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EZAIEZE/Guiding Principles

AETIEORA Y TINEEHFR ) —J (SSL) DN BEKIBRZEN S, BRIFENENOETERICER
EZDEEZMERT Do AENMZONBZEEIIU —IBMELEICER TN, EHRIND.

This section contains an overview of the general guiding principles of the RoboCup Small Size League
(SSL). Each principle has its own section describing the goal and its motivation. Any changes in this
section should be informed to and discussed with the whole league.

AR DR AT8EME/Human Interpretability

Al - ORT 1V ADESZ RICEBINBZcOHIC, BIRAIELBIATEV AT LATINZRIET S CLIZER
THhd. Tyh—RBHAPRTEREIN, FLTLAINTED, CORTEBNRIITIEER S, ORAY
TSSLTIL—ILRAL ORY by EOMDI R T LZHETBIICHIED. BRIET—LE—RDALHIERET
TBLS5HBDH B

In order for the public to understand the progress of Al and robotics, it is important to demonstrate it on
interpretable tasks and systems. Soccer is a game understood and played around the world making it an
ideal task. As we develop the rules, Al, robots and other systems in RoboCup SSL, we keep the game
understandable by the general public.

ELd. BIEDFRAEZHOCCEL. EORRETHY —LORAZIEMTEIBLSICTINEITHBILER
%, EWVEZ B L. EDEOBBRENEDL S BHATHEZ RICHNTH. WMFENIHENSZEBIEZ GE ICH]HT
TE3I3TTH3:

We want for any spectator to be able to understand the game at any point, without having previous
context. In other words, anyone who arrives at any match at any point, should easily be able to determine:

c EDF—LHEDF—LTHBH
Which team is which

o EDOF—LHERILIcDh
Which team is winning

o IF—=LHEDEREEIF. N\N—TF1 L. BFERO)ICHZD
What is the phase of the game (first half, half time, second half, etc.)

Bi0%Z5| < =L 7T L1 /Interesting Gameplay

ARy hTHYA—FTR2EVSEPDT A TT7IE. #HDODRROESZBRBICRZ D TE. ALHEHESD
HFICBMIZ2ERZEZTHBZENTETBELS ARDODTSY T+ —LBFEZ—RICHNISNATVWEHDIZTS
TcHDHDTHoTco T—LDWBZICEETE, TLDEDIDDTHIHEDH. —RDALXDFIEZEDI
FI22ehTES,

The original idea of playing soccer with robots was to have a platform for research that is well known to
the public, so that progress in research can more easily be seen by everyone and people will get
motivated to join us within the field. Getting and keeping attention by the public is only possible, if the
games are exciting and easily understandable. Additionally,

MR T, BEHEBP—HOF—LIE. ARV —DSOEEEBHMICKELTWVWS, ¥—LDPALRZELFED
HDTHL. FLRBEXLWVWESHEWGEIE. EBDHTBYIoNSEERED 55



the organisation and some teams depend on funding from sponsors. If the games do not entertain, or
show the desired progress, this funding can get lost.

EHROFREEMICH TS 0/VX F1E/Robustness to Real
World Uncertainty

EHAFEMETHD . FHEREISHESE TV, HONBREISHAE. 2T —HER. ET VI IS5 —0DM
ICH->T. ARY FEAIDNCNSICH L TRETH D EIFEETH S,

The world is messy and full of uncertainty. Between partial observability, noise in sensors and actuation,
and modeling errors it is important that our robots and Al are robust to this messiness.

2B EHIEADEES/Striving for full autonomy

ARAY THEBICHE T BRETLENO—DOHBRLIET —LZITO2ETHZeh 5. BEICEHEZRRI BT
HERIET—LICHTEABICELZFHZIREABRDAES LIcWEEZR S, 0. BRITTLICBENR
ZODMIILIEF—LICES. (BHIDEC)VWHERZABICLZTFHOEVELICERELIHSGZERE T,
One of the big objectives of the RoboCup Organization is to be able to have autonomous games and
therefore, we want to reduce the human interference as much as possible, so as to truly be autonomous.
Therefore, we aim for a fully autonomous team of robots and fully autonomous matches between two
independent teams without any human interaction, including no human referee.

