UsersManual

RoboCup Soccer Server

for Soccer Server Version 7.07 and later

Mao Cher?, Ehsan Foroughi,
Fredrik Heintz, ZhanXiang Huang,
Spiros Kapetanakis, Kostas Kostiadis,
Johan Kummeneje, ltsuki Noda,
Oliver Obst, Pat Riley,

Timo Ste ens, Yi Wang' and
Xiang YinY

August 2, 2002

Y <ustc9811@sina.co n»
<foroughi@ce.shar if .edu>
<frehe@ida.liu.s e>
< spiros@cs.york. ac.uk >
< kkosti@essex.ac. uk>
<johan.kummeneje@gneralwire le ss.se >
<noda@etl.go.jp >
<fruit@uni-koble nz.de>
< pfr+@cs.cmu.edu>
<timosteffens@g mx.de>



Copyright 2001 The RoboCup Federation. Permissionis granted to copy, distribute

and/or modify this documert under the terms of the GNU Free Documertation License,
Version 1.1 or any later version published by the Free Software Foundation; with no
Invariant Sections,with no Front-Cover Texts, and with no Back-Cover Texts. A copy
of the licenseis included in the section ertitled \GNU Free Documertation License".



Acknowledgements

We are very grateful for the work of the authors from the previousversionsof the manual
that could not help out on this version:

David Andre at Berkeley University of California, USA.

Pasal Gugenterger at Humboldt University, Berlin, Germany.
Marius Joldos at Tednical University of Cluj-Nap oca, Romania.
Paul Arthur Navratil at University of Texas,USA.

Peter Stone at AT&T, USA.

Tomoichi Takahashiat Chubu University, Japan.

Tralvex Yeap at KRDL, Singapore.

Emiel Corten at University of Amsterdam, Netherlands.

Klaus Dorer at University Freiburg, Germary.

Helmut Myritz at Humboldt University, Germarny.

Jukka Riekki at Oulu University, Finland.

Besidesthe authors, we would alsolike to thank Stefan Sablatnegfrom the University
of Ulm, Germary, and Mike Hewett from University of Texas, USA, for a thorough
proofreading of the soccermarual 4.00. We have also received a lot of good suggestions
from Erik Mattsson at the University of Karlskrona/Ronneby, Sweden.

We would not have beenableto do this manual without the above mertioned peoplet.

1The personslisted on the title pageare the personsresponsible for the di eren t sectionsof the manual.



Acknowledgemerts



Contents

Acknowledgements

1. Intro duction
1.1. Badkground . . . . . . ... e e e
1.2. The Goalsof RoboCup. . . . . . . . . . . .. ... .. .. ... ...,
1.2.1. Simulated League. . . . . . . . ...
1.2.2. What is the Soccersener . . . . . . . .. ... ... ...
1.3. History . . . .
1.3.1. History of the SoccerSener . . . . .. .. .. ... ... ......
1.3.2. History of the RoboCup Simulation League . . . . .. ... .. ..
1.3.3. History of the SoccerManual Eort . . . .. ... .........
1.4. About This Manual . ... ... ... .. ... ... ... ... ...
1.5. Reader'sGuidetotheManual . . . . . ... ... ... ... ........

2. Overview
2.1. Getting Started . . . . . . ... e
2.1.1. The Sener . . . . . . . .
2.1.2. The Monitor . . . . . . . . . .
2.1.3. The Logplayer . . . . . . . . . . .
2.2. The Rulesofthe Game . ... ... ... ... ... . ... . ... ....
2.2.1. RulesJudgedby the Automated Referee. . . . . . ... ... ...
2.2.2. RulesJudgedby the Human Referee. . . . . .. ... ... .. ..

3. Getting Started
3.1. Getting and installing the server . . . . . . . ... ... ... .......
3.2. Download sites . . . . . . . ... e
3.3. Howtostart theserer. . . . . . . . . . ... .. ..
3.4. Howto stopthesener . . ... ... . . . . . . .. ..
3.5. Supported platforms . . . . . ...
3.6. Theprocessofamatch . .. .. .. .. ... .. .. .. ... .......

4. Soccer Server
4.1. Objects . . . . . e
4.2. Protocols . . . . . .. e e
4.2.1. Client CommandProtocol . . . . ... ... .. ... ........

11
11
11
11
12
12
12
13

15
15
17
18
19
20
20

21
21
22
22



Contents

4.2.2. Client SensorProtocol . . . . .. ... ... ... ... ....... 25

4.3. SensorModels. . . . . . .. e 26
4.3.1. Aural SensorModel . . . . ... ... . ... 26
4.3.2. Vision SensorModel . . . . ... ... ... .. .. ... .. ... 27
4.3.3. Body SensorModel. . . ... .. ... .. .. ... o0 33

4.4, Movement Model . . . . . . . ... e 34
4.4.1. Movemer NoiseModel . . ... ... ... ... ... ....... 34
4.4.2. Collision Model . . . . ... ... ... . ... . ... 35

4.5. Action Models . . . . . . . .. 35
45.1. Catch Model . ... ... . . .. . .. . ... .. 35
4.5.2. DashModel (incl. staminamodel) . ... .. ............ 36
453. Kick Model . . . . ... . .. .. 37
454, MoveModel. . . . .. . . . .. ... 41
455, Say Model. . . .. .. .. . . e 41
456. Turn Model . . . . . . . . . ... 43
45.7. TurmnNedk Model . . . . . . . .. .. . . .. . ... 43

4.6. HeterogeneousPlayers . . . . . . . . . . . 44
4.7. RefereeModel. . . . . . . . ..o 45
4.7.1. Play Modesand refereemessages. . . . . .. .. ... ... .... 45

4.8. The SoccerSimulation . . . . . . . . . . .. . ... .. o 46
4.8.1. Description of the simulation algorithm . . . .. ... ... .. .. 46

4.9, UsSiNg SOCCEISENBI . . . . v v v i e e e e e e e e e e e e e 47
4.9.1. The Soccerserer Parameters . . . . . . . . ... .. ... ..... 47

5. The Soccer Monito r 51
5.1. Introduction . . . . . . . ... e e 51
5.2. Getting started . . . . . . ... 51
5.3. Soccermonitor Communication . . . . .. ... 51
5.3.1. Information From Serwerto Monitor . . . .. ... ... ... ... 51
5.3.2. CommandsFrom Monitor to Sener . . . ... ... ... ..... 65

5.4. How to record and playback agame . . .. ... ... ... ........ 65
5.4.1. Versionl1Protocol . . .. ... ... .. .. . .. ... .. . ..., 66
5.4.2. Version2 Protocol . . . . ... ... . . .. ... ... ... ... 66
5.4.3. Version3 Protocol . . .. ... ... .. .. ... ... .. . ..., 67

5.5. Settingsand Parameters. . . . . . . . . .. . ... ... ... 68
5.6. What's New . . . . . . . . . . . e 68
5.6.1. [7.07] . . . . . e 68
5.6.2. [7.05] . . . . . .. 68
5.6.3. [7.04] . . . . . . . e 70
5.6.4. [7.02] . . . . . . 70
5.6.5. [7.00] . . . . . . . e 70



Contents

6. Soccer Client 71
6.1. Protocols . . . . . . . . e 71
6.1.1. Initialization and Reconnection. . . . . ... ... .. ... .... 71
6.1.2. Control Commands. . . . . . . . . . . ... 73
6.1.3. Sensorinformation . . . . .. ... ... L oL 75
6.2. Howto CreateClients . . . . . . . . . . .. ... ... ... 76
6.2.1. SampleClient . . . . . . . . . . .. ... .. e 77
6.2.2. SimpleClients . . . . ... .. ... .. .. .. . e 79
6.2.3. TIPS . . . . e e e 83
7. The coach 85
7.1. Introduction . . . . . . .. e 85
7.2. Distinction betweentrainer and onlinecoah . .. ... ... ....... 85
7.3. Trainer . . . . e e 86
7.3.1. Connecting with and without the soccerserer referee . . . . . .. 86
7.4. Commands . . . . . ... e 86
7.4.1. Commandsthat can be usedonly by the trainer . ... . ... .. 86
7.4.2. Commandsthat can alsobe usedby the online coat with certain
restrictions . . . . . . .. 89
7.4.3. Commandsthat can be usedby both trainer and online-coah. . . 91
7.5. Messagedromthe sener. . . . . .. . . . . . ... e 92
7.6. Onlinecoady . .. .. .. . . . .. . e 93
7.6.1. Introduction . . ... ... 93
7.6.2. Communication with the players . . . .. .. ... ... ...... 93
7.6.3. Changing player typesin arealgame . ... .. .......... 94
7.7. The standard coath language . . . . . . .. ... .. ... ... ...... 94
7.7.1. Generalproperties . . . . . . . . .. .. e 94
7.7.2. Overviewofthe vemessagdypes. . .. .. .. ... ... .... 95
7.7.3. Semairiics and syntax details of info and advice messages. . . . . 96
T.7.4. Syntax . . . . . o e e e 99
Trainer commands . . . . . . . . .. 102
Coach commands. . . . . . . . . . . e 102
Shared Trainer and Online Coad Interactions with the Serner . . . . . . . .. 105
8. References and Further Reading 107
8.1. Generalpapers . . . . . . e e e 107
8.2. Doctoral Theses. . . . . . . . . . . . . e 108
8.3. Undergraduate and Master's Theses . . . . . .. .. ... ... ...... 108
8.4. Platforms to start building teamupon . . . . ... ... ... ... .. .. 109
8.5. Education-related articles . . . . . .. ... ... . ... ... ... ... 109
8.6. MachineLearning. . . . . . . . . . . . . 109
8.7. DecisionMaking . . . . . . . . ... 109
8.8. Other supporting documerts . . . . . . .. ... ... ... ... 109
8.9. TeamDescriptions . . . . . . . . . . . 109



Contents

8.9.1. 1996 . . . . . ... e 109

8.9.2. 1997 . . . . e 109

8.9.3. 1998 . . . . .. 109

8.9.4. 1999 . . . . .. 110

8.9.5. 2000 . . . . . ... e 110

8.9.6. 2001 . . . . . ... e 110

A. GNU Free Documentation License 111
A.l. Applicability and De nitions . . . . . ... ... Lo 111
A.2. Verbatim Copying . . . . . . . . . e e e 112
A.3. Copying in Quantity . . . . . . . . . . ... 113
A4, Modications . . . . . . . . e e e e 113
A.5. Combining Documerts . . . . . . . . ... 115
A.6. Collectionsof Documerts . . . . . . . . . . . . @ i i i e 116
A.7. Aggregation With Independert Works . . . . ... ... ... ....... 116
A.8. Translation . . . . . . . . . . . . . e 116
A9. Termination . . . . . . . . . . e e e e 116
A.10.Future Revisionsof This License . . . . . . . . . .. .. .. . .. ..... 117
Index 118

Vi



Contents

Vii



1. Intro duction

We are in the early days of RoboCup [7], with half a certury to go before we can
\. .. build ateam of robot soccer players, which can beat a human world cup champion
team" ([6], p. v). The challenge posedby the goal is enormousand inspires hundreds
of researters yearly throughout the world to engagethemselwes and their students in
RoboCup. RoboCup has beenusedas a researt challengein parallel with a usagefor
educational purposesandto stimulate the interest of the public for robotics and arti cial
intelligence (Al). Each yearsincel997,researtersfrom di erent courtries have gathered
to play the world cup. The event has drawn an increasingamount of interest from the
public, asrobotics is still not commonplace.

The intention of this manual® is to guide the developers of simulated leagueteams
in the beginning steps, and also sere as a referencemanual for the experiencedusers.

1.1. Background

Mackworth [11] introduced the idea of using soccer-playing robots in researt. Unfor-
tunately, the idea did not get the proper responseuntil the idea was further dewveloped
and adapted by Kitano, Asada, and Kuniy oshi, when proposing a Japanesereseart
programme, called Robot J-Leagué®. During the autumn of 1993, se\eral American re-
searters took interest in the Robot J-League, and it thereafter changed name to the
Robot World Cup Initiativ e or RoboCup for short. RoboCup is sometimesreferredto as
the RoboCup challenge or the RoboCup domain.

In 1995, Kitano et al. [7] proposedthe rst Robot World Cup Soccer Gamesand
Conferencesto take place in 1997. The aim of RoboCup wasto preser a new stan-
dard problem for Al and robotics, somewhat jokingly described as the life of Al after
Deep Blue®. RoboCup di ers from previous researt in Al by focusing on a distributed
solution instead of a certralised solution, and by challenging researtiers from not only
traditionally Al-related elds, but also researters in the areasof robotics, sociology;
real-time mission critical systems,etc.

To co-ordinate the e orts of all researters, the RoboCup Federation was formed.
The goal of RoboCup Federation is to promote RoboCup, for example by annually
arranging the world cup tournament. Members of the RoboCup Federation are all active
researbersin the eld, and represern a number of universitiesand major companies.As

Yparts of this chapter is taken directly from [16]
2The J-League is the professional soccer leaguein Japan.
3In referenceto Deep Blue and its gameswith Kasparov, seehttp://www.chess.ibm.com
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the body of researters is quite large and widespread,local committees are formed to
promote RoboCup-related everts in their geographicalarea.

1.2. The Goals of RoboCup

The RoboCup Federation has set goalsand a timetable for the researt. Setting goals
and a timetable are meansof pushing the state-of-the-art further, in conjunction with

formalised test-beds. In resenblance with John F. Kennedy's national goal of \landing

a man on the moon and returning him safelyto earth" ([4], p. 8276), the main accom-
plishment was not to land a man on the moon and returning him safely but the overall
technological advancemen. Therefore, the most important goal of RoboCup is to ad-
vancethe overall technological level of scciety, and as a more pragmatic goal to achieve
the following:

By mid-21st certury, a team of fully autonomoushumanoid robot soccer
players shall win the soccergame,comply with the o cial rule of the FIFA#,
against the winner of the most recert World Cup [13].

There will be seeral technological advancemerts, even if the goal of the robotic soccer
team is not reaced, starting with Team-Partitioned, Opaque-Transition Reinforcemen
Learning (TPOT-RL) [17] which hasfound application in the domain of padket routing
in computer networks. TPOT-RL is a distributed learning method in domains where
\agents have limited information about ervironmental state transitions" ([17], p. 22).

In most RoboCup leagues,the teams consist of either robots or programs that co-
operate in order to defeat the opponert team. RoboCup Rescueand the commenator
exhibition divergefrom the other RoboCup leagues.The goal of defeating an opponert
would raiseethical issuesin RoboCup Rescue sincewe cannot assigncomparableutilities
to human livesand buildings. Hence,the focusin RoboCup Rescueis on the co-operative
e orts between heterogeneousagens. In the commertator exhibition, the goal is to
obsene and commert.

Besidesthe commertator exhibition and RoboCup Rescue,the main body of the
RoboCup challengeconsistsof seweral leaguesfor soccerplaying. Howewer, asthis manual
is about the simulated leaguewe will only focus on it.

1.2.1. Simulated League

The RoboCup simulator leagueis based on the RoboCup simulator called the soccer
sener [12], a physical soccer simulation system. All gamesare visualised by displaying
the eld of the simulator by the soccer monitor on a computer screen. The soccer server
is written to support competition amongmultiple virtual soccer playersin an uncertain
multi-agent environment, with real-time demandsaswell as semi-structured conditions.
One of the advantages of the soccer sener is the abstraction made, which relieves the

“Federation Internationale de Football Association (FIFA) de nes the rules of soccer [25].
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researtiersfrom having to handle robot problemssuc asobject recognition [9], comnu-
nications, and hardware issues,e.g.,how to make a robot move. The abstraction enables
researtiersto focus on higher level conceptssucd as co-operation and learning.

Since the soccer sener provides a challenging environment, i.e., the intentions of
the players cannot medanically be deduced,there is a needfor a refereewhen playing
a match. The included arti cial refereeis only partially implemented and can detect
trivial situations, e.g., when a team scores. However, there are seeral hard-to-detect
situations in the soccersener, e.g.,deadlocks, which brings the needfor a human referee.
All participating teams are also obliged to play accordingto a gertlemen's agreemen,
e.g., not to useloopholes.

Sincethe rst version of the soccer sener was completed in 1995, there have been
four world cups and one pre-world cup evernt, not to mertion all other RoboCup-related
everts. The 1996 pre-RoboCup ewvent [5] was held in Osala, with only sewen entrants
in the competition which ended with a Japanesevictory by the team Ogalets from
Tokyo University. In Nagoya the following year, the rst formal competition washeld in
conjunction with the IJCAI'97 conference.The competition had 29 teams participating,
and the winner was AT Humboldt [2]. The RoboCup world cup of 1998 was played in
conjunction with the human world cup in Paris, and the winning team was CMUnited98
[27]. During the world cup, media was heavily covering the event, asit was public in a
museumin the suburbs of Paris. The year after, the world cup was held in conjunction
with IJCAI'99 in Stockholm, and the winners (once again) were CMUnited99 [28]. An
unchangedversion of the champion team must participate, asa bencmark, in the next
world cup. The benchmarking teams have always beenable to win their group, but only
in 2000did the benchmark team advancefurther than the rst gameafter group play.

1.2.2. What is the Soccerserver

SoccerSener is a systemthat enablesautonomousagens consisting of programswritten
in various languagesto play a match of soccer (assaiation football) against ead other.

A match is carried out in a client/server style: A sener, soccersener, provides a
virtual eld and simulates all movemerts of a ball and players. Each client cortrols
movemens of one player. Communication betweenthe serwer and ead client is done
via UDP/IP sockets. Therefore userscan useany kind of programing systemsthat have
UDP/IP facilities.

The soccersener consistsof 2 programs, soccerserver and soccermonitor . Soccer Server
is a serwer program that simulates movemerts of a ball and players, communicates with
clients, and cortrols a game accordingto rules. Soccermonitor is a program that dis-
plays the virtual eld from the soccersener on the monitor using the X window system.
A number of soccermonitor programs can connectwith one soccerserver , sowe can
display eld-windo ws on multiple displays.

A client connectswith soccerserver by an UDP socket. Using the sacket, the client
sendscommandsto cortrol a player of the client and receivesinformation from sensorsof
the player. In other words, a client program is a brain of the player: The client receives
visual and auditory sensorinformation from the serwer, and sendscortrol-commands to
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the sener.

Each client can cortrol only one player®®. Soa team consistsof the samenumber of
clients as players. Communications betweenthe clients must be donevia soccerserver
using say and hear protocols. (Seesection4.2.1.) One of the purposesof soccersenrer is
evaluation of multi-agent systems,in which e ciency of communication betweenageris
is one of the criteria. Users must realize cortrol of multiple clients by suc restricted
communication.

1.3. History

In this section we will rst describe the history of the soccerserer and thereafter the
history of the RoboCup Simulation League. To end the sectionwe will alsodescribe the
history of the manual e ort.

1.3.1. History of the Soccer Server

The rst, preliminary, original system of soccersener was written in Septenber of 1993
by Itsuki Noda, ETL. This systemwas built as a library module for demonstration of
a programming languagecalled MWP, a kind of Prolog system that has multi-threads
and high level program manipulation. The module was a closedsystemand displayed a
eld on a character display, that is VT100.

The rst version (version 0) of the client-server style server was written in July of
1994 0n a LISP system. The sener shovs the eld on an X window system, but eath
player wasshaown in an alphabet character. It usedthe TCP/IP protocol for connections
with clients. This LISP version of soccersener becamethe original style of the current
soccerserer. Therefore, the current soccerserer uses S-expressionsfor the protocol
betweenclients and the sener.

The LISP version of soccersener was re-written in C++ in August of 1995 (version
1). This versionwas announcedat the IJCAI workshop on Entertainment and Al/Alife
held in Montreal, Canada, August 1995.

The dewelopmen of version 2 started January of 1996in order to provide the o cial
sener of preRoboCup-96 held at Osaka, Japan, November 1996. From this version, the
system is divided into two modules, soccersener and soccerdisplay (currently, soccer-
monitor). Moreover, the feature of coad mode was introduced into the system. These
two features enabled researtiers on madhine learning to execute gamesautomatically.
Peter Stone at Carnegie Mellon University joined the decision-making processfor the
dewvelopmert of the soccersenrer at this stage. For example, he createdthe con guration
les that were usedat preRoboCup-96.

After preRoboCup-96, the dewelopmert of the o cial sener for the rst RoboCup,
RoboCup-97 held at Nagoya, Japan, August 1997, started immediately, and the version

STedhnically, it is easyto cheat the server. Therefore this is a gertleman's agreemer.
6In order to test various kinds of systems, we may permit a client to control multiple players if the
di erent control modules of players are separated logically from ead other in the client.
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3 was announcedin February of 1997. Simon Ch'ng at RMIT joined decisionsof regu-
lations of soccersener from this stage. The following features were added into the new
version:

logplayer
information about movemen of seenobjects in visual information
capacity of hearing messages

The dewelopmert of version 4 started after RoboCup-97, and announcedNovember
1997. From this version, the regulations are discussedon the mailing list organized by
Gal Kaminka. As a result, many cortributers joined the dewelopmen. Version 4 had
the following new features:

more realistic stamina model

goalie

handling o side rule

disabling players for evaluation

facing direction of playersin visual information
sensebody command

Version 4 was usedin Japan Open 98, RoboCup-98 and Paci ¢ Rim Series98.

Version 5 was used in Japan Open 99, and will also be used in RoboCup-99 in
Stockholm during the summer of 1999.

In Melbourne 2000, version 6 was used, and for the world cup in 2001 version 7 will
be used.

1.3.2. History of the RoboCup Simulation League

The RoboCup simulation league has had v e main ocial ewens: preRoboCup-96,
RoboCup-97, RoboCup-98, RoboCup-99, and RoboCup 2000. Researt results have
been reported extensiwvely in the proceedingsof the workshops and conferencesasso-
ciated with these competitions. In this section, we focus mainly on the competitions
themseles.

preRoboCup-96

preRoboCup-96 was the rst robotic soccer competition of any sort. It was held on
November 5{7, 1996in Osala, Japan [5]. In conjunction with the IROS-96 conference,
preRoboCup-96was meart asan informal, small-scalecompetition to test the RoboCup
soccerserer in preparation for RoboCup-97. 5 of the 7 entrants were from the Tokyo
region. The other 2 were from Ch'ng at RMIT and Stone and Velosofrom CMU.

The winning teams were entered by:
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1. Ogawara (Tokyo University)

2. Sekine(Tokyo Institute of Tednology)

3. Inoue (WasedaUniversity)

4. Stone and Veloso(Carnegie Mellon University)

In this tournament, team strategies were generally quite straightforward. Most of
the teams kept playersin xed locations, only moving them towards the ball when it
was nearby.

RoboCup-97

The RoboCup-97 simulator competition was the rst formal simulated robotic soccer
competition. It was held on August 23{29, 1997in Nagoya, Japan in conjunction with
the 1JCAI-97 conference[6]. With 29 teams entering from all around the world, it was
a very successfukournament.

The winning teams were erntered by:

1. Burkhard et al. (Humboldt University)

2. Andou (Tokyo Institute of Tednology)

3. Tambe et al. (ISI/Univ ersity of Southern California)
4. Stone and Veloso(Carnegie Mellon University)

In this competition, the champion team exhibited clearly superior low-level skills.
One of its main advantagesin this regard was its ability to kick the ball harder than
any other team. Its players did so by kicking the ball around themseles, cortinually
increasing its velocity so that it ended up moving towards the goal faster than was
imagined possible. Sincethe soccersener did not (at that time) enforcea maximum ball
speed, a property that was changedimmediately after the competition, the ball could
move arbitrarily fast, making it almost impossibleto stop. With this advantage at the
low-level behavior level, no team, regardlessof how strategically sophisticated, was able
to defeatthe eventual champion.

