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<Abstract>

We describe a new approach to the analyze the control performance of robotic 

manipulator based on the monitoring system. The structure of monitoring simulator is 

consist of seven modes such as control state mode, coordinate mode, input/output 

mode, program mode, parameters mode, and track mode. The applied control 

algorithme consists of an time varying feed-forward and feedback controller. The 

proposed scheme is simple in structure, fast in computation, and suitable for real-time 

implimemtation. Moreover, this scheme does not require any accurate dynamic 

modeling and values of parameters. Performance of the proposed monitoring system is 

illustrated by simulation and experiment for robot manipulator with six degrees of 

freedom.
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1. INTRODUCTION

Current industrial approaches to the design 

of robot arm control systems treat each joint 

of the robot arm as a simple 

servomechanism. This approach models the 

time varying dynamics of a manipulator 

inadequately because it neglects the motion 

and configuration of the whole arm 

mechanism. The changes in the parameters of 

the controlled system are significant enough 

to render conventional feedback control 

strategies ineffective. This basic control 

system enables a manipulator to perform 

simple positioning tasks such as in the 

pick-and-place operation. However, joint 

controllers are severely limited in precise 

tracking of fast trajectories and sustaining 

desirable dynamic performance for variations 

of payload and parameter uncertainties. In 

many servo control applications the linear 

control scheme proves unsatisfactory, 

therefore, a need for nonlinear techniques is 

increasing.[1] 

In the recent decade, increasing attention 

has been given to the tracking control of 

robot manipulators. Tracking control is 

needed to make each joint track a desired 

trajectory. A lot of research has dealt with 

the tracking control problem.

It is difficult to obtain the desired control 

performance when the control algorithm is 

only based on the robot dynamic model. To 

overcome these difficulties, in this paper we 

propose the adaptive control schemes which 

utilize a neural network as a compensator for 

any uncertainty. To reduce the error between 

the real uncertainty function and the 

compensator, we design simple and robust 

adaptive laws based on Lyapunov stability 

theory. In the proposed control schemes, the 

NN compensator has to see many neural 

because uncertainties depend on all state 

variables. To overcome this problem, 

therefore, we introduce the control schemes 

in which the number of neural of the NN 

compensator can be reduced by using the 

properties of robot dynamics and 

uncertainties.[2]

This paper describes a new approach to 

the design of monitoring system and 

real-time implementation. 

This paper is organized as follows: In 

Section Ⅱ, the kinematics model of the 

robotic manipulator is derived. Section Ⅲ 

proposes the control algorithm based on the 

stsbility method, and monitoring simulator, 

Section Ⅳ presents simulation and 

experimental results for an sixs joints robot. 

Finally, Section Ⅴ discusses the conclusions.

2. ROBOT MANIPULATOR KINEMATICS

Let us consider a no redundant joint 

robotic manipulator in which the n×1 

generalized joint torque vector τ(t) is related 

to the n×1 generalized joint coordinate 

vector q(t) by the following nonlinear 

dynamic equation of motion
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       (1)

where   is the n×n symmetric 

positive-definite inertia matrix,   is the 

n×1 coriolis and centrifugal torque vector, 

and   is the n×1 gravitational loading 

vector.[3]

Equation (1) describes the manipulator 

dynamics without any payload. Now, let the 

n×1 vector X represent the end-effector 

position and orientation coordinates in a 

fixed task-related cartesian frame of 

reference. The cartesian position, velocity, 

and acceleration vectors of the end-effector 

are related to the joint variables by

  

  

    
(2)

where Φ(q) is the n×1 vector representing 

the forward kinematics and J(q) = [∂Φ(q)/∂

q] is the n×n Jacobian matrix of the 

manipulator.[4]

Let us now consider payload in the 

manipulator dynamics. Suppose that the 

manipulator end-effector is firmly grasping a 

payload represented by the point mass . 

For the payload to move with acceleration 

  in the gravity field, the end-effector 

must apply the n×1 force vector   given 

by

   
    (3)

where g is the n×1 gravitational 

acceleration vector.[5]

The end-effector requires the additional 

joint torque 

   (4)  

where superscript T denotes transposition. 

Hence, the total joint torque vector can be 

obtained by combining equations (1) and (4) 

as

         (5)

Substituting equations (2) and (3) into 

equation (5) yields


    

        
(6)

Equation (6) shows explicity the effect of 

payload mass  on the manipulator 

dynamics. This equation can be written as

  

  


      

(7)

where the modified inertia matrix 

  

 is symmetric and 

positive-definite. Equation (7) constitutes a 

nonlinear mathematical model of the 

manipulator-plus-payload dynamics.[6]
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3. MONITORING SYSTEM

3.1 CONTROL ALGORITHM

Robotic dynamic equation (7) can be 

written as 

   
    

  


  



 

(8)  

where       and   are n×n matrices 

whose elements are highly nonlinear 

functions of     and . In order to 

cope with changes in operating point, the 

controller gains are varied with the change 

of external working condition. [5]

The control action is derived as equation 

(9)

   

  


 


 



  







(9)
 

where 

  


  


 are feedforward 

time-varying adaptive gains, and 

  and 



  are the feedback adaptive gains, and 



 is a time-varying control signal 

corresponding to the nominal operating point 

term, generated by a feedback controller 

driven by position tracking error   defined 

as    .[6]

3.2 MONITORING SIMULATOR DESIGN

Fig. 1 is a demonstration line monitoring 

system platform for smart factories, which 

consists of seven modes: control status mode, 

coordinate system mode, I/O mode(input/ 

output), 3D simulation mode, program mode, 

parameter mode, and data record mode to 

develop monitoring system platform and 

verify performance. 