EIFRESHD#EEE/Encourage scientific discourse

ARAY FHEBOEENO—2IF TRICHBANTH D BHASFIOVHEZRMIZZCICLD, ORY AT
FEADRRZRET BFH] THB. CORBEANDOBEITTIFA . SSLICEMY 3 F— LOHAKRDEEZ
REICBES CEHWEETH B, EDTHICIF. SSLICEMT 2 F—LIFARY fITERAUCE T B L VAR
ZRMIBZIEBIC LA -T2 TRITNUIH ST EF—LIREHBEIC, ORAY TL2EIS. €L TEDA
WHIROAZ 2a=T v ICEA5 T3 DICHBOHRITNERSH V. HILVLREICIE. V—JHOF—LICEEEKX
BIEENBBICHEDEZD. ORADYyF7OOYTFIAMORATORY FITEPAIZHET Z006EMELH B,
TOICETF—LIE N =T DHESTORAY TE FLEDEVAI - OKRYy P TZEOIIa=FT I
LTS DEMEMBZ A LIVOEETELSBFDIVENDH B,

One of the main objectives of the RoboCup Organization is to “promote robotics and Al research, by
offering a publicly appealing, but formidable challenge”. It is important to keep in mind not just the
challenge part, but the promotion of research done by teams in the SSL. In order to do so, teams in the
SSL must be open to changes that encourage new Al and robotics research, and teams must also work to
engage with each other, RoboCup at large, and the wider research community. New challenges may
require significant work from teams in the league, but have the potential to improve robotics and Al both
inside and outside the context of RoboCup. Additionally, teams should strive to publish and share their
techniques and research both within the SSL but also to RoboCup as a whole and the wider Al and
robotics communities.

RHAB4Z/Long Term Goals

AETIFARA Y TINEED) —J (SSL)ICH T B5F~10FH O RABEZRICOVWTHIEZ RN %, EEZFIFTN
ENOETER. 2L edb—o0fEtt e 38 COBRICAITTESKROFHERE. toORA Yy 7



J—JREDEEHORY FITE - AIDI 27« TITONICREEERREDEBEERN ZLH T %, AETOD
BEREHHZHEIE. ) —J2FICBNINBITUIR SR,

This section contains an overview of the long-term goals of the RoboCup Small Size League (SSL) for the
next 5 to 10 years. Each goal has its own section describing the goal, its motivation in at least one guiding
principle, how we will evaluate progress towards this goal and references to related work done in other
RoboCup leagues and the wider robotics and Al communities. Any changes in this section should be
informed to the whole league.

AENE 0 BE%/Human-in-the-loop Autonomy

Ehi%/Motivation

EL2DOBREDREMLANILTIE. BRVWEHTORZXIVEERHDTHNIEIE/INT #—X 2 RBRAIS 2T LZ R
TZ3%, LHLAENAS, SSLICHEVWTI. REFHTHRITTN TVLWEIBEEMNELEFET S, 502 3T%
WIBTE 23— BAIS AT LICAITIERTY T LT DRTLNLEDDERT. I—H—DffEHR L —
MIZ2HFETHRELTVWA L ZHEI OO ABICLIBEENEETH S,

Our current level of technology allows us to make narrow, task-specific Al systems that perform well.
However, there are still areas in SSL that are done manually right now. As a step towards general Al
systems that can handle these jobs, it is important to have human supervision to make sure the systems
are functioning in a way that is safe, beneficial, and aligns with user values.

A< a—Il/Schedule

YERK: 20205
Created: year 2020

202TFEFTHOREZBIRECT D
Expected to be implemented by 2027

## 3 3122 /Conforming To

TR BEIMEADEES/Striving for full autonomy, ARBIDEEIRETEEM/Human Interpretability

ER IR R D SEE /5 7%/ Progress Measurements

REOEH. ®E. LRI —ROBERDSHERRZAETE %,
Improvements can be measured in terms of time saving, efficiency or error rate.

fce 2
For example,

 BFEOBEIMESNAFIEIABICEDERTES

Existing automated procedures can be supervised by humans

« BEOFEFIEIXEPHR)BEEICEI DY R—FTE3
Existing manual procedures can be supported by (partial) automation



ChEF TORE/Achievements so far

« SSL-Status-BoardZ KEIEICM S CE T A—hL 7T —DRELIER - ¥ 9 I, ABDOEY
CEEEYR—bT3
The SSL-Status-Board on a big screen supports the human referee and the spectators in
understanding and judging the decisions of the Auto-Referee