At RoboCup-97,the RoboCup scierti ¢ challengeaward wasintro duced. Its purpose
is to recognizescieni c researt results regardlessof performancein the competitions.
The 1997award went to SeanLuke [10] of the University of Maryland "for demonstrating
the utilit y of ewolutionary approad by co-ewlving soccerteamsin the simulator league."

RoboCup-98

The secondinternational RoboCup championship, RoboCup-98 was held on July 2{9,
1998in Paris, France [1]. It was held in conjunction with the ICMAS-98 conference.
The winning teams were entered by:
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1. Stoneet al. (Carnegie Mellon University)

2. Burkhard et al. (Humboldt University)

3. Corten and Rondema (Univ ersity of Amsterdam)

4. Tambe et al. (ISI/Univ ersity of Southern California)

Unlike in the previous year's competition, there was no team that exhibited a clear
superiority in terms of low-level agert skills. Gamesamongthe top three teamswere all
quite closely corntested with the di erences being most noticeable at the strategic, team
levels.

One interesting result at this competition was that the previous year's champion
team competed with minimal modi cations and nished roughly in the middle of the
nal standings. Thus, there was evidencethat asa whole, the eld of erntries was much
stronger than during the previous year: roughly half the teams could beat the previous
champion.

The 1998 sciertic challenge award was shared by Electro Tednical Laboratory
(ETL), Sory Computer Sciencelaboratories, Inc., and German Researt Certer for
Arti cial Intelligence GmbH (DFKI) for "developmen of fully automatic commenator
systemsfor RoboCup simulator league.”

To encouragethe transfer of results from RoboCup to the sciertic community at
large, RoboCup-98 was the rst to host the Multi-Agent Sciertic Evaluation Session.
13di erent teamsparticipated in the sessionjn which their adaptability to lossof team-
members was evaluated comparatively. Each team was played against the same xed
opponert (the 1997 winner, AT Humboldt'97) four half-gamesunder o cial RoboCup
rules. The rst half-game (phase A) sened as a base-line. In the other three half-
games(phasesB-D), 3 players were disabled incremertally: A randomly chosenplayer,
a player chosenby the represenativ e of the xed opponert to maximize "damage" to
the evaluated team, and the goalie. The idea is that a more adaptive team would be
able to respond better to these.

Very early on, even during the sessionitself, it becameclear that while in fact
most participants agreedintuitiv ely with the evaluation protocol, it wasn't clear how to
guartitativ ely, or even qualitativ ely, analysethe data. The most obvious measureof the
goal-di erence at the end of ead half may not besu cien t: someteamsseemto do better
with lessplayers, somedo worse. Performance,as measuredby the goal-di erence, really
varied not only from team to team, but also for the sameteam between phases. The
evaluation methodology itself and analysisof the results becameopen researt problems
in themseles. To facilitate this line of researt, the data from the evaluation was made
public at: http://www.isi.edu/~galk/ Eval/

RoboCup-99

The third international RoboCup championship, RoboCup-99, was held in late July
and early August, 1999in Stockholm, Sweden[3]. It was held in conjunction with the
IJCAI-99 conference.



1. Introduction

RoboCup 2000

The fourth international RoboCup championship, RoboCup 200Q was held in early
Septenber, 2000 in Melbourne, Australia [14]. It was held in conjunction with the
PRICAI-2000 conference.

1.3.3. History of the Soccer Manual E o rt

The rst versions of the manual were written by Itsuki Noda, while deweloping the
saccerserer, and around version 3.00there were seweral requestson an updated manual,
to better correspond to the sener aswell asenablenewcomersto more easily participate
in the RoboCup World Cup Initiativ e. In the fall of 1998Peter Stoneinitiated the Soccer
Manual E ort, over which Johan Kummeneje took responsibility to organizeand as a
result the Soccer Sener Manual version 4.0 was releasedon the 1st of November 1998.

In 1999,the manual for the soccerserer version 5.0 was released. Unfortunately the
manual lost part of its pace, and there was no releaseof the manual for soccersener
version 6.0.

Since 1999, the soccerserer has changed major version to 7 and is cortinuously
deweloped. Therefore the Soccer Manual E ort has dewveloped a new version, which you
are currently reading.

1.4. About This Manual

This manual is the joint e ort of the authors from a diverserange of universities and
organizations, which build upon the original work of Itsuki Noda.
If there are errors, inconsistenciesor oddities, pleasenotify johank@dsv.su.ser fruit@uni-koblenz.de
with the location of the error and a suggestionof how it should be corrected.

We are always looking for anyone who has an idea on how to improve the manual,
as well as proofread or (re)write a section of the manual. If you have any ideas, or feel
that you can cortribute with anything to the SoccerSener Manual E ort pleasemail
johank@dsv.su.ser fruit@uni-koblenz.de

The latest manual canbe downloadedat http://www.dsv.su.se/~joh  ank/RoboCug
manual.

1.5. Reader's Guide to the Manual

The thesis is written for a wide range of readers, and therefore the chapters are not
equally important to all readers. We shortly describe the remaining chapters to give an
overview of the thesis.

Chapter 2 intro ducesthe conceptsof the simulated leagueand will help the newcomer
to get to terms with the dierent parts.

Chapter 3 helpsthe beginnersto start compiling and running the software.

Chapter 4 describesthe soccerserer.

Chapter 5 describesthe soccermonitor.



1.5. Reader'sGuide to the Manual

Chapter 6 describesthe soccerclient and how to create one.
Chapter 7 describesthe coadclient.
Chapter 8 suggestssomefurther reading.
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2. Overview

2.1. Getting Started

This sectionis designedto give you a quick intro duction to the main componerts of the
RoboCup simulator. For ead of these componerts you will nd detailed information
(i.e. con guration parameters,run-time options, etc.) later on in this manual.

2.1.1. The Server

The sener is a systemthat enablesvarious teamsto compete in a gameof soccer. Since
the match is carried out in a client-server style, there are no restrictions as to how
teams are built. The only requiremert is that the tools usedto develop a team support
client-server communication via UDP/IP . This is dueto the fact that all communication
betweenthe sener and ead client is donevia UDP/IP sockets. Each client is a separate
processand connectsto the serner through a speci ed port. A team can have up to 11
clients (or players). After a player connectswith the serwer, all messagesire transferred
through this port. The players send requeststo the serner regarding the actions they
want to perform (e.g. kick the ball, turn, run, etc.). The sener receivesthose messages,
handlesthe requests,and updatesthe environment accordingly. In addition, the serer
provides all players with sensoryinformation (e.g. visual data regarding the position
of the ball, goals, and other players). It is important to mertion that the sener is
a real-time system working with discrete time intervals (or cycles). Each cycle has a
speci ed duration, and actions that needto be executedin a given cycle, must arrive to
the sener during the right interval. Therefore, slow performancethat resultsin missing
acting opportunities has a major impact on the performanceof the team.

2.1.2. The Monitor

The monitor is a visualisation tool that allows peopleto seewhat is happening within

the sener during a game. The information showvn on the monitor includes the score,
team names,and the positions of all the players and the ball. The monitor also provides
a simple interface to the serwer. For example, when both teams have connected, the
"Kick-O" button on the monitor allows a human refereeto start the game. As you
will discover later on, to run a gameon the sener, a monitor is not required. However,
if needed,a number of monitors can be connectedto the serer at the sametime (for
exampleif you want to show the samegameat di erent terminals).

11



2. Overview

2.1.3. The Logplayer

The logplayer can be thought of as a video player. It is a tool that is usedto replay
matches. When running the sener, certain options can be usedthat will causethe serer
to store all the data for a given match on the hard drive. (Pretty much like pressing
the record button on your video). Then, the logplayer conbined with a monitor can be
usedto replay that gameas many times as needed. This is quite usefull for doing team
analysis and discovering the strong or weak points of a team. Much like a video player,
the logplayer is equipped with play, stop, fast forward and rewind buttons. Also the
logplayer allows you to jump to a particular cycle in a game (for example if you only
want to seethe goals).

2.2. The Rules of the Game

During a game, a number of rules are enforcedeither by the automated refereewithin
the sener, or by a human referee. The aim of this sectionis to describe how theserules
work, and how they a ect the game.

2.2.1. Rules Judged by the Automated Referee
Kick-O

Just before a kick o (either before the game starts, or after every goal), all players
must be in their own half. To allow for this to happen, after a goal is scored,the referee
suspendsthe match for an interval of 5 seconds. During this interval, players can use
the move commandto teleport to a position, rather than run to this position, which is
much slower and consumesstamina. If a player remainsin the opponert half after the
5-secondinterval has expired, the refereemovesthe player to a random position within

their own half.

Goal

When a team scores,the refereeperforms a number of tasks. Initially , it announcesthe
goal by broadcasting a messageo all players. It also updatesthe score,movesthe ball
to the certre mark, and changesthe play-mode to kick_.o x (where x is either left or
right). Finally, it suspendsthe match for 5 secondsallowing players to move badk to
their own half (as described above in the "Kick-O " section).

Out of Field

When the ball goesout of the eld, the refereemovesthe ball to a proper position (a
touchline, corner or goal-area) and changesthe play-mode to kick_in, cornerKkick, or
goalkick. In the caseof a corner kick, the refereeplacesthe ball at (1m, 1m) inside the
appropriate corner of the eld.

12



2.2. The Rules of the Game

Player Clearance

When the play-modeis kick_o, kick_in, or corner kick, the refereeremovesall defending
players located within a circle certred on the ball. The radius of this circle is a param-
eter within the sener (normally 9.15 meters). The removed players are placed on the
perimeter of that circle. When the play-mode is o side, all o ending players are moved
badk to a non-o side position. O ending playersin this caseare all playersin the o side
area and all players inside a circle with radius 9.15 meters from the ball. When the
play-mode is goalkick, all o ending players are moved outside the penalty area. The
o ending players cannot re-erter the penalty areawhile the goal kick takes place. The
play-mode changesto play_on immediately after the ball goesoutside the penalty area.

Play-Mo de Control

When the play-mode is kick_o, kick_in, or cornerXkick, the refereechangesthe play-
mode to play_on immediately after the ball starts moving through a kick command.

Half-Time and Time-Up

The refereesuspendsthe match when the rst or the secondhalf nishes. The default
length for ead half is 3000 simulation cycles(about 5 minutes). If the match is drawn
after the secondhalf, the match is extended. Extra time continuesuntil a goalis scored.
The team that scoresthe rst goalin extra time wins the game. This is also known as
the \golden goal" rule or \sudden death".

2.2.2. Rules Judged by the Human Referee

Fouls like \obstruction" are di cult to judge automatically becausethey concernplay-
ers' intentions. To resolwe sud situations, the sener provides an interface for human-
intervertion. This way, a human-refereecan suspend the match and give free kicks
to either of the teams. The following are the guidelinesthat were agreedprior to the
RoboCup 2000 competition.

Surrounding the ball

Blocking the goal with too many players

Not putting the ball into play after a given number of cycles
Intentionally blocking the movemert of other players

Abusing the goalie catch command (the goalie may not repeatedly kick and catch
the ball, asthis provides a safeway to move the ball anywhere within the penalty
area).

13



2. Overview

Flooding the Server with Messages

A player should not sendmore than 3 or 4 commandsper simulation cycleto the soccer
sener. Abuse may be cheded if the sener is jammed, or upon request after a game.
Inappropriate Behaviour

If a player is obsened to interfere with the match in an inappropriate way, the human-
refereecan suspend the match and give a free kick to the opposite team.

14



3. Getting Started

This section cortains all the information necessaryto get the Soccer Sener source les
and to install the software. The procedureshowvn was performed on a computer running
GNU/Lin ux 2.2.17 (ched your version with uname-sr ) with egcs2.91.66(ched your
versionwith which g++) but any reasonablyup-to-date installation shoulddoit. In the
commandsshaown below, -> is supposedto be the command-line prompt.

3.1. Getting and installing the server
A Get source les from one of the Saccer Sener sites:

http://ci.etl.go.jp/~noda/ soccer/ server/ (Japan)
http://www.robolog.org/ser ver/ (Germany)

This is doneby :

a) clicking the Download link and
b) getting the gziped le sserver-*.tar.gz

where* is the version number? of the software. This le cortains all the necessary
sourcesfor Soccer Sener and can be found either by going directly to the Soccer
Sener FTP site at http://www.uni-  koblenz.de/ ag- ki /ROBOCR/sserv er/p ub/
soccer/server/  or by clicking the Newest version link from the download page.

A Extract the source les by running:
-> tar zxvf sserver-*.tar.gz

A directory sserver-* is created. Now, changethe working directory to sserver-* .
This directory contains the following les:

> Is -a

Makefile logplay sserver
. README logplayer sserver-csh.tmpl
.cvsignore coach_lang_grammar monitor sserver-tcsh.tmpl

LVersion 7.04 is the current version at the time of writing (March 2001). The example list is output
for version 7.04.

15



3. Getting Started

16

>

Acknowledgement configure recfile_change sserver.org
Changes configure2 sampleclient sserver.tmpl
Licence drawcheck server tools

Always read the READMEe rst:

-> cd sserver-7.04
-> more README
[Directories]
server/

Source files of soccerserver
monitor/

Source files of soccermonitor
sampleclient/

Source files of a very simple client

[How to Make]
(1) Do configure
(2) Do make

[How to Start]
(1) start soccerserver.
(2) start a couple of soccermonitors you want.

"sserver" is a sample script to invoke soccerserver and soccermonitor.

[Required Softwares]
GCC2.7.0 or later
X11R50r R6
Someold version of R5 may cause problems of display.

[Suppoted 0OSs]
Sun0$4.1.x
Solaris 2.x
DECOSF1
Linux RH4.xx, 5.xx, 6.xX

The rest of the READMHEe cortains the license under which you may use and
modify the software. Please,make sure you read it in your own time.

Do \ configure " following the instructions in the READMEe for your platform:

-> ./configure



3.2. Download sites

Do you use X11R6.x? [y or n]
[default=y]:y

Enter X11R6includes directory.
[default=/usr/X11R6/incl ude]:

Enter X11R6libraries  directory.
[default=/usr/X11R6/lib]

Do you use dynamic linking? [y or n]
[default=y]:y

Enter compiler flag(s).
[default=-02 -pipe]:

Configuration  Summary:
OStype = Linux_22
X11 revision = 6
X11 include PATH= /usr/X11R6/include
X11 libraries PATH= /usr/X11R6/lib
Link style = Dynamic
Compiler flag(s) = -O2 -pipe

Creating Makefile...[server][moni tor J[sa mplecli ent] [rec fil e_change][l ogplayer][d rawcheck]
Creating sserver script.
Done.

po2i

Do \ maké

-> make

g++ -¢c -pipe -DLinux -DLinux_ 2 2 main.C
g++ -c -pipe -DLinux -DLinux_2 2 field.C
g++ -c -pipe -DLinux -DLinux_2_2  object.C
g++ -c -pipe -DLinux -DLinux_2 2  netif.C

g++ -c -0O2 -pipe -DLinux -DLinux_2 2 -l../server drawcheck.C
g++ -¢ -0O2 -pipe -DLinux -DLinux_2 2 -l../server netif.C
g++ -0 drawcheck drawcheck.o netif.o -Im

If there are errors in the make pleaseched the g++ environment in your system.

3.2. Download sites

There are two download sites for the Soccer Sener:

1. http://ci.etl.go.jp/~noda/ soccer/ server/ (Japan)

17



3. Getting Started

2. http://www.robolog.org/ser ver/ (Germany)

The original home of the Soccer Sener is the top site but it is soon to go out of
commission. At the time of writing (March 2001) both sites are still up-and-running
but the German site is to take over as the o cial home of the Soccer Serner at some
point in the summerof 2001. Usersare prompted to usethe German site to avoid future
problems.

3.3. How to start the server

The sserver-* directory cortains a sserver le. This is a shell script that is made by
configure . Running it with sserver doesthree things :

1. it starts a Soccer Sener
2. it starts a Soccer Monitor
3. when no longer needed,it stopsthe Soccer Serer process

The SoccerSener runs in the badkground and producessomeoutput to the terminal
where the script was started from. Also, a window appearson the screen. This window
is the Soccer Monitor sothe user can actually watch the game. The output of running
the sserver script should look like this :

-> sserver

Soccer Server Ver. 7.04

Copyright (C) 1995, 1996, 1997, 1998, 1999, 2000 Electrotechnical Laboratory.
Itsuki Noda, Yasuo Kuniyoshi and Hitoshi Matsubara.

2001 RoboCupSoccer Server Maintainance Group.

Patrick Riley, TomHoward, Jan Wendler, Itsuki Noda

wind factor: rand: 0.000000, vector: (0.000000, 0.000000)

In order to actually start a match on the Saccer Sener, the user must connectsome
clients to the serer (maximum of 11 per side). When these clients are ready, the user
can click the Kick Off button onthe Soccer Monitor to start the game. It is likely that
you have not yet programmed your own clients, in which case,you can read section 3.6
for instructions how to setup a whole match with two of the available teamsthat other
RoboCuppers have cortributed.

Also, there is a sample client included with ewvery distribution of the Soccer Server
which can be found in the sampleclient directory. To run one of theseclients :

-> cd sampleclient

> s

Makefile Makefile.tmpl2 client.c client.o
Makefile.tmpl client client.h

-> client

18



3.4. How to stop the sener

Running client attempts to connectto the sener using default parameters(host=lo calhost,
port=6000). Of course,thesesener parameterscanbe changedusingthe argumerts that
SoccerSener acceptswhenit is started. When the client is started, you needto initialise
its connectionto the sener. The sampleclient is made so that the usertypes Saccer
Serner commandson the command line. So, to initialise the connection:

(init  MyTeam)

You will notice that one of the two teamsis now named\MyT eam" and one of the
playersthat are standing by the side-lineis active. This player correspondsto the client
you'vejust initialised. Also, notice the information that the client writes on the terminal.
This is what the client receivesfrom the sener. In the following text, the rst two lines
correspond to the initialisation 2 and the other data is the information that the sener
sendsto this client :

send 6000 : (init MyTeam)
recv 1067 : (init | 1 before_kick off)

recv 1067 : (see 0 ((goal r) 66.7 33) ((flag r t) 55.7 3)
(flag prt) 425 23) ((flag pr c) 53.5 43))

recv 1067 : (see O ((goal r) 66.7 33) ((flag r t) 55.7 3)
(flag prt) 425 23) (flag pr c) 53.5 43))

You can still type commands(such as (move 0 0) or (turn 45)) that the player
will then sendto the sener. You should be able to seethe result of thesecommandson
the Soccer Monitor window.

3.4. How to stop the server

The correct procedurefor stopping the sener is :
1. Stop all clients (players)
2. Stop all Saccer Monitors by clicking on the Quit button

3. Hit ctrl-c  at the terminal window where you started the Soccer Sener in order
to terminate it

If you follow this procedure,you will not only stop all visible running processedut
also make surethat all those processeshat may be running in the badkground (such as
the Soccer Sener) are also stopped. The problem that ariseswhen you don't properly
shut down the Soccer Sener is that you may not be able to start another processunless
you start it with di erent parameters.

2The responsefrom the server meansthat the client plays for the left side, has the number one and the
play mode is beforekick_o
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3. Getting Started

NOTE : It is sometimesuseful and conveniert to terminate processesausing their
name. Using the kill operating system command involves nding the processnumber
of the processyou want to stop using the ps command. A simpler way to eradicate all

processeghat have a speci ¢ nameis by meansof the killall command, for example
» \Kkillall soccermonitor " is sucient to kill all processeswith the name Soccer
Monitor.

3.5. Supported platforms

The Soccer Sener supports the following platforms? :
Sun0S4.1.x
Solaris 2.x
DEC OSF1

Linux RedHat 4.xx, 5.xx, 6.xx

3.6. The processof a match

3Supported platforms may change. Please, chedk the READMEe that came with your version of the
software.
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4. Soccer Server

4.1. Objects

GameObjec;
distance
direction
\ \
FieldObject Line
position line_id

[
MobileObject StationaryObject
|

direction_chang|
distance_chang
speed_vector

\
Player
—

team

side
uniform_numbe
body_direction
face_direction
neck_direction

I
Marker

marker_id

Figure 4.1.: UML diagram of the objects in the simulation



4. SoccerSener

4.2. Protocols

4.2.1. Client Command Proto col

Connecting, reconnecting, and disconnecting

From client to server From server to client
(init TeamName [(version VerNum )] [(goalie)]) (init Side Unum PlayMo de)
Side:=1Ijr

TeamName:= (j ja zjA Zzjo 9)*

. =1 1
VerNum ::= the protocol version (e.g. 7.0) Unum

PlayMode ::= one of play modes
(error no_more _team _or _player _or _goalie)

(reconnect TeamName Unum) (reconnect Side PlayMo de)
Side:=1Ijr
TeamName:= (j ja zjA ZjO0 9)+ Unum == 1 11

PlayMode ::= one of play modes
(error no_more _team _or _player)
(error reconnect)

(bye)

If your client connectsor reconnectssucessfullywith a protocol version 7.0, the
sener will additionally sendfollowing messagesa messagecontaining the sener param-
eters, a messageconaining the player parametersand a messagecorntaining the player
types. The format is given below. Finally, the player will receive a messageon changed
players (seeSec.4.6).

(serv er_param gwidth inertia _momen t psize pdecay prand pweight pspeed_max
paccel _max stamina _-max stamina _inc recover_init recover_dthr recover_min
recover_dec eort _init eort _dthr eort _-min eort _dec eort _ithr eort _inc
kick_rand team _actuator _noise prand _factor _| prand _factor _r kick_rand _factor I

kick _rand _factor _r bsize bdecay brand bweight bspeed_max baccel _max dprate
kprate kmargin ctlradius ctlradius _width maxp minp maxm minm maxnm

minnm maxn minn visangle visdist windir winforce winang winrand kic kable _area
catch_area_| catch_area_w catch_prob goalie _max _moves ckmargin o side _area

win _no win _random say_cnt_max SayCoac hMsgSize clang _win _size clang _-de ne _win
clang _meta _win clang _advice _win clang _info _win clang _-mess_delay clang -mess_per _cycle
half _time sim _st send_st recv _st sh_step Icm _st SayMsgSize hear _max hear _inc

hear _decay cban _cycle slow_down _factor useo side kickooside o side _kick_margin
audio _dist dist _gstep land _gstep dir _gqstep dist _gstep _I dist _gqstep _r land _gstep

land _gstep _r dir _gstep _I dir _qstep .r CoachMo de CwRMo de old _hear sv_st

start _goal | start _goal r fullstate _| fullstate _r drop _time )

(pla yer_param player_typ es subs_max pt _max player_speed_max _delta _min
player_speed_max _delta _-max stamina _inc _max _delta _factor player_decay _delta _min
player_decay_delta _max inertia _momen t _delta _factor dash_power_rate _delta _min
dash _power_rate _delta _-max player_size_delta _factor kic kable _-margin _delta _-min

kic kable _margin _delta _max kick_rand _delta _factor extra _stamina _delta _-min

extra _stamina _delta _-max e ort _max _delta _factor e ort _min _delta _factor )
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for ead available player type a messageof the form

4.2. Protocols

(player_typeid player_speed_max stamina -inc _max player_decay inertia _momen t
dash _power_rate player_size kickable _margin kick_rand extra _stamina e ort _max

eort _min)

Client Control

From client to server

Only once per cycle

(catc h Direction )
Direction ::= minmomen t maxmomen t degrees

Yes

(change _view Width Qualit y)
Width ::= narrow j normal j wide
Quality ::= high j low

No

(dash Power)
Power ::= minp ower  maxp ower
Note: backward dash consumesdouble stamina.

