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1, FLC®HIC

7 — ZfEHT DS LB OB IR, A R AR —VICBWTT — & BiEM L 23l FEN K & 72
WELEHZT0d, FFICF— 2 AR =YVICBL T, dEFOBFOHE R LA T — 2 BIEEI L, F
—LDNT =2V AL L, LT 2720 T — 22 FHT S L BABERAIRERS>T WD, v 7
—ICBWTE, B FOIIvF VI T2 EH05 LT, B FOETHER. A7) v M KYva=v
ThERMMMTEDL, COT—RXICLD B TFDODRZIFRT 4 Y PARAL_AEZET 2 Z EBA[HETH
5o Tl NAWIIE, va— MEE. Xy 2 VIR EoffEt 2 IE L, BTN R N7+ —< v
A% S 2 -0 0EEREE L L OEHINLTW 5,

Lol 2OX5 %7 —2EROBAMAR Yy h—HEERCTIECHER LTV L FFEARVRIICH 5, FF
L b Ty F VI T RRARY T =& L, A QRIS U 7 BRI 2 Il 2 SR 3 2 20 o F
EREETRICEHIN TR L ATEE LTETONE, $ . AATIITAXA LTT =2 %A
HL, HEICT7 4 —F RNy 2282572000 AT LRET LOREIC 3% O R ESTFE L T
%, X BIT, T — X RNTHER % B CHANIICTE R 3 2 20 O BRI ARG R R L T B 720, 7 — 23k
HomfeEn ol E e ncuiWikiticd 5,

AR TIE, COL D RiEEZBRRT 2720, H v h—DRBEICBIL2ETOLN I v X v I/ TF—2 4Ry
F T2 AL FEODHER Y 2 — P ELIPEPETFHT 22T AERMET LI ZHNET S, C
DETNMCEY, Ya—MCRELIZHBICHBT 2FFEDEFC X —vEZHL I L, WEOR AT
ZHEHERT 7 aviiiilT 3 2 L TREL 5, BANICIE, EFOFRY Y a = v 7 X0WE, HF
BT L O OB T — X R HIC, v a— MO BHEROE IR & RARD . 15 S & S5 I
BEME ¢ 27004528 22 HIE T, ICROEHFECHM T IC~, P Z v * v I TF— 2 %%
FAL7ZRET VI, VTAXA LCEFOEE LEHELZZETE 2720, X IO G VIO R b 230]
HETH D,

AR DO HI X, FFEECEFLI LB OBBE CHEE T REAGER ARR—2DffinSj, 74 —A—va v
DFEEL Vo BRI R TEIZFET 52 & TH D, Thic X0, A DRIICIE U 7= B30 7 Bl D F5 &
ZRMEL. T2 DIEM 2 E LI 2720 DR T2, 7. THllETVOREZ R LX 45 LT,
ZOfEHEZED 5 2 L DAWIEOEELHW TS 2,



2, BEAFHEA

2.1 [BREFHE G) TN

xG (Expected Goals) W& 73, %> 2 — P 03 EORRE DR CHAICHE O 022 FHlT 215 TH %,
va— b OEE, AR, o — T o EF LTI SRR i, SRAERERENT 5, 2oE
T, BV RT 4y 7EER T VX LT L A b, XGBoost 7z EDOHEMIEEE T LI X LB CHEEE
AN LR MTH Y REPEFONT + —< V AFHfIICB W TAKHW LN T 5,xG ET VI,
FRESOEZN 2 7- © OIFRINRIEETH O . BT @ FiHiiic s CEERKRH ZR L Tw 2,

2.2 PV (Possession Value) &7 /v

Opta 23423 % PV (Possession Value) Pix, fFHOF[REMEZ G 218 CcH . F—A % EFEFL T
2F— 0RO 10 DB ET 2 MEL2EHT2EFALTH L, PVETFALIE, FIv v rF—x4
NV P T2 EHOCTHES N, RN = REEE LR OET oM ERG, HToSFHALE. 7L —o Stk
RPAE—FE Vo ERZEEL TS, PV, Ya— 120 ThL, F=A R PR, FYva=v
IHFRBERICED XS ICHBAL T2 22 REMNICHHET 272007 TH Y, FFICKBOKSE Z7F
fifi 3~ % BRI,

23 uYR74 v 7ER

Y RT 4y 7EEENE, oy h - ARy 2 — PO, KR FHIT S 20l AK VSR
TWAIEETET AN TH S, [FRPEEINE D] [HER Y 2 —MCESLD] Lo/ 2fEBICHEL Tk
D, va—toMAE, ., BEFOoKRKYvav, T4 72V X—OfELR EOFHEEZERICTEIZIT ),
Y AT 4y 7HRoOR IR, ETAVDMBRABESD TH Y FFHAES TURERICE 2 25 &2 REL L
TRELHTHDL, 2D, vY AT 4 v 770G, RAEDRIICIG L 7% 7 + —~ v 2R % {TE
TEDICHHATH 5,