£ [References to Outside Work

RD X T v 7T[Next Steps

1L UTORRDI®. YIENREREIET N X 2&F—LICRETS
Introduce a physical remote control for the teams
a. ORy bRRDBEENL
For automated robot substitution
b. #F—N—0DZEFE
For changing the keeper
2. NEOEH A — L 7EOBEERONE(REICRICERD®H 5, MEDORFZHEAGHES L
ZBEIBRE T B3HENDH D)
Improving interaction between the human referee and the autoref (both have their strength and
weaknesses; combining the strengths of both should be targeted)

3. FEEOVHVORY FRRFIEDHEAE
Push towards less manual exchange procedures

a. ORy hOBEFRKOHEE
Push automated robot substitution

b. Ly RA—R//rIO—H—REOORY FEFHEEDEA
Introduce automated robot substitution after cards

4. visionTFHF A/N— IR T ZBET7 S RE > ~DIEN
Add automated assistance for the vision expert

a mBEVYUEZRTIZDV-ILABY
With a tool that shows quality issues and their locations

& rhirDHliR/Reducing Stoppages

Ehi%/Motivation

BRIE N—Foz7 - VI Uz T7ORE. R £0MHASORNOATORESHIZR/IRICE EDT
Lo CNIZEEFORALZFIKHRICERZEDE. REZEIDIIRITBIDICKRILD, LDZ L DHRTIEE
BROAESREND L BEZIICZERL. b—F XV FDOHERTDa—ILBREZLDELLLT S,

We want to reduce stoppages due to hardware issues, software issues, rule violations and general game
flow to a minimum. This helps in focussing on interesting parts of the game and keeping spectators
attracted. More stoppages means less time for actual game time and makes it more difficult to schedule
games during a tournament.



A< a—Il/Schedule

YERK: 20204
Created: year 2020

22TFETHOREZBIRCT D
Expected to be implemented by 2027

#H#L 9 3122 /Conforming To

B0 %5 < ' — L7 LA /Interesting Gameplay

IR R D SEH 5 7%/ Progress Measurements

AEFETY —ILICE > T, HEOBEEICEIT2REOMAT —2ZR"I N TE 3,
The match statistics show the relevant time usage of the different game phases.

2019F TN T2 TDDivision ADFGEICH LT, RUNNING(F > FL 1) THhBRREDLEEIEHT H15% T

H o7

In 2019 over all division A games, only 15% of the match time has been in RUNNING state.

ChEF TORERE/Achievements so far

£ [References to Outside Work

RD AT v T[Next Steps

LI ZfFBITBET, HixkPOF > T A KEOLERZIECT
Increase the percentage of game-on time over the competition by adapting the rules

a.

F7LARoORyY FRRDEFR
Allow robot substitution while the game is running

. AIO—/LYRA—RBOX by 77— LRIEESSNICF-LIRORY FZ2BFNICHET 31

HDEFHIOMELITEZ 5N B)
Do not stop for cards (give the team 10s to automatically remove the robot)

HEEBALED T 7 IIDRELICBORFILTa—F v oLy RA—RICE#

Turn multiple fouls into red cards, instead of penalty kicks

. R—LEBREOER(FTELRISZS)

Avoid ball placement procedure, if not necessary

7 7INNEE EDAITV. T7IIILTEDRA MYy TORODIC—EATI Y RTEDA Y TET S

Only stop for a limited set of fouls, increment a counter for the others


https://ssl.robocup.org/match-statistics/
https://ssl.robocup.org/match-statistics/

E5B& ) 5 EhiE A /Automatic Adaptation of Strategy

Ehi/Motivation

AIRRTRICE T2 FTBEOBZISAANGHES X T LZIEBREL. BETEI L TH D, cNIFEDERVERERDC
ETHBD. —ATHKETERIIKVWEZIIEBDOAIY X T LZBRTBETORNINH D, ChoDIX
TLZEHRFT L. HAEhE. HRPHLVLWAFORLICERTEZICIF. BRIATRZARBANENZET
%, BRRBZCOFNHZRS L. LOBEIGHDOEV-FIZIFLD SVENAHTEROEE - 5HE. € L THERE
Rz4d>54>TITS -PRATLICBITLEVWEEZ B,

The ultimate goal of Al research is to understand and create a system of general intelligence. While this is
far off in the future, we currently have the ability to make narrow-task specific Al systems. Designing these
systems, combining them, and adapting them to changes in the world and new areas currently requires a
large amount of human effort. We want to reduce this effort and move towards more adaptable systems,
for example have better online, dynamic adaptation of strategies and learning/planning of new strategies
on the fly.

