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Objediive «ff €Gaame

Soccer: Game between two teams of ten field players and or
goalie perteam

al Ay C20dzaY DS2NHS alazy |y

Field A standardNCAA regulatefleld is115-120yds (length)
by 70-75 yds(width) including two goals that are defended on
either sideof the field

Objective: The object of the game is to score more goals tha
the otherteam



Offense:
Connecta series of passes to get around and

0 KNRdJdzZAK GKS 2 LJJbwn Ay 3
using numerical advantage

Defense:
Win the ball back from opposing team
Do not allow the opposing team to get near
your goal with the ball causing them to not
score any goals
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Strateges .Ccomine Rdraraaticns

4-4-2 4-3-3 Inverting the

Pyramid: A
History of
Football
Tactics
(Jonathan
Wilson)

Coaching Rules

Figure 4: 43-3 Formation

Numerical Advantages: Numerical Advantages:

A Flat A Numbers out wide Flat A Attackcentric

A Wide Diamond A Supportfor attacking A 2 Holding Midfielders A Strongcentral

A Narrow Diamond A 2 Attack Midfielders midfield presence
Disadvant : ' '
A HihiLow Wings
A Outnumberedin middle A Open to counterattack

Figure 3: 44-2 Formation

A Open on outside

Design of an Expert System Coach for Complex Team Sports
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ChélllengesrincoachytpSeccer

Baseball vs. Soccer: DiscreteRiswing
No instructions/stoppages until halftime

Players have to make own decisions in order to

benefit the team
Players have to adapt to the situations around them
Autonomous distributed agents

Network Complexity of Soccer: Netcentricity
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How CGoeatimadsi®rane

Traditional

Use coaching expertise

Watch practices/games, make changes accordingly

[ Tyy2iG wasSsSQ FdzZ t O2YLX S
New Generation

Use data analysis to find holes in strategy, make
changesaccordingly

Able tosee patternsand complexity of game
Hybrid Mix of Traditional and New Generation
Use a mix of the two coaching strategies



Current Cceabhip@oreecess

Traditional Hybrid

1 2
—P Game Start » Half-Time

3 4

Data
Generation

Game End

5

Current GMU Coaching

Data

[ Trainin Process )
g Generation

[ 6

Send Data
Reports

Game
Analysis

Training
Preparation

Make adjustments
accordingly

*Assume Data Generation
can be done in real-time

Design of an Expert System Coach for Complex Team Sports
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How Coabhesarahaastied

Recruiting Classes
Collegiate Tournaments

Atlantic 10 Conference Wins
NCAA Tournament Appearances

¢SIFYQa ! OF RSYAO t SNF 2 NXY I



CallegateTbounnaments

Atlantic 10 Conference NCAA
13 teams Sngleelimination
Top 8teams advance 22 teams get an automatic bid
Each team play each other during ~ from winning their conference
season championships
¢Sk YQad NBO2NR RS i Remanigd® teamswith highest
tournament participation rating percentage index (RPI)

Use a weighting system to keep score

track of ranking

Winner gets an automatic bid
into NCAA tournament

Source: NCAA (2015)
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Rating FReceatiggenbhde)R FRPI]

Consists of Three Parts:
1. Teams/Ninning PercentaggExpert Coaching System)

J
ﬂ W =win, L =loss, and T =tie

2. OpponentsAverage WinnindgPercentage (Schedule Planning)

l , h

( )

(win , tie, loss) X X
h2 ' hLILRYySYyiQa Ay h[ I 2LLRYSY

3.Teams Qa4 hLILRYySyidiQa hLILIRySyia ! @S|
(Schedule Planning) o ]
T62F ¢SIFY !'Qa 2LILRYySyiaQ LI NI

Combinethe three parts:
51 |=h Wip0 (¢ Wi nf Wico
T
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a S Yy A¥D Conference (2015)

Goals per Shot
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| |
0.06 ' 1 :
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Source: Atlantic 10 Team Archives (2015
Shots per Game (2015)
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% Wins

a Sy QD Conference (2013015)

0.7
Saint Louis
0.6
George Mason VCU'
0.5 ® vt
Rhode Island Dayton
e ® Duquesne
George Washlngtonb"grs,.vl_a Salle
Massachusetts ® et e Davidson
Fordham
o aeett” 0.3
_..**"" Saint Joseph's
0.2
e St. Bonaventure
0.1
0
-40 -30 -20 -10 0 10 20 30 40
Goal Difference y = 0.0056x +0.41%
R2 =0.8092

Source: Atlantic 10 Team Archives
Design of an Expert System Coach for Complex Team Sports
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What a WimitssWderthttoCcadchem Gajary

A national championship level coach gets paid on aver&§&.457 :83%er year more than
an Atlantic 10 coach.