Fig. 1 The structure of monitoring simulator 

platform

 

4. SIMULATION AND EXPERIMENTS

4.1 3D model generation

The Fig.2 (a) is first operating menu in 

monitoring simulator. The Fig.2 (b)∼(h) 

present 3D model generation process of 

joint1, joint2, joint3, joint4, joint5, and joint6 

respectively.
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4.2 3D simulation test

This section represents the simulation 

results of the position and velocity control of 

a six-joints robotic manipulator by the 

proposed control algorithm, as shown in Fig. 

1, and discusses the advantages of using joint 

controller for motion control. The scheme 

(a) Simulator (b) Base

(c) Link1 (d) Link2

(e) Link3 (f) Link4

(g) Link5 (h) Link6

Fig. 2 The process of 3D model generation of 

articulated robot system with six joints by 

monitoring simulator

(a) Simulation1 (b) Simulation2

(c) Simulation3 (d) Simulation4

(e) The data of velocity, torque, and position

(f) velocity graph

(g) torque graph

(h) position graph

Fig. 3 The track record results of velocity, 

torque, and position for joint 1 of robot
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(a) Simulation1 (b) Simulation2

(c) Simulation3 (d) Simulation4

(e) The data of velocity, torque, and position

(f) The data of velocity graph

(g) The data of torque graph

(h) The data of position graph

Fig. 4 The track record results of velocity, torque, 

and position for joint 2 of robot

(a) Motion1 (b) Motion2

(c) Motion3 (d) Motion4

(e) The data of velocity, torque, and position

(f) The data of velocity graph

(g) The data of torque graph

(h) The data of position graph

Fig. 5 The track record results of velocity, torque, 

and position for joint 1 of robot
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developed in this paper will be applied to 

the control of a robot with six axes. Fig. 3 

represents link coordinates of the robot.  

Fig.3 represents the data record results of 

velocity, torque, position track record for 

joint 1of robot.     

Fig.4 represents the data record results of 

velocity, torque, position track record for 

joint 2 of robot.

4.3 Experiments and results

Fig.5 represents the data record results of 

velocity, torque, position track record for 

joint 1 of robot

It is assumed that drive systems are ideal, 

that is, the actuators are permanent magnet 

motors which provide torques proportional to 

actuator currents, and that the PWM inverters 

are able to generate the equivalent of their 

inputs.

In all simulations the load is assumed to 

be unknown, the control algorithm given in 

equation (9)

Fig.6 represents the data record results of 

velocity, torque, position track record for 

joint 2 of robot system.

5. CONCLUSIONS

We proposed a new approach to the 

real-time implementation of control 

performance analysis for robotic manipulator 

(a) Motion1 (b) Motion2

(c) Motion3 (d) Motion4

(e) The data of velocity, torque, and position

(f) The data of velocity graph

(g) The data of torque graph

(h) The data of position graph

Fig. 6 The track record results of velocity, torque, 

and position for joint 2 of robot
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based on the monitoring system.

Another attractive feature of this simulator 

scheme is that, to generate the 3D model of 

robot system, it neither requires a 

mathematical model of the robot arm 

dynamics nor any information of the 

manipulator parameters and uncertainties. By 

the simulation and experiment,this monitoring 

system has been illustrated to be suitable to 

the real-time track record of robot system. 

Acknowledgments

This study was supported by Industrial 

Technology Innovation Project (Project 

Number: 20005020). 

References

 [1] S. Dubowsky, and D.T. DesForges, “The 

Application of Model Reference Adaptation 

Control to Robot Manipulators,” ASME J. 

Dyn. Syst., Meas., Contr., Vol. 101, pp. 

193-200, 1979.

 [2] D. Koditschek, “Quadratic Lyapunov Functions 

for Mecanical Systems,” Technical Report No. 

8703, Yale University, New Haven, CT, 1983.

 [3] A. Koivo and T. H. Guo, “Adaptive Linear 

Controller for Robot Manipulators,” IEEE 

Transactions and Automatic Control, Vol. 

AC-28, pp. 162-171, 1983.

 [4] P.C.V. Parks, July 1966, “Lyapunov Redesign 

of Model Reference Adaptive Control System,” 

IEEE Trans. Auto. Contr., Vol. AC-11, No. 3, 

pp. 362-267.

 [5] Y.K. Choi, M.J. Chang, and Z. Bien, “An 

Adaptive Control Scheme for Robot 

Manipulators,” IEEE Trans. Auto. Contr., Vol. 

44, No. 4, pp. 1185-1191, 1986.

 [6] P. Tomei, “Adaptive PD Controller for Robot 

Manipulators,” IEEE Trans. Robotics and 

Automation, Vol.7, No.4, Aug. 1991.

(Manuscript received October 20, 2020; 

revised November 4, 2020; accepted November 23, 2020)


