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Abstract: The positioning of soccer is difficult to interpret because a little difference can significantly change
the risk of conceding a goal. Therefore, we introduce a method for quantifying the risk of conceding a goal
(Pitch Risk) and propose a model to output the modification of positioning in a phase based on the method.
The model is intended for use by amateur athletes in their post-game review. Pitch Risk is calculated based
on a fundamental rule of probability using Pitch Control, which indicates pitch dominance, xG, which in-
dicates the probability of a goal, and SxA, which indicates the probability of an assist. Pitch Risk is a
better representation of the risk of conceding a goal since the JS-divergence with the areas where the seven
experienced soccer players reported a higher risk of conceding a goal in the phase is 0.14 for Pitch Risk
compared to 118.18 for Pitch Control. We use GA for the Positioning Modification model. A total of 22
variables of distance and direction for the 11 defending players were used as chromosomes, and Pitch Risk
was used as the evaluation function. Improvement of about 3% occurred when compared to the best of
randomly generated. In addition, there was a player-linked improvement due to the simultaneous learning of
11 players. We believe that the improvement of accuracy for the model provides positioning interpretations
to a wider number of people.
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Fig. 1 Example of Pitch Control (cited from Ref. [5]). Left: Extension of Pass Proba-

bilities model Right: using player influence areas.
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Fig. 2 Outline of a system for modifying defender positioning.
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Fig. 3 Outline of a system for quantifying the risk of conceding

a goal.
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Fig. 4 Figure of visualizing output of xG model.
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Fig. 5 Figure of visualizing output of SxA model.
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Fig. 6 Direction of the player in the output of a model to out-
put the modification of positioning in a phase. blue
dots: attacking players, red dots: defending players,
yellow dots: ball.
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Tohs. 9, 11y b0 bET7 ¥ AIZ151y &
R, FLT, BNy MIOWT, 3.2 H TikX7zH|
#0<r<2,0<0<2r) ZWi2TEIICT VT LIE
ENzty MIEEHEZ L, ZED, 120FH LW
TR R S, ZERERDET 5.

4. &M

FBRT — # 121%, Metrica Sports Sample Data [16] TH#
HENTVELT—F 2V ZOT7—=51L, @BEoHty
71— DA TR B8 3] Z & THHWHNTWS
F—=Tr 7= THY, ERIATbNzTaoRE, 3
BEFIZOVWTDO NI F I T=IDPEENTNE. 20O
)LD 1GNP HEY LR O Y 2 — MO %A % R
Z5OMM LT, FERT—F & LTHW.
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DY) A HENZ ERRT
Fig. 7 Examplae of a model for quantifying the risk of con-
ceding a goal. blue dots: attacking players, red dots:
defending players, yellow dots: ball; blue areas indicate
high Pitch Risk.

INOR

X 8 EBIFFMFEBROHE RO

Fig. 8 The result of the subject evaluation experiment.

4.1 RIaZ JFHMAY X T4

XA IEBTLEH o 22V T, TV A MOEEIRD

BBICHHEENTWAEE LT, a=10 &&RELT.

COETNVOENFEZE TIIRT.

¥/, RV a MY AT 2 OB ET D 72012,
FHFHMIERR 2 i L 72, REORMIZERLZEBD,
Metrica Sports Sample Data [16] TR SN TW5H P v
XUTT= N EODY a— MIDOEDLFHEY ES
o =BG T AN LT, ENENOFEIIOWT
2, 3L —LDIIHIEIZO BN EH 72 A 7lu7%b
RLTLE -7z 1) TIXEERIETREE L7z,

Ty — MOFBRO—EHER 8 ITRT. T, T L
[ U A3 2 RERRTH 5.

EBYYazZ y FEHlY AT AW O Y% T 5
728 :,Iﬁ%ﬁ%%@ﬁ%t®%MF%%aﬁé F#
FEMIEER O R L OFEVEIFm N E W) T L, Yy —
&%%#%Kéﬁ@&lU7%§ﬁféfmé&m7;&
I, RV a= vy FoME - TEILOEBIEDT
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1 HETIVOMI) & EEEHTIFESO JS divergence
Table 1 JS divergence between the result of the subject eval-

uation experiment and the output of each model.

