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Robust Adaptive Impedance Control in Scara Robot Manipulator for Robotic
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ARTICLE INFORMATION ABSTRACT

Cell injection system in medicine is used to inject the materials into the cells. The injection system
consists of injector and rotating plate. The controller sets height, position and orientation of the rotating
plate. The proposal of this article is to replace SCARA robot injection tool including ability in desired
position tracking and is applied to time-varying force. In recent articles the control system is applied to
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the rotating plate of cells and this method can cause damage. The proposed method is fixed plate and to
increase the success rate, the robot is been controlled. The parameters of environmental models are
estimated by nonlinear proposed models and by using the recursive method, the minimum of square
errors will be optimal. The voltage strategy can control robot actuators. This method is simpler and free
from the manipulator dynamics. In all recent studies, the impedance control is based on the torque
control method and the proposed method of this article is to apply the impedance control using voltage
control. The robust adaptive impedance controller is designed in the presence of uncertainties. The
simulation's results demonstrate desired performance of the proposed method.

Keywords:
Force-Impedance Control
Parameter Estimation
SCARA Robot Dynamic
Voltage Strategy
Robotic Cell injection
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Table 1 The DH parameters of the SCARA robot
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0 a, = 0.621 0 6, 1
I a, = 1.064 0 g, 2
0 0 ds 0 3
0 0 d, = 0.05 6, 4

Fig. 4 The position desired trajectory in x, y, z axis
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Fig. 13 Position tracking error in x, y axis for two control methods in
the presence of uncertainties

252 5 JFES sy 55 SR Y 5 X Heme yd CasBse (5559, s> 13 Sk

e s G35 Gy bl Bl ulaal oo ceolorig ik 0l 5o
Gt Jae S Sjge 4 Slidng 5T Gk op Lme (il
Gl Gy cod Joho ) Cuably 4 Suo5 g 3230 o5 ooleriny
haeze b ol 0y93 5l S alad b uilaal Jae 1 eslinul oys S
b Lol )55 0 5l g Silaie Gime (295 4 |) Suxse S8
aby ouS S (nl wped 5 sl liwl) 3 Cosdee JpuS p odle
3,13 0age 4 5 1) pgw SLiwly 50 9y J S

w5 olalazél Jsle 5 onii Jao Seoliys o tpnal alias 357
Sl Olb cwlanl, Ji8 0 Sl sl 5l (S
Ol @ a2 b asslo oo Jelge cnl GISTL ablie & atoen i) JpuS
Spaly Slas ppglie (ol JyuS (hyy So a4 dllie cpl )3 3)l3e
s il gy S

Joe by b Jus glayully dlie ool golein b 5o
eSSl gy SeS 4 g 9b o0 00) (eSS sOlering (S d
OFB @ 2y b hoe pulal culpl 008 oo dige e Slape
Srsthe @S wilel U awish oo j9) 4 abixd o 5o (g3l (el
oS aade Gl ooleidnn (ST gy oIl Jelo S il )
by o 3l (Jlosl 95 o IS gy cnl )3 el Sl S e
9035 ¢35 5| o sl &5 sl Ca o g gl (5)lade b ol @
D9y Ol mslin 8 Slas G (gloand I Jol> gl aiile oo (Sl pllo
s O35 (S5l 25k oslhae QLIS 5 baginal blis yo soleriny
w3 os ol |y (Jsho 335

Sosdge x50, 3 Wy Sl JFS By 50 d9zee sl
3 0slaS lue 2 U8 Gy b ol oy 5 X jeme bl o gllae
apd oo i bl dezg ol bl oo 2ol 5 X 107*m 4,2 X 107°m
Sle ) sty JaS gy @ Wlgise Jue )3 d929e baansl oS
Sox $x59) sl &5 235 o0 lamal jpa> S Al
b oe GRIFITI0 390> 35 Cou Jobw 4 by s 5l (Lol ogllas
2 @l polie (Aol JyuS &5 was e ol bagleand mls
il JSS (g, 50 39zge slat S e ke 093 4 Lol
P9y b amlie )3 e (595 65253, 59 5y Sl (s3leiian polie
SIS 48X 107N I lagmal jpam 5o 5Ly liar U525 @,
Ulg s 4 0gi e olgiiny W, aslsl 45 il sdw, 2 X 107N

646



Uble 9 Yld) ol s

Sl ok B2235 3,519 L Dl il 595k polie amias uildgel Jpiis

[32] L. Guo, L Ljung, Performance analysis of the forgetting factor
RLS algorithm, International Journal of Adaptive Control and
Signal Processing, Vol. 7, No. 6, pp. 525-537, 1993.