2.4 RNN (Recurrent Neural Network)

RNN (Recurrent Neural Network) W%, B R¥|F — 2> —7 v AT — X RS 3 72013kt s /-
Za—INAY ) =IO FHTHE, HEDTIA—F 74T —F a0 —-F 0ty T =2 L idRA
D, BEDOHEMERIEFL T, T Z2BEOHNITGHEILZ 23 TE 5, ThIiCX ), SURPEMED
br7T—42 Bz, K cZfbd 27 —%) 2¥ET20ICHEL T3,

2.5 LSTM (Long Short-Term Memory)

LSTM (Long Short-Term Memory) Pz, RNN O—fETdH 0, KR5T — 2 Lt L 727 — 2 O8I
ftlie=a—90% v b 7= ETATH D, FiC, RIINAKFBIREZRA S 2 L3 CTE 3 HC, kD
RNN X VLT3, LSTM iE, w/WREE G 2fRFfL. AN —F, BEIZ— R, A7 — 1+ 2
W3 Z&T, EELFEHREENL 20 o E R RIABIGRE T2 2lla 2 FEo T 5,



3, BREFE

PVETLVEIFERALINTVE 0D, BECEEELSFARELTWE20, A ERICESsTHRWNI &
HETH D, RFE TR, By W —DHBIC BT 2UBORE L TFHIL, BT 7y a viiitth$ 5729
CUTOFEERRET 2, AFETEH, 720t e ML, FEET L OME - FHliZ@E L <, &HBE
DEWTHIETVEZREE L, ZNICHESWCKEBRINCEHGT 2T 7y a vERET %,

BRI IZ, BEDREDPONELZ T v F Vv I T 2B X U0ARV FTFT—2 2T 25, 2OF—ZIC
2. BFOMEHHR. F—AREEFOHBEE, ~X, FY T, va— o loRESEIN, REFOK
B —VEMNIOXVITREARV P T2 ERRIGHAIL, HO T L —v—F v RE LTS 3,
=T vRAEBET -2 LTz b k5., FHEERHE - MTT 3,

V=T VR LY a— b OREFTFHT INHEETAEMET L, FHTIET AL LT FHEL Y 2
— FREDBRE B O L LT WIETET MET 2 r Y AT 4 v 7L =T VAT — X &R
WIERSIIEHR A EE L -E i E A THIAREER Y ALYy b =a—F 4%y 7 —2 (RNN) #8H¥ 3,
MELAET =2 2% BT 2L LCENEFNOET LI AT\, RERIFEZHOCET VOERES
T 2, Y a— FRETFHICEOWTRDBEOHVETLVEEET 5,
BELEZREREETARMHAL. WBARY P2 ICy2a— MERZHEST 2, A XV MERTEEERDY 2 —
FMEROEZ LI L, X EADPRRERI2ARNV P EFRFET S, v a— MEKERES M EIR®ET 2
vayv (XA, KUV TN, RYvamvrnd) 2 Gk 7rvav] e LClitid 2, L2727
a VO (BLE. 24 Iv o7, FratEae) 2oL, WEEYNICHET 2 EREFFET %,

o, B LEZEMT 2y avieiic, WBHIHCHELG T2 7L -0 AL it 3, F— L5
X U C B R AT B R L AR E o fa st 23 2, 72, iR i E 0GP ER T — X1
R L, REFEOAMEZ EZICHHEIS 2, &KRIC, WERIELY 2 — MEEOR LA o0 Y
) HERREET 5,
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4, EB

41 PVARSFICL7zva— MERTHLWEBEHT 7 a v ol

KFECEH, FIvF VI T—2BIUOARV P TF— 2 i, WP 2 — MCE B AlRENE 2 2T 5
[va—MEFEET V] ZHET L, TNICKD WEREDNE - 24 I v/ Tra—PCO2RR) e
W EFHIL, va— MERERKLT2700HMBT 7y a vEiiET 5,

4.2 v a— ERETFHETNVOBEE
4.2.1 7— X OFLE & FEE OE

Y274y ZHRICERT 2T 237y F v T —2 (M1iKRd) eAxviEF—2(K2iC
RE)TARVFF—2Ick Y a—1F (SHOT) ¢F—nr%%5+—v (BALL OUT, BALL LOST)
O L. Z OB OBRFRB DML R — VOB, Iz T 10 HHio#EF 28 OB & K — Lo BIE Y
i & Ui+ 3,

RNN IZfifl4 2 F— 2 3WB LT 7y F v 7T — 2 %BANICKM L, 0.04 BT L OETFLE &R
— VO FE L T 5,

1+ o Away, , Away, , Away, Awas..Away .Awa%.Away , Away, , Away, , Away, , Away, , Away, , Away, , Away, , Away,

