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Abstract: In this paper, we propose an evaluating method for the RoboCup soccer game situation.
The idea is to evaluate a game situation with multiple situations by using a machine learning
method. Through preliminary computational experiments, we found that multiple future situations
are necessary for evaluating a current game situation. However, as a matter of course, future
information is not available during an ongoing game. For this problem, we propose a FOrward
Simulation for Situation Evaluation (FOSSE) approach. This approach consists of two parts. The
first part is Forward Simulation part that predicts the future situations by using past and the
current situations. The other part is Situation Evaluation part that evaluates the current situation
by using the current and predicted future situations. We employ deep learning models such as an
LSTM in both parts of the FOSSE approach. First, we show that the evaluation performance can
be increased by using successive multiple situations in time. Especially, the effectiveness of using
future information rather than past information is shown. Then, we present the FOSSE approach
where both current and predicted future information of game situations are used to evaluate current
game situation. Computational experiments are conducted to investigate the effectiveness of the
proposed method.
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1: RoboCup Soccer Simulation 2D League.
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2: A situation where the left team scores in nine
time cycles.
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3: The overview of Deep Neural Network.
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#* 1: Experimental settings.

Input information

Single situation (current)

Multiple situations (current, past, and future)

Multiple situations (current and past)

Multiple situations (current and future)

Dimensionality for one situation

2 inputs (Ball position)

24 inputs (Ball position, Left team’s player positions)
46 inputs (Ball position, All player positions)

#* 2: Experimental results.

Dimensionality of one situation H Model ‘ MAE
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2 inout 2 3.38
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4 3.31
1 3.84
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46 i 3
6 inputs 3 3 45
4 3.07
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11: The architecture of forward simulation using
LSTM.

I Xal—2 3y DFiRBEER

AEOBMEFEERTIX, LSTM 2HWAIEY I 2L —
varvOREEZFAETS. LSTM OFEEDHIZ, /Ny
FHY AR 51212, ATF1~<1 Pk Adam % o =
0.001, B, =0.9, B =0.999 & LT L=, LSTM
X, B—RHEOMERE, #io LSTM 71 v 7 O~
7 MIVERWT 512 IGTTDOH IR MV EERKT 5.
HARZ MLIFIRO LSTM 7uw 7D AS1e UT#b
nb.

Y I 2ab—2 3 02 &0 PS5 K0
ik, AT 2@ EORSRIBUZ & > THE
5. K11 IZFIEEZRT. Hl2X, ETVHREEETD
5% A N OAEIRI GlEE 4 Y4 V5 OidER

X4 Xi3, Xyo, Xy, BUEDAGNRE X,
) EAAELT, FHILEZROY A 2V t+1 DA
Wik X[, 2B 0T 256%2200%. 248 (FC)
X, AN UTEXRERYT — R OEZOUE D%
K,%ML#&@&4awt+1®ﬁA%ﬁxglé
MO s-oichbnsg. LT, X/, & FHIL
72 X ZELRO 5 YA 7 NVa0RERN (X, _s,
X0, Xy, X, X)) Z A LTINS,
DONIRTFIEZE 4 [AfE VIR T Z T, BUENRS 4V 412
WEDARORY X, , 20T 5. FHIIN/A7z4
#49w%®$%®h%Xﬂ4t¥V®%%Xﬂ4@
ERAPIEELUTCEY I 2L —vailBl 5%
TW@%WE@ZT%.Eﬁﬁbi,%wbtﬁé%
MEEBOREGRNICBIEZET LAY —Yz v b
&R — IV DALEEED MAE % AW\ 5

% 312 EROMEERT. ERER2S, 39172
VMEDOTFHE O E 531 2 VEBOTFHIOSLHEEIK
ENWZEDDND. BRHIITFHTELZ L TIEH BN,
FEEDOMDRD D IZFHIL 755 R 2 BEAERT THlIZ
MOBELTWL2DIZ, BOWRETHNIEHZIFET
WAL W E X 5.

4.1.3

-
=

14

#% 3: Experimental results of forward simulation using
LSTM.
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Three 24 inputs 0.67
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2 inputs 1.89

Five 24 inputs 1.12
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4.2 FOSSE 7 7O0—FZAWLEHEGRKR

OBl

3E T, DNN ETIWMIZRKDIERE A NS Z &
& 0 IEHERRDGGHZ AR TH B Z LRI Nz Z
DEERFERICEEDNT, KROAEGRIZH WS DNN
ZREAMETVE LTHWS., KEOFBRIZAEH
WZIFRS Z e TERNWED, 41 HiThR~ZJIEY I 2
L—ya iz ko TRRORIZ FHIT 5. RWF5ET
%, LSTM % FOSSE 7 70 —FDJEHY I 2L —¥ 3
VEIZHWS. 1% 5 FOSSE 7 70— F DO
212 1TRT. BEFETE, HYIab—vavic
iofimémti%wﬁA%ﬁ(xﬁh“_mﬁg
2 U CHHEDORASIRIZ A 5. DNN €7 &
RNN € 7UVIEH 2 IZfEgEI N5, X 12 O FHIZRT
X351z, IEY I 2L —2 3y TLSTM EFILFIRDY
A 2 NVORERIZE FHIT 5. RBFHIEER S T, EH>
Tal—varyorilllEnz ke BEORSRNZ
FAWTEEDHRERID SituationScore ZHEET 5.