Conference NCAA Years Coachi Total
Unlversny SEEWARVIIEZ Wms Champlonshlps at School Experlenc

UCLA 205,000 75%

206,000 71% 4 2 23 25
Ul 176,225 62% 1 3 6 12
- Ll 88,044 58% 1 2 5 23
-l 72500 55% 2 0 3 12
. 90,640 55% 0 0 6 15
U4 115,400 52% 2 2 20 26
. 90,855 51% 2 0 11 24
UVASE 108,681 47% 1 0 1 24

Average Salary: $158,133.80
Average Atlantic 10 Coach: $90,676.50
GMUHead Coach worth per win9$85

Design of an Expert System Coach for Complex Team Sports



Replicate Saint Louis Success By: NCAA tournament Appearances

Win Atlantic 10 Conference GMU vs saint Louls
Championship 3 times every

D years 50

Receive an NCAA Bid 6 tlmes§ 20

every 10 years

Average annual target RPI
Score of .56

# of Appeara
w
o

N
(@]

[EY
o

Resulting success will help close I
head coaches salary gap of Past 10 years overall
$67 y OOO m Saint Louis m GMU

o

Design of an Expert System Coach for Complex Team Sports
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Stakehottter nteacborniggiam

Secondary

“———positive loop relationship==—P
‘_Negative loop relationship_’
NCAA
Body
Consequences
VAN
Formal
Regulations
L Player Rehab
Trainer £
Send Player™
“Steals” Player
Academies
Scholarship
Opportunities
(+N
Pressure to sun.:v.:eed~
Parents +/-
Promote Athletisism™

Analytics~ ‘

Company

Players

B

Funding

+

Provide Data

| Assistant |
Coaching Expertise i

Coaching Disagreements

OIS EXU E11C E S

Universi

nhibit Development:
Enable Developmenl

Primary

1
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Probleim SStatenae@nt

DS2NAHS alazy ! YAOSNAEAAGE &
consistently achieving NCAA Tournament bids at a higr
rate (2 bids out of last 10 years).

Need Siatenaent

Coaching tool that uses coaching expertise

Uses soccer game data to understand the
complexity of soccer

Coaches seek a competitive advantage
NCAA Tournament bid to 3 bids out of every 5 years
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Salution CConeppbnystegapaialions

*Assume Data Generation
can bedonein real-time

Receive
Gage data Raw Data
(1% half)
Create
Probability — Probability
maps Mok
Check Expert
—> Coaching Expert Coaching
Rules Rules
Create New
Probability New Probability
Maps Maps
Probability
s ~|  Simulate
| Game Goal
Differential
Tactical
An.alyze G-Oal Recommendations |
Differential
Expert Coaching System* |

Design of an Expert System Coach for Complex Team Sports
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Mission/Fundgiiomnsd| FiReqinraeraents

MR. 1.0 The Expert Coaching System (ECS) shall recommend at least 5 possible stra
based on game data gathered in real time.

MR. 2.0 The ECS shall recommend 3 possible strategies based on gameplay data gat
by halftime

MR. 3.0 The ECS shall recommend 2 possible strategies based on gameplay data gat
by overtime.

Functional Requirement # Requirement Description

FR. 1.0 The ECS shall run a simulated soccer game derived from collected gameplay c

FR. 2.0 The ECS shall accurately recognize soccer field patterns using probability map:
of the time.

FR. 3.0 The ECS shall accurately quantify pass rate probabilitiestwween the 14 zones

from game data 95% of the time.

FR. 4.0 The ECS shall accurately determine goal probability rates that can be made fro
each of the 14 zones.

Design of an Expert System Coach for Complex Team Sports



21|

DesdignhRRequireraents bt Oupiipuit)

Input Requirement # Requirement Description

IR. 1.0 The ECS shall input statistics from sport analytic providers.

IR. 2.0 The ECS shall input probability map passing and shot percentages from InSt
run the simulation.

IR. 3.0 The ECS shall input 12 coaching rules to be used to make adjustments.

Output Requirement # Requirement Description

The ECS shall output a table showing the relationship between current forma

OR. 1.0 . . : : :
utilized and possible adjustments in formations recommended by the system.

The ECS shall output tactical coaching adjustments that result in 30% greate
chance of winning

The ECS shall output tactical adjustments within 10 minutes of gathering the
necessary passing and shot data from sports analytics companies (assuming
happen in real time).

Design of an Expert System Coach for Complex Team Sports
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Simuitedion Regilcemeanis

Simulation Requirements 4 Requirement Description

SRL.0 The simulation shailhput zone graph data consisting 44 zones of
a standard NCAA soccer field.