12 25,,15,,16,.17,,18,, 19,2 20,, 21, , 22+ 23,, 24,, 26, 2Ty, 281, |
Period; Frame, Time [s]; Player2b. , Playeris, Playerl6,,Player17..Pla);erl&.PIa er19,, Player20. , Player2l, , Player22, , Player23, . Player24, , Player26, , Player2T, , Player28, . Bal ,

1°110-ba, 0. 30509, 0. 47462- 0. 58393, 0 20794, 0. 67658, 0. 4671 0. 6731, 0. T64T6, 0. 40783, 0. 6152, 0. 45472 0. 38700, 05596, 0. 67775, 0. 55243, 0. 43269, 0. 50067, 0. 94322, 0 43693 0. 05002, b. 37833, 0. 27383, N

ah, fial, NaN. Nahi, NaN; NaN, 0. 45472, 0 38709

I.NZNONOI%. ﬁ aaOﬁQﬁ a ﬁ'lﬁ(zg. ggggg‘)g 2(] 2294, 0. 67658, 0. 4671, 0. 6731, 0. 76476, 0. 40783, 0. 61525, 0. 45472, 0. 38709, 0. 5596, 0. 67775, 0. 55243, 0. 43269, 0. 50067, 0. 94322, 0. 43693, 0. 05002, 0. 37833, 0. 27383, N

a, NaN, Nal, al, Nan, 0. B

1N§N0N1rzl' ﬁ ﬁgﬁﬁﬁ ﬁ Ngﬁﬁa gﬁ?g‘?a g‘Z l[3)294. 0. 67658, 0. 4671, 0. 6731, 0. 76476, 0. 40783, 0. 61525, 0. 45472, 0. 38709, 0. 5596, 0. 67775, 0. 55243, 0. 43269, 0. 50067, 0. 94322, 0. 43693, 0. 05002, 0. 37833, 0. 27383, N

aN, Nai, Nal, i, Nal, , U, .

'Néhohlﬁ' 3 ﬁom &ﬂ?ﬁﬁa 8 gg%ﬁ g zggg? 0. 6764, 0. 46762, 0. 67279, 0. 76542, 0. 40771, 0. 61505, 0. 45454, 0. 38818, 0. 55974, 0. 67776, 0. 55236, 0. 43313, 0. 50034, 0. 94391, 0. 43644, 0. 05038, 0. 37756, 0. 27473

o Nal, , Nal, Na, , Nal, 0. , 0.

;‘. 3 ﬂ ﬁ a aoﬁ, ﬂ §7ﬁ6§, g ggg?; 8 48(5)’3]9. 0. 67599, 0. 46769, 0. 67253, 0. 76564, 0. 40736, 0. 61471, 0. 45426, 0. 38725, 0. 55992, 0. 67791, 0. 55202, 0. 43311, 0. 50017, 0. 94434, 0. 4358, 0. 04977, 0. 37663, 0. 27543,

al, Nal\, Nal, Nal\, Na, Nal\, 0. U,

1,6, 0. 24, 0. 90275, 0. 47464, 0. 58214, 0. 21123, 0. 67537, 0. 46727, 0. 67194, 0. 76519, 0. 40697, 0. 61309, 0. 45397, 0. 38621, 0. 56017, 0. 67676, 0. 5157, 0. 43257, 0. 49989, 0. 94432, 0. 43504, 0. 04884, 0. 37557, 0. 2767

3. Nall, NaN, Nah, Na, NaN, Nah, 0 55677, 0, 38909
3

o
=3

;l'az: ﬂ;ﬂl{.ﬁ gNgggﬁTNBNAZ‘;ﬂSOb525)1‘21200 12136 0. 67471, 0. 46658, 0. 67133, 0. 76455, 0. 40653, 0. 61111, 0. 45365, 0. 38476, 0. 56049, 0. 67491, 0. 55095, 0. 432, 0. 49952, 0. 94391, 0. 43423, 0. 04805, 0. 37439, 0. 27751,
g‘ ﬁkﬂ %NONERZEN0N§Z3'07452032087§g6 ;IBZ, 0. 67406, 0. 4655, 0. 67063, 0. 76356, 0. 4061, 0. 60933, 0. 45323, 0. 38325, 0. 56084, 0. 67306, 0. 55034, 0. 43092, 0. 4992, 0. 94342, 0. 43347, 0. 04657, 0. 3732, 0. 27848, Na
ﬁ'aﬁ' ﬂsﬁf’hgi«gﬂgﬂdhgmgﬁ' 8: gz‘;% g% ;’Zlg 0. 67335, 0. 46446, 0. 66985, 0. 76269, 0. 40562, 0. 60748, 0. 4528, 0. 38127, 0. 56123, 0. 67104, 0. 54961, 0. 43003, 0. 49885, 0. 94296, 0. 43273, 0. 04578, 0. 37196, 0. 27927,
1,10, 0.4, 0.90187, 0. 47188, 0. 57931, 0. 21151, 0. 67265, 0. 46354, 0. 66911, 0. 76161, 0. 40513, 0. 60576, 0. 45237, 0. 37912, 0. 56163, 0. 6877, 0. 5488, 0. 4289, 0. 49848, 0. 94244, 0. 43199, 0. 04434, 0. 37068, 0. 2801, N
all, NaN, NaN; NaN, NaN, NaN, 0. 56338, 0. 32265

