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Annotation  
This paper discusses the problem of effective motion planning for industrial robots. The first part dealt with 
current method for off-line motion planning. In the second part is presented the work done with one of the 
simulation system with automatic trajectory generation and off-line programming capability [4]. An spot 
welding process is involved. The practical application of this step strongly depends on the method for robot path 
optimization with high accuracy, thus, transform the path into a time and energy optimal robot  program for the 
real world, which is discussed in the third step. 
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1 INTRODUCTION 

In the modern automotive industry is the use of robots common, although when they are used on the body in 
white welding lines, the number of complications occur for two main reasons. The first is the complicated 
structure of welding fixtures and a variety of shapes of the car body parts. For this reason, the working tool 
(welding gun), very often reach the welding location in a confined space. The second reason is the large number 
of welding locations on the parts of the body in white, resulting in a long trajectory of a welding robot. As a 
result, cycle time of the line is extended. Considering special requirements of body in white welding line, as in 
[4] are known three characteristics of the optimal trajectory planning for robots: 
- Due to the large number of welding locations, direct calculations are of the high demands of time and 

hardware resources. 
- Given the complexity of welding fixtures and car body parts, path planning by routine optimization 

algorithms find only theoretical trajectory. In practice, it is necessary to modify the theoretical trajectory to 
avoid robot collisions with the fixtures and workpiece. 

- Given that the planned trajectory should be constantly modified, high precision optimization algorithm is 
needed. 

2 METHODOLOGY OF ROBOTIC WORKCELL SIMULATION 

Robotic workcell simulation is a modelling-based problem solving approach that aims to sufficiently produce 
credible solutions for a robotic system design [1]. The methodology consists of six steps, as shown in Figure 1. 

 

 

 

 

 

 

 

Fig.1 A methodology for robotic modeling 
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The aim of most manufacturers is that all programming of robots will run in offline mode. This allows to make 
quick changes in production (about tens of hours), to run coming models (product) production and to reach full 
production with high quality within a few weeks [2]. Programming, as well as simulation can be performed 
before starting installation work because programs are created offline. Programs can be tested first and after the 
robots installation is finished all the programs are ready to start production. 

3 DESIGN AND ANALYSIS OF CASE STUDY 

Robotic simulation is based on using the real controller motion planning software, allows extremely accurate 
cycle time and motion calculations [4]. The simulation model is used throughout the life cycle of stations for 
proposition and verification of changes in geometric and process flow. This methodology may include: 
- Build a realistic workcell model, requires a complete implementation and evaluation of robotic operations. 
- Technical feasibility studies for all working points. 
- Examination of the reachability of all working points. 
- Collision analysis for each robot to its working environment. 
- Build the kinematic model of the production facilities. 
- Balancing cycle times of individual robots and the production line. 
- Creating a movement of the tool and production facilities with state and wait signals. 

 

 

Fig.2 Case Study of Robot spot welding (Robcad) 

It is appropriate and simple to program robots in workpiece coordinates. Workpiece coordinate system is usually 
used in the CAD and CAPE Systems (eg Catia, Robcad). In order to use the coordinates of these systems and 
transfer them into robots, i.e. programmed them off-line, robots must be programmed in the coordinate system of 
the workpiece. It also facilitates the planning of paths for all the appropriate parts, if e.g. any used pose or path 
has only one coordinate set. Programming in the coordinate system of a body is a method that enables a quick 
and easy balancing pose and path among different robots and stations. These facts indicate that it is important to 
have proper models of all active stations. And that´s the reason why it is necessary to use RCS-modules for the 
robotic station in order to achieve a decision based on correct analysis. The following figure shows Case Study 
of Robot Palletizing using Robcad. 

