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Control and Analysis of Robot Arm using Flexible
Pneumatic Cylinders and Embedded Controller
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2 CREE Control and Analysis of Robot Arm using Flexible Pneumatic
Cylinders and Embedded Controller

Recently, it has been desired strongly to develop a system to aid in nursing care and to support
the activities of daily life for the elderly and the disabled. The actuator required for such a system
needs to be flexible so as not to injure the human body. The purpose of our study is to develop a
flexible robot arm for wrist rehabilitation by using the flexible pneumatic cylinders. In this study, a
master-slave attitude control and a trajectory control of the flexible robot arm will be proposed and
tested. This robot arm has three degree-of-freedom; bending, extending and contracting. And this
robot arm will be applied to a rehabilitation device for human wrist. The master-slave control is
necessary when a physical therapist gives a rehabilitation motion to a patient. The trajectory
control is necessary when a sequential rehabilitation motion is applied to a patient. In this study, an
analytical model of the flexible robot arm will be presented for the master-slave and the trajectory
control. For the trajectory control system, two analytical models for trajectory controls are
proposed. The difference between two proposed models is as follows. One is needed to linearize
the equations which is commonly used in a robot arm and another does not need a linearization
that is called the direct method. Then, a compact and inexpensive control system is constructed and
tested. The system consists of a flexible robot arm, a microcomputer, accelerometers,
potentiometer and small-sized quasi-servo valves developed in our laboratory using tiny on/off
control valves. The development of the master device with the pneumatic brake mechanism will
also be presented and discussed. The experiments were executed in order to find the best value of

the deviation displacement for the pneumatic brake mechanism to work and the validity of the



control performance were confirmed. The trajectory control were also realized for circle, spiral and
square trajectory by using an analytical model and a compact control system. The experimental
results also show that the attitude control of the master-slave and the trajectory control of robot
arm have been improved compared with previous study. Furthermore, in order to improve the
control performance, to simulate the movement of the proposed robot arm, and to investigate the
influence of a non-linear friction, control schemes, and so on, on the performance of the robot arm,
the overall analytical model of the robot arm was proposed. The dynamic model of the three
pneumatic cylinders with slide stages and six quasi-servo valves are proposed and described. The
simulation of the master-slave control, the trajectory control by using the linearized model and the
trajectory control by using direct model were executed by using Matlab Simulink with
Runge-Kutta method. As a result of comparison, the calculated results agreed with the
experimental results. In the simulation, the influence of non-liner friction in the flexible cylinders
on the control performance were investigated. It was confirmed that the non-linear friction largely
affected to the positioning accuracy of the control. As a result, the validities of the proposed

analytical model and the identified system parameters were confirmed.



1.

® K W X
FWRC (EFRA)

(1]

[2]

(31

[4]

(3]

Mohd Aliff, Shujiro Dohta, Tetsuya Akagi and Hui Li, “Development of a Simple-structured
Pneumatic Robot Arm and its Control Using Low-cost Embedded Controller”, Journal of
Procedia Engineering, Vol. 41, (2012), pp. 134-142.

Mohd Aliff, Shujiro Dohta and Tetsuya Akagi, “Control and Analysis of Robot Arm using
Flexible Pneumatic Cylinder”, Mechanical Engineering Journal, Vol. 1, No. 5, dr005 1, (2014), pp.
1-13.

Takafumi Morimoto, Mohd Aliff, Tetsuya Akagi and Shujiro Dohta, “Development of Flexible
Pneumatic Cylinder with Backdrivability and Its Application”, International Journal of Materials
Science and Engineering, Vol. 3, No. 1, (2015), pp. 7-11.

Mohd Aliff, Shujiro Dohta, Tetsuya Akagi, and Takafumi Morimoto, “Control of Flexible
Pneumatic Robot Arm using Master Device with Pneumatic Brake Mechanism”, JFPS
International Journal of Fluid Power System, Vol. 8, No. 1, (2015), pp. 38-43.

Mohd Aliff, Shujiro Dohta and Tetsuya Akagi, “Simple Trajectory Control Method of Robot Arm
using Flexible Pneumatic Cylinders”, Journal of Robotics and Mechatronics, Vol. 27, No. 6,
(2015), pp. 698-705.

Proceedings 72 ¥ (&EHFH)

(1]

(2]

[3]

[4]

Mohd Aliff, Shujiro Dohta, Tetsuya Akagi and Hui Li, “Development of a Simple-structured
Pneumatic Robot Arm and its Control Using Low-cost Embedded Controller”, Proceedings of
International Symposium on Robotics and Intelligent Sensors, (2012), 1569617387.pdf, pp. 1-9.

Tetsuya Akagi, Shujiro Dohta, Hisashi Matsushita and Mohd Aliff, “Development of Flexible
Pneumatic Actuator using Sliding Mechanisms and Its Application”, Proceedings of the 5th
International Conference on Positioning Technology, (2012), pp. 15-18.

Hui Li, Shujiro Dohta, Tetsuya Akagi and Mohd Aliff, “Improvement of Flexible Linear Encoder
for Wearable Actuator”, Proceedings of The 5th International Conference on Positioning
Technology, (2012), pp. 227-230.

Shujiro Dohta, Tetsuya Akagi, Mohd Aliff and Ayaka Ando, “Development and control of
simple-structured flexible mechanisms using flexible pneumatic cylinders”, Proceedings of 2013
IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AIM), (2013), pp.
888-893.



(3]

(6]

[7]

(8l

[9]

[10]

[11]

(12]

Tetsuya Akagi, Shujiro Dohta, Mohd Aliff, Yoshinori Moriwake and Feifei Zhao, “Application
and Analysis of Flexible Pneumatic Cylinder Driven by Low-cost Quasi Servo Valve”,
Proceedings of International Research Conference on Engineering and Technology (IRCET),
(2013), pp. 55-63.