Yes

(kic k Power Direction )
Power ::= minp ower maxp ower
Direction ::= minmomen t maxmomen t degrees

Yes

(move X Y)
X = -525 525
Y :=-34 34

Yes

(say Message)
Message::= a message

No

(sense _body)
The server returns
(sense_body Time
(view _-mode fhigh jlowg fnarro w j normal | wide g)
(stamina Stamina Eort )
(speed Amoun tOfSp eed DirectionOfSp eed)
(head _angle HeadAngle )
(kic k Kic kCoun t)
(dash DashCoun t)
(turn TurnCoun t)
(say SayCoun t)
(turn _neck TurnNec kCoun t)
(catc h Catc hCoun t)
(mo ve Mo veCount)
(change _view ChangeViewCoun t))

No

(score)
The server returns
(score  Time OurScore TheirScore)

No

(turn  Momen t)
Moment ::= minmomen t maxmomen t degrees

Yes

(turn _neck Angle )

Angle ::= minnec kmomen t maxnec kmomen t degrees
turn _ned is relativ e to the direction of the body.
Can be invoked in the same cycle as a turn, dash or kick.

Yes

The server may respnd to the abtove commands with the errors:
(error unkno wn _command)
(error illegal _.command _form)
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4.2. Protocols

4.2.2. Client Sensa Proto col

From server to client

(hear Time Sender"Messagé) (hear Time Online_Coach Coach_Language Message

Time ::= simulation cycle of the soccerserv er
Sender ::= online _coach_left j online _coach_righ t j coach j referee j self j Direction
Direction ::= -180 180 degrees
Message::= string
Online _Coach ::= online _coach_left j online _coach _righ t

Coach_Language Message::= seethe standard coac language section

(see Time Obijlnfo 7)
Time ::= simulation cycle of the soccerserv er
Objinfo ::= (ObjName Distance Direction DistChange DirChange BodyF acingDir HeadF acingDir )
j (ObjName Distance Direction DistChange DirChange
j (ObjName Distance Direction )
j (Ob jName Direction )

ObjName ::= (p ["'Teamnamée' [UniformNum ber [goalie 1]])
j (b)
(g [1jr)
j(foc)
j (f lljcjr] [tjb])
j (f p [ljr] [ticjb])
j(f gl [tib])
j (f [ljrjtjb] 0)
j (f [tjb] [ljr] [10j20j30j40j50])
j (F [1jr] [tjb] [10j20j30])
i (I [ljrjtjb])
j (B)
(A
i (G)
i (P)
Distance ::= positive real number
Direction ::= -180 180 degrees
DistChange ::= real number
DirChange ::= real number
HeadFaceDir ::= -180 180 degrees
BodyFaceDir ::= -180 180 degrees
Teamname ::= string
UniformNum ber ::= 1 11

(sense_body Time
(view _-mode fhigh jlowg fnarro w j normal j wide g)
(stamina Stamina Eort )
(speed Amoun tOfSp eed DirectionOfSp eed)
(head _angle HeadAngle )
(kic k Kic kCoun t)
(dash DashCoun t)
(turn TurnCoun t)
(say SayCoun t)
(turn _neck TurnNec kCoun t)
(catc h Catc hCoun t)
(mo ve Mo veCount)
(change _view ChangeViewCoun t))

Time ::= simulation cycle of the soccerserv er
Stamina ::= positive real number
E ort := positive real number
AmountOfSpeed ::= positive real number
DirectionOfSp eed ::= -180 180 degrees
HeadAngle ::= -180 180 degrees
*Count ::= positive integer 25




4. SoccerSener

4.3. Sensa Models

A RoboCup agen hasthree di erent sensors. The aural sensordetects messagesert
by the referee, the coates and the other players. The visual sensordetects visual
information about the eld, like the distance and direction to objects in the player's
current eld of view. The visual sensoralso works as a proximity sensorby \seeing"
objects that are close, but behind the player. The body sensordetects the current
\physical" status of the player, like its stamina, speed and nedk angle. Together the
sensorsgive the agen quite a good picture of the environment.

4.3.1. Aural Sensa Model

Aural sensormessagesre sert whena client or a coad sendsa say command. The calls
from the refereeis alsoreceived asaural messagesAll messagesarereceived immediately.
The format of the aural sensormessagdrom the soccer sener is:

(hear Time Sender "Message")

Time indicates the current time.

Senderis the relative direction to the senderif it is another player, otherwiseit is
one of the following:
self: when the senderis yourself.
referee : when the senderis the referee.
online _coach _left or online _coach right: when the senderis one of the
online coades.

Messagds the message.The maximum length is say _msg _size bytes. The possible
messagedrom the refereeare described in Section4.7.1.

The sener parametersthat a ects the aural sensorare described in Tab. 4.1.

Parameter in server.conf Value
audio _cut _dist 50.0
hear _max 2
hear _inc 1
hear _decay 2
say _msg _size 512

Table 4.1.: Parametersfor the aural sensor
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4.3. SensorModels

Capacity of the Aural Sensa

A player can only hear a messagdf the player's hear capacity is at least hear _decay,
since the hear capacity of the player is decreasedby that number when a messageis
heard. Every cycle the hear capacity is increasedwith hear _inc. The maximum hear
capacity is hear _max . To avoid a team from making the other team's communication
uselessby overloading the channel the players have separate hear capacities for ead
team. With the current sener.conf le this meansthat a player can hear at most one
messagdrom ead team every secondsimulation cycle.

If more messagesarrive at the sametime than the player can hear the messages
actually heard are unde ned. (The current implementation choosethe messagesccord-
ing to the order of arrival.) This rule does not include messagedrom the referee, or
messagedrom oneself. In other words, a player can say a messageand hear a message
from another player in the sametimestep.

Range of Communication

A messagesaid by a player is transmitted only to playerswithin audio _cut _dist meters
from that player. For example, a defender,who may be near his own goal, can hear a
messagerom his goal-keeper but a striker who is near the opponert goal can not hear
the message Messagedrom the refereecan be heard by all players.

Aural Sensa Example

This example should showv which messageget through and how to calculated the hear
capacity.

Example: Each coad sendsa messageevery cycle. The refereesenda messagevery
cycle. The four players in the example all send a messageevery cycle. Showv which
messagegets through during 10 cycles(6 might be enough).

4.3.2. Vision Sensa Model

The visual sensorreports the objects currently seenby the player. The information is
automatically sert to the player every sense_step, currently 150, milli-seconds.
Visual information arrivesfrom the serer in the following basic format:

(see ObjName Distance Direction DistChng DirChng BodyDir HeadDir)

where
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4. SoccerSener

ObjName := (p "Teamnamé UniformNumber goalie)
j (g [jr])
j (b)
i (fc)
j (f lljcjr] [tjb])
j (F p [ljir] [ticjb])
j (F g [ljir] [tjb])
j (F Qljrjtjb] 0)
j (f [tjb] [ljr] [10j20j30j40j50])
j (F [ljr] [tjb] [10j20j30])
j (I [ljrjtjb])
Distance, Direction, DistChng and DirChng are calculated in the following way:

Prx = Pxt  Pxo 4.1)
Pry = Pyt Pyo (4.2)
Vix = Vxt Vo (4.3)
Viy = \éyt Vyo (4.4)
Distance =  p2 + pj (4.5)
Direction = arctan(pry=px) @ao (4.6)
&x = prx=Distance 4.7)
&y = pry=Distance (4.8)
DistChng = (Vix &x)+ (Vry €ry) (4.9)
DirChng = [( (Vrx ery)+ (vry €ry))=Distance] (180= ) (4.10)
BodyDir = PlayerBodyDir AgentBodyDir AgentHeadDir (4.11)
HeadDir = PlayerHeadDir AgentBodyDir AgentHeadDir (4.12)

where (py: ; Pyt) is the absolute position of the target object, (pxo; Pyo) is the absolute
position of the sensingplayer, (vx;Vyt) is the absolute velocity of the target object,
(Vxo; Vyo) is the absolute velocity of the sensingplayer, and a, is the absolute direction
the sensingplayer is facing. The absolute facing direction of a player is the sum of the
BodyDir and the HeadDir of that player. In addition to it, (prx;Pry) and (Vix;Vry) are
respectively the relative position and the relative velocity of the target, and (erx;ery)
is the unit vector that is parallel to the vector of the relative position. BodyDir and
HeadDir are only included if the obsened object is a player, and is the body and head
directions of the obsened player relative to the body and headdirections of the observing
player. Thus, if both players have their bodies turned in the same direction, then
BodyDir would be 0. The samegoesfor HeadDir.

The (goal r) object is interpreted asthe certer of the right hand side goalline. (f ¢)
isavirtual ag at the certer of the eld. (f | b) isthe ag at the lower left of the eld.
(f p | b) isavirtual ag at the lower right corner of the penalty box on the left side
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Physical boundary

Figure 4.2.: The ags and lines in the simulation.

of the eld. (f g | b) is avirtual ag marking the right goalpost on the left goal. The
remaining typesof ags are all located 5 meters outside the playing eld. For example,
(f t 1 20) is 5 meters from the top sideline and 20 meters left from the certer line. In
the sameway, (f r b 10) is 5 metersright of the right sideline and 10 meters below the
certer of the right goal. Also, (f b 0) is 5 meters below the midpoint of the bottom
sideline.

In the caseof (I ...), Distance is the distance to the point where the certer line of
the player's view crosseshe line, and Direction is the direction of the line.

Range of View

The visible sector of a player is dependart on seeral factors. First of all we have the
sener parameterssense_step and visible _angle which determinesthe basictime step
betweenvisual information and how many degreegshe player's normal view coneis. The
current default valuesare 150 milli-secondsand 90 degrees.

The player can alsoin uence the frequencyand quality of the information by chang-
ing ViewWidth and ViewQuality.

29

(flag r t 30)

(flag r t 20)

(flag r t 10)

(flag r 0)

(flag r b 10)

(flag r b 20)

(flag r b 30)



4. SoccerSener

To calculatethe current view _frequency andview _angle of the agen useequations
4.13and 4.14.

view _frequency = sense_step view _qualit y _factor view _width _factor (4.13)

where view _qualit y factor is1i ViewQuality is high and 0.5i ViewQuality is
low; view _width _factor is 2i ViewWidth is narrow, 1i ViewWidth is normal ,
and 0.5i ViewWidth is wide .

view _angle = visible _angle view _width _factor (4.14)

whereview _width _factor is0.5i ViewWidth isnarrow, 1i ViewWidth is nor-
mal, and 2i ViewWidth is wide .

The player can also \see" an object if it's within visible _distance meters of the
player. If the objects is within this distance but not in the view conethen the player
can know only the type of the object (ball, player, goalor ag), but not the exact name
of the object. Moreover, in this case,the capitalized name, that is\B", \P", \G" and
\F", is usedasthe name of the object rather than \b", \p", \g" and \f".

The following example and Fig. 4.3 are taken from [17].

The meaning of the view _angle parameter is illustrated in Fig. 4.3. In this gure,
the viewing agen is the one shavn astwo semi-circles. The light semi-circleis its front.
The black circles represent objects in the world. Only objects within view _angle /2,
and those within visible _distance of the viewing agert can be seen. Thus, objects b
and g are not visible; all of the rest are.

As object f is directly in front of the viewing agen, its anglewould be reported as0
degrees.Object e would be reported as being roughly -40 , while object d is at roughly
20 .

Also illustrated in Fig. 4.3, the amount of information describing a player varies
with how far away the player is. For nearby players, both the team and the uniform
number of the player are reported. Howeer, as distance increases, rst the likelihood
that the uniform number is visible decreasesand then even the team name may not be
visible. It is assumedin the sener that unum _far _length unum _to o_far length
team _far _length  team _to o_far _length . Let the player's distance be dist. Then

If dist unum _far _length , then both uniform number and team nameare visible.

If unum _far _length < dist < unum _to o_far _length , then the team name is
always visible, but the probability that the uniform number is visible decreases
linearly from 1 to O asdist increases.

If dist unum _to o_far _length , then the uniform number is not visible.
If dist team _far _length , then the team nameis visible.

If team _far _length < dist < team _to o_far _length , then the probability that
the team name s visible decreasedinearly from 1 to 0 asdist increases.

30



L))

4.3. SensorModels

Client whose vision perspective is being illustrated

visible_distance b _--- /\\ A
- ,\
N _ - /\/ v e. \
i " ' \\ \\ \\ ‘|
\% v c® | || I
1 / I |
tview_angle o |
\ . .
t r ! field_width
\ _ ;7 / / —
unum_far_length- - -~ ’ 7 /
— \\ Jd@® . // / ;
- /
unum_too_far_length - - - .-~ g
team_far_length — ~ P
\ s
\ - -
team_too_far length. _ - - - y

-

field_length >

Figure 4.3.: The visible range of an individual ager in the soccer serwer. The view-

ing agen is the one showvn as two semi-circles. The light semi-circleis its
front. The black circlesrepresen objects in the world. Only objects within
view _angle /2, andthosewithin visible _distance ofthe viewing agert can
be seen. unum _far _length , unum _to o_far _length , team _far length ,
and team _to o_far _length a ect the amount of precisionwith which a play-
ers'identity is given. Taken from [17].
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4. SoccerSener

If dist team _too_far _length , then the team nameis not visible.

For example, in Fig. 4.3, assumethat all of the labeled circles are players. Then
player ¢ would be identi ed by both team name and uniform number; player d by team
name, and with about a 50%chance,uniform number; player e with about a 25%chance,
just by team name, otherwise with neither; and player f would be identied simply as
an anonymous player.

Parameter in server.conf Value

sense_step 150
visible _angle 90.0
visible _distance 3.0
unum _far _length 2 20.0
unum _to o_far _length 2 40.0
team _far _length 2 40.0
team _to o_far _length 2@ 60.0
guantize _step 0.1
guantize _step | 0.01

aNot in server.conf , but compiledinto the sener

Table 4.2.: Parametersfor the visual sensors

Visual Sensa Noise Mo del

In order to introduce noisein the visual sensordata the valuessert from the sener is
guantized. For example, the distance value of the object, in the casewhere the object
in sight is a ball or a player, is quantized in the following manner:

d® = Quantize(exp(Quantize(log(d); quan tize _step)); 0:1) (4.15)

where d and d® are the exact distance and quartized distance respectively, and

Quarntize(V;Q) = ceiling(V=Q) Q (4.16)

This meansthat players can not know the exact positions of very far objects. For
example, when distance is about 100.0the maximum noiseis about 10.0, while when
distanceis lessthan 10.0the noiseis lessthan 1.0.

In the caseof ags and lines, the distancevalue is quantized in the following manner.

d® = Quantize(exp(Quantize(log(d); quan tize _step _1)); 0:1) (4.17)
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4.3. SensorModels

4.3.3. Body Sensa Model

The body sensorreports the current \physical" status of the player. The information is
automatically sen to the player every sense_body _step, currently 100, milli-seconds.
The format of the body sensormessagss:
(sense_body Time
(view _mode ViewQualit y ViewWidth)
(stamina Stamina E ort)
(speed Amoun tOfSp eed DirectionOfSp eed)
(head _angle HeadDirection)
(kic k Kic kCoun t)
(dash DashCoun t)
(turn  TurnCoun t)
(say SayCoun t)
(turn _neck TurnNec kCoun t)
(catc h Catc hCoun t)
(move Mo veCount)
(change _view ChangeViewCoun t))

ViewQuality is one of high and low.

ViewWidth is one of narro w, normal , and wide .

AmountOfSpeedis an approximation of the amourt of the player's speed.
DirectionOfSpeedis an approximation of the direction of the player's speed.
HeadDirection is the relative direction of the player's head.

The Count variables are the total number of commandsof that type executedby
the sener. For exampleDashCourt = 134 meansthat the player hasexecuted134
dash commandssofar.

The semariics of the parameters are described where they are actually used. The
ViewQuality and ViewWidth parametersare for exampledescribed in the Section4.3.2.
The sener parametersthat a ects the body sensorare described in Tab. 4.3.

Parameter in server.conf Value
sense_body _step 100

Table 4.3.: Parametersfor the body sensor
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4.4. Movement Mo del
In ead simulation step, movemern of ead object is calculated as following manner:

(urhugt) = (visw) + (a);ay): accelerate (4.18)

(P sy (Pl py) + (U5 uy™): move

(vitiwt) = decay  (ugt;uytt): decay speed
@™t;at) = (0;0): resetacceleration

where, (py;p}), and (vi;vy) are respectively position and velocity of the object in
timestep t. decay is a decay parameter specied by ball decay or player _decay.
(a§(;a§,) is accelerationof object, which is derived from Power parameterin dash (in the
casethe object is a player) or kick (in the caseof a ball) commandsin the following
manner:

(a;a) = Power powerrate (cos ');sin( ‘)

where ! is the direction of the object in timestep t and power_rate is dash _power rate
or is calculated from kic k_power _rate asdescribedin Sec.4.5.3. In the caseof a player,
this is just the direction the player is facing. In the caseof a ball, its direction is given
as the following manner:

ball =  kicker + Direction

where tball and It<icker aredirections of ball and kicking player respectively, and Direction
is the secondparameter of a kick command.

4.4.1. Movement Noise Model

In order to re ect unexpected movemens of objects in real world, adds noiseto the
movemert of objects and parameters of commands.
Concernedwith movemerts, noiseis addedinto Eqn. 4.18 as follows:

(Ut U™y = (viow) + (&% a)) + (Frmax: Frmax)

wherermax is arandom number whosedistribution is uniform over the range[ rmax; rmax].
rmax is a parameter that dependson amount of velocity of the object as follows:

rmax = rand j(Vy;Vy)j

where rand is a parameter speci ed by player_rand or ball _rand .
Noiseis addedalsointo the Power and Moment argumerts of a command as follows:

argumert = (1+ Fgqg) argumert
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4.4.2. Collision Model

If at the end of the simulation cycle, two objects overlap, then the objects are moved
badk until they do not overlap. Then the velocities are multiplied by -0.1. Note that it
is possiblefor the ball to go through a player as long as the ball and the player never
overlap at the end of the cycle.

45. Action Models

45.1. Catch Model

The goalie is the only player with the ability to catch a ball. The goalie can catch the
ball in play mode “play _on' in any direction, if the ball is within the catchable areaand
the goalieis inside the penalty area. If the goalie catchesinto direction ' , the catchable
areais a rectangular area of length catc hable _area _| and width catc hable _area _w in
direction ' (seeFig. 4.4). The ball will be caugh with probability catch probabilit vy,
if it isinside this area(and it will not be caught if it is outside this area). For the current
values of catch command parametersseeTab. 4.4.

Figure 4.4.: Catchable area of the goalie when doing a catch 45

If a catch command was unsuccessful,it takes catch_ban _cycle cycles until an-
other catch command can be used (catch commands during this time have simply
no e ect). If the goalie succeededn catching the ball, the play mode will change to
‘goalie _catch ball [lIr] ' rst and free kick [llr] ', after that during the samecy-
cle. Oncethe goalie caugtt the ball, it canusethe move commandto move with the ball
inside the penalty area. The goalie can usethe move command goalie _-max _-moves
times beforeit kicks the ball. Additional move commandsdo not have any e ect and
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4. SoccerSener

the sener will respond with (error too _manymoves). Pleasenote that catching the
ball, moving around, kicking the ball a short distance and immediately catching it again
to move more than goalie _-max _moves times is consideredas ungertlemanly play.

Parameter in server.conf Value

catc hable _area | 2.0
catc hable _area_w 1.0
catc h_probabilit 'y 1.0
catc h_ban _cycle 5
goalie _-max _-moves 2

Table 4.4.: Parametersfor the goalie catch command

4.5.2. Dash Model (incl. stamina model)
Dash Mo del

The dash commandis usedto acceleratethe player in direction of its body. dash takes
the accelerationpower asa parameter. The valid rangefor the accelerationpower canbe
con gured in server.conf , the respective parametersare minp ower and maxp ower.
For the current values of parametersfor the dash model, seeTab. 4.5.

Each player has a certain amount of stamina that will be consumedby dash com-
mands. At the beginning of ead half, the stamina of a player is setto stamina _max.
If a player acceleratesforward (power > 0), stamina is reduced by power. Accelerat-
ing backwards (power < 0) is more expensiwe for the player: stamina is reduced by

2 power. If the player's stamina is lower than the power neededfor the dash, power
is reducedsothat the dash command doesnot need more stamina than available. Het-
erogeneouslayers will use someextra stamina every time the available power is lower
than the neededstamina. The amount of extra stamina dependson the player type and
the parametersextra _stamina _delta _-min and extra _stamina _delta _max.

After reducing the stamina, the serer calculates the e ective dash power for the
dash command. The e ectiv e dash power edp dependson the dash power _rate and
the current e ort of the player. The e ort of a player is a value betweene ort _min
and e ort _max ; it is dependert on the stamina managemenm of the player (seebelow).

edp= eort dashpower_rate power (4.19)

edp and the players current body direction are tranformed into vector and added
to the players current accelerationvector a, (usually, that should be 0 before, since a
player cannot dash more than once a cycle and a player does not get acceleratedby
other meansthan dashingt).

At the transition from simulation step n to simulation step n + 1, accelerationa,, is
applied:

lis that so?
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1. a, is normalized to a maximum length of player _accel _max .

2. a, is added to current players speedv,. %, will be normalized to a maximum
length of player_speed_max. For heterogeneousplayers, the maximum speed
is a value between player _speed_max + player_speed_max _delta _min and
player_speed_max + player_speed_max _delta _-max in player.conf

3. Noisen and wind w will be addedto w,. Both noiseand wind are con gurable in
server.conf . Parametersresponsiblefor the wind arewind _force, wind _dir and
wind _rand . With the current settings, there is no wind on the simulated soccer
eld. The responsible parameter for the noise is player rand . Both direction
and length of the noise vector are within the interval [j v,j player_rand:::jwgj
player_rand].

4. The new position of the player p,+1 is the old position p, plus the velocity vector
v, (i.e. the maximum distance di erence for the player between two simulation
stepsis player_speed_max).

5. player_decay is applied for the velocity of the player: ¥,+1 = ¥, player_.decy.
Acceleration a,+1 is setto zero.

Stamina Mo del

For the stamina of a player, there are three important variables: the stamina value,
recovery and e ort . stamina is decreasedwhen dashing and gets replenished slightly
ead cycle. recovery is responsible for how much the stamina recovers eat cycle, and
the e ort says how e ectiv e dashing is (seesection above). Important parameters for
the stamina model are changeablein the les server.conf and player.conf , seealso
Tab. 4.5. Basically, the algorithm shown in Fig. 4.5 says that ewvery simulation step
the stamina is belov somethreshold, e ort or recovery are reduceduntil a minimum is
readhed. Every step the stamina of the player is above somethreshold, e ort is increased
up to a maximum. The recovery value is only resetto 1.0 ead half, but it will not be
increasedduring a game.

45.3. Kick Model

There are no principal changesto the kick model from soccer server version 6 to soccer
sener version 7, soyour old implementation should still work. However, due to changes
in the sener parameter le, in somecasesmultiple kicks are not necessaryanymore.