K1 hT7vxrrs—4

1 Team  Type Subtype Period = Start Frame Start Time[s] End Frame EndTime[s] From To StartX S
2 Away  SET PIECE KICK OFF 1 1 0.04 0 0 Player19 NaN N
3 Away  PASS 1 1 0.04 3 0.12 Player19 = Player21 045 0.
4 Away  PASS 1 3 0.12 17 0.68 Player21 = Player15 0.55 0.
5 Away  PASS 1 45 1.8 61 244 Player15 = Player19 0.55 0.
6 Away = PASS 1 7 3.08 96 384 Player19 = Player21 045 0.
7 Away  PASS 1 191 7.64 217 8.68 Player21 | Player22 0.4 0.
8 Away PASS 1 279 11.16 303 12.12 Player22 = Player17 039 0.
9 Away  BALL LOST INTERCEPTION 1 346 13.84 380 15.2 Player17 0.51 0.
10 Home  RECOVERY INTERCEPTION 1 378 15.12 378 15.12 Player2 0.27 0.
11 Home  BALL LOST INTERCEPTION 1 378 15.12 452 18.08 Player2 0.27 0.

(b) A XV +F

—4



4.2.2 F—X DL - inT
Py F VST -RICEENIREBHEIZTE e CHTEL 2, 72 FZEHR (Time [s]) 2T —2 %27
NE A O Z2 7=,

Home ¥ — 24 & Away F— 2D+ 7 v ¥ v 77— 2 DK (Time [s]) Z2F—¢ LTHAEL, 1 2DF7—4%
TL—LICE LD, ZOWMEICXY, F —2DOBTIEENERICUEECE 2 & LTz,

WERT ARy FDOERITARY FF—2tho [BALLLOST] [BALLOUT] [SHOT] o 3 ffiffi % Bk
TARVEFEEEL, B4V OBAKBFEZ (Start Time [s]) ZhH L 72,

KRG - # TR O < T ERULREFRRZ] (0 7)) %m0 OBERKRA & L, FREETRA% b &
ICICEERANG - AT ORT RERLL 7=,

WEBXED 7 v ¥ v 77— 2 0hBIERBRL 2 OB TRAETO L 7y v 77— X 2L,
WEZ L Ic KB ZFT - 72,

KT — 2 DR EBBERKE S L, Py Ry T — 2 2T Ok R L 72

(BEL 2 A ATy TEEEERD)

AWFZECIE, B 332, XA LRT v 7 4344, FifE% 64 (Home F— 4 & Away F — LDFEFH L
R— V) & Tr o T,

T _XOAFIFIE S BRI L, B# 2t [SHOT| o 7T LASaEZ 1 (B . 2nlbtz 0 (kD L
Tl V%5 LT,

423 T VDOEE
va— MERDOFHNICIZe Y 2T 4 v Z[HKEE RNN v, @BED Y 2 — kL) - ko 7 — 2 2 fwT
ETNVEFEIEDS,
FHLEETL
AWETIE, P I v xS T2 ORI R Z B 7201, LSTM (Long Short-Term Memory) #+ v
P =2 %L, UTOET MG RGN L 72
ANB  BR 2 A L AT v TH 4344, FiEE 64 DT — X2 & AT,
RIE:LSTMg% 2fg (zhztho6d =y, 322=v }) EHi, KRV OB LFHEE I,
WA :1=2=v @ Densed (v 27 EA FIGFHELBE) <l (1) F7213%M (0) © —fli5¥H,
RS & T AR
182B89%X : Binary Cross-Entropy % f# i,
TR : Accuracy Iz, 7 7 AR B2 EB L F1 227 ZH,
7 5 AEH
=Y (SHOT) o7 —203bknizo, 7721 (B¥)) ODEAZELSRELTETADNT VAR
R



4.2.4 &5 N DFHM & S3E:
ETFTAZEICPL ==V TF—=% 80%) LT AT —% (20%) %F\»TH¥E B X O,
FEffEEE & L <. IEfE#E (Accuracy). {33 (Precision). ¥ (Recall), F1 a7 #HWCHE % It

L

A3WRICERART 7 v a v Ol
431 Y a—MEEPRE ZRAODT:
ETNMCXVEHINAZY 2 — M#EEEZH T, FEDNIE - X4 I v 7 NGERD Y 2 — P RAEICH
R EIDEINMT 2, TRICXD, EOZ VTR T L —=20va— OBV RLTVERET 5,

A4328%RT 7 a v ORE:

