RaiC02 : Adaptiv e Selection of a Sho oter Using a T eam mate’s Beha vior Mo del on Real-time T omomi Kaw araba y ashi 1 , T omohiro Odak a 2 , and Hisak azu Ogura 2 1 Graduate School of Engineering, F ukui Universit y , Bunkyo 3-9-1, F ukui-shi 910{8507 Japan tomomi@rook.fuis.fukui-u.ac.jp http://bishop.fuis.fukui-u.ac.jp/~ tomomi 2 F acult y of engineering, F ukui Universit y , Bunkyo 3-9-1, F ukui-shi 910{8507 Japan odaka@rook.fuis.fukui-u.ac.jp, ogura@nqueen.fuis.fukui-u.ac.jp Abstract. The teammates’ b eha vior mo dels are applied to T eam RaiC02 so ccer agents to realize adaptive co op erative b ehavior during a game. This pap er fo cuses on a last pass for a shot as a co op erative b ehavior. The passer adopts a mo del of receiver’s sho oting space recognition as a team mate’s b ehavior mo del. The teammates b ehavior mo dels will en- able the passer to take account of not only p ositions of opp onents and teammates but also whether receivers will b e able to sho ot. The e�ectiveness of this mo del was show ed through some exp eriments under a certain situation in front of the goal. 1 In tro duction W e hav e b een inv estigating real-time adaptation of Rob oCup so ccer agents on the Rob oCup o�cial Serv er System. Real-time adaptation is a signi�cant issue in sim ulated so ccer games as a dynamic multi-agen t systems. A so ccer agent has to adapt to its opp onen ts as w ell as its teammates for co op erative b ehaviors during a game. T o adapt the agent b eha vior to their opp onents during a game, The \Observ ation Learning" metho d we hav e prop osed is installed to T eam RaiC02 so ccer agen ts[1]. In this pap er, adaption to teammates for co op erative b ehavior using team- mates’ b ehaviors mo dels[2] is describ ed. This pap er fo cuses on a last pass for a shot as a co op erative b ehavior. A pass is one of the most imp ortant co op erative b ehavior in so ccer. A passer has to consider receivers’ next b ehaviors and who is the b est receiver. In case of a last pass, a passer has to pass a ball to the b est receiv er who can sho ot. The passer employs a mo del of receiv er’s sho oting space recognition as a team mate’s b ehavior mo del. The mo del includes a parameter which represents opp onents’ in terception ability for the receiver. The passer tries to estimate the parameter by learning on real-time. The teammmate’s b ehavior mo del will enable the passer to take account of not only p ositions of opp onents and teammates but also whether receivers can sho ot. The e�ectiveness of the mo del was show ed through some exp erimen ts under a certain situation vicinit y of the goal. 2 T eam RaiC02 Agents Architecture The agent architecture consists of a \Decision Making System" and a \Learn- ing System". The \Decision Making System" is based on a three lay ered con- trol mo del [3]; the \Strategic Lay er", the \Behavior Selection Lay er" and the \Executing Action Lay er". The \Beha vior Selection Lay er" selects a particular b ehavior such as a pass or a shot. The \Beha vior Selection Mo dule" resolves matc hed rules obtained from the \Behavior Rules". A \Beha vior Rule" may b e represen ted as follows: IF ( S ituation 1 AND S ituation 2 AND :::S ituation N ) THEN ( B ehav ior 1 ) The \Learning System" con tains tw o mo dules; \Self-Behavior Learning Mo dule" and \Observ ation Learning Mo dule". The agent uses only \Self-Beha vior Learn- ing Mo dule" to adapt a \Situation" in the \Last Pass Beha vior Rule". While the agent uses b oth mo dules to adapt a \Situation" in the \Sho ot Behavior Rule"[1]. T eam RaiC Agen ts are implemented using CMUnited99[4] source co de as the library . 3 Adapting Sho oting Space Recognition A \Situation", a space for a shot is declared b y the \Sho ot Behavior Rule". A sho otable direction region is an area that partially cov ers the goal and falls outside the opp onents’ in tercept-able sectors. The Sho oter selects the \Sho ot Beha vior Rule" by recognizing the space through this pro cess. The blo cking region is describ ed by a parameter � which represents opp onents’ interception abilit y . The sho oter learns the ability by increasing or decreeing � by a parameter � according to the results of its own shots and teammates’ shots b y monitoring (see [1]). If the sho oter recognizes � is large, then the opp onents’ intercept-able region is large and that ability is hight to o, and vice v ersa. 4 Adaptiv e Selection of a Sho oter If the passer can �nd receivers who a pass will reach to and choose the b est sho oter among them, the passer executes a last pass. The \Last Pass Rule" is expressed as follows: IF ( I hol d a bal l AND O ne or mor e r eciv er s exist w ithin a shootabl e distance AND A pass spase f or each r eciv er s AND A shooting spase f or each r eciv er s ) THEN ( P ass a ball to a r eceiv er )