The kick command takestwo parameters,the kick power the player client wants to
use (between minp ower and maxp ower) and the angle the player kicks the ball to.
The angle is given in degreesand has to be between minmomen t and maxmomen t
(seeTab. 4.6 for current parameter values).

Once the kick command arrived at the sener, the kick will be executedif the ball
is kick-able for the player and the player is not marked o side. The ball is kick-able
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server.conf

Basic Parameters

Parameters for heterogeneous Players

player.conf

Name Value | Name Value Range
minp ower -100
maxp ower 100
stamina _max 4000
stamina _inc _max 45 | stamina _inc _max _delta factor | -100.0 o
player_speed_max _delta _min 0.0
| 45
player_speed_max _delta _max 0.2
extra _stamina 2 0.0 | extra _stamina _delta _min 0.0 0.0
extra _stamina _delta _-max 100.0| | 100.0
dash _power _rate 0.006 | dash _power _rate _delta _min 0.0 0.006
dash _power rate _delta _max 0.002 || 0.008
eort _min 0.6 | eort _min _delta _factor -0.002
: : 0.4
extra _stamina _delta _min 0.0 | 0.6
extra _stamina _delta _-max 100.0 '
eort _max?@ 1.0 | eort _max _delta _factor -0.002
: : 0.8
extra _stamina _delta _min 0.0 | 1.0
extra _stamina _delta _-max 100.0 '
eort _dec_thr 0.3
eort _dec 0.005
eort _inc _thr 0.6
eort _inc 0.01
recover _dec_thr 0.3
recover_dec 0.002
recover_min 0.5
player_accel _max 1.0
player_speed_max 1.0 | player_speed_max _delta _min 0.0 1.0
player_speed_max _delta _max 0.2 | 1.2
player_rand 0.1
wind _force 0.0
wind _dir 0.0
wind _rand 0.0
player_decay 0.4 | player_decay _delta _min 0.0 0.4
player_decay _delta _-max 0.2 | 0.6

aNot in server.conf , but compiled into the serer

Table 4.5.: Dash and Stamina Model Parametersfor Soccer Sener 7
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fif stamina is below recovery decremen threshold, recovery is reducedy
if stamina recover_decthr stamina_max then
if recovery > recover_min then
recovery  recovery recover_dec
end if
end if

fif stamina is below e ort decremen threshold, e ort is reducedy
if stamina e ort _decthr stamina_max then
if eort > eort _min then
eort e ort e ort _dec
end if
e ort max(e ort, e ort _min)
end if

fif stamina is above e ort incremernt threshold, e ort is increasedy
if stamina e ort _.inc_thr stamina_max then
if eort < eort_max then
eort eort + eort _inc
eort min(e ort, e ort _max)
end if
end if

frecover the stamina a bitg
stamina  stamina + recovery stamina.inc_max

stamina  min(stamina, stamina_max)

Figure 4.5.: The stamina model algorithm
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for the player, if the distance betweenthe player and the ball is between O and kic k-

able _margin . Heterogeneousplayers can have di erent kickable margins. For the cal-

culation of the distance during this section, it is important to know that if we talk of

distance betweenplayer and ball, we talk about the minimal distance betweenthe outer

shape of both player and ball. So the distance in this section is the distance between

the certer of both objects min us the radius of the ball min us the radius of the player.
The rst thing to be calculated for the kick is the e ectiv e kick power ep:

ep = kick power kick_power_rate (4.20)

If the ball is not directly in front of the player, the e ectiv e kick power will bereduced
by a certain amount dependert on the position of the ball with respect to the player.
Both angle and distance are important.

If the relative angle of the ball is 0 wrt. the body direction of the player client |
i.e. the ball is in front of the player | the e ective power will stay asit is. The larger
the angle gets, the more the e ectiv e power will be reduced. The worst caseis if the ball
is lying behind the player (angle 180): the e ectiv e power is reduced by 25%.

The secondimportant variable for the e ectiv e kick power is the distance from the
ball to the player: it is quite obvious that { should the kick be executed{ the distance
between ball and player is between 0 and kic kable _margin . If the distanceis 0, the
e ectiv e kick power will not be reduced again. The further the ball is away from the
player client, the more the e ective kick power will be reduced. If the ball distanceis
kic kable _margin , the e ectiv e kick power will be reducedby 25% of the original kick
power.

The overall worst casefor kicking the ball is if a player kicks a distant ball behind
itself: 50% of kick power will be used. For the e ectiv e kick power, we get the formula
4.21. (dir di meansthe absolutedirection di erence betweenball and the player's body
direction, dist_di meansthe absolute distance betweenball and player.)

0 dir_di 180 ~ 0 distdi kickable_margin:

dir _di _ dist_ball

= 1 2 :
ep=ep 0:25 180 kickable_margin

(4.21)

The e ectiv e kick power is usedto calculate a,;, an accelerationvector that will be
addedto the global ball accelerationa, during cyclen (remember that we have a multi
agert systemand each player closeto the ball can kick it during the samecycle).

There is a sener parameter, kick _rand , that can be usedto generate some noise
to the ball acceleration. For the default players, kick _rand is 0 and no noise will be
generated. For heterogeneousplayers, kick _rand dependson kick _rand _delta _factor
in player.conf and on the actual kickable margin. In RoboCup 2000, kick _rand was
usedto generatesomenoise during evaluation round for the normal players.

During the transition from simulation step n to simulation step n + 1 acceleration
an is applied:

1. a, is normalized to a maximum length of baccel _max . Currently (Server 7), the
maximum accelerationis equal to the maximum e ectiv e kick power.

40



4.5. Action Models

2. a5 is added to the current ball speedw,. ¥, will be normalized to a maximum
length of ball _speed_max .

3. Noisen and wind w will be addedto w,. Both noiseand wind are con gurable in
server.conf . Parametersresponsiblefor the wind arewind _force, wind _dir and
wind _rand . The responsible parameter for the noiseis ball _rand . Both direction
and length of the noise vector are within the interval [ v,j ball_rand:::jws]
ball_rand].

4. The new position of the ball pn+1 is the old position p, plus the velocity vector v,
(i.e. the maximum distance di erence for the ball betweentwo simulation stepsis
ball _speed_max).

5. ball _decay is applied for the velocity of the ball: v,+1 = ¥, ball_decay. Acceler-
ation a,+1 IS setto zero.

With the current settings the ball covers a distance up to 45, assumingan optimal
kick. 53 cyclesafter an optimal kick, the distance from the kick o position to the ball
is about 43, the remaining velocity is smaller than 0:1. 15 cyclesafter an optimal kick,
the ball covers a distance of 27 { 28 and the remaining veloctity is slightly larger than
1.

Implications from the kick model and the current parameter settings are that it still
might be helpful to usesewral small kicks for a compound kick { for example stopping
the ball, kick it to a more advantageousposition within the kickable areaand kick it to
the desireddirection. It would be another possibility to acceleratethe ball to maximum
speedwithout putting it to relative position (0,0 ) using a compound kick.

45.4. Move Model

The move command can be usedto place a player directly onto a desired position on
the eld. move existsto set up the team and doesnot work during normal play. It is
available at the beginning of ead half (play mode "before kick _off ") and after a goal
has beenscored(play modes'goal r n' or ‘goal I n"). In thesesituations, players can
be placed on any position in their own half (i.e. X < 0) and can be moved any number
of times, aslong asthe play mode doesnot change. Players moved to a position on the
opponert half will be setto a random position on their own side by the sener.

A secondpurposeof the move command is to move the goalie within the penalty
areaafter the goalie caugh the ball (seealso Sec.4.5.1). If the goalie caught the ball, it
can move together with the ball within the penalty area. The goalieis allowed to move
goalie _max _-moves times beforeit kicks the ball. Additional move commandsdo not
have any e ect and the sener will respond with (error too _manymoves).

45.5. Say Model

Using the say command, players can broadcast messagego other players. Messages
can be say _msg _size characterslong, wherevalid charactersfor say messagesre from
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server.conf player.conf

Name Value | Name Value | Range

minp ower -100

maxp ower 100

minmomen t -180

maxmomen t 180

kic kable _margin 0.7 | kickable _-margin _delta _min 0.0 0.7
kic kable _margin _delta _max 02 | 09

kick _power _rate 0.027

kick _rand 0.0 | kick _rand _delta _factor 0.5

. . . 0.0

kic kable _margin _delta _min 0.0 | 01
kic kable _margin _delta _max 0.2 '

ball _size 0.085

ball _decay 0.94

ball _rand 0.05

ball _speed_max 2.7

ball _accel _max 2.7

wind _force 0.0

wind _dir 0.0

wind _rand 0.0

Table 4.6.: Ball and Kick Model Parameters

Table 4.7.: Parameter for the move command

Parameter in server.conf Value

goalie _-max _-moves 2




4.5. Action Models

the set [-0-9a-zA-Z ().+*/?<> ] (without the square brackets). Messageplayers say
can be heard within a distance of audio _cut _dist by menbers of both teams (seealso
Sec.4.3.1). Say messagessert to the sener will be sert badk to players within that
distance immediately. The use of the say command is only restricted by the limited
capacity of the players of hearing messages.

Parameter in server.conf Value
say _msg _size 512
audio _cut _dist 50
hear _max 2
hear _inc 1
hear _decay 2

Table 4.8.: Parametersfor the say command

45.6. Turn Model

While dash is usedto acceleratethe player in direction of its body, the turn command
is usedto changethe players body direction. The argumert for the turn commandis
the momert; valid valuesfor the momert are betweenminmomen t and maxmomen t.
If the player does not move, the momert is equal to the angle the player will turn.
Howewer, there is a conceptof inertia that makesit more di cult to turn when you are
moving. Speci cally, the actual angle the player is turned is as follows:

actual_angle= momernt=(1.0 + inertia_momert player_speed (4.22)

inertia _moment is a server.conf parameter with default value 5:0. Therefore
(with default values), when the player is at speed 1.0, the maximum e ective turn
he can do is 30. Howewer, notice that becauseyou can not dash and turn dur-
ing the same cycle, the fastest that a player can be going when executing a turn is
player_speed_max player_decay, which meansthe e ectiv e turn for a default player
(with default values)is 60.

For heterogeneousplayers, the inertia momert is the default inertia _value plus a
value between min. player_decay _delta _min inertia _momen t _delta _factor and
max. player_decay _delta _-max inertia _momen t _delta _factor .

45.7. TurnNeck Model

With turn _neck, a player can turn its nek somewhatindependertly of its body. The
angle of the head of the player is the viewing angle of the player. The turn command
changesthe angle of the body of the player while turn _neck changesthe nedk angle
of the player relative to its body. The minimum and maximum relative angle for the
player's nedk are given by minmomen t and maxmomen t in server.conf . Remenber
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Basic Parameters Parameters for heterogeneous Players
server.conf player.conf
Name Value | Name Value | Range
minmomen t -180
maxmomen t 180
inertia _momen t 5.0 | player_decay _delta _-min 0.0
5.0
player_decay delta _max 0.2 10.0
inertia _momen t _delta _factor 25.0 '

Table 4.9.: Turn Model Parameters

that the ned angle is relative to the body of the player soif the client issuesa turn
command, the viewing angle changesewen if no turn _neck command was issued.

Also, turn _neck commandscan be executedduring the samecycle asturn , dash,
and kick commands. turn _neck is not a ected by momertum like turn is. The argu-
mert for a turn _neck command must be in the range betweenminnec kmomen t and
maxnec kmomen t.

Parameter in server.conf Value
minnec kang -90
maxnec kang 90
minnec kmomen t -180
maxnec kmomen t 180

Table 4.10.: Parameter for the turn _ned command

4.6. Heterogeneous Players

With SoccerSener 7, heterogeneougplayerswereintro duced. For heterogeneougplayers,
Soccer Sener generatesplayer _typ es random player typesat startup. The player types
have di erent abilities basedon the tradeo s de ned in the player.conf le. Both teams
of a match usethe sameplayer types. Type 0 is the default type and always the same.

When the players connect to the serer, the receive information on the available
player types(seeSec.4.2.1). The online coad can change player typesunlimited times
in "before kick _off ' mode and changeplayer typessubs _max times during other non-
‘play _on' play modesusing the change player_type ... command (seeSec.7.4).

Each time a player is substituted by someother player type, its stamina, recovery
and e ort is resetto the initial (maximum) value of the respective player type.
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Parameter in player.conf Value
player_types 7
subs_max 3

Table 4.11.: Parameter for substitutions and heterogeneousplayer types

4.7. Referee Model

The Automated Refereesendsmessagedo the players, sothat players know the actual
play mode of the game. The rules and the behavior for the automated referee are
described in Sec.2.2.1. Players receiw the refereemessagess hear messagesA player
can hear refereemessagesn every situation independert of the number of messageshe
player heard from other players.

4.7.1. Play Modes and referee messages

The change of the play mode is announcedby the referee. Additionally , there are some
referee messagesannouncing everts like a goal or a foul. If you have a look into the
sener sourcecode, you will notice some additional play modesthat are currently not
used. Both play modesand refereemessagesre announcedusing (referee  String ),
where String is the respective play mode or messagestring. The play modesare listed
in Tab. 4.12, for the messageseeTab. 4.13.

Play Mode tc subsequen play mode commen

"before _kick _off ' 0 ‘kick _off _Side' at the beginning of a half
‘play _on' during normal play

‘time _over'

kick _off _Side' announcestart of play

(after pressingthe Kick Off button)
“kick _in _Side"
‘free kick _Side'
‘corner kick _Side'

‘goal _kick _Side" ‘play _on' play mode changesonce
the ball leavesthe penalty area
‘goal _Side ' currently unused
(but seeTab. 4.13).
“drop _ball * 0 ‘play -on'
‘offside _Side' 30 ‘free kick _Side' for the opposite side

where Side is either the character 'I ' or r', OSide meansopponert's side.
tc is the time (in number of cycles)until the subsequeh play mode will be announced

Table 4.12.: Play Modes
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Message tc subsequeh play mode commert

goal.Side_n 50 ‘kick _off _OSide' announcethe nth goal for a team

foul _Side 0 ‘free _kick _OSide' announcea foul

goalie_catch_ball _Side 0 ‘free _kick _OSide'

time_up_without _ateam 0 ‘time _over' sen if there wasno opponert until
the end of the secondhalf

time_up 0 ‘time _over' sert oncethe gameis over

(if the time is  secondhalf and

the scoresfor eath team are di erent)
half_time 0 “before _kick _off '
time _extended 0 “before kick _off '

where Side is either the character I * or r', OSide meansopponert's side.
tc is the time (in number of cycles)until the subsequeh play mode will be announced

Table 4.13.: RefereeMessages

4.8. The Soccer Simulation

In Sec.4.4, we gave a description on how the objects are moved with respect to their ac-
celerationsand velocities. In this section, we describe at what point in time acceleration
and velocities are applied to the objects during the simulation.

4.8.1. Description of the simulation algorithm

In Soccer Sener, time is updated in discrete steps. A simulation step is 100ms. During
ead simulation step, objects (i.e. players and the ball) stay on their positions. If
players decideto act within a step, actions are applied to the players and the ball at the
transition from one simulation cycle to the next. Depending on the play mode, not all
actions are allowed for the players (for instancein "before kick _off ' mode, playerscan
turn and move, but they cannot dash), so only allowed actions will be applied and
take e ect.

If during a step, sewral players kick the ball, all the kicks are applied to the ball
and a resulting accelerationis calculated. If the resulting accelerationis larger than the
maximum acceleration for the ball, accelerationis normalized to its maximum value.
After moving the objects, the sener cheds for collisions and updates velocities if a
collision occurred (seealso Sec.4.4.2).

When applying accelerationsand velocities to the objects, the order of application is
randomized. After changing objects positions, and updating velocities and accelerations,
the automated referee cheds the situation and changesthe play mode or the object
positions, if necessary Changesto the play mode are announcedimmediately. Finally,
stamina for ead player is updated.
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4.9. Using Soccerserver
4.9.1. The Soccerserver Parameters
Table 4.14.: Parameters adjustable in server.conf
Default Current Value
Name Value | in server.conf Description
goal _width 7.32 14.02 | goal width
player _size 0.3 | player size
player_decay 0.4 | player decay
player_rand 0.1
player_weight 60.0 | player weight
player_speed_max 1.0 | max. player velocity
player_accel _max 1.0 | max. player acceleration
stamina _max 4000.0 | max. player stamina
stamina _inc _max 45.0 | max. player stamina increment
recover_dec_thr 0.3 | player recovery decremert
threshold
recover_min 0.5 | min. player recovery
recover_dec 0.002 | player recovery decremert
e ort _dec_thr 0.3 | player dash e ort
decremert threshold
eort _min 0.6 | min. player dash e ort
eort _dec 0.005 | dash e ort decrement
eort _inc _thr 0.6 | dasheort increment treshold
eort _inc 0.01 | dasheort increment
kic k _rand 0.0 | noise added directly to kicks
team _actuator _noise ag whether to useteam
speci ¢ actuator noise
prand _factor _| factor to multiply prand
for left team
prand _factor _r factor to multiply prand
for right team
kick _rand _factor _I factor to multiply
kick_rand for left team
kick_rand _factor _r factor to multiply
kick_rand for right team
ball _size 0.085 | ball size
ball _decay 0.94 | ball decay
ball _rand 0.05
ball _weight 0.2 | weight of the ball
ball _speed_max 2.7 | max. ball velocity
ball _accel_max 2.7 | max. ball acceleration
dash _power_rate 0.006 | dash power rate
kick _power _rate 0.027 | kick power rate
kic kable _margin 0.7 | kickable margin
control _radius control radius
catc h_probabilit y 1.0 | goalie catch probabilit y
catc hable _area _| 2.0 | goalie catchable area length
catc hable _area_w 1.0 | goalie catchable area width
goalie _-max _-moves 2 | goalie max. movesafter a catch
maxp ower 100 | max power
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Table 4.14.: (contin ued)

Default Current Value

Name Value | in server.conf Description

minp ower -100 | min power

maxmomen t 180 | max. moment

minmomen t -180 | min. moment

maxnec kmomen t 180 | max. nedk moment

minnec kmomen t -180 | min. nedk moment

maxnec kang 90 | max. nedk angle

minnec kang -90 | min. ned angle

visible _angle 90.0 | visible angle

visible _distance visible distance

audio _cut _dist 50.0 | audio cut o distance

guantize _step 0.1 | quantize step of distance
for movable objects

quantize _step 0.01 | quantize step of distance

for landmarks
quan tize _step _dir

quan tize _step _dist _team _|
quantize _step _dist _team _r
quan tize _step _dist _|_team _|
quan tize _step _dist _|_team _r
quan tize _step _dir _team _|
quan tize _step _dir _team _r

ckic k_margin 1.0 | corner kick margin
wind _dir 0.0 0.0 | wind direction
wind _force 10.0 0.0
wind _rand 0.3 0.0
wind _none wind factor is none
wind _random false wind factor is random
inertia _momen t 5.0 | intertia moment for turn
half _time 300 | length of a half time in seconds
drop _ball _time 200 | number of cyclesto wait until
dropping the ball automatically
port 6000 | player port number
coach_port 6001 | (oine) coad port
olcoach_port online coac port
say _coach _cnt _max 128 | upper limit of the number of online
coadh's message
say _coach _msg _size 128 | upper limit of length of online
coadh's message
simulator _step 100 | time step of simulation [unit:msec]
send _step 150 | time step of visual
information [unit:msec]
recv _step 10 | time step of acception of
commands [unit: msec]
sense_body _step 100
say _msg _size 512 | string size of say message[unit:b yte]
clang _win _size 300 | time window which cortrols
how many message<an be
sert (coach language)
clang _de ne _win 1 | number of messageger window
clang _meta _win 1
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4.9. Using Soccerserer

Name

Default
Value

Current Value
in server.conf

Description

clang _advice _win
clang _info _win
clang _mess_delay

clang _-mess_per_cycle

hear _max

hear _inc

hear _decay

catc h_ban _cycle
coach
coach_w_referee

old _coach _hear

send _vi _step

use_o side

o side _activ e_area_size
forbid _kick_o _o side
log_le

record

record _version

record _log

record _messages
send _log

log _times

verb ose

replay

o side _kick_margin
slow _down _factor
start _goal |

start _goal _r
fullstate _I

fullstate _r

1
1
50

[Eny

GNEFEDN

100
on

on

on

on

9.15

delay betweenreceipt of message
and sendto players

maximum number of coadh messages
sert per cycle

interval of online coadh's look
ag for using o side rule

o side active areasize

forbid kick o o side

ag for record log
ag for record client command log

ag for send client command log
ag for writing cycle lenth

to log le

ag for verbosemode

o side kick margin
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5. The Soccer Monito r

5.1. Intro duction

Soccermonitor provides a visual interface. Using the monitor we can watch a game
vividly and cortrol the proceedingof the game. By cooperating with logplayer, soc-
cermonitor can replay games,sothat it becomesvery conveniert to analyze and debug
clients.

5.2. Getting started

To connectthe soccermonitor with the soccersener, you can usethe commandfollowing:

-> cd monitor
-> soccermonitor -f ConfFileName [-ParameterName Value]*

By specifying the argumerts, you can modify the parametersof soccermonitor (See5.5
Settings and Parameters) instead of modifying monitor con guration le.

If you use script \sserver" to start soccerserer, a monitor will be automatically
started and connectedwith the sener:

-> sserver

5.3. Soccermonitor Communication

Soccermonitor and soccersener are connectedvia UDP/IP  on port 6000 (default).

5.3.1. Information From Server to Monito r

When the sener is connectedwith the monitor , it will sendinformation to the monitor
ewvery cycle. Soccersener 7.xx providestwo di erent formats information (version1 and
version 2).The sener will decidewhich format be usedaccordingto the initial command
sen by the monitor. (See5.3.2 CommandsFrom Monitor to Sener)

Version 1

Soccersener and logplayer senddispinfo_t structs to the soccermonitor. Dispinfo_t con-
tains a union with three di erent typesof information:

51



5. The Soccer Monitor

shawinfo_t: information neededto draw the scene

msginfot : cortains the messagedrom the players and the refereeshown in the
bottom windows

drawinfo_t: information for monitor to draw circles, lines or points (not used by
the sener)

The sizeof dispinfo_t is determinedby its largestsubpart (msg) and is 2052bytes (the
union causessomeextra network load and may be changedin future versions). In order
to keep compatibility betweendierent platforms, valuesin dispinfo_t are represened
by network byte order.

Following is a description of these structs and the onescontained:

showinfo_t:
typedef struct {

short
short
short
short
short
short

} pos_ t ;

enable ;
side ;

unum;

angle ;
X

Yy

Values of the elemernis can be

enable:

state of the object. Players not on the eld (and the ball) have state DISABLE.
The other bits of enable allow monitors to draw the state and action of a player
more detailed (server/t ypes.h).

side:

DISABLE  (0x00)
STAND (0x01)
KICK (0x02)
KICK_FAULT (0x04)
GOALIE (0x08)
CATCH (0x10)
CATCH_FAUL(x20)

side the player is playing on. LEFT meansfrom left to right;, NEUTRAL is the
ball (server/types.h).
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unum:
uniform number of a player ranging from 1to 11

angle:

angle the agen is facing ranging from -180to 180 degrees,where -180 is view to
the left side of the screen,-90 to the top, 0 to the right and 90 to the bottom.

