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Abstract 

This study is the reviewed on the modeling, simulation optimization, kinematics and dynamics of the robot’s arms, 

a first study conducted in a wider research that will be further developed in the field of the trajectory generating 

mechanisms of the robots. After an introduction about the importance of the robots in the industrial processes and 

about the necessity to optimize the robot's motion, are presented some recent approaches related to the kinematic, 

dynamic analysis, the optimization of the robot's motion, and modeling of the trajectory generating mechanism of 

the robots. 
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1. Introduction 

In the physical world, robots are physical agents that attain tasks by manipulation. In general, to sense the envi-

ronment and effectors to claim physical forces on it robots are equipped with sensors. In the automation process, 

industrial robots play a most important role in grinding method. The majority of the grinding robots work in an 

inhibited environment, where instantaneous position and force control is vital 

In the context of increasingly stringent need to reduce costs and increase productivity, it was passed to the 

extensive use of the industrial robots in automated production processes. The main problem that arises is the 

overall efficiency of the robotic system in the production process. A key issue for efficiency is the optimality of 

the entire set of the robot motion within the industrial applications. Nowadays adventure of advanced software 

packages facilitated modeling and simulation of complex systems and many researchers are engaged in this field. 

In this study procedure of providing a numeric prototype for modeling and simulating robot manipulators using 

software package is introduced with an example.  
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2. Literature Review 

Heim and Stryk [1] research and obtained the best possible robot trajectories by constrained optimal control of 

full, nonlinear dynamic robot models. Tailored direct transcription methods rapidly compute approximations of 

the optimal control and the optimal trajectory. The offline optimized trajectories can already be implemented 

almost automatically using fly by points yielding a significant reduction in the cycle time. Thus, trajectory opti-

mization is already well suited as a new tool for computer-aided robotics. 

 

Munasinghe et al. [2] presented the general solution to the contouring problem of industrial robot arms, under the 

constraints of assigned Cartesian velocity and joint torque/acceleration. The proposed solution is an off-line tra-

jectory generation algorithm and, therefore, it possesses significant industrial implications, as no hardware 

changes are needed for its implementation. According to the proposed method, maximum utility of joint torque/ac-

celeration is guaranteed bound to the assigned velocity constraint. In the proposed method, a realizable trajectory 

is generated from the objective trajectory and it is compensated for delay dynamics using a forward compensator. 

The proposed method has been experimented with Performer MK-3s (PMK-3s) industrial robot arm in that opti-

mum contouring has been realized. 

 

Ata [3] reviewed, discussion and analysis of optimization techniques to find the optimal trajectory either in Car-

tesian space or joint space are presented and investigated. Optimal trajectory selection approaches such as kine-

matics and dynamics techniques with various constraints are presented and explained. Although the kinematics 

approach is simple and straight forward, it will experience some problems in implementation because of lack of 

Inertia and torque constraints. The application of Genetic Algorithms to find the optimal trajectory of manipulators 

especially in the obstacle avoidance is also highlighted. Combining the Genetic Algorithms with other classical 

optimization methods proves to have better performance as a hybrid optimization technique. 

 

Gea and Kirchner [4] verified the theoretical aspects in a simulated environment and the results have shown the 

validity of the approach, some experiments are to be performed on a real platform. An experimental setup is being 

prepared where a Mitsubishi PA-10, a seven degrees of freedom industrial robot arm, is used to test the impedance 

control in a real scenario. The robot will make use of force sensors on its wrist to sense the contact forces and 

adapt its grasp to the object being manipulated. 

 

Qassem et al. [5] analyzed the kinematics analysis of the AL5B robot arm and Graphical User Interface (GUI) 

was developed to test and simulate the motional characteristics of the Robot arm. A physical interface between 

the AL5B robot arm and the GUI will be designed. The developed system will be identified as an educational 

experimental tool; it can be used in graduate and undergraduate robotic courses to realize the relationships be-

tween theoretical and practical aspects of robot manipulator motions in real time. 
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Banga et al. [6] presented the optimal movement of 4 DOF robotic arm using inverse kinematics. An optimization 

method based on the genetic algorithms and fuzzy logic is evaluated. In the developed genetic algorithms, in order 

to obtain the optimal angular displacements for the robotic arms in the whole workspace, elitism has been retained 

from the previous generation to the next. 

 

Reddy et al. [7] proposed robust technique and was used to predict the optimized value from the generate chro-

mosomes. In general, there is some conflict in experimentally obtained value and numerically obtained value. In 

order to eradicate those conflicts, to optimize the parameter value and minimize the error occur in those equation, 

which certainly gives the optimized value which is closely nearer to that of experimentally obtained value. The 

obtained optimized value should certainly improve the flexibility of robotic arm. 

 

Ranjan et al. [8] presented and generated the block model and machine model of Robotic humanoid arm Using 

MATLAB Simulink. Equations of Kinematics are derived by using D-H notation. By this equation and inverse 

kinematics parameters for the motion trajectory have been determined. Kinematic parameters are divided into two 

groups namely, link parameters and joint parameters. Geometric model and motion of robotic humanoid arm with 

two link model with 3 Degree of freedom and arm with palm and fingers with 18 degree of freedom has been 

realized. Virtual simulation of the arm is also first step in actually controlling the mechanical structure. 

 

Duicu and Popa [9] presented a model of five axis robot arm and its simulated trajectory. This type of robot is 

fast, accurate, reliable and easy to program. Robot arm has sensors and is designed for handling objects without 

human intervention. Presented robot has five degrees of freedom, all his movements are rotating. For modeling 

the robot arm we used SolidWorks software and for trajectory simulation, used Matlab and Simulink software. 

 

Patel and George [10] concluded and presente the mathematical formulation of complete kinematics and dynamics 

of two degrees of freedom robotic arm. The simulation of kinematics and dynamics is performed using Pro/Engi-

neer software and results are compared with analytical results. The results are plotted for the performance meas-

urement using condition number and manipubality index. The value of condition number is not well at time of 

actuation as well as at time of reaching the end of joint limit. The work space boundary represents the limitation 

of actuations and the space for a placement of work parts. In a robot joint, it is known that friction can relate to 

temperature, force/torque levels, position, velocity, acceleration, lubricant properties. In his work, models in-

cluded nonlinearities and frictions are neglected. It was observed that average variation in the torques computed 

by Newton’s Euler at the both joint axis around 3% at all possible position compared to Lagrangian dynamics  
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3. Conclusion & Future Scope 

The present study for the modeling simulation and optimization of different robotic arm and its trajectory selection 

of robot has been introduced. Kinematics approaches give interesting results but when comes to reality inertia and 

torque constraints make it difficult to implement. Dynamical approaches prove to be more realistic in terms of in-

corporating torque constraints and joints physical limits. Sometimes nonlinearities and unmodelled dynamics are 

still problems in fulfilling the full dynamics model specially for flexible manipulators.  
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