. Kovaz=rr .
E7TI - Pitch Control
B > A T 2
JS-divergence ({) 0.14 118.18

Twbenz s,

Mo 5#21%, IS divergence ¥RA L 7=, JS diver-
gence 1, HERSMAOEVE L RITHETHL. ThLEh
DETWVIIRENEL L Z s, PR T
IRRAZD L) ICHMITEDOEZLT IREZ LIZERTI A7 D
FUELZMEZ L2220\, Z2T, Aﬁ@ﬁwﬁ
BRODLHI LT, )VAZIENEHBIE NS O—E
%*@%:tﬁf%,$V/3%/7%W/ZTA@%W
\ZDRNB EEZ T

R SR T Y a = v FEHEiS A7 4, Pitch Control
Thb. #EHRER LIIRT. ZoMHIE, FEFFHMFERT
o725 DORMEICBIT B LEET VO W) & FHIEHHZEER
DRERIZBI DRV HDI1EH)DOEy FEaEdRE L
72 JS divergence DFEETH L. KT a = v 7
AT A%, Pitch Control & 1) & EEFFIFEER & OFHLLE
BENZEDS, BV a Vi A7 AI3EEDY
A7 ZHBETEITVLEVRD.

4.2 RT3 IBEYRT L

BT — 7121, REORMIER L/2EBY, Metrica
Sports Sample Data [16] THEHES N TWE b T v F 7
T = POEEINT5 DDV 2 — MIDOLRPARHZHW
720 2, EEEHMOEEICERHA L5 REE FEFEO b O
Th5.

ETNVOFMICIOWTEHD THHT 5. 3.2 HiTh~7z
EBD, EEITTFHMOET 11 NI2BIT 5K #FOH) <
HEr (m, 0<r <2 &£AHMO (rad, 0 < § < 2m), &
22 DEBOMTH L. F7z, HPMEME I —BEEL IS
£ 57 vy kb, 1 IRoOMEEEIE 100, H#EAL
¥ 100, BRIZOWTIIV—L v FEIR, KAOMEEIL
0.3, EREEOMFRIT0.1 & Lz AT, HMlE%Ico
WL, 31HIICBUTARY Y am vy FFiliv A7 2 %
HL7:.

F7o, WL LTIV FLEREIT). RV az
YIUBEY AT ATEKRLEARKER L, T4bb
100 x 100 = 10000 DfEMEE LK L, & b FFAlE ARV E
a7y hEROETTE LTHRITS.

ERER2IRT. £ 213, HELLLREIZ
TTOREOFHME, R a= /7WE/XTA®ﬁﬁ%
B L 72356 OFHME D 5 M50y, T 25 A ERO W
J17% B L 72856 OFHfED 5 [l 0P E2 R L T b
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=2 HETNVONIIE L 7HE S & OFFE (Fva13 ) 25k
Table 2 Evaluation value for each phase reflecting the output

of each model (lower value is superior).

RA1 /M2 KE3 KW4 RKES5
JCO J&) 89.94 101.79 52.68 63.72  104.01
RED AT A 78.65 80.62  44.20 31.79  85.99
F ¥ LR
. 80.86  82.48  46.08 32.38  90.97
(F B /1 JifER)

* 3 t MEOHE
Table 3 The result of t-test.

FHE  tfE  BRE
4 3.19 213

9 R 2 (2B 2 ITO )R H OFHli % B L 72X
Fig. 9 Figure of original phase.

10 RE 2B RY Y a= vy ZJBIEY AT 20 % KL
78 E DR & L L 7214
Fig. 10 Figure of the phase reflecting the output of the pro-

posed model.

F72, KV am v TBIEV AT ANT ¥ AERLD
BNTVEDEMERT H72012% 2 D2Vt BE%
Torz, IHEEEEE [RY Y a = v ZIBIEY A7 4O
i 7 % AEROFMEICZED 2] & L, AHEKES%
E LTI o 2R IBE DR R AR 3 1RS¢ A RYE
Z LAloTWa 2D OIRIIFRIIEN SN, K a=
YIBIEY AT ADOFMEMEE 5 2 7 AR OFEME I =D
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11 B 21281327 ¥ 5 LERO M) & K L 72356 OFFHti &
L 72
Fig. 11 Figure of the phase reflecting the output of random

generation.

