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Abstract

  The RoboCup initiative is attracting more and more scientific attention. Not only the hardware, but also the software advances in the design of the soccer robots have become crucial.  In this work, we present a method for analyzing the game situation, to assist the robots to take decisions within the game. 
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1. Introduction

RoboCup is an international research and education initiative, attempting to foster Artificial Intelligence and Robotics research by providing a standard problem where a wide range of technologies can be integrated and examined, as well as being used for integrated project-oriented education. [1]
  For this purpose, RoboCup chose to use the soccer game as a primary domain, and organizes every year The Robot World Cup Soccer Games and Conferences (see fig.1) . Since 2000, the competitions include Search and Rescue robots as well. [2]
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Figure 1: The RoboCup Logo

  In order for a robot team to actually perform a soccer game, various technologies must be incorporated, including: autonomous agents design principles, multi-agent collaboration, real-time planning and control, Robotics, and sensor-fusion. [3]
  The RoboCup Federation proposed the ultimate goal of the RoboCup Initiative to be stated as follows: "By 2050, a team of fully autonomous humanoid robot soccer players shall win a soccer game, complying with the official FIFA rules, against the winner of the most recent World Cup of Human Soccer.[1]
  In this work, we present a method for analyzing the game situation within a soccer game, in order for the robots to be able to take some decisions.  This evolves several aspects, namely; communication between robots, analysis of the current game situation, and taking actions based upon this analysis.  This analysis could be later on used as a historical data to inferr some results about previous games.

  The rest of the paper is organized as follows:  in section two we define a game situation.  Section three introduces the proposed approach. In section four we present possible variations of the proposed approach.  Section five gives brief analysis of the algorithm. In section six we present some applications. Finally, in section seven we conclude this work.

2. Game Situation

  The situation of a game (S) at any point of time (T) could be abstractly described as the location of each of the team players (P1 -- Pn) relatively or absolutely within the game field (see fig.2). 
The locations of the opponent team players (O1--On) are also part of the situation (S).  

The ball (B) is a part of the situation, and has usually two states:

  B(m):   Ball is with team player (Pm).

  B(0):   Ball is in the field, or with the opponent team (no exact location).  

  The location of the players, own and opponents we call a formation (F).
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Figure 2: The game field in RoboCup.

The location of a player m (Lm), either our team or opponents team, could be described in several ways, e.g., several coordinate systems, Cartesian, cylendrical,..etc.  This will primarily depend on the reference point used and the type of the desired coordinate system : either absolute or relative.   We will use an absolute coordinate system, with the base point in one of the corners of the game field, namely, the right corner of our teams game field.  (see fig.3)
  A relative coordinate system could be implemented by, for example, using the goal keeper as a reference point for the players.  This system will then has to be mapped to the position of the goals again.  This will constitute an unnecessary overhead.  We will use the Cartesian system, for its simplicity and to be able to integrate it in our approach, which employs Cartesian coordinates (see fig.4).
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Figure 3: A reference point for coordinates.

  Other paramaters in the game situation may include the direction (D) of each of the players (DP1--DPn, DO1--DOn) at time (T), and their velocity (V) (VP1--VPn, VO1--VOn). (See Fig. 5) .  We assume that the number of players in both teams are equivalent.  This may be not the general case, but the algorithm will not be affected as we shall point out.

  To summarize the above:
A game situation (S):

 S = ( F, T, B)
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Figure 4: Cartesian coordinates of a player in the field.

where:

    F: = (P,O) 

    P :  P1 -- Pn,   Pm= (Lm, Vm, Dm)

    O :  O1 -- On,   Om= (Lm, Vm, Dm)

        and   Lm: (xm,ym)

    T :  a given point in time

    B :  Ball location,  

          B(m),  m= 0 -- n,

           0: means ball with opponent,

           m: ball with player m. 
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Figure 5: Direction and velocity of a robot.

  In the next section, we present our approach in describing a game situation (S).

3. Our Approach

  In the previous section we gave a definition of a game situation (S). This definition we follow to describe this situation in a numerical form, that simplifies the analysis of such a complex definition.  We present a way to summarize the situation (S) into a form that makes it straight forward to analyze it, and to provide simple decision support to the players in real time. 

  Given and example of a game as in fig. 6, we describe the positions of our players, we call this the Formation (F).  The formation includes impeded information about the positions of each of the players, as well as some other information that could be included, as we present in the next section.
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Figure 6: A formation example of 5 players.

  In order to describe a formation (F) totally and uniquely, we use the approach presented in [4], that represents a finite number of points as GGSD (Graphical Galerkin Shape Descriptor).   We use the coordinates of the players (P1.L1 -- Pm.Lm) to construct the GGSD, which in turn, fully and uniquely describe the formation (F). [5].   The main steps of the algorithm are:  Constructing a finite element mesh on the players .  Then employing the Galerkin'S approach to obtain the descriptor [4].   The algorithm used for constructing the mesh uses the Delauny  technique to optimize the mesh [6].  