X, Y
position of the player on the screen. (0, 0) is the midpoint of the eld, X in-
creasesto the right, y to the bottom of the screen. Values are multiplied by
SHOWINF O_SCALE (16) to reduce aliasing, so eld sizeis PITCH LENGTH *
SHOWINF O_SCALE in x direction and PITCH WIDTH * SHOWINF O_SCALE
in y direction.

typedef struct {

char name[l6]; /* nameof the team */

short score; /* current score of the team */
} team_t ;

typedef struct {
char  pmode;
team_t team([2] ;
pos_ t pos[MAX_PLAYER 2 + 1] ;
short time ;
} showinfo_t ;

A shawinfo_t struct is passedevery cycle (100 ms) to the monitor and cortains the
state and positions of players and the ball.
values of the elemerts can be

pmode:
currently active playmode of the game (server/t ypes.h)

PM_Null,
PM_BeforeKickOff,
PM_TimeOver,
PM_PlayOn,
PM_KickOff Left,
PM_KickOff_Right,
PM_Kickin_Left,
PM_Kickin_Right,
PM_FreeKick_Left,
PM_FreeKick Right,
PM_CornerKick_Letft,
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PM_CornerKick _Right,
PM_GoalKick_Letft,
PM_GoalKick_Right,
PM_AfterGoal_Left,
PM_AfterGoal_Right,
PM_Drop_Ball,
PM_OffSide_Left,
PM_OffSide_Right,
PM_MAX

team:

structs cortaining the teams (seeabove). Index 0 is for team playing from left to
right.

pos:

position information of player (seeabove). Index 0 is the ball, indices1to 11is
for team[0] (left to right) and 12 to 22 for team[1].

time:

current time ranging from 1 to 12000(in extra time)

msginfo_t:

typedef struct {

short board ;

char message[2048] ;
} msginfo_t ;

board:

indicates the type of message A messagewith type MSG_BOARD is a messagef
the refereefor the left text window, LOG BOARD are messagedrom and to the
players. (server/param.h)

MSG_BOARD
LOG_BOARD

message:
zeroterminated string containing the message.

drawinfo_t:

allows the sener to tell the monitor to draw simple graphics elemerts.
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typedef struct {

short x ;

short vy ;

char colorfCOLOR_NAME_MAX]
} pointinfo_ t

typedef struct {

short X ;

short vy ;

short r ;

char colorfCOLOR_NAME_MAX]
} circleinfo_t ;

typedef struct {

short x1 ;

short y1 ;

short x2 ;

short y2 ;

char colorf[COLOR_NAME_MAX]
} lineinfo_t

typedef struct {
short mode;
union {
pointinfo_t pinfo ;
circleinfo_t cinfo ;
lineinfo_t linfo ;
} object ;
} drawinfo_t ;

mode:

determinesthe kind of messagehe union object corntains (server/param.h)

DrawClear 0
DrawPoint 1
DrawCircle 2
DrawLine 3

dispinfo_t:
container for the di erent message$rom serer to monitor.

typedef struct {
short mode;
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union {
showinfo_t show ;
msginfo t msg;
drawinfo_t draw ;
} body ;

} dispinfo_t ;

mode:

determinesthe kind of messagehe union body corntains. NO_INFO indicates no
valid info contained (never sert by the serwer), BLANK _MODE tells the monitor
to shaw a blank screen(used by logplayer) (server/param.h).

NO_INFO 0
SHOW_MODE
MSG_MODE2
DRAW_MODE
BLANK_MODIE

Version 2

Soccersener and logplayer send dispinfo_t2 structs to the soccermonitor instead of
dispinfo_t structs which is usedin version 1. Dispinfo_t2 cortains a union with ve
di erent typesof information:

shawinfo_t2: information neededto draw the scene

msginfot : contains the messagegrom the players and the refereeshownn in the
bottom windows

player_type.t: information describesdi erent player's ability

serwer_paramst: parameters and con gurations of saccersener

player_paramst: parametersof player

Following is a description of these structs and the onescontained:

showinfo_t2:

typedef struct {

short mode;

short type;

long x;

long 'y

long deltax;

long deltay;

long body_angle;
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long head_angle;
long view_width;
short view_quality;
long stamina;
long effort;

long recovery;
short kick_count;
short dash_count;
short turn_count;
short say_count;
short tneck_count;
short catch_count;
short move_count;
short chg_view_count;

} player_t;

values of the elements can be

/**************'k********* *kk kkkk kkk kkkk ***/

[eesxsssssx - NEEDSTO BE EXPANDED %

/**************'k********* *kk kkkk kkk kkkk ***/

typedef struct {
long x;
long v;
long deltax;
long deltay;

} ball_t;

values of the elements can be

/************************ *kk kkkk kkk khkkk ***/

[FrrRRkkkk NEEDS O BE EXPANDED***+*x/

/************************ *kk kkkk kkk khkkk ***/

typedef struct {

char name[l6]; /* nameof the team */

short score; /* current score of the team */
} team_t ;

typedef struct {

char pmode;

team t team[2] ;

ball_t ball;

player t pos[MAX_ PLAYER 2] ;
short time ;
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} showinfo_t2 ;

A showinfo_t2 struct is passedevery cycle (100 ms) to the monitor and contains the
state and positions of players and the ball.
values of the elemerts can be

pmode:
seweral new playmodesare added basedon version 1 (server/t ypes.h)

PM_Null,
PM_BeforeKickOff,
PM_TimeOver,
PM_PlayOn,
PM_KickOff_Left,
PM_KickOff_Right,
PM_KickIn_Left,
PM_Kickin_Right,
PM_FreeKick_Left,
PM_FreeKick Right,
PM_CornerKick_Letft,
PM_CornerKick_Right,
PM_GoalKick_Left,
PM_GoalKick_Right,
PM_AfterGoal_Left,
PM_AfterGoal_Right,
PM_Drop_Ball,
PM_OffSide_Left,
PM_OffSide_Right,

/[ added for 3D viewer/commentator/small league
PM_PK_Left,

PM_PK_Right,

PM_FirstHalfOver,

PM_Pause,

PM_Human,
PM_Foul_Charge_Left,
PM_Foul_Charge_Right,
PM_Foul_Push_Left,
PM_Foul_Push_Right,
PM_Foul_MultipleAttacker_ Left ,
PM_Foul_MultipleAttacker_  Right,
PM_Foul_BallOut_Left,
PM_Foul_BallOut_Right,
PM_MAX
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team:

structs containing the teams (seeabove). Index 0 is for team playing from left to
right.

ball:
position information of ball (seeabove).

pos:

position information of player (seeabove). Indices 0 to 10 is for team[0] (left to
right) and 11 to 21 for team[1].

time:
current time ranging from 1 to 12000(in extra time)

msginfo_t:

typedef struct {

short board ;

char message[2048] ; /* max_message length for_disp lay */
} msginfo_t ;

board:

indicates the type of message A messagewith type MSG_BOARD is a messageof
the refereefor the left text window, LOG _BOARD are messagedrom and to the
players. (server/param.h)

MSG_BOARD
LOG_BOARD

message:
zeroterminated string containing the message.

typedef struct {
short id;
long player_speed_max;
long stamina_inc_max;
long player_decay;
long inertia_moment;
long dash_power_rate;
long player_size;
long kickable_margin;
long kick_rand;
long extra_stamina;
long effort_max;
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long effort_min;

/I spare variables which are to be used for paramenter added in the future
long sparelongil,;
long sparelong?2;
long sparelong3;
long sparelong4;
long sparelong5;
long sparelong6;
long sparelong7;
long sparelongs8;
long sparelong9;
long sparelongl0;

} player_type t;

typedef struct

{
long gwidth ; [* goal width */
long inertia_moment ; /* intertia momentfor turn */
long psize ; [* player size */
long pdecay ; [* player decay */
long prand ; /* player rand */
long pweight ; [* player weight */
long pspeed_max; /* player speed max*/
long paccel max ; [* player acceleration max*/
long stamina_max ; [* player stamina max*/
long stamina inc ; /* player stamina inc */
long recover_init /* player recovery init */
long recover_dthr ; /* player recovery decriment threshold */
long recover_min ; /* player recovery min */
long recover_dec ; /* player recovery decriment */
long effort_init X /* player dash effort init */
long effort_dthr ; [* player dash effort decriment threshold */
long effort min [* player dash effrot min */
long effort_dec ; /* player dash effort decriment */
long effort_ithr X /* player dash effort incriment threshold */
long effort_inc /* player dash effort incriment */
long kick_rand; [* noise added directly to kicks */
short team_actuator_noise; /* flag whether to use team specific actuator noise
long prand_factor_l; [* factor to multiple prand for left team */
long prand_factor r; /* factor to multiple prand for right team */
long kick_rand_factor_lI; [* factor to multiple kick_rand for left team */
long kick_rand_factor r; [* factor to multiple kick rand for right team */
long bsize ; [* ball size */

60



long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
long
short
long
long
short
short
short
short
short
short
short
short
short
short
short
short
short

bdecay ;
brand ;
bweight ;
bspeed_max;
baccel _max;
dprate ;
kprate ;
kmargin ;
ctlradius ;
ctlradius_width
maxp ;

minp ;

maxm;

minm ;
maxnm;
minnm;
maxn ;

minn ;
visangle ;
visdist
windir
winforce ;
winang ;
winrand ;
kickable_area
catch_area | ;
catch_area w ;
catch_prob ;

goalie_max_moves;

ckmargin ;
offside_area ;
win_no ;
win_random ;
say_cnt_max ;

SayCoachMsgSize;

clang_win_size;

clang_define_win;

clang_meta_win;

clang_advice_win;

clang_info_win;

clang_mess_delay;

clang_mess_per_cycle;

half _time ;
sim_st ;

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*
/*
/*

/*
/*

5.3. Soccermonitor Communication

ball decay */

ball rand */

ball weight */

ball speed max*/

ball acceleration max*/

dash power rate */

kick power rate */

kickable margin */

control radius */

(control radius) - (plyaer size) */
max power */

min power */

max moment*/

min moment*/

max neck moment*/

min neck moment*/

max neck angle */

min neck angle */

visible angle */

visible distance */

wind direction */

wind force */

wind angle for rand */

wind force for force */

kickable _area */

goalie catchable area length */
goalie catchable area width */
goalie catchable possibility */
goalie max moves after a catch */
corner kick margin */

offside active area size */
wind factor is none */

wind factor is random */

max count of coach SAY*/

max length of coach SAY*/

half time */
simulator step interval msec*/
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short
short
short
short
short
short
short
short
short
short
short
short
long
long
long
long
long
long
long
long
long
long
long
short
short
short
short

send_st ;
recv_st ;
sb_step ;
lcm_st ;
SayMsgSize ;
hear_max ;
hear_inc ;
hear_decay ;
cban_cycle ;

slow_down_factor

useoffside ;
kickoffoffside

offside_kick_margin

audio_dist ;
dist_gstep ;
land_gstep ;
dir_qgstep ;
dist_gstep_|

dist_qgstep_r
land_gstep_|
land_qgstep_r
dir_gstep | ;
dir_gstep r ;
CoachMode;
CwRMode

old_hear ;

sv_st ;

/I spare variables

long
long
long
long
long
long
long
long
long
long

short
short
short
short

sparelongl;
sparelong2;
sparelong3;
sparelong4;
sparelong5;
sparelong6;
sparelong7;
sparelong8;
sparelong9;
sparelongl0;

start_goal _I;
start_goal_r;
fullstate_|I;
fullstate_r;

’

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

udp send step interval msec*/

udp recv step interval msec*/

sense_body interval step msec */

lcm of all the above steps msec*/

string size of say message*/

player hear_capacity_max */

player hear_capacity_inc */

player hear_capacity_decay */

goalie catch ban cycle */

factor to slow downsimulator and send intervals
flag for using off side rule */

flag for permit kick off offside */

offside kick margin */

audio cut off distance */

guantize step of distance */

guantize step of distance for landmark */
guantize step of direction */

team right quantize step of distance */

team left quantize step of distance */

team right quantize step of distance for landmark
team left quantize step of distance for landmark
team left quantize step of direction */

team right quantize step of direction */

coach mode*/

coach with referee mode*/

old format for hear commandcoach) */

online coach's look interval step */

which are to be used for paramenter added in the future



short
short
short
short
short
short

5.3. Soccermonitor Communication

drop_time;
spareshort6;
spareshort7;
spareshort8;
spareshort9;
spareshort10;

} server_params_t;

typedef struct {

short
short
short

long
long
long

long
long
long

long
long
long

long
long
long

long
long
long
long

long
long
long
long
long
long
long
long
long
long

player_types;
subs_max;
pt_max;

player_speed_max_delta_mi n;
player_speed_max_delta_max;
stamina_inc_max_delta_fac tor;

player_decay_delta_min;
player_decay delta_max;
inertia_moment_delta_fact or;

dash_power_rate_delta_min ;
dash_power_rate delta_max ;
player_size delta factor;

kickable_margin_delta_min ;
kickable_margin_delta_max ;
kick_rand_delta_factor;

extra_stamina_delta_min;
extra_stamina_delta_max;
effort_max_delta_factor;
effort_min_delta_factor;

sparelongl;
sparelong?2;
sparelong3;
sparelong4;
sparelong5;
sparelong6;
sparelong7;
sparelong8;
sparelong9;
sparelongl0;
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short spareshortl;
short spareshort2;
short spareshort3;
short spareshort4;
short spareshort5;
short spareshort6;
short spareshort7;
short spareshort8;
short spareshort9;
short spareshort10;

} player_params_t;
SeeSener Parameters, Player Parametersand Player Types

dispinfo_t2:

container for the di erent message$rom serer to monitor.

typedef struct {

short mode;

union {
showinfo_t2 show;
msginfo_t msg;

player_type t ptinfo;
server_params_t sparams;
player_params_t pparams;
} body;
} dispinfo_t2

mode:

determinesthe kind of messagehe union body contains. NO_NFO indicates no
valid info cortained (never sert by the serwer). BLANK _MODE tells the monitor
to show a blank screen(used by logplayer) (server/param.h).

NO_ INFO 0
SHOW_MODE
MSG_MODE 2
BLANK_MODE
PT_MODE 7
PARAM_MODE
PPARAM_MO®E
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5.4. How to record and playback a game

5.3.2. Commands From Monito r to Server
The monitor can sendto the sener the following commands:
(dispinit) | (dispinit  version 2)

sert to the serer as rst messageto register as monitor (opposedto a player, that
connectson port 6000aswell) . "(dispinit)" is for information version 1, while "(dispinit
version2)" is for version 2. You can changethe versionby setting the according monitor
parameter. (Seeb5.5 Parametersand Con gurations)

(dispstart)

sen to start (kick 0 ) a game, start the secondhalf or extendedtime. Ignored, when
the gameis already running.

(dispfoul x y side)

sen to indicate a foul situation. x and y are the coordinates of the foul, sideis LEFT
(1) for a free kick for the left team, NEUTRAL (0) for a drop ball and RIGHT (-1) for
a free kick for the right team.

(dispdiscard  side unum)

sen to shaw a player the red card (kick him out). sidecanbe LEFT or RIGHT, unum
is the number of the player (1 - 11).

(dispplayer side unumposx posy ang)

sert to placeplayer at certain position with certain body angle,sidecanbe LEFT (1) or
RIGHT (-1), unum is the number of the player(1 - 11). Posx and posy indicate the new
position of the player, which will be divided by SHOWINF O_SCALE. And ang indicate
the new angle of a player in degrees.This commandis addedin soccersener 7.02.

5.4. How to record and playback a game

To record games,you can call serer with the argumert:

-record LOGFILE

(LOGFILE is the log le name) or set the parameter in serer.conf le:
record.log : on.

To specify the log le version, you can call sener with the argumert:
-record_version  [1/2/3]

or setthe parameterin serer.conf le:

record_version : 2

The logplayer allows you to replay recorded games. Log les can be read in by the
logplayer and sert to the connectedsoccermonitors. To replay log les just call logplayer
with the log le name as argumen, start a soccermonitor and then usethe buttons on
the logplayer window to start, stop, play badkward, play stepwise.
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5.4.1. Version 1 Proto col

Log les of version 1 (server versionsup to 4.16) are a stream of consecutie dispinfo t
chunks. Due to the structure of dispinfo_t as a union, a lot of bytes have beenwasted
leading to impractical log le sizes.This lead to the introduction of a new log le format
2.

5.4.2. Version 2 Proto col

Version 2 log le protocol tries to avoid redundant or unused data for the price of not
having uniform data structs. The format is as follows:

head of the le:

the head of the le is usedto autodetect the version of the log le. If there is no
head, Unix-version 1 is assumed. 3 chars 'ULG' : indicating that this is a Unix
log le (to distinguish from Windows format)

char version:
version of the log le format

body:
the rest of the le cortains the data in chunks of the following format:

short mode:
this is the mode part of the dispinfo_t struct (see5.4.1Version1) SHOW _MODE
for showinfo_t information MSG_MODE for msginfo_t information

{ If mode is SHOW _MODE, a shawinfo_t struct is following.
{ If mode is MSG_MODE, next bytes are

short board: containing the board info

short length: corntaining the length of the messag€including zerotermi-
nator)

string msg: length chars containing the message

Other info such as DRAW_MODE and BLANK _MODE are not saved to log les.
There is still room for optimization of space. The team namescould be part of the head
of the le and only stored once. The unum part of a player could be implicitly taken
from array indices.

Be aware of, that information chunks in version 2 do not have the samesize, so you
can not just seekSIZE bytes bad in the stream when playing log les badkward. You
have to readin the whole le at onceor (asis done) have at leastto save stream positions
of the shawinfo_t chunks to be able to play log les backward.

In order to keepcompatibility betweendi erent platforms, valuesare represened by
network byte order.
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Version 3 Proto col

The version 3 protocol contains player parameter information for heterogenousplayers
and optimizes space. The format is as follows:

head of the le:
Just like version 2, the le starts with the magig characters 'ULG'.

char version:
version of the log le format, i.e. 3

body:
The rest of the le contains shorts that specify which data structures will follow.

{ If the short is PM_MODE,

a char specifying the play mode follows.
This is only written when the playmode changes.
If the short is TEAM _MODE,

a team_t struct for the left side and
a team_t struct for the right side follow.

Teamdata is only written if a new team connectsor the scorechanges.
If the short is SHOW _MODE,

a short_shawinfo_t2 struct specifying ball and player positions and states
follows.

If the short is MSG_MODE,

a short specifying the messageboard,
a short specifying the length of the message,
a string containing the messagewill follow.

If the short is PARAM _-MODE,

a sener_params.t struct specifying the current sener parametersfollows.
This is only written onceat the beginning of the log le.
If the short is PPARAM _MODE,

a player_paramst struct specifying the current hetro player parameters.
This is only written onceat the beginning of the log le.
If the short is PT _MODE,

a player_type_t struct specifying the parametersof a speci c player type
follows.

This is only written oncefor eat player type at the beginning of the log le.

Data Conversion:
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Valuessud asx, y positions are meters multiplied by SHOWINF O _SCALE?2.
Valuessudh asdeltax, deltay are meters/cycle multiplied by SHOWINF O _SCALEZ2.

Values such as body_angle, head.angle and view_width are in radians multiplied
by SHOWINF O_SCALE?2.

Other values sudch as stamina, e ort and recovery have also been multiplied by
SHOWINF O_SCALE2.

5.5. Settings and Parameters

Soccermonitor has the following modi able parameters:

\Used Value" is the current value of the parameter which is encaded in the moni-
tor.conf le. \Default Value" is the value encaded in the source les and will be usedif
the user doesn't give one.

You can specify parametersdescribedin the table above in commandline asfollowing:
You canalsomodify the parametersby specifyingthem in con guration le monitor.conf.
In the con guration le, ead line consistsa pair of name and value of a parameter as
follows: ParameterName: Value Lines that start with '#' are commert lines.

5.6. What's New

5.6.1. [7.07]

The logplayer did not sendserer param, player param, and player type messages.
This has been xed.

The monitor would crash on somelog les becausestamina_max seemedto be set
to 0. The monitor will no longer crash this way.

5.6.2. [7.05]

For quite sometime, the logplayer hasoccasionally\skipp ed" sothat certain cycles
were never displayed by the logplayer. This seemsto be causedby the logplayer
sendingtoo many UDP padkets for the monitor to receive. Therefore, a newparam-
eter has beenaddedto the logplayer 'messagedelay_interval'. After sendingthat
many messagesthe logplayer sleepsfor 1 microsecond,giving the monitor a chance
to catch up. This is not a guararteed to work, but it seemso help signi cantly. If
you still have a problem with the logplayer/monitor \skipping", try reducing mes-
sagedelay_interval from it's default value of 10. Setting messagadelay _interval to
a negative number causesthere to be no delay.

The serwer usedto truncate messageseceived from the players and coad to 128
characters beforerecording them in the log le. This hasbeen xed.
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Parameter Name Usd Value Default Value | Explanation
host localhost Localhost hostname of soccersener
port 6000 6000 port number of soccerserer
version 2 1 monitor protocol version
length_magnify 6.0 6.0 magni cation of sizeof eld
goalwidth 14.02 7.32 goal width
print_log o] On ag for display log of communication
[on/o ]
Log-line 6 6 size of log window
Print_mark on On ag for display mark on eld [on/o ]
mark_le _-name mark.RoboCup.greykark.xbm mark on eld use le name
ball_le _name ball-s.xbm Ball.xbm ball use le name
player_widget_size | 9.0 1.0 size of player widget
player_widget_font 5x8 Fixed font(uniform number) of player widget
Uniform _num_posx | 2 2 position (X) of player uniform number
Uniform _num_posy | 8 8 position (Y) of player uniform number
Team. _color Gold Gold Team.L color
team_r_color Red Red TeamR color
goaliel_color Green Green Team.L Goalie color
goalier_color Purple Purple TeamR Goalie color
ned_|_color Black Black TeamL Ned color
ned<_r_color Black Black TeamR Ned color
Goalie ned | color | Black Black TeamL Goalie Ned color
Goalie_.ned_r_color | Black Black TeamR Goalie Ned color
status_font 7x14bold Fixed status line font [team name and
score,time,play_mode]
popup_msg o] 0] ag for pop up and down \GO AL!"" and
\O side!" [on/o ]
Goal_label_width 120 120 pop up and down \GO AL!!" label width
Goal_label_font -adobe-times- Fixed pop up and down \GO AL!!" label font
bold-r-*-*-34-*-*-
*_k_k_k_%
Goal_scorewidth 40 40 pop up and down \GO AL!!" scorewidth
Goal_scorefont -adobe-times- Fixed pop up and down \GO AL!!" scorefont
bold-r-*-*-25-*-*-
*_k_k_k_*%
O side _label_width | 120 120 pop up and down \O side!" label width
O side _label_font -adobe-times- Fixed pop up and down \O side!" label font
bold-r-*-*-34-*-*-
eval o] (0] ag for ewvaluation mode
redraw_player on 0] always redraw player (neededfor RH 5.2)
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5.6.3.

5.6.4.

5.6.5.
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[7.04]

If aclient connectswith version> 7.0, all anglessert out by the serer are rounded
instead of truncated (as they were previously) This makes the error from quan-
tization of angles(i.e. corversion of oats to ints) both uniform throughout the
domain and two sided. This change was also made to all values put into the
dispinfo_t structure for the monitors and log les.