HAH, ThbLEY Y aZ v FEIEY AT LD DEN
TWAZ EATRENT.

A<, FRETHIELZRE LT K9, 10, K11
ZR9. M9, ¥ 10, 11 iEEhEh, BH21I2BIT5,
TCDREDOFFMZ K L 72K, RV azry 7BIEY AT
LADWI & WL 72356 OFHEiZ KWL 72, T > 7 A4k
DT % S L 735G 0l % I L 72X Td 5.

5. ER

5.1 EBROZELYMICONT
5.1.1 EBR7—4

FEFOTL—RBEENORETS (Ya—bELTW
LDOWISAELTVWLONRE) OX)IZIEHET -5 D%
FGIHAHFTE LY A7 T, BHNIZE DT —ViZon
CTRHIE A ATV, FHNRREEEZ BT I LA TH L. L
ML, Vv ITEDREY A7 #HEELTHHRILT S5 A
IREERFOL) EITTEIZIRET 25 A 7D L5112, 1E
ff7— 5 % BT 5 LWL 5 A7 OE, AHEERH
AP TCEOHWEAT) LB D L. ZD720, G
WL Y= ORRRETLULENELD. Fyh— I
LIRS ClE, 5 ERED Y — o LCEfi 247 2
EVELAThNT w5,

72 & 21X, Seebacher 5 A H D F — LRI % R -
H 272008 L WYY 2 7 VT ¥ 248% LT
Wh ESIE, BEMEEBIC3IONY — v hk R TIRET
oM % T > 72 [17). Abe 1%, b % HVCH v
H—T—=T v bOBHFATEEIRTIEEIT, 2D0F 7
3250y = IZonTIZ—Y v FOBEHECE T LT
FH L7z [18], [19]. Yao &%, #FOH) X O % WAL
TEHEXREL. ESOMZEIEY v A —IZRZELZD
DTIE RV, Gl 7 20y — LD TIrbitsz [20].
Allegre 51, v 7 —=12BI A ZEMPTEETIVOIHAL
FERBEL TS, T2 20T — Ly — W LT
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bz [21).

COEHN, AWV EAT ) BEDRH LTy =5 AT
2BV, 2-7TARBED Y — L xt L CEHMIiA T h b
CENRDH D, KL TIE I NS OELAFRFZE & AR, 5 E D
V=T AR R T o7, IS A0V —YidE o
72 IO SIEINb0TH Y, KLk LT
ALTWE, F/2, 42HICGEER LB, 5D — >~
W23t 9 % BRAM G R IR BEML 2 =R b Tn 5.
L2L, 0% Dy =y TeHlizdT) SENET L
W, L DY = IIRT BFHICOWTIIIRETH 5.
5.1.2 FHMEAE

KR DOFMIL, 52 5NTREAD S DL ERIFEL L
7o, HEREE OB E V) FELEZLNL. Ll
Poh—ewv) AR=YOWHE L, BOHBRLTZ2bE
M AERT 5 2 LI RERELRZ ETH D, FEEE, &
FORICTHIRMEEE I L AFHIATbNCTB Y, il
DRI L W) TOFHIIZIT DI TV

72& 21X, Marutens 5 3i XN CTEFOFE ) % KH
FTAHFERBEL TS, COFEOFMIIMAETEE O
g & BE L72EHIEIC & » TirbIuTB ), HmEE O
FeB I S T [22).

ZOLHI, BENRREOERIEL VY -2 w»
)W IC BT, BERE & DI TIE R WIETOR
iR ThbNTWE . KL TIE I NS OBEFWIZE & Fkk
12, HEREEH W WIETORIZ 1T 72,

5.2 RIVaZ JFHMES AT LICEALT

KT a=ry 7l A7 41%, Pitch Control 7> 5155
NAHE Y FOZRRIICET 216 E, xG & SxA 2254
SNBHEIID % DS DR A LIRS BT 5 R E O EE
HrHMT 2 TH L. MFHIREORNETEL, BE
WREICL ST T VIO A REEEEL TWA, 2k
HOUREME L v AL ML 2 2 & 2% L Wit
BEOTEHRE — 2 ERE VIR TY A7 2 58T 5
CWE o TREODEZMLEEGL I ENTEEEZD.
RV a =y FEHiiy A7 A0 L FBEHER O
BARRETZE, RV az v ZFEilis AT o TEWED
s Tnwb ) 7 & FEFHHERIC B 5 BIE»sEH
LTCWaI) 7TH—HTLHehd oz, T—IVEiOBE
F—=LAGEND ZATWEIY T, TYVAMNIDRDNYZ)
LI—= VO T TEOERAMDND LT LV DH. —)
T, M7 K SIZBNTIERF VT 4 ARy METDHEY
T3, BRoBERma L igimor) 7ol 7
Y= PFTIEEREDY) A PEHNEEINTW o7z,
R az v 7l AT 2 BT 5 4E T VORI
COWTIZSEOFMA D S & #E 2 5. Pitch Control
TV, EB)FELICEE SN D FOEA~OFE RN
Lo THIBEENDE Z WS, BFIMThEWTHAHIE
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HEMZITHOZERBINTWS, 213 #iThHmzE
BICEFTLEEDHITONL. FZ, THAOE X3
HaERZ L > TThRVWERBREBETHL I LD,
FHOB T TIIIEREN R L EEZbNE. ETIVOH
2, BFEOBERME L@ hmo) 7oMhHE
BEMAEBROBRE —H L T iWvwE ) HTIZ oD
REZrohsd, UL TIE, EF—FroEoh5hE
TFOFXOMEALZEEEDHLIET, L )HEMNREHIC
HOKEELE FIFA Z EREZ L E X B, SRk [22] T,
T=% RN 7Y B FOBEOET MU EINT NS,
IhiE, EBFOBEOBEX O WEHEEZFETLZ LT
ETFVLLTWA., 2D X9 %ET V% Pitch Control £
FIVELTEATAZIET, IVEHENLRY Yy FOTRIK
MOFEBITEEIZ 2 D, SxA EFNVIE, BEORET—%
FRIIT VA NOWREEBL T LETIVEN, T D
WY DEKE LTEZLND, BEIRTGRI) THAE
YL, TO—BINT—NVT A4 RHET, SxA OHNIHE
WILY TAERLTWSE, T—V5 4 AHEIZFDEL &
HRTTVL =T VA NOEBL R, ZOEEZHD LT
DICET VBT HER, FhETOMEMTIT—IVICE
WIE ) DS SxA DEDB NI ENS T— V54 ST HF
DENEL oo lzbZ2 N5, oy h—I2BIT5B A 54
PREHCTH R8T A= BT A2 LT, SxAEF
VOKEER EHIZEO LI WU EEZ L. K=k
WEPNT—= VT A YBETTL—3 5, T—)VEIIMN
TVAUSBEMANE T — VR 7 T A% ANS NS W] REMEDS
B, RICT VA NOWRER O EL 5. —F, K—
WARNE BT = WIIEZANT 5 L) RIRROWEE, Tl
7Ly v x et s 2 ETHMINZBVH LR T kb7
B, —HILT7 YA MOWREIIKLS S, 20Xk,
Tk —THRE %5 L) LHEPOLELINTA—F %
BEHL, ZNZETNVICHZ S EDTSKA DETILD
UEANDIBEIEEEZ .

72, RV am iy AT A THRE L TWS S
L =Y, —keTF—20—KH% 7L —YThsb K
DR ETCHEETORKAE - FEETIZLST—E
[FUTNELEL] R [JAZDRKRGSNZ 2RI LT
W] Lo 2B FO T L —BIROMA % ST S T
v, Thbb, FoAR T L—YOMEE o SWERE
LTwhw, EBEORETIE, LlehFBZRDANOF—
LADTVL—RAF A NRESORER &b BHEICREY RIT
L9%. AE—= RN h &0 BIEIERIZR L LT
BWEIZOWTIL, BTFONRGIA—FELTHETEL LD
IZF5ZET, EFTNVIIRMS 22 ENTRTHS. Hifl
LIz, EBRORATRHSINLIODEHNLZ L
MHEEZZ L E 2D, A= FIZDoWTiX, RATRE ST
TR, (KIZOWTIEA T v MR EITIEEEDE
ENOMBETLIERENEZONS. BFEOTL—DHR
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