4,

respectively. (c), (d), (i), and (j) Tracking

40 40

1°T].me [5120 00 10Time [5120 30 errors of joints 1, 2, 3, and 4, respectively.
6 @ 3 ® (e), (), (k), and (1) are control inputs for

2 joints 1, 2, 3, and 4, respectively

o

., Error [deg]

. Error [deg]

APAG N FEOAE Yehd 1gogn 1
7 Aoj7)e] Adse A HAE & 9
“ 10 20 o 2 10 20 30 o W3l FS Table 2 2 Table 3°§—,—E1 —_rL
e e & % Qi) gAdd AgolAw, SEuEo] wel
- - o3} 27 }f&u} om-o— Ak
\ "j\; AW /\ | A eisE
/ i \

/ /
GV OV VS, v \,/ \/ si7] AN o] AU Beeds
2 0.4 +5HEES gdslor sty AdHo=R A J1XA
B

>

Control [V]
o
-~
Control [V]
o

0 10 20 30 0 10 20 30 } _
Time [s] Time [s] Ao ALt Az R
o 8o

© () o s
- 7ol 7V 3

Position [deg]
o

E =RdAe 28 A" &5A01E sl
' Z-gA o1 71¥ 9] 34el MRAC A7 1¥S

(@ (h) 3t 2REA2EHS 33 B AYPEAS

: . I Qlom, FsgdAE =3 AsA vehdh
(v 14715 152 ob-g2 T& T WAstE 4 ¢ 3
LA 2 s RhEel Belsy 9 BEay
?_]_3]] X"il'c’]'..l‘__’. ;S]ﬂf:’j_' ‘/‘Y\r‘ﬁ—‘—aa

ot olelg E4& =

| @
oo 0w o= Aojely] g8 & A7
]?:14 )|

o

. Error [deg]
. Error [deg]

>
d
o
-
[0
X
bt
H 2 o o

N

Time [s]

R ©} &l MRAC 7] =
04 d 1 FeAS EAstAh
A 9 =4 & s

'\ ﬁ [" ] 2 MRS, AN S UAFOEH MFHT A
VAYARY, ;

o
”

e, %"\
Control [V]

o

o N

Control [V]
o

JHEL FuY F Ythe A
| B AT 2RAxge] 3 g o
Y9 Aojtigos esnE Axe] 3
e AFT F Aok webd Aoly] 057

[e5

©
)

o im

0 10 20 30 0 10 20 30 L]—
Time [s] Time [s]

=

b

(k) 0}
Desired = = =PID =+ —TDE-NTSM  «=+-- MRAC

St S HY|AISHYX] M23# M52, 2019 108 83



gRg 5 171] FJE]-
%Ol"éo] 3?5] oéﬁd%oﬂ*ﬂ A kst= Ao

Acknowledgement

This research was a part of the project titled
‘Development of the ICT convergence smart sliding
docking system’, funded by the Ministry of SMEs
and Start-Ups, Korea.

Author contributions

S. W. Ji; Formal analysis and Writing-review &
editing. M. S. Tran; Validation. Y. B. Kim; Project

adminstration and Supervision.

References

1. R. N. Jazar, 2010, Theory of applied robotics, 2™
Edition, New York, Springer, pp. 833-838.
(https://doi.org/10.1007/978-0-387-68964-7)

M. H. Khooban and M.

Soltani, 2013, "Robust fuzzy sliding mode control

2. M. R. Soltannpour,

for tracking the robot manipulator in joint space

and in presence of uncertainties", Robotica, Vol.
32, No. 3, pp. 433-446.
(https://doi.org/10.1017/S0263574713000702)

3.J. Geng, Y. Shend and X. Liu, 2013,
"Time-varying nonsingular terminal sliding mode

Transactions of

Vol.

control for robot manipulators",
the Institute of Measurement and Control,
36, No. 5, pp. 604-617.
(https://doi.org/10.1177/0142331213512367)

4. Q. Zhou, H. Li and P. Shi, 2015, "Decentralized
adaptive fuzzy tracking control for robot finger
dynamics", IEEE Transactions on Fuzzy Systems,
Vol. 23, No. 3, pp. 501-509.

84 T=FHI|AZEURX H23@ H5Z, 20194 10

5.

10.

11.

12.

. S. I. Han and J. M. Lee, 2014,

. C. K. Lin, 2006,

. R. Horowits and M. Tomizuka,

(https://doi.org/10.1109/TFUZZ.2014.2315661)

S. J. Huang amd J. S. Lee, 2000, "A Stable
self-organizing fuzzy controller for robotic
motion control", IEEE Transactions on Industrial
Electronics, Vol. 47, No. 2, pp. 421-428.
(https://doi.org/10.1109/41.836358 )

"Fuzzy echo
and funnel
surface control for prescribed performance of a

nonlinear dynamic system", IEEE Transactions
Vol. 61, No. 2, pp.

state neural networks dynamic

on Industrial Electronics,
1099-1112.
(https://doi.org/10.1109/TIE.2013.2253072 )
"Nonsingular terminal sliding
mode control of robot manipulators using fuzzy
wavelet networks", IEEE Transactions on Fuzzy
Systems, Vol. 14, No. 6, pp. 849-859.
(https://doi.org/10.1109/TFUZZ.2006.879982)