Va— MEREBERDETL - T s a veiiatiicET L, el 2 B R e T 5, e, [T
— VHICOE AR Y 2 — FIZOARR )T [HFETFT 4 72 v X —% 5 X HFETHH DM AR
G5 R OREEIRT 7y a vBEROPIHAERD B,

EFADOTFHIZIIC, FHESROEML 2T 27y a v a4y b F—2poffiiiL, T2A—va vk
LT3 %,



5, FEHR

FFIE, e VRTF A4 v 7GR E RNNICE AT v E—H v 7Y VI OFBRCH T O EiTo iR %2 TRd,

#51 vP2RF4 7RICX B0 (TYvX—%v 7V v rHb)

Metric Class 0 Class 1 Macro Avg Weighted Avg
Precision 0.93 0.20 0.56 0.86
Recall 0.87 0.33 0.60 0.82
F1-Score 0.90 0.25 0.57 0.84
Support 61 6 67 67
#£52 vYRF Ay IRARICE DN (T X—Hv T ) v rnl)
Metric Class 0 Class 1 Macro Avg Weighted Avg
Precision 0.94 0.00 0.47 0.88
Recall 1.00 0.00 0.50 0.94
F1-Score 0.97 0.00 0.48 0.91
Support 79 5 84 84
#£53 RNNICX 300 (TvX—%v 7D vrHh)
Metric Class 0 Class 1 Macro Avg Weighted Avg
Precision 0.97 0.31 0.64 0.85
Recall 0.55 0.92 0.73 0.61
F1-Score 0.70 0.46 0.58 0.65
Support 55 12 67 67
#£54 RNNICX a0 (TvX=FvFYvril)
Metric Class 0 Class 1 Macro Avg Weighted Avg
Precision 0.81 0.17 0.49 0.69
Recall 0.45 0.50 0.48 0.46
F1-Score 0.58 0.25 0.42 0.52
Support 55 12 67 67




5.1.

eRF 4y 2ER (FYE—FvFIVvIHY)
Class 0 (Not Shot) :
Precision. Recall, F1-Score 232 TE\» (Precision: 0.93, Recall: 0.87, F1: 0.90) =% . 7 5 % 0

DFHPEREZ RIFTH 5,

5.2.

Class 1 (Shot) :
Precision (0.20) % F1-Score (0.25) 13{&K\v 25, Recall (0.33) 23HLERAYE W,
Y 7 ATHS Classl & dH HBRERFKL T2 H DD, Precision DX 25 False Positives
BN EBRBI NG,

SR T F -2 VR
Macro Avg % Weighted Avg D223 71387 v ABHI T\ % (F1: Macro 0.57, Weighted 0.84) .
TV E—=B v TV TICEDPT TRADANT v ARKEINE Lz, DB 7 XD Precision
KEVHETDH 5,

nYR7 4y 7R (T =% 7Y v TiRL)
Class 0 (Not Shot) :
Precision (0.94) & Recall (1.00) 28JEFICE WA Class 1 ICfg>oTCLE 5T 5,
Class 1 (Shot) :
Precision, Recall, F1-Score 2&T2% 0.00, 227 7 A %3 & A LI TZ Tz,
RN HRNNT F -V R
ERD Accuracy (0.94) 2 RAE T, 7 7 ARYHEOFEICL b DTy T ARY
2L 2 niE, 287 7 20 FlltEREm ELawvwe PRI,

53.RNN (Z v &—%v 7V v 7HY)

Class 0 (Not Shot) :
Precision (0.97) (ZE 225, Recall (0.55) lZ K\, Class0O OH v 7L D% ZHEL T3
AlREME,

Class 1 (Shot) :
Recall (0.92) 23JEHEICE L. Fl1-Score (0.46) d v 274 v 7Nllg (FvE—%v 7V v b
D) LHELL CTHGE,
Precision (0.31) 2323, W27 7 22 Pl 286 h03mELTw3,

SRR ENT F -2V R
Macro Avg % Weighted Avg O X 2 75\ BIRD N T v A3, FfIC Recall 282K T 0.61
(Weighted Avg) &M EL Tk h, DET 7 2RDOFRHICHRA,

54.RNN (P v &—%v 7Y v 7kL)

Class 0 (Not Shot) :
Precision (0.81) & Recall (0.45) 2ME T, 7 7 AARHEOFET AT 3 —< Vv AREK T,
Class 1 (Shot) :
Precision (0.17) % F1-Score (0.25) 23IEF (KL, Recall (0.50) 13— E/KHEZ L - T % 25,
10



Precision DK X 22D 7 7 XD FHIEREILIRETH 5,
o 22BN TF—<VR:
Macro Avg & Weighted Avg D 2R a 7032 TK T, 7 7 AREM#i28 RNN I Er2 52 CTn 5,

5.5 BRBMBWHAT 7 a viiHoKR
BROANNE o727 7 a v MO EDT 7 a vy Tra— e EBMBRLFOT 7 avhrbDya
— MERDZALDEZ AT DK S5 & 5.6 ICRT, IHIC, M7 2r7vaveT=A—vaviclL<T
FRL7ZDbDELTICK 5.1~5.6 IC/RT,