[33] N. Hogan, Impedance Control: An Approach to Manipulation,
Second Edition, pp. 10-54, New York: McGraw-Hill, 1985.

[34] M. M. Fateh, On the voltage-based control of robot manipulators,
International Journal of Control, Automation and Systems, Vol. 6,
No. 5, pp. 702-712, 2008.

[35] M. M. Fateh, S. Khorashadizadeh, Optimal robust voltage control
of electrically driven robot manipulators, Nonlinear Dynamic, Vol.
70, No. 2, pp. 1445-1458, 2012.

[36] S. Kim, J. Ryu, Adaptive energy-bounding approach for robustly
stable interaction control of impedance-controlled industrial robot
with uncertain environments, /EEE Transaction on Mechatronics,
Vol. 19, No. 4, pp. 1195-1205, 2014.

[37] C. C. Cheah, S. Kawamura, Stability of hybrid position and force
control for robotic manipulator with kinematics and dynamics
uncertainties, Journal of Automatica, Vol. 39, No. 5, pp. 847-855,
2003.

[38] M. M. Fateh, Robust control of flexible-joint robots using voltage
control strategy, Nonlinear Dynamic, Vol. 67, No.2, pp. 1525-1537,
2012.

[39] V. Mittle, A. Mittal, Basic Electrical Engineering, Second Edition,
pp- 20-41, New Dehli: Taha McGraw-Hill, 2006.

[40] M. Molapanah, A. Sedaghati, Stability analysis of a robust
nonlinear controller for flexible joint robot, International Journal
of Engineering Sciences and Management, Vol. 20, No. 2, pp. 30-
39,2014.

[41] T. Wen, S. Murphy, Stability analysis of position and force control
for robot arms, IEEE Transaction on Automatic Control, Vol. 36,
No. 3, pp. 365-370, 1991.

[42] Z. Ghassemi Zahan, Optimal force-impedance control of robot
manipulator using voltage control strategy, M.S.C. Thesis, Faculty
of Electrical and Robotic Engineering, Shahrood University of
Technology, Shahrood, 2015 (in Persian .. s).

647

[21] Y. Xie, D. Sun, A force control based cell injection approach in a
bio-robotics system, /IEEE international Conference on Robotics
and Automation, Japan, pp. 3443- 3448, 2009.

[22] Y. Xie, D. Sun, An adaptive impedance force control approach for
robotic cell microinjection, IEEE international conference on
Intelligent Robots and Systems, France, pp. 907-912, 2008.

[23] Y. Tan, D. Sun, Mechanical modeling of biological cells in
microinjection, /EEE Transaction on Nano Bioscience, Vol. 7, No.
4, pp. 257-266, 2008.

[24] H. Huang, D. Sun, Integrated vision and force control in suspended
cell injection system: Towards automatic batch bio manipulation,
IEEE International Conference of Robotics and Automation, Japan,
pp. 3413-3419, 2008.

[25] H. B. Huang, Toward automatic batch bio manipulation: study on
robotic suspended cell injection, PhD. Thesis, City University of
Hong Kong, Department of Manufacturing Engineering and
Engineering Management, 2008.

[26] G. Y. Li, N. Xi, Calibration of a micromanipulation system,
International Conference Intelligence Robots and System, Canada,
pp. 1742-1747, 2002.

[27] W. Hanmei, X. Wenkang, Adaptive impedance control in robotic
cell injection system, /EEE Conference on Intelligent Robots and
Systems, Italy, pp. 268-275,2012.

[28] Y. Xie, D. Sun, Mechanical modeling of biological cells in
microinjection, /EEE Transaction on Nano Bioscience, Vol. 7, No.
4, pp. 257-266, 2008.

[29] R. Lee, J. Kimm, Cell injury: Mechanism, Responses and
Therapeutics, pp. 56-312, New York: Wiley-Blackwell Academy
of Sciences, 2008.

[30] S. Jung, T. C. Hsia, Force tracking impedance control of robot
manipulators under unknown environment, /EEE Transaction on
Control System Technology, Vol. 12, No. 3, pp. 474-483, 2004.

[317Y. Sun, K. T. Wan, Mechanical property characterization of mouse
zona pellucid, [EEE Transaction on Nano Bioscience, Vol. 2, No. 4,
pp. 279-286, 2003.

12 o jlobs 16 095 1395 suswl (P Sulle Swiie