The simulation shafbllow strategies of Georgklason University
aSyQa { 2 Goofatohst S| Y

SR2.0

SR3.0 The simulation shall follow 1 set of probability mayes strategy.

Thesimulation shall update the probability map of successful pas:
rate percentages once the ball moves from one zone to another.
Thesimulation shall change the possession of the ball after a sho
intercepted pass.

SR 4.0

The simulatiorshall calculate average player location within 1 of the
14 zones in order to determine feasible pass rates from zone to z

Design of an Expert System Coach for Complex Team Sports
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Simuitetion Oxe ey

Objective:Simulatea soccer gamdased on game data andetermine which

of the coaching system rules will impact the outcome of the game

1. Probability Pass Map (PPM) Data:
A Movement Probability Maps
A Success Probabilityaps

2. ExpertCoaching Rules

1. Passingoand strategy message

Excel files:

Outputs (1) Gameplay Summary

(2) Recorded Gameplay Passes
*Resulting Goal Differential

1.2 15

{AYdzZ F0S&a | dn YAYy® IILYS o0Gd662 np YAydziS K
various ball movements

Simulationreverseengineered fronrefereeing senior design project: Assessment of soccer
Referee Proficiency iime-Sensitive Decisiolaking Jones et.al.(20)3

Approx. 4,000 lines of code

Design of an Expert System Coach for Complex Team Sports



Simuitstion |teftace GUI)

[£) Soccer Data Collector

Home: Away: Goal Weight Display: Soccer Simulator

N e £28PM
= o g |m € & § B B 3 ~®zOE 550
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— . 5 games from 2015 season
m muﬁﬁmn 2 types of play: pass or shot
(e.g. Instat, Opta, Prozonsg other) Pass: fail or success

Shot: fail, on goalgoal
Total 3000 data points

DA,

]

; =
. . :
Instatpass Diagram Zone Grids

Team  Date  Time Period Time Stamp Play Type Play Outcome Polygon Start Polygon Finish

GMU  10/25/2014 1 16:25:00 Pass Success 12 12

GMU  10/25/2014 1 16:31:00 Pass Success 12 13

' GMU  10/25/2014 1 16:37:00 Pass Fail 13 13

Davids 10/25/2014 1 16:42:00 Pass Success 13 7

David: 10/25/2014 1 16:49:00 Pass Success 7 8

David: 10/25/2014 1 16:54:00 Pass Success 2

HH Davids 10/25/2014 1 17:02:00 Pass Success 2 7

Probability Maps !
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PrdLBbOity Bass MaAbs(RPMd) | & &

Totalofon tt aQa LI
strategy

14 - zone grid

13 possible passing
(movement) opportunities
per map

13 possible success
opportunities per map

Once the ball has
successfully been passed to
a new zone the probability
map will change

Design of an Expert System Coach for Complex Team Sports
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Netcemtriarty C (Fllmw @eumtaallW)

——  SHOT

*Data collected from
5 games played in
2015 season

Design of an Expert System Coach for Complex Team Sports




Movement Map 4+4-2 Diamnont
OB = = = | F 5 [ 1 8 = E ]

=] = x|
(=] o e (] =1 oo -
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Balll Movemetttlntetacitonigghaim

*Passing and success rates are determined by a uniform random number
generator

Receive the Ball Dribble Ball Pass
1.5 seconds S seconds 2 seconds
A

New probability map

Ball Transitions
2 seconds

Design of an Expert System Coach for Complex Team Sports
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Expeatt (coacmp g iredes

Formations Right Wing Left Wing | Middle Zone  Message Tactical

Zone Zone Passing % Change
Passing % Passing %

X o g X om: X nmrp Getball 4-4-2
wide Diamond
> 30% > 30% > 40% Continue None
Strategy
Diamond X oOHp: XK Hpz XK p el Findcentral  4-3-3
players Triangle
> 25% > 25% > 50% Continue None
Strategy
Flat XKon gz X nmz XX HUER Getball 4-3-3
wide Triangle
> 40% > 40% > 20% Continue None
Strategy
Triangle X 0 gz X o m: X n £} Findcentral 4-4-2 Flat
players
> 30% > 30% > 40% Continue None
Strategy




Formations

Flat

Diamond

Flat

Triangle

Defense
Zone
Passing %

Midfield

Passing

> 55%

> 50%

A o

> 55%

A% A

n

By

Forward
Zone
Passing %

> 30%

n
n
n

b

1~

~

A~

~

Message

Get ball higher

Continue Strateg)

Find central
players

Continue Strateq)
Get ball high
Continue Strateg)