Situation Evaluation

SituationScore(t)

12: The overview of our FOSSE architecture with
DNN and LSTM.



4.3 BUEERER
4.3.1 EERHBTE

£ 412, KREOBUEFEBRMOERZEZEZRT. B
mo(BAE), EEoRERE BE+HRE), @Rk
M (BRIE+HRNR), BEFIE FE+FHIEK) oo
@ DNN E TIVOKEED K %2177 5.

4.3.2 HERER

x5 ICEBRIEREZRT. RIS, REFIEIHE—
BHEzHWA LD EEVEEEZ R L. £72, 3Y1 2
N ORERIDOERE HWB5E T, BEFED
BEIXEREEREZHAWEZES L0 E»>72. L
72T, JHVIalb—Ya iz k) FHlE Rk
DRERIZ NS Z 2D, wEDOHEHRZMHH L TR
MM 2 L0 EEHTHD I B Dh o7, EECR
kEHEEAWEIGEORE IR S o720, 208
B TIIARKRETITHE T E RV ARIEDIR I Z 1 L
TW5., BEMNLRERM7 7V r—varvzfEL-
Bz, RERDMEIRHFEHTEZeATER WD, Z
DETNEEBRIZHWSZ IETE R\, —5T, #
HKFHERFIEY I 2L —Y a3 Iz ko TREDRAGIRE
EPHT A0, Rz 7TV RA LATHEATSZ
EMNTES.

7z, 5 YA 2NV OREGRNPMEHINEGET
i, REFEFRE-RHZEHALZEE LD BEVE
xR U, — AT, EEoRERmEAWZETVE
HAREMEEZRTZENRTERo7-. ZOFEKE L
T, 418iCHEIT L5112, YIalb—varvEFIL
DN DT FHT 2RV ETHNIED HI1FEK
L BRBIENEZOND. KXIZBEWT, Y7
Ny Ialb—yvavEFAERHEHLLED, LD
HRyIalb—yvavETLVEMEHATSITHET
LA HZ. YIal—va vETFTLOEER L
ELSBOPEE TS,

BUEEEIZ L > T, Y I 2 b —3Y 3 v &R
ElAGDEREFEOAMEIRI N, KED
Rz RS 52 21%, Py =T TiERL,
ZL DAR=Y TOBFDZDIZEETH L. KX
THREL FOSSE 7 7a—F1&, fio 2 R—y D
RGO/ L CH RELL EHBRTE 5.

5 &HbHYIC

AKX TIX, RoboCup ¥y h—r3Ial—varaD
D — 7 ORERI % FHEi 9 572D FOSSE 7 71—
FrRBELUZ. AEGRNEZET 5 LT=2DHE%E
WAz, FITHDIL, B—FHEL D SEBEEHZ AV

15

5Zr0EMMEERUZ. IRIZ, REOREIRIDOE
WAHEEDERL D EEHATHEZ L ERLZ. HE
12, EREBATHS, IHYIalb—va il TER
XN RFDIEHRZ M U 7R #4772 5> FOSSE
7 7u—FEEEL. FOSSE 7 7o —F1%, JEHY
Jab—Yary OREFHEO B TR I NS,
ARFIZBNWT, FOSSE 7 71— F I 3EECR K
% AJ1¥ U7z DNN € 7V % WR G O J5 1 3 Al € 7
L LT, LSTM 2JEY I al—yaryDoyIal—
YavETFTNVE LUTHEMALEZ. BUEER» S, RET
HEOEGMEIRI N, RREFIEE, ETHORE
EVTNRALTHMT 2 Z A AEETH 5. FOSSE
T7a—F%, Yy h—DARRSTNAT Yy hAR—IL
RITITE—REDAR=VIZBVWTELHEHATRETH S
e TES.

S DRE
A OBEER THW =T —X Xy M, =2D
F—LDAEMEALUZAEDPSER L. i nF—
LADBINL TWS RoboCup D K&7% EEHAM ARG
FTEFRUZEIC, REFEMLO EDF —LIizxt
ULCHHEET AN 2 RTHEL D . SHDOFHE
LT, BEFEONHAMEICIODWTORI 22T 5. %
DF=OIZ, FEHAT—Xty MZEENTWRWERA
DF — LT U TEEFADE T INVOMEEDHE 21T
WOBELDD.

