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Abstract. Trajectory planning of robot has the important position in the control of robot. Taking the 
industrial robot for research objects, this paper carried out the continuous path planning for the 

robot end-effector, proposed the continuous path algorithm of robot based on CAD/CAM 
technology and realized NC machining simulation through the modeling technology of virtual robot. 

Finally, the analysis and experiments showed that the continuous path movement generated by the 
algorithm can satisfy the process requirements of complex machine with high speed and high 

precision because of higher precision and stabler operation. And then, on the basis of VERICUT, 
through modeling of virtual robot and modifying the parameter file and control file of robot, NC 

code generated in CAD/CAM system can be directly used to drive the robot for completion of 
simulation, and the whole process of simulation processing of robot is showed through a practical 

example. 

Introduction 

When the industrial robot is used in path tracing applications such as welding, cutting and flame 
spraying, the movement of end effector must follow the special trajectory in three dimensional 

space at the speed as rated as possible. In the following cases, when the speed, nodal acceleration 
and trajectory error of the end effector are limited, the trajectory planning may be very complex. 

For the trajectory planning without full consideration of these limitations, it often get bad results 
such as overshoot trajectory, deviation of the end effector from the given trajectory and excessive 

velocity fluctuation. Aiming at the basic features of robot, this paper proposed a new trajectory 
planning algorithm that the NC machining simulation is realized with help of modeling technology 

of virtual robot to make NC code generated in CAD/CAM system to directly drive the robot for 
completion of simulation, and the whole process of simulation processing of robot is shown through 

a practical example. 

Concept of Trajectory Planning 

Robot trajectory is generally refer to the movement trajectory of industrial robot during exercise, 
i.e., the displacement, speed and acceleration of the moving point. Trajectory planning is refer to 

calculation for the anticipated movement track according to the requirement of tasks, i.e., describing 
the task, movement path and track of robot, calculating the displacement, speed and acceleration of 

robot’s movement in a real time and generating the movement track. The trajectory planning of 
industrial robot belongs to the bottom planning of robot which basically does not involving artificial 

intelligence. Trajectory planning can be carried out in both joint space and cartesian space. 
When the trajectory planning is carried out in the cartesian space, the end effector of robot is 

used to plan the trajectory of function for definition in the cartesian space, it make the 
gripper&posture, speed and acceleration to be represented by a time function. The corresponding 

joint position, speed and acceleration are educed by the hand claw information. Because of joint 
actuation, the space constraint must be converted to the joint, and a certain function shall be used to 

describe and generate one trajectory to satisfy the joint restriction, and make it to be as close to the 
spatial path as possible. 

Trajectory planning method is generally refer to that a series of “control setting points” are 
generated by adding the interpolated points and the approaching points relative to the given path 

between the initial position and the target position of robot. The giving way of target trajectory 
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includes teaching playback and numerical control.  

Whether the teaching playback or the numerical control, it is required to generate the target 
trajectory between points and points. This target trajectory is generated according to different 

conditions and requirements, but some common principles must be followed. 

Conversion of Joints of Robot 

Transforming the interpolation points obtained from the Cartesian coordinate into the interpolation 
points in joints coordinate system, the joint variables of all interpolation points on the robot 

trajectory can be calculated in accordance with the reversal kinematic formula. To get the exact 
planned trajectory, we will carry out the trajectory planning in the cartesian space. If the end 

effector of robot want to move to the desired position, it must be clear to know the postures of link 
rods correspond to the points on the path. The determination of posture of the end link rod is 

required for the postures of all link rods. And the corresponding variables correspond to the joints 
are obtained according to knowledge of reverse kinematics. Therefore, posture of the end link rod is 

the key of solution. As required, the end effector is planned to be perpendicular to the operating 
platform, and the posture is obtained. 

 The operating speed of robot shall be firstly planned for calculation of operation time of robot. 
The operation speed of the end link rod of robot is planned to be a constant speed 20mm/s, and the 

operation time of whole trajectory is the sum of the operation time of each trajectory. The choice of 
speed of robot (mm/s): 

 In the robot controller, we can set the default as the speed of robot, and also can customize the 
speed of robot. The maximum speed can be set as v7000 which may not be achieved in the practical 

operation. For calculation of the joints variables of all trajectories of robot, the expression for joints 
variables based on the reversal kinematic of robot and MATLAB software are required. 

Trajectory Planning System for Robot 

The trajectory planning of robot includes two aspects which are optimization for the path of robot 

(i.e., space) and optimization for the moment that the robot move to the described position (i.e., 
time optimization). the purpose of trajectory planning is to make the machine hand (end effector) to 

move on the given trajectory more smoothly. The start, turning point and end are the movement 
points of discontinuity. At this time, the impulsive force may be very strong, even the acceleration 

may instant become infinite. It is ideal to set the acceleration of the machine hand as zero at these 
positions. Therefore, we should make the acceleration of robot to be as low as possible at these 

positions to protect the robot. According to the work space of robot, the path of robot is planned to 
avoid singular point and the case of exceeding the work space of robot as following.  

  This paper adopted the spline curves of CAD/CAM system. It may represent the analytical 
curve (as straight line, conical section, etc.) and the free curve (as uniform B-spline curve, etc.) 

accurately by uniform algebraic expression. Therefore, it is convenient for uniform database 
management and storage, and the program code size can be greatly reduced. The parameter form is 

used to represent curve in most of CAD/CAM systems. 
The specific process of extracting coordinates from G code obtained is as follows: 

With N001 G01 X10 Y20 as an example: 

  （1）Extract the single key character such as “N” and “G”; 

  （2）Match it to the characters in the character library constructed, next step if matched; 

  （3）Extract the number after character and store it in a buffer; 

  （4）Store the number obtained in the specified file. 

  The specific flow of planning system for robot is shown in Figure 1: 
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Figure 1. Continuous Path Planning System of Robot Based on CAD/CAM 

 

Through optimization for parameters that the movement trajectory obtained from CAD/CAM is 
optimized by replacing the parameter u with accumulative chord length s , the movement trajectory 

of robot is planed again to realize the information flow between computer aided 
design&manufacturing and robot system. The specific interpolation method is as follows: obtain 

NC code of processing profile through CAD/CAM; extract the features; fit the features to many 
sections of cubic spline curves; carry out the uniform interpolation for the sections of cubic spline 

curves; obtain the final interpolation point. The coordinates of posture interpolation of robot are 
obtained by carrying out the posture interpolation of robot according to the value of the 

interpolation point obtained by the robot. Lastly, with the reverse kinematics function for robot, the 
rotation angle values of all joints movements of robot are obtained according to the obtained 

position coordinates and the posture coordinates of robot. 

Conclusion 

As a very important and complex problem in robotics, the trajectory planning of robot has long 
been the keystone and difficulty of the study of robot. This paper mainly studied the continuous 

path of industrial robot. Based on the research work for robot, this paper proposed the continuous 
path planning algorithm for robot based on CAD/CAM technology that the further research is 

carried out based on the existing CAD/CAM system to make NC code generated in CAD/CAM 
system to directly drive the robot for completion of simulation, and the whole process of simulation 

processing of robot is shown through a practical example. This algorithm can help to resolve all 
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problems existed in the actual processing on a computer, reduce the development cycle of product, 

lower the production cost and improve the quality of products. 
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