Find higher
players

Continue Strateg)

- 34
Expett (coasmpGiReses

Input

4-4-2
Diamond

None

4-4-2 Flat

None
4-4-2 Flat
None

4-4-2
Diamond

None




3

Simuitation CContlsision
A Collected From 200 Trials

A The only formation where a switch was made was from a 433 Triangle to a 442
Diamond

Comparative Score Differential v. American
25

20
15
m First Half
10
m Second Half
5
-4 -3 -2 -1 0 1 2 3

4

Score Differential

A Above phenomenon occurs because the data is sparse
A The data needs to be supplemented by having a base of 10 games of
collected data

Design of an Expert System Coach for Complex Team Sports
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SirhuYauizh dortlisBryCont’'d®® Yy Of dza

Through simulation testing, the current data Is too
sparse

Need to have a database of at least ten games to mak
accurate adjustments

Additional data such as gdaktks, throw insand
fouls could be added to provide a more realistic
representation of the game

Everything comes full circle to monetary roadblocks
l.e. soccer budgets at the NCAA level

Design of an Expert System Coach for Complex Team Sports
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Resiitts

While the data did not provide accurate results for
simulating games, we were able to create probability
maps to give insight into the sport and familiar
patterns surrounding the sport

By creating our own probability maps by combining
all 5 games and changing the success rates, several
conclusions could be made.
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5 Suceessvlapr¢dean) B) vsabdiapging seiogess M:

(TeamMm)

Average Goals Per Game Sensitivity

2.50
Q
& 2.00
O
2 | A
o 1.50 . -
g —4—Team A Goals
O]
o 1.00 =—-Team B Goals
© .
g

0.00

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

o Average Shots per Game Sensitivity Analysis
(]
£ 10.00
O
5 8.00 H 1 /1/,/’
(%)
2 6.00 1 ]
n l T —o—Team A Shots
()
2 4.00 T T T =i—-Team B Shots
@ 1
g | t
< 2.00

0.00

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Success Rate



40
Team Gy STebeaim PnSimtitationaldials

By simulating games between teams which had the same

exact probability maps, the following results were made:
Team C WiProlh 0.4
Team D WirProlx 0.4
TieProla 0.2
Team (AvgPoss 50.46%
Team DAvgPo0ss 49.54%
TeamCAvgGoals: .87
TeamD AvgGoals: 1.06

Team C vs Team D Goal Difference

-5 -4 -3 -2 -1 0 1 2 3 4

Goal Difference

SO P N W A 01 O N
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Team Gy STekeaim O Gcdmdhusions

SimulatingTeam C vs. Team D provided necessary results
surrounding the game of soccdvtany Events are Random
Contributing to this randomness is lucky bounces, unlucky
touches, etc.These things are a part of the game and can not
be affected by coaching.

When two teams play each other that are very evenly
YFGOKSR 20SNJ YR 20SNE AYll y
are often what determine the winner and loser.

Coaches can only do so much to predict the outcome of a
soccer match.



4
Implications flor Siakébalders

Coaches
They can only control so much of the game
Athletic Director/University

Should not put as much pressure on coaches based
solely on final results.

Player
Players are not always at fault for unfavorable results
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Seceerlyitic BusmesPRlan

Total Market Size:

HNc S5AOAAA2Y M YSyQa [yR o
championshigeach

Total Market Valuei7,740,000

1styear. 5 Division 1 Men/Women teams (1%)
2dyear. 31 total teams (5%)

5t year. 108 total teams (20%)

8 year: 186 total teams (35%)

Business ModelThe NCAA individual soccer program
will buy vis subscription

Cover all games throughout the season

Access to online interactive dashboard



BusimnessLeastsnabR Ol

Startup costs (nomecurring):

$250,000

Operational Costs (recurring):

$796,630per year

45/

ROI:5%

Year | Team| %Market | Cumulative Revenue Profit
0 0 0 $ - |3 (250,000
1 5 1% |$ 75,00 $ (971,630
2 31 5% |$ 537,0($ (1,306,260
3 57 10% |$ 1,386,000 $ (1,253,890
4 82 15% |$ 2,622,00% (814,520
S 108 20% |$ 4,245,000 % 11,€
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Breakeven

$14,000,000

$12,000,000

$10,000,000

$8,000,000

$6,000,000

Money

$4,000,000

$2,000,000

$-

$(2,000,000)

Total Revenue: $11,436,00

Cumulative Net: $4,812,96(

year

Subscription$15,000 per uni

===Cumulative Cost
=== Cumulative Revenue
===Cumulative Net Profit

* Break Even

Design of an Expert System Coach for Complex Team Sports
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