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Abstract: Problem of the collision space modeling for RM501 robot has been researched. Collision space model is prerequisite for the robot trajectory calculation in the presence of obstacles. Instead of model building in the configuration space, modeling in the external coordinates has been used. This approach provides acceptable model length and time for its calculation. Calculated trajectory is similar to the human like solution faced with the same problem.
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1. Introduction





If any problem occupies robotics several last years this certainly is problem of robot movement in space with obstacles. Why this problem and its solution are so important? Because if you know the solution of this problem you can make robot "intelligent" behavior. It means you can explain  robot task (i.e., programming a robot) by the human language, with no specially explanation how to avoid obstacles during the task execution. This kind of program will be short and clear understood (Crneković 1995). The problem exists both for mobile robots and for fixed robot arm. Solution methods are similar and always are compromise between execution time and accuracy/reliability. In this article obstacle space has been  modeling for the RM501 robot (Heine 1991).





2. ROBOT SPACE MODELING





Robot Mitsubishi RM501 has 5 rotational degrees of freedom, fig. 1. For robot trajectory building it is necessary to know its kinematics. Internal and external robot coordinates are connected by the following equations:


� EMBED Equation.2  ���
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Each internal coordinate is limited from  qi.min to qi.max. These limits are well known and could be take into account in the final trajectory solution. Behind that, each robot link dimension should be determined for later collision calculation.




































































Fig. 1. Robot Mitsubishi RM501





There are several methods how robot space could be modeled. One of the common and wide accepted is configuration space method (Crneković 1992, Crneković 1996) or C-space.


In the C-space method problem of the robot collision by obstacles is transformed in the robot internal coordinates. Each internal coordinate is discretized and for each set of qi collision by any obstacle is calculated. If there is no collision then qi set is free, otherwise it is occupied and could not be a potential point for trajectory solution. In the case of robot RM501 C-space is 5-dimension space. If we take into account each coordinate limit and discretization of only 10(, then total number of C-space will be 2 274 480 cells (sets of qi). It is obviously, that such large model is not recommended for starting the problem solving. So we will have to find some another way.


Let us back to external coordinates (x, y, z, (, (). The idea is next: Let us select a cube in front of the robot, inside which all robot movement will be done. Let dimensions of the cube be length(width(high = 600(300(500 mm and discretization of each coordinate is 20 mm. In that case the total number of cells in working cube will be "only" 12 896. For each cell (i.e., set of x, y, z) collision by any obstacle is calculated. At that point we will find out that result is not well defined, because it is possible more robot orientation ((,() in the same point (x, y, z). The cell (x, y, z) will set free if exist at least one set of orientation ((,() for which there is no collision between robot, working port and any obstacle around the robot. In such a space, occupied by free and full cells, it is possible to find the robot trajectory that is the shortest from a start to a goal position. If the robot moving along the trajectory there will be no robot collision by any obstacle.


It is obviously that calculated trajectory will not be optimal in global sense (like it will be if it was calculated in C-space), but it will be designed in much less, acceptable time. After all, "intuition" tell us that it will not be far away from optimal solution.





3. COLLISION CALCULATION





Each obstacle, working part and robot can be presented by set of cubes. Obstacles are presented by static cubes, while robot cubes depends on robot position (working part could be consider as a part of the robot). The most often only one cube is necessary for each robot link, obstacle and working part presentation, but if a part has complex geometry more than one cube can be used. The robot consists of three links (some parts of the robot are neglected because they never enter into the working space) and the working part, which are presented by five cubes. Cubes position and orientation depends on robot position (x, y, z) and orientation ((,(). Thus a problem of robot collision by any obstacle could be stated as: for a given position and orientation, the robot is in collision if any of its cube collides by any obstacle cube. Now it is necessary to develop an algorithm for cube to cube collision detection.


�Although there are several methods to calculate this collision, we need some which is enough fast and reliable (it has to answer only with yes or no). This is because of necessary calculation for all of 12 896 cells in working space.
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Fig. 2. Slice of the collision space model at level z=40 mm (not in scale). Two obstacles are in the working space.





Cube To Cube (CTC) collision algorithm is divided in several steps. Because each cube consists of six areas, CTC collision problem is transformed in Area To Area (ATA) intersection algorithm. That means: if any robot cube/area is intersected by any obstacle cube/area that cell is not free. Because each area consists of four lines, ATA algorithm is transformed to Area To Line (ATL) intersection algorithm. Thus a final rule for the robot collision by the environment is: if any robot cube/area is intersected by any obstacle cube/area/line (or vice versa) that cell is not free. It means that ATL intersection algorithm is the basically algorithm for the robot space modeling. Its basis is matrix of homogenous transformation.


	Applying the CTC, ATA and ATL algorithms, fig. 2 presents a slice of the collision space model for the robot RM501 at level z=40 mm. Symbols have meaning:


	(	cell is free


	(	position is out of the robot range


	o	collision by the working part


	i	collision by the robot gripper


	Because the robot and obstacles dimensions are the same order, the free space is relatively small. Thus, situations are possible where solution of collision free trajectory does not exist. For complete model building on the PC Pentium 166, 360 seconds is required. This time strongly depends on the number of obstacles and their dimensions, and could be significantly reduced as explained in the conclusion. As long as robot environment does not change, free space model is valid and there is no necessary for its new building.


	After the model of the free space has been build, some search strategy could be applied for trajectory calculation. One of the most fastness and reliable is greed search algorithm (GSA) improved by the “grass fire” algorithm. It finds the shortest trajectory for a few seconds. Unfortunately, this trajectory is in the external coordinates (x, y, z) and tell us nothing about the robot orientation ((,() in the each trajectory point. To find out a set of the robot orientation, additional calculation is necessary. Its base is optimization technique in 1+1 space ((+().





4. CONCLUSION





	Although presented algorithm for the robot collision space modeling is not optimal in the global sense, it is simple and fast for running on the PC computers. Calculated trajectory is similar to the human-like solution faced with the same problem. It is possible to improve procedure of trajectory finding by shortening of collision space modeling. The main idea is not to build the whole collision space. Instead of that, process immediately begin by the trajectory searching in unmodeled collision space. The collision space has been modeled only for those cells that requires searching process. This technique will be research and describe in further works.
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