A< a—JL/Schedule

YERL: 20204
Created: year 2020

22TFEFTOREZBIRET B
Expected to be implemented by 2027

#¥ 3 3122 /Conforming To

R FRORERMEICH$ S 0O/VR M4%/Robustness to Real World Uncertainty, B0 %&5|1< 4 — L7 L
- /Interesting Gameplay

IR R D SEH 5 7%/ Progress Measurements

KFEDTFR(FIZIE. —HOITV FHA—BLTHEINTOWAWZR ST-F—LDHZL LT, 205ER%ZR
CEDBVRETEDIHERZEL CEHAIEEDY?

Can we create a team with specific weaknesses (e.g. part of the defense area is undefended consistently)
and a team, having never seen this weakness, exploit it consistently?

FTRAOHERERBIZIE. FBICESELRE. SRGZAMEGHR) 2H>TcORY hZFBEITSF—LHHBLL
T, MEHBEFOETINCERBRZCOLSBF—LZHATZODOLDICHEIGE €S e HAIEEDY?

If a team has robots with performance capabilities outside expected (e.g. much faster movement, faster
direction changes, etc.) can a team adapt their models of the opponents and their strategies to account
for this?

HIcBN—Fo 7 (BRI Op-AmpsHBFELIcZAMF v A—)ZHRELIF—LHHZ LT, COHFL
WikEEZ EDIZTHRE L. HiRZzBHNICHABL TN L THhEERZEBLC 3 TL 1 %2175 C CIEaEEH?
If a team develops novel hardware (e.g. Op-Amps multi-directional kicker) can teams detect on-the-fly
this new capability and automatically adjust strategy and play to defend against this capability?



ChEF TORE/Achievements so far

£# [References to Outside Work

RD X T v 7T[Next Steps

L EF—LHCOBZEICAITIA /R=2a VICRDEC L SRT
Motivate teams to work on innovations towards this goal

SSL VisionD#l#ID#E#1/Relaxing SSL Vision constraints

g% /Motivation

WRASSLTIRHEBE Y 3 Y2 X T L(SSL-Vision)ZB L TEDH. ChIFEF—LDSEBELVWAEZERTIN

%, HREZDIRTLOBEICH L TELDRELR, DDIDREANDEKENDBEVHDE LWL, ThIlIF
T—RDEDBEY R T 1 ILEZ) TR, EMOO—NIILBRHE AT LRPEEY I U T7HREZ 5N
P CORHFICHITBIFHLVA/ARN=2 3 VDRMZF—LICREELIEVWEEZEZ S,

There is currently a global shared vision system that teams require tight tolerances on. We want to be
more robust against failures in this system and less dependent on the tolerances. This may involve better
filtering and processing of the data, additional local perception or shared software, but we mainly want to
give teams the room for new innovations in this domain.

A< a—JL/Schedule

YERL: 20204
Created: year 2020

22TFEFTOREZBIRET B
Expected to be implemented by 2027

## 3 3122 /Conforming To

REROFRERMICX T S 0O/VZ M4E/Robustness to Real World Uncertainty

ER IR R D SEE /5 7%/ Progress Measurements

JO0-—NILED IV ATLOBELEREEIF. Ry bT—0 £7IFMEENOY T 71 )LDssl-vision X vt —
CEBMT D TRETE %,

The precision and reliability of the global vision system can be measured by analyzing ssl-vision messages
from the network or a standard log file.

TL—LL—b ZTELIEBHOH. 2ENRELER L DHRAHNEIETE %,
Statistics like the frame rate, the number of missing detections and the overall latency can be captured.



NS DFETF. FRRBARY MEBICEIT Bssl-

visionDEHMEBEDLLE, REMIEMTET ZREDFEICKRILD.

These statistics help in comparing the quality of ssl-vision detections in different events/matches and in
identifying realistic relaxations on the tolerances.

chEF TORE/Achievements so far

2019 ICIF. TV ZAIIF v L > LT Vision Blackout Challenge p¥7hhic. ThIFEF—LHMTO—
NILED I VB LTR—ILZRELA V- MHERD)TZ 2 RDZHDTH 3,

In 2019, the Vision Blackout Challenge has been held for the first time. It required teams to detect and
intercept a ball without the global vision system.