X517, 43 HIOBUEEBRTRIZERZZ L H1Z, ¥
Ralb—YarvETILVOTHKEEZW EIEEZLE
MEE LTS, iz, hiEEOEER, A
NTEZ2BEHREEZLRYE, by Ial—va
VEFINDOMEERGTT S, fioxe LT, kT —
R EHANS Z ERRESRMDO T IZ B WT B W PRI
J&%R$ Z & A Nakashima and Pomas [2] (2 & - TR
INTWBD, KX TRELZ FOSSE 7 70—
FREHET —XIHES U -EE AT AT, &
W E CORNEMA i TcE 5. /2, AHOEFZ
Tu v AR THIT 2T ETFE R G 5.
AN DEE 70 A % B3 FRICI D Ahs 2k
&, ATHIBEDBOREIZERT 2 6eErH 5.

BAERNIZIE, IREFHE%E RoboCup ¥y #—DF —
LZFEEEL, RETOMKYIZOE & UTHHT 5
ZEeRHEHNET S, £, F—LALANDEELITTIIR
, BEODTZ VA —F A4 Ay MEDHEDZHDT T
V= avADHb5HOBEL T 5.

6



# 4: Experimental settings of evaluating situation.

Input

Single

Past+current (Multiple-Past)
Future+current (Multiple-Future)

Predicted future4current (Multiple-Predict)

Dimensionality per situation

2 inputs (Ball position)

24 inputs (Ball positionand Left team’s player position)
46 inputs (Ball position and All player position)

# of input situations

1,3,5

7% 5: Experimental results.

. . . MAE (# of time cycles)
Dimensionality Input One Three  Five
Single 3.94 - -

2 inputs Multiple-Past - 3.70 3.76
Multiple-Future - 3.33 3.31
Multiple-Predict  (proposed) - 3.63 3.77

Single 3.84 - -

94 inputs Multiple-Past - 3.62 3.57
Multiple-Future - 3.35 3.11
Multiple-Predict  (proposed) - 3.55 3.59

Single 3.51 - -

46 inputs Multiple-Past - 3.53 3.45
Multiple-Future - 3.28 3.07
Multiple-Predict  (proposed) - 3.44 4.09
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Abstract:
simulation 2D league. The RoboCup server provides a set of 15 player types with different abilities.

This paper discusses the effective use of the hetero-genious players in RoboCup soccer

The team can picks up 11 player types according to its team strategies and tactics. This paper
considers the idea of so-called hetero matching where several players switch their roles during the
game. For example, from an offensive point of view, a attacker who is able to dash faster should be
assigned to a slower defender. On the other hand, from the defensive perspective, a faster defender
should be marked to a faster attacker. In the computational experiments, we switch side attacker
to their other side in order to achieve better match-up against opponent defenders. Moreover,
in the same way, the role of defenders are changed so that the difference in the abilities against
the opponent forward players gets bigger. Through the experiments, we evaluate the effectiveness
of using the hetero matching by examining the team performance through the analysis with kick
distributions.
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1: An example of action trajectories
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2: An example of a kick distribution
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3: An example of a kick probability distribution
when b = (0.0,0.0)
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4: Target players of hetero matching method. Red
circles mean Side-Forward players, and yellow circles
are Defenders.
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7% 1: Team performance against HELIOS2019

Setting

o

Withont

Goals for
1.09
1.35
1.29

Goals against
1.06
1.15
1.34

# of t-passes
6.19
5.84
6.2

# of opp t-passes Win rate
5.67 0.36
6.11 0.44
6.35 0.34

7% 2: Team performance against MT2018

Setting  Goals for Goals against  # of t-passes # of opp t-passes Win rate
30m 3.94 0.43 10.01 4.77 0.96
5m 4.16 0.48 9.86 4.99 0.94

Without 4.22 04 10.04 4.9 0.97

7% 3: Team performance against Oxsy2018

Setting ~ Goals for Goals against  # of t-passes # of opp t-passes Win rate
30m 2.0 0.86 9.07 4.26 0.68
5m 2.21 1.06 9.53 4.57 0.65

Without 1.93 1.11 9.08 4.77 0.53

7% 4: Team performance against WrightEagle

Setting ~ Goals for Goals against  # of t-passes # of opp t-passes Win rate
30m 3.46 1.36 8.52 3.68 0.79
5m 3.28 1.57 8.61 3.84 0.73

Without 3.13 1.68 8.08 3.67 0.70

% 5: L? distance
Without 5m 30m
Mean 9.550 x 1077 9.380 x 1077 9.320 x 1077
Variance 2.569 x 10713 3.677 x 10713 6.780 x 10~
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