[7.02]

A new command has beenaddedto the monitor protocol:
(dispplayer side unum posx posy ang)

(contributed by Artur Merke)

Seeb5.3.2 Commands From Monitor to Sener

[7.00]

Included the head angleinto the display of the soccermonitor. (sourcecortributed
by Ken Nguyen)

Included visualization e ect when the player collided with the ball or the player
collided with another player. The monitor displays both caseswith a black circle
around the player.

Intro duced new monitor protocol version 2. (See5.4.2 Version 2 and 5.3.2 Com-
mands From Monitor to Sener)

Intro duced new logging protocol version 3. (See5.4.3 Version 3 Protocol)

Fixed logging sothat the last cycle of a gameis logged.



6. Soccer Client

6.1. Protocols

This section provides a brief overview of the protocol betweenthe Soccer Client and the
SoccerSener. More details on theseprotocolscan be found in the Soccer Sener section.

Note that the init and reconnectcommandsshould be sendto the player's UDP port
(default: 6000) of the Saccer Sener madiine, and after the responsethey sould be sert
to the port assignedto your player by the sener, in a valid format. The sener sends
the init responsefrom this port (refer to section1.2.1) . All the commandssert to or
received from the sener are strings of common character and are in a pair of parenthesis.

6.1.1. Initialization and Reconnection

Every player wanting to connectto the serner should introduce himself. This is like a
handshale and is done only at the beginning and optionally in the half time when you
want to reconnect.

Initialization
Your client should sendan init commandto the serer in the following format :

(init TeamName [(version VerNum )] [(goalie)])

The goalie should include the "(goalie)" in the init commandto be allowed by the
sener to catch the ball or do another special goalie action. Note there can only be one
or no goaliein ead team. (You are not obliged to usea goalie)

The Sener welcomesyou with aresponseto your init messagén the following format:

(init Side UniformNum ber PlayMo de)

Or by an error message(if there is an error, i.e. you have initiated more than two
team, more than 11 playersin a team or more than one goaliein a team):

(error no_more _team _or _player _or _goalie)
Side is your team's side of play, a character, I(left) or r(right). UniformNumber

is the player's uniform number (the players of ead team are known by their uniform
number). PlayMode is a string represening one of the valid play modes.
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If you connectto sener with versions7:00 or higher you will receiwe additional server
parameters, player parameters and player types information ( the last two are related
to the hetero players feature ). For the exact format refer to the appendix.

(serv er_param Parameters ...)
(pla yer_param Parameters ...)

(player_type id Parameters ...)

Here the hand shakingis nished and your client is known as a valid player.

Reconnection
Reconnectionis useful for changing the client program of a player without restarting the
game. It canonly be donein a non-PlayOn playing mode (e.g. in the half time).
For reconnectionyou should senda reconnectcommand in the following format:
(reconnect TeamName UniformNum ber)
And you will receiw a responsein the following format:
(reconnect Side PlayMo de)
Or one of the following errors:
(can't reconnect)
if the gameis in the PlayOn mode.
(error reconnect)
when no client reconnecteddue to an error. You may alsoreceiwe the following error
if the team nameis invalid (error no_more _team _or _player _or _goalie)

Here again if you are connecting to the serer with version 7.00 or higher you will
receive additional sener parameters, player parametersand player typesinformation.

Disconnection

Before you disconnect, you can senda bye commandto the sener. This command will
remove the player from the eld.

(bye)

There will be no answers from the sener.
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Version Control

Due to the progressiwe developmern of the Soccer Sener, new features have beenadded
ewvery year and this resulted in changesand improvemerts in the protocolsto support
thesefeatures. In order to keepcompatibility with the older clients and making it easier
to work with (specially for researders), a systemhasbeenimplemented for the Protocols
Version Control. Every client should tell the serer the version of its communication
protocol in the init command sothat the server would be able to sendthe messagesn
the proper format.

But note that although the communication protocol remains unchanged, the judg-
ment and the simulation rules may changeand this will a ect the whole game.

6.1.2. Control Commands

During the gameead player can sendaction commands. The sener executesthe com-
mands at the end of the cycle and simulates the next cycle regarding the received com-
mands and the previous cyclesdata.

Body Commands

All the playing and movemert behaviors of the player are consistedfrom a few commands
known as body commandsthat are presered briey below.

The results of thesecommandsare a little complicated and depend on many simula-
tion factors. For the details of the execution of ead commandrefer to the Soccer Sener
Section.

(turn  Momen t)

The Momert is in degreesfrom 180to 180. This command will turn the
player's body direction Moment degreesrelative to the current direction.

(dash Power)

This command acceleratesthe player in the direction of its body (not direc-
tion of the current speed). The Power is between minp ower (used value:
100) and maxp ower (used value: 100).

(kic k Power Direction )

Acceleratesthe ball with the given Power in the given Direction. The direc-
tion is relative to the the Direction of the body of the player and the power
is again betweenminp ower and maxparam .

(catc h Direction )
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Goalie specialcommand: Triesto catch the ball in the given Direction relative
to its body direction. If the catch is successfuthe ball will bein the goalie's
hand until kicked away.

(move X Y)

This command can be executed only before kick 0 and after a goal. It
moves the player to the exact position of X (between 54 and 54) and Y
(between 32 and 32) in one simulation cycle. This is useful for beforekick
0 arrangemers.

Note that in ead simulation cycle, only one of the above v e commands can be
executed(i.e. if the client sendsmore than one commandin a single cycle, one of them
will be executedrandomly, usually the onereceived rst)

(turn _neck Angle )

This command can be sert (and will be executed) ead cycle independenly, along
with other action commands. The ned will rotate with the given Angle relative to pre-
vious Angle. Note that the resulting nedk angle will be betweenminnec kang (default:

90) and maxnec kang (default: 90) relative to the player's body direction.

Communication Commands

The only way of communication betweentwo playersis broadcastingof messageshrough
the say command and hearing through the hear sensor.

(say Message)

This commandbroadcaststhe Messagethrough the eld, and any player near enough
(speci ed with audio _cut _dist , default: 50:0 meters), with enoughhearing capacity will
hear the Message The messagds a string of valid characters.

(ok say)

Command succeeded.
In caseof error there will be the following responsefrom the Sener:

(error illegal _command _form)
Misc. Commands
Other commandsare usually of two forms:
Data RequestCommands

(sense_body)
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Requeststhe serer to sendsensebody information. Note the sener sendssense
body information ewery cycle if you connectwith version 6:00 or higher.

(score)

Requestthe sener to send scoreinformation. The sener's reply will be in this
format:

(score Time OurScore Opp onentScore )
Mode Change Commands
(change _view Width Qualit y)

Changesthe view parameters of the player. Width is one of narro w, normal or
wide and Quality is oneof high or low. The amount and detail of the information
returned by the visual sensordependson the width of the view and the quality. But
note that the frequency of sendinginformation also dependson these parameters
(e.g. if you changethe quality from high to low, the frequency doubles, and the
time betweentwo seesensorswill be cut to half).

6.1.3. Sensa Information

Sensorinformation are the messageshat are sert to all playersregularly (e.g. eat cycle
or eat one and half a cycle). There is no needto sendany messageo the sener to get
theseinformation.

All the returned information of the sensorshave a time label, indication the cycle
number of the game when the data have beensert (indicated by Time). This time is
very useful.

Visual Sensa

Visual Sensoris the most important sensor,and is a little bit complicated. This sensor
returns information about the objects that can be seenfrom the player's view (i.e.
objects that are in the view angle and not very far).
The main format of the information is:
(see Time Objinfo Objinfo ...)

The Objinfo s are of the format below:

(Ob jName Distance Direction [DistChange DirChange [BodyF ac-
ingDir HeadF acingDir 1]])

or
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(Ob jName Direction )

Note that the amount of information returned for ead object dependson its dis-
tance. The more distant the object is the lessinformation you get. For more detailed
information regarding Objinfo refer to Appendix.

ObjName is in one of the following formats:

(p [TeamName [Unum]])

(b)

(f Flaginfo )

(g Side)

p standsfor player, b standsfor ball, f standsfor ag and g stands for goal.

Side is one of | for left or r for right. For more information on Flaglnfo refer to
Appendix.

Audio Sensa

Audio sensorreturns the messageshat can be heard through the eld. They may come
from the online coad, referee,or other players.
The format is as follows:

(hear Time Sender Message)

Senderis one of the followings:

self: when the senderis yourself.

referee : when the senderis the refereeof the game.

online _coach _| or online _coach _r

Direction: when the senderis a player other than yourself the relative direction of
the senderis returned instead.

Body Sensa

Body sensorreturns all the states of the player such as remaining stamina, view mode
and the speedof the player at the beginning of ead cycle:

(sense_body Time (view _-mode f high jlow g f narrow j normal |
wide g) (stamina Stamina E ort ) (speed Speed Angle ) (head _angle
Angle ) (kic k Count) (dash Count) (turn Count) (say Count) (turn _neck
Count) (catch Count) (move Count) (change .view Count))

The last eight parametersare counters of the received commands. Use the courters
to keeptrack of lost or delayed messages.

6.2. How to Create Clients

This section provides a brief description to write a rst-step program of soccer client.
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6.2.1. Sample Client

The Soccer Sener distribution includes a very simple program for soccer clients, called
sampleclient . It is under the "sampleclient " directory of the distribution, and is
automatically compiled when you make the Saccer Sener.

The sampleclient is not a stand-alone client: It is a simple “pipe' that redirects
commandsfrom its standard input to the serwer, and information from the serwer to its
standard output. Therefore, nothing happenswhen usersinvoke the sampleclient . The
usersmust type-in commandsfrom keyboards, and read the sensorinformation displayed
on the terminal. (Actually it isimpossibleto read sensorinformation, becausethe sener
sendsabout 17 sensorinformations (see information and sense_body information) per
second.)

The sampleclient is useful to understand what clients should do, and what the
clients will receive from the sener.

How to Use sampleclient

Here is a typical usageof the sampleclient .

1. Invoke client under sampleclient directory of the Soccer Sener.
% ./client SERVERHOST

Here, SERVERHOST hostname on which Soccer Sener is running.
Then the program awaits userinput.

If the SoccerSener usesan unusual port, for example6005,instead of the standard
port (6000), the usersshould usethe following form.

% ./client SERVERHOSU05
2. Typein init command from the keyboard.
(init  MYTEAMNAKtErsion 7))

Here MYTEAMNAISIR team name the userswant to use.

Then a player appears on the eld. In the sametime, the program starts to
output the sensorinformation sert from the serer to the terminal. Here is a
typical output:

send 6000 : (init foo (version 7))
recv 1567 : (init r 1 before_kick off)

recv 1567 : (server_param 14.02 5 0.3 0.4 0.1 601 1 4000450 0.3 0.5 ...
recv 1567 : (player_param 7 3 3 0 0.2 -100 0 0.2 25 0 0.002 -100 0 0.2 ...

recv 1567 : (player type 0 1 45 0.4 5 0.006 0.3 0.7 0 0 1 0.6)

recv 1567 : (player_type 1 1.16432 28.5679 0.533438 8.33595 0.00733326 ...
recv 1567 : (player type 2 1.19861 25.1387 0.437196 5.92991 0.00717675 ...
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recv 1567 : (player_type 3 1.04904 40.0956 0.436023 5.90057 0.00631769 ...
recv 1567 : (player_type 4 1.1723 27.7704 0.568306 9.20764 0.00746072 ...
recv 1567 : (player_type 5 1.12561 32.4392 0.402203 5.05509 0.00621539 ...
recv 1567 : (player_type 6 1.02919 42.0812 0.581564 9.53909 0.00688457 ...
recv 1567 : (sense_body 0 (view_mode high normal) (stamina 4000 1) ...

recv 1567 : (see 0 ((g r) 61.6 37) (f rt) 494 3) (f pr t) 37 27) ..
recv 1567 : (sense_body 0 (view_mode high normal) (stamina 4000 1) ...

The rst line, \send 6000 :

(init foo (version 7))", is areport what the

client sendsto the sener. The secondine,"recv 1567 : (init r 1 before kick _off)

is a report of the rst responsefrom the serer. Here, the sener tells the client
that the assignedplayer is the right side team (r), its uniform number is 1, and
the current playmode is before kick _off . The next 9 lines are server _paramand
player _param which tells various parametersusedin the simulation. Finally, the
serner starts to send the normal sensorinformations, sense_body and see. Be-
causethe sener sendsthese sensorinformation every 100msor 150ms,the client
cortinuesto output the information endlessly

. Type in movecommand to place the player to the initial position. The player
appearson a bend outside of the eld. Usersneedto moveit to its initial position
by movecommand like:

(move -10 10)

Then the player movesto the point (-10,10).

Because,as mentioned before, the client program outputs sensorinformation
endlessly userscan not seestrings they typein. So,they must type-in commands
blindly. *

. Click “Kick-O ' button on the Soccer Serer. Then the game starts. The users
can seethat the time data in eat sensorinformation (the rst number of see and
sense_body information) are increasing.

. After then, userscan use any normal command, turn , dash, kick and soon. For
example, userscan turn the player to the right by typing:

(turn  90)
The player can dash forward with full power by typing:

(dash 100)

lUsers can redirect the output to any le or program. For example, you can redirect it to /dev/null
to discard the information by invoking \ %client SERVERHOST/dev/null ". Then, the userscan
seethe string they type-in.
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When the player is near enoughto the ball, it can kick the ball to the left with
power 50 by:

(kick 50 -90)

Note again that becauseof endlesssensoroutput, usersmust type-in these com-
mands blindly.

Overall Structure of Sample Client

The structure of the sampleclient is simple. The brief processthe client doesis as
follows:

1. Opena UDP socket and connectto the sener port. (init _connection() )

2. Enter the read-write loop (messageloop ), in which the following two processes
are executedin parallel.

read user'sinput from the standard input (usually a keyboard) and send it
to the sener (send_message()).

receiwe the sensorinformation from the sener (receive _message()) and out-
put it to the standard output (usually a console).

In order to realize the parallel execution, sampleclient usesthe select() function.
The function enablesto wait for multiple input from sockets and streamsin a single
process. When select() is called, it waits until one of the sockets and streams gets
input data, and tells which sockets or streams got the data. For more details of the
usageof select() , pleaserefer to the man pageor manual documerts.

An important tip in the sampleclient is that the client must change the sener's
port number when it receives sensorinformations from the sener. This is becausethe
sener assigna new port to a client whenit receivesan init command. This is done by
the following statemert in "client.c " (around line 147):

printf(  "recv %d: ", ntohs(serv_addr.sin_por t));
+ sock->serv_addr.sin_por t = serv_addr.sin_port ;
buf[n] ="'\0" ;

6.2.2. Simple Clients

In order to dewvelop complete soccer clients, what users must do is to write code of a
“brain' part, which performsthe samething asusersdo with the sampleclient described
in the previous section. In other words, usersmust write a code to generatecommand
strings to sendto the sener basedon received sensorinformation.

Of courseit is not a simple task (so that many researters tackle RoboCup as a
researt issue),and there are various ways to implement it. Simply saying, in order to
dewelop player clients, usersneedto realize the following functions:
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[Sensing] To analyze sensorinformation: As shown in the previous section, the sener
sendsvarious sensorinformation in S-expressions. Therefore, a client needsto
parse the S-expressions.Then, the client must analyze the information to get a
certain internal represettation. For example, the client needsto analyze a visual
information to estimate player's location and eld status, becausethe visual in-
formation only include relative locations of landmarks and moving objects on the
eld.

[Action Interval] To cortrol interval of sendingcommands: Becausethe sener accepts
a body command (turn, dashand kick) per 100ms,the client needsto wait appro-
priate interval before sendinga command.

[Parallelism] To execute sensorand action processedn parallel: Becausethe Soccer
Sener processessensorinformation and command asyndironously, clients need
to execute a sensorprocess,which deals with sensorinformation, and an action
process,which cortrols to sendcommands,in parallel.

[Planning] To make a plan of play: Using sensorinformation, the client needsto gen-
erate appropriate command sequence®f play. Of course,this is the nal goal of
deweloping soccer clients!!

Here are two simple examplesof stand-aloneplayers, sclientl and sclient2 , which
just chasethe ball and kick it to the opponert goal. The sourcesare available from:

ftp://ci.etl.go.jp/pub/soc cer/cli ent/ noda-cl ient -2. 0.ta r.gz
In the examples,the functions listed above are realized as follows:

For Sensingfunction, both examplesuse commonfacilities of class BasePlayer,
class FieldState , and estimatePos functions. By thesefacilities, the example
programs do:

receiwe data from a socket connectedwith the sener,

parsethe data as S-expression,

interpret the expressioninto internal data format (class Sensorinfo ),

Lt T e T et S

and in the casethe received data is visual sensorinformation, estimate player's
and other object's positions.

For more detail, pleaseread the sourcecode.

For Action Interval and Parallelism functions, the two examplesusedi erent meth-
ods. The rst example,sclientl usestimeout of select() function. The second
one,sclient2 usesthe multi-thread (pthread) facility. Theseare described below.

For Planning function, both exampleshave very simple planners as follows:

{ If the player doesnot seethe ball in recert 10 steps, or if the player can not
estimate its position in recert 10 steps,it looks around.
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{ If the ball is in kickable area, it kicks the ball to the opponert goal.

{ Otherwise, the player rushesto the ball (turns to the ball and dashes).

sclientl

The sclientl usesthe timeout facility of select() function to realize Action Interval
and Parallelism.

The key part of the program is in MyPlayer::run() . Here s the part of the source
code:

/[ enter main loop

SocketReadSelector selector ;

TimeVal nexttic ; // indicate the timestamp for next commandsend
nexttic.update() ; Il set nexttic to the current time.

while(True) {

/Il setup selector

selector.clear() ;
selector.set(socket) ;

/I wait socket input or timeout (100ms) ;
Int r = selector.selectUntil(n extt ic) ;
ifr ==0) { // in the of timeout. (no sensor input)
doAction() ; /I enter action part
nexttic += TimeVal(0,100,0) ; // increase nexttimetic 100ms

} else { /I got someinput
doSensing() ; // enter sensor part

}
}
Here, class SocketReadSelector is a classto abstract facilities of select() and is
de ned in "itk/Socket.h ". In the line \Int r = selector.selectUntil(nextt ic)

; ", the program awaits the sacket input or timeout indicated by nexttic , which holds
the timestamp of the next tic (simulation step). The function returns 0 if timeout, or
the number of receiving sockets. In the caseof timeout, the program calls doAction() in
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which a commandis generatedand sert to the sener, or otherwise, it calls doSensing()
in which a sensorinformation is processed.

sclient2

The sclient2 usesthe POSIX thread (pthread) facilities to realize Action Interval and
Parallelism.

The key part of the program is also in MyPlayer::run() . Here is the part of the
sourcecode:

/I fork sensor thread

forkSensor() ;

/' main loop

while(True) {
if (lisBallSeenRecently(10) ) {
I - - -
/[ if ball is not seen recently
/[ look around by (turn 60)

forUint i =0; i <6 ; i++) {
turn(60) ;
}
} else if (kickable()) {
}
}
The statemert \ forkSensor() ;" invokesa new thread for receiving and analyzing the

sensorinformation. (The behavior of the sensorthread arede ned in "SimpleClient.* "
and "ThreadedClient.* *".) Then the main thread enters the main loop in which action
sequencesf \ chasing the ball and kick to the gal" are generated. BecauseSensing
function is handled in the sensorthread in parallel, the main thread needsnot take care
of the sensorinput.

In order to keepaction interval to be 100ms,the sclient2 waits for the next simula-
tion stepby the function ThreadedPlayer::sendCommandPre() de ned in " ThreadedPlayer.cc
as follows:

Bool ThreadedPlayer::sendCommandPre(Bool bodyp) {
cvSend.lock() ;
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if(bodyp) {
while(nextSendBodyTime.i sFuture ())
cvSend.waitUntil(nextSen  dBod/Time) ;

}

while(nextSendTime.isFu ture () {
cvSend.waitUntil(nextSen  dTime) ;

}

return True ;

}

In this function, MutexCondVar cvSend provide a similar timeout facility of select()

function usedin sclientl describedabove. (MutexCondVaiis a combination of condition

variable (pthread _cond_t) and mutex (pthread _mutex ), andis de ned in "itk/MutexCondVar.h ".)
Becausethe function is called just beforethe player sendsa commandto the sener, and
nextSendBodyTimeis cortrolled to indicate the timestamp of the next simulation step,

the thread waits to senda commandin the next tic.

6.2.3. Tips

Here we collect tips to develop soccer client programs.

Debuggingis the main problem in deweloping your own team. Sotry to nd easy
debuging methods.

A nice and simple way to seeyour program's variables in a condition is to use
an abort() commandor someasserts to force the program to core-dump; And
debug the core using gbd.

Log every messageeceived from the serner and sert to the sener. It is very useful
for debugging.

Using ready to use libraries for socket and parsing problems is useful if you are a
beginner.

Remenber to passthe versionnumber to the sener in the init command. Although
it is optional, the default is 3.00 which usually is not desired.

Even if the catch probability is 1:00 your catch command may be unsuccessful
becauseof errors in returned sensorsabout the positions.

The rst serious problem you may encourter is the timing problem. There are
many methods to syndironize your client's time with sener. One simple methods
is to usereceived sensebody information.
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Beware of slow networks. If your timing is not very powerful your client's will

behase abnormaly in a crowded or slov network or if they are out of process
resources(e.g. you run many clients on one slov macdine). In this casethey may

seeolder positions and will try to act in these positions and this will result in

confusion (e.g. they will turn around themsehes)

The main usageof ags arefor the playerto nd the position of himselfin the eld.
Your very rst clients may ignore ags and play with relative system of positions.
But you may needa positioning module in the near future. There are many of the
in the ready to uselibraries.

The program should ched the end of bu er in analyzing sensorinformation. The
sensorinformation usesS-expressions.But the expressionmay not be completed
whenthe sensordata is longerthan the bu er, sothat someclosingparenthesesare
lost. In this case,the program may core-dumpif it parsesthe expressionnaively.



7. The coach

7.1. Intro duction

Coades are privileged clients usedto provide assistanceto the players. There are two
kinds of coades, the online coat and the trainer. The latter is often called 'o -line
coad' aswell, but for clarity sake we will usethe term 'trainer'.

7.2. Distinction between trainer and online coach

In general, the trainer can exercisemore cortrol over the game and may be used only
in the dewelopmert stage,whereasthe online coatcy may connectto o cial games.The
trainer is useful during dewelopmen for sud tasks as running automated learning or
managing games. The on-line coad is used during gamesto provide additional advice
and information to the players.

While deweloping player clients, for example when applying macdine learning meth-
ods to learn skills like dribbling or kicking, it might be usefulto create training sessions
in an automated way. Therefore, the trainer has the following capabilities:

It can cortrol the play-mode.

It can broadcast audio messages.Sud a messagecan consist of a command or
someinformation intended for one or more of the player-clierts. Its syntax and
interpretation are user-de ned.

It can move the players and the ball to any location on the eld and set their
directions and velocities.

It can get noise-freeinformation about the movable objects.

For details on these capabilities seeSection 7.3.
The online coad is intended to obsene the gameand provide advice and information
to the players. Therefore, it's capabilities are somewhat limited:

It can communicate with the players.

It can get noise-freeinformation about the movable objects.
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To prevent the coat from cortrolling ead client in a certralized way, communication
is restricted in se\eral ways as described in Section7.7. The online coad is a good tool
for opponernt modelling, gameanalysis, and giving strategic tips to its teammates. Since
the coad gets a noise-free,global view over the eld and haslessreal-time demands, it
is expectedthat it can spend more time deliberating over strategies. SeeSection 7.6 for
more details about the online coad.