KES5HME T2 ay

type PASS
start_time 856.52
end_time 857.48
shot_probability 0.501772
change 0.026091

K56 T7rvavitnya— MEROEAL

type start_time end_time shot_probability change
RECOVERY 826.64 826.64 0.499769 NaN
PASS 826.64 828.64 0.438417 -0.061352
PASS 826.64 834.00 0.449023 0.010606
PASS 836.16 838.40 0.447760 -0.001262
PASS 842.52 843.44 0.456238 0.008477
PASS 845.12 846.48 0.484838 0.028600
PASS 851.76 852.72 0.457791 -0.027047
PASS 854.48 855.44 0.475681 0.017890
PASS 856.52 857.48 0.501772 0.026091
BALL LOST 857.48 858.92 0.493945 -0.007827
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(REZS

import pandas as pd

from tensorflow.keras.utils import pad_sequences

import numpy as np

from sklearn.utils.class_weight import compute_class_weight
from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import LSTM, Dense, Masking,
Input

from sklearn.model_selection import train_test_split

from sklearn.metrics import confusion_matrix,
classification_report

import matplotlib.pyplot as plt

# 7—xu—F LM

LINK1 = (‘https://raw.githubusercontent.com/metrica-

sports/sample-data/master/’
'data/Sample_Game_1/Sample_Game_1_RawTrackingDat

a_Home_Team.csv')

df_home_gamel = pd.read_csv(LINK1, skiprows=2)

df_home_gamel.fillna(0, inplace=True)

df_home_gamel.sort_values('Time [s]', inplace=True)

LINK2 = (‘https://raw.githubusercontent.com/metrica-

sports/sample-data/master/’
'data/Sample_Game_1/Sample_Game_1_RawTrackingDat

a_Away_Team.csv')

df_away_gamel = pd.read_csv(LINK2, skiprows=2)

df_away_gamel.fillna(0, inplace=True)

df_away_gamel.sort_values('Time [s]', inplace=True)

LINK3 = (‘https://raw.githubusercontent.com/metrica-
sports/sample-data/master/"
"data/Sample_Game_1/Sample_Game_1_RawEventsData.c

sv')
df_event_gamel = pd.read_csv(LINK3)
df_event_gamel.sort_values('Start Time [s]', inplace=True)

attack_end_event = ['BALL LOST', 'BALL OUT", 'SHOT']
attack_end_times =
df_event_gamel[df_event_gamel['Type'].isin(attack_end_event)
1['Start Time [s]'].values

attack start_times = [0] # #JHISCEE D IR
attack start_times += list(attack_end_times[:-1]) # & T W5
& R o BrA % HE )

attack_pairs = [(start, end) for start, end in
zip(attack_start_times, attack_end_times)]

tracking_segments = [

df_home_gamel[(df home_gamel['Time [s]'] >= start) &
(df_home_gamel['Time [s]'] <= end)]

for start, end in attack_pairs

attack_data = [segment.iloc[:, 3:].values for segment in
tracking_segments]

max_timesteps = max(len(data) for data in attack_data)
padded_attacks = pad_sequences(attack_data,
maxlen=max_timesteps, padding="post', dtype='float32')

event_filtered =
df_event_gamel[df_event_gamel['Type'].isin(attack_end_event)
J.copy()

labels = np.array([
1if 'SHOT' in event filtered[(event filtered['Start Time [s]']
>= start) &
(event_filtered['Start Time [s]'] <=
end)]['Type'].values else 0
for start, end in attack_pairs
D

print(f'B% 7 — % O JE4R: {padded_attacks.shape}")
print(f' 7 =L D JEAR: {labels.shape}")
from imblearn.under_sampling import RandomUnderSampler

# 7 — 258

X_train, X_test, y_train, y_test = train_test_split(padded_attacks,
labels, test_size=0.2, random_state=42)

X_train, X_val, y_train, y_val = train_test_split(X_train, y_train,
test_size=0.25, random_state=42)

# TVR—=F T v DM

#X_train % 2 RICIC B (BEIGLTY v =4 7). By v 7
Y v SBICTOBICRLET

X_train_flat = X_train.reshape(X_train.shape[0], -1) # “FH{k
rus = RandomUnderSampler(random_state=42)
X_train_resampled, y_train_resampled =
rus.fit_resample(X_train_flat, y_train)

# JLOBICY =4 7
X_train_resampled = X_train_resampled.reshape(-1,
max_timesteps, X_train.shape[2])

print(f"fF 4 v 7'V v 7% 0BT — £ oIk:
{X_train_resampled.shape}")

print(f"fH¥ v 7Y v IHBD T _A5A:
{np.bincount(y_train_resampled)}")

# =T KR
model = Sequential ([
Input(shape=(max_timesteps, padded_attacks.shape[2])),
Masking(mask_value=0.0),
LSTM(64, return_sequences=False),
Dense(1, activation="sigmoid')