£ [References to Outside Work

RD R T v 7T [Next Steps

1. SNEORNEZHEMICHERT DY —ILEERT S
Build an automated tool to check these tolerances

a. RPIDTOLRA FF GitHubIZARI A TWS,
A first prototype can be found here

2. BF—LHZIFANSNB. SSI-VisionDREEEDH D
Define SSL-Vision tolerances that should be accepted by the teams

3. BREZEMNMI A SDNEEEMLTWLL
Relax these tolerances over time

& D 23R —ILiE{E/More dexterous ball manipulation

Ehi%k/Motivation

ART 4 V7 RCHITRERNBHAEXRE Y 7DO—D0H ABDOLSICHAICHEZIRETSZCTHD. AH
DYy H—TRBZEDNTEELIIC. R—ILZFRFITZIFLIEF/ENIT B CIFARTHEL, LHLAED
5. REDO R TILIFHR—ILZBR/ERL TOWBSREISES. CNIFEBNEREICAR—ILZFREFTZENT
T2, HRLAFREORV TS —ICEBZ B R—ILZHFLOLRAZAILTHRELIEVL, 7TV h2Te
ICIBR T2 S BKIRET B D1 TDXFILIFIEBF Y ZE 2 L —2 3 > (nonprehensile maniplation)
ELTHBSNTED, SSLICEITBZLWHARME Y 7@ bDES, —A T R—JUREICETBIL—ILICH L
WEBZMABENCIREDEY b7V FICHBIT2E2F —LOR—ILIRIELRNILZR CKEIZTIRENDH B,
FIHZEZRAEITZLHIC. BEOIDILITR=ILEDBRLPTVWR—ILICEEY 3B ER—ILOMEICE
LTWLK DD DEREENE LS EREMD D B,

One basic research topic in Robotics is to manipulate objects dexterously like humans. As we can seein a
human soccer game, keeping the ball does not mean to grasp/capture the ball. However, the current style
of dribbling is close to grasp/capture the ball, which enables to keep the ball with relative ease. We want
to keep the ball in a new style without depending on the current dribbler. This type of skill which consists
of manipulating an object without completely capturing it, is known as nonprehensile manipulation,
which can be a rich topic of research in the SSL. Meanwhile, we would need to bring everyone to a similar


https://ssl.robocup.org/robocup-2019-technical-challenges/
https://ssl.robocup.org/robocup-2019-technical-challenges/
https://github.com/RoboCup-SSL/ssl-quality-inspector
https://github.com/RoboCup-SSL/ssl-quality-inspector

level of ball control in the current setup before making new changes to the ball manipulation rules. Also,
some considerations regarding the material of the ball could occur, in order to adjust the difficulty, i.e.,
changing to a ball that has a greater deceleration than the current golf ball.

A a—IlL/Schedule

YERK: 20205
Created: year 2020

202TFETHOREZBIRECT D
Expected to be implemented by 2027

## 3 3122 /Conforming To

EHADRHEREMICH T S0/ MME/Robustness to Real World Uncertainty

ER IR R D SEE /5 7%/ Progress Measurements

BiRZEMT DO FIRIEFLLWEATORUTILAEZ L. CNICHEWNIDOEDIBIR—ILHAT 1 —IL
RAICHEZEDLRZ DD LA,

In order to achieve this goal, new types of dribbling might appear, as well as an increase in the number of
passes and a decrease in the occurences of the ball leaving the field.

chF TORE/Achievements so far

£ [References to Outside Work

« J. StuXlber, C. Zito, and R. Stolkin: “Let’s push things forward: A survey on robot pushing,” Front.
Robot. Al, 7:8, 2020, doi: 10.3389/frobt.2020.00008.

« F. Ruggiero, V. Lippiello, and B. Siciliano: "Nonprehensile dynamic manipulation: A survey," in IEEE
Robotics and Automation Letters, vol. 3, no. 3, pp. 1711-1718, July 2018, doi:
10.1109/LRA.2018.2801939.

RD X T v T [Next Steps


https://www.frontiersin.org/articles/10.3389/frobt.2020.00008/full
https://www.frontiersin.org/articles/10.3389/frobt.2020.00008/full
https://ieeexplore.ieee.org/document/8280543
https://ieeexplore.ieee.org/document/8280543
https://ieeexplore.ieee.org/document/8280543
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