7.3. Trainer

7.3.1. Connecting with and without the soccerserver referee

By default, an internal refereemodule is active within the soccerserer that controls the
match (see Section 4.7). If the trainer should have complete cortrol over the match,
the soccerserer must be instructed to deactivate the refereemodule. This meansfor
example,that the play-mode will not changeand playerswill not be moved bad to their
sidesafter a goal. The trainer hasto react to theseewerts by its own rules.

The soccerserer must be informed at startup-time that a trainer-client will be used.
Add the option -coad® to the commandargumerts of the soccerserer application when
a coad-client is usedand the internal refereemodule of the server must be deactivated.
You can also add the line coad to the serer.conf.

If you want to connecta trainer but let the sener refereeremain activated, add the
option -coad_w_refereeto the command argumerts of the sener or add coad w referee
to the serwer con guration le.

If the sener is invoked with one of the trainer modes, it preparesa UDP socket to
which the trainer-client can connect. The default port number is 6002, If a dierent
port number is neededthe new port can be set by assigningits value to the coad _port
parameter (seeSection 4.9.1).

7.4. Commands

The trainer and the online coad can usethe following set of commands. The items are
listed in three categories. The rst category includes commandsthat can be usedonly
by the trainer, the secondincludes commandsthat can be usedalso by the online coat
with certain restrictions, and the third lists commandsthat can be usedby both trainer
and online coad.

7.4.1. Commands that can be used only by the trainer

(change _mode PLA Y _MODE)

!Note: The name of this parameter refers to the notion of 'o ine-coac h', not to be mixed up with the
online-coad.
2The default port number for online coades is 6002.
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Change the play-mode to PLAY_MODE. PLAY _MODE must match one of the
modes de ned in Section 4.7.1. Note that for most play-mode requeststhe soc-
cersener will only changethe play-mode. The position of the ball usually remains
unchanged, but in somecasesplayers will be moved. E.g. in free-kidk and kick-in
playmodes they will be moved away from the ball if they stand within a certain
radius. When changing to “before _kick _off ' they will be even moved to their
own side.

Possiblereplies by the soccerserer:

{ (ok change _mode)
The command succeeded.

{ (error illegal _mode)
The speci ed mode was not valid.

{ (error illegal .command _form)
The PLAY _MODE argumert was omitted.

(move OBJECT X Y [VDIR [VEL x VEL v]))

This command will move OBJECT, which may be a player or the ball (see Sec-
tion sec:sensormdelsfor format information), to absoluteposition (X, Y). If VDIR

is speci ed, it will also change its absolute facing direction to VDIR (this only
matters for players). Additionally, if VEL x and VELy are speci ed, the object's
velocity will be set accordingly.

The trainer always usesleft-hand coordinates.
Possiblereplies by the soccerserer:

{ (ok move)
The command succeeded.

{ (error illegal _object _form)
The OBJECT speci cation was not valid.

{ (error illegal .command _form)
The position, direction, and/or velocity speci cation was not valid.

(check_ball)
Ask the soccersener to ched the position of the ball. Four positions are de ned:

{ in_eld
The ball is within the boundariesof the eld.

{ goal_l
The ball is within the areaassignedto the goal at the left side of the eld.

{ goal_r
The ball is within the area assignedto the goal at the right side of the eld.
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{ out _of_eld
The ball is somewhereelse.

Note that the states ‘goal | ' and "goal r' do not necessaryimply that the ball
actually crossedthe goal line.
Possiblereplies by the soccerserer:

{ (ok check_ball TIME BALLPOSITION)
BALLPOSITION will be one of the states speci ed above.

(start)

This commandsstarts the sener, e.g. setsthe play-mode to ‘kick _off 1'. This
essetially simulates pressingthe kick o button on the monitor.

If the trainer doesnot sendan init command, then the rst commandsof any type
received from the trainer will causethe serer to start, e.g. set the play-mode to
‘kick _off I".

Possiblereplies by the soccerserer:

{ (ok start)
The command succeeded.

(recover)

This command resets players' stamina, recovery, e ort and hear capacity to the
valuesat the beginning of the game.

Possiblereplies by the soccerserer:

{ (ok recover)
The command succeeded.

(ear MODE)

It turns on or o the sendingof auditory information to the trainer. MODE must
beoneof on ando . If (ear on) is sen, the sener sendsall auditory information
to the trainer. SeeTable 7.3 for the format. If (ear o ) is sert, the sener stops
sendingauditory information to the trainer.

Possiblereplies by the soccerserer:

{ (ok ear on)

(ok ear o )

Both replies indicate that the command succeeded.
{ (error illegal _-mode)

MODE did not match on or o .
{ (error illegal .command _form)

The MODE argumert was omitted.



7.4. Commands

7.4.2. Commands that can also be used by the online coach with certain
restrictions

(init (version VERSION)) for the trainer and

(init  TEAMNAME (version VERSION)) for the online coad.

Thesecommandstell the sener which protocol version should be usedto comnu-
nicate with the trainer or coad. In the caseof the online coahh TEAMNAME has
to be speci ed to indicate which team the coad belongsto. Note that the coah
must connectafter at least one player from its team.

The trainer is not required to issuean init command. Howeer, it is recommended
that the trainer doesso. Otherwise, the sener will comnmunicate with an older
protocol.

It should be mertioned that the default port is 6001 for the trainer and 6002 for
the online coad.

Possiblereplies by the soccerserer:
{ (init ok)
The command succeededn caseof the trainer.

{ (init SIDE o0k)
The command succeededn caseof the online coad. SIDE is either 'l' or 'r'.

(say MESSA GE)

Note that the online coad can usethis commandwith the samesyrntax, but there
are more restrictions. SeeSection 7.6.2 for details.

This command broadcaststhe messageMESSAGE to all clients in the caseof the
trainer and only to teammatesin the caseof the online coad. For the trainer the
format of MESSAGE is the sameasfor a player-client. It must be a string whose
length is lessthan say_coad_msgsizegsee Section 4.9.1) and it must consist of
alphanumeric characters and/or the symbols ().+*/? <> _

The format which the players hear these message€an be found in Section4.3.1.

Possiblereplies by the soccerserer:

{ (ok say)
The command succeeded.

{ (error illegal _.command _form)
MESSAGE did not match the required format.

(change _player _type TEAM _NAME UNUM PLA YER _TYPE) for the trainer
and
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(change _player_type UNUM PLA YER _TYPE) for the online coad.

These commandscan be usedto changethe heterogeneousplayer type (see Sec-
tion 4.6) of the player with the number UNUM of team TEAM NAME to the type
PLAYER_TYPE. PLAYER_TYPE is a digit between 0 and 6, where 0 denotes
the default player type. Note that in the caseof the online coad the argumert
TEAM _NAME is missing, becauset canonly changeplayer typesin its own team.

The trainer doesnot have to comply to the rule that a maximum of three (speci ed
by subsmax) players of eat type can be on the eld.

SeeSection 7.6.3 for details about the restrictions asto when and how the online
coadh may substitute players.

Possiblereplies by the soccersener to both trainer and online coad:

{ (warning no_team _found)
The team doesnot exist.

{ (error illegal .command _form)

If change _player_typ e is not followed by a string, two integersand a close
bracket.

{ (warning no_such_player)
If there is no player with that uniform number on that team.

{ (ok change _player_type TEAM UNUM TYPE)
The command succeeded.

Additionally , the soccerserer can sendthe following repliesto the online coad:

{ (warning cannot _sub _while _playon)
If the play-mode is “play _on'.
{ (warning no_subs_left)

If the coad has already made its three (speci ed by subsmax) subsfor the
game.

{ (warning max _of that _typ e_on_eld)

If the player-typeis not the default and there are three (speci ed by subsmax)
of that type already on the eld.

{ (warning cannot _change _goalie)
If the coad tries to changethe player type of the goalie.

The sener respondsto the teammateswith:
{ (change _player_type UNUM TYPE)
and opponernts (including opponert coad) with:

{ (change _player_type UNUM)
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7.4.3. Commands that can be used by both trainer and online-coach

(lo ok)

This command provides information about the positions of the following objects
on the eld:

{ The left and right goals.
{ The ball.
{ All active players.

Note that the trainer and online coad for both sidesreceiwe left hand coordinates.
That is, the coadesreceiwe information in the global coordinatesthat the left hand
team uses.In general,the playersreceive no global information (the oneexception
being the move command), but it is common for teamsto localize themselwes so
that the negative x direction is towards the goal they defend.

Possiblereplies by the soccerserer:

{ (ok look TIME (OBJ ; OBJDESC ;) (OBJ , OBJDESC ) ...)
OBJ; can be any of the objects mertioned above. SeeSection 4.3 for infor-
mation about the way the namesfor those objects are composed. OBJDESC;
have the following form:
For goals: X Y
For the ball: X Y DELTAx DELTAy
For players: X Y DELTAx DELTAy BODYANGLE NECKANGLE

The coordinates are always in left-hand orientation, no matter whether a trainer
or online coad is used.

If the trainer/coach should receiwe visual information periodically, use the (eye
on) command.

(eye MODE)
MODE must be oneof on and o . If (eye on) is sert, the sener starts sending
(see_global ...) information (see Section 7.5) every 100 ms (the interval is

speci ed by the sendvi_step parameter automatically to the client. If (eye o )
is sert, the sener stopsto sendvisual information automatically. In this casethe
trainer/coach hasto ask actively with (lo ok) , if it needsvisual information.

Possiblereplies by the soccerserer:

{ (ok eye on)

(ok eye o )

Both replies indicate that the command succeeded.
{ (error illegal _mode)

MODE id not match on or o .
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{ (error illegal _.command _form)
The MODE argumert was omitted.

(team _names)

This command makes the trainer/coach receiwe information about the names of
both teams and which side they are playing on.

Possiblereplies by the soccerserer:

{ (ok team _names [(team | TEAMNAME ;) [(team r TEAMNAME ))]])

Depending on whether the teams already connectedno, one, or both team
name(s) will be supplied. Recall that the rst team that connectswill be on
the left side.

7.5. Messagesfrom the server

Apart from the replies to the commands mentioned above the sener also sendssome
messagedo the trainer and online coad. If the clients connectto the sener with a
version >= 7.0 (using the init -command), they will receive the following parameter
messagegust like player clients:

(server_param ...) once
(player_param ...) once
(player_type ...) oncefor eat player type

SeeSection 4.2.2 for details on the parameter messages.

If the client choosesto receiwe visual information in ead cycle by sending (ey e on)
it will receive messagesn the following format every 100 ms (send.vi _step):

(see_global (OBJ ; OBJDESC 1) (OBJ 2 OBJDESC ) ...)

OBJ; denotesthe name of the object. SeeTable 4.3 for information about the way
the namesfor those objects are composed. OBJDESC; have the following form:

For goals: XY
For the ball: X Y DELTAx DELTAvy
For players: X Y DELTAx DELTAy BODYANGLE NECKANGLE

The syntax is the sameas in the reply to the (lo ok) command, so coordinates are
always in left-hand orientation.

If the client wants to receive auditory information and sent (ear on) to the sener, it
will receiwe all auditory information, from both the refereesand all of the players. There
are two kinds of hear messages:
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(hear TIME referee MESSA GE) for all refereemessagessud as \play_on"
and \free kick _left". SeeSection4.7 for alist of the valid messagefrom the referee.

(hear TIME (p "TEAMNAME" NUM) "MESSA GE") for all player mes-
sages.Note the quotesaround the message.

SeeSection4.3.1for more details about the players speaking and listening abilities.

7.6. Online coach

7.6.1. Intro duction

The online coad is a privileged client that can connectto the sener in o cial games.
It has the capability of receiving global and noise-freeinformation about the objects
on the eld. In order to encouragereseart in this area starting in 2001 there will be
special coadh contests. This way, researd groupsthat do not want to dewelop a team
of player clients can participate in the RoboCup challenge by focussingon the online
coad. Additionally, in order to make it possibleto usea single coad with a variety of
teams, a standard coad languagehas beendeveloped that can be usedto communicate
with the players.

SeeSection 7.4 and 7.5 for details about the commandsthat can be used by the
online coah and messageshat will be sert by the sener.

7.6.2. Communication with the players

Prior to version7.00,the online coat could say say short (128 characters, say_coad _msg size)
alphanumeric (plus the symbols().+*/? <> _) messagesvhenthe play-modeis not “play _on'.
This type of messagestill exists as a \freeform" messagebut there are now other stan-
dard messagdypes.

To prevert coahesfrom micro-cortrolling every single action of the players comnu-
nication is restricted in the following ways. In the standard coad languagethere are
four other types of messages:advice, de ne, info, and meta messages.Per 300 cycles
(speci ed by clangwin_size) the coad can send one of ead. Note that the number
of allowed messagesan be changed by setting the clang advice win, clang.de ne win,
clang.info_win, and clang-meta_win parameters (see Section 4.9.1). The messagesre
heard by the players 50 (speci ed by clang_messdelay) cycleslater. If the play-mode
is not “play _on', one (speci ed by clang. messper_cycle) messagds sen to the players
in eat cycle, even if the delay time has not elapsed. Messageghat are sert while the
play mode is not ‘play -on' do not count towards the messagenumber restriction. For
example, if the default valuesare usedthe coad can sendone messageper cycle during
breaksthat will be heard by the playerswithout delay. The sener guaraneesthat mes-
sageswill be sert to the playersin the sameorder in which they were received from the
coad.

The languagegrammar developed below doesnot place restrictions on the length of
the messagesvhich can be sert to the sener. However, for very practical reasons,any
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messagén the standard languagecan not be longer than 2013 characters (this is sothe
maximum messagenhich should be sert to the player is 2048 characters).

For freeform messagesthe coadh can only speakin non-play _.on' modes. The coah
can sendsay_coad_cnt_max freeform messageper game. The length of these messages
hasto be lessthan say_coadi_msgsize If the game cortinuesinto extendedtime, the
online coades are given an additional say_coad_cnt_max messagedo say ewvery addi-
tional 6000cycles(or whatever the normal length of a gameis). Allowed messagesre
cumulative, soif the coad doesnot useall its allowed messagesit can usethem in the
extended time. The sener will send (error said _to o_many _messages) if the coah
tries to sendmessagesfter it reated the maximum number.

The standard coad languagewill be described in detail in Section7.7.

7.6.3. Changing player typesin a real game

Using the change _player _typ e-command (describedin in Section7.4) the online coat
can change player types unlimited times in "before kick _off ' play-mode. Of course
these changeshave to comply with the general rules about heterogeneousplayers (see
Section 4.6). After kick-o player typescan be changedthree (subsmax) times during
play-modesthat are not “play _on'.

Seethe description of the change _player typ e-commandin Section 7.4 for details
about the possiblereplies from the sener.

Note: A player client will be informed about substitutions that occurred beforethe
client connectedby the message(change player type UNUM TYPE) for substi-
tutions in it own team and (change _player_type UNUM) for substitutions in the
opponert team.

7.7. The standard coach language

7.7.1. General properties

The standard coad language was deweloped to enable coades to work together with

teamsfrom di erent researt groups. One of the designgoalswasto have clear semartics
that should prevent misinterpretation from both the playersand the coad. The language
is basedon low-level conceptsthat canbe combined to construct new high level concepts.

Additionally , coaties can communicate a certain number of freeform messageshat
may be arbitrary strings to the players during non-play _on'-modes. SeeSection 7.6.2
for details. Be aware though, that freeform messagegrobably will not be understood
by other teamsif you plan to useyour coad with other teams.

The languagedescription below is the just the rst versionof the languagedeveloped
by the community. It is hoped that all interested researters will cortinue to develop
this languageand it will be improved over time.

Note that the sener itself parsesall the coathn messagesising ex and bison (the
GNU replacemetts for lex and yacc) and constructs a simple represeniation basedon
a C++ classhierarchy. Pleasefeel free to use and modify this code from the sener to
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handle the parsing of the coad messageslin particular, look at the coach_lang.[Chly]
and coach_lang_comp.[Ch] les.

7.7.2. Overview of the ve messagetypes

There are v e types of coahh messagesn the standard coad language: Info, Advice,
De ne, Meta, and Freeform.

Info Info messagegarry information that the coad believesthe players should know,
e.g. frequent positions of the opponert or the player type of opponert players.
Info messagesan carry information about the opponert (single players, sets of
players, or the whole team), or about the coad's own team and players.

Format: (info TOKEN 1 TOKEN ,...TOKEN )
The format of TOKEN ; will be described in Section7.7.3.
Advice Advice messagesell the players what the coad believesthey should do, either

at an individual, group or team level. Advice messagesan thus never instruct
opponert players what they should do.

Format: (advice TOKEN ; TOKEN 5, ...TOKEN )
The format of TOKEN ; will be described in Section7.7.3.

De ne De ne messageitroducenamesi.e. shortcuts for regions,directives,conditions,
and actions. (these will be described later). While these messagesdo not add
expressivity, it could allow the coat to deal with the absolute messagelength

restriction, reduce network load, and make the messagesnore understandable for
humans.

Format: (de ne DEFINE _TOKEN ; DEFINE _TOKEN ,...DEFINE _TOKEN ,)
There are four typesof DEFINE _TOKEN:

(de ner name REGION)
(de nec name CONDITION)
(dened name DIRECTIVE)
(denea name ACTION)

Note that the name must be deliminted by quotesand it limited to 40 characters.

Meta Meta messagesre usedto carry meta-lewvel information about the coah-players
interactions, suc asthe number of messagesen, the standard languageversion
supported, etc. These messagesare intended purely to support debugging and
upward-compatibilit y.

Format: (meta MET A _TOKEN 1 MET A_TOKEN 5, ...)
Only oneform of META_TOKEN exists at this stage:
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(version X)
The coad usesprotocol version X.

Freeform Freeformmessagesallow anarbitrary short string (lessthat say coad_msg size
characters), but only whenthe play-modeis not ‘play _on'. The messagean consist
on alphanumeric characters plus the symbols ().+*/? <> _Only say _coad_cnt _max
messagegan be sert per 6000cycles.

Format: (freeform "STRING")
Note that STRING must be included in quotes.

7.7.3. Semantics and syntax details of info and advice messages

In the following the syntax and semarics of the aforemerioned TOKENS in info and
advice messagewill be described.

There is one special token, (clear) , which tells the player to ignore all previous
info/advice (this is like forcing the time to live of all messageso 0).

All other token involve a condition in which it applies,and a list of directivesfor the
team and/or individual players. Basically, a token speci es a set play, or a reactive plan.

Format: (TTL CONDITION DIRECTIVE 1DIRECTIVE ,...DIRECTIVE )

TTL meanstime-to-live and speci es the coad's assumption as to when it thinks
the information will becomeobsolete. After TTL cyclessincethe coad sert the message
it becomesirrelevant. Note that the time to live dependson when the coad sent the
messagenot when the player receivel it.

As INFO messagestokensreport on the coad's beliefsabout the opponert's or its
own team's plans and behavior. As ADVICE messagestokensdirect the team to act in
particular ways.

This form makesusing ADVICE messagevery easy Eadh such token is basically a
simple rule with a condition on the left-hand side, and a set of actions on the right hand
side. Thus ead rule can be thought of as essetially specifying an if-then statemert:

if CONDITION
then { DIRECTIVE_IDIRECTIVE_2.. }

In the player's programs, it is easyto represen all the advice given by the coat as
a small rule-base. Following the advice would be easyby matching the current world
state against the condition, and trying to act on the directives. Note: If more than one
condition appliesto the current situation and the corresponding directivesdi er, it is
up to the player to choosethe directive. Note that the player should also exercisesome
discretion in following directives. For example, if the only directive which matchesis to
passto player 5, but player 5 is well-covered by opponerts, the player with the ball may
chooseto ignore the directive for now.

Conditions:

A condition is made from the logical connectives over atomic state description
propositions:
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{ (true)
Always true.
{ (false)
Always false.
{ (pp 0s TEAM UNUM _SET INT INT REGION)

The rst INT is the MINIMUM and the secondis the MAXIMUM At least
MINUMUM but no morethan MAXIMUM playersin UNUM _SET from team
TEAM are in region REGION. Regionsand unum sets are more precisely
de ned belon. TEAM is either "our" or "opp". There is no ambiguity since
the coad can only be heard by its own players.

{ (bp os REGION)
The ball is in region REGION.

{ (bowner TEAM UNUM _SET)

The ball is cortrolled by some player in UNUM _SET of team TEAM. The
ball-owner is the last player that had ball cortact (i.e. the ball wasin his
kickable area), even if the ball left his cortrol after that.

{ (playm PLA Y _MODE)

The play-mode is PLAY _MODE. See Section 7.7.4 for the valid values of
PLAY _MODE.

The logical connectivesare:

{ (and CONDITION 1 CONDITION 5 ...CONDITION )

{ (or CONDITION ; CONDITION 5 ...CONDITION )

{ (not CONDITION)
An example condition: "When opponert player 3 is in region X and cortrols the
ball" would be
(and (player_pos opponent f3g X) (ball _owner opponent f3g))

Directives:

Directives are basically lists of actions for individual setsof players and comein
two forms:

{ (do TEAM UNUM _SET ACTION) (players should take this action)

{ (dont TEAM UNUM _SET ACTION) (playersshould avoid taking this
action)

In INFO messagesdirectives corvey knowledge about the plans/b ehaviors of the
players or their opponerts.

Actions:
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(p os REGION)

The player should position itself in REGION.

(home REGION)

The player's default position shouldbein REGION. This directiveis intended
largely to specify formations for the team.

(bto REGION BALLMO VE _SET)

The ball should be moved towards the region REGION. BALLMO VE SET
can include the characters 'p','d','c’, and/or 's' for pass,dribble, clear (kick
to no particular player), and score. Note that no spacesare neededand order
does not matter. Somevalid BALLMO VE _SET valuesare \pd,” \s,” and
\p dcs." Of courseit is up to the players to decide, especially which of the
actionsin BALLMO VE _SET it will pursue. Also if the speci ed REGION in
the caseof a score directive is not in the goal area, the player should decide
where to shoot.

(bto UNUM _SET)

The ball should be passedto someplayer in UNUM _SET.

(mark UNUM _SET)

The player should mark someopponert player in UNUM _SET.

(markl REGION)

The passinglane from the current ball position to REGION should be marked.
(markl UNUM _SET)

The passinglane from the current ball position to someopponert player in
UNUM _SET should be marked.

(oline REGION)

The o side-trap line for the player/team should be set at REGION.

(htype TYPE)

The player is of heterogeneousype TYPE. The TYPE numberis asdescribed
in Section4.6. A value of -1 should clear the player's idea of the heterogeneous

type.

Regions:
Any REGION token can be any of the following:

{ aPOINT

This is de ned more precisely below

(quad POINT ; POINT , POINT 3 POINT 4)

De nes a four-sided shape given by the four coordinates, using the global co-
ordinate systemand point primitiv e above. POINT ; is connectedto POINT »,
which is connectedto POINT 3, which is connectedto POINT 4, which is con-
nected badk to PAINT ;.
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{ (arc POINT RADIUS _SMALL RADIUS _LAR GE ANGLE _BEGIN
ANGLE _SPAN)

De nes adonut-arc: the areabetweentwo circlesco-cerered at point POINT,

having the given radii, with the arc de ned starting at the beginning angle
and covering the spannignangle. For example a, a circle with radius r could
be dened as\(arc (pt 0 0) O r 0 360)", and a U-shaped region could be
de ned as\(arc (pt 00) 5100 180)"

{ (null)
The null (empty) region.