D

model.compile(optimizer="adam', loss='binary_crossentropy’,
metrics= ['accuracy'] )
print(model.summary())

#H{Y 7)) v ko7 — 2 THlR
history = model.fit(
X_train_resampled, y_train_resampled,
epochs=20, batch_size=32,
validation_data=(X_val, y_val), # #ilE7 — %13z D % %
class_weight=None # 7 7 ZEAZHIER (F—2 7 v 25
?ﬁ?&‘?ﬁ& DI=d)

# PERER oL

plt.figure(figsize=(10, 5))
plt.plot(history.history['accuracy'], label='Train Accuracy')
plt.plot(history.history['val_accuracy'], label="Validation
Accuracy')

plt.title("Accuracy")

plt.legend()

plt.show()

plt.figure(figsize=(10, 5))

plt.plot(history.history['loss'], label="Train Loss')
plt.plot(history.history['val_loss'], label='Validation Loss')
plt.title("Loss")

plt.legend ()

plt.show()

# 7 A b7 — & CiHli

test_loss, test_accuracy = model.evaluate(X_test, y_test)
print(f'7 2 b 7 — % TOENK: {test_loss:.4f}")
print(f'7 A b 7 — X TORHE: {test_accuracy:.4f}")

# RETH & G A — b
predicted_probabilities = model.predict(X_test)
predictions = (predicted_probabilities > 0.5).astype(int)

cm = confusion_matrix(y_test, predictions)
print("IRF{7F:¥n", cm)

print(classification_report(y_test, predictions))

def calculate_shot_probability(model, tracking_data, event_data,
start_time, end_time):

voa— MEFREZFHHE T 5B

- model: 2EEFADET NV

- tracking_data: F 7 v F v T -4

- event_data: £ XV FF—%

- start_time: B D BRI

- end_time: KD # T i

# BRMREMEIF O 4 <X v b &

actions = event_data[ (event_data['Start Time [s]'] >=
start_time) &

(event_data['End Time [s]'] <= end_time)]

results = []
for _, action in actions.iterrows():

# ZAURfEo 7 v ¥ v T — 2 REUS
time_data = tracking_data[ (tracking_data['Time [s]'] >=
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action['Start Time [s]']) &
(tracking_data['Time [s]'] <= action['End
Time [s]'])]
if len(time_data) == 0:
continue

# Pt & i

features = time_data.iloc[:, 3:].values # JEF K —n D
T — X

features = features[np.newaxis, :, :] # ~Xv FRIC%E B

# EFATY a— MERE T
shot_prob = model.predict(features)[0][0] # HJ1D 1>
ERATES

# fhR 2 RIF

results.append ({
'type': action['Type'l,
‘team': action['Team'],
'start_time': action['Start Time [s]'],
'end_time': action['End Time [s]'],
'x': action['Start X'],
'y action|['Start Y'],
'end_x": action['End X'],
‘end_y": action['End Y'],
'shot_probability": shot_prob

b

return pd.DataFrame(results)

# BB IR
start_time = 826.64
end_time = 858.92

# oo bR
shot_probabilities = calculate_shot_probability(model,
df_home_gamel, df_event_gamel, start_time, end_time)

#ARSHENET 72 a v 2REE
if not shot_probabilities.empty:
most_effective_action =
shot_probabilities.loc[shot_probabilities['shot_probability'].idxm
ax()]
print("lR O AME 52T 7 a v
print(most_effective_action)
else:

print("iM T LT v a v RO EHATLRE, ")

def visualize_most_effective action(action):
plt.figure(figsize=(10, 6))
plt.title("Most Effective Action")

if action['type'] == 'PASS"
plt.arrow(action['x'], action['y'],
action['end_x'] - action['x'], action['end_y'] -
action['y'],
color="blue', head_width=1, alpha=0.7, label="Pass")
elif action['type'] == 'SHOT"
plt.scatter(action['x'], action['y'], color="red', s=100,
label="Shot')
elif action['type'] == 'DRIBBLE'":
plt.scatter(action['x'], action['y'], color='green’, s=100,
label='Dribble")

plt.xlabel('X Coordinate")
plt.ylabel('Y Coordinate')
plt.legend ()

plt.grid)

plt.show()

# wltiAk
if 'most_effective_action' in locals():
visualize_most_effective_action(most_effective_action)

from matplotlib import animation
from matplotlib import pyplot as plt
from mplsoccer import Pitch

from IPython import display

#7—xu—F
LINK1 = (‘https://raw.githubusercontent.com/metrica-

sports/sample-data/master/'
'data/Sample_Game_1/Sample_Game_1_RawTrackingDat

a_Home_Team.csv')

df_home = pd.read_csv(LINK1, skiprows=2)

df_home.sort_values('Time [s]', inplace=True)