Yasuko Matsui, Tetsuya Akagi, Shujiro Dohta, Mohd Aliff, and Changjiang Liu, “Development of
Portable Rehabilitation Device using Flexible Spherical Actuator and Embedded Controller”,
Proceedings of 2nd International Conference on Intelligent Technologies and Engineering
System, (2013), pp. 231-238.

Mohd Aliff, Shujiro Dohta and Tetsuya Akagi, “Trajectory Control of Simple-Structured Flexible
Mechanism using Flexible Pneumatic Cylinders”, Proceedings of 2013 IEEE/SICE International
Symposium on System Integration, SA1-1.4, (2013), pp. 19-24.

Yasuko Matsui, Tetsuya Akagi, Shujiro Dohta, Mohd Aliff and Changjiang Liu, “Development of
Portable Rehabilitation Device using Flexible Spherical Actuator and Embedded Controller”,
Lecture Notes in Electrical Engineering 293, Springer, Vol. 1, (2014), pp. 231-238.

Mohd Aliff, Shujiro Dohta, Tetsuya Akagi and Takafumi Morimoto, “Control of Flexible
Pneumatic Robot Arm using Master Device with Pneumatic Brake Mechanism”, Proceedings of
the 9th International Symposium on Fluid Power, JFPS, (2014), pp. 822-829.

Takafumi Morimoto, Mohd Aliff, Tetsuya Akagi and Shujiro Dohta, “Development of Flexible
Haptic Robot Arm using Flexible Pneumatic Cylinders with Backdrivability for Bilateral
Control”, Proceedings of 3rd International Conference on Intelligent Technologies and
Engineering Systems, (2014), pp. 1-6.

Mohd Aliff, Shujiro Dohta and Tetsuya Akagi, “Trajectory control of robot arm using flexible
pneumatic cylinders and embedded controller”, Proceedings of 2015 IEEE/ASME International
Conference on Advanced Intelligent Mechatronics (AIM), (2015), pp. 1120-1125.

Mohd Aliff, Shujiro Dohta and Tetsuya Akagi, “Trajectory Controls and its Analysis for Robot
Arm using Flexible Pneumatic Cylinders and Embedded Controller”, 2015 IEEE International
Symposium on Robotics and Intelligent Sensors (IRIS), (2015), pp. 48-54.



BERROHEE

ZOMED BRI, R, FEOYANEY F—v 2 VBRIIEAT 3 ebic, B - 240 TRES
BV YU N BEREL —RR, v 2 REFAVELSED Ry M7 —AEEY 2T AR
B L. VI ab—va VRORERH O DICHBRERB L OV 2T A2 EOBITEF N 28T 5 -
ETHD, FEMIL, FRLEREED S ODENOBRIN TV, B2ED EFEFAE2HN
e RE—« AL—THf] TIX, FREKES Y V¥, MRS — R, MEEEL Y. (2
RENPLRBIEREFRH Ry N7 —ADTRAF— X VTR AT LB HEE L, BITES AR H
WERIEGEEZRRL . v X4 — A L—THBEERIZ L VRE L SIEF EOE DS B bhic L,
HBIED EXKETV—SHWMEETHRF—ERB] Tk AL—T77—2 (BERE) RIETHAH
REEBSRF =T —5@ERELA) T T 4 — KRy 7T 3RENL 57 FABIHEEESRT 5 - bic.
MERERERE T L — B2 T~ 24— REBLRB L AEERIC L V<X ¥ —EBOF AR
ERLI, HARD IRBAFBRREL AV EREHE] T vy M7 —A0HERHET A 287
L. ThzRAVWer Ry N7 —LFROREFEE (FEF—FR VAT L) KONTR, HHEREE
RET LI, BEED BEHRFHFBRRNEAVEBEHE] Tk, b5 —o0BEHEEL LT, 8K
FRAEZRWVCESEE @EfHY—RT A7 0) 2REL, HHERICEIVZNLOEDES R L, &
6ED [£2uRy M7 —ADRTET V] Tit, FREKEV Y L FBGERENE 3SOBVERR Y
T—b NGO - P, B REVAT ALEOBITEFTARRRL, VAT ARG A—X D
BxfTole, BTED InRy N7 —ADYIalb—va USR] CIEBEELEREFALRELE
VRTINRFA=FZDEEZRNT, v RA¥—+ AL —THIECHERHOH BB I 2 L — a L 2T
V., EBEERLHEBL, BREFAVPAENATA—FOEMEEHR L, LT, 2008 EEES
EOBERE, AR, v X ME, EFUVEOBRR SR VR L, IR FERS AV B
i (BEY—R) OBIEEHELMC L, &biT, HEHI IaL—aitBW T, RRZESTEL
Yo EFa—TeRF7L FRT—VHCHFET HIERBER (7 —n VBERIOBILEE) Ok 325
ABTET, TRODEESHENE GUENE CRIFTHEFERNICH b L,

FHRDBERIL, B RT 4 7 R« A b= RAB0G EHIEEER 05 ORI B L - Eh i
HMAZBATEY, ZThbONBORERBRILEFBRICET 500 THSE, ZhOOHEREILSE
DX & L TEMRIGEICAR S M, BROERSBICBVWTHEERINATWS, ZhbDo b4k
BHICEE LR, ARSI L2MHBIE LTERTHS LD, BXRHEDEATR U7

(Mohd Aliff) X+ (T%) ORMZZFIBERBHILOLAD 3,