{ (reg REG 1 REG,...REG )
De nes a region made up from the union of the given regions.

A POINT is any of the following:

{ (pt X'Y)

X and Y are reals and in global coordinates. This is the absolute position
X,Y);

{ (pt X Y POINT) This is the point (X,Y)+POINT.
{ (pt ball) The current global position of the ball.
{ (pt TEAM UNUM) The current position of player number UNUM on team
TEAM (either 'our' or 'opp")
The use of these relative points makesit easyto expressideassuc as \Mo ve to
the ball", \If there are 2 teammateswithin 10m of the ball", etc.

Remenber that the online coad receiwes visual information alway in left-hand
orientation, no matter which side its team plays on. Yet, when sending messages
to ateam that plays on the right side, the coad must use right-hand orientation
in the messages.Transforming coordinates from left- to right-hand orientation is
done by negating them.

UNUM SETS:

Unum setsare setsof player numbers. Theseare setsin the sensethat order does
not matter and may be changed by the sener. If 0 is included anywhere in the
set, then the set contains all players1 - 11

Format: f NUM; NUM, ...NUM, ¢

7.7.4. Syntax

The whole grammar of the standard coad language:

<MESSAGE> <INFO_MESS>
| <ADVICE_MESS>
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| <META_MESS>
| <DEFINE_MESS>
| <FREEFORM_MESS>

#Advice and Info messages

<INFO_MESS>> (info <TOKEN_LIST>)

<ADVICE_MESS> (advice <TOKEN_LIST>)

<TOKEN_LIST>> <TOKEN_LIST<TOKEN*$ <TOKEN>

<TOKEN>> (<TIME> <CONDITIONx=DIRECTIVE_LIST>)

| (clear)

<CONDITION>> (true)
| (false)

#the int's are the min/max number of players which must match
| (ppos <TEAM><UNUM_SETRINT> <INT> <REGION>)
| (bpos <REGION>)
| (bowner <TEAM><UNUM_SET>)
| (playm <PLAY_MODE%$)
| (and <CONDITION_LIST>)
| (or <CONDITION_LIST>)
| (not <CONDITION>)
| "STRING"

<CONDITION_LIST>> <CONDITION_LIST=CONDITION>

<DIRECTIVE_LIST>> <DIRECTIVE_LIST><DIRECTIVEY <DIRECTIVE>

<DIRECTIVE>> (do <TEAM><UNUM_SEFRACTION>)|
| (dont <TEAM><UNUM_SETRACTION>)
| "STRING"
<ACTION>> (pos <REGION>)
| (home <REGION>)
| (bto <REGION>x<BMOVE_SET#%)
| (bto <UNUM_SET%)
| (mark <UNUM_SET%)
| (markl <UNUM_SET%)
| (markl <REGION>)
| (oline <REGION>)
| (htype <HET_TYPE>)
| "STRING"

#Misc. bits of data

<PLAY_MODE> bko | time_over | play_on
| ko_our | ko_opp | ki_out | ki_opp | fk_our | fk_opp
| ck our | ck_ opp | gk _our | gk opp| gc_our | gc_opp
| ag_our | ag_opp

<TIME>-> [int]

<HET_TYPE> [int] #0-based, -1 to clear knowledge
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<TEAM>> our | opp
<UNUM>> [int(0-11)]
<UNUM_SETF> { <UNUM_LIST}®
<UNUM_LIST> <UNUM_LIST=UNUM} e #e here meansepsilon,

# i.e. the empty string
<BMOVE_SET> { <BMOVE_LISTp
<BMOVE_LISTs>> <BMOVE_LIST#BMOVE_TOKEN><BMOVE_TOKEN>
<BMOVE_TOKEN>p | d | ¢ | s #pass dribble clear score; note

# these do not need spaces between them

#Regions
<REGION>> <POINT>|
| (null)
| (quad <POINT><POINT><POINT><POINT>)|
| (arc <POINT>[real] [real] [real] [real]) |
#small radius, large radius, start angle, angle span
| (reg <REGION_LIST>)
| "STRING"
<REGION_LIST>> <REGION_LIST<REGION* <REGION>
<POINT>-> (pt [real] [real]) #xcoord, ycoord
| (pt [real] [real] <POINT>)
| (pt ball)
| (pt <TEAMX><UNUM>)

#Meta messages

<META_MESS> (meta <META_TOKEN_LIST>)

<META_TOKEN_LIST> <META_TOKEN_LISTMETA_TOKEN><META_TOKEN>
<META_TOKEN> (ver [int])

#Define messages
<DEFINE_MESS> (define <DEFINE_TOKEN_LIST>)
<DEFINE_TOKEN_LIST> <DEFINE_TOKEN_LISEDEFINE_TOKEN>
| <DEFINE_TOKEN>

<DEFINE_TOKEN> <CONDITION_DEFINE>

| <DIRECTIVE_DEFINE>

| <REGION_DEFINE>

| <ACTION_DEFINE>
<CONDITION_DEFINE> (definec "[string]" <CONDITION>)
<DIRECTIVE_DEFINE> (defined "[string]" <DIRECTIVE>)
<REGION_DEFINE> (definer  "[string]" <REGION>)
<ACTION_DEFINE> (definea "[string]" <ACTION>)

#Freeform messages
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<FREEFORM_MESSX(freeform  "[string]")
Parameter name Used | Default Explanation
value | value

coadh_port 6001 | 6001 | The port number the trainer connectsto.

say_msg.size 512 | 256 Maximum length of a freeform messagea
player, trainer, or coad can sa.

say_coad_cnt_max 128 | 128 Upper limit of freeform messagesan online
coad can say

sendvi_step 100 | 100 Interval of online coad's look.

clang.win_size 100 | 100 Number of cyclesthat lie betweenonline coadh
messages

clang.advice_win 1 1 Number of advice messagegshat can be sent
in the aforemenioned interval.

clang.de ne _win 1 1 Number of de ne messageshat canbesen in
the aforemernioned interval.

clang.info_win 1 1 Number of info messageghat can be sert in
the aforemerioned interval.

clang-meta win 1 1 Number of meta messageshat can be sert in
the aforemerioned interval.

clang messdelay 50 50 Number of cycles messagesfrom the online
coad will be delayed.

clangmessper_cycle | 1 1 Number of messageghat will be sert to the
players during non-play_on modes.
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From trainer to sener From sener to trainer

(init (version VERSION)) trainer: (init ok)
VERSION ::= areal number

(changemode PLAY _MODE) (ok changemode)
PLAY _MODE ::= one of the play-modes | (error illegal_-mode)
(error illegal_.command.form)

(move OBJECT X Y (ok move)

[VDIR [DELTA_X DELTA_Y])) (error illegal_object_form)
OBJECT ::= One of object names (error illegal_command.form)
X = -52{52
Y = -32{32

VDIR ::= -180{180
DELTA_X, DELTA_Y ::= [oat]

(ched_ball) (ok ched_ball TIME BPOS)
TIME ::= sim. time of sener
BPOS ::= in_eld j
goal SIDE |
out_of_eld
SIDE = |jr
(start) (ok start)
(recover) (ok recover)
(changeplayer_type (warning no_team_found)
TEAM _NAME UNUM (error illegal_command.form)
PLAYER _TYPE) (warning no_sud _player)
TEAM _NAME ::= string (ok changeplayer_type
UNUM := 1{11 TEAM UNUM TYPE)

PLAYER_TYPE := 0{6

(ear MODE) (ok ear on)
MODE := onjo (ok earo )
(error illegal_-mode)
(error illegal_commandform)
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From online coad to sener

From sener to online coat

(init TEAMNAME
(version VERSION))
VERSION ::= areal number
TEAMNAME ::= string

(changeplayer_type
UNUM PLAYER _TYPE)
UNUM := 1{11
PLAYER_TYPE := 0{6

(init SIDE ok)
SIDE ::=Ijr

(warning no_team_found)
(error illegal_commandform)
(warning no_sud_player)
(ok changeplayer_type

TEAM UNUM TYPE)
(warning cannot_sub_while_playon)
(warning no_subsleft)
(warning max_of_that _type_on_eld)
(warning cannot change goalie)

Table 7.2.: Online Coad Interactions with the Sener
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From client to sener From sener to client
(say MESSAGE) (ok sa&y)

(seeSection 7.4.2) (error illegal_.command.form)
(look) (ok look TIME

(OBJ; OBJDESC;)

(OBJ, OBJDESC,) ...)
OBJj ::= object name

(seeSection 4.3
OBJDESC; = X Y ]

XY DELTA DELTAy j

XY DELTAx DELTAy

BODYANG NECKANG

(eye MODE) (ok eye on)
MODE := onjo (ok eye 0 )
(error illegal_-mode)
(error illegal_command.form)

This messageis sert automatically ev-
ery sendvi_step milliseconds when the
coad/trainer eye is on (see the \eye"
commandsbelow).

(seeglobal TIME
(OBJ1 OBJDESC;)
(OBJ, OBJDESCy) ...)

The trainer must usethe “ear' command
to get these messages.The online coath

always gets these messages. (hear TIME refereeMESSAGE)

(hear TIME
(p "TEAMNAME" NUM)
"MESSAGE")
TIME ::= time messagewas sen
TEAMNAME ::= string
NUM = 1{11
MESSAGE ::= string

(team_names) (ok team_names
[(team | TEAMNAMEL)
[(team r TEAMNAME2)]])
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A. GNU Free Documentation License

Version 1.1, March 2000

Copyright 2000 Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307USA
Everyone is permitted to copy and distribute verbatim copiesof this licensedocumen,
but changing it is not allowed.

Preamble

The purposeof this Licenseis to make a manual, textb ook, or other written documert
\free" in the senseof freedom: to assureewveryone the e ective freedomto copy and
redistribute it, with or without modifying it, either commercially or noncommercially
Secondarily this Licensepresenesfor the author and publisher a way to get credit for
their work, while not being consideredresponsible for modi cations made by others.

This Licenseis a kind of \copyleft", which meansthat derivative works of the doc-
ument must themselwes be free in the samesense. It complemens the GNU General
Public License,which is a copyleft licensedesignedfor free software.

We have designedthis Licensein order to useit for manuals for free software, be-
causefree software needsfree documertation: a free program should comewith manuals
providing the samefreedomsthat the software does. But this Licenseis not limited to
software manuals; it can be usedfor any textual work, regardlessof subject matter or
whether it is published as a printed book. We recommendthis License principally for
works whosepurp oseis instruction or reference.

A.1. Applicabilit y and De nitions

This License applies to any manual or other work that corntains a notice placed by
the copyright holder saying it can be distributed under the terms of this License. The
\Do cumernt”, below, refersto any such manual or work. Any menmber of the public is a
licensee,and is addressedas\y ou".

A \Mo died Version" of the Documert meansany work corntaining the Documert
or a portion of it, either copied verbatim, or with modi cations and/or translated into
another language.

A \Secondary Section" is a named appendix or a front-matter section of the Doc-
ument that deals exclusively with the relationship of the publishers or authors of the
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Documert to the Documert's overall subject (or to related matters) and contains noth-
ing that could fall directly within that overall subject. (For example, if the Document
is in part a textb ook of mathematics, a SecondarySection may not explain any mathe-
matics.) The relationship could be a matter of historical connectionwith the subject or
with related matters, or of legal, commercial, philosophical, ethical or political position
regarding them.

The \In variant Sections" are certain SecondarySectionswhosetitles are designated,
asbeingthoseof Invariant Sections,in the notice that says that the Documert is released
under this License.

The \Cover Texts" are certain short passage®f text that are listed, as Front-Cover
Texts or Back-Cover Texts, in the notice that says that the Documert is releasedunder
this License.

A \T ransparent” copy of the Documert meansa madine-readablecopy, represened
in a format whose speci cation is available to the general public, whose contents can
be viewed and edited directly and straightforwardly with generic text editors or (for
imagescomposedof pixels) genericpaint programs or (for drawings) somewidely avail-
able drawing editor, and that is suitable for input to text formatters or for automatic
translation to a variety of formats suitable for input to text formatters. A copy made
in an otherwise Transparent le format whosemarkup has beendesignedto thwart or
discouragesubsequeh modi cation by readersis not Transparert. A copy that is not
\T ransparert” is called \Opaque".

Examples of suitable formats for Transparert copiesinclude plain ASCII without
markup, Texinfo input format, IATEX input format, SGML or XML using a publicly
available DTD, and standard-conforming simple HTML designedfor human modi ca-
tion. Opaque formats include PostScript, PDF, proprietary formats that can be read
and edited only by proprietary word processors,SGML or XML for which the DTD
and/or processingtools are not generally available, and the madcine-generatedHTML
produced by someword processorsfor output purposesonly.

The \Title Page" means,for a printed book, the title pageitself, plus suc following
pagesas are neededto hold, legibly, the material this Licenserequiresto appear in the
title page. For works in formats which do not have any title pageassud, \Title Page"
meansthe text near the most prominent appearanceof the work's title, precedingthe
beginning of the body of the text.

A.2. Verbatim Copying

You may copy and distribute the Documert in any medium, either commercially or
noncommercially provided that this License,the copyright notices,and the licensenotice
saying this Licenseappliesto the Documert are reproducedin all copies,and that you
add no other conditions whatsoever to those of this License. You may not usetechnical
measuresto obstruct or control the reading or further copying of the copiesyou make
or distribute. Howewer, you may accept compensation in exdange for copies. If you
distribute alarge enoughnumber of copiesyou must alsofollow the conditions in section
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A.3. Copying in Quantity

3.
You may also lend copies, under the same conditions stated above, and you may
publicly display copies.

A.3. Copying in Quantity

If you publish printed copiesof the Documert numbering more than 100, and the Doc-
umernt's licensenotice requires Cover Texts, you must enclosethe copiesin covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover,
and Back-Cover Texts on the bad cover. Both covers must also clearly and legibly
identify you asthe publisher of these copies. The front cover must presen the full title
with all words of the title equally prominent and visible. You may add other material on
the coversin addition. Copying with changeslimited to the covers, aslong asthey pre-
sene the title of the Documert and satisfy these conditions, can be treated as verbatim
copying in other respects.

If the required texts for either cover are too voluminousto t legibly, you should put
the rst oneslisted (as many as t reasonably) on the actual cover, and cortinue the
rest onto adjacert pages.

If you publish or distribute Opaque copiesof the Documert numbering more than
100, you must either include a madine-readable Transparert copy along with ead
Opaque copy, or state in or with ead Opaque copy a publicly-accessible computer-
network location corntaining a complete Transparert copy of the Documernt, free of added
material, which the general network-using public has accessto download anonymously
at no charge using public-standard network protocols. If you usethe latter option, you
must take reasonably prudent steps, when you begin distribution of Opaque copiesin
quartity, to ensurethat this Transparert copy will remain thus accessibleat the stated
location until at leastoneyear after the last time you distribute an Opaquecopy (directly
or through your agens or retailers) of that edition to the public.

It is requested,but not required, that you cortact the authors of the Documert well
before redistributing any large number of copies,to give them a chanceto provide you
with an updated version of the Documert.

A.4. Modications

You may copy and distribute a Modi ed Version of the Documert under the conditions
of sections2 and 3 above, provided that you releasethe Modi ed Versionunder precisely
this License,with the Modi ed Version lling the role of the Documert, thus licensing
distribution and modi cation of the Modi ed Versionto whoever possessea copy of it.

In addition, you must do thesethings in the Modi ed Version:

Usein the Title Page(and on the covers, if any) atitle distinct from that of the
Documert, and from those of previous versions (which should, if there were any,
be listed in the History section of the Documert). You may usethe sametitle as
a previous version if the original publisher of that version gives permission.
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List on the Title Page,as authors, one or more personsor enities responsible for
authorship of the modi cations in the Modi ed Version, together with at least v e
of the principal authors of the Documert (all of its principal authors, if it hasless
than v e).

State on the Title pagethe name of the publisher of the Modied Version, asthe
publisher.

Presene all the copyright notices of the Documert.

Add an appropriate copyright notice for your modi cations adjacernt to the other
copyright notices.

Include, immediately after the copyright notices, a licensenotice giving the public
permissionto usethe Modi ed Versionunder the terms of this License,in the form
shown in the Addendum below.

Presenein that licensenotice the full lists of Invariant Sectionsand required Cover
Texts given in the Documert's licensenotice.

Include an unaltered copy of this License.

Presene the sectionertitled \History", and its title, and add to it an item stating
at leastthe title, year, new authors, and publisher of the Modi ed Versionasgiven
on the Title Page. If there is no sectionentitled \History" in the Documert, create
one stating the title, year, authors, and publisher of the Documert as given on its
Title Page, then add an item describing the Modi ed Version as stated in the
previous serience.

Presene the network location, if any, given in the Documert for public accessto
a Transparert copy of the Documert, and likewisethe network locations given in
the Documert for previous versionsit was basedon. Thesemay be placedin the
\History" section. You may omit a network location for a work that was published
at least four years before the Documert itself, or if the original publisher of the
versionit refersto givespermission.

In any section entitled \Ac knowledgemens" or \Dedications", presene the sec-
tion's title, and presene in the section all the substanceand tone of ead of the
cortributor adknowledgemetts and/or dedications given therein.

Presene all the Invariant Sectionsof the Documert, unaltered in their text and
in their titles. Section numbers or the equivalent are not consideredpart of the
section titles.

Delete any section entitted \Endorsements". Sud a section may not be included
in the Modi ed Version.

Do not retitle any existing section as \Endorsements" or to conict in title with
any Invariant Section.



A.5. Combining Documerts

If the Modi ed Versionincludesnew front-matter sectionsor appendicesthat qualify
as SecondarySectionsand cortain no material copied from the Documert, you may at
your option designatesomeor all of these sectionsas invariant. To do this, add their
titles to the list of Invariant Sectionsin the Modied Version's license notice. These
tittes must be distinct from any other sectiontitles.

You may add a section entitted \Endorsements", provided it contains nothing but
endorsemets of your Modi ed Version by various parties { for example, statemerts of
peerreview or that the text has beenapproved by an organization asthe authoritativ e
de nition of a standard.

You may add a passageof up to v ewords asa Front-Cover Text, and a passageof up
to 25 words as a Badk-Cover Text, to the end of the list of Cover Texts in the Modi ed
Version. Only one passageof Front-Cover Text and one of Back-Cover Text may be
added by (or through arrangemeris made by) any oneertity. If the Documen already
includes a cover text for the samecover, previously added by you or by arrangemen
made by the sameenrtity you are acting on behalf of, you may not add another; but you
may replacethe old one, on explicit permissionfrom the previous publisher that added
the old one.

The author(s) and publisher(s) of the Documert do not by this License give per-
mission to use their namesfor publicity for or to assertor imply endorsemeh of any
Modi ed Version.

A.5. Combining Documents

You may conbine the Documert with other documerts releasedunder this License,
under the terms de ned in section 4 above for modi ed versions, provided that you
include in the combination all of the Invariant Sectionsof all of the original documerts,
unmodi ed, and list them all asInvariant Sectionsof your combined work in its license
notice.

The combined work needonly cortain onecopy of this License,and multiple identical
Invariant Sectionsmay be replaced with a single copy. If there are multiple Invariant
Sectionswith the samename but di erent contents, make the title of eah suc section
unique by adding at the end of it, in parentheses,the name of the original author or
publisher of that sectionif known, or elsea unique number. Make the sameadjustment
to the sectiontitles in the list of Invariant Sectionsin the licensenotice of the combined
work.

In the combination, you must combine any sectionsertitled \History" in the various
original documerts, forming onesectionertitled \History"; likewisecombine any sections
ertitled \Ac knowledgemens”, and any sectionsertitled \Dedications". You must delete
all sectionsentitled \Endorsemerts."
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A.6. Collections of Documents

You may make a collection consisting of the Documert and other documerts released
under this License,and replacethe individual copiesof this Licensein the various docu-
ments with a single copy that is included in the collection, provided that you follow the
rules of this Licensefor verbatim copying of ead of the documerts in all other respects.
You may extract a singledocumert from suc a collection, and distribute it individ-
ually under this License, provided you insert a copy of this Licenseinto the extracted
documert, and follow this Licensein all other respects regarding verbatim copying of
that documert.

A.7. Aggregation With Independent Works

A compilation of the Documert or its derivativeswith other separateand independert
documerts or works, in or on a volume of a storage or distribution medium, does not
as a whole count as a Modied Version of the Documert, provided no compilation
copyright is claimed for the compilation. Such a compilation is called an \aggregate",
and this Licensedoesnot apply to the other self-contained works thus compiled with the
Documert, on accourt of their beingthus compiled, if they are not themselesderivative
works of the Documert.

If the Cover Text requiremert of section 3 is applicable to these copiesof the Docu-
mert, then if the Documert is lessthan one quarter of the entire aggregate,the Docu-
ment's Cover Texts may be placed on covers that surround only the Documert within
the aggregate. Otherwise they must appear on covers around the whole aggregate.

A.8. Translation

Translation is considereda kind of modi cation, soyou may distribute translations of the
Documert under the terms of section 4. Replacing Invariant Sectionswith translations
requiresspecial permissionfrom their copyright holders, but you may include translations
of someor all Invariant Sectionsin addition to the original versionsof these Invariant
Sections. You may include a translation of this License provided that you also include
the original English version of this License. In caseof a disagreemeh between the
translation and the original English version of this License,the original English version
will prevail.

A.9. Termination

You may not copy, modify, sublicense,or distribute the Documert except as expressly
provided for under this License. Any other attempt to copy, modify, sublicenseor
distribute the Documert is void, and will automatically terminate your rights under
this License. Howewer, parties who have received copies,or rights, from you under this
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A.10. Future Revisionsof This License

License will not have their licensesterminated so long as such parties remain in full
compliance.

A.10. Future Revisions of This License

The Free Software Foundation may publish new, revisedversionsof the GNU Free Doc-
umentation Licensefrom time to time. Sucd new versionswill be similar in spirit to
the presen version, but may di er in detail to addressnew problems or concerns. See
http://www.gn u.org/copyleft/.

Each version of the Licenseis given a distinguishing version number. If the Docu-
ment speci es that a particular numbered version of this License"or any later version"
appliesto it, you have the option of following the terms and conditions either of that
speci ed version or of any later versionthat hasbeenpublished (not asa draft) by the
Free Software Foundation. If the Documert doesnot specify a version number of this
License,you may chooseany version ever published (not asa draft) by the Free Software
Foundation.

ADDENDUM: How to use this License for your documents

To usethis Licensein a documert you have written, include a copy of the Licensein the
document and put the following copyright and licensenoticesjust after the title page:

Copyright  YEAR YOUR NAME. Permissionis granted to copy, distribute
and/or modify this documert under the terms of the GNU Free Documerta-
tion License,Version1.1 or any later version published by the Free Software
Foundation; with the Invariant Sectionsbeing LIST THEIR TITLES, with
the Front-Cover Texts being LIST, and with the Back-Cover Texts being
LIST. A copy of the licenseis included in the section entitted \GNU Free
Documertation License".

If you have no Invariant Sections,write \with no Invariant Sections"instead of saying
which onesare invariant. If you have no Front-Cover Texts, write \no Front-Cover Texts"
instead of \F ront-Cover Texts being LIST"; likewisefor Back-Cover Texts.

If your documert cortains nontrivial examplesof program code, we recommendre-
leasingthese examplesin parallel under your choice of free software license,suc asthe
GNU General Public License,to permit their usein free software.
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