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ABSTRACT: This paper treats of a multirobot system case, which is composed by three robot arms, each one having five degrees of freedom, and whose workspaces have some common tridimensional regions. Now, we present a new solution with a extremely practical and industrial character, based,  in a fashion, on the “Configuration Space” [8] and “Potential Fields Approach” [5] concepts. There are two main troubles dealing with this multirobot systems: a first question is the probability of collision among mobile parts. Secondly, the robots motion planning in respect of reaching their respective objectives. For that, we have developed a distributed algorithm running on several computers, which renders possible the decoupled computation of the path planning for each robot in the system. Then, we get the next results: 1. Decrease the time required by the computations, and 2. Pseudo-independent movements for the robots.

1.- INTRODUCTION.

If we manage to get robots to work while they share common tridimensional areas and decide their own movements in a efficient way, we reach four interesting goals [1] [2]:

1. fixed costs due to volume (any factory must support them) will be smallest,

2. system’s flexibility will be highest (under some circumstances, some robots could collaborate with another and/or replace them),

3. robots are stopped the smallest time as possible (then, efficiency and proficiency of the system as a whole are greatest),

4. factories are allowed to have certain manufacturing intelligence (based on a complex hierarchical computer system with multiple levels).


When a system of this type works in the circumstances explained in previous paragraphs, it’s  normal that some mobile parts meet with another into common areas. Because of this, a fine coordination among them becomes essential. But, simultaneously, dependence among robots, which is a direct consequence from this coordination, must be lowest.


When a flexible-manufacture industrial system must accomplish several productivity and efficiency requirements, a superior level becomes necessary in order to coordinate robots operation and to solve conflicts among them. The upper level gives the system a essential adaptation capacity.


Our proposition may be divided in two well-diferenced strategies: the first, individual for each robot, allows it to decide its own movements depending on environment state -, and the second one, global, ensures an efficient development of the productions orders. The first of these strategies works based, in a fashion, on “Configuration Space” and “Potential Field Approach”. The second one uses a method that we have developed and named  as “Priorities Efficient Assignment Method”, for which we have also designed a specific heuristic potential function to use in the individual strategy .


The solution we propose in this paper has been tested in a real multirobot system composed by: three SCORBOT-ER IX robots placed in the three vertexes of an equilateral triangle, and four computers for control. Its global view is shown in the figure 1.




Figure 1


Each computer manages the movement of one robot and, simultaneously, it communicates with the rest of them, in order to coordinate their decisions, and with the “Priority Manager” (the superior level). One can talk about one and only algorithm since its parts are highly connected, although it’s distributed in several computers. Such distribution allows: 

1. the calculations made for one robot to be independent from the calculations for the other ones. 

2. those calculations to be independent from the direct control of the movements. 


Thanks to it, the time necessary to process each operation cycle can be reduced. This aspect becomes fundamental since there are a lot of options to compare to choose the best next movement for every mobile component.

2.- GLOBAL STRATEGY: 

THE PRIORITIES EFFICIENT ASSIGNMENT.


In every moment, during the multirobot system’s operation, a priority hierarchy is stablished among robots. However, in order to keep the independence among the robots’ movements, such order will appear only in case of collision risk between two any mobile parts of the robots.


In the Priorities Efficient Assigment Method, a process called “Priorities Manager” continously receives information about the general state of the system. This information is not about movements orders, but external conditions under which each robot must choose its own displacements. These conditions can be classified as follows: 1. Priority of the robot to execute its next movement. 2. Goal that the robot must take into account for its next movement decision.


The priorities manager’s decision must have the following characteristics: 1. Requiring the minimum robot deviation in comparison with its movements through an obstacle-less space. 2. Ensuring no-colision between any mobile parts in the next movement. 3. Assigning to each robot a new goal in accordance with the prestablished plan, when it has reached the last goal.


This manager bases its decisions on an information (internal and external to the system) composed by these factors: 

A. Comparing the robots’ positions in relation to their respective goals.

B. Taking into account the priority history.

C. Material resources analysis for each transport element taking charge of material introduction into multirobot workspace.

