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Abstract. To succeed in the RoboCup Soccer 2D Simulation League, team play-
ers need to show a high degree of coherent mobility. In this paper we describe a
bio-inspired mechanism employed by our team, Gliders2015, during a dynamic posi-
tioning. The mechanism is based on elements of flocking behaviour and is sufficiently
generic to be applicable to other RoboCup Soccer Leagues. The proposed approach
has been successfully tested, leading to an improved performance against benchmarks.

1 Introduction

As pointed out in previous studies, successful performance of the top RoboCup Soccer
Simulation 2D teams is characterised by dynamic tactical flexibility [1]. One element of
tactical flexibility is the dynamic repositioning of players to avoid the opponents which
employ marking or blocking. Systematic investigation of this topic dates back to 2001 [2],
and the survey of this research is out of scope of this paper, which is devoted to describing
a simple mechanism for a dynamic position refinement. Intuitively, the intention is to keep
each player’s position as close as possible to the selection suggested by a specific tactical
scheme, but introduce slight variations in order to maximise the chances of receiving the
pass and/or shoot at the opponent’s goal. In doing so, we utilise a well-known element of
flocking behaviour: repulsion or separation.

The flocking behaviour refinement is implemented in Gliders [3,4,1] — a simulated soccer
team for the RoboCup soccer 2D simulator [5]. Gliders2012 and Gliders2013 reached semi-
finals in RoboCup tournaments of 2012 and 2013, while Gliders2014 became vice-champions
of RoboCup tournament in 2014. The team code is written in C++ using agent2d: the well-
known base code developed by Akiyama et al. [6], and fragments of released source code of
Marlik [7]. Other software packages are used as well:

— libresc: a base library for The RoboCup Soccer Simulator (RCSS) with various utilities
describing relevant geometrical constructs, world model, etc.;

— soccerwindow2: a viewer program for RCSS, working as a monitor client, a log player
and a visual debugger;

— fedit2: a formation editor for agent2d, allowing to design a team formation;

— Gliders’ in-browser basic soccermonitor (GIBBS): a log-player for viewing 2D Simulation
League logs over web browser [8].
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Most of the Gliders source code has been released in 2013, and can be downloaded from
the Official Data Repository of RoboCup 2D Soccer Simulation League:
www.socsim.robocup.org/files/2D /binary /RoboCup2012/.

2 Approach

Flocking behaviour used by Gliders allows the players to achieve a high degree of coherent
mobility: on the one hand, the players are constantly refining their positions in response to
opponent players within certain interaction zone (being sensitive to the opponent players),
but on the other hand, the repositioning is not erratic and the players move in somewhat
predictable ways. The balance between sensitivity and predictability is one of the hallmarks
of guided self-organisation and coherent behaviour [9,10,11,12].

Multiple biological examples of coherent behavior are given by swarms of animals, e.g.
schools of fish, swarms of locusts, flocks of birds, etc. [13,14,15,16,17,18,19,20,21], in which
complex large-scale patterns and cooridnated behaviours (e.g., collective predator avoidance)
emerge through individual decisions based on perception of local conditions. Recent studies
by [22] and [23] revealed several ways to quantify collective variables representing dynamic
coordination within swarms.

Typically, swarming agents follow three different types of forces: repulsion (separation),
attraction (cohesion), and orientation (alignment). Each agent responds to other agents
located within a local interaction zone with the radius r.

The agent behaviour defined for repulsion is quite simple: to move directly away from
neighbours. The repulsion of the agent X from opponent @ located within the radius r, at
the distance dg < r, can be defined by the squared relative distance:

9Q<TdQ>2- (1)

r

The overall repulsion vector X is calculated as the (weighted) sum of all unit vectors from
the “interacting” neighbours to the agent X:
QX
Q
Q:dg<r

where QX is the vector from @ to X.

The following example illustrates this behaviour for a given player X, located at po-
sition (45.0,0.0), which chooses to follow the repulsion behaviour from two other players
Y (47.0,2.0) and Z(46.0, —2.0) within the interaction zone with the radius » = 10.0. The vec-
tor YX defines relative shift from Y to X, as YX = (45.0,0.0) — (47.0,2.0) = (—2.0, —2.0),
with the distance dy = |Y X| = v/8, while vector ZX defines relative shift from Z to X, as
ZX = (45.0,0.0) — (46.0, —2.0) = (—1.0,2.0), with the distance dz = |ZX| = /5. Then the
squared relative distances are given by gy =~ 0.514 and gz =~ 0.603, yielding

YX ZX (—2.0,-2.0) (—1.0,2.0)
X =gy &y +9z i 0.514 i + 0.603 N (3)
~ (—0.363,—0.363) + (—0.270,0.540) = (—0.633,0.177). (4)
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This means that, in order to avoid the two opponents, the agent X needs to refine its
position by shifting backwards by 0.633, as well as slightly downwards by 0.177 (noting that
in RoboCup Simulation 2D, the ordinate is positive in the downward direction), as shown
by Fig. 1.

The C++ code implementing this simple behaviour, with an additional constraint on
the number of interacting opponents set to 3, is shown below:

double rad = 10.0;
Vector2D tmp (0.0,0.0);
int ¢ = 0;

for ( PlayerPtrCont::const_iterator
o = wm.opponentsFromSelf () .begin();

o != wm.opponentsFromSelf().end();
++0 )
{
if (M_positions[unum-1].dist((*0)->pos()) > rad)
continue;
Vector2D grad = M_positions[unum-1] - (*0)->pos();
double cf = ( rad - grad.r() ) / rad;
tmp += grad * cf *x cf / grad.r();
c++;
if (¢ >= 3)
break;
}

M_positions[unum-1] = M_positions[unum-1] + tmp;

3 Conclusion

We described a mechanism of dynamic positioning based on elements of flocking behaviour
(separation). The mechanism is utilised by Gliders, a simulated soccer team participating in
the RoboCup 2D Simulation League. It is sufficiently generic and may be applicable to other
soccer Leagues. The opponent avoidance approach has been successfully tested, improving
performance against top Simulation League teams and other benchmarks, e.g. agent2d.
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introduced in Gliders2013 [24], Oliver Cliff for developing tools for quantifying interaction
networks and tactical analysis [25].
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Fig. 1. Example with agent X and two opponents Y and Z. The repulsion vectors from each of the
players Y and Z are shown as dashed red arrows. The overall repulsion vector is shown as solid red
arrow. Kickable areas are approximately shown as shaded circles around the players.
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