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1. Introduction 
 

Electric actuators play acrucialrole in automatic 

systems. In recent decades, automatic technology has 

been applied increasingly in rehabilitation 

applications such as painting and welding work. 

Nowadays, robotic welders and painters are used 

widely because of the capability of providing 

impeccable repeatability and high welding quality on 

the desired trajectory. The desired trajectory control 

performance may be made by small teaching robot,1) 

joystick,2) teaching pendant3) or teaching by the 

operator.4) Overall, robotic manipulators are nonlinear 

multi-input multi-output systems having to face 

various uncertainties such as pay load parameter, 

internal friction and external disturbance.5-6) In 

addition, they generally works in gravitational fields 

where gravity force is the major cause of positioning 

error in set-point control.7) 

The authors applied a motion regeneration 

technique to the 3DOF manipulator.8-9) In this study, 

the manipulator is only moving on the plane without 

considering gravity force. Various techniques have 

been developed for position control of robot systems 

to regenerate the desired route accurately. In the 

industry applications, PID and advanced PID 

approaches are well known technique.10-12) Generally, 

PID gains were derive dusing many methods such as 
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genetic algorithm and fuzzy technique, etc. And the 

nonlinear controllers such as adaptive control are also 

set up in this field.3-4) However, these approaches 

require an exact model or on-line model identification. 

In this paper, a method for easily recognizing and 

regenerating robot motion is studied on the three 

degree-of-freedom robot system. To obtain the 

transfer function which represents dynamic motion of 

an arm, the identification process using step response 

is introduced. Next, the control lersare designed based 

on PID control algorithm. To regenerate target route 

exactly, the operator moves the end-effector of robot 

to the specified positions and orientations, and the 

route data of each arm are stored in the memory. 

These data are used as the reference signals for 

controllers. Finally, the effectiveness of the proposed 

method is successfully investigated by experimental 

results. The rest of this study is organized as 

followings. In Section 2 presents the mathematical 

model identification process, and Section 3, the 

controller is derived. In Section 4 shows the 

experiment results are shown.  

 

2. Identifying Mathematical Model 
 

As well known, to design the control system for a 

specified system, it is necessary to have the 

mathematical model which reflects the dynamic 

characteristics of the system. For many researchers in 

the field of robotics, to obtain the mathematical model 

of the robot system, they usually apply the Newton – 

Euler equations of motion, the Lagrangian 

formulation of motion or identification process. 

However, the method by using either the Newton – 

Euler method or the Lagrange is not a realistic 

alternative, because it is extremely difficult to 

measure mass, inertia tensor and physical properties 

of the robot system. Furthermore, the effect caused by 

friction is significantly complicated to be modeled 

exactly. It is obvious that the identification process 

using position and either torque or force data by 

collecting from experiment is a difficult mission to 

obtain the total robot dynamics.15-16) 

To overcome these difficult issues, in this study, we 

present an accessible identification method to attain 

the model of arms on a robot system. Due to 

instability of open-loop response, the closed-loop 

system with P controller is introduced to get the stable 

response as illustrated in Fig. 1. 

 

Fig. 1 Closed-loop system for obtaining model 

 
 
To obtain the model which describes the motion 

dynamics of an arm, the authors use the step response 

of the closed-loop system. Among many step 

responses of the arm with respect to different 

reference values, the one sample is chosen to 

determine the model by considering operating range. 

This is treated as modeling process and highly 

depends on the operating range of the arm. Therefore, 

the order of the closed-loop transfer function )(sGc  
is 

established by choosing representative response. As 

well known, a system which may have system order 

higher than second can be approximated to the second 

order model. In this study, the second order model is 

chosen to characterize all responses of the closed-loop 

system. The two critical parameters, damping ratio 

and undamped natural frequency n of the second-

order system are calculated according to Percent 

overshoot POT, Steady-state error ess and Settling time 

ts which are well known facts. For easy understanding, 

parameters of step response of the second order model 

are illustrated in Fig. 2. 
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response of the first, and third arm meanwhile the 

representative response of the secondarm is response 

at 25 degree to obtain the mathematical model. Then, 

the undamped natural frequency and damping ratio 

are calculated from these responses and transfer 

functions of arms are built and simulated in 

Matlab/Simulink. This needs several tuning times to 

fit simulated results as close as possible to 

experimental responses. Figs. 9~11 display the results 

for the process. Hence, the transfer function for each 

arm is obtained as follows: 

,
)24(

189
)(1 


ss
sG

 

)14(

74
)(3 


ss
sG  (8)  

 

 
Fig. 9 Simulated and real motion of the 1starm at 300 

 

 
Fig. 10 Simulated and real motion of the 2ndarm at 250 

 

 
Fig. 11 Simulated and real motion of the 3rdarm at 300 

 

 

4.3 Controller design 
The parameters of PID controllers are calculated 

according to Eq. (7) based on the transfer functions 

obtained in Eq. (8) with the desired performances of 

the closed-loop system POT=5%, settling time 

ts=0.12s and steady-state error =5%. Then, controllers 

are simulated and tuned in experimentation to attain 

the best performance. Finally, the PID gains are 

chosen as follows: 

5
111 104.3,0,184.0  DIP KKK

5
222 1033.1,0,1303.0  DIP KKK

5
333 106.8,0322.0,474.0  DIP KKK  (9) 

 

4.4 Experimental result 
To regenerate desired trajectory, the operator moves 

the end-effector of robot to the specified positions and 

orientations, and the route data of each arm are stored 

in the memory. These data are used as the reference 

signals for controllers. Figs. 12~14 show the control 

performances for regenerated motion, Table 2 shows 

the root-mean-square error (RMS). 

 

Fig. 12 Regenerated motion and error of the 1starm 

 

Fig. 13 Regenerated motion and error of the 2ndarm 
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Fig. 14 Regenerated motion and error of the 3rd arm 

 

Table 2 RMS error [deg] 

Arm 1stArm 2ndArm 3rdArm 

RMS Error 0.81 0.92 0.34 

 
5. Conclusion 

 

This research introduced a simple method to model 

and design controller for regenerating motion of a 

robot system made by the operator. The mathematical 

model and the PID controller of the arm were 

calculated independently by considering small scale 

industries. In the small scale working places, few 

professional robot engineers are there. 

From the experimental results, it is clear that the 

proposed strategy is simple, can achieve good 

performance with acceptable error. Moreover, it can 

be concluded that there no need to build the entire 

dynamic equations which are significantly 

complicated to be obtained and design the controller 

for a MIMO system. For further works, the modern 

controllers such as robust, adaptive and sliding mode 

must be deployed to the system to deal with variation 

of parameters as well as disturbances. 
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