D. Operation failure. If one of the robots takes on an unexpected action (for example, a stop or a sudden movement), this must have an absolute preference to avoid collisions.

E. The development order required by tasks.


Although the final manager decision is the consequence of a balanced combination of these factors, some of them require a higher weight. Such balance is based on experience and depend on the kind of tasks to make.

3.- INDIVIDUAL STRATEGY:

THE ROBOT'S DECISION FUNCTION.

This strategy tries to provide an on-line decision capacity for each one of the three robots, so we do not need to design, analyze and record their trajectories previously. Then, a heuristic function is essential for the control algorithms to decide the movements. Approaches, using potential functions into the Configuration Space (4(, offer a higher power in order to solve the cases involving many degrees of freedom, as ours is. We have adapted this approach for solving our problem.


By reason of our system's particularities and the method used as global strategy, we have designed a suitable decision function for each manipulator arm according to its priority. Figure 2-3 show the graphical aspect of these functions.


Let us stablish a notation of convenience for graphics and equations: let Do be the angular distance (given in degrees) between the robot and its position goal; let Dr be the minimum linear distance (given in millimeters) between one robot and the nearest robot; let f(Do,Dr) be the decision function.


The robot's control algorithm calculates f(Do,Dr) for several positions around the present and then, it chooses the pair (Do,Dr) making the function value to be lowest. For it, a certain step must be chosen depending on the computation speed. In every case, the angular distance to the objective is as follows:




where "di" is the distance (in degrees) between the present position of the robot's i-joint and the goal position for the same joint. Only when all the robot's joints have reached their objectives, the value of Do is zero, so that the achievement of the goal is perfectly identified. As for Dr, it is a linear distance among tridimensional objects. For calculating it, we have designed a iterative algorithm using the Optimization Theory (6(.


The decision function must have a form that allows the robot to reach its goal when it tries to minimize its value. Then, it is no necessary for this function taking into account the distance to the other robots. The decision function must depend on the distance among robots. By means of this, the algorithm can identify not only the objective but another robot's proximity. Because of this, we have composed the previous function with another which adds the required additional characteristics. 


The safety distance "Drs" (given in millimeters) for one robot, is defined as the distance to another higher-priority robot when this is detected by the first. 
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Figure 2-3


Drs must comply with this condition:

Drs > 2 · p

where "p" is the maximum distance that any point of a robot can cover when its joints move according to the step established by the algorithm. Due to safety reasons, we have chosen Drs = 100 millimeters, although it must be longer if: 1. the angular step of joints is longer, and 2. the time required for computation is longer.


Then, the final composed function has the following expression:




The essential difference between "medium priority" and "minimum priority" is: in the medium priority case, the robot must adapt itself only to the decisions taken by the maximum priority robot. However, the robot with minimum priority must take into account the actions of the other two.

4.- THE DISTRIBUTED ALGORITHM: 

ITS STRUCTURE AND PERFORMANCE.

The final purpose of such distributed algorithm is to share the great computational requirements among different processors (or different computers), so we make good use of them and they can operate in parallel in order to diminish the operation cycle time. Figure 4 shows the structure of this algorithm. 




Figure 4

Priorities assignment process interchanges information continually with the control processes. Such information is about system state. Certain data of this information are transmitted in a periodical fashion and others in a non-periodical way. Figure 5 shows the internal structure of the priorities assignment algorithm, from a functional point of view.



Figure 5
-

Control algorithms have the same code. Nevertheless, their parameters and instant performance are very different. Figure 6 shows the basic functional scheme of any of them.



Figure 6-

Finally, we use a third type of algorithms (processes): the "operation algorithms" for each robot. Their main mission is to receive operation orders from the control processes and, then, to translate them into well-comprehensible signals to the robots, so that the next action is available before the previous is finished. Thanks to it, we get an smooth interpolated movement for robots and a minimum delay between one action and the next.
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