. S. Dubowsky and D. T. Desforges, 1979, "The

application of model-referenced adaptive control
to robotic manipulators", Journal of Dynamics
Systems, Vol. 101,
pp. 193-200. (https://doi.org/10.1115/1.3426424)
1986, "An

mechanical

Measurement and Control,

adaptive  control  scheme for
manipulators-compensation of nonlinearity and
decoupling control", Journal of Dynamics
Systems, Vol. 108,
pp. 127-135. (https://doi.org/10.1115/1.3143754)

1985,

robotic manipulators, Master Thesis, University

Measurement and Control,

R.  Srinivasan, Adaptive control for
of Poona, India, pp. 1-5.

A. Kirecci, M. Topalbekiroglu and I.
2003, "Experimental
reference adaptive control for a hydraulic robot",
Robotica, Vol. 21, No. 1, pp. 433-446.
(https://doi.org/10.1017/S0263574702004216)

S. Ulrich and J. Sasiadek, 2010,
reference adaptive control of a flexible joint
of the AIAA Guidance,

Eker,

evaluation of a model

"Direct model

robot", Proceedings



13.

14.

15.

16.

17.

18.

MRAC HM0{7|&oi olst 23 iLZ20l& HMojol &

Navigation, and Control Conference,
Ontario Canada, pp. 7844-7853.
(https://doi.org/10.2514/6.2010-7844)

M. Sharifi, S. Behzadipour
2014, "Model
impedance control in cartesian coordinates for
physical Advanced
Robotics, Vol. 28, No. 19, pp. 1277-1290.
(https://doi.org/10.1080/01691864.2014.933125)
D. Zhang and B. Wei, 2016, "Design, analysis,

and modelling of a hybrid controller for serial

Toronto,

G. R

adaptive

and
Vossoughi, reference

human-robot interaction",

robotic manipulators", Robotica, Vol. 35, No. 9,
pp. 1888-1905.
(https://doi.org/10.1017/S0263574716000564)

B. Algaudi, H. Modares, 1. Ranatunga, S. M.
Tousif, F. L. Lewis and and D. O. Popa, 2016,
"Model reference adaptive impedance control for
physical  human-robot interaction", Control
Theory and Technology, Vol. 14, No. 1, pp.
68-82.

(https://doi.org/10.1007/s11768-016-5138-2)

K. C. Chiou and S. J. Huang, 2005, "An
adaptive fuzzy controller for robot
manipulators", Mechatronics, pp. 152-177.

(https://doi.org/10.1016/j.mechatronics.2004.07.005)
H. T. Lee, S. R. Lee and S. Y. Lee, 2011,
"Integration model reference adaptive control
and exact linearization with disturbance rejection
for control of robot manipulators", International
Journal of Innovative Computing, Information
and Control, Vol. 7, No. 6, pp. 3255-3267.

T. T. Tran, S. S. Ge and W. He, 2016, "Adaptive
control for an uncertain robotic manipulator with
input saturations", Control Theory and Technology,
Vol. 14, No. 2, pp. 113-121.

19.

20.

21.

22.

23.

ol

b et

iy

(https://doi.org/10.1007/s11768-016-5059-0)
S. Xiao, Y. Li and J. Liu, 2012, "A model

reference adaptive PID control for
electromagnetic actuated micro-positioning
stage", Proceedings of the &8th IEEE

International Conference on Automation Science
and Engineering, Seoul Korea.
(https://doi.org/10.1109/CoASE.2012.6386390)

M. S. Tran, S. K. Jung, N. B. Le, H H.
Nguyen, D. C. Dang, A. M. D. Tran and Y. B.
Kim, 2018, "Model reference adaptive control
strategy for application to robot manipulators"”,
Proceedings of AETA 2018 : Lecture Notes in
Electrical Engineering, Vol. 554, pp. 533-547.
(https://doi.org/10.1007/978-3-030-14907-9_53)
M. S. Tran, K. I. Han and Y. B. Kim, 2017,
"Robust

independent arm control system design method",

motion  regeneration  based on
Journal of the Korean Society for Power System
Engineering, Vol. 21, No. 1, pp. 30-36.
(https://doi.org/10.9726/kspse.2017.21.1.030)

M. Jin, J. Lee, P. H. Chang and C. Choi, 2009,
"Practical nonsingular terminal

sliding- mode

control of robot manipulators for high- accuracy

tracking  control", IEEE Transactions on
Industrial Electronics, Vol. 46, No. 9, pp.
3593-3601.

(https://doi.org/10.1109/TIE.2009.2024097)
M. S. Tran, S. H. Jung and Y. B. Kim, 2017,

"Nonlinearities =~ compensation = method  for
application to robot manipulators using
time-delay  estimation", Lectures Notes in

Electrical Engineering (AETA2017), Vol. 465,
pp. 786-797.
(https://doi.org/10.1007/978-3-319-69814-476)

St S HY|AISHY K| H23H M5%, 2019 108 85



	MRAC 제어기법에 의한 로봇 메니퓰레이터 제어에 관한 연구
	Abstract
	1. 서론
	2. 시스템 모델링
	3. MRAC (Model Reference Adaptive Control) 제어기법에 따른 제어계 설계
	4. 실험
	5. 결론
	References