  A resultant mesh on a formation (F) could look as in fig.7 .
  The calculation of the descriptor is given in detail in [4] here we present the main formuli:

   gm (the elemental matrix)=
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                    vx = vy =1                             

                                                     (1)
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Figure 7: A mesh constructed on the Formation.

  The calculations of  bk, ck and s are based on the coordinates of each element (Lm) and are presented in [4].
  G (the global matrix)=
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 The global matrix actually represents the Formation (F) in a matrix form.

4. Variations

  It should be noticed that the properties Vx, Vy have been set to 1 in the formation (F) model, these could be used in representing the Velocity (Vm) and Direction (Dm) information as well.   Thus the G matrix will fully describe the Formation, or the situation (S).

  Another variation could be adding the opponent team players to the Formation (F), we call this the extended formation (eF).  The G matrix will have 2*n elements.  To differentiate the team players from the opponents players, we may mark our team players.  This could be done using the material properties (vx).  Instead of setting vx to 1 for all players, we could set it as follows:

  vx=1 : for team players.

  vx=2 : for opponent players.

 Another addition to the above model is to mark the goal keeper's position.  This could be done using the second material property, (vy), see fig..., as follows:

  vy=1 : for goal keeper.

  vy=2 : for a player.

  By employing the above variation, the model will contain all the required information about the game situation (S).   This is a large amount of information, but using the proposed approach, it will be integrated into one simple unique descriptor. 

  In the next section, we present a simple analysis of the space and time requirements of the proposed approach.

5. Analysis

  The calculations used are all simple arithmetical operations [4], thus it could be done real time or implemented on an FPGA [5].  

  The storage required is very limited, since from the complexity analysis presented in [4], our matrix will be: 

  gm (elemental matrix) :  Dimensions : 3*3

  number of elements :  n

  G matrix dimension:  3n*3n

  The usual number of players in robocup is 5 players, thus we have 15*15 matrix, which very efficient.

  Thus the proposed approach is efficient in both time and space considerations on the given model.  It is also extendable to other applications with more number of elements and can be easily parallelized.

6. Applications

  The obtained game situation descriptor (S), could now be used in several applications.  It is clear that a game situation is calculated at a certain moment of time (T), thus the description of the whole game sequence will consist of several game situations at certain times, or at situation changes, in a certain range of times or between certain events (e.g., between scoring goals).  We call this a game episode (E).

 A game (G) consists of several episodes.

 To summarize the above (see fig.8) :
   G = (E1 -- Ek)

where:

   G: is the game.

   Ek: an episode in the game.
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Figure 8: A game’s components.

  Episodes could be used to analyze game sequences of the opposed teams, by applying mining techniques [7] to obtain relations or time sequences [8] of the opponent team's situation (S) and Formations (F).  This will require more abstraction and tolerant threshold in the comparison of situations (S).  This could eventually lead to analyzing the behavior of the opponent team, if an efficient number of episodes is acquired.  This in turn involves more work on determining good time ranges and check points (T) for the situation.  A possible approach is to use variable times according to the changes in the game.

  On a lower level of abstraction, a single game situation could be used to determine the next pass, since the formation indirectly provides suggestions for good passes (see fig.9) .  
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Figure 9: Optimum passes advised by the algorithm.

This comes from the fact that, the Delauny algorithm [6] used in constructing the mesh, actually optimizes the angles of the mesh elements to prevent very small or very large angles.   This in turn provides the best pass, since very small angles are very likely to produce large errors when positioning the robots to pass the ball to another player or to receive a ball.
  The algorithm also eliminates redundant passes, which eliminates the overhead of constructing all the possible passes (O(n2)) then searching for the fittest and eliminating bad candidates.  This is all done through the proposed algorithm efficiently.

  One other possible use of the situations (S), is to construct a database of situations and episodes of different games.  Then new situations should be compared with previous "good" games, and the best action could then be decided upon the actions took in the previous "similar" game.  This action could be obtained by recalling the next episode (E) after the current similar one.   The comparison of two situations S1 and S2 could be done in several efficient ways [4][9]. The action is either passing the ball, or changing the formation (moving the players, as for defense) (see fig.10).
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Figure 10: Advising the next action based on previous situations in old games.

These situations could be summarized and inferred as some rules that the robot should follow in similar situations.  The summarization should be done off-line [10] as a learning phase, and the results are then saved on the machines locally.

7. Conclusion and Future Work

  In this work, we presented a method for describing and analyzing a given game situation.  We have used a novel technique, presented in [4][5] originally for shape identification.  We have proposed adoptions on the technique to suit our application in game analysis.  

  We have presented some applications for the proposed technique that could be used in describing, analyzing a game situation.  We have also proposed ways of extending the technique to include some decision support features for the robot players, by advising the best action or pass to be played according to the analysis obtained. 

  The proposed approach is efficient in both time and space considerations on the given model.  It is also extendable to other applications with more number of elements and can be easily paralleled.  It could also be extended to three dimensional cases. 

  Future work includes extending the proposed approach to more decision support and mining algorithms, as well as the game sequence analysis.  Implementing the algorithm on hardware components is also a target for efficiency and speed (e.g. FPGA).
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