Fig. 1. A Last Pass Situation When more than one receiver candidate is found, the passer c ho oses the one whose sho oting space is the largest. Fig.1 indicates a last pass situation. When a Receiver R is in a scoring p osition and within a distance to receive a pass, a P asser P calculates an extent of opp onents’ interception area (Region A) from a p osition of Receiver R. When the Region A completely cov ers a area b etw een goal p osts from receiver R (Region B), if the Region B is smaller than a total area of \opp onen t’s interception sector for the Receiver R assumed by the Passer P" (Region C), \Sho oting Space for Receiv er R" is recognized by the Passer P . The \opp onen ts’ interception ability for the receiver by assuming the passer " is describ ed by a parameter � . Region C is represented b y � . � is the same t yp e as parameter � (Sec.3) and the passer has � for each receiver. When the receiver made a success of the shot, the � is decreased by the p ositive constant � . While the receiver didn’t try to sho ot or couldn’t score, the � is increased b y � . 5 Exp erimental Result and Conclusion Exp eriments under a certain last pass situation were p erformed to ev aluate the prop osed adaptive selection of a sho oter. Each 10 sets of exp eriment w ere done for three metho ds resp ectively . 50 times last passes is executed in one set of exp eriment. A agent learn consecutively in one set of exp eriment. Metho d 1 is the prop osed metho d by considering not only lo cations of sho oters and a defender but also sho oters’ sho oting space recognition mo dels. Metho d 2 is a metho d by considering only lo cations of agents. Metho d 3 is a metho d by selecting sho oters at random. One passer, three sho oters and one defender are placed in front of the goal. They are set at the inial p ositions every last pass trial. Sho oter A learns the defender’s interception ability and is in a go o d p osition for a shot. Sho oter B learns the defender’s interception ability and is in a bad p osition. Sho oter

C don’t learn and is a negative for a shot. How ev er, C is in a go o d p osition as same as Sho oter A. T able 1 sho ws the exp erimental results. Score and Last pass to receivers present the av erage of 10 sets trials. Metho d 1 obtained the T able 1. Scores and last passes to receivers A, B, C(av erage of 10 sets) Score Last passes Receiver A Receiver B Receiver C Metho d 1 22.3 25.3 11.2 12.9 Metho d 2 16.9 23.5 2.8 23.5 Metho d 3 19.7 16.3 16.5 16.9 highest score among three metho ds. It shows the e�ective of using teammates’ recognition mo dels and learnt parameters estimating by a passer. The di�erence in last passes to Receiver C b etw een Metho ds 1 and 2 indicates that Metho d 1 enable the passer to reduce last passes to a negative sho oter such a Receiver C. It means that the prop osed Metho d 1 works adaptively on real-time and will b e useful in case that a teammate do esn’t w ork in a game. The di�erence in last passes to Receivers B and C b etw een Metho ds 1 and 2 represen ts that Metho ds 1 pass to a sho oter who is in a bad p osition but p ositive for a sho ot, and then gained b etter result than Metho d 2. Using teammates’ recognition mo del and learning the \opp onents intercept abilit y for the sho oter "is e�ectiv e for realizing adaptiv e selection of a sho oter. This metho d will b e examined during a game. References 1. Kaw araba y ashi,T., Kub o,T., Morisita,T., Nishino,J., Odak a,T., Ogura,H. :Real- time Adaptive Learning from Observ ation for Rob oCup So ccer Agents. Pro- ceeding of 6th International Symp osium on Distributed Autonomous Rob otic Systems(DARS02),Springer-V erlag(2002) T o b e app eared. 2. Kaw araba y ashi,T., Kub o,T., Morisita,T., Odak a,T., Ogura,H. :Improv emen t of so c- cer agents’ co op erative b ehavior using teammate’s decision mo del.Pro ceeding of 63th National Conv en tion of Information Pro cessing So ciety of Japan V ol.2. (2001)105{ 106. (Best Paper Award for Y oung Researcher of IPSJ National Conv en tion) 3. Rasmussen,J.: Skills, rules, and knowledge; signals, signs, and symbols, and other distinctions in human p erformance mo dels. Journal of IEEE T rans. SMC,13,(1983)257{266 4. Stone,P ., V eloso,M., Riley ,P . :The CMUnited-99 Champion Simulator T eam. In:V eloso,M., Pagello,E., Kitano,H.(eds.): Rob oCup-99:Rob ot So ccer W orld Cup I I I.Springer-V erlag, Berlin.(2000)