4 TRAJECTORY PLANNING 

Most of the off-line motion planners are based on an explicit representation of the free C-space. The free C-space 
computation consists of the obstacle transformation into the C-space and the construction of a free-space 
representation. Both tasks are very time and memory consuming, and their calculation effort increases with the 
robots DOF. In order to avoid these time consuming obstacle transformations, one can search in an implicitly 
represented C-space and detect collisions in the workspace. This strategy enables the planner to cope with on-
line provided environments, moving obstacles and grasped objects. For searching in the implicit C-space, we 
apply variation of the A*-search algorithm shown in figure 3. The main task of the A*-algorithm consists of the 
expansion and the processing of configurations, which are C-free. In the first step, the algorithm search for 
collision free path between the goal configurations. The next step is to connect the starting location of the 
trajectory to the nearest node path between goal configurations. Obstacles are circumvented along the 
perpendicular vector from actual location toward the next goal location. 
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Fig.3 Searching collision-free path between the goal configurations 

5 MODEL ADJUSTMENT AND OPTIMIZATION 

To ensure accuracy of the real technological process is necessary to calibrate offline programs. Calibration has 
the most important influence on the acceptability of offline programming as only in case the virtual environment 
can be precisely mapped into the real environment, we can use automatically generated program in practice. 
Generally we distinguish among the 3 calibration methods [3]: 

1. Device calibration; Positions alignment of robots included in simulation with on-site use positions.  
Here we distinguish between 2 further cases: 
a) Robot is calibrated relative to the position of the fixture where the number of robots is 

associated to one fixture. 
b) Fixture is calibrated in case the number of fixtures is associated to one robot. 

2. Tool calibration; By production conditional deviations of tool from required values. 
3. Robot calibration by mathematical correction of positional error, that may occur by producing 

contingent dimensional and angular deviations of the robot axes. 

Considering the optimization the goal is to achieve a reasonable compromise between finding a long path that 
can be execute faster and shorter path, which requires movement at lower speed. For this purpose we can use 
several methods to achieve optimal result. For robot path optimizing of welding line of body-in-white, much 
more experience and subjective judgment were needed. Trajectory planning examined only the kinematics of the 
robots. In the following optimal velocity profiles must be computed, necessary for a time and energy optimal 
path execution. Therefore, several robot constraints like maximal joint velocities, maximal joint accelerations, 
admissible motor- and gear moments etc. have to be considered. In the body in white welding line mostly of 
welding or placement operations are implemented by point to point (PTP) movement. At PTP movement all axes 
starts moving in the same time and also stops simultaneously after a time frame that is necessary by the axis that 
requires the most time to reach the target angle. Since most placement operations expectation a specific 
trajectory only in a matter that any collisions are avoided, there is an open space for trajectory optimization. 

 
 

 

 

 

 

 

 

Fig.4 Principle of point approximation 

Most of robot controllers allow to fly-by the programmed locations of TCP within the predefined range and 
without stopping there. This effect is called point approximation and is used by movement between work 
locations using the so-called via location. It creates the movement smoother, often shorter and therefore quicker. 
An example of approximation between two TCP linear movements is shown in figure 4. The actual optimization 
possibilities are dependent on initial robot’s program. The disadvantage at large approximation distance is the 
deviation from the original path. However, 100% approximation does not mean that the TCP will always be 
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going to fly-by the via location in the same distance as far as the deviation does not lead to any collisions it is a 
practical approach to save up 20% of movement costs. 

 

Fig.5 Cycle time and energy saving comparison 

Another point of optimization is to evaluate movement profile in correlation between tasks cycle time and the 
potential energy savings. Running the robot at lower speed, the total consumption decreases, running a robot at 
constant speed and decreasing the acceleration, the consumption decreases as well. From the figure 5 may derive 
conclusion that if there is a spare time to do the task slower, it is worth to do so. For example, if it takes 10 
seconds to do the pick the component and place somewhere else, and just after that the robot is waiting another 5 
seconds for some external signal, there is actually 50% extra time to complete this movement, and by moving 
slower it may be saved 20% of energy per this cycle time. 

6 CONCLUSION 

The aim of this article was trajectory planning and optimization of robot welding path according to effective 
energy consumption and cycle time exploitation. Our proposal is based on the Robcad simulation model and 
therefore we don't present a proposal of real robotic workcell. Because of the fact that the actual savings are 
hardly application dependent and one method may as rise as decrease the influence of others, so only the statistic 
averages are estimated. Future research work will involve studying the optimization effect of the several 
planning algorithms. 
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