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ABSTRACT

Abstract: In teleoperation field robotic system such as hydraulically actuated robotic excavator, the maneuverability and
convenience is the most important part in the operation of robotic excavator. Particularly the force information is important in
dealing with digging and leveling operation in the teleoperated excavator. Excavators are also subject to a wide variation of
soil-tool interaction forces.

This paper presents a new force reflecting joystick in a velocity-force type bilateral teleoperation system. The master system
is electrical joystick and the slave system is hydraulically actuated cylinder with linear position sensor. Particularly
Pneumatic motor is used newly in the master joystick for force reflection and the information of the pressure of salve cylinder
is measured and utilized as the force feedback signal. Also force-reflection gain greatly affects the excavation performance of
a hydraulically actuated robotic system and it is very difficult to determine it appropriately since slave excavator contacts
with various environments such as from soft soil to rock. To overcome this, this paper proposes a force-reflection gain
selecting algorithm based on artificial neural network and fuzzy logic.

Keywords: Field robot(*2 =2 &), Force reflection(3d %+3}), Joystick(Z©] 22 €]), Pneumatic rotary actuator(Z 4 2 E),
Master-slave system(V}2=E].&@o]H. Al2€l) Excavator(Z4}7]), Artificial neural network(Q! &4 43 2%, Fuzzy
logic(3 2] 2 4])
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Fig.1. Experimental Apparatus of Master System
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Fig.2. Experimental Apparatus of Slave System

Table 1. Specifications of Experimental Apparatus

A % B A K A F
HIAHEE D 0.88MPa
MEAACTEE | g g2b: 3oms
orel A 0 MPa ~1 MPa
LR FEC PR
zot 2elg] | Max torque: 0.65Nm(0.65MPa)

A AZt=: 90°

A/D BE 12 bit Resolution
D/A BE= 12 bit Resolution
L H ¥ 24 bit up/down counter

gjyo] aizg | 0.12 mm/count
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Fig.5. Step Response in 0.35, 0.45, 0.55[MPa]
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Fm : forces applied to the master arm
Xm : position of the master arm

Xe : function of the environment
Kf: force reflection gain
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Fig.6. Block diagram of a master-slave arm
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