LINK2 = (‘https://raw.githubusercontent.com/metrica-

sports/sample-data/master/’
'data/Sample_Game_1/Sample_Game_1_RawTrackingDat

a_Away_Team.csv')

df_away = pd.read_csv(LINKZ2, skiprows=2)

df_away.sort_values('Time [s]', inplace=True)

LINK3 = (‘https://raw.githubusercontent.com/metrica-
sports/sample-data/master/’
'data/Sample_Game_1/Sample_Game_1_RawEventsData.c

sv')
df_event = pd.read_csv(LINK3)
df_event.sort_values('Start Time [s]', inplace=True)

# N7 LEEIB
def set_col_names(df):
cols = list(np.repeat(df.columns[3::2], 2))
cols = [col+'_x"ifi % 2 == 0 else col+'_y' for i, col in
enumerate(cols) |
cols = np.concatenate([df.columns[:3], cols])
df.columns = cols

set_col_names(df home)
set_col_names(df_away)

# 77 vavoliitth (RYEMRT 7 av)
start_time = 826.64
end_time = 858.92

actions = df_event[(df_event['Start Time [s]'] >= start_time) &
(df_event['End Time [s]'] <= end_time)]

#ROHERNRT 7> 2 v OFER
if most_effective_action is None and not actions.empty:
if not actions[actions['Type'] =="PASS'] .empty:
most_effective_action = actions[actions['Type'] ==
'PASS].iloc[-1]
print("fR D Y ITIR D FR AR AR EFRL F L,
most_effective_action)
elif not actions[actions['Type'] == 'DRIBBLE'].empty:
most_effective_action = actions[actions['Type'] ==
'DRIBBLE].iloc[-1]
print("fR O YV ITIRDBEH AR F Y TAEFERL F L2,
most_effective action)
else:
print("GERh T 7 a vARROP Y EFHATLE, ")

most_effective_action = None

#HNET 7y avBROD»L Do A DORNEK
if most_effective_action is None:

raise ValueError("&%M 3 2 AR T 7 v a v B Y AT
Lo To2A—2aviERTEIEA, ")

# Wi c 7 4 v 2 ) v o7
df home = df home[(df home['Time [s]'] >=
most_effective_action['start_time']) &
(df_home['Time [s]'] <=
most_effective_action['end_time'])].copy()
df_away = df_away[(df_away['Time [s]'] >=
most_effective_action['start_time']) &
(df_away['Time [s]'] <=
most_effective_action['end_time'])].copy()

# R—NT— XD

df ball = df_home[['Period', 'Frame', 'Time [s]', 'Ball_x',
'Ball_y']].copy()

df_ball.rename({'Ball_x": 'x', 'Ball_y" 'y'}, axis=1, inplace=True)
df_home.drop(['Ball_x', 'Ball_y'], axis=1, inplace=True)
df_away.drop(['Ball_x', 'Ball_y'], axis=1, inplace=True)

def to_long_form(df):

i

WifE b 7 — X ZAfitRE b 1259 2 B
df = pd.melt(df, id_vars=df.columns|:3],

value_vars=df.columns[3:], var_name="player')
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df.loc[df.player.str.contains('_x'), 'coordinate'] = 'x'
df.loc[df.player.str.contains('_y'), 'coordinate'] =y’
df = df.dropna(axis=0, how="'any")
df['player'] = df.player.str[6:-2]
df = (df.set_index(['Period', 'Frame', 'Time [s]', 'player’,
'coordinate']) ['value']
.unstack()
reset_index()
.rename_axis(None, axis=1))
return df

# ML 7 — 2 BIY
df_home = to_long_form(df_home)
df_away = to_long_form(df_away)

# T E 3

fig, ax = plt.subplots(figsize=(16, 10.4))

pitch = Pitch(pitch_type='metricasports', pitch_width=68,
pitch_length=105, goal_type='box', goal_alpha=1)
pitch.draw(ax)

ball, = ax.plot([], [], '0', ms=6, mfc="w', mec="black', mew=3)
home, = ax.plot([], [], ‘o', ms=10, mfc="#7f63b8', mec="black')
away, = ax.plot([], [], 'o', ms=10, mfc="'#b94b75', mec="black')

# 77 7 R
def update(i):
frame = df ball.iloc[i, 1]
ball.set_data(df ball.loc[df ball.Frame == frame, 'x'],
df_ball.loc[df ball.Frame == frame, 'y'])
away.set_data(df_away.loc[df_away.Frame == frame, 'x'],
df_away.loc[df_away.Frame == frame, 'y'])
home.set_data(df_home.loc[df_home.Frame == frame, 'x'],
df_home.loc[df_home.Frame == frame, 'y'])
return ball, away, home

# T A—vaViER
anim = animation.FuncAnimation(fig, update,
frames=len(df_ball), interval=50, blit=True)

# T RX—vavyEERRN
plt.show()

# T A= a vERE
w = animation.PillowWriter (fps=20)
anim.save('most_effective_action